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 With the demand for mobile data traffic, multi-carrier transmission 

techniques are highly attractive for all-new wireless communication systems, 

which divides data into many components and sends each of these 

components via a different carrier signal. So far, orthogonal frequency 

division multiplexing (OFDM) and filter bank multi-carrier (FBMC) 

techniques are the dominant waveform contenders. A number of studies 

have been made and failed to give a complete comparison where they did 

not consider various conditions altogether. Therefore, this paper addresses a 

complete comparative analysis of OFDM and FBMC, performed based on 

spectral efficiency, modulation, demodulation, power spectral densities, and 

peak to average power ratio comparison, all simulated using Matlab and 

GNU’s not unix radio (GNU-radio) software. 
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1. INTRODUCTION 

In the pursuit to fulfill the need of the new spectral specifications and the increasing data in which 

long-term evolution (LTE) fails to meet the requirements, a novel generation of systems is developed, 

Recently, new multi-carrier systems for 5G wireless communications have been discussed to support future 

wireless access. The new candidate is the orthogonal frequency division multiplexing (OFDM) system which is 

the most common case of multi-carrier systems that has been proposed to share the various subsets of those 

subcarriers, with the use of cyclic prefix as an important element to make OFDM signal operate reliably [1], [2]. 

This new spectral specification comes with several problems, such as the intersymbol interference along with 

the high vulnerability to carrier frequency offsets and phase noise [3]. 

However, the cyclic prefix is shown redundant in terms of information along with the noise of the 

signal as amplitude with a very large dynamic range, which considerably reduces the bandwidth efficiency. 

We overcome these limitations of OFDM by a new multi-carrier communication system known as filter bank 

multi-carrier (FBMC) with no cyclic prefix required thereby freeing up more space for real data, by adding 

generalized pulse shaping filters that produce a well-localized subchannel in each frequency and time 

domain. Correspondingly, the filter bank systems have more spectral containment signals [4]. The paper is 

structured as: section 2 is a comparison between OFDM and FBMC. Next, we describe the implementation of 

OFDM and FBMC using GNU radio, while section 4 discusses the synchronization performance and 

measurements by GNU not unix radio (GNU radio) and Matlab simulation, then we conclude by remarks and 

a conclusion. 
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2. OFDM vs FBMC 

2.1.  Orthogonal frequency division multiplexing 

OFDM is a novel multi-carrier technique that divides all transmitted bit-stream into different 

substreams [5]. It sends them back into many different subchannels, where each has a much lower bandwidth 

than the channel coherence bandwidth. Figure 1 shows the basic structure of OFDM; using the serial to 

parallel data converter (S/P) [6], the incoming data streams are split into parallel data where each data stream 

is modulated. Through the inverse fast fourier transform (IFFT), the pre OFDM symbols are modulated into 𝑁 

orthogonal sub-carriers, and then we add the cyclic prefix (CP) to increase the symbol duration. Next, to form 

an OFDM symbol, we multiplex the mapped sub-carriers and transform the symbol representation from 

frequency into the time domain by the parallel to serial converter. At last, we remove the cyclic prefix. 

Consequently, the digital signal is produced and converted into an analog form before being transmitted over 

the channel [7]. 
 
 

 
 

Figure 1. Basic structure of OFDM 
 
 

2.2.  Filter bank multi carrier 

FBMC is a multi-carrier technique, an evolved version of OFDM. It is an alternative transmission 

method used on both the transmitter and the receiver with a network of filters called synthesis and analysis 

filters [8], along with a fast fourier transform (FFT) as a de-modulator and an IFFT as a modulator, it has 

resolved cyclic prefix (CP) problems to avoid both ingress and egress noises, by dividing the transmitted 

signal into various components, each one carrying a single frequency sub-band of the original signal [9]. 

Figure 2 describes the structure of the FBMC system. There is a major difference between both systems, we first 

replaced the cyclic prefix input with the synthesis filterbank. Meanwhile, on the receiver side, we replaced the 

output of the cyclic prefix removal with an analysis filterbank. As shown in Figure 2, in order to proceed the 

incoming signal to the synthesis filter bank, it must be converted first from serial to parallel form using the S/P 

converter. Next, using the parallel to serial data converter (P/S), the outgoing data are split back into serial 

data. The signal passes through the channel, and the serial to parallel converter [10], [11] converts the signal 

into the parallel form on the receiver side and through the analysis filterbank. Eventually, when the output 

signal is obtained, it will convert into analog form. 
 
 

 
 

Figure 2. Basic structure of FBMC 
 

 

2.3.  Differences between OFDM and FBMC 

One of the major differences between both systems is the replacement of the cyclic prefix on FBMC 

with the filter banks on both sides. However, the pulse shaping on OFDM and FBMC are applied at each 

subcarrier, also due to the overhead in overlapping symbols in the filter bank, the implementation of FBMC 

is more complex than OFDM where the customized FFT and IFFT which are part of the OFDM system block 

diagram. They are used in their standard form without modifications [12]. 

In terms of orthogonality, OFDM requires it in subcarriers. However, FBMC needs orthogonality 

only in adjacent sub-channels for the frequency exploitation polyphase network. On the other hand, the offset 

quadrature amplitude modulation (OQAM) accomplishes the task of total throughput in FBMC by dividing 

the given frequency into many sub-channels [13]. In OFDM, the given frequency divides into several 

subcarriers. In order to re-design a new waveform that meets the requirement of the 5G applications, these 

logical differences will make us improve the spectral efficiency, the low latency, and the peak-to-average 

power ratio (PARP) [14] directly demand from the physical layer to validate our research we followed this 

analysis with our simulations and testing results. 
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3. GNU RADIO IMPLEMENTATION 

This section details the different structures that intervene in building blocks in both OFDM and FBMC 

and explains the setup of the transmitter and the receiver. Starting with Figure 3 illustrates the generated 

information using a file source, which will be sent to both transmitters using a socket of the protocol data unit 

(PDU) that receives data from the file sink and passes them on to the systems. Both examples use a Gaussian 

noise source to simulate the real signal, with an amplitude up to 6.7 mV. 
 
 

 
 

Figure 3. Flowgraph for the information source 
 

 

3.1.  Transmitters 

Figure 4 describes the structure of OFDM. First, the socket of the PDU receives data from the file sink 

and passes them on. Then it converted the protocol data into byte format data through PDU to tagged stream. 

This byte data is sent at the stream to tagged stream block, which adds tags evenly on spaced intervals. Then we 

add cyclic redundancy to the data through the cyclic redundancy check (CRC32). The check code is divided 

into two channels to generate the data header and the data payload part, respectively carry out the binary 

phase shift keying (BPSK) and quadrature phase-shift keying (QPSK) mapping [12], and assemble them 

through the tagged stream mux module, both systems are using fast fourier transform (FFT) to transform 

from frequency to time domain [13]. 
 

 

 
 

Figure 4. Flowgraph for OFDM transmitter in GNU radio 
 

 

 
 

Figure 5. Flowgraph for FBMC transmitter in GNU radio 



                ISSN: 1693-6930 

TELKOMNIKA Telecommun Comput El Control, Vol. 21, No. 1, February 2023: 41-48 

44 

Figure 5 display the FBMC transmitter, we used almost the same thing with the OFDM. As it can be 

seen, there is a data source receiving binary messages from the file sink using the socket PDU to be encoded 

by the mac encoder then into the carrier allocated which transforms byte data into the OQAM symbols. 

Finally, the symbols are passed through the IFFT and synthesis filters, for which we used a polyphase 

network (PPN) for shaping the subcarriers into a smoother pulse. 
 

3.2.  Receivers 

In both receivers, we can visualize three important parts, starting with OFDM receiver in Figure 6. 

First, the synchronizer uses a Schmidl and Cox synchronizer to realize the frame offset correction for OFDM. 

Second, the header/payload demuxer (HPD) block ducting the samples, then the trigger signal sent to indicate 

the beginning of the frame. Third, the IFFT transforms the received signal from time to frequency domain, 

then through socket PDU to decode and recover the sent data. 
 
 

 
 

Figure 6. Flowgraph for OFDM receiver in GNU radio 
 

 

 
 

Figure 7. Flowgraph for OFDM receiver in GNU radio 



TELKOMNIKA Telecommun Comput El Control   

 

 Spectrum analysis of OFDM versus FBMC in 5G mobile communications (Aarab Mohamed Nassim) 

45 

Figure 7 shows the FBMC receiver. We first used the analysis filter bank for synchronization. Next, 

the cross-correlation function (CCF) to performs and measures the symbol in timing offset and passes them 

in the frame extractor to extract the frame and go into a second analysis filter bank. Finally, the IFFT 

transforms the received signal and through socket PDU to recover the data. 
 

 

4. SIMULATION AND RESULTS  

This simulation gives a comparative analysis of OFDM modulation along with FBMC to overcome 

all known limitations. It offers ways to meet strict synchronization requirements and improves spectral 

efficiency. In order to choose a better match for the 5G frequency range, we operated on the mmWave 

spectrum band at 30 GHz. We used an open-source software called GNU radio [15], [16], which provides 

signal processing blocks to implement software radios and develop new components, and Matlab software to 

measure the spectral efficiency and the peak-to-average power ratio between the two systems [17]. 
 

4.1.  Power spectral density comparison 

Figure 8 shows the power spectral density difference between an OFDM and FBMC. By comparing 

these two figures, we can see the difference in relative gain of the two waveforms due to the rectangular 

windowing. OFDM shows strong sidelobes compared with FBMC, which does not intervene with the 

adjacent sub-channel lobes. Correspondingly, we noticed that the OFDM subcarriers are suppressed 

compared with FBMC subcarriers due to the polyphase network, where the energy is focused within the 

frequency range of a single subcarrier [18]. 
 
 

 
 

Figure 8. OFDM and FBMC spectrum 
 

 

4.2.  Modulation/demodulation comparison 

Figure 9 illustrated the edge power in the time domain signal for both systems. By comparing these 

two figures, it can be seen that FBMC reduces greatly the dynamics of instantaneous fluctuations of the 

signal compared to OFDM. Meanwhile, the capacity has been reduced by half due to the imaginary and real 

part of FBMC being assigned for the OQAM process at the subcarrier [19]. 
 

 

 
 

Figure 9. Modulated OFDM and FBMC signals in time domain 
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Figure 10 shows the spectrum of demodulated OFDM and FBMC signals, respectively, where the 

demodulated signal is the noise-free useful information, the received impulse responses of the FBMC 

polyphase filter with the number of subcarriers is almost two times longer than the OFDM rectangular pulse, 

which demonstrates that FBMC has much power loss of the out-of-band power than OFDM [20]. Regarding 

these features, OFDM seems to have less frequency delay spreads and offset error than FBMC. Nevertheless, 

in order to maintain the same spectral efficiency as OFDM, the offset quadrature amplitude modulation 

(OQAM) of FBMC is normally employed with the symbol time spacing which is reduced by a factor of two, 

therefore the polyphase filter guarantees only in real fields, which lead to modulate only the real values while 

the imaginary part is delayed by the half symbol duration [21]. 
 

 

 
 

Figure 10. Demodulated OFDM and FBMC signals in time domain 
 

 

4.3.  Spectral efficiency comparison 

Figure 11 illustrates how many bits can be transmitted over an OFDM and FBMC bandwidth [22]. 

The spectral efficiency is generated by varying the duration burst between 0 to 40 ms. As we can see in the 

figure, OFDM spectral efficiency does not depend on the burst duration. However, it does for FBMC due to 

the shaping filter’s transient state. 
 
 

 
 

Figure 11. Comparison of OFDM and FBMC spectral efficiency 
 

 

4.4.  PAPR comparison 

Figure 12 computes the distribution function of the peak-to-average power ratio (PAPR) for the 

considered waveforms. OFDM and FBMC are multi-carrier modulations which makes them high inevitably 

to produce PAPR [23]. To get a closer look at the PAPR behavior, we compare the distribution functions of 

the PAPR obtained after interpolation of the signal. Compared to conventional OFDM, FBMC has a higher 

PAPR behavior due to the high-power amplifier used to transform the byte data into OQAM symbols in FBMC 

systems with a limited linear range [24]. Consequently, causing a severe recession of the bit error rate performance. 

Therefore, OFDM is considered an ideal candidate for future development for having less PAPR [25]. 
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Figure 12. PARP of OFDM and FBMC 
 

 

5. CONCLUSION  

Our goal from this article was to obtain a comparative analysis of different modulation schemes 

using the GNU’s not unix (GNU) platform; the obtaining result shows the efficiency of the modulation 

techniques considering several parameters. According to the above simulation results, OFDM gives overall 

performance improvement compared with the FBMC system for all the parameters considered, which 

confirms our implemented signal processing techniques and validates our testbed, proving that OFDM is the 

best candidate for the future development in 5G wireless communications. However, the high 

implementation complexity makes it challenging to realize the large-scale antenna arrays with the 

conventional OFDM system. Consequently, Extensive research efforts have been made to design and develop a 

new hybrid precoding architecture that allocates multiple users to different frequencies using the OFDM system. 
 

 

REFERENCES 
[1] H. F. Abdalla, E. S. Hassan, and M. I. Dessouky, “Peak to average power ratio (PAPR) reduction in filter bank multicarrier 

(FBMC) and orthogonal frequency division multicarrier (OFDM) based visible light communication systems,” Journal of Optical 
Communications, 2020, doi: 10.1515/joc-2020-0085. 

[2] A. Hammoodi, L. Audah, and M. A. Taher, “Green Coexistence for 5G Waveform Candidates: A Review,” IEEE Access, vol. 7, 

pp. 10103-10126, 2019, doi: 10.1109/ACCESS.2019.2891312. 
[3] M. N. Aarab and O. Chakkor, “Mimo-ofdm for wireless systems: An overview,” in International Conference on Artificial 

Intelligence and Symbolic Computation, Advanced Intelligent Systems for Sustainable Development (AI2SD’2019), 2019, 

vol. 92, pp. 185-196, doi: 10.1007/978-3-030-33103-0_19. 
[4] P. Kansal and A. K. Shankhwar, “FBMC vs OFDM Waveform Contenders for 5G Wireless Communication System,” Wireless 

Engineering and Technology, vol. 8, no. 4, pp. 59-70, 2017, doi: 10.4236/wet.2017.84005. 

[5] M. E. Ghzaoui, A. Hmamou, J. Foshi, and J. Mestoui, “Compensation of Non-linear Distortion Effects in MIMO-OFDM Systems 
Using Constant Envelope OFDM for 5G Applications,” Journal of Circuits, Systems and Computers, vol. 29, no. 16, 2020, 

doi: 10.1142/S0218126620502576. 

[6] A. N. Ibrahim and M. F. L. Abdullah, “The potential of FBMC over OFDM for the future 5G mobile communication technology,” 
in AIP Conference Proceedings, vol. 1883, no. 1, 2017, doi: 10.1063/1.5002019. 

[7] J. Muslimin et al., “Basic study of OFDM with multipath propagation model in GNU platform,” in 2015 IEEE Conference on 

Wireless Sensors (ICWiSe), 2015, pp. 18-23, doi: 10.1109/ICWISE.2015.7380347. 
[8] A. A. Abdulhussein and H. N. Abdullah, “Comparative Study of Peak to Average Power Ratio in OFDM and FBMC Systems,” 

2021 7th International Conference on Space Science and Communication (IconSpace), 2021, pp. 140-145, 

doi: 10.1109/IconSpace53224.2021.9768772. 
[9] K. A. Nemer, M. A. Pucheta, and A. G. Flesia, “Unsupervised fuzzy-wavelet framework for coastal polynya detection in synthetic 

aperture radar images,” Cogent Engineering, vol. 3, no.1, 2016, doi: 10.1080/23311916.2016.1216725. 

[10] M. Muthuramalingam and K. Venusamy, “Implementation of Pruned DFT Spread Filter Bank Multicarrier System for Low 
PAPR,” in 2022 6th International Conference on Trends in Electronics and Informatics (ICOEI), 2022, pp. 261-266, 

doi: 10.1109/ICOEI53556.2022.9777215. 

[11] T. B. T. C. Aka, A. Acakpovi, and K. Q. -Aphetsi, “Performance Evaluation of FBMC Compared to OFDM by Simulation with 
Matlab,” in 2019 International Conference on Computing, Computational Modelling and Applications (ICCMA), 2019, 
pp. 51-518, doi: 10.1109/ICCMA.2019.00016. 

[12] B. D. Tensubam, N. L. Chanu, and S. Singh, “Comparative analysis of FBMC and OFDM multicarrier techniques for wireless 

communication networks, “International Journal of Computer Applications, vol. 100, no. 19, pp. 27-31, 2014, 

doi: 10.5120/17636-8382. 
[13] M. Imran, A. Hassan, and A. A. Khan, “5G Waveform Competition: Performance Comparison and Analysis of OFDM and 

FBMC in Slow Fading and Fast Fading Channels,” in Future of Information and Communication Conference (FICC 2019): 

Advances in Information and Communication, 2019, pp. 51-67, doi: 10.1007/978-3-030-12388-8_4. 
[14] K. Hariss, Y. Nasser, H. E. Mokdad, and Y. Jaffal, “Are side-band tones beneficial for PAPR reduction in FBMC?,” in 2015 IEEE 

16th International Workshop on Signal Processing Advances in Wireless Communications (SPAWC), 2015, pp. 111-115, 

doi: 10.1109/SPAWC.2015.7227010. 



                ISSN: 1693-6930 

TELKOMNIKA Telecommun Comput El Control, Vol. 21, No. 1, February 2023: 41-48 

48 

[15] Y. Alkhlefat, A. M. Ragheb, M. A. Esmail, S. A. Alshebeili, and H. E. Seleem, “Millimeter wave switching for single carrier and 

aggregated filter bank multi-carrier signals in radio over fiber networks,” Optical Fiber Technology, vol. 60, 2020, 
doi: 10.1016/j.yofte.2020.102335. 

[16] L. K. Patton, “A GNU Radio Based Software-Defined Radar,” M.S. thesis, Dept. of Electrical Engineering, Wright State 

University, OH, USA, 2006. [Online]. Available: https://corescholar.libraries.wright.edu/etd_all/91 
[17] D. Kong, J. Li, K. Luo, and T. Jiang, “Reducing Pilot Overhead: Channel Estimation with Symbol Repetition in MIMO-FBMC 

Systems,” IEEE Transactions on Communications, vol. 68, no. 12, pp. 7634-7646, 2020, doi: 10.1109/TCOMM.2020.3025294. 

[18] F. K. Jose, L. H. Lolis, S. B. Mafra, and E. P. Ribeiro, “Spectral efficiency analysis in massive MIMO using FBMC-OQAM 
modulation,” Journal of Microwaves, Optoelectronics and Electromagnetic Applications, vol. 17, no. 4, pp. 604-618, 2018, 

doi: 10.1590/2179-10742018v17i41544. 

[19] S. -Y. Jung, S. -M. Jung, and S. -K. Han, “Adaptation of AMO-FBMC-OQAM in optical access network for accommodating 
asynchronous multiple access in OFDM-based uplink transmission” in Proc. SPIE 9389, Next-Generation Optical 

Communication: Components, Sub-Systems, and Systems IV, 2015, doi: 10.1117/12.2077451. 

[20] Meghana J. and V. Honguntikar, “Novel Scheme for Future 5G Networks using FBMC Schemes,” Journal of Engineering 
Research and Application, vol. 9, no. 7, pp 14-22, 2019. [Online]. Available: https://www.ijera.com/papers/vol9no7/Series-

3/B0907031422.pdf 

[21] J. A. Sheikh, S. Akhter, S. A. Parah, and G. M. Bhat, “Blind digital speech watermarking using filter bank multicarrier 
modulation for 5G and IoT driven networks” International Journal of Speech Technology, vol. 21, pp. 715–722, 2018, 

doi: 10.1007/s10772-018-9541-6. 

[22] M. J. Piran et al., “Multimedia Communication over Cognitive Radio Networks from QoS/QoE Perspective; A Comprehensive 
Survey,” Journal of Network and Computer Applications, vol. 172, 2020, doi: 10.1016/j.jnca.2020.102759.  

[23] M. A. A. -Jarrah, A. A. -Dweik, K. -H. Park, and M. -S. Alouini, “Amplitude-Coherent Detection for Optical Wireless 

Communications: Opportunities and Limitations,” IEEE Open Journal of the Communications Society, vol. 1, pp. 550-562, 2020, 
doi: 10.1109/OJCOMS.2020.2991719. 

[24] C. Ni, T. Jiang, and W. Peng, “Joint PAPR Reduction and Sidelobe Suppression Using Signal Cancelation in NC-OFDM-Based 
Cognitive Radio Systems,” IEEE Transactions on Vehicular Technology, vol. 64, no. 3, pp. 964-972, 2015, 

doi: 10.1109/TVT.2014.2327012. 

[25] J. Hu, J. Yang, Y. Chuan, and E. Li, “Performance Analysis of OFDM and FBMC,” IOP Conference Series: Materials Science 
and Engineering, vol. 677, no. 3, 2019, doi: 10.1088/1757-899X/677/3/032001. 

 

 

BIOGRAPHIES OF AUTHORS  
 

 

Aarab Mohamed Nassim     Received a bachelor’s degree in electronic engineering 

and a Master’s degree in electronic and telecommunications in 2018 from Abdel Malik Assadi 

University, Tetouan, Morocco. I am currently pursuing a Ph.D. degree in telecommunications 

engineering with the national school of applied sciences, Tetouan. My current research interest 

is signal processing for mmWave communications. He can be contacted at email: 

naarab@uae.ac.ma. 

 

 

  

 

Chakkor Otman     Professor of Advanced Signal Processing. At Abdelmalek 

Essaadi University, Morocco received a Ph.D. degree in 2004 on Signal Processing 

communications from the Higher Technical School of Computer Sciences and 

Telecommunications at Granada University. He has been a Radio Frequency engineer in the 

MAROC TELECOM company from 2001 to 2009, the leading telecom operator in Morocco. 

He can be contacted at email: otman.chakkor@uae.ac.ma. 

 

 

 

 

mailto:naarab@uae.ac.ma
otman.chakkor@uae.ac.ma
https://orcid.org/0000-0003-1620-0050
https://scholar.google.com/citations?hl=en&user=_9sJJFsAAAAJ
https://www.webofscience.com/wos/author/record/32290591
https://orcid.org/0000-0003-0450-9915
https://scholar.google.com/citations?hl=en&user=HQNKWpoAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=8986152000
https://www.webofscience.com/wos/author/record/3788150

