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Abstract: The current mobile communication system has progressed greatly, requiring future control, performance measurement, 

and analysis. Filter-Bank-Multi-Carrier (FBMC) is a multicarrier modulation method frequently used in high-data-rate cellular and 

wireless systems. Throughout the preceding few decades, many researchers have inferred and examined the FBMC concept from 

diverse perspectives. This needs a flexible time-frequency resource allocation, which is difficult with Orthogonal Frequency Division 

Multiplexing (OFDM). As a result, OFDM modifications like windowing and filtering are required.  The purpose of a current mobile-

based research project is to increase bandwidth for all users, provide huge bandwidth, more efficient and managed connectivit y, and 

give continuous and uninterrupted access. The proposed research provides a unified framework for FBMC, as well as a discussion 

and evaluation of the technology, as well as a comparison to OFDM-based systems. We show how to deal effectively with multiple 

antennas and channel estimate, two of the most common  

 

Index Terms - RACH, FBMC, OFDM, Stochastic 

I. INTRODUCTION 

The fourth-generation (4G) mobile network is simply a development of the third-generation (3G) technology, with faster 

transmission speeds and more administrative capabilities. The fourth generation, known as 4G, can link to wireline backbone 

networks and transfer entertainment and data around the world. 4G is a data transport conceptual paradigm that necessitates a 

high-speed wireless network. The 5G networks will be built on a mix of technologies, including 2G, LTE-A, 3G, LTE, M2M, 

Wi-Fi, and others. To put it another way, 5G will be designed to support a wide range of applications, including IoT, connected 
wearables, augmented reality, and immersive gaming. 

 

Future mobile systems will be highly diverse, with a wide range of potential use cases ranging from improved Mobile Broad 

Band to ultra-reliable low-latency vehicle communications. To properly handle such a wide range of use cases, we need a 

flexible distribution of available time frequency resources. The argument over which modulation format should be used for 

the next generation of mobile communication systems has erupted in the scientific community as well as among standardization 

organizations. The 5G networks will be a mix of technologies such as 2G, 3G, LTE, LTE-A, Wi-Fi, M2M, and so on, rather 

than a single network entity. 

 

To put it another way, 5G will be designed to support a wide range of applications, including IoT, connected wearables, augmented 

reality, and immersive gaming. The 5G network, unlike its 4G sibling, will be capable of handling a high number of linked devices 

as well as a diversity of traffic types. Ultra-high-speed connectivity for HD video streaming will also be available with 5G. 

 

II. LITERATURE REVIEW 

Dongkyu [1] et al computes the effective channel and the signal-to-interference ratio for additive white Gaussian noise channels and 

multipath fading channels. Several prototype filter sets and channel models based on the study are used to investigate the 

characteristics of the effective channel. Monte Carlo simulations are used to evaluate the bit error rate performance of two types of 

per-tone channel equalizers based on effective channels. The FBMC-QAM system with two prototype filters can achieve about the 

same bit error rate performance as orthogonal frequency division multiplexing with cyclic prefix by applying signal-level per-tone 
channel equalization. 

     

     Ravindran [2] et al proposed that OFDM uses the cyclic prefix to reduce multipath effects and hence ISI and ICI, but it also 

     limits effective spectrum use. In addition, CP-OFDM has a high PAPR and a significant OOB (Out of Band) emission rate 

     when compared to adjacent side bands (Peak to Average Power Ratio). As a result, this study looks into the two 5G 

     waveforms UFMC and FBMC-OQAM, both of which do not require a cyclic prefix and so improve spectrum efficiency. 

     These systems also offer an additional filtration stage that can help reduce OOB emissions. 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2021 IJCRT | Volume 9, Issue 8 August 2021 | ISSN: 2320-2882 

IJCRT2108245 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c297 
 

Sanson [3] et al presented the radar processing of the OFDM signal will be used in a unique Filter Bank Multicarrier (FBMC) 

scheme, which has been demonstrated to be much superior to the OFDM system in multipath channels due to the same bit 

error rate (BER), as can be seen above, there has been a large gain in spectrum efficiency as well as improved radar targeting 

performance. It was tested utilising cooperative communications in radar applications. 

 

  M. Giordani, M. Mezzavilla, and M. Zorzi [4] et al proposed that due to the large amounts of bandwidth available, millimetre wave 

frequencies (roughly above 10 GHz) have the potential to greatly enhance the capacity of fifth-generation cellular wireless systems. 

To counteract the significant isotropic route loss observed at these frequencies, robust directionality will be necessary at both the 
base station and the mobile user equipment. 

 

  D. Sim and C. Lee [5] et al presented using two prototype filters, they investigated the performance of a filter-bank multicarrier-

quadrature AM (FBMC-QAM) system. For additive white Gaussian noise channels and multipath fading channels, investigate the 

effective channel and compute the signal-to-interference ratio. The characteristics of the effective channel are 

investigated supported the analysis using various prototype filter sets and channel models. 

 

Gerhard Schreiber and Marcos Tavares [6] et al proposed to meet the strict criteria imposed on the random access (RA) method 

by the use cases envisioned for 5G NR, a RA preamble design based on cyclically delay-Doppler shifted m-sequences was 

developed. The suggested design is very robust to frequency variations induced by wireless channel propagation and local 

oscillator faults, unlike traditional 4G LTE RA preambles based on Zadoff-Chu (ZC) sequences. 

  
Satya Ganesh Nutan Dev C, Lalit Pathak, Goutham Ponnamareddy [7] et al presented the goal of this study is to create a new 

framework for determining a New Radio (NR) user's geographic location. The suggested new NR-RACH Positioning (NRPos) 

approach takes advantage of the timing advance parameter in the random access response (RAR) of a random-access request 

(OTDOA) to achieve greater precision than current localization techniques such observed time difference of arrival (ECID). The 

NRPos framework includes two significant new technology advances. 

 

Olga Vikhrova, Chiara Suraci, Angelo Tropeano, Sara Pizzi, Konstantin Samouylov, Giuseppe Araniti [8] et al proposed this study 

introduces the concept of Random Access Channel (RACH) resource slicing and investigates the performance of a sliced Radio 

Access Network (RAN).  

 
Afolabi, T. Taleb, K. Samdanis, A. Ksentini, and H. Flinck [9] et al presented the page covers all aspects of network slicing, 

including its history, core principles, supporting technology and solutions, and current standardisation activities. It provides a wide 

range of network slicing use cases and network requirements, Consider RAN sharing, as well as end-to-end orchestration and 

management, which encompasses the radio access, transport network, and core network, as well as the pre-slicing era. Unique 

slicing strategies for each component of the 5G infrastructure are also discussed in this article. 

 
 Laya, L. Alonso, and J. Alonso-Zarate [10] et al proposed the 3GPP has advocated that the design of future generations of cellular 

networks be reconsidered in order to make them capable and efficient for M2M services. One of the primary challenges that has 

been identified is the need to improve the operation of LTE and LTE-A random access channels. The goal of this study is to give 

an overview of the most recent strategies for improving the performance of LTE and LTE-A random access channels. The 

numerous possibilities are thoroughly examined, with strengths and weaknesses for each highlighted, as well as future trends to 

drive the efforts in the same direction. 

 

 
III. PROPOSED METHODOLGY 

      Orthogonal Frequency Division Multiplexing 

Modulation is a technique for changing the volume of something. OFDM is a type of subcarrier modulation that is used to 

improve resistance to frequency selective fading and/or narrowband interference in a range of applications. Unlike single 

carrier modulation, OFDM is a multicarrier transmission system in which the available spectrum is divided into several 

subcarriers, each modulated by a low-rate data stream. Multiple User Access (MUA) works by dividing the available 

bandwidth into several sub-channels, similar to how FDMA works. These sub channels are subsequently allotted to users. 

By spreading the channels closer together, OFDM, on the other hand, makes greater use of the spectrum (orthogonal). All 

sub-carriers are made orthogonal to one another to achieve this. This orthogonality keeps carriers from interfering with each 

other when they are close together. 
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Fig 1: Block diagram of OFDM system model 

 

      Filter Bank Multi Carrier  

 

      Filter Bank Multi Carrier modulation has recently piqued interest as a potential solution to OFDM's limitations. FBMC, in 

example, boosts spectral efficiency while easing synchronization restrictions. It's a variant of generic OFDM in which each 

subcarrier is filtered to reduce side-lobes, reducing inter-carrier interference and out-of-band impacts of the global assigned 

bandwidth. FBMC is simple to utilize in the uplink of multi user networks due to the low out-of-band emission of subcarrier 

filters. As a result, the CP is no longer required, allowing for higher data rates but complicating the implementation of MIMO 

systems. Because of the filter's huge size, burst and short-time transmissions are rendered ineffectual. The little overlapping 

between sub-carriers is FBMC's most major advantage, making it resistant to synchronism difficulties. 

 

     FBMC Transmitter 

In the temporal domain, the number of multi carrier symbols overlaps. The order of the prototype filter is 2*K-1, where K   might 

be 2, 3, or 4, PTs is the sampling period, and symbols d[n] hold one or more complicated information bits. In FBMC, the data of real 

and imaginary parts is transmitted separately with a half-symbol time offset using OQAM modulation and demodulation. 

When the FBMC is used with OQAM, it shows great promise in overcoming the drawbacks of OFDM. Because the frequency 

domain of the subcarrier filters is narrow, long filters are required, i.e. four times the fundamental multicarrier symbol length 

determined by the overlapping factor (K). OQAM employs orthogonality between the sub channels to obtain the total channel 

capacity. By combining PHYDYAS filtering with OQAM modulation, orthogonality can be achieved without requiring the 

CP. As a result, channel capacity and spectral efficiency will both improve. 

 

 

 

 

 

  

 

 

 

 

Fig 2: Block diagram of FBMC Transmitter 

 

FBMC Receiver 

At the receiver, the data bits are received from the channel and converted from Serial to Parallel for demodulation. On 

both receiving ends of the FBMC multi-carrier technique, a network of filters is used, notably an analysis filter with a 

Fast Fourier Transform (FFT) as a de-modulator. The time interval between the symbols is denoted by the letter T. In 

the FBMC modulation technique, the frequency De-spreading (Hk) approach is employed, as well as NK length FFT 

symbols overlapped with a delay of N/2, where N is the number of subcarriers. The real and imaginary components of 

data symbols are not received at the same time, and the imaginary component is half the symbol length behind the real 
component. 
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Fig 3: Block diagram of FBMC Receiver 

The data symbols are translated again after the Parallel to Serial conversion. In FBMC-OQAM post processing, the DE-

multiplexing operations are used, i.e. FBMC OQAM reception performs real to complex number conversion, de-staggering, 

and down sampling. The processor utilizes matched filtering to obtain the received data symbols, which is monitored by 

OQAM separation. After that, the received symbols are DE-mapped, and the bit error is determined. De-Mapper recovers 

the bits from the modulated symbols at the receiver. As a result, the receiver obtains the produced bits, as shown in Figure.               

 

IV.  EXPERIMENTAL RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Simulation of normalized frequency offset v/s signal-to-interference ratio 

 

   The blue line in the accompanying diagram represents FBMC-OQAM, a proposed system that outperforms the other     

system. 
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Fig 5: Simulation of normalized time offset v/s signal-to-interference ratio 

 

         In the graph above, the suggested FBMC-OQAM system outperforms the CP-OFDM, WOLA, UPMC, and FBMC-OAM systems. 

 

V. CONCLUSION 

      When the number of sub-carriers is large, we get higher spectral efficiency in OFDM-related modulation schemes like UFMC, 

f-OFDM, and WOLA. In future wireless communication systems, however, we will not be able to sense these sub carrier 

frequencies in all modulation schemes. The OFDM modulation technique outperforms the FBMC modulation scheme when 

the subcarrier frequencies are low. Using the presented methods, we can overcome numerous problems that arise in OFDM 
during MIMO, such as channel error loss and mid-frequency losses. 
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