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ABSTRACT

Generalized Frequency Division Multiplexing (GFDM) is a new method for transmitting data 
in blocks. It is being considered for 5G because it offers better spectral efficiency, lower laten-
cy, and more scalability than Orthogonal Frequency Division Multiplexing (OFDM). How-
ever, GFDM still faces a problem with high Peak-to-Average Power Ratio (PAPR), which can 
reduce the system’s performance.Therefore, we proposed Moving Average Filtering (MAF) 
scheme to reduce the high PAPR of the GFDM signals. LAMF operates by taking an average 
number of GFDM-modulated signal sample points to produce the smoothed output sam-
ple points. The computed smoothed values reduce the random high peak noise samples that 
depend on the length of the filter. In this article, we presented the mathematical analysis of 
the PAPR of the GFDM signal and the design of a linear average moving filter. The proposed 
scheme’s PAPR and symbol error rate (SER) is compared with different filter lengths and tra-
ditional techniques. The proposed scheme’s PAPR and Symbol Error Rate (SER) are com-
pared with different filter lengths and traditional techniques. Our findings demonstrate that 
the PAPR of the MAF_GFDM signal is reduced to 3.22 dB at CCDF = 10−3 with a filter length 
L=64, while the symbol error rate is improved to 0.5×10−4. Additionally, the minimum mean 
square error estimation method is identified as the best estimator, achieving a very low symbol 
error rate (0.001) at a signal-to-noise ratio of 11 dB. These simulation results obtained us-
ing MATLAB demonstrate the effectiveness of the proposed scheme in significantly reducing 
PAPR and improving SER.
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INTRODUCTION

Generalized frequency division multiplexing is a 
recently proposed 5G candidate waveform for future wire-
less commutations. Like OFDM, GFDM is also suffering 
from high PAPR. It increases the energy and cost efficiency 
of the hardware equipment. It is a key performance metric 
of the multicarrier modulation techniques and increases 
with the number of subcarriers. Due to high PAPR, the 
linear characteristic of the power amplifier is transformed 
into the non-linear region that creates the in-band and out-
of-band interference of the received signal. Therefore, the 
symbol error rate increases, which degrades the GFDM sys-
tem performance. It is especially a significant concern in the 
uplink scenario, which increases the radiation power of the 
user equipment (UE) which reduces the system’s lifetime. 
GFDM with a reduced peak-to-average power ratio (PAPR) 
has several potential uses in 5G networks. These include 
enhanced mobile broadband, massive machine-type com-
munications, satellite communications, and ultra-reliable 
low-latency communications.

To address the PAPR issue in 4G, Ghosh et al. proposed 
a single carrier orthogonal frequency division multiplexing 
(SC-OFDM) modulation scheme for the uplink scenario [1]. 
Meanwhile, Tao Jiang et al. introduced a multi-block tone 
reservation (MBTR) method to reduce PAPR in OQAM-
OFDM [2]. The basic idea is to generate the reverse peak 
canceling signal with the help of a weighted least-square 
algorithm to remove the high peaks of the OFDM signal 
effectively. This method offers a low PAPR with less com-
putational complexity than tone reservation. Kelvin Anoh 
et al. identified a problem in interactive clipping and filter-
ing (ICF): the method requires more iteration to achieve 
the desired PAPR. It increases the processing time and sys-
tem power. Hence, the proposed optimized ICF reduces the 
number of iterations using a second-order cone program 
[3],[4].

Literature Survey 
Several methods have been proposed and implemented 

over the years to tackle the problem of high PAPR in multi-
carrier transmission systems. These methods are explained 
in following section. 

MinhoeKim et al. recently designed [5] a novel encoder 
architecture using deep learning for PAPR reduction. The 
function of the network is mapping and de-mapping of con-
stellation symbols on each sub-carrier is done adaptively 
with a deep learning algorithm. This technique is jointly 
minimized both the PAPR and BER of the OFDM system.
On the other hand, Michailow et al. addressed drawbacks of 
GFDM similar to other multicarrier signals, that the signif-
icant PAPR signals can quickly saturate the transmit power 
amplifier and cause degradation in BER performance and 
out-of-band emissions [6]. Therefore, Michailow et al. pro-
posed a WHT-GFDM scheme to reduce the high PAPR and 
achieve low OOB emission and good BER performance [7].

Zahra Sharifian et al. [7] proposed a linear, data-inde-
pendent precoder to reduce the variance of instantaneous 
power (IP) without increasing out-of-band (OOB) radia-
tion or degrading the bit error rate. Based on this approach, 
a GFDM system with M = 5, N = 256, P = 4, and local-
ized frequency division multiple access (LF-DMA) is con-
sidered in their study. Compared with the DFT precoder, 
the proposed method provides a lower PAPR [8]. It is due 
to the result of the optimization of the precoding matrix. 
Also discussed existing methods such as signal clipping 
and filtering, exponential, polynomials-based compand-
ing techniques [9],[10],[11]. Hassan et al. [12] proposed a 
low-complexity linear average moving filtering scheme for 
PAPR reduction and symbol error rate of OFDM signals 
with different filter lengths. 

Liu et al. did [13] a theoretical analysis of PAPR for crit-
ically and over-sampled GFDM signals and derived exact 
closed-form expressions. The problem of high PAPR in 
any multicarrier system occurs due to the superposition of 
modulated subcarriers of random data. According to the 
properties of the GFDM block structure, there is no inter-
ference between adjacent signal blocks when compared 
with OFDM. Hyunmyung et al. [14] research article dis-
cussed the importance of the orthogonality of subcarriers 
and synchronization to reduce the system the latency for 
5G. Recently proposed GFDM is the best solution for the 
above requirements to reduce the latency. However, the 
superposition of multiple sub-symbols and subcarriers 
results in high PAPR. Author proposed a selective level 
mapping (SLM) technique to reduce the high PAPR and 
out-of-band interference in GFDM signals [15], [16]. SLM 
is not a signal distortion technique and does not require 
extra side information. The basic idea of this technique is 
selecting the low peak values from generated GFDM data 
sequence.

Yaqin Zhao et al. [17] addressed computational com-
plexity and severe signal distortion with increasing subcar-
riers and observed that signal recovery is not possible by 
clipping technique. To reduce the PAPR, proposed a new 
majorizing companding technique (MCT) scheme in the 
GFDM system. This method reduces the high peak sig-
nals and expands low peak signals up to the threshold level 
(average value). Thus, peak power decreases, and average 
power increases. Therefore, the PAPR of the GFDM signal 
is reduced.

The above techniques are non-linear techniques that 
cause’ significant in-band and out-of-band distortions and 
degrade the system’s spectral efficiency and symbol error 
rate performance. Previous literature studies have not 
considered any filtering techniques, but Andres Ortega 
[18] considered filtering techniques along with clipping to 
improve the out-band emission but not the effective recov-
ery of the GFDM signals at the receiver. Therefore, this 
paper proposed a novel Moving Average Filter to reduce the 
PAPR and out band emission of the GFDM system, referred 
to as the MAF-GFDM system. 
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The following are the key benefits of MAF scheme 
PAPR reduction in GFDM signals:
Ø The loss of orthogonality between subcarriers in the 

OFDM system degrades the Symbol Error Rate but 
GFDM is a non-orthogonal multicarrier modulation 
technique. Therefore, we proposed a moving average 
filter for the GFDM system because it does not distort 
orthogonality among subcarriers at the receiver. 

Ø The low pass filter features of the moving average fil-
ter effectively suppress the out-of-band emissions 
that result in improved symbol error rate and spectral 
efficiency. 

Ø The MAF reduces transmitted power and signal distor-
tion, thus eliminating the need for high power ampli-
fication at the transmitter. This results in less power 
consumption and enhances the energy efficiency of the 
system
This scheme also improves the significant symbol error 

rate performance of the system. The main advantages of 
this technique are described as follows:
• This proposed scheme is simple to implement for any 

number of subcarriers and does not require any extra 
side information to reduce the PAPR.

• The low pass filter features of the moving average fil-
ter effectively suppress the out-of-band emissions 
that result in improved symbol error rate and spectral 
efficiency.

• Minimum mean square error and zero-forcing detec-
tion schemes are implemented to recover the original 
data symbols, which also help to compensate for the fre-
quency of selective fading and filtering. 
The paper is planned with the following sections: 

Introduction to the topic, literature review, and objectives 
are explained in section 1. Section 2 discussed the modula-
tion and demodulation of GFDM and derived mathemati-
cal expressions for PAPR. Section 3 proposed MAF_GFDM 
and section 4 addressed the performance of PAPR, SER, 

and different detection techniques. Finally, conclusions are 
drawn in section 5.

System Model 
GFDM is a flexible, non-orthogonal, block-based, fil-

ter bank innovative multicarrier modulation method for 
5G new radio. In this method, subcarriers and transmis-
sion filters provide circular shifting in frequency and time, 
respectively. The proposed GFDM transceiver elements are 
shown in Figure 1.

At the transmitter section, the binary data is input to the 
mapper, it converts bits into QPSK constellation symbols 
and then these symbols are multicarrier modulated with a 
GFDM modulator (A). Next, the proposed moving average 
filter reduces the signal’s high peaks, and then the signal 
is up-converted. The Cyclic Prefix is added to the signal 
before transmission into radio channels to avoid inter-sym-
bol interference. Due to the multipath environment sig-
nal is faded and received by the antenna. In the receiver 
section, a low noise amplifier boosts the GFDM received 
signal and maintains the receiver’s sensitivity above the suf-
ficient noise floor. The cyclic prefix of the received signal is 
removed, and GFDM is demodulated. Finally, a de-mapper 
decodes original bits from symbols[19]. 

GFDM Modulation and Demodulation 
The design of the GFDM modulator block plays an 

important role. The modulator contains N=M.K input data 
symbols. In which, M sub-symbols are carried by K number 
of subcarriers. Therefore, the matrix representation of data 
symbols  for K subcarriers is as shown in equation (1).

  (1)

To perform the pulse shaping on generated symbols and 
each set of symbols is up sampled by factor N as follows. 

Figure 1. Proposed MAF-GFDM transceiver.
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  (2)

Where, m is sub-symbol index with length m = 0, 1, 2, 
…. M -1

k is sub-carrier index with length k = 0,1,2….K -1 
n is index of the sampling time with length n = 0, 1, 2, 

…. N -1 
g[n] is transmit prototype filter of g k,m[n] with fre-

quency and time shifted versions.
Modulo operation is to perform the circularly time shift 

of g k,m[n] 
Finally, e-j2πkn/K is complex exponential term perform the 

frequency shift. 
To perform the simulation operations and standard 

demodulation methods at the receiver, equation (2) is rep-
resented in matrix form 

  (3)

Where, d and x are representations of input and out-
put data vectors respectively. A is the GFDM modulation 
matrix with dimensions MK x MK as shown in equation 
(4). The special characteristic of the matrix is that it satisfies 
the frequency and time-shifting properties. The elements of 
matrix is impulse responses of transmit filter g k,m[n]. This 
scheme generates the resource elements as block wise and 
then transmitted it through the antenna system. 

  

(4)

The 3-D view of the modulation matrix with time 
and frequency indices is shown in Figure 2. There are 
repeated patterns of the magnitude of elements of matrix 

A. It contains the responses of the pulse-shaping filter for 
all possible time and frequency shifts. It results in a block-
based diagonal structure. It results in a block based diago-
nal structure. 

Matched filter detection
Matched filters are used at the receiver to maximize the 

SNR in the presence of additive noise. In MIMO-GFDM, 
the root-raised cosine filter works as a Nyquist filter and 
doesn’t allow the ISI (Inter symbol Interference) at the out-
put of the GFDM demodulator B satisfies the following 
expression (5). Here, AH is the Hermition of the GFDM 
modulation matrix. 

  (5)

However, due to the non-orthogonality of GFDM while 
pulse shaping processing, it carry some self-interference 
that cannot be eliminated using a matched filter.

Zero forcing detection
Zero forcing detection is a method to restore the signal 

after the channel equalizer by applying inverse frequency 
response to the received signal (Y). This method not only 
enhances the SNR and also eliminates the self-interference 
at the receiver. First, pre-multiply Y with HH then Equation 
(6) possessed through channel equalizer, then the resultant 
output signal Z is

  (6)

  (7)

Here, R=HH H is a square matrix with order RXT. The 
best solution for MIMO-GFDM is Zero forcing detection in 
which Z is pre-multiplied by R-1.

Figure 2. The characteristics of GFDM modulation matrix.
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  (8)

The original GFDM symbols are demodulated when 
noise is minimized. In the presence of noise, distortion, 
interference and due to bit synchronization and the data 
streams are altered and received wrongly. 

MMSE detection
The linear mean square error receiver had an inter-

change between noise enhancement and self-interference 
and is defined as 

  (9)

The term AHHH represents the trade-off between noise 
enhancement and self-interference. The term R2ω denotes 
the covariance matrix of noise. Finally, the demodulated 
signal is de-mapped, decoded and make progress of recov-
ered binary data.

Mathemaical Analysis of Papr in GFDM and OFDM 
Systems 

GFDM is suffering from PAPR problems, resulting in 
the degradation of the communication system. The PAPR 
value of the GFDM transmitted signal is high as compared 
to OFDM. The generated GFDM signal shown in Figure 3 
with system parameters K=4 and M=4. The mathematical 
expression of PAPR of GFDM and OFDM signals is derived 
in [10]. PAPR of the signal is defined as which is the ratio 
between the peak power of the signal to the average power

  
(10)

 

Here, E[•] is an expectation operator and x(n) is a 
GFDM modulated signal as shown in equation (11). 

  
(11)

Where, new signal sm[n] is carry the data symbols on 
subcarriers

  
(12)

The equation (12) separates baseband data symbols that 
are modulated with different subcarriers without filtering. 
Here, sub-symbols are independent identically distributed 
(IID) random data. According to the central limit theorem, 
for the large number of subcarriers the sm[n] can be mod-
elled as a Complex Circular Symmetric Gaussian Random 
Variable (CCSGR). 

  (13)

Here, CGN(•,•) represents the Complex Gaussian 
Distribution and σ2

d is the variance of the data symbol 
dk,m. Linear sum of the large number of Gaussian ran-
dom variables is also a Gaussian random variable. Clearly, 
the sampled signal x(n) is a non-stationary random sig-
nal. It exhibits a Gaussian Stochastic random process 
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Figure 3. GFDM modulated signal with low and high peaks.
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with different variances. If the sum term in equation (13) 
changes at different sample indices nnn with certain pulse 
shaping filters, the amplitude of a complex Gaussian ran-
dom variable follows a Rayleigh distribution. Therefore, the 
Cumulative Distribution Function (CDF) of the Rayleigh 
distribution for x[n] is given by the following expression. 

  (14)

We can easily derive the Complementary CDF (CCDF) 
of PAPR for GFDM signals by just replacing ε2 with the tar-
geted PAPR threshold value δ in equation (15).

  (15)

The formula for the CCDF of PAPR of a GFDM modu-
lated signal under the critical sampling hypothesis is shown 
in equation (15). Here, PAPR is calculated for discrete time 
signal x(n), but in the case of practical continuous time sig-
nal x(t) after analog to digital conversion, which may have 
high PAPR because discrete time signal does not include all 
the peaks of x(t). Therefore, loss of accuracy for continuous 
time signals.

Furthermore, we can extend the formula Pccdf, GFDM (δ) 
for calculations of PAPR in OFDM signals. As we discussed 
OFDM modulation scheme, we can derive from GFDM by 
setting subsymbols value M=1. Hence, the prototype filter 
performs the operation of a rectangular filter. Therefore, 
there is no operation of circular time shifting and the prin-
ciple of superposition with pulse shaping filters. The filter 
coefficients of rectangular pulse are represented with nor-
malized total power.

  
(16)

The filter equation (16) is introduced in GFDM signals, 
and the equation (17) is deduced to 

  (17)

When M=1 the equation turns into CCDF of PAPR of 
OFDM signal

  (18)

Whenever, M=1 (OFDM), symbols are modulated 
K number of subcarriers that leads to high PAPR in the 
OFDM system. Equation (18) is the well-known CCDF 
expression of PAPR for OFDM signals only depends on the 
number of subcarriers used for IFFT operation. As stated 
before, if the number of subcarriers increases, then PAPR 

increases exponentially in the OFDM system. If M>1, then 
the GFDM modulation scheme is increases the PAPR. 
Because the number of sub-symbols (M) in each of the K 
subcarriers. But, the pulse shape applied in the GFDM sys-
tem gives control over every peak and the average value of 
the transmitted signal. The high PAPR value does not affect 
the orthogonality of the transmitted signal but is based on 
the PAPR reduction technique, which results in more bit 
errors. Hence any multicarrier modulation techniques take 
the complex design of the receiver. 

PROPOSED MAF_GFDM SYSTEM 

The moving average filter is a linear time-invariant, 
easily implemented, most useful, optimal digital filter for 
signal processing applications to remove the noise and 
interferences of slowly varying signals [20], [21]. The name 
implies that it operates by taking the average number of 
sample points of GFDM modulated signal to produce the 
smoothed output sample points. The mathematical repre-
sentation of finite impulse response is as shown in equation 
(19). Here, L is the length of the filter sequence. 

  
(19)

The output of the moving average filter is the convolu-
tion of GFDM signal x[n] and the impulse response of the 
filter and performs the smoothing on the GFDM signal.

  

(20)

The filtering equation contains the original signal and 
interferences from other subcarriers, resulting in Inter-
Carrier-Interference (ICI). It causes orthogonality between 
subcarriers of the OFDM system that degrade the Symbol 
Error Rate. GFDM is a non-orthogonal multicarrier mod-
ulation technique. Therefore, we proposed a moving aver-
age filter for the GFDM system because it does not distort 
orthogonality among subcarriers at the receiver. 

  (21)

The term DL(ω) is a Dirichlet function defined in [22] 
and calculated as follows 

  
(22)



Sigma J Eng Nat Sci, Vol. 43, No. 3, pp. 726−736, June, 2025732

Equation (21) represents the low pass and linear phase 
characteristics. The major lobe of the magnitude response 
is not exactly rectangular and has some side lobes. For an 
FIR filters, the width of the major lobe is inversely propor-
tional to the filter length. Higher L values lead to reduced 
side lobes that improve the low-pass filter’s smoothing 
performance. 

Suppose the moving average filter receives the over-sam-
pled GFDM symbols such as h = [h(0), h(1), h(2),…, h(L-
1)]T with range 1 ≤ n ≤ M. Therefore, the output for kth 
symbol block of the filter is represented as equation (23), 
[23,24].

  (23) 

Here, HM(h), H~M(h), are lower and upper triangular 
MXM matrices and also referred to as Toeplitz filtering 
coefficients. Equation (23) depends on both the present 
symbol XM[k] and past symbol XM[k-1]. This will happen 
due to the moving average filter memory that creates the 
Inter Block Interference (IBI) between successive blocks of 
the GFDM symbols. To avoid the IBI, the data blocks must 
be transmitted and received independently. Consequently, 
it is assumed that all inputs in front of XM,k(0) are zeros as 
well as input data symbols after XM,k(M-1) are zeros. Hence, 
we can rewrite the mathematical expression for kth the out-
put symbol block with avoided Inter Block Interference as 
follows: 

  (24)

Where, first received GFDM symbol 

Second received GFDM symbol  

Similarly for Mth GFDM symbol

 (25)

Therefore, the significant advantage of the moving aver-
age filter is easy implementation due to its recursive nature 
of the filter. The recursive filter expression is shown in the 
following equation (26). It is also observed; equation (24) 
needed more multiplications, additions, and subtractions 
than equation (26). 

  
(26)

Average Transmitted Power of MAF_GFDM signal
Trace of the matric is defined as the sum of the diagonal 

elements of the received signal matrix. The application of 
the trace is to find the average power in random GFDM 
signal as shown in equation (27).

  (27)

Substitute equation (24) in (27)

  (28)

Where,  is MAF_GFDM signal power.

  
(29)

Equation (29) represents the sum of diagonal filter coef-
ficients (Trace of the matrix) that results in the following 
equation form. 

  

(30)

Finally, the summation of arithmetic numbers implies 
the following result:

  
(31)

PERFORMANCE ANALYSIS 

Simulation results are obtained for this section’s pro-
posed scheme on the MAT lab working platform. GFDM 
modulated signal is generated by considering K=128 and 
M=5 in an ultra-dense multipath environment with path 
loss exponent n=5 and then the signal is processed through 
a moving average filter. Performance of PAPR and BER 
results are obtained for OFDM signal and different filter 
lengths L.

The complementary cumulative distribution function is 
a crucial statistical tool. It is used to evaluate the effective-
ness of peak-to-average power ratio reduction techniques 
in wireless communication systems. It is particulary used 
in multicarrier modulation techniques such as OFDM, 
GFDM, FBMC and UFMC. The CCDF is used to describe 
the probability that the PAPR of a transmitted signal 
exceeds a certain threshold. Mathematically represented as 
Pr(PAPR>δ). Here δ is threshold PAPR value. This function 
provides a statistical measure of how often the signal peaks 
exceed a specified level.

Figure 4 shows the CCDF of peak to average power ratio 
of GFDM and OFDM signals with different filter lengths. 
Input data samples are random which results in random 
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PAPR values. Therefore, these statistical PAPR values are 
calculated using the function of CCDF. From equation (17) 
and (18) it is observed that the PAPR of the GFDM signal 
is high then compared to existing OFDM. If the number 
of subsymbols and subcarriers increases in MAF_GFDM 
scheme it will result in high PAPR. Therefore, the PAPR of 
GFDM is 6.82 dB at CCDF=10-3.

PAPR values are calculated at CCDF=10-3 and it is 
observed PAPR value is diminishing from without filtering 
process to with average moving filtering scheme for dif-
ferent filter lengths. Reason for this from equation (30) or 
equivalent equation (31) if the filter length increases, then 
the average transmitted power is decreased. Furthermore, 

the characteristic of the low pass filter is linear. The major 
lobe of the magnitude response is not exactly rectangular 
and has some side lobes. For an FIR filters, the width of the 
major lobe is inversely proportional to the filter length. The 
higher values of L is leads to reduce the side lobes. It results 
in the improved smoothing performance of the low-pass 
filter, which removes high peak noise in the GFDM mod-
ulated signal. Hence, the PAPR value of the MAF_GFDM 
signal is reduced to 3.22dB at CCDF=10-3 with filter length 
L=64, as shown in Figure 4. 

Figure 5 shows the performance of the symbol error 
rate of OFDM and GFDM with different filter lengths. The 
original OFDM and filtered GFDM signals are transmitted 
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Figure 4. PAPR of MAF_GFDM with different filter lengths.

Table 1. Simulation parameters

System Parameter Notation Significant Value
Number of Subcarriers K 128
Number of Subcarriers M 5
Modulator A GFDM
Demodulator B Inverse GFDM 
Moving Average filter lengths L 2,8,64
Demodulation technique ZF Zero Forcing (ZF) Receiver 
Pulse Shaping Filter g RRC filter
Roll of factor α 0.5
Length of Cyclic Prefix (CP) CP 7% of GFDM Symbol
Path loss Exponent Value n 5
Doppler Frequency fd 50Hz
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through three rays dynamic Rayleigh fading channel and 
are faded at Doppler frequency at 50Hz. While generating 
GFDM signal, we have initial carrier frequency 900MHz. 
The receiver assumed that channel state information was 
perfectly known to the receiver. We have implemented 
matched filter, zero forcing and minimum mean square 
estimation techniques to detect the MAF_GFDM sig-
nal. ZF detection scheme not only enhances the SNR and 
also eliminates the self-interference at the receiver. On the 
other hand, the MMSE technique improves the SNR in a 

multipath path fading environment, which result in less 
inter carrier interference and minimized symbol errors of 
the MAF_GFDM signal. Hence, MMSE is the best detec-
tion technique among existing techniques, as shown in 
Figure 6. It has a very low symbol error rate of 0.001 at the 
signal to noise ratio 11dB. 

Reduction of PAPR yields less transmitted power and 
distortion of the signal. Therefore, signal cannot be strained 
to lead by the high-power amplifier at the transmitter. Due 
to this, there is no significant loss in signal while employing 
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the filtering process before transmission. Therefore, the 
symbol error rate is improved from the original GFDM to 
the MAF_GFDM signal, that we have observed is improved 
to 0.5x10-4 at filter length L=64. 

CONCLUSION 

This research article proposes an efficient, simple mov-
ing average filter technique for the PAPR reduction of 
GFDM signals. The Proposed scheme is employed by tak-
ing the average number of GFDM modulated signal sample 
points to produce the smoothed output sample points. The 
computed smoothed values reduce the random high peak 
noise samples that depend on the length of the filter L. We 
derived and discussed mathematical expressions for PAPR 
of the OFDM and GFDM signals as a function of CCDF. 
From the expressions, we conclude PAPR value is increased 
with the number of subcarriers and sub-symbols. In our 
proposed method, higher values of L leads to reduction side 
lobes that result in the improved smoothing performance of 
the low pass filter, which removes high peak noise in GFDM 
modulated signal. Hence, the PAPR value of the MAF_
GFDM signal is reduced to 3.22dB at CCDF=10-3 with filter 
length L=64. On the other hand, we have observed symbol 
error rate is improved to 0.5x10-4 at filter length L=64 and 
also minimum mean square error estimation method is the 
best estimator due to its very low symbol error rate (0.001) 
at the signal to noise ratio of 11dB. 

Future Work
Future work should focus on optimizing the MAF 

scheme to minimize its computational resource require-
ments, processing time, and power consumption, ensuring 
that it does not negatively impact system performance and 
efficiency in real-world 5G applications. Additionally, fur-
ther research is needed to address the potential trade-offs 
between PAPR reduction, symbol error rate, and spectral 
efficiency, with the aim of achieving a balanced solution 
that maintains ultra-low latency and high performance.
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