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Abstract---A waveform candidate for fifth-generation (5G) 

communications has been recommended: the filtered orthogonal 

frequency division multiplexing (F-OFDM) system. Filtering-based 
waveform frameworks are distinguished by the suppression of out-of-

band emission (OOBE) and asynchronous transmission. As a result, 

the new waveform candidates are still struggling with the PAPR issue. 
In multicarrier systems, partial transmit sequence (PTS) is an efficient 

way to combat the rising tendency of PAPR. The high PAPR value of an 

F-OFDM system is reduced using the PTS technique in this study. The 
OFDM system is then put up against this one. Other relevant metrics, 

such as frequency localization, bit error rate (BER), and 

computational complexity, are evaluated and analysed in both 
systems with and without PTS. According to simulation studies, F-

OFDM based on PTS provides better PAPR, BER, and OOBE than 

OFDM. F-BER OFDM's is unaffected by the PTS technique's 

implementation. 
 

Keywords---5G, bit error rate, filtered orthogonal frequency division 

multiplexing, out-of-band emission, partial transmit sequence, peak-
to-average power ratio. 

 

 
Introduction  

 

Due to the rapid expansion of the communications business, 5G networks have 
recently attracted the attention of both industrial and academic researchers alike. 

Different applications have been added to 5G in order to meet the current market 

requirements, such as machine to machine (M2O), Internet of things (IoT), and 

vehicle to vehicle (V2V) communications. Physical layer (PHY) and unique 
application requirements necessitate the use of new systems. [2] To ensure 
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optimum spectrum efficiency, low latency, and high reliability, waveform design 

should be examined as one of various PHY systems. 
 

LTE-A, the fourth-generation (4G) technology, uses a multicarrier waveform called 

orthogonal frequency division multiplexing (OFDM). There are numerous 
applications for OFDM-related systems, including cognitive radio 

communications, underwater acoustic communications, and cooperative 

communications, that have recently been implemented. System performance and 

spectral efficiency are enhanced by OFDM-IM [4,5]. High peak-to-average power 
ratio (PAPR), signalling synchronisation and frequency leakage limit the use of 

OFDM despite its implementation, high capacity, and only one tap equaliser per 

sub-channel to compensate for multipath fading (low equalisation complexity). 
Because of the nonlinear behaviour of the high-power amplifiers (HPA) at the 

transmitter in 4G-LTE, PAPR is seen as the key difficulty of the OFDM system. As 

a result of the sinusoidal nature of OFDM signals, the high out-of-band emission 
(OOBE) results in higher ACI and inter-symbol interference (ISI). For each of the 

adjacent channels, 10 percent of the bandwidth is used as a guard band to 

separate them. In order to prevent inter-carrier interference (ICI) in the OFDM 
system, time signalling is also required. The OFDM technology is not suited for 

5G applications because of these constraints. For this reason, filtered-based 

waveforms have been suggested as a waveform contender for overcoming most of 

OFDM system's shortcomings and achieving 5G standards. 
 

The sub-band filtering waveform, subcarrier filtering waveform, and full-band 

filtering waveform are all filtering-based waveform options.  Filtered multi-tone 
(FMT) and FBMC are examples of subcarrier filtering waveforms in which each 

subcarrier is adopted by the transmitter and receiver filters. 

 
For example, UFMC (universal filtered multicarrier) is an example of a filter 

applied to each sub-band in a sub-band filtering waveform. But the full-band 

filter waveform uses only one filter for the entire OFDM frequency range. Due to 
its filtering, it's known as filtered OFDM. As a result, depending on the filter 

design, all waveform candidates potentially meet the 5G standards. Novel 

waveform options, on the other hand, show varying performance in terms of 

spectrum efficiency, PAPR, computational complexity, and existing legacy of 
OFDM systems. 

 

As a waveform candidate for 5G, filtered orthogonal frequency division 
multiplexing (FOFDM) has many advantages, including low computational 

complexity and the ability for asynchronous transmission, low latency, and the 

ability for orthogonal transmission and PAPR reduction techniques to be easily 
integrated with multi-antenna transmission techniques. Due to orthogonal 

transmission, the high PAPR value of the F-OFDM waveform candidate persists as 

the main issue. Adding the filter is the primary reason for the F-OFDM 
candidate's increased PAPR value. Thus, a greater power distribution among 

samples than that in an OFDM system leads in a lower mean power of the signal 

and a reduction in HPA efficiency at the transmitter. [9] However, the PAPR 
reduction methods are supported by the F-OFDM system. PTS, SLM, and the 

interleaving reduction technique can all be employed to lower F-high OFDM's 

PAPR values, as can the interleaving reduction approach. Several studies have 
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been conducted in the literature to increase the OFDM spectral efficiency and 

meet the criteria of 5G applications. These studies have all been published. With 

the asynchronous F-OFDMA, the side-lobe leakage of the OFDM system was 

eliminated and signalling was reduced, according to Abdoli and colleagues. A 
comparison of the suggested design's BER and power spectral density (PSD) to the 

UFMC waveform candidate was carried out by Abdoli. In terms of frequency 

localisation and BER performance, Abdoli's design outperforms the UFMC 
candidate, according to him. An improved version of F-OFDM waveform was 

discussed by Xi and others. 

 
Different sorts of services were provided by dividing the bandwidth into many 

bands and filtering each band separately. According to Zhang's research, the F-

OFDM waveform he developed is the best contender for use in 5G wireless 
networks. Additionally, Wu and colleagues conducted a field test of F-OFDM in 

the real-world 5G environment using spectrum-slicing. An asynchronous 

application in a 5G network could benefit from Wu's proposed waveform 

architecture, which he claims can achieve great spectrum efficiency. 
 

The spectrum efficiency performance of F-OFDM in a 5G field test was reviewed 

by Jian. Compared to the LTE-OFDM system, Wang's research show that the F-
OFDM waveform framework can increase spectral efficiency by 100%. The 

filtering-based waveform choices were recently compared by Liu and colleagues. 

Full-band filtering was compared to different waveforms in terms of OOBE 
leakage, low latency, BER, carrier frequency offset (CFO) robustness, and Doppler 

diversity. Several elements of the F-OFDM waveform candidate are examined and 

compared in Liu's work. PAPR performance and computational complexity, for 
example, are still key issues that need to be addressed and recognised. 

 

For the F-OFDM system, the high PAPR value is mitigated using the PTS 

approach. A comparison is made between F-OFDM and OFDM based on the PTS 
approach in terms of bit error rate, power spectral efficiency (PSD), and 

computational complexity. According to that, the rest of the article is structured 

as follows: Section 2 focuses on the F-OFDM waveform and its properties. PAPR is 
discussed in Section 3 of the paper. Section 4 discusses F-OFDM based on PTS. 

Section 5 focuses on filter design. It's in Section 6 that the simulation results are 

analysed. There is a summary at the end of Section 7. 
 

Filtered orthogonal frequency division multiplexing 

 
An orthogonal frequency division multiplexing waveform candidate is filtered 

orthogonal frequency division multiplexing. F-OFDM is depicted in Figure 1. To 

generate a transmitter F-OFDM signal, the received signal is first processed 

through an OFDM transmitter filter. Because of this, the F-OFDM receiver signals 
are first sent to the receiver filter, which is identical to the filter used in the 

transmitter stage (spectrum shaping filter). The receiver has a filter that removes 

the signal from the surrounding signals. It is therefore possible to ensure that 
just the OFDM signal is transmitted to its next stage without interference from 

other signals by using a receiver filter. In other words, before decoding the OFDM 

signal, the receiver filter separates the filtered OFDM signal from any extraneous 
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influences. Lastly, all other activities are carried out in the same manner as they 

are in a conventional OFDM network. 
 

Transmitter filters are primarily intended to reduce transmission delay and 

maintain an acceptable high OOBE level for asynchronous transmission. Thus, 
the spectral efficiency is improved, allowing the system to meet the requirements 

of the 5G technology. The filter, on the other hand, adds to the system's 

complexity. As a result of the additional filter's increased power distribution 

among the samples, the mean signal power is reduced, degrading the PAPR's 
performance, and this, in turn, increases the PAPR.As a result, the F-improved 

OFDM's spectral efficiency would come at the tradeoff of greater PAPR and system 

complexity. 
 

F-OFDM Based on PTS 

 
The F-OFDM system may face a hurdle due to the high PAPR. In transmitters, the 

longer filter length surpasses the cyclic prefix (CP) time, increasing the power 

distribution among the samples Mean power is reduced, and the gap between the 
maximum peak power and F-OFDM signal mean power widens as a result of this 

procedure. As a result, the F-OFDM system has a greater PAPR than the OFDM 

system. Reduce the PAPR of an OFDM system by using partial transmit sequence 

(PTS) [30]. PTS is reliant based on the partition of the data block into smaller 
blocks use of a set of weighting factors based on the phase rotation before 

reassembling them into a new block. This is a method decreases PAPR by more 

than three decibels. This, however, is accomplished an increase in computational 
complexity at the expense of because of the PTS method's ability to carry out a 

full  

 
Figure 1. F-OFDM block diagram 

 



 

 

6119 

 
Figure 2. PTS-F-OFDM (transmitter and receiver) block diagram investigation. To 

find the best weighting phase, search for all of them,   Factor of rotation in phase.  
 

In Figure 2, you can see what I'm talking about. Figure 2 depicts the PTS-based 

F-OFDM in action. (PTS-F-OFDM). A constellation mapping technique is used 
here.  input data, such as quadrature modulation, can be modulated  The QAM 

family of modulation. Following this, The serial to parallel conversion of a complex 

baseband signal is performed.Afterwards, M subblocks are created from the 

baseband symbol: 
 

 
As soon as this is done, the subblocks will be zero-padded before they are sent to 

the UN-IFFT units for frequency to time domain conversion. An initial candidate 

group is derived by multiplying the transformed subblocks by the phase factor 
array, which is applied to the time domain results. The phase factor is chosen 

based on the joint subblocks' rotational minimum value being met by the 

contenders. Then, it's referred to as "side information" (SI) in order to recover the 

original data. To put it another way, the resulting OFDM signal can be stated as 
follows: 

 
 

where bm is the ideal phase factor. The phase rotation factors have a number of 
elements denoted by the letter R. In the end, the F-OFDM signal y(n) is generated 

by the spectrum shaping filter for transmission to the receiver using signal s(n). 
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Filter Design 

 
To accomplish frequency localization and greater flexibility between time and 

frequency localization, filter design in F-OFDM is critical. This is due to the fact 

that the desired dispersion in the time domain arises from the desired localization 
in the frequency domain. In this section, we present an example of a filter design 

that considerably improves the filter's localization in terms of both time and 

frequency. An example of this is the use of a time-domain window with smooth 

transitions to implement soft truncation of a prototype filter. The signal's pulse 
shape is rectangular in the OFDM scheme (sinc function). As a result, significant 

frequency domain side lobes are produced on both the signal and noise sides. 

 
As a result, it is difficult to pinpoint the frequency spectrum. Due to its capacity 

to suppress OOBE, a sinc impulse response filter (LPF) is an ideal spectrum 

shaping filter for the F-OFDM system. The signal's passband is unaffected. The 
filter's impulse response is smoothed out by using a time windowing mask, which 

also helps with temporal localisation and transitions. In order to create the FIR 

filter (windowingsinc filter), the sinc function and rooted raised cosine (RRC) are 
multiplied together. As a result, the total frequency width of the allotted 

subcarriers can be used to establish filter bandwidth. 

 

In addition, the windowing in the reduced filter response provides reasonable time 
localisation. Compared to the subcarrier spacing, the major energy time span of 

the time-domain end-to-end filter is significantly lower than OFDM's symbol 

duration. Furthermore, when the tail is the filter's side lobe and the head of the 
filter does not create overhead, the CP length is substantially reduced. 

Accordingly, we can write the time-domain sinc impulse response filter this way: 

 

 
 
Result and Discussion 

 

PAPR performance 
 

PAPR performance of OFDM and F-OFDM is examined using the PTS technique in 

this subsection. N is varied between 256 and 512 throughout the simulation. 
When N is 256 and the CCDF probability is 103, as shown in Figure 3, the PAPR 

of the F-OFDM waveform is 1.66 dB higher than that of the regular OFDM. 

Similarly, there is a 1.71 dB difference in PAPR performance between the two 

frameworks using the PTS approach. As can be seen, the PAPRs of the two 
different modulation schemes are 7.58 decibels and 9.3 decibels, respectively. 

 

Furthermore, the PAPR performance of OFDM and F-OFDM waveforms when N = 
512 is depicted in Figure 4. 1.42 dB without PTS and 1.73 dB with PTS, the PAPR 

of F-OFDM is higher than OFDM. It has been found that F-OFDM has a PAPR of 

roughly 1.5 dB higher than the OFDM standard. Because the F-OFDM waveform's 
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filter length is shorter, the signal's mean power is lower than with the OFDM 

standard. As a result, the OFDM signal's peak-to-average amplitude phase 

difference widens. 

As a result, the PAPR's overall performance suffers. With regard to sample phase 
shifts, the PTS method adjusts the sample phases while decreasing correlation 

between samples within a block. Because of this, the signal's peak amplitude is 

lowered. 
 

 
Figure 3. Comparison of PAPRs of OFDM and F-OFDM, N = 512 

 

 
Figure 4. PSDs of OFDM and F-OFDM waveforms 

 

This enhances the PAPR performance. Thus, the analysis and simulation indicate 

that the F-OFDM candidate waveform displays a high PAPR, which results in the 
degradation of the power amplifier efficiency at the transmitter. Nevertheless, we 

can employ the PAPR reduction techniques such as PTS, which can reduce the 

PAPR by over 3 dB from that of then original system. 
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OOBE suppression 

 
Filtering-based waveforms have a considerable benefit in terms of spectrum 

efficiency, which is needed to meet the asynchronous transmission needs of 5G. 

Comparing the PSDs of the OFDM and F-OFDM waveforms with and without PTS, 
the frequency localisation of the waveforms is evaluated L = 513 and = 0.6 are 

used to create the filter for the F-OFDM waveformfilter .'s length The PSD of the 

OFDM and F-OFDM waveforms may be seen in Fig. 5. The OFDM stander has an 

OOBE power of –47 dB, while the F-OFDM waveform has an OOBE power of –185 
dB. Because of its superior performance and lower overall output noise, F-OFDM 

is shown to be superior to OFDM. As a result, the frequency localisation in the F-

OFDM waveform is better. Spectrum reuse in 5G can be made more efficient with 
this technique. 

 

 
Figure 5. Comparison of PSDs of OFDM and PTS-OFDM 

 

BER performance 

 
For the OFDM and F-OFDM waveforms, the BER performance evaluation is 

reported in this section The Monte Carlo technique is used to simulate the BER 

performance. These graphs, shown in figures 10, 11, and 12, show how the BER 

of the OFDM system and the F-OFDM waveform relate to one another. AWGN 
channels are used in Figures 10 and 11, and constellation mapping of both 

frameworks is set to 64-QAM and the number of subcarriers is fixed to 512. BER 

of F-OFDM is virtually identical to that of OFDM at low SNR values. F-OFDM, on 
the other hand, has slightly better BER performance than OFDM at high SNR 

values. Figure 10 shows that at SNR values of 10, 15, and 17, the F-OFDM 

system has BER probabilities of 9.3 103, 4.6 104, and 4.1 105. At the same SNR 
levels, the OFDM system has BER probabilities of 1.2 102, 1.1 103, and 1.6 104. 

Figure 11 shows the BER performance of the F-OFDM with and without the PTS 

approach. Because of the PTS technique's probabilistic nature, the BER 
performance of both signals is similar. Both systems' BER performance is shown 

in Figure 12 using a multipath fading channel (Rayleigh channel). For both 

channels, it is obvious that the F-OFDM system has better BER performance than 

the OFDM system. 
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As a result of the windowing, the truncated filter's response has a better ISI than 

the OFDM system and can therefore be kept within an acceptable range while 

also being better localised in time. 

 

 
 
Conclusion 

 

The primary goal of this article is to demonstrate the PAPR performance of the F-
OFDM waveform framework, which is being explored as a candidate for the 5G 

network. F-OFDM based on the PTS approach is compared to PTS-OFDM in terms 

of PAPR performance. As well as OOBE suppression, BER and computational 
complexity, we've taken care of PAPR performance. The simulation findings show 

that the PTS technique reduces the PAPR of F-OFDM by more than 3 dB, 

suppresses OOBE by about 10 dB, and has no effect on the BER. As a result, 
adding a filter to F-OFDM makes it more computationally complex, which is the 

primary drawback to using PTS in this situation. The F-OFDM framework based 

on the PTS technique is therefore a successful waveform design for 5G in terms of 
PAPR reduction performance and OOBE suppression, taking into account the 

balance between computational complexity and performance considerations. PTS-

F-computational OFDM's complexity will be reduced without sacrificing 

performance in our future research. 
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