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Abstract—A The next generation of wireless systems, like 

5G/6G, ought to accommodate a wide range of potential use cases 

like massive real-time and machine-type communications. 

Accordingly, such systems need to provide high throughput, low 

latency, and a low peak to average power ratio (PAPR). It is not 

feasible to fulfil each of these needs with a single 5G/6G technique. 

On one hand, MIMO technique can potentially improve spectral 

efficiency and hence support more date rates. On the other hand, 

the utilization of multi-carriers’ techniques like FBMC/OQAM, or 

offset quadrature amplitude modulation, offers a compelling 

substitute for the traditional cyclic prefix-based orthogonal 

frequency division multiplexing (CP-OFDM) because of its 

excellent spectral efficiency and extremely low out-of-band 

radiation. However, the FBMC/OQAM orthogonality constraint is 

loosened, confined to the real field alone, resulting in intrinsic 

interference. This interference causes incompatibilities between 

FBMC/OQAM and certain MIMO schemes. Also, equalizing the 

time-varying MIMO channel is even more difficult when the 

complex valued symbol—which includes both real and imaginary 

FBMC/OQAM task, primarily due to the general non-flatness of 

the subchannels. From this perspective, we first suggest in this 

paper an efficient pruned-DFT-based implementation of MIMO to 

restoring the complex orthogonality and also reduce the 

complexity of the whole system. Then, we optimize MIMO channel 

equalization by efficiently separating and equalizing multiple 

parallel channels using various equalization techniques. The 

numerical results, presented as MSE versus subcarrier index, show 

that Pruned DFT technique consistently achieves lower MSE 

values compared to the standard MIMO FBMC-OQAM across 

various configurations, which indicates better error performance 

and its robustness in dynamic channel conditions. 
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I. INTRODUCTION 

HE 5G and beyond wireless communication systems need 

to have low computational complexity and high spectral 

efficiency. They also need to provide high throughput, low 

latency, and a low peak to average power ratio (PAPR). It is not 

feasible to fulfill each of these needs with a single state-of-the-

art technique like MIMO or FBMC. As a result, Filter Bank 

Multicarrier (FBMC), is developed and is primarily used to 

filter the desired signal. The utilization of FBMC/OQAM, or 

offset quadrature amplitude modulation, offers a compelling 
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substitute for the traditional cyclic prefix-based orthogonal 

frequency division multiplexing (CP-OFDM) particularly in 

terms of high bandwidth efficiency and enhanced resistance to 

Doppler spread and frequency offset [1-3]. Under realistic 

highly dispersive and frequency-selective channels, Intercarrier 

Interference (ICI) and inter-Symbol Interference (ISI) lead to 

high complexity, high Peak to Average Power (PAPR), and high 

out of band (OOB) leakage at the receiver [4, 5]. Accordingly, 

a technique known as pruned DFT spread FBMC has been 

proposed in the literature to mitigate the PAPR among various 

subcarriers [6]. Nevertheless, channel equalization in 

Equalizing the channel in multiple-antenna (MIMO) time-

varying systems becomes even more difficult when the complex 

valued symbol—which includes both real and imaginary 

FBMC/OQAM is a challenging task, primarily due to the 

general non-flatness of the subchannels [7, 8]. 

 

 

 

 

 

 
Fig.1. Block diagram of the proposed pruned-DFT FBMC-OQAM with 

MIMO channel equalization 

 

The next generation of wireless systems, i.e., 5G/6G and 

beyond, ought to accommodate a wide range of resource-

demanding services, such as massive Machine-Type 

Communication (mMTC) or Ultra Reliable and low latency 

communication (URLLC) [9]. Instead of focusing on the MIMO 

scenario, this work suggests implementing a parallel multi-stage 

processing architecture on both ends of the communication link. 

Because of its excellent spectral efficiency and extremely low 

out-of-band radiation, FBMC is regarded as a promising non-

orthogonal waveform However, the FBMC/OQAM 

orthogonality constraint is loosened, confined to the real field 

alone, resulting in intrinsic interference. The presence of this 

interference causes incompatibilities between FBMC-OQAM 

and certain popular multiple-input multiple-output (MIMO) 

schemes. From this perspective, we propose in this paper an 

effective FBMC-OQAM implementation based on pruned 

spreading to enable applying MIMO with pruned-DFT FBMC-

OQAM by restoring the complex orthogonality. The input 

Second Author is with College of Engineering, University of Information 

Technology and Communications, Baghdad, Iraq (e-mail: 
ali.najdi@uoitc.edu.iq). 

Thamer M. Jamel, and Ali Al-Shuwaili 

Efficient Pruned-DFT FBMC-OQAM for 

Performance Enhancement of MIMO Channel 

Equalization Techniques 

T 

Pruned-

DFT

Equalizer

(see Sec. III)
FBMC-

OQAM

MIMO

 Channel

…
 

…
 

…
 

Transmitter Receiver

Pruned 

IDFT

…
 

https://creativecommons.org/licenses/by/4.0/


916 T. M. JAMEL, A. A. SHUWAILI 

. 

 

signal divides the band-pass filter array into several parts. The 

components recombine the altered version of the original signal 

after being attenuated differently. Symbols are sent over a 

rectangular time-frequency grid in such a multicarrier system. 

The shape in frequency and, thus, in time, are determined by the 

subcarrier spacing. While a small subcarrier spacing boosts 

bandwidth efficiency, a high subcarrier spacing enables low 

latency transmissions. Additionally, varying subcarrier spacings 

enable the transmission system to adapt to channel conditions. 

In the ever-evolving landscape of wireless communication, 

addressing the challenges posed by increasing demand for 

higher data rates, improved spectral efficiency, and interference 

mitigation is imperative. This research paper is a deep dive into 

the intricacies of a specific communication framework—

Multiple Input Multiple Output (MIMO) systems embedded in 

the context of Filter Bank Multicarrier Offset Quadrature 

Amplitude Modulation (FBMC-OQAM). 

The essence of this study lies in its ambition to dissect and 

critically evaluate various equalization techniques deployed 

within MIMO FBMC-OQAM systems. MIMO systems, known 

for their capacity to exploit spatial diversity, combined with the 

unique characteristics of FBMC-OQAM modulation, form a 

complex communication paradigm. As such, our research 

endeavours to unravel the nuances of equalization strategies, 

investigating their impact on system performance in diverse 

scenarios. 

Through meticulous examination and comparative analysis, 

we aim to provide a comprehensive understanding of the 

strengths and weaknesses inherent in different equalization 

approaches. The goal is to identify and elucidate the most 

effective equalization strategies, shedding light on their 

applicability and adaptability in optimizing the performance of 

MIMO FBMC-OQAM systems. This research contributes to the 

academic discourse on advanced communication systems and 

holds practical implications for the ongoing evolution of 

wireless communication technologies. 

II. RELATED WORK 

The work in [10] analyzes the BER performance of the MIMO 

OFDM system for AWGN Channel, Rayleigh Fading Channel 

along with a simulation channel using different modulation 

techniques. Also, the result of the analysis suggests a better 

technique to improve the BER characteristic of the MIMO-

OFDM system. In [11], design of the OFDM system transmitter 

and receiver is introduced and Simulation is done using 

MATLAB. Bit Error Rate performance of BPSK modulation 

and OFDM -BPSK System over Rayleigh fading channel is 

analyzed in [12]. The simulation results show that the simulated 

bit error rate is in good agreement with the theoretical bit error 

rate for BPSK modulation. Reference [13] suggests a new 

method to mitigate the effect of Inter-Carrier Interference (ICI) 

in FFT-based multicarrier systems and compares it to a Discrete 

Cosine Transform (DCT)-based system in terms of bit error rate. 

The proposed ICI-cancellation technique provides enhanced 

BER performance compared to other self-cancellation 

techniques. The authors in [14] propose a hybrid modulation 

scheme that is composed of two techniques: FBMC-OQAM and 

single-carrier frequency-division multiple access (SC-FDMA). 

Besides the classical FBMC system, they augment the proposed 

design with pruned-DFT in combination with one-tap scaling. 

The hybrid scheme is cyclic prefix free, enjoys  less power 

consumption and allows low latency transmissions. A 

comparison of the BER performance of different modulation 

schemes like, QPSK and 16-QAM, and various equalization 

techniques such as constant modulus algorithm and maximum 

likelihood sequence estimate for the AWGN and Rayleigh 

fading channels is performed in [15]. Among the considered 

digital modulation schemes, BPSK is showing better 

performance as compared to QPSK and 16-QAM. The study 

referenced in [16] introduced an efficient method for 

implementing FBMC/OQAM using block spreading to 

reestablish complex orthogonality, facilitating the use of MIMO 

with FBMC/OQAM. This method employs a discrete Haar 

transform to achieve low computational complexity. The 

effectiveness of the proposed methods was analyzed and 

compared to CP-OFDM across three MIMO schemes: space-

time block coding Alamouti schemes, spatial multiplexing with 

zero-forcing, and maximum likelihood detection schemes. 

Simulation results indicate that the proposed methods allow the 

application of MIMO schemes with FBMC, delivering 

performance and complexity comparable to CP-OFDM. To 

further enhance the amount of PAPR reduction, the authors in 

[17] proposed a pre-coding method based on a pruned DFT in 

combination with one-tap scaling. The proposed technique is 

compared with FBMC-OQAM and SC-FBMC. They applied 

the Firefly optimization algorithm to prune the DFT spread and 

swarm intelligence concept. The results show that the 

implemented technique i.e., FA-Pruned DFT spread has good 

PAPR, spectral efficiency and lower latency. Some other work 

considers the equalization stage or/and chromatic dispersion in 

FBMC-OQAM for SISO channel only [18-28]. A set of 

equalization techniques like frequency spreading and frequency 

sampling is implemented and compared for FBMC-OQAM with 

pruned DFT. In addition to equalization, the work in [19] 

extends the original work of [18] by considering also the 

channel estimation technique. Using Pilot Symbol Aided 

Channel Estimation (PSACE) improves the overall error 

performance of considered system. The related method of 

adaptive maximum likelihood algorithm for FBMC-OQAM in 

fiber optic systems is used in [20] to optimize chromatic 

dispersion compensation. Finally, BER performance of various 

equalization techniques, including single-tab equalizer and 

frequency spreading, is investigated in [21-28] for FBMC-

OQAM and without the inclusion of pruned-DFT method. 

III. METHODOLOGY 

In this first part of this section, we introduce the basic 

formulation of the considered system model including our main 

metric in this study, i.e., MSE. Then, in subsection B, we 

elaborate on the formulation of different equalization techniques 

integrated into the system model and used in the upcoming 

numerical results. 

A. System model 

We consider a MIMO-FBMC/OQAM system with the number 

of transmit and receiver antenna is denoted as  Nt and Nr, 

respectively. A simplified block diagram of the considered 

system model is shown in Figure 2. The system has M 

subcarriers with spatial multiplexing is used for the sake of 

sending independent stream of symbols over different antennas. 
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Fig.2. Transmitter-receiver structure of the proposed scheme 

 

The complex input symbol sequence to be transmitted on the 𝑘-

th subchannel over the 𝑖-th transmit antenna is denoted as 𝑠𝑘𝑖 . 

These symbols are OQAM modulated at the input of the 

synthesis filter. We assume that the MIMO channel is time-

invariant, and the 𝑚-th tap of the channel impulse response 

(CIR) between the 𝑖-th transmit antenna and the 𝑗-th receive 

antenna is denoted as ℎ𝑖𝑗(𝑚). All channels are assumed to be 

the same length. The received signal at the 𝑗-th receive antenna 

reads : 
 

𝑦𝑗(𝑡) = ∑ ∑ ℎ𝑖𝑗(𝑚)𝑠𝑖
𝐿−1
𝑚=0

𝑁𝑡
𝑖=1

(𝑡 − 𝜏𝑚) + 𝑤𝑗(t)                                                     (1) 

 

where 𝑠𝑖(𝑡) is the transmitted signal from the 𝑖-th transmit 

antenna; 𝜏𝑚 represents the delay associated with the 𝑚-th tap; 

finally, 𝑤𝑗(𝑡) is the additive white Gaussian noise (AWGN) at 

the 𝑗-th receive antenna. Using the compact matrix notation, the 

received signal in the frequency domain after demodulation and 

equalization 𝒀 is given as : 
 

                              𝒀 = 𝑿𝑯 + 𝑾                                           (2) 

 

With 𝑿 being the transmitted signal over a channel with matrix 

𝑯 and noise captured in vector 𝑾. 

The pruned DFT reduces the complexity by eliminating 

redundant calculations. The system model leverages this by 

focusing on the essential subcarriers. The LS channel estimation 

in the frequency domain is therefore reads : 

 

                               𝑯𝐿𝑆 = 𝑼𝒉 + 𝑾                                      (3) 

 

Where we defined matrix [𝑈]𝑚,𝑛 =  𝑒−𝑗2𝜋𝑛[𝜓]𝑚 𝑁⁄  over 𝑚 =

 0, 1, … , 𝑃 −  1 and 𝑛 =  0, 1, … , 𝐿 –  1 with 𝒉 =
[ℎ0, ℎ1, … , ℎ𝐿−1]𝑻being a vector of channel tabs. The extended 

channel response 𝑯𝑁 is padded to match the size of the signal:  

                             𝑯𝑁 = [𝑯1: 𝑯𝐿𝑆: 𝑯𝑟]                                (4) 

 

where 𝑯1 and 𝑯𝑟  are the parts of the channel response outside 

the pilot subcarriers. Then, the estimated channel response is : 

 

                                     �̂� = 𝑼�̂�                                           (5) 

 

Where �̂� = 𝑼𝑁
𝐻�̂�N/𝑁 and (. )𝐻 denotes the Hermitian transpose 

of a matrix. Note that, in this case, the matrix 𝑼 is resized as : 

 

[𝑈𝑁]𝑚,𝑛 = 𝑒
−𝑗2𝜋𝑛(𝑚−

𝑁
2 )

𝑁  , 𝑚 = 0, 1 … , 𝑁 − 1 and 𝑛 =

0,1, … , 𝐿 − 1                                                                         (6) 

 

The normalized mean square error (NMSE) performance is 

given by: 

 

Γ =
1

𝑃
tr(𝔼 [(�̂� − �̂�)(�̂� − �̂�)

𝐻
]) 

 

   =
𝜎2

𝑃𝑁2 tr(𝑼𝑼𝐻𝑼𝑼𝐻) +
1

𝑃𝑁2 tr(𝑫𝚽𝑫𝐻) (7) 

 

Where tr(.) denotes the trace of a matrix; 𝑫 = 𝑼𝑼𝐻 ; 𝜱 =

𝐸[(�̂�𝛺 − 𝑯𝛺)(�̂� − 𝑯𝛺)𝐻], and 𝜎2 is the noise variance. 

B.  MIMO equalization 

The equalization for MIMO FBMC-OQAM is carried out 

in the frequency domain. All subchannels between each 

transmit and receive antenna are approximated by a single 

tap. Therefore, for each subchannel the system can be 

considered as a MIMO frequency flat channel and the 

equalizer is a simple single-tab equalizer. In this section, we 

first consider the benchmark single-tab, or one-tab, 

equalizer and then we proceed to discuss more advanced 

equalization techniques. 

1) One-tab MMSE equalizer 

The one-tab Minimum Mean Squared Error (MMSE) equalizer 

is given by 

                  𝑒𝑖𝑛
= 𝛾

𝑔𝑖𝑛
∗

|𝑔𝑖𝑛|
2

+𝑃𝑛𝑜𝑖𝑠𝑒

                                             (8) 

where the one-tab channel is represented by 𝑔𝑖𝑛
, and 𝛾 is a 

scaling factor that ensures impartial equalization [14].  the 

phrase 𝑒𝑖𝑛 ∈  𝐶𝐼×1 refers to a group of equalizer elements that 

are utilized to obtain the equalized signal. In closing, it is 

important to note that the equalizer in (x) for noiseless (i.e., 

𝑃𝑛𝑜𝑖𝑠𝑒 = 0) or time-invariant channels may be simplified to 

Zero Forcing (ZF) equalizer, or  𝑒𝑖𝑛
=

1

𝑔𝑖𝑛

. 

 

2) Frequency Sampling Equalizer (FSE) 

By using frequency sampling to obtain the frequency response 

(FS) of each subchannel, this sturdy multi-tab structure enables 

per-subchannel equalization. To analyze the coefficient of one-

tap equalizer in detail, the FS sampled with frequency points is 

obtained first, and each point corresponds to a coefficient that is 

utilized to equalize a specific subchannel. Next, the FS of single-

tap equalizers is interpolated to get the multi-tab function. The 

equalized signal with an 𝐿-tab frequency sampling equalizer is 

derived and may be expressed as [29]: 

 

𝑦�̃� = ∑ 𝑤(𝑙)𝐿
𝑙=0 𝑦𝑛(𝑖 − 𝑙)                                                    (9) 

 

Where   𝑤(𝑙)   is the L equalization coefficients, which are 

produced by multiplying the IFFT matrix by coefficients 

derived from the previously mentioned interpolation. 

 

3) Parallel Analysis Filter Bank (PAFB) Equalizer 

It is recommended in [30] to employ numerous AFBs to create 

a parallel equalization system that can extract symbols without 

distortion. The suggested equalizer's performance is calculated 

asymptotically, or on the assumption that the FBMC systems 

have a high number of carriers.   In [30, Theorem 1], it is 

demonstrated analytically that the signal recovered using this 

equalization may be expressed as follows: 

 

𝑦�̃� = 𝑦𝑛 − (2𝐼)−𝐿 𝑑𝑛
𝐿 + 𝑜 (𝐼−𝐿).                                         (10) 

 

A matrix whose members approach zero as 𝐼 → ∞. is indicated 

by the expression 𝑜 (𝐼−𝐿)  . This equation means that the 

transmitted signal may be recovered by the PAFB equalizer 
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(with L parallel single-tab stages) up to a distortion of order 𝐼−𝐿 , 

where the distortion function is defined using the real and 

imaginary components of the equalized signal [30] 

 

𝑑𝑛
𝐿 = 𝑅𝑒 {𝐷𝑜𝑑𝑑(𝑝, 𝑞)} + 𝑗 𝐼𝑚{𝐷𝑒𝑣𝑒𝑛(𝑝, 𝑞)}                      (11) 

Whereas the two parameters, 𝑝 and 𝑞 , constitute the prototype 

filter, 𝐷𝑜𝑑𝑑  and 𝐷𝑒𝑣𝑒𝑛 are specified in the proof of Theorem 1 in 

[10]. 

 

4) Frequency Spreading Equalizer 

By increasing each subcarrier's bandwidth and lowering the 

time-domain prototype filter length in the FBMC system, this 

equalization mechanism operates [31].  As a result, in the 

frequency domain where the number of subcarriers exactly 

equals the number of non-zero samples of the prototype filter, 

the transmitted data is dispersed over a certain number of 

subcarriers. The frequency spreading equalizer's weight 

coefficient in formula is: 

 

𝑤(𝑖) =
1

𝐹(𝑖)
 , 0 ≤ 𝑖 ≤ 𝐼𝑄 − 1,                                    (12) 

 

As previously, we defined 𝐼 as the total number of subcarriers, 

which is distributed by factor Q in this instance [31]. 

 

5) Overlap and Save Equalizers  

Discrete convolution between lengthy sequences may be 

efficiently performed using overlap and save, which involves 

assessing a smaller portion of the original sequence first and 

concatenating the segments together [32]. This technique was 

used in the work in [33] to offset some of the deficiencies in the 

OFDM modulated optical fiber system. We expand on their  

work by adding pruned FBMC-OQAM system overlap and 

save-based equalization. To this end, the weight coefficient 

vector in this case is:  

 

                      𝑤 = 𝑆𝑥𝐹∗(𝐹𝑆𝑥𝐹∗ + 𝛾𝑆𝑛)−1                           (13) 

 

Where 𝑆𝑥 ≝ 𝛦[𝑥𝑛𝑥𝑛
∗ ] is the Power Spectral Density (PSD) 

matrix of the transmitted symbols and similarly 𝑆𝑛 denotes the 

noise PSD. In [26], the power cost resulting from the usage of 

CP has been reflected by scaling the noise PSD by 𝛾. Instead, 

we normally specify γ=1 for FBMC here. The P-FBMC-OQAM 

receiver uses the equalization procedures described in this part, 

 

IV. RESULTS AND DISCUSSION 

In this section, we aim to assess the performance of several 

equalization techniques for pruned-DFT MIMO under different 

types of channel models and different number of subcarriers as 

detailed next. We dedicate section A to the results obtained with 

Pedestrian A channel model (ITU-PedA) that is characterized 

by delays=1e-9*[0 110 190 410]; and powers=[0 -9.7 -19.2 -

22.8]; whereas Sec.B shows the results obtained with Vehicular 

A channel (ITU-VehA) model (at speed of 60 km/hr) having 

power of delay profile as delays=1e-9*[0 300 700 1100 1700 

2500] and powers=[0 -1 -9 -10 -15 -20]. The full list of 

simulation parameters is shown in Table I. 

For clear presentation, we divide the results presented in this 

section into two parts where each part corresponds to the results 

obtained under one of the two channels considered in the 

simulations (see Table I).  

 

In all figures, we consider the benchmark one-tab MMSE 

equalizer, termed as “1-tab” and compare its performance to the 

following proposed set of equalization techniques (cf. Sec. III): 

(i) “3-tab F. Sampling”: refers to the frequency sampling 

equalizer with three tabs (and similarly for another instance of 

this equalizer but with seven tabs instead); (ii) “AFBs Two 

Parallel”: refers to the AFB equalizer with two parallel stages 

(and similarly for another instance of this equalizer but with 

three parallel stages); (iii) “F. Spreading”: refers to frequency 

spreading equalizer; (iv) “Overlap & Save”: refers to overlap-

and-save-based equalizer. All formulation related to these types 

are presented in Sec. III.  

 
TABLE I 

SIMULATION PARAMETERS 

 

 

 

 

 

 

 

 

A. MSE performance under Channel #1 

 To grasp the equalization performance of the proposed 

pruned-DFT MIMO FBMC-OQAM system, let us first have a 

look at the Channel #1 frequency response at the receiving side 

which is depicted in Figure. 3. It is evident that the channel 

exhibits a sinusoidal-like response in this case. Under this 

channel with128 subcarriers, the MSE performance vs. the 

subcarriers number of the system under study is shown in 

Figure. 4. The plot indicates that across the subcarrier index, the 

MSE for standard MIMO FBMC-OQAM fluctuates around -49 

dB, while the Pruned DFT technique consistently achieves a 

lower MSE, approximately -53 dB. The Pruned DFT method 

shows more consistent MSE values across subcarriers compared 

to the standard technique, suggesting better equalization 

performance which is a direct consequence of the amount of 

complexity reduced when pruned-DFT is integrated into the 

system structure compared to the conventional MIMO FBMC. 

It is worth mentioning here that all techniques shown try to 

equalize the channel by inversing its frequency response. 

However, the most successful, i.e., with minimum MSE, is the 

FS equalizer. We will provide a more in-depth numerical 

comparison at the end of this section. Similar observation is also 

applied to the case with 256 subcarriers with the note that here 

the MSE is at a higher level due to the denser constellation on 

frequency-time grid and hence more error-prone equalization as 

illustrated in Figure 5. 

Parameter Value 

Number of symbols 1000 

Number of transmit antennas 2 

Number of receive antennas 4 

symbol period [s] 1/15e3 [s] 

Es/No 45 

Number of subcarriers 128 , 256 

Sampling rate 504000 Hz  

Overlapping factor 4 

Criterion for equalizer 'MMSE' 

Center Frequency [Hz] 1e9 

PAM modulation order 4 



EFFICIENT PRUNED-DFT FBMC-OQAM FOR PERFORMANCE ENHANCEMENT OF MIMO CHANNEL EQUALIZATION TECHNIQUES 919 

 

 

To have a closer look at the result displayed in Figure 4, we now 

provide numerical comparison for the performance of the same 

set of equalizers shown in that figure. Table II lists the average 

values of MIMO MSE for the case of 128 subcarriers under 

Channel #1 for both the conventional and the DFT-enhanced 

FBMC. 

 

Fig.3. Channel #1 frequency response of ITU-PedA at receiver side :  

128 subcarriers; and 256 subcarriers 

 

Figure 4. MSE performance vs. subcarriers count of MIMO equalization 

with 128 subcarriers under Channel #1 without and with Pruned DFT  

  

Figure 5. MSE performance vs. subcarriers count of MIMO equalization 

with 256 subcarriers under Channel #1 without and with Pruned DFT 

The data in Table II reveals that Pruned DFT MIMO 

FBMC/OQAM has consistently lower MSE values compared to 

MIMO FBMC/OQAM, indicating better performance in terms 

of error reduction. 

 

In both setups, the MSE_Parallel_multistage and 

MSE_frequency_spreading techniques offer the best MSE 

performance. The MSE values for MSE_theo_approx and 

MSE_theo_approx_opt are very close, indicating that the 

theoretical approximation is well aligned with the optimal 

values. 

 
 

TABLE II 

AVERAGE MSE PERFORMANCE OF MIMO EQUALIZERS WITH 128 

SUBCARRIERS UNDER CHANNEL #1 

 

Technique 
MSE value  

(conventional) 

MSE value 

(pruned-DFT) 

MSE_theo_approx -49.9602 -53.6817 

MSEConventional_single_ 
tap_equalizer 

-49.9030 -53.5469 

MSE_theo_approx_opt -49.9617 -53.7007 

MSE_opt -49.9041 -53.5651 

MSE_MultiTapFS -50.0431 -53.6655 

MSE_Parallel_multistage -50.0556 -53.6772 

MSE_frequency_spreading -50.0556 -53.6770 

 

The differences between MSE_theo_approx and 

MSEConventional_single_tap_equalizer and between 

MSE_theo_approx_opt and MSE_opt are marginally better in 

the Pruned DFT MIMO FBMC/OQAM scenario. The Pruned 

DFT MIMO FBMC/OQAM technique shows better MSE 

performance across all equalization methods compared to the 

conventional MIMO FBMC/OQAM, making it a more effective 

approach for error minimization in a multipath fading 

environment modeled by Channel #1, i.e., ITU-Ped A. 

 

B. MSE performance under Channel #2 

We now turn to the case where the performance is tested 

assuming ITU- VehA channel model operated at 60 km/hr. The 

frequency response of this channel is shown in Figure 6 for two 

considered numbers of subcarriers. With 128 subcarriers, we 

can observe that the pruned-DFT-based equalization brings 

superior performance, especially with FS frequency spreading 

equalizer. This can be easily obtained from the MSE 

performance plotted in Figure 7, where FS equalizer actively 

tracking the variation of the channel leading to achieve the 

lowest MSE compared to other techniques. The Pruned DFT 

method demonstrates greater robustness in the presence of 

higher Doppler effects, as indicated by its lower and more stable 

MSE values. 

 
Fig. 6. Channel #2 frequency response: (a) 128 subcarriers; (b) 256 subcarriers 

 

With reference to Figure 8 where 256 subcarriers is used in with 

Channel #2 channel model, the MSE performance for standard 

MIMO FBMC-OQAM and Pruned DFT MIMO FBMC-OQAM  
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is again evaluated. MSE Performance: The results also 

demonstrate that the MSE for standard MIMO FBMC-OQAM 

varies around -48 dB, while the Pruned DFT technique achieves 

lower and more stable MSE values around -54 dB across the 

subcarrier indices. The results also confirm that the Pruned DFT 

technique scales better with the increased number of subcarriers, 

maintaining lower MSE values. 

 
Fig.7. MSE performance vs. subcarriers count of MIMO equalization 

with 128 subcarriers under Channel #2: without and with Pruned DFT 

 

Fig.8. MSE performance vs. subcarriers count of MIMO equalization 

with 256 subcarriers under Channel #2: without and with Pruned DFT. 

To shed more light on the performance gain obtained in the 

previous figure, we now provide more in-depth numerical 

comparison for both the conventional and pruned-DFT-

enhanced MIMO equalization in FBMC-OQAM. Under 

Channel #2 model with 256 subcarriers, the steady-state values 

of MSE performance in depicted in Figure 9. The results here 

confirm again the benefit of applying pruned-DFT-based 

equalization in MIMO configuration in terms of MSE. As a final 

note, the combination of a higher number of subcarriers and a 

dynamic vehicular channel highlights the effectiveness of the 

Pruned DFT technique in maintaining lower MSE values under 

challenging conditions of vehicular environment. 

 

 

Fig.9. Numerical comparison of MSE values for MIMO equalizers under 
Channel #2 with 256 subcarriers  

V.  CONCLUSIONS 

The pruned-DFT technique, incorporated into MIMO FBMC-

OQAM, shows greater consistency and stability in MSE values 

across different subcarrier indices. This consistency is 

particularly notable in the ITU Veh A model, where the pruned-

DFT technique maintains lower MSE values even under higher 

Doppler effects, demonstrating its robustness in dynamic 

channel conditions. The numerical results, presented as MSE 

versus subcarrier index, underscore several critical aspects of 

the equalization techniques. The Pruned DFT technique 

consistently achieves lower MSE values compared to the 

standard MIMO FBMC-OQAM across various configurations, 

which indicates better error performance. For example, in the 

ITU Pred A model with 128 subcarriers, the Pruned DFT 

technique achieves an MSE of approximately 25% better 

compared for the standard method. Overall, the results provide 

a comprehensive comparison of the MSE performance of 

standard and Pruned DFT MIMO FBMC-OQAM techniques. 

The findings highlight the computational efficiency, scalability, 

and enhanced performance of Pruned DFT techniques, making 

them a viable choice for practical MIMO system applications. 
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