
Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 31 No. 2s (2024) 

 

 

606 
https://internationalpubls.com 

Advanced Nonlinear Channel Estimation Techniques for 5G Wireless 

Communication Systems 
 

Guntukala Surendher1, Tipparthi Anil Kumar2, Dhiraj Sunehra3 

1Research Scholar, JNTU Hyderabad,   

Dept. of ECE, NGIT 

Hyderabad, Telangana,India 

 surendher.g@gmail.com 

2SMIEEE, Professor, Dept. of ECE 

CMR Institute of Technology 

Hyderabad, Telangana,India 

Tvakumar2000@yahoo.co.in 

3SMIEEE, Professor & Head, Dept of ECE 

JNTUH College of Engineeringname, Jagtial  

Jagtial, Telangana,India  

dhirajsunehra@yahoo.co.in 

 

Article History: 

Received: 30-03-2024 

Revised: 20-05-2024 

Accepted: 27-05-2024 

Abstract:  

In this paper, 5G wireless communication systems requirement, standards and practical 

challenges are studied thoroughly. Multicarrier modulation schemes for 4G wireless 

communication systems were applied to 5G wireless communication systems for better 

suitability. Traditional channel estimation techniques for 4G were applied to 5G wireless 

communication systems and observed better applicability. An M-estimator method waveforms 

for 5G in Gaussian and non-Gaussian environments is proposed, studied and analyzed. 5G 

networks transceiver model both Gaussian and non-Gaussian environments for various 

multicarrier modulation schemes was studied and analyzed. Comparison of 5G candidate 

waveforms in terms of excess emissions, peak to average power ratio, Flexibility, complicated 

and spectral efficiency was done and suitability for 5G systems with Gaussian and non-Gaussian 

environments was observed. Bit error rate comparisons were performed on all candidate 

waveforms with respect to SNR.  MSE versus SNR simulations for proposed estimator-based 

channel estimation method in various non-Gaussian channel environments was carried out and 

studied. In simulations, proposed channel estimation technique was compared with other 

techniques and the proposed method outperforms in 5G networks in non-Gaussian environments 

with various candidate multicarrier waveforms. 

Keywords: MSE, SNR, M-estimator, Gaussian and non-Gaussian. 

 

1. INTRODUCTION 

There is a rapid increase in number of mobile devices, enormous amount of data and higher rate of 

data are making present generation of communication system to think about it. The next or fifth 

generation networks are expected to meet these high-end requirements [1]. The fifth generation is 

mainly characterized by three unique features. They are very low latency, ubiquitous connectivity 

and transfer of data is very high. The fifth generation is going to provide novel architectures and 
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technologies beyond the previous one as well [2]. Hence, detailed of fifth generation / new regulation 

deployment were studied and observed [3]. Then, the architecture, the air interface, and the 3rd 

Generation Partnership Project (3GPP) deployment options of 5G/NR were analyzed [4]. The 5G 

Quality of Service was discussed 58]. Comparison of 1G to 5G wireless communication systems in 

terms of technical specifications for better reception presented in table 1, and better technique for 5G 

wireless communications was described [6]. Simultaneous presence of multipath shadowing and 

fading tends to the deterioration of wireless communication channels [7]. Equations for system 

model for various channel models were applied for testing and simulation. One of the extensive 

challenges is the selection of candidate waveform (CW) for massive MIMO wireless 

communications systems [8]. The new continuous wave (CW) or multi carrier modulation (MCM) 

techniques is deployed to support the base station (BS) for efficacy utilizing the limited frequency 

spectrum the CW is adopted [9]. 

In this paper, conclusions were drawn for optimum implementation of suitable multi carrier 

modulation techniques practically to 5G/ 6G systems through non-Gaussian & Gaussian channels 

[10]. A study of the many possible waveform types, as well as the advantages and disadvantages of 

each, is also included for 5G systems. A new M-estimator was proposed mathematically to estimate 

channel parameters for 5G systems in both Gaussian and non-Gaussian environments [11]. This 

study focuses on channel estimating approaches, one of the major issues of 5G systems, coupled with 

wireless channel modeling [12]. 

2. SYSTEM MODEL 

OFDM is used on both uplink and downlink in New Radio (NR) 5G systems [13]. Utilizing 

subcarriers in up to 3300 Hz, the carrier's frequency may range from 15kHz, 30kHz, 60kHz,120 kHz, 

240kHz and 480kHz [14]. For subcarrier modulation BPSK, QPSK, 16QAM, 64QAM, or 256QAM 

implemented. The obtained signal is 

Y=HX+W 

Channel vector is H= [H [0], H [1] ……. H [N-1]]T 

Noise vector W= [W [0], W [1]……..W [N-1]]T with 0 mean and 
2  variance and  
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Filter Bank Multicarrier (FBMC): is a modality employed in wireless communication systems, 

especially at which OFDM (Orthogonal Frequency Division Multiplexing) isn't practical. Here's a 

brief overview of an FBMC transceiver as shown in fig 1 [15]. 

• FBMC modulates the frequency spectrum by dividing it into subbands utilizing a filter 

bank. While OFDM requires subcarrier orthogonality, FBMC does not, improving spectrum 

containment & reducing out-of-band emissions [16]. 
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• FBMC employs a prototype filter that is duplicated across subbands to generate the modulated 

signals. The prototype filter's characteristics determine the spectral shaping and overall 

performance of the FBMC system [17]. 

• In an FBMC transmitter, data symbols are modulated onto subbands using the filter bank. 

• Each subband carries its modulated symbols, and these are combined to form the transmitted 

signal. 

• The transmitter may include additional processing stages such as pulse shaping and precoding 

to optimize performance. 

• The FBMC receiver comprises a bank of filters that divides the receiving signal into subbands. 

• Each subband undergoes demodulation to recover the transmitted symbols. 

• Signal processing techniques like equalization and interference cancellation may be employed 

to mitigate channel impairments and improve performance. 

• FBMC offers several advantages over OFDM, including enhanced resilience to frequency-

selective fading & increased spectral efficiency 

• Its ability to handle non-orthogonal subcarriers makes it suitable for scenarios with tight 

spectral constraints or where traditional OFDM suffers from high sidelobe levels. 

• FBMC finds applications in various wireless communication systems, including 5G and 

beyond, cognitive radio, and wireless sensor networks. 

• It is particularly well-suited for scenarios requiring efficient spectrum utilization and high 

resilience to interference and multipath propagation. 

 

Fig. 1 FBMC transceiver 

Universal Filtered Multicarrier (UFMC) is a modulation technique designed to address the 

drawbacks of wireless communication systems using orthogonal frequency division multiplexing 

(OFDM) [18]. Here's a brief overview of a UFMC transceiver as shown in fig 2 [19]. 

• UFMC divides the frequency spectrum into multiple subbands using a filter bank, similar to 

FBMC [20]. 

• Unlike OFDM, UFMC employs filter banks with overlapping subbands, allowing for better 

spectral containment and reduced out-of-band emissions. 

• UFMC utilizes more sophisticated filters compared to FBMC, allowing for flexible shaping 

of the transmitted spectrum [21]. 

• The filters are designed to have overlapping passbands, which improves spectral efficiency 

and enables better interference mitigation. 
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• In a UFMC transmitter, data symbols are modulated onto subbands using the filter bank. 

• Each subband carries its modulated symbols, and these are combined to form the transmitted 

signal [22]. 

• Additional processing stages such as pulse shaping and precoding may be incorporated to 

optimize performance. 

• A filter bank in the UFMC receivers divides the received signal. into subbands. 

• Each subband undergoes demodulation to recover the transmitted symbols. 

• Signal processing techniques like equalization and interference cancellation are employed to 

mitigate channel impairments and improve performance. 

• UFMC offers several advantages over OFDM, including improved spectral efficiency, better 

interference mitigation, and reduced out-of-band emissions. 

• Its ability to utilize overlapping subbands enables more efficient use of the available 

spectrum, making it suitable for scenarios with stringent spectral constraints. 

• UFMC is utilized in upcoming wireless communication systems, such as 5G and beyond, 

where efficient spectrum utilization and robustness to interference are critical. 

• It is particularly well-suited for scenarios with high data rates, dynamic channel conditions, 

and heterogeneous deployment environments [23]. 

 

Fig. 2 UFMC Transceiver 

 

Fig. 3 The suggested M-estimator's effect functions 



Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 31 No. 2s (2024) 

 

 

610 
https://internationalpubls.com 

In statistics, particularly in robust estimation theory, M-estimators are used to estimate parameters of 

a statistical model. These estimators are robust to outliers and heavy-tailed distributions. The 

effectiveness of M-estimators is influenced by their associated effect functions [23]. Here's some 

information on suggested M-estimator's effect functions is shown in figure 3. 

• The choice of the effect function affects the trade-off between robustness and efficiency [24]. 

• More aggressive effect functions provide higher robustness to outliers but may sacrifice 

efficiency in the absence of outliers. 

• Conversely, less aggressive effect functions may offer better efficiency but may be more 

sensitive to outliers [25]. 

 

Fig. 4 SNR Vs BER for various 5G candidate waveforms 

In Table 1 of 5G communication systems, the correlation between Signal-to-Noise Ratio (SNR) and 

Bit Error Rate (BER) changes according to the modulation waveform and access technique 

employed [26]. SNR denotes the ratio of signal power to noise power within the communication 

channel, while BER measures the likelihood of incorrect bit transmission, typically due to noise or 

interference [27]. As SNR increases, BER generally decreases, indicating improved communication 

reliability are shown above figure 4 [28]. 

Table 1: Analysis for 5G Candidate waveforms 

 OFDM FBMC UFMC GFDM 

OOBE H L L M 

PAPR H M H L 

FLEXIBILITY H M M H 

COMPLEXITY M H M H 

SPECTRAL 

EFFICIENCY 

L H H M 
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3. SIMULATION RESULTS 

Fig. 5 compares and illustrates the channel estimation methods in simulations utilizing LS & the 

Suggested M-estimator approaches (with & without DFT) with FFT size 32, pilot spacing is 4. A 

DFT-method designed for enhance performance with reducing noise beyond the allowable channels 

delay [29]. The proposed method for channel estimation, with and without Discrete Fourier 

Transform (DFT) is noted to be a near approximation of the genuine channel in each scenario [30]. 
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[iii] 

 

[iv] 

Fig. 5 Estimating channels by the use of i) LS method 

ii) LS with DFT iii) M-estimator and iv) M-estimator with DFT. 

The proposed method’s performance gains are compared with those of LS and MMSE approaches 

for 5G in Rayleigh and Rician fading channel [31]. For 5G networks, the suggested M-estimator 

approach performs better compared to above methods. understanding the performance metrics like 

Mean Squared Error (MSE) and Signal-to-Noise Ratio (SNR) is crucial, especially in fading 

channels like Rayleigh and Rician.as it can be displayed in below figure 6 [32]. 
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(a) 

 

(b) 

Fig. 6 Efficiency of Mean Squared Error vs Signal-to-Noise Ratio in (a) Rayleigh and (b) Rician Fading Channels 
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Fig.7 MSE Vs SNR in massive MIMO systems using proposed channel estimate for different channel models. 

 

Fig. 8 MSE Vs SNR in massive MIMO systems for proposed, LS and MMSE channel estimate. 

The Simulations of MSE Vs SNR is shown in Fig. 7 for proposed channel estimation technique in 

various non-Gaussian channel environments [33]. In massive MIMO (Multiple Input Multiple 

Output) systems, the selection of channel estimation technique plays a crucial role in system 

performance, especially in terms of Mean Squared Error (MSE) and Signal-to-Noise Ratio (SNR) 

[34]. MSE measures the average squared disparity between the estimated and actual channel state 

information (CSI). Lower MSE values indicate more accurate channel estimation, crucial for optimal 

system performance in massive MIMO setups. SNR measures The proportion of signal power to 

noise power within the communication channel [35]. 
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Higher SNR values imply better quality of received signals relative to the noise level, essential for 

reliable communication [36]. The effectiveness of proposed channel estimation methods varies 

across different channel models, such as Rayleigh, Rician, and others [37]. In Fig. 8 proposed 

channel estimation technique is compared with other techniques. In both simulations, proposed 

estimation technique in 5G systems proved better results [38]. 

 

Fig.9 MSE Vs SNR Performances 

In massive MIMO (Multiple Input Multiple Output) systems, the selection of channel estimation 

method significantly impacts system performance, particularly in terms of Mean Squared Error 

(MSE) and Signal-to-Noise Ratio (SNR). Here's a concise comparison focusing on proposed, Least 

Squares (LS), and Minimum Mean Squared Error (MMSE) channel estimation techniques. MSE 

quantifies the average squared disparity between the estimated and actual channel state information 

(CSI) [39]. Lower MSE values indicate more precise channel estimation, which is crucial for optimal 

system performance in massive MIMO configurations. SNR measures the ratio of signal power to 

noise power within the communication channel. Higher SNR values signify better quality of received 

signals relative to the noise level, which is essential for reliable communication [40]. 

Furthermore, all the techniques are analyzed in Fig. 9. Divide the pilot by 4, add up all the sub 

carriers to 128; apply BPSK modulation; and set CP to 8. Each tap in a tapped-delay line channel is 

described by a Gaussian distribution. The power delay profile ranges from 1 to 0.125, and the 
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CE approaches, From these results, it's evident that the proposed M-estimator exhibited significant 

performance. 

4. CONCLUSION 

Comparison of 1G to 5G wireless communication systems in terms of technical specifications was 

carried out first in this paper. Next, analysis and simulations of OFDM, FBMC, UFMC, and GFDM 

methods are carried.  The M-estimator for various waveforms were studied, analyzed and extended 

to Rayleigh, Rician, Weibull and Nakagami fading channels. Comparison of its illustrate The 

suggested M-estimation channel estimation algorithm outperforms other 5G methods in simultaneous 

fading and shadowing for impulsive noise. 
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