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ABSTRACT  

Orthogonal frequency division multiplexing (OFDM) systems face 
challenges in channel estimation due to noise, variability, and the doubly 
dispersive nature of wireless channels, which degrade performance. To 
address these challenges, a multichannel minimum variance double 
dispersive channel estimator is proposed. The method employs a hybrid 
approach that combines subspace and minimum variance techniques, 
optimizing the filter bank output power under a signal-to-noise ratio 
(SNR) constraint. This design preserves the desired signal while 
effectively suppressing disturbances, achieving robust performance with 
reduced computational complexity compared to existing methods. 
Simulation results demonstrate that the proposed estimator outperforms 
subspace and asymptotic methods in terms of normalized mean square 
error (NMSE) and bit error rate (BER), particularly under low SNR and 
frequency-selective conditions. These findings highlight its potential for 
enhancing spectral efficiency and data integrity in advanced OFDM-
based communication systems.. 
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INTRODUCTION 

Multicarrier modulation is considered a 

promising technique for broadband 

wireless networks(H. Liu & Li, 2005). The 

most representative multicarrier 

technology is orthogonal frequency 

division multiplexing (OFDM) which has 

been widely used in wireless 

communications such as wireless LAN and 

digital video broadcasting - terrestrial 

(DVB-T) (D. Liu et. al., 2022) . The third-

generation partnership project (3GPP) 

launched 5G (fifth-generation mobile 

technology), a new standard for cellular 

networks in 2018 to replace the previous 

standards of 3G, 4G and 4G LTE (Jin et. 

al., 2023). Its goal was to define a new set 

of standards for devices and applications 

compatible with 5G networks. Like its 

predecessors, 5G uses radio waves to 

transmit data (Sarwar et. al., 2023). 

However, because of improvements in 

latency, throughput and bandwidth, 5G 

networks can reach much faster download 

and upload speeds, giving it a much wider 

range of applications (Chen et. al., 2023). 

5G release 17 achieves theoretical data 

rates for downlink (DL) and uplink (UL) of 

up to 100 Gbps and 1 Gbps respectively 

(Boodai et. al., 2023). OFDM is used in DL 

and UL because of its ability to suppress 

frequency and time selectivity of the 

channel (Ji et. al., 2018).  The basic idea of 

OFDM is to split high-speed data to low-

speed parallel channels. It is a well-known 

multiplexing and modulation scheme that 

has been widely employed in wireless 
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broadband systems in the previous decade 

to combat frequency-selective type fading 

in wireless channels(Rani & Singal, 2023). 

For coherent detection, the channel state 

information (CSI) of the underlying 

frequency-selective channel has to be 

estimated at the receiver. Channel estimates 

may be obtained by exploiting training 

symbols (Manasa & Venugopal P, 2022), 

or by blind schemes (Hussein et. al., 2023). 

A popular class of blind channel estimators 

for OFDM systems are subspace schemes 

that were considered in several studies 

(Alayyan et. al., 2009; Amleh & Li, 2008; 

García-Naya et. al., 2017; Li, 2003; Rani & 

Singal, 2023; Tang, 2023). It is well known 

that OFDM systems are sensitive to various 

interference (Shafin et. al., 2018) . When 

the covariance of the interference can be 

reliably estimated at the receiver, pre-

whitening can be invoked before applying 

subspace channel estimation(Wang et al., 

2018). However, when there is insufficient 

information about the interference so that 

pre-whitening cannot be performed, 

subspace channel estimation is in general 

inaccurate(Mehrabani et. al., 2023). 

To maximize the performance of OFDM 

systems reliable identification and 

equalization of doubly dispersive channel 

is desired(Šimko et al., 2010). Currently the 

channel identification and equalization 

techniques used require a major fraction of 

the channel capacity to send training 

sequences over channels(Puja Astawa et 

al., 2021). There are however practical 

situations where it is not feasible to utilize 

a training sequence. In fast varying 

channels (Alayyan et. al., 2009) it is 

extremely difficult to use training 

sequences to identify and equalize the 

channel (Neinavaie & Kassas, 2023) . 

Using blind channel identification 

techniques, the OFDM receiver can 

identify the doubly dispersive channel 

characteristics and equalize it, all based on 

the received signal and no training 

sequences needed. This saves the channel 

capacity by increasing bandwidth 

efficiency. 

Blind identification and equalization of 

channels for OFDM systems have been a 

very attractive area of research during the 

past decade(Alayyan et. al., 2009; Amleh 

& Li, 2008; Du et al., 2012; Mehrabani et. 

al., 2023; Vilas Boas et. al., 2022; Wang et 

al., 2018)  and references therein. The 

known algorithms are mostly based on 

second order statistics (SOS) due to their 

spectral properties (Mehrabani et. al., 

2023). Subspace (SB) based algorithms are 

the subset of the SOS algorithm using the 

Multiple Signal Classification (MUSIC) 

concept to a relation between the channel 

impulse responses and the noise subspace 

associated with covariance matrix of the 

system output (Zhu et. al., 2023). SB 

methods enjoy their deterministic property, 

where the channel parameters can be 

recovered perfectly in the absence of noise, 

using only a finite set of data samples, 

without any statistical assumptions over the 

input data. The use of the SB-based method 

has been suggested in (Yang et. al., 2020) 

to accomplish blind MIMO channel 

identification in OFDM systems. In 

(Alayyan et. al., 2009) an improved 

subspace method is presented using 

minimum noise subspace (MNS) 

decomposition concept. The work in 

(Kawasaki & Matsumura, 2022) proposes 

semi-blind channel estimation method for 

orthogonal precoded OFDM. The proposed 

method can be applied regardless of radio 

frequency. However, the pilot symbols 

degrade throughput performance in highly 

changing channels. Despite their high 

identification efficiency, SB-based method 

can also be computationally very intensive, 

which may be unrealistic or too costly to 

implement in real time, especially for large 

sensor array systems (Zhang et. al., 2023). 

 In this paper an improved multichannel 

minimum variance algorithm is presented 

for channel estimation. The channel 

estimation is obtained by designing an 

equalizing filter bank that preserves the 

desired signal components and suppressing 

the overall disturbances. The channel 

estimate is obtained by directly maximizing 
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the filter bank output power through a 

combination of subspace and minimum 

variance method by lower bounding the 

filter bank output power in terms of signal 

to noise power ratio (SNR). Therefore, the 

method is the hybrid of the subspace and 

asymptotic lower bound (SNR) of filter 

bank output power. The contributions 

include analysis of the proposed improved 

minimum variance blind channel 

estimation in OFDM systems. This method 

exploits the statistical properties of the 

received signal and redundancy in the 

transmitted signal to track and estimate the 

channel. As the blind channel estimation 

technique, it eliminates the need for 

dedicated pilot symbols or tones, leading to 

more efficient use of bandwidth. This 

reduction in overhead allows for higher 

data rates and increased robustness against 

channel impairments without sacrificing 

spectral efficiency. An added advantage of 

the proposed hybrid method is its potential 

to enhance privacy and security in 

communication systems using OFDM 

technology by reducing the reliance on 

pilot symbols, thereby minimizing the 

exposure of signaling information. Detailed 

mathematical analysis is given to show how 

the subspace and asymptotic techniques are 

combined to obtain the proposed hybrid 

method. A comparison of existing 

algorithms is done, to obtain the channel 

estimation capability in error rate 

performance. The error rate performance is 

assessed in terms of bit mean squared error 

to noise power ratio. These results are 

obtained using simulation platform, 

MATLAB®. To test for the performance of 

the hybrid method AWGN and double 

dispersive wireless channel environments 

are used. The channel models used are from 

(Ling & Proakis, 2017) and (Mattera et. al., 

2021) for AWGN and double dispersive 

channel respectively. The selected channel 

models, derived from (Ling & Proakis, 

2017) and (Mattera et. al., 2021), are 

widely recognized for their accuracy in 

representing AWGN and doubly dispersive 

channel characteristics, making them 

suitable benchmarks for evaluating the 

robustness and practical applicability of the 

proposed estimator. 

 

MATERIALS AND METHODS 

OFDM System Model 

Considering the simplified block diagram 

of a general multicarrier system in Figure 

1; the information symbols 𝑎(𝑛) are first 

serial to parallel (S/P) converted to N x 1 

vectors 𝑎(𝑖) ≜ [𝑎(𝑖𝑁)  𝑎(𝑖𝑁 +
1)   .  .  .    𝑎(𝑖𝑁 + 𝑁 − 1)]𝑇 . N is usually 

the number of subcarriers used or the FFT 

matrix size and 𝑖 ∈ 0,1,2,3, . . . 𝑁 − 1 . 

These vectors are modulated by J x 1 matrix 

 𝐅.  𝐅 = [𝐅̅1
T

 ,   𝐅̅T]T  , where F̅ is the N x N 

Inverse Fast Fourier Transform (IFFT) 

matrix with entries [𝐅̅]𝑘,𝑙 ≜

N−1/2exp (𝑗2𝜋(𝑘 − 1)(𝑙 − 1))  for k row 

and l column.  𝐅̅1  is the J-N x N matrix 

formed from the last J-N rows of 𝐅̅. J is 

chosen to avoid multipath – induced inter 

symbol interference (ISI) i.e.  J ≥ N + L 

and  L is the channel length. 

Technically the block with function 𝐅 

performs the IFFT and cyclic prefix (CP) 

insertion automatically i.e. 𝑠(𝑖) = 𝐅𝑎(𝑖) . 

These data symbols (blocks), 𝑠(𝑖), are then 

parallel to serial (P/S) converted and sent 

through a doubly dispersive channel with 

impulse response h(n). At the receiver the 

received samples 𝑦(𝑛) are S/P converted to 

J x 1 vectors 𝑦(𝑖) ≜ [𝑦(𝑖𝐽)  𝑦(𝑖𝐽 +
1)  .  .  .     𝑦(𝑖𝐽 + 𝐽 − 1)]𝑇  and then 

equalized by the J x N matrix G  to form  

𝑎̂(𝑖) = 𝐆𝐻𝑦(𝑖).  
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Figure 1: Baseband discrete time model of a general multicarrier system. 

Effectively the block with function G 

performs the CP removal and FFT (Fast 

Fourier Transform) on the received signal 

vector. An alternative method to counter 

for ISI is to use zero padding (ZP) (Rebouh 

et al., 2023), which amount to choosing 

𝐅 ≜ [𝐅̅T, 𝐎(J−N)x N
T]T  where 𝐎(J−N)x N  is 

an all zero J-N x N matrix. It is shown in 

(Ali et. al., 2004) that ZP guarantees 

symbol recovery irrespective of the zero 

locations. Using CP transmission, the 

received vector 𝑦(𝑖) is given as: 

𝑦(𝑖) = 𝐇𝐅̅s(i) +  w(i) (1) 

where H is the J x N Toeplitz channel 

matrix with first column 

[ℎ(0) ℎ(1)  … ℎ(𝐿)  𝐎1x (J−L−1)]𝑇   and 

first row [ℎ(0) , 𝐎1x (N−1)] and 𝑤(𝑖) is the 

additive white Gaussian noise with zero 

mean and unit variance i.e. 𝜎𝑤
2 = 1.  The 

problem is to estimate the channel 

coefficients {ℎ(𝑛)}𝑛=0
𝐿  from the 

measurements {𝑦(𝑛)}  only without any 

prior information of the transmitted 

symbols. 

 

Minimum Variance Algorithm 

Using the multichannel minimum variance 

principle an equalizing filter bank of N 

finite impulse response filters 𝐆𝐉 𝐱 𝐍  is 

designed. These filters are of unity gain 

passing only the frequency of interest 𝑓𝑘 ,
𝑖 ∈ 0, 1, 2,    .  .  .  , 𝑁 − 1  and completely 

annihilate the other N-1 interfering 

symbols. By using multichannel minimum 

variance principle, a bank of band pass 

filters 𝑔𝑖(𝑛)   is designed as shown in 

Figure 2, with center frequency 𝜔𝑖 so that 

each filter rejects the maximum amount of 

out-of-bound power while passing the 

signal component at frequency  𝜔𝑖 with no 

distortions. The filter bank is represented 

by 𝐆 ∈ ℂ J x N matrix as: 

𝐆 = [𝑔1(𝑛)   𝑔2(𝑛) …   𝑔𝑁(𝑛)] (2) 

 
Figure 2: Bank of band pass filter with 

minimum variance output. 

 

where  𝑔𝑖(𝑛) , 𝑛 ∈ 1, 2, 3, …     J ,  is a J x 1 

column vector containing the coefficients 

of the ideal band pass filter with bandwidth 

∆ and center frequency 𝜔𝑖.  
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The gain of the filters at their center 

frequencies  𝜔𝑖 is unity.i.e., 

|𝐺𝑖(𝑒𝑗𝜔)| = {
1,       |𝜔 − 𝜔𝑖| < ∆/2

0,                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

(3) 

 

Then, after  𝑢(𝑛) is filtered with 𝑔𝑖(𝑛), the 

power of the output of the filter 𝑖 will be  
𝐸{|𝑦𝑖(𝑛)|2}

=
1

2𝜋
∫ 𝑃𝑎(𝑒𝑗𝜔)𝑑𝜔

𝜔𝑖+∆/2

𝜔𝑖−∆/2

 

(4) 

 

Since 𝐺𝑖(𝑒𝑗𝜔) = ∑ 𝑔𝑖(𝑛)𝑒−𝑗𝑛𝜔𝑖
𝐽
𝑛=0 , then 

each filter 𝑖 can be represented as 𝐺𝑖(𝜔) =
gi

H𝐞i   , for 𝐞i =
[1  𝑒𝑗𝜔𝑖    𝑒𝑗2𝜔𝑖         …               𝑒𝑗(𝐽−1)𝜔𝑖]. 
Substituting the filter’s response into (4), it 

yields 
𝐸{|𝑦𝑖(𝑛)|2} = 𝑔𝑖

𝐻𝑅𝑎𝑎𝑔𝑖 (5) 

 

where 𝑅𝑎𝑎 ≜ 𝐸{𝑎(𝑖)𝑎(𝑖)𝐻}  is the 

covariance matrix of input signal. 

However,  𝑅𝑎𝑎 is not known to the receiver, 

therefore, from (5) it can be estimated as 

𝑅𝑎𝑎 ≜ 𝐸{𝐺𝐻𝑦(𝑖)𝑦(𝑖)𝐻𝐺} 

 
≈ 𝐺𝐻𝑅𝑦𝑦𝐺 

(6) 

For equation (6) to hold, the condition 

𝐺𝐻𝐻𝐹̅ = 𝐼𝑁 must hold and also 𝐺𝐻𝐻𝐹̅𝐻 =
𝐼𝑁 . Then, the filter output power will be 

obtained as 
𝐸{|𝑦𝑖(𝑛)|2} = 𝑔𝑖

𝐻𝑅𝑎𝑎𝑔𝑖 (7) 

 

To find the filters 𝑔𝑖 that will minimize the 

𝜎𝑦
2 = 𝐸{|𝑦𝑖(𝑛)|2}   the optimization 

problem can be reduced to 

      𝑔𝑖 =  𝑚𝑖𝑛
𝑔𝑖

   𝐸{|𝑦𝑖(𝑛)|2}   

subject to     𝑔
𝑖
𝐞 =1 

(8) 

Therefore: 

𝑔
𝑖

=      
𝑚𝑖𝑛

𝑔
𝑖

   𝐸 {|𝑦
𝑖
(𝑛)|

2
}

=
1

𝐞𝑖
𝐻𝑅𝑎𝑎𝐞𝑖

 

(9) 

where  𝑔 =
𝑅𝑎𝑎

−1𝐞

𝐞𝐻𝑅𝑎𝑎
−1𝐞

 . Substituting 

equation (9) into (8) yields 

  𝐺 =
𝑚𝑖𝑛

𝐺
𝐸{|𝑦(𝑛)|2}

=
1

𝐺𝐻𝐞𝑅𝑦𝑦
−1𝐺𝐞

 subject to  𝐺𝐻𝐻𝐹̅

= 𝐼𝑁 

(10) 

The index 𝑖  is dropped since these 

estimates are valid for all frequencies. 

From the computational point of view the 

minimum variance principle requires 

inversion of covariance matrix  𝑅𝑦𝑦 . Then, 

the quadratic form  𝐺𝐻𝐞𝑅𝑦𝑦
−1𝐺𝐞  must be 

evaluated. The products of 𝐺𝐻𝐞𝑖
𝐻 and 𝐺𝐞𝑖 

are directly the IFFT and FFT of the filter 

bank respectively.  In this case 𝐺𝐻𝐞𝑖
𝐻 =

𝐺̅𝐻 and 𝐺𝐞𝑖 = 𝐺̅ will be used to formulate 

the optimization problem as 
𝑚𝑖𝑛

𝐺
   𝐸{|𝑦(𝑛)|2} = 𝐺̅

𝐻
𝑅𝑦𝑦𝐺̅ 

(11) 

Solving for the quadratic equation (11) for 

solution that will minimize (10), is finding  

𝐺̅ that will minimize the sums of the terms 

along the main diagonal (Gruber & Hayes, 

1997). Hence the optimization problem is 

now presented as: 

𝐺̅

= arg
𝑚𝑖𝑛

𝐺̅
𝑡𝑟 (𝐺̅𝐻𝑅𝑦𝑦𝐺̅)  with condition   𝐺𝐻𝐻𝐹̅

= 𝐼𝑁 

(1

2) 

From (Stoica & Randolph, 1997) p. 283 the 

solution of (12) is given as 𝐺̅ =
𝑅𝑦𝑦

−1𝐻𝐹̅(𝐹̅𝐻𝐻𝑅𝑦𝑦
−1𝐻𝐹̅)−1  . Hence, to 

minimize the filter bank output power 

𝜎𝑦
2 = 𝑡𝑟{(𝐻𝐻𝑅𝑦𝑦

−1𝐻)} (13) 

It is shown in (Li, 2003) that maximizing 

𝜎𝑦
2 is asymptotically equivalent to 

ĥ = arg  ‖ℎ‖2=1
𝑚𝑖𝑛  𝑡𝑟{𝐻𝐻𝑅𝑦𝑦

−1𝐻} (14) 

However, 𝑅𝑦𝑦
−1  is a full rank matrix and 

hence decomposable using the EVD as 

follows: 

𝑅𝑦𝑦
−1 = 𝑆Λ𝑆𝐻 +  𝜎2𝑊𝑊𝐻 (15) 

where 𝑆 is the signal subspace and 𝑊is the 

noise subspace. Since the noise subspace is 

orthogonal to signal subspace (Gruber & 

Hayes, 1997) and assuming that 𝑁 ≥ 𝐿, the 

matrix H is full rank giving 
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𝑊𝐻𝐻𝐹𝐻 = 0 (16) 

The knowledge of the column space of 

𝑊𝐻𝐻𝐹𝐻 = 0 characterizes H up to a scalar 

constant because 

𝑄𝜔 = 𝐸{𝜔(𝑛)𝜔(𝑛)𝐻} = 𝜎2𝐼𝜔 (17) 

the autocorrelation of noise samples, is also 

a full rank matrix. The filter coefficients 

{ℎ(𝑖)}𝑖=0
𝐿  can be identified from the 

knowledge of the range of the signal part of 

the whitened covariance matrix. Then, 

substituting (15) into (14) yields 

ĥ = arg  ‖ℎ‖2=1
𝑚𝑖𝑛  𝑡𝑟{𝐻𝐻(𝑆Λ𝑆𝐻

+  𝜎2𝑊𝑊𝐻)𝐻} 

(18) 

but due to (16) the equation (18) becomes: 

ĥ = arg  ‖ℎ‖2=1
𝑚𝑖𝑛  𝑡𝑟{𝐻𝐻(𝑆Λ𝑆𝐻)𝐻} (19) 

It is well known (Forney, 1975) that 𝑊 can 

be uniquely spanned by basis of N vectors 

𝑉𝑛 = [𝑉𝑊(1)    𝑉𝑊(2)   .   .    .    𝑉𝑊(𝑁)] . 

Therefore (16) can be represented as 

𝑉𝑛
𝐻𝐻𝐹𝐻 = ℎ𝐻𝐸𝐹𝐻 (20) 

𝐄 is L x N-L block hankel matrix with first 

column [𝑉𝑊(1)
𝑇  𝑉𝑊(1)

𝑇 …  𝑉𝑊(𝐿)
𝑇] and last 

row  [𝑉𝑊(𝐿)
𝑇  𝑉𝑊(1)

𝑇 …  𝑉𝑊(𝑁)
𝑇]. 

Using (20) the optimization problem in (19) 

can be represented as: 

ĥ = arg  ‖ℎ‖2=1
𝑚𝑖𝑛  𝑡𝑟{𝐡𝐻𝐀𝐡} (21) 

where    𝐀 = 𝐄𝐄𝐇.  

This quadratic optimization criterion 

allows unique estimation of h up to a scale 

factor and is thus obtained as the 

eigenvector associated with the minimum 

eigenvalue of E. 

 

EXPERIMENTAL RESULTS 

Parameters Settings 

In this section, the parameters for 

simulation and numerical analysis of the 

proposed channel estimation algorithm 

based on the improved minimum variance 

algorithm are presented. The proposed 

method is compared with the asymptotic 

(AS) (Adeogun, 2018) and subspace (SB)  

(Rekik et. al., 2024) blind channel 

estimators. Table 1 shows the system and 

channel experimental conditions based on 

the 3GPP standard in the numerical 

experiments. 

 
Table 1: Simulation and numerical experimental conditions 

Parameter Value 

OFDM symbol duration 1

30
 ms   

FFT-points N 512 

Carrier frequency 2.15GHz 

Sampling interval Ts 72 μs 

Modulation  QPSK, 64QAM 

CP length Tg 9

128
 Ts 

Subcarrier mapping (𝑲 ≤ 𝑵) 
−

𝐾

2
, −

𝐾

2
+ 1, . . . . . ,

𝐾

2
− 1  

Transmission bandwidth 5 MHz        10 MHz 

 

As a metric of the channel estimation 

accuracy, the normalized mean square error 

(NMSE) is choses. The choice of NMSE as 

a performance metric is based on its ability 

to provide a normalized and scale-

independent measure of the channel 

estimation accuracy. In this work it is 

defined as 

 

𝑁𝑀𝑆𝐸 = 𝐸 {
‖ℎ̂ − ℎ‖

2

‖ℎ‖2
} 

(22) 

For simulation, 5000 random symbols are 

generated and the system utilizes the IDFT 

transform with QPSK and 64QAM 

constellations. The channel is simulated as 

a L+1=51 tap FIR channel and is assumed 
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that the channel taps are independent and 

identically distributed (i.i.d.) and correlate 

in time. 

 

Results and Discussion 

Figure 3 depicts the comparison between 

the proposed hybrid method with 

asymptotic (AS) and subspace (SB) 

methods presented in references (Adeogun, 

2018)  and  (Rekik et al., 2024) 

respectively.  The comparison is also done 

with ideal channel for benchmarking where 

all transmitted OFDM symbols are 

assumed to be known and used for channel 

estimation using the cost function in 

equation (22). Performance parameters in 

Table 1 are used in this experiment. The 

figure presents the NMSE against SNR for 

all the methods considered. Several 

observations can be drawn from this 

experiment. Comparing AS and SB 

methods under AWGN channel, they 

demonstrate the same estimation 

performance in low SNR values up to 

20dB. Beyond 20dB the AS outperforms 

SB due to derived bounds which eliminate 

the need for repeated computation and 

dependence on channel parameters. 

However, the proposed hybrid method 

outperforms the AS and SB methods due to 

existence of equalizing filter bank that 

preserves the transmitted signal 

components by suppressing the overall 

disturbances. It can be observed that there 

is an average improvement of 5dB at any 

given error rate for the proposed method is 

compared to AS and SB methods. It is also 

observed that analytical performance 

coincides with the proposed method’s 

performance, making it visually 

indistinguishable in Figure 3. 

 

Figure 3: NMSE vs SNR for ideal, analytical, proposed, asymptotic and subspace 

methods under AWGN channel. 
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Figure 4 shows the NMSE performance of 

the proposed system in frequency selective 

channel. Comparison with existing AS and 

SB shows improved performance at lower 

SNR values. Results in Figure 4 shows that 

there is at least 5dB estimation 

improvement of the proposed method 

compared to the existing AS and SB 

methods. The bit error rate (BER) 

performance of the  OFDM system in an 

additive white Gaussian noise (AWGN) 

channel was evaluated for the proposed 

hybrid method and compared with the 

Asymptotic (AS) and Subspace (SB) 

methods as shown in Figure 5. The results 

demonstrate that the hybrid method 

achieves a lower BER across a range of 

SNR levels, highlighting its improved 

robustness against noise. The hybrid 

method consistently outperforms the AS 

and SB methods, particularly at higher 

SNRs, where the reduction in errors is more 

significant. In a frequency selective 

channel, the BER performance of the 

hybrid method was analyzed and compared 

with the AS and SB methods as shown in 

Figure 6. The frequency selective channel 

introduces multipath fading, which poses 

additional challenges. The hybrid method 

shows a marked improvement in BER 

performance over the AS and SB methods, 

effectively mitigating the effects of 

multipath fading. The results indicate that 

the hybrid method provides better 

resilience against frequency selectivity, 

maintaining a lower BER. 
 

 

Figure 4: NMSE vs SNR for proposed, asymptotic and subspace methods under 

frequency selective channel. 

The performance of different MIMO 

configurations was compared using the 

hybrid method, AS method, and SB method 

as shown in Figure 7 and Figure 8. The 

hybrid method demonstrates superior 

performance across all configurations, 

offering enhanced diversity and spatial 

multiplexing gains. The trade-offs between 

performance and complexity were also 

considered, with the hybrid method 
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showing a balanced approach that 

maximizes BER performance while 

managing complexity. Results show that a 

4x4 MIMO system outperforms the 2x2 

system in terms of BER, particularly at 

lower SNRs, where the additional diversity 

helps in combating fading and noise. 

 

Figure 5: BER vs SNR for proposed, asymptotic and subspace methods under awgn 

channel. 

 

Figure 6: BER vs SNR for proposed, asymptotic and subspace methods under frequency 

selective channel. 
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Figure 7: BER vs SNR for Proposed, Asymptotic and Subspace Methods using 2x2 

MIMO Configuration. 

 

Figure 8: BER vs SNR for proposed, asymptotic and subspace methods using 4x4 MIMO 

configuration. 

For fair comparison between proposed and 

existing blind channel estimation schemes, 

the computational complexity is presented 

in Table 2. The complexity in this study is 

defined as of the number of multiplications, 

additions, matrix inversions and 
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computational resources needed to 

complete each estimation. 𝑁𝑠 is the number 

of symbols, 𝑁𝐶𝑃 is the CP length, G is the 

filter bank matrix, E is hankel matrix,  𝑁 is 

the number of subcarriers and 𝑅−1  is the 

inverse of received signal covariance 

matrix. 

 
Table 2: Complexity of channel estimators 

Method Complexity Processing Time [ms] 

Subspace (Rekik et al., 

2024) 

𝛰(𝑁𝑁𝑠(𝑁 + 𝑁𝐶𝑃)) ∗ 𝐸
∗ 𝑅−1 

14.20 

Asymptotic (Adeogun, 

2018) 

𝛰(𝑁𝐶𝑃𝑁𝑆(𝑁 + 𝑁𝐶𝑃) ∗ 𝐸
∗ 𝑅−1) 

11.80 

 

Proposed 

 

𝛰(𝑁𝐶𝑃𝑁𝑆𝑁) ∗ 𝑅−1

+ 𝛰(𝑁)
∗ 𝐸 ∗ 𝐺 

 

10.02 

 

The processing time is the average 

estimation time of 10,000 trials in the 

simulation environment presented in Table 

1. As observed in Table 2, the proposed 

method converges faster than existing 

methods with low computational 

complexity. Unlike subspace methods, 

which require computationally intensive 

operations such as eigenvalue 

decomposition and inversion of the 

covariance matrix 𝑅−1 , the proposed 

hybrid method avoids double matrix 

multiplication by leveraging a simplified 

filter bank design. This results in reduced 

computational complexity, making it more 

efficient for real-time implementation in 

practical systems. 

Channel estimation and equalization are 

critical for the performance of MIMO 

OFDM systems. The hybrid method's 

channel estimation accuracy and 

equalization effectiveness were compared 

with the AS and SB methods as shown in 

Figure 9. The hybrid method provides more 

accurate channel estimates, resulting in 

significant BER improvements when Zero 

Forcing (ZF) equalization was applied in 

Frequency Selective channel. It is observed 

that AS method outperform SB as ZF 

equalization tends to amplify noise, 

especially in subspace methods leading to 

degradation in performance. Furthermore, 
the SB method is more sensitive to 

inaccuracies in channel estimation, which 

ZF equalization exacerbates. This 

sensitivity leads to higher Bit Error Rates 

(BER).  The proposed hybrid and AS 

methods outperform the SB method under 

ZF equalization primarily due to their better 

channel estimation accuracy, robustness to 

noise, and overall efficiency in processing. 

The hybrid method's ability to combine the 

strengths of both AS and SB methods 

provides an additional edge in 

performance. 

The presented simulation results for the 

hybrid method, AS method, and SB method 

have practical implications for real-world 

MIMO OFDM systems. The hybrid 

method's ability to maintain low BER in 

both AWGN and frequency selective 

channels makes it suitable for various 

applications, including wireless broadband 

and 5G networks. The findings guide the 

design of robust communication systems 

and highlight the hybrid method's practical 

advantages over the AS and SB methods 
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Figure 9: BER vs SNR for zero forcing equalizer under frequency selective channel. 

CONCLUSION 

In this paper, a minimum variance channel 

estimator is proposed and compared to other 

fast fading channel estimators. The estimator 

used multichannel minimum variance 

principle by designing an equalizing filter 

bank that preserved the desired signal 

components while suppressing the overall 

disturbances. The channel estimate was 

obtained by directly maximizing the filter 

bank output power through a combination of 

subspace and minimum variance methods by 

lower bounding the filter bank output power 

in terms of SNR. So, the method was a hybrid 

of the subspace and asymptotic lower bound 

(SNR) of filter bank output power. By 

integrating the beneficial aspects of AS and 

SB, the hybrid method is shown to achieve 

better channel estimation and noise 

mitigation. The hybrid method adapts to 

varying channel conditions more effectively, 

leveraging the advantages of both AS and SB 

under different scenarios. The hybrid method 

is observed to be more robust against channel 

impairments and noise, as it balances the 

trade-offs that each individual method might 

face when used alone. Future research can 

explore further enhancements to the hybrid 

method, including advanced channel 

estimation and equalization techniques. 

Investigating higher-order MIMO 

configurations and optimizing system 

parameters for specific applications are 

promising areas. Integrating emerging 

technologies such as machine learning for 

adaptive parameter tuning can provide 

additional performance gains. Addressing the 

limitations of the current study, such as the 

assumption of perfect synchronization, will 

be crucial for future advancements. 
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