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Abstract. Wireless systems are often af-
fected by distortions at the physical layer,
which hinder reliable performance. A key chal-
lenge 1is the limited ability to suppress inter-
ference at the receiver, preventing the achieve-
ment of the asynchronous and orthogonal sig-
nal waveforms required for efficient utilization
of Fifth Generation New Radio (5G NR) re-
sources. Poor asynchronicity and orthogonality
primarily result from Adjacent Channel Inter-
ference (ACI), Inter-Symbol Interference (ISI),
and Inter-Channel Interference (ICI). This work
addresses these challenges using the Feedback
Filtered Orthogonal Frequency Division Multi-
plexing (FF-OFDM) channel access technique.
Simulation results at 60 kHz Subcarrier Spac-
ing (SCS) show that Hann-Kaiser-based FF-
OFDM achieves superior mitigation of ICI (-
47.0 dBm) and ISI (-39.0 dBm) compared to
Hann—Chebyshev-based FF-OFDM (-45.2 dBm
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and -87.2 dBm, respectively). Conversely,
Hann—Chebyshev-based FF-OFDM provides bet-
ter ACI suppression (-27.5 dBm) than Hann-
Kaiser-based FF-OFDM (-25.4 dBm). Similar
trends were observed at 120 kHz SCS, where
Hann-Kaiser-based FF-OFDM consistently pro-
duced more orthogonal signal waveforms, while
Hann—Chebyshev-based FF-OFDM vyielded safer
asynchronous signal waveforms. The conven-
tional and modified F-OFDM models were used
as benchmarks for evaluating and wvalidating
these results.

Keywords: 5G NR numerology; Effective asyn-
chronous waveform; Effective orthogonal wave-
form; FF-OFDM system; System scalability.
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1. Introduction

An essential requirement for effective asyn-
chronous and orthogonal wireless transmission
is the ability to share a wireless channel among
multiple signals in such a way that each sig-
nal can be received without interfering with
the others [1]. Orthogonal Frequency Division
Multiplexing (OFDM) and Cyclic Prefix-OFDM
(CP-OFDM) are well-established mobile com-
munication techniques that marked a paradigm
shift toward achieving reliable asynchronous and
orthogonal wireless transmission. The Fourth
Generation (4G) Long Term Evolution (LTE)
and Long-Term Evolution Advanced (LTE-A)
networks were successfully powered by OFDM
and CP-OFDM schemes [2], achieving peak data
rates of 400 Mbps and 1 Gbps, respectively.

Despite their success, OFDM and CP-OFDM
waveforms cannot fully meet the requirements
for effective asynchronicity and orthogonality
needed for balanced transmission in Fifth Gen-
eration (5G) New Radio (NR). This shortcoming
is primarily due to the presence of intrinsic and
extrinsic interferences. Intrinsic limitations in-
clude large Out-of-Band Emissions (OoBE) and
a high Peak-to-Average Power Ratio (PAPR),
while extrinsic limitations include poor spec-
tral confinement and inflexible waveform struc-
tures. These drawbacks make them insufficient
for meeting the demands of 5G networks. Con-
sequently, the limitations of these earlier Multi-
carrier Channel Access (MCA) techniques have
driven the development of more advanced ac-
cess schemes to address modern wireless require-
ments. Within the context of 5G and beyond,
Filtered-OFDM (F-OFDM) has emerged as one
of the most promising MCA candidates [3]. Ex-
tensive studies and practical implementations
have shown that F-OFDM mitigates some of the
limitations of OFDM and CP-OFDM through
the use of spectrum-shaping filters. However, F-
OFDM still does not fully satisfy the stringent
requirements of future wireless communications,
leaving room for further enhancements. One no-
table drawback is the reintroduction of chunks
of interference at the receiver side of the sys-
tem [4,5]. For example, a potential application
of F-OFDM is the Internet-of-Things (IoT) but
in this scenario, the subbands are narrowed, and
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therefore, interference caused by the shortening
or displacement of the CP can significantly de-
grade the performance of the system and should
be taken into consideration seriously [5]. In this
work, the focus is on improving system efficiency
by mitigating three key sources of interference:
Adjacent Channel Interference (ACI), caused by
leakage of nearby frequencies within the filter
passband; Inter-Symbol Interference (ISI), in-
duced by the frequency selectivity of the channel
due to CP removal; and Inter-Channel Interfer-
ence (ICI), induced by Carrier Frequency Offsets
(CFO) [6].

F-OFDM normally adopts a much longer fil-
ter, mostly a windowed Sinc filter with a length
being half of the symbol duration [7,8]. How-
ever, the filter tails (typically totally) extend to
the adjacent symbols to keep the system over-
head the same as the CP OFDM system [5,9].
This overlapping is the cause for the system ex-
hibiting more ISI and/or ICI, especially in a
scenario wherein a subband occupies a small
percentage of the whole bandwidth [9]. This
drawback led to the adoption of a more scal-
able scheme known as the Feedback Filtered Or-
thogonal Frequency Division Multiplexing (FF-
OFDM) scheme in this work to totally curtail
these interferences [10]. The FF-OFDM system
is an F-OFDM-improved architecture encom-
passing two paired windowed induced spectrum-
shaping filter functions. In this work, pairing
Hann-Kaiser and Hann-Chebyshev achieved the
scalability required for effective asynchronicity
and effective orthogonality to run advanced 5G
NR numerologies.

The new 5G waveform must allow different
numerologies to be mixed on the used carrier
frequency, where the subcarriers of specified nu-
merology interfere in the frequency domain with
other subcarriers of another numerology [11].
Other interference mitigation schemes developed
to suppress ACI, ISI, ICI, etc., to control syn-
chronization error or phase error, are observed to
be incapacitated in bandwidth management at
the detriment of sacrificing time and power effi-
ciency when compared to F-OFDM [12,13]. The
FF-OFDM is designed flexibly with a backward
compatibility of creating an effective handshake
with LTE/LTE-A systems and 5G NR systems
and is projected for forward compatibility with
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next generations of air interfaces. The motiva-
tions behind this research are the following:

e To develop scalable networks to improve
wireless systems asynchronicity and orthog-
onality.

e To explore an improved access channel
scheme of FF-OFDM to ascertain its scala-
bility to drive network numerologies 0, 1, 2,
3,4, and 5 for 5G NR systems and beyond.

The innovation in this research is in the de-
velopment of a non-unity feedback module in
the Channel Estimation Region (CER) of an
FF-OFDM access scheme receiver, encompass-
ing Hann-Kaiser induced filter for effective sys-
tem orthogonality and Hann-Chebyshev induced
filter for effective system asynchronicity. This
has never been seen presented for any waveform
modification, to the best of our knowledge.

2. Research Significant
Contributions

The key contributions of this research are as
follows:

e Proposed an improved approach of miti-
gating interference on the receiver side of
orthogonal access schemes, achieving bet-
ter performance than previously reported in
the literature.

e Demonstrated the effectiveness of the
method in both 60-kHz and 120-kHz sub-
carrier spacings (SCSs) in advanced 5G NR
systems.

e Improved channel asynchronicity and or-
thogonality through the application of the
FF-OFDM algorithm.

e Identified a slight increase in power con-
sumption resulting from the incorporation
of hybrid windowed filters in the FF-OFDM
access scheme, highlighting the need for fur-
ther research to reduce power overhead and
enhance the overall efficiency of FF-OFDM

waveforms.
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3. Research Methodology

This research builds upon the orthogonal-
ity of OFDM and the interference resilience of
CP-OFDM to derive the F-OFDM signal wave-
form. To address the inherent drawbacks of F-
OFDM, an enhanced FF-OFDM waveform al-
gorithm, as proposed, is presented in Figure 1.
This proposed model is capable of generating
effective asynchronous and orthogonal signals
suitable for driving advanced 5G NR systems
better than earlier Orthogonal Multiple Access
(OMA) models. The innovation of this work
lies in the modification caused by the FF-OFDM
scheme through the use of hybridized adaptive
filters, enabling support for scalable numerolo-
gies (1 =0,1,2,3,4, or 5). This approach over-
comes the performance limitations observed in
F-OFDM and its variants, particularly those ex-
perienced after the removal of the cyclic prefix

(CP).

The FF-OFDM framework applies subband
filtering to an OMA waveform and uses a non-
unity block at the receiver. This non-unity
loop continuously estimates and subtracts resid-
ual interference experienced at the receiver side
of a wireless transducer, which is one of the
drawbacks suffered by the traditional F-OFDM
models. The improved non-unity module en-
compasses a spectrum-shaping filter version,
Ffw(—n), which serves as the error factor de-
terminant to all received signal pulses. The
demultiplexer is used for the Serial-to-Analog
(S/A) conversion and for the removal of the CP
burdens, the Channel Estimation (CER) for the
system gain estimation, and the feedback re-
gion for complementing the signal attenuation.
From the scope of this work, the received signal
is constantly demultiplexed and complemented
to correct transmission errors that are noticed.
Satisfied received signals are transited through
the FFT tool to be converted back into the fre-
quency domain. At the CER of Figure 1, the
system isolates error droplets caused by ACI,
ISI, and ICI in accordance with the response
of the improved non-unity model. To correct
these remaining anomalies, the identified cor-
rupted signal pulses at the output of the demul-
tiplexer are continuously compensated by the
feedback filter effects. Using a non-unity trans-
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Figure 1: Workflow Diagram of an FF-OFDM Transceiver System (Link Level Round-Trip).

fer gain function, the feedback filter systemat-
ically accentuates the original signal from in-
terference aberrations. This recursive feedback
loop is designed to seamlessly process the signal
by canceling out noise, suppressing interference,
and narrowing the sidelobe effects of the sub-
carrier. The final outputs are highly correlated
and complemented signals before the final sym-
bol de-mapping and data recovery.

In 5G NR, multiple numerologies are defined
by the subcarrier spacing (SCS), which plays
a critical role in mitigating interference while
maintaining system asynchronicity and orthogo-
nality. This study considers the deployment con-
text of 100 MHz bandwidth in sub-6 GHz bands
and 200-400 MHz bandwidth in mmWave bands,
both within the 5G NR domain. The objectives
and parameters adopted in this research aim to
establish a robust framework for achieving reli-
able received signal waveforms, which are evalu-
ated to enhance sensitivity, specificity, and accu-
racy in detecting and mitigating adjacent chan-
nel interference (ACI), inter-symbol interference
(ISI), and inter-carrier interference (ICI).

3.1. Spectrum-shaping filters
Before going further, be reminded that the
developed FF-OFDM waveform is filter-centric.
It is a combination of Hanning, Kaiser, and
Dolph-Chebyshev FIR filtered signals. The
modified waveforms are obtained in the classes
of Hanning-Kaiser and Hanning-Chebyshev in-
duced FF-OFDM waveforms. These are finite
impulse response (FIR) filters, which serve as
modifiers but at the detriment of power con-
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sumption. This is deliberate in order to explore
and exploit all the SCS earmarked for 5G fre-
quencies (FR1/FR2/FR2-2/FR2-A) by 3GPP
NR (Release 15, 16, 17, and 18) and to meet
International Telecommunication Union (ITU)
standards.

In terms of frequency selectivity with moder-
ate main-lobe width and stop-band attenuation,
Hanning plays a better role than the others [14].
This is the simple reason it is assumed to be
placed first at the output of the transmitter and
its folded version placed at the input of the re-
ceiver, as demonstrated in Figure 1. Hanning
types of window filters are known to have fewer
side lobes. Another reason Hanning is consid-
ered at the output of the transmitter and input
of the receiver instead of other windows (for ex-
ample, Hamming filters) is because Hanning de-
cays and touches zero at both ends, removing
any discontinuity, making it suitable for the re-
quirement in this work for 5G FR1. Hanning
is the most commonly used window function for
random signal sampling and image filtering be-
cause it provides good frequency resolution and
leakage control with fair amplitude accuracy.

Considering an ideal low-pass Sinc filter func-
tion, h;q(n) as presented in Equation (1).

sin[Co(n = Np)l  for nzn,
) 0<n<2N¢)’
hig(n) = mn—=Np) 7 OSm=2NOT g
Yw n:Nf

™

where, Ny is the number of filter taps; C.,
is the cut-off frequency and n is the subband
length in time domain.
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Its Hanning Windowed function, Wiy, (n) is
given as:

2mn

Wi =031~ (22)]

w

where, Ny is the length of the window and «
is the roll-off factor.

If the filter taps used are real values, Ny =
Ny whenever the frequency response is symmet-
rical around fo =0 Hz.

The required Hanning Window filter impulse
response, Fjry,(n) is expressed as the multiplica-
tion of the ideal filter and the windowed function
by Equation (3):

() = hian)Wing () (3)
where, h;q(n) is the ideal low-pass Sinc fil-

ter function and Wy, (n) denotes the Hanning
Windowed function.

Similarly, Kaiser induced filter is known to
give the lowest and most suitable side lobe
width (when altered) compared to other win-
dow functions, which makes them more suitable
for interference cancellation (that is, minimiz-
ing channel crosstalk) without a spill-over [15].
As such, it is used in this work to generate
both 5G FR1/FR2 waveforms. Its attenuation
values are larger with lower side-lobe levels; a
wider main-lobe is provided, and vice versa.
A Kaiser window also has an advantage over
the other kind of FIR filters because it pro-
duces better main-lobe width and has the most
flexible roll-off parameter configuration, but it
is inferior in addressing stop-band attenuation.
Kaiser filters’ smallest main-lobe width means
higher steepness as required for 5G FR1/FR2.
So, in the filter design, applying Kaiser win-
dowed function is more worthy in measuring bio-
electric signals like Electro-Cardiogram (ECG)
and Electro-Myogram (EMG). The Kaiser Win-
dowed impulse response is computed within the
boundaries of 0 < n < Ny — 1 by Equation (4)

1)2]

I [ﬁ 1- (& -
Ih(B)

Wiy (n) = (4)
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where, 5 = wa, is the attenuation function
and Ip[.] is the modified zero-order Bessel func-
tion.

The Kaiser-induced Windowed filter transfer
function, Fjy, (n) is obtained by multiplying
Equations (1) and (4) as:

Fw(n) = hia(n)Wiew (1) ()

where, Wiy (n) denotes the Kaiser Win-
dowed function.

Furthermore, the Dolph-Chebyshev window
filters have greater performance with respect
to stop-band attenuation, but their main lobe
width is the widest one of the three filters [16].
Its responses suit the requirement of 5G NR re-
leases 17 and 18 for satellite communication and
AT integration to be deployed in FR2-2/FR2-A
and 6G networks. It has a higher noise reduction
capability than others but less steepness. So,
the filter design using Dolph-Chebyshev window
method is very much suitable for voice, video,
and data transmission reception purposes. The
impulse response of a Dolph-Chebyshev filter,
Wi (n) is obtained by Equation (6) as:

cos (NW cos™! [5 cos (”—Z/)D
cosh [Ny cosh™ ()

Whw(n) =
(6)

Its window-induced filter transfer function,
Fiw(n) is generated by Equation (7) as:

Fpw(n) = hia(n)Why (n) (7)

where, W}y (n) denotes the Dolph-

Chebyshev Windowed function.

On this note, the waveform modifier of this
research uses Hanning window for the OoBE
and PAPR waveform filtering to obtain 5G FR1
seamlessly, while Kaiser and Dolph-Chebyshev
windows address the stop-band and pass-band
attenuation problem in interference control and
projecting to facilitate the main lobe width pe-
culiarities for 5G FR1, FR2, FR2-2, and FR2-
A. The Hanning induced FIR filter is used at
the peak of transmission and at the trough
of reception in order to cast off the CP bur-
dens, while the Hann-Kaiser and Hann-Dolph-
Chebyshev induced FIR filter responses are used
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for the waveform modification to effectively im-
prove the system asynchronicity and orthogonal-
ity using the non-unity feedback system.

3.2. System asynchronicity and

orthogonality

In F-OFDM symbol transmission, ACI, ISI,
and ICI do occur at the receiver due to inade-
quate filtering (caused by extraneous power from
a signal in an adjacent channel and filter tails),
delay spread (which is the difference between the
maximum transmission latency in the longest
path and the minimum transmission latency in
the shortest path), and frequency offset (caused
by Doppler shift, which means the difference be-
tween the transmitter and receiver frequency),
respectively. The impact of ACI, ISI, and ICI
has such a damaging effect on the wireless sys-
tem scalability. The presence of ACI has a simi-
lar effect as noise in making the communication
less reliable; ISI occurrence severely affects the
transmission quality of digital signals, while ICI
damages the orthogonality of the subcarriers in
the F-OFDM system, thereby affecting the de-
modulation process at the receiver side. In or-
der to avoid these in OFDM system, a CP copy
extracted from the symbol head information is
inserted between two OFDM symbols or chan-
nels in place of Guard Interval (GI) [17]. The
CP is used to counter the effects of ACI, ISI,
and ICI to avoid the effects of extraneous power,
multipath propagation, and Doppler shift. It
is kept at half the symbol period of the chan-
nel. The CP-OFDM is noted with the limitation
of wasted bandwidth. In F-OFDM, these chal-
lenges are curtailed drastically using spectrum
filters, but it is again observed to be emitting
some chunks of interference at the receiver that
impede the system from meeting its required ob-
jectives of effective asynchronous and orthogonal
systems. The FF-OFDM tried to mitigate these
drawbacks encountered by its predecessors. The
mathematical expression of an FF-OFDM MCA
symbol, X} as proposed for 5G frequencies, is
presented in Equation (8) as in [18,19]:

XK(’IZ):Xo,Xl,XQ,...,X(Nfl) (8)
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where, X (n) is the encoded subcarrier sam-
ples in the frequency domain and N is taken as
the sample’s length.

The symbols’ length is taken as 4096 in con-
formity with the 3GPP standard for 5G NR sys-
tems. Experimental works have proven that the
maximum numerology a 4G LTE/LTE-A system
can service is 0 (that is 15 kHz SCS only), which
is also the point of handoff between 4G and 5G
FR1 frequencies [20]. It is also shown that some
of the 5G NR access schemes have the scalabil-
ity to drive numerologies 0, 1, and 2 (that is,
15 kHz, 30 kHz, and 60 kHz SCS) but could
not drive higher. In order to fully meet up with
the waveform parameters assignment framework
for 5G NR and Sixth Generation (6G) in [21,22].
The FF-OFDM access scheme considered in this
research would be used to validate the effective
handoff region between 5G FR1 and FR2 using
numerology 2 and 3 of 60 kHz and 120 kHz, re-
spectively.

Equation (9) is the generated mathemati-
cal formulation of a transmission waveform of
an FF-OFDM system. This is derived from
the concepts of F-OFDM transmission basics in
the time domain using the Inverse Fast Fourier
Transform (IFFT) tool and is expressed as [23]:

N-—-1
(E(TL) _ Z ‘X—K(n)ejwrkAfnT5
k=0

9)

where,

x(n) is the transmitted signal waveform al-
tered by F}y (n) of the Equation (3).

k reflects the signal subcarrier index.

A f denotes the subcarrier spacing, and

n is the symbol’s time-discrete function.

T is the symbol period.

j refers to the imaginary unit v/—1 that al-
ters the frequency shift.

The received signal impulse response, r(n) is
subjected to circular convolution in the time do-
main in [24] as:

(10)
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where, h(n) is the channel gain and z(n) are
the baseband carrier samples in the time do-
main.

In converse, its frequency domain translation,
R(e™) after transiting the Fast Fourier Trans-
form (FFT) conversion is expressed by Equation
(11) as:

R(e7) = H(e7)X (e7*) (11)

where,

e H(e/™) is the channel impulse representa-
tive in frequency domain.

e X (/W) refers to the information carrying
signal in frequency domain.

e ¢V is the frequency shift factor.

At this juncture, every discrete signal in the
time domain is converted to a multiplication in
the frequency domain. The goal of this research
is to evaluate, detect, and complement subcar-
rier components with the higher likelihood of be-
ing corrupted by interference, which is experi-
enced in an F-OFDM framework of X (n) sam-
ples after the removal of the CP.

A simplified model of the FF-OFDM symbols
with the likelihood of being distorted by interfer-
ence after the removal of the CP is expressed in
Equation (12). Which explains that effective in-
terference investigation is better visualized, per-
formed, and achieved in the frequency domain
as [25]:

R(ed%)
H(elv)

Equation (13) expresses the mathematical
formulation of the non-unity module used for
detecting and complimenting defaulted signal
pulses, which is either a combined filtering effect
of Hann-Kaiser or that of Hann-Chebyshev. In-
corporating this module in an FF-OFDM model
will modify the entire output pulse to match
those transmitted. The non-unity model func-
tions as policing the gateway from time do-
main to frequency domain by constantly iden-
tifying/complementing error signal pulses that
do not match the transmitted signal pulse.

 [Fiwenlr)
U500 = T g (o] R ()

X(ed¥) =

(12)

(13)
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where,

o F}y(—n) is the folded version of the FF-
OFDM spectrum-shaping filter at the re-
ceiver side.

e Rg(n) reflects the defected signal pulses re-
verted for error correction.

e S is HKW or HCW, which is the combined
filtering effect on the received signal wave-
form.

Depending on the waveform requirement, the
individual HKW or HCW responses are formu-
lated to either enable 5G FR1, FR2, or FR-A.

From these stated facts in Equations (12) and
(13), the modified asynchronous waveform re-
sponse, Vi (e’%) in frequency domain that is al-
tered by the non-unity model of an FF-OFDM
scheme is expressed in Equation (14) as:

N—-1
Vi(el?) = Y Xic(el)el*! (14)
K=0

Its orthogonal nature, X (e/*) takes the fol-
lowing form:

. 1 Ty . .
X () = ?/0 Y (e79)e 99t dt (15)
q

where, T, is the symbol’s timing limit; e/*
represents the frequency shift factor; w is the
angular frequency given as 2rkAf.

The system would fully satisfy its orthogonal-
ity if T,Af =1.

In 4G LTE/LTE-A frequencies, the transmit-
ted waveform, x(n) has 7 symbols, while the
5G NR frequencies contain 14 symbols in the
same reference numerology 0. By considering
numerologies 2 and 3 for the analysis in the
work, the expected transmission symbols to ex-
plore for the validation of FF-OFDM system
scalability as compared to F-OFDM are taken
at 60 kHz SCS and 120 kHz SCS per each 14 x
12 subcarrier block.

4. Results and Discussions

This section presents the parameters, the
equations, and the simulation obtained in this
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Table 1: Research Parameters.

Parameters

Specifications

Software

Pycharm IDE of Python Library

Filter Window

Hanning, Kaiser, Dolph-Chebyshev Windowed Sinc

Air interfaces

5G FR1, 5G FR2/FR2-2/FR2-A

Bandwidths

5G FR1 bands [100 MHz (sub-6G)]|, 5G FR2/FR2-2/FR2-
A bands [200 MHz-400 MHz (mmWave)]

Channel Access Scheme

F-OFDM, FF-OFDM

FFT/IFFT size, N

4096 (3840 useful, 256 CP)

Number of useful subcarriers, Ng

3840 (3300 effective data subcarriers (Ng), 540 pilots (Np))

Number of subbands, Nk

80

Subband bandwidth, M

48 subcarriers

Sample Index, N, 12

Defected Subcarriers, Ny 2,016 (1,680 undesired, 336 Pilots)
Defected Subband 42

Modulation scheme 256 QAM

Bits per symbol 8 bits

Prioritized Numerologies 2,3

Tone Space

60 kIlz, 120 kHz

Sampling frequency, fs

4.8 MHz, 9.6 MHz

Sampling time, T,

208.33 ns, 104.16 ns

Energy bits, Ey,/Ng

—35dB to1dB

work. The obtained research results are com-
pared with recent research works in terms of In-
terference Power (IP) and Spectrum Efficiency
(SE). The research parameters used are stated
in Table 1. For the purpose of achieving effec-
tive 5G FR1, 5G FR2, and post-5G waveforms,
this research proposes the use of signal anti-
dotes, such as Hann-Kaiser induced FF-OFDM
and Hann-Chebyshev induced FF-OFDM algo-
rithms, respectively. The raw signal will be gen-
erated and processed from the OFDM orthog-
onal footing, while the Rayleigh Distribution
(RD) channel model is also suggested to be used
in this work because of its properties to model
multipath fading with no Line of Sight (LoS)
path. This is for the purpose of observing the
signal impulse response at the receiver side.

4.1. Interference mitigation

results

To authenticate the viability of this work, its
upshots in terms of ACI, ISI, and ICI power
detection and mitigation are compared with
those obtained from recent research works of [9]
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and [26] in order to achieve effective evaluation
and validation. The results obtained in Figure 2,
3, and 4 are summarized in percentage improve-
ment in Tables 2 through 7.

The performance evaluation of this work is
carried out using Equation (16) through Equa-
tion (18) to determine the average interference
power I 4yerage in dBm. The significant improve-
ment of the developed FF-OFDM CA technique
over F-OFDM techniques developed/presented
by recent research works in terms of ACI, ISI,
and ICI power detection/mitigation is evaluated
and compared in this work as:

M
Z ITotal (k)
k=1

16
ISamp ( )

IAverage =

where, Iroa is the total interference unit
power; Igamp is the number of sample indices
and M represents the subband bandwidth.

The effective asynchronicity results of the
two systems are finally obtained by comparing
the average interference mitigation, Initigation Of
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Figure 2: ACI of FF-OFDM versus ACI of F-OFDM:
(a) at 60 kHz and (b) at 120 kHz SCS.
Iyt (he) and Iy (Rk) as:

Average % Increase in Duitigation

M It (he) — I (hk)
B kz::l ( Iie (hk)

x 100%) (17)

ISamp

Also, the effective orthogonality results of the
system are finally obtained by comparing the in-
terference mitigation, Initigation Of Iadv(hk) and
Tray(he) as:

Average % Increase in Initigation

IMlt (hC)

Z it (hk)
[Mlt hC)

x 100%) (18)

ISamp
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where, Ing(he) is the interference mitiga-
tion of the FF-OFDM system induced by Hann-
Chebyshev filtering and Iy (hk) is the inter-
ference mitigation of the FF-OFDM system in-
duced by Hann-Kaiser filtering.

Among other waveforms, F-OFDM is known
for an effective numerology of driving 15 kHz,
30 kHz, and 60 kHz subcarrier spacing but is not
scalable enough to run further. Experimental re-
sults obtained in Figures 2 to 7 have shown that
it could only be deployed to drive 5G FR1 max-
imum. As illustrated in the results, FF-OFDM,
on the other hand, has overcome this limitation
by driving above 60 kHz and is proposed to be
deployed in 5G FR1, FR2, and FR2-Advanced.
This is as a result of its effective interference
mitigation. The effective orthogonal and asyn-
chronous waveform results are presented in the
categories of effective filter tail interaction con-
trol, effective delay spread relegation, effective
frequency offset mitigation, and spectral power
density. The null options, 0 obtained in Tables 2
to 7, are a result of the research scope as pre-
sented in Equations (17) and (18), which are ba-
sically for percentage increase analysis, not de-
crease.

Effective Filter Tail Interaction
Control

1)

The FF-OFDM scheme is compared with the
conventional model and modified F-OFDM ver-
sions in terms of ACI mitigation. This is for the
purpose of acknowledging its ability in achiev-
ing better asynchronicity, which is a factor of
ACI. Both analytical and simulation results in
Figure 2a presented in Table 2 prove that the
modified F-OFDM model performs poorer com-
pared with the conventional model with about
a 12.1% reduction in ACI mitigation. This has
clearly spelled the limitation of the modified F-
OFDM model, whose system works in achieving
an increase in IST and ICI but to the detriment of
ACI. Tt is vivid from the results that the Hann-
Kaiser and Hann-Chebyshev FF-OFDM models
overcome that limitation of the modified ver-
sion by outperforming the conventional model
with about 16.8% and 26.7%, respectively. The
Hann-Kaiser and Hann-Chebyshev FF-OFDM
models are also realized to perform better than
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Table 2: Filter Tail Interaction Control of Hann-Chebyshev FF-OFDM versus Hann-Kaiser FF-OFDM, Modified
F-OFDM, and Conventional F-OFDM at 60 kHz SCS.

Tsen it Average Inter- Average % Im- Average % Average %

Technique ference Power provement over Improvement Improve-
(Zaverage) in Conventional F- over Modified ment over
dBm OFDM F-OFDM Hann-Kaiser

FF-OFDM

Conventional 22.0 0 0 0

F-OFDM

Modified F- 19.7 -12.1% 0 0

OFDM

Hann-Kaiser 25.4 16.8% 27.1% 0

FF-OFDM

Hann- 27.5 26.7% 38.3% 8.2%

Chebyshev

FF-OFDM

Table 3: Filter Tail Interaction Control of Hann-Chebyshev FF-OFDM versus Hann-Kaiser FF-OFDM and Con-
ventional F-OFDM at 120 kHz SCS.

Igen it Technique

Average Inter-
ference Power

Average % Im-
provement over

Average % Im-
provement over

(ZAverage) in Conventional F- Hann-Kaiser
dBm OFDM FF-OFDM
Conventional F-OFDM 21.6 0 0
Hann-Kaiser FF-OFDM 25.8 21.7% 0
Hann-Chebyshev FF-OFDM  28.8 32.9% 11.9%

Table 4: Delayed Spread Relegation of Hann-Kaiser induced FF-OFDM versus Hann-Chebyshev FF-OFDM, Mod-
ified F-OFDM, and Conventional F-OFDM at 60 kHz SCS.

Isenymic  Tech-  Average Inter- Average % Im- Average % Average %
nique ference Power provement over Improvement Improvement
(ZAverage) in Conventional F- over Modified over Hann-
dBm OFDM F-OFDM Chebyshev
FF-OFDM
Conventional F-  27.0 0 0 0
OFDM
Modified F- 30.0 11.5% 0 0
OFDM
Hann- 37.2 37.1% 24.1% 0
Chebyshev
FF-OFDM
Hann-Kaiser 39.0 43.6% 29.8% 4.6%
FF-OFDM
242 (© 2026 Journal of Advanced Engineering and Computation (JAEC)
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Table 5: Delayed Spread Relegation of Hann-Kaiser induced FF-OFDM versus Hann-Chebyshev FF-OFDM and
Conventional F-OFDM at 120 kHz SCS.

Isen/mic Technique Average Inter- Average % Im- Average %
ference Power provement over Improvement
(Laverage) in Conventional F- over Hann-
dBm OFDM Chebyshev

FF-OFDM

Conventional F-OFDM 34.0 0 0

Hann-Chebyshev FF-OFDM  44.5 31.7% 0

Hann-Kaiser FF-OFDM 45.3 33.2% 1.4%

Table 6: Frequency Offset Mitigation of Hann-Kaiser induced FF-OFDM versus Hann-Chebyshev FF-OFDM,
Modified F-OFDM, and Conventional F-OFDM at 60 kHz SCS.

Isen it Average Inter- Average % Im- Average % Average %

Technique ference Power provement over Improvement Improvement
(TAverage) in Conventional F- over Modified over Hann-
dBm OFDM F-OFDM Chebyshev

FF-OFDM

Conventional  31.6 0 0 0

F-OFDM

Modified F- 34.2 8.4% 0 0

OFDM

Hann- 45.2 43.4% 32.3% 0

Chebyshev

FF-OFDM

Hann-Kaiser 47.0 49.1% 36.6% 4.0%

FF-OFDM

Table 7: Frequency Offset Mitigation of Hann-Kaiser induced FF-OFDM versus Hann-Chebyshev FF-OFDM and
Conventional F-OFDM at 120 kHz SCS.

Isen v Technique Average Inter- Average % Im- Average %
ference Power provement over Improvement
(Zaverage) in Conventional F- over Hann-
dBm OFDM Chebyshev

FF-OFDM

Conventional F-OFDM 38.8 0 0

Hann-Chebyshev FF-OFDM  50.6 30.6% 0

Hann-Kaiser FF-OFDM 52.0 34.2% 2.6%

(© 2026 Journal of Advanced Engineering and Computation (JAEC) 243
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the modified F-OFDM by 27.1% and 38.3%, re-
spectively.

When subjected to self-evaluation, the Hann-
Chebyshev FF-OFDM is observed in both Fig-
ure (2a & 2b), summarized in Tables 2 and
3, and seen to outperform Hann-Kaiser by
8.2% and 11.9% in both 60 kHz and 120 kHz
SCS, respectively. It is concluded that the
Hann-Chebyshev FF-OFDM achieves effective
asynchronous waveform requirement better than
Hann-Kaiser FF-OFDM, modified F-OFDM,
and conventional F-OFDM. This is because
the Hann-Chebyshev FF-OFDM waveform com-
bines all the advantages of Hanning Windowed
and Chebyshev Windowed functions with wider
bands (which helps in distant communication)
and fewer sidelobes (which mitigates spectral
leakage).

2) Effective Delay Spread Relegation

Similarly, the FF-OFDM agility in mitigat-
ing ISI is also compared with conventional and
modified F-OFDM versions in order to prove its
effectiveness in meeting the 5G NR requirement
for orthogonality. Results in Figure 3a, summa-
rized in Table 4, show the modified F-OFDM
mitigating ISI better than the conventional F-
OFDM model by about 11.5%, while the Hann-
Chebyshev and Hann-Kaiser FF-OFDM ver-
sions are noted to be better than the conven-
tional F-OFDM model by 37.1% and 43.6%, re-
spectively. It is also interesting to note that the
Hann-Chebyshev and Hann-Kaiser FF-OFDM
outperform the modified F-OFDM version by
24.1% and 29.8%. These show how good the
new scheme is in mitigating ISI caused by delay
spread and/or frequency/time selectivity prob-
lems.

The results in Tables 4 and 5, deduced
from Figure (3a & 3b), are subjected to self-
evaluation between Hann-Chebyshev and Hann-
Kaiser FF-OFDM at 60 kHz and 120 kHz SCS.
This time, the reverse is the case as compared
to ACI relegation, in which the Hann-Kaiser FF-
OFDM is seen to mitigate ISI caused by symbols
interfering with their predecessor(s) or succes-
sor(s) better than Hann-Chebyshev FF-OFDM
by 4.6% and 1.4% in both cases. This is because
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Figure 3: ISI of FF-OFDM versus ISI of F-OFDM: (a)
at 60 kHz and (b) at 120 kHz SCS.

of the Hann-Kaiser FF-OFDM agility in obtain-
ing much lower and fewer sidelobes in its wave-
form, which aids in mitigating spectral friction.
This is also relative to the system’s improved
orthogonality.

3) Effective Frequency Offset
Mitigation

The pictorial results of Figure (4a & 4b), in-
terpreted in Table 6 show how sensitive and ag-
gressive the FF-OFDM system senses/mitigates
ICI at 60 kHz SCS better than F-OFDM sys-
tems. The results present the modified F-
OFDM version by [26] that senses and miti-
gates interference by 8.4% over the conventional
F-OFDM model developed by [9]. From Fig-

(© 2026 Journal of Advanced Engineering and Computation (JAEC)
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Figure 4: ICI of FF-OFDM versus ICI of F-OFDM: (a)
at 60 kHz and (b) at 120 kHz SCS.

ure 4a, it is obvious that the newly developed
Hann-Chebyshev induced FF-OFDM and Hann-
Kaiser induced FF-OFDM outperform the con-
ventional F-OFDM version by 43.4% and 49.1%
and also outperform the modified F-OFDM ver-
sion by 32.3% and 36.6%, respectively. This is
because the feedback probe incorporated in the
FF-OFDM system has backup information of
the transmitter parameters, thereby modifying
its receiver information to near conformity. This
has an advantage in mitigating the frequency off-
set or Doppler shift (jittering) that causes ICI
between two or more independent channels of
data streams better than the F-OFDM system
and other previous CA schemes and modulation
techniques.

(© 2026 Journal of Advanced Engineering and Computation (JAEC)

Tables 6 and 7 are the summary of results
of the FF-OFDM systems’ self-evaluation at 60
kHz and 120 kHz SCS. In Figure 4a, the Hann-
Kaiser induced FF-OFDM outperforms Hann-
Chebyshev FF-OFDM by 4% in terms of ICI
mitigation at 60 kHz SCS. The same parameters
were stepped up for 120 kHz SCS as illustrated
in Figure 4b, it is also seen that Hann-Kaiser FF-
OFDM performs better than Hann-Chebyshev
FF-OFDM by 2.6%. It is concluded that Hann-
Kaiser has a better ICI mitigation effect than
Hann-Chebyshev FF-OFDM. This is relative to
the system’s effective orthogonality.

4.2. BER Improvement

The worthiness of this FF-OFDM multicar-
rier channel access technique is also subjected
to a comparison of its BER with those of the
conventional work of using a 256 QAM map-
ping scale [9] and modified models of [11,27,28|.
This is to further ascertain how good the qual-
ity of the signal realized by the FF-OFDM
scheme is. It is observed in the results of Fig-
ure Ha that both conventional F-OFDM and its
modified versions obtained BER within 107°
threshold at 27 dB SNR each when transmit-
ted at 60 kHz SCS. This is within the required
standard for 5G FR1 waveform. The Hann-
Kaiser induced FF-OFDM and Hann-Chebyshev
FF-OFDM are observed to have a lower BER
within 1079 scale at 27 dB, which outperforms
those achieved by the conventional F-OFDM
and its modified versions. Figure 5b is also
a comparison of the BER mitigation of Hann-
Kaiser FF-OFDM and Hann-Chebyshev FF-
OFDM to those of Hann-Kaiser F-OFDM and
Hann-Chebyshev F-OFDM of the work of [27].
Simulation results presented show Hann-Kaiser
and Hann-Chebyshev F-OFDM obtained a BER
improvement better than that of conventional
F-OFDM but still fall within the confines 107°.
On the other hand, the Hann-Kaiser and Hann-
Chebyshev FF-OFDM prove to outperform the
conventional F-OFDM and modified F-OFDM
with better BER by achieving improvement
within 107¢ BER threshold. The quality of the
signal generated by FF-OFDM is further sub-
jected to self-evaluation, where simulation re-
sults show that the Hann-Chebyshev FF-OFDM
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Figure 5: BER at 60 kHz SCS of: (a) FF-OFDM
versus Traditional Hanning-enable F-OFDM
and (b) FF-OFDM versus F-OFDM using
Hanning, Hann-kaiser, Hann-Chebyshev Fil-
ters.

produces a better BER than Hann-Kaiser in-
duced FF-OFDM. This is simply because the
Hann-Chebyshev induced FF-OFDM waveform
is wider with fewer side lobes in nature, which
makes it less distorted by noise/interference.

4.3. Power Spectral Density

Efficiency

To further substantiate this work, the spec-
tral power contents of this work, successively
obtained, are validated with those achieved in
the works of [27], [28], and [11]. The imagery in
Figures 6 and 7 clearly proves beyond reasonable
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doubt that the signal waveform obtained by the
newly developed FF-OFDM scheme achieved
better spectral efficiency than those achieved by
recent research works in literature.

Figure 6 is the presentation of spectral power
content of conventional F-OFDM step-up at
60 kHz SCS and replicated by this work against
its modified versions achieved by [11] and [28].
Simulation results show that the conventional
model achieved interference/noise control from
—38 dBm to —160 dBm, while the modified ver-
sion by [11] achieved interference/noise control
within —50 dBm to —160 dBm. The F-OFDM
version developed by [28] obtains better spec-
tral power content with interference/noise con-
trol within —50 dBm to —180 dBm. This is be-
cause of the systematic modification carried out
on the Hanning-induced FIR filter targeting to
achieve advanced versions of the 5G FR.

The spectral efficiency of the newly developed
FF-OFDM technique is examined at 120 kHz
SCS in comparison with the conventional F-
OFDM model and modified F-OFDM version
of the work of [26]. Results obtained in Fig-
ure 7 presents that the conventional F-OFDM
obtained spectral control from —45 dBm to
—180 dBm, in which the Hann-Chebyshev F-
OFDM and Hann-Kaiser F-OFDM developed
by [27] achieved better spectral content of
—120 dBm to —230 dBm and —120 dBm to
—270 dBm, respectively. Lastly, the Hann-
Chebyshev induced FF-OFDM and Hann-Kaiser

(© 2026 Journal of Advanced Engineering and Computation (JAEC)
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induced FF-OFDM spectral efficiencies devel-
oped by this work superseded all cases pre-
sented with spectral control from —240 dBm to
—280 dBm and —240 dBm to —190 dBm, re-
spectively, where the Hann-Kaiser gave the best
spectral content. This is because of the non-
unity casual module developed and built in the
FF-OFDM system.

It is evident that the results in Figure 7 also
present the discrepancy between Nyquist sam-
pling theory and the 5G NR sampling standard
recommended by 3GPP. The simulation results
show the 3GPP sampling having an edge in spec-
tral content over the Nyquist sampling require-
ment.

(© 2026 Journal of Advanced Engineering and Computation (JAEC)

5. Research Significant

Contributions

In conclusion, the Hann—Kaiser induced
FF-OFDM demonstrates superior orthogonal-
ity compared to the Hann—Chebyshev induced
FF-OFDM, while the Hann-Chebyshev vari-
ant achieves better asynchronicity than Hann—
Kaiser FF-OFDM. These results indicate that
each filter combination offers complementary
advantages: the Hann-Kaiser waveform pro-
duces steep, narrow-band signals suitable for
5G NR deployments requiring high orthogo-
nality, whereas the Hann—Chebyshev waveform
generates wide-band signals optimized for long-
distance 5G NR communications.

The proposed FF-OFDM scheme has also
proven to be highly scalable, effectively support-
ing a range of 5G NR numerologies beyond the
limits of conventional F-OFDM and its modified
variants. This scalability enables deployment
across both FR1 and FR2 bands with improved
interference mitigation, orthogonality, and spec-
tral efficiency.

However, the enhanced performance comes at
the cost of increased power consumption due
to the paired-filter architecture employed in the
waveform design. This limitation highlights the
need for further research aimed at improving
system energy efficiency while maintaining high
spectral and interference performance. Such ef-
forts would fully align with the 3GPP standards
for next-generation wireless systems and con-
tribute to the development of more sustainable
and efficient 5G and post-5G networks.

Declarations
Competing interests

The authors declare they have no competing
interests.

Acknowledgement

The authors sincerely appreciate the anony-
mous editors and reviewers of the Journal of Ad-

247



VOLUME: 10 | ISSUE: 3 | 2026 | SEPTEMBER

vanced Engineering and Computation (JAEC).
Surely, your show of magnanimity on our paper
and the constructive feedback has enhanced the
quality of the manuscript.

References

(1]

4]

5]

248

S. K. Sharma, M. Patwary, and S.
Chatzinotas. Multiple Access Techniques
for Next Generation Wireless: Recent
Advances and Future Perspectives. EAI
Endorsed Transactions on Wireless Spec-
trum, 2(7):1-12, 2016. DOI: 10.4108/eai.19-
1-2016.151002.

A. J. Ramadhan. Implementation of a
5G Filtered-OFDM Waveform Candidate.
International Journal of Engineering Re-
search and Technology, 12(4):500-507,
2019.

H. Tabata, H. Suganuma, and F. Mae-
hara. Impact of adjacent-channel interfer-
ence on transmission performance in asyn-
chronous FBMC/OFDM systems. IEICE
Communications FExpress, 10(4):186-192,
2021. DOI: 10.1587/comex.2020XBL0183.

Z. Augustine, H. Bello, A. M. S. Tekanyi,
A. S. Yaro, H. A. AbdulKareem, O. O.
Umeonwuka, and U.-F. A. Aguye. Gen-
eration of 5G frequency one model based
on orthogonal multiple access technique
of filtered-orthogonal frequency division
multiplexing scheme for advanced inter-
ference evaluation. Computers and FElec-
trical Engineering, 123(B):110056, 2025.
DOI: 10.1016/j.compeleceng.2024.110056.

Y. Cai, Z. Qin, F. Cui, G. Y. Li, and J.
A. McCann. Modulation and Multiple Ac-
cess for 5G Networks. IEEE Communica-
tions Surveys € Tutorials, 20(1):629-646,
2018. DOI: 10.1109/COMST.2017.2766698.

Z. Augustine, A. S. Yaro, A. M. S.
Tekanyi, H. Bello, U. F. Abdu-Aguye,
and E. E. Agbo. Feedback Filtered-
OFDM Waveform Candidature for Inter-
ference Mitigation in 5G Networks and

7]

8]

19]

[10]

[11]

[12]

[13]

Beyond. International Journal of Inte-
grated Engineering, 17(1):323-339, 2025.
DOI: 10.30880/1jie.2025.17.01.027.

M. H. Mahmud, M. Hossain, A. A.
Khan, S. Ahmed, M. A. Mahmud, and
M. H. Islam. Performance Analysis of
OFDM, W-OFDM and F-OFDM Un-
der Rayleigh Fading Channel for 5G
Wireless Communication. In 2020 3rd
International  Conference on  Intelli-
gent Sustainable Systems (ICISS), 2020.
DOI: 10.1109/ICISS49785.2020.9316134.

J. Abdoli, M. Jia, and J. Ma. Fil-
tered OFDM: A new waveform for
future wireless systems. In 2015 IEEE
16th International Workshop on Signal
Processing Advances in  Wireless Com-
munications (SPAWC), 66-70, 2015.
DOI: 10.1109/SPAWC.2015.7227001.

L. Zhang, A. Ijaz, P. Xiao, M. M. Molu,
and R. Tafazolli. Filtered OFDM Systems,
Algorithms, and Performance Analysis for
5G and Beyond. IEEE Transactions on
Communications, 66(3):1205-1218, 2018.
DOI: 10.1109/TCOMM.2017.2771242.

Z. Augustine, A. M. S. Tekanyi, S. M.
Sani, A. D. Usman, and A. S. Yaro. Devel-
opment of a Novel Feedback Filtered Or-
thogonal Frequency Division Multiplexing
Scheme for 5G Network and Beyond. Jour-
nal of Telecommunication, FElectronic and
Computer Engineering (JTEC), 13(4):1-6,
2021.

D. M. Ali, and Z. Z. Yahya. 5G F-
OFDM Waveform Based Software-Defined
Radio Technology. Proceedings of Engineer-
ing and Technology Innovation, 20:68-80,
2022. DOI: 10.46604 /peti.2022.8887.

S. Chen, and C. Zhu. ICI and ISI anal-
ysis and mitigation for OFDM systems
with insufficient cyclic prefix in time-
varying channels. IEEE Transactions on
Consumer FElectronics, 50(1):78-83, 2004.
DOI: 10.1109/TCE.2004.1355879.

S. Gupta, U. Dalal, and V. N. Mishra. Per-
formance on ICI Self-Cancellation in FFT-

(© 2026 Journal of Advanced Engineering and Computation (JAEC)


https://doi.org/10.4108/eai.19-1-2016.151002
https://doi.org/10.4108/eai.19-1-2016.151002
https://doi.org/10.1587/comex.2020XBL0183
https://doi.org/10.1016/j.compeleceng.2024.110056
https://doi.org/10.1109/COMST.2017.2766698
https://doi.org/10.30880/ijie.2025.17.01.027
https://doi.org/10.1109/ICISS49785.2020.9316134
https://doi.org/10.1109/SPAWC.2015.7227001
https://doi.org/10.1109/TCOMM.2017.2771242
https://doi.org/10.46604/peti.2022.8887
https://doi.org/10.1109/TCE.2004.1355879

VOLUME: 10 | ISSUE: 3 | 2026 | SEPTEMBER

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(© 2026 Journal of Advanced Engineering and Computation (JAEC)

OFDM and DCT-OFDM System. Journal
of Function Spaces, 854753, 2015.

R. P. Narwaria, and M. Kumar. Compari-
son of FIR Filter Using Different Window
Functions. International Research Journal
of Engineering and Technology (IRJET),
5(10):634-637, 2018.

M. Yang, Y. Chen, and L. Du. Inter-
ference Analysis and Filter Parameters
Optimization for Uplink Asynchronous
F-OFDM Systems. I[EEE Access, 7,
4835648370, 2019. DOI: 10.1109/AC-
CESS.2019.2910592.

H. Rakshit, and M. A. Ullah. A com-
parative study on window functions
for designing efficient FIR filter. In
2014  9th  International  Forum
Strategic ~ Technology  (IFOST),

DOI: 10.1109/IFOST.2014.6991079.

on

2014.

3GPP. 5G NR cyclic prefix (CP) design.
8GPP TS 88.211, Techplayon, 2020. Avail-
able: https://www.techplayon.com
/5g-nr-cyclic-prefix-cp-desig
n/.

P. Nandhakumar, and Arunkumar. Analy-
sis of OFDM System with Energy Detec-
tion Spectrum Sensing. Indian Journal of
Science and Technology, 9(16), 2016.

V. Muthukrishnan. Cutoff Frequency:
What is it? Formula and How to Find
it. Flectrical4U, April 25, 2024. Avail-
able: https://www.electricaldu.c
om/cutoff-frequency/.

S. Sarowa, N. Kumar, and R. S. Singh.
Analysis of WOFDM over LTE 1.25
MHz Band. Wireless Communications
and Mobile Computing, 8835879, 2020.
DOLI: 10.1155/2020/8835879.

A. Yazar, and H. Arslan. A Wave-
form Parameter Assignment Frame-
work for 6G With the Role of Machine
Learning. IEEE Open Journal of Ve-
hicular  Technology, 1:156-172, 2020.
DOI: 10.1109/0JVT.2020.2992502.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

3GPP. 5G NR FFT size, sampling time,
subcarriers, symbol length, subcarrier spac-
ing. 8GPP TS 38.214, RF Wireless World,
2018. Available: https://www.rfwire
less-world.com/5G/5G-NR-FFT-S
ize-Sampling-Time-Subcarriers.h
tml.

A. 7. Yonis, and K. K. Mohammed. In-
vestigation of pattern division multiple ac-
cess technique in wireless communication
networks. Indonesian Journal of Electri-

cal Engineering and Computer Science,
26(1):296-303, 2022.

M. Y. I Afifi, E.-S. S. A. Said, and A. E.-H.
A. E.-A. Ammar. An Efficient Performance
of OFDM-Shaped Symbol for 5G Green
Communication Compared to FBMC. Ad-
vances in Science, Technology and FEngi-
neering Systems Journal, 5(6):1163-1170,
2020. DOI: 10.25046 /aj0506140.

F. J. Martin-Vega and G. Gémez. A Low-
Complexity Pilot-Based Frequency-Domain
Channel Estimation for ICI Mitigation in
OFDM Systems. Electronics, 10(12):1404,
2021. DOI: 10.3390/electronics10121404.

A. Pandey, and D. Sharma. Filtered-OFDM
for 5G Wireless Communication Narrow-
band IoT Systems. IOSR Journal of FElec-

trical and FElectronics Engineering (IOSR-
JEEE), 15(3):24-31, 2020.

M. A. Taher, H. S. Radhi, and A. K.
Jameil. Enhanced F-OFDM candidate for
5G applications. Journal of Ambient Intel-
ligence and Humanized Computing, 12:635—
652, 2021. DOIL: 10.1007/812652-020-02046-
3.

A. A. Sahrab, and A. D. Yaseen. Fil-
tered orthogonal frequency  division
multiplexing for improved 5G systems.
Bulletin  of FElectrical Engineering and
Informatics, 10(4):2079-2087, 2021.
DOI: 10.11591 /eei.v10i4.3119.

249


https://doi.org/10.1109/ACCESS.2019.2910592
https://doi.org/10.1109/ACCESS.2019.2910592
https://doi.org/10.1109/IFOST.2014.6991079
https://www.techplayon.com/5g-nr-cyclic-prefix-cp-design/
https://www.techplayon.com/5g-nr-cyclic-prefix-cp-design/
https://www.techplayon.com/5g-nr-cyclic-prefix-cp-design/
https://www.electrical4u.com/cutoff-frequency/
https://www.electrical4u.com/cutoff-frequency/
https://doi.org/10.1155/2020/8835879
https://doi.org/10.1109/OJVT.2020.2992502
https://www.rfwireless-world.com/5G/5G-NR-FFT-Size-Sampling-Time-Subcarriers.html
https://www.rfwireless-world.com/5G/5G-NR-FFT-Size-Sampling-Time-Subcarriers.html
https://www.rfwireless-world.com/5G/5G-NR-FFT-Size-Sampling-Time-Subcarriers.html
https://www.rfwireless-world.com/5G/5G-NR-FFT-Size-Sampling-Time-Subcarriers.html
https://doi.org/10.25046/aj0506140
https://doi.org/10.3390/electronics10121404
https://doi.org/10.1007/s12652-020-02046-3
https://doi.org/10.1007/s12652-020-02046-3
https://doi.org/10.11591/eei.v10i4.3119

VOLUME: 10 | ISSUE: 3 | 2026 | SEPTEMBER

About Authors

Zakka Augustine received his B.Eng. degree
in Electrical and Electronics Engineering from
Abubakar Tafawa Balewa University (ATBU),
Bauchi, Nigeria in 2011. He obtained his M.Sc.
and Ph.D. degrees in Telecommunications
Engineering from Ahmadu Bello University
(ABU), Zaria, Nigeria in 2019 and 2024, re-
spectively. He is currently affiliated with the
Federal University of Applied Sciences Kachia
(FUASK), Nigeria, as an academic lecturer.
He also works as a remote research consultant
with the Department of Informatics and Quan-
titative Methods, Faculty of Informatics and
Management, University of Hradec Kralove,
Hradec Kralove, Czech Republic. He has
authored many scientific publications, including
SICE and ESCI articles of WEB-of-SCIENCE
data base, Conference Proceedings, Book
Chapters in both National and International
venues. He is a member of renowned profes-
sional bodies, including Nigerian Institute of
Electrical and Electronics Engineers (NIEEE),
Council for Regulatory of Engineers in Nigeria
(COREN), International Association of Electri-
cal, Electronics, & Energy Engineers (IAEEE),
and International Association of Engineers
(IAENG), among others. His research interest
includes Wireless Mobile Communications,
Satellite Communications, Informatics, IoT,
Al and Optical Communications. He could be
reached via email: zax.austenc@yahoo.com.

Abdoullie Momodou Sunkary Tekanyi
(PhD) obtained his B. Eng. (Hons) degree
in Electrical Engineering from University of
Sierra-Leone (USL), Freetown in 1990. His
M.Sc.  degree in Computer Networks from
Middlesex University (MDX), London in 2001,
and his PhD degree in Electrical Engineering
from Ahmadu Bello University (ABU), Zaria in
2014. He is a Professor of Telecommunications
Engineering, Ahmadu Bello University, Zaria.
He has to his credit many recognized National
and International publications of peer-reviewed
journals and conference proceedings. He is
Registered Fellow of Institute of Policy Manage-
ment Development (FIPMD), Member of the
Council for the Regulation of Engineering in

250

Nigeria (COREN), Member of Nigerian Society
of Engineers (MNSE), Member of International
Association of Engineers (MIAEng), Member
of the International Research Development
Institute (MIRDI). His research interest is in
Telecommunications Engineering, with empha-
sis on finding out problems associated with
WCAN, wireless, and heterogeneous networks
and their resolutions, particularly, finding out
factors affecting efficient bandwidth utilization,
channel congestion, traffic delivery delay, and
traffic loss in networks. Professor Tekanyi could
be reached via email: amtekanyi@abu.edu.ng.

Aliyu Danjuma Usman is currently a
Professor of Telecommunications & Electronics
Engineering from Ahmadu Bello University
(ABU), Zaria, Nigeria. Has over 25 year’s
cognate working experience in tertiary edu-
cational institutions. He has published many
peer reviewed National and International Jour-
nals/Conferences and authored many books
and book Chapters. A recipient of national
Patent and many research grants locally
and internationally. He is a visiting scholar
and external examiner to many institutions,
including examiner to Universite Federale
Toulouse France, Pan African University of
Science and Technology, Kenya, University
Putra Malaysia, among others. He is a resource
person and serve in so many national and
international committees, among which are:
Nigerian Communication Commission (NCC),
National University Commission (NUC), Na-
tional Board for Technical Education (NBTE),
Nigerian Society of Engineers (NSE), Council
for the Regulations of Engineering in Nigeria
(COREN), Nigerian Institute of Science Labo-
ratory Technology (NISLT) and Technical and
Vocational Education Training (TVET) cen-
ters, among others. His other research interest
include; Teletraffic Engineering, Network access
technologies, Fiber to the last mile, IoT, and
5G and beyond. He could be reached at email:
aliyuuusmanl@gmail.com.

Kabir Ahmad Abubilal was born in Zaria
City, Nigeria. He received B.Eng.; M.Sc.; and
PhD in Electrical Engineering from Ahmadu
Bello University (ABU), Zaria, Nigeria. He
has published many Journal Articles, Con-

(© 2026 Journal of Advanced Engineering and Computation (JAEC)


mailto:zax.austenc@yahoo.com
mailto:amtekanyi@abu.edu.ng
mailto:aliyuuusman1@gmail.com

VOLUME: 10 | ISSUE: 3 | 2026 | SEPTEMBER

ference Papers, Books and Book Chapters in
National and international Platforms. He is
currently a Professor of Electronics Engineering
in Ahmadu Bello University, Zaria, Nigeria.
His research interest is in Electronics and
Mechatronics. He can be contacted at email:
kabirahmed@abu.edu.ng.

Frederick Duniya Basaky was born in
Sako, Kaduna State in Nigeria. He received
his Master’s in Information Technology from
National Open University Nigeria (NOUN) in
2000. He is currently pursuing his second PhD
in Computer Science (Artificial intelligence) at
Ahmadu Bello University, Zaria, Nigeria. He is
presently working with the Federal University
Lokoja, Nigeria. His fields of interest include
Cyber Security, I.T Engineering, and Computer
Science. He could be contacted using the email:
frederick.basaky@fulokoja.edu.ng.

Dogo Douglas Saviour got his bachelor
degree in Physics from University of Jos,
Nigeria in 2012. He also obtained an M.Sc in
Mechatronic Engineering in Near East Univer-
sity, Cyprus between 2016-2018. He is presently
running a Ph.D program in Nuclear and Ra-
diation Physics in Nigerian Defense Academy.
He is currently a lecturer with Federal College
of Education (Technical) Omoku, Rivers State,
Nigeria. He has been involved in few researches
in area of Elemental Analysis using Neutron
Activation Analysis (NAA). He can be reached
via email: dogodouglas83@gmail.com.

"This is an Open Access article distributed under the terms of the Creative Commons Attribution License, 251
which permits unrestricted use, distribution, and reproduction in any medium provided the original work is

properly cited (CC BY 4.0)."


mailto:kabirahmed@abu.edu.ng
mailto:frederick.basaky@fulokoja.edu.ng
mailto:dogodouglas83@gmail.com

	Introduction
	Research Significant Contributions
	Research Methodology
	Spectrum-shaping filters
	System asynchronicity and orthogonality

	Results and Discussions
	Interference mitigation results
	Effective Filter Tail Interaction Control
	Effective Delay Spread Relegation
	Effective Frequency Offset Mitigation

	BER Improvement
	Power Spectral Density Efficiency

	Research Significant Contributions

