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Abstract— Orthogonal Frequency Division Multiplexing
(OFDM) has emerged as a prominent technique in modern
wireless communication systems due to its high spectral efficiency
and robustness against multipath fading. However, its
performance is highly dependent on accurate channel estimation
and efficient spectrum allocation. This review delves into recent
advancements and challenges in OFDM channel estimation and
spectrum allocation systems. It surveys various techniques
proposed to enhance channel estimation accuracy, including
pilot-based, blind, and compressed sensing approaches.
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l. INTRODUCTION

In the realm of wireless communication, Orthogonal
Frequency Division Multiplexing (OFDM) stands as a
cornerstone technology, underpinning the efficiency and
reliability of modern data transmission systems. Its adoption
spans a wide array of applications, from broadband internet
access and digital broadcasting to wireless local area networks
(WLANS) and cellular communication standards like Long-
Term Evolution (LTE) and its successors. The fundamental
principle of OFDM lies in its ability to divide the available
frequency spectrum into orthogonal subcarriers, allowing
parallel transmission of data symbols. This orthogonal
arrangement not only facilitates high spectral efficiency but
also renders OFDM systems robust against the adverse effects
of multipath propagation, making it an ideal candidate for
high-speed data transmission over wireless channels.

However, the seamless operation and optimal performance
of OFDM systems are contingent upon two critical
components: accurate channel estimation and efficient
spectrum allocation. Channel estimation entails the process of
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characterizing the wireless channel's response to transmitted
signals, which is indispensable for mitigating the distortions
introduced by channel impairments. These impairments,
including multipath fading, frequency-selective fading, and
Doppler shifts, pose formidable challenges to reliable
communication in wireless environments. Without precise
knowledge of the channel characteristics, decoding the
received symbols becomes exceedingly challenging, leading to
a degradation in communication performance.

Conventionally, channel estimation in OFDM systems has
relied on the insertion of known pilot symbols within the
transmitted data frames. These pilot symbols serve as
reference signals, enabling the receiver to estimate the channel
response by measuring the correlation between the received
pilots and their known transmitted counterparts. While pilot-
based channel estimation techniques offer a robust means of
characterizing the channel, they incur a non-negligible
overhead, consuming valuable spectral resources and reducing
the overall data throughput. Moreover, in scenarios
characterized by rapidly time-varying channels, the
deployment of conventional pilot patterns may lead to pilot
contamination, where adjacent subcarriers interfere with each
other, impairing estimation accuracy.

In response to these challenges, researchers have devoted
significant efforts to devising innovative channel estimation
techniques tailored to the unique characteristics of OFDM
systems. One avenue of exploration involves the development
of pilot patterns with enhanced properties, such as sparsity or
non-contiguous placement, aimed at minimizing pilot
overhead while preserving estimation accuracy. Additionally,
blind channel estimation algorithms have emerged as an
alternative paradigm, exploiting the statistical properties of the
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received signal to infer the channel response without explicit
pilot symbols. Furthermore, leveraging concepts from
compressed sensing theory, researchers have proposed
techniques to exploit the inherent sparsity of channel impulse
responses, enabling accurate estimation with reduced pilot
overhead.

Parallel to advancements in channel estimation, spectrum
allocation schemes play a pivotal role in optimizing the
utilization of available resources in OFDM systems. Unlike
traditional fixed allocation schemes, dynamic spectrum
allocation strategies adaptively allocate subcarriers based on
real-time channel conditions and traffic demands, thereby
maximizing spectral efficiency while minimizing interference.
By exploiting spectral white spaces and harnessing cognitive
radio capabilities, dynamic spectrum allocation systems offer
the promise of enhancing spectral efficiency and improving
overall system performance.

In light of these considerations, this review embarks on a
comprehensive exploration of recent developments and
challenges in OFDM channel estimation and spectrum
allocation systems. By surveying a diverse array of techniques
proposed in the literature, we seek to provide insights into the
state-of-the-art methodologies, identify key research gaps, and
outline potential avenues for future exploration. Through this
endeavor, we aim to contribute to the advancement of OFDM-
based wireless communication systems, fostering innovation
and addressing the evolving demands of modern wireless
networks.

Il.  LITERATURE SURVEY
A. Igbal et al.,[1] presented a novel Iterative Multiband (MB)
Spectrally Constrained Time-Domain (SCTD) technique to
reduce the residual error of correlation due to spectrally
constrained waveforms. The performance of the newly
developed technique is evaluated through extensive numerical
experiments, where the Mean Squared Error (MSE) and Bit
Error Rate (BER) are computed for various scenarios. The
accuracy of the proposed technique is compared with known
channel state information and with conventional techniques.
The simulation results show that the proposed Time-Domain
Iterative Method, SCTD, performed better than conventional
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techniques for various Rayleigh channel conditions with
Additive White Gaussian Noise (AWGN). It was found that
after ten iterations, the proposed technique outperforms the
conventional technique for both stationary and mobile
frequency-selective channels.

K. Tamura et al.,[2] Spectrally efficient frequency division
multiplexing (SEFDM) is attracting attention as one solution
to the problem of frequency resource scarcity. This
transmission scheme improves spectral efficiency by
overlapping subcarriers compared to OFDM. However,
SEFDM suffers from inter-carrier interference, which leads to
severe performance degradation. To eliminate this
interference, linear detection methods such as zero-forcing
(ZF) and minimum mean square error (MMSE) are superior in
complexity but weak in decoding performance. On the other
hand, using maximum likelihood detection (MLD) can
achieve the best performance, but that is unrealistic in terms of
computational complexity.

A. Igbal et al.,[3] The emerging wireless applications are
facing new challenges in combating frequency congestion. As
a result, the opportunistic utilization of available frequency
spectrum and channel bonding is becoming increasingly
common in new wireless standards. In these systems, the
transmit waveforms are required to have nulls in specific
frequency bands to avoid interference with primary users.
However, these nulls can significantly affect the performance
of channel estimation algorithms. Therefore, this work
proposes a novel Iterative Multiband (MB) Spectrally
Constrained Time-Domain (SCTD) technique to reduce the
residual error of correlation due to spectrally constrained
waveforms.

Y. Li et al.,[4] SNC sequences with zero correlation zone
(ZCZ) property are considered: single-channel SNC-ZCZ
sequences and multi-channel SNC-Z-periodic complementary
sequences (SNC-ZPCSs), which have potential applications
for CR-multiple-input multiple-output (MIMO) channel
estimation and CR-quasi-synchronization communications to
achieve interference-free performance. The resultant SNC-
ZCZ sequence sets are optimal with respect to the theoretical
bound and the spectral-null constraint can be set flexibly.
Simulation results demonstrate that such sequences are
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suitable for pilot design in CR-MIMO-orthogonal frequency
division multiplexing (OFDM) system. Besides, a construction
of multi-channel SNC-ZPCS sets was provided based on
single-channel SNC-ZCZ sequence sets.

S. R. Mattu et al.,[5] presented a deep learning architecture
using recurrent neural networks (referred to as IPNet) for
efficient estimation of DD domain channel state information.
The proposed IPNet is trained to overcome the effects of
leakage from data symbols and provide channel estimates with
good accuracy (e.g., the proposed scheme achieves a
normalized mean square error of about 0.01 at a pilot SNR of
25 dB). Our simulation results also show that the proposed
IPNet architecture achieves good bit error performance while
being spectrally efficient. For example, the proposed scheme
uses 12 overhead bins (12 pilot bins and no guard bins) for
channel estimation in a considered frame while the embedded
pilot scheme uses 25 overhead bins (1 pilot bin and 24 guard
bins).

F. Wang et al.,[6] considered the joint optimization of multi-
carrier radar and communication systems with shared
spectrum. The systems operate in a cluttered environment,
where the radar and communication receivers observe not only
cross-interference but also multipath and/or clutter signals,
which may arise from the system’s own transmission. We
propose a non-alternating approach to jointly optimize the
radar and communication transmission power allocated to
each sub-carrier. Numerical results demonstrate the proposed
joint designs offer significant performance gain over the
conventional sub-carrier allocation-based approach.

J. Yli-Kaakinen et al.,[7] presented as the basis for the fifth-
generation new radio (5G NR) waveform developments.
However, effective signal processing tools are needed for
enhancing the OFDM spectrum in various advanced
transmission scenarios. In earlier work, we have shown that
fast-convolution (FC) processing is a very flexible and
efficient tool for filtered-OFDM signal generation and
receiver-side subband filtering, e.g., for the mixed-
numerology scenarios of the 5G NR. FC filtering
approximates linear convolution through effective fast Fourier
transform (FFT)-based circular convolutions using partly
overlapping processing blocks. However, with the continuous
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overlap-and-save and overlap-and-add processing models with
fixed block-size and fixed overlap, the FC-processing blocks
cannot be aligned with all OFDM symbols of a transmission
frame.

R. Kumar et al.[8] Orthogonal precoding constitutes a
powerful technique to reduce spectrum sidelobes of
multicarrier signals. This reduction is bought at the cost of
introducing precoder redundancy, which results in some
throughput loss and additional precoding/decoding
complexity. When the goal is to meet some spectral emission
mask constraints, it is desirable to avoid unnecessary sidelobe
suppression in order to keep precoder redundancy at a
minimum. In this context, we introduce a general framework
under which we develop a novel Lagrange multiplier-based
mask-compliant orthogonal precoder design targeting minimal
redundancy. We also adapt to this framework two previously
proposed designs based on spectral notches and minimum out-
of-band emission, respectively, to explicitly incorporate mask
constraints. Simulation results are provided to show the
effectiveness of the proposed designs under different practical
masks for multicarrier wireless systems.

H. Wang et al.,[9] The combination of orthogonal frequency
modulation (OFDM) and multiple-input multiple-output
(MIMO) techniques plays an important role in modern
communication systems. In order to meet the growing
throughput demands, future MIMO-OFDM receivers are
expected to utilize a massive number of antennas, operate in
dynamic environments, and explore high frequency bands,
while satisfying strict constraints in terms of cost, power, and
size. An emerging technology to realize massive MIMO
receivers of reduced cost and power consumption is based on
dynamic metasurface antennas (DMASs), which inherently
implement controllable compression in acquisition. Presented
a model for DMAs which accounts for the configurable
frequency selective profile of its metamaterial elements,
resulting in a spectrally flexible hybrid structure.

M. H. Mahmud et al.,[10] The OFDM multiple carrier
modulations are more secure and suitable for a special fading
that is known as a frequency selective fading. To minimize the
queue in the 5G waveform, it is likewise much important to
resize the bandwidth in the OFDM based technology.
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Frequency Division

Multiplexing also known as a spectrally localized waveform
technology which is the primary approach. Windowed-OFDM
(W-OFDM), where each symbol is categorized by windowed
and every symbol is overlapped in the special time domain
that is known as the classical OFDM scheme. The traffic
scenario is processed by the individual sub-bands. This article
presents the comparison of the performance analysis of
OFDM, W-OFDM, and F-OFDM systems using BPSK, QAM,
16-PSK, 8-QAM, QPSK, and 16-QAM modulation techniques
under Rayleigh fading channel.

Ill.  CHALLENGES

Here are some key challenges faced in this domain:

1.

Channel Estimation in Dynamic Environments:
OFDM systems often operate in dynamic wireless
environments characterized by time-varying channel
conditions, mobility, and interference. Adapting
channel estimation techniques to effectively cope
with these dynamic conditions remains a significant
challenge. Rapidly changing channel characteristics,
such as Doppler spread in high-speed scenarios,
introduce complexities that traditional pilot-based
techniques may struggle to address adequately.

Pilot Contamination and Interference: In multi-
user OFDM systems, the allocation of pilot symbols
for channel estimation introduces the risk of pilot
contamination, where the presence of neighboring
pilots interferes with the estimation process. This
phenomenon becomes particularly pronounced in
densely populated frequency bands, leading to a
degradation in estimation accuracy and overall
system performance.

Overhead and Efficiency Trade-offs: The insertion
of pilot symbols for channel estimation incurs
overhead, reducing the available spectral resources
for data transmission and diminishing overall system
efficiency. Balancing the trade-off between pilot
overhead and estimation accuracy poses a
fundamental challenge, especially in scenarios where
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spectral resources are limited or dynamically
allocated.
Freguency-Selective Fading and Multipath

Propagation: OFDM systems are susceptible to
frequency-selective fading and multipath
propagation, which manifest as variations in channel
response across different subcarriers. Mitigating the
effects of frequency-selective fading  while
maintaining low complexity remains a significant
challenge, particularly in high-mobility scenarios
where channel conditions change rapidly.

Nonlinear Effects and Amplifier Distortion:
Nonlinear effects in RF amplifiers, such as distortion
and intermodulation products, can introduce
additional impairments in OFDM systems, impacting
both channel estimation and data demodulation.
Addressing these nonlinearities while maintaining
spectral efficiency and system complexity within
acceptable bounds presents a formidable challenge,
especially in power-constrained and cost-sensitive
applications.

Spectrum Fragmentation and Resource Allocation
Complexity: Dynamic spectrum allocation schemes
aim to adaptively allocate subcarriers based on real-
time channel conditions and traffic demands.
However, the fragmentation of available spectrum
due to regulatory constraints and interference
considerations complicates the task of efficient
resource allocation. Designing effective spectrum
allocation algorithms that balance conflicting
objectives, such as maximizing spectral efficiency
while minimizing interference, remains an ongoing
challenge.

Security and Interference Management: OFDM
systems are vulnerable to various security threats,
including eavesdropping, jamming, and malicious
interference. Ensuring robustness against such threats
while maintaining system performance and spectral
efficiency is essential for the widespread deployment
of OFDM-based communication systems.
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IV. CONCLUSION

The review of OFDM channel estimation and
spectrum allocation systems reveals a dynamic
landscape marked by significant advancements,
persistent challenges, and promising opportunities for
future exploration. Orthogonal Frequency Division
Multiplexing (OFDM) has emerged as a cornerstone
technology in wireless communication systems, offering
high spectral efficiency and robustness against multipath
fading. However, the seamless operation and optimal
performance of OFDM systems hinge on accurate
channel estimation and efficient spectrum allocation.
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