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Wireless communications have witnessed an unprecedented growth in last two decades. This has enabled the ex-
plosive growth of multimedia communications in last decade, which demands high data rate. Since the spectrum is a
limited resource, it is imperative to use it in the most efficient way to meet the demand. Orthogonal frequency division
multiplexing (OFDM), the most spectrum efficient waveform to date, is regarded as the best tool to meet the data rate
demand. Meeting the rate demand, OFDM, however, introduces new problems, such as low energy efficiency, adjacent
channel interference (ACI) and in-band noise, because of its high peak-to-average power ratio (PAPR). The high PAPR
reduces the power efficiency of a high power amplifier (HPA), thereby causing power wastage; this reduces battery life
of portable devices. Furthermore, this escalates operating expenditure of the networks. The ACI badly affects quality of
service of the network by degrading bit error rate (BER). The high PAPR problem is so serious, from this reason OFDM
could not be included in the uplink of fourth generation cellular networks considering longer battery requirement of cell
phones. In addition, since most of the candidate waveforms for the forthcoming fifth generation (5G) wireless systems
are based on the OFDM and energy efficiency is an important requirement of the 5G, it is necessary to make OFDM as
an energy efficient system by reducing the high PAPR.

This thesis deals with the high PAPR issue. In contrast to the most of the traditional PAPR reduction techniques where
spectrum efficiency of OFDM is partly compromised to attain the reduced PAPR by reserving a portion of the avail-
able bandwidth for either reducing PAPR or transmitting side information (SI), the aim of the thesis is to reduce PAPR
maintaining 100% spectrum efficiency of an OFDM system. In this endeavor, we propose four different transmitter and
receiver designs which attain significantly reduced PAPR without affecting the spectrum efficiency.

We propose a novel PAPR reduction scheme by utilizing pilot subcarriers in addition to their conventional use for
channel estimation. We iteratively change the positions (which implies frequencies) of the pilot subcarriers among the
data subcarriers to check which positions of the pilots produce the lowest PAPR. Instead of sending SI about the posi-

tions of the pilots, we design the receiver in such a way that it can detect the pilots blindly utilizing their comparatively



higher power and equidistant properties. This scheme can attain up to 2.5 dB PAPR reduction without sacrificing spec-
trum efficiency. Furthermore, the amount of power saving attained by it is also analyzed.

Next, we improve the performance of an existing null subcarrier assisted PAPR reduction technique which suffers
from extremely high computational complexity and BER. We propose a new transmitter by changing switching strategy
between the data and null subcarriers incorporating a new feature of the switched null subcarriers: any two neighboring
null subcarriers must be equidistant. Utilizing the equidistant and zero energy property of the null subcarriers, we pro-
pose a very efficient receiver design that can attain more than 5 dB signal-to-noise ratio (SNR) gain and 98% reduction
of the computational complexity.

The third proposed scheme modifies an existing PAPR reduction technique based on orthogonal pilot sequence (OPS).
The OPS scheme suffers from very limited PAPR reduction capability. Instead of just changing pilot symbols’ phases
according to a set of orthogonal sequences as is done in the OPS scheme, we propose to use the pilot symbols’ phases as
the phase factors and multiply different groups of the data subcarriers by their respective phase factors produced from
the corresponding pilot symbols’ phases. This scheme can attain about three-times more PAPR reduction compared to
the original OPS technique and requires 90% less computations compared to the existing modified OPS scheme.

Finally, we propose to improve dummy sequence insertion (DSI) and tone reservation techniques of PAPR reduction.
These two techniques had been suffering from extremely low spectrum efficiency because of their requirement of the
reservation of a certain number of subcarriers for the PAPR reduction. To overcome the shortcoming, we propose the
notion of subcarrier group modulation which makes some data subcarriers free for the PAPR reduction by sending their
corresponding data by some other means without any additional spectrum. This eliminates the rate loss caused by the
PAPR reduction in the DSI scheme. In addition to the PAPR reduction application, it can be included for increasing

spectrum efficiency of any unmodified OFDM system as well.
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