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A B S T R A C T   

Power-line communication (PLC) technology has been a critical enabler for smart grid systems. It provides two- 
way communication links without new infrastructure deployment. However, as the power-line was not designed 
to carry data, there are many drawbacks when it is used as a communication channel. One of the major 
drawbacks is impulsive noise occurrence. Blanking nonlinear preprocessor has been commonly used for miti-
gating impulsive noise in orthogonal frequency-division multiplexing (OFDM)-based PLC. It uses a threshold to 
detect whether a signal sample is contaminated by impulsive noise. Optimum performance is obtained when the 
optimal blanking threshold is used. The optimal blanking threshold depends on noise parameters, which are 
usually assumed to be available to the receiver. However, they may not be known in practice. In this paper, we 
propose a blanking preprocessor bank consisting of multiple blanking preprocessors with different thresholds 
which blindly handles the impulsive noise. Each blanking preprocessor is considered to provide an independent 
channel. The output of all preprocessors is combined using the maximal ratio combining (MRC) technique at the 
OFDM demodulator. Simulation results show that the proposed blanking preprocessor bank method results in 
better performance compared to the one using the optimal threshold method.   

1. Introduction 

A smart grid refers to advanced electricity grid equipped with energy 
distribution management system which incorporates two-way infor-
mation and communication technology, sensors, and control mechanism 
[1,2]. The applications of smart grid include remote fault detection, 
automatic meter reading (AMR), and vehicle-to-grid communications 
[3,4]. The smart grid utilizes both wireless and wireline technologies to 
transmit two-way communication data. Among wireline technologies, 
power-line communication (PLC) has been preferred to provide low-cost 
and reliable communication links as power-lines have been deployed 
widely [5]. Existing PLC standards have been classified as narrowband 
PLC (NB-PLC) operating in the 3–500 kHz frequency range and broad-
band PLC (BB-PLC) operating in the 1.8–86 MHz frequency spectrum 
[6]. 

As a power-line was not designed to transmit high-frequency data, it 
suffers from frequency-selective fading and noise problems [7,8]. 
Frequency-selective fading is caused by multiple branches of the power- 
lines and impedance mismatches. On the other hand, noise in the power- 
line cannot be modeled as a simple additive white Gaussian noise 
(AWGN) due to the presence of power converters and electrical 

components. In particular, the noise in PLC consists of background, 
narrowband, and impulsive noise [9]. Both background noise and 
narrowband noise have a slowly changing root mean square (RMS) 
amplitude so that they are usually combined and modeled as AWGN 
[10,11]. In contrast, the RMS amplitude of impulsive noise changes 
rapidly in a short duration, and its occurrence is random. It is common to 
model impulsive noise as a Bernoulli-Gaussian random process [12] in 
BB-PLC and cyclostationary random process in NB-PLC [13,14]. 

Multicarrier modulation techniques have been proposed for PLC. 
Besides Discrete Fourier transform (DFT)-orthogonal frequency-division 
multiplexing (OFDM), wavelet transform (WT)-OFDM has been pro-
posed to overcome the impairments in PLC systems [15,16]. Although 
OFDM is well known to work well in multipath fading, it is not powerful 
enough to tackle the impulsive noise in PLC systems, thereby leading to 
performance degradation. This paper focuses on DFT-OFDM-based (or 
simply ’OFDM-based’) BB-PLC. 

A number of techniques have been proposed by researchers to 
minimize the effects of impulsive noise. In the literature, they can be 
grouped into threshold-based, compressive sensing-based, and hybrid 
techniques [17]. The threshold-based techniques include nonlinear 
preprocessing and iterative methods. In the threshold-based techniques, 
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any samples exceeding the threshold are considered to be contaminated 
by impulsive noise, and they are treated according to the nonlinear 
function. The nonlinear preprocessing methods include clipping, 
blanking, joint blanking/clipping, deep clipping [18], and adaptive joint 
blanking/clipping methods [19]. To further improve the performance of 
the nonlinear preprocessing method, iterative methods, such as the 
methods presented in [20,21], can be employed. In addition to the 
nonlinear preprocessor method, the iterative method can be combined 
with an artificial neural network, as proposed in [22]. Compressive 
sensing-based technique uses null-subcarriers of the OFDM symbol to 
reconstruct the sparse impulsive noise. The reconstructed impulsive 
noise is then removed from the received signal. Algorithms for impulsive 
noise reconstruction available in the literature include, among others, 
smoothed-ℓ0 (SL0) [23], sparse Bayesian learning [13], and multiple 
signal classification (MUSIC) [8]. Finally, the hybrid method combines 
the threshold-based and compressive sensing techniques, such as the one 
proposed in [24]. 

In this paper, the blanking nonlinear preprocessors are used since 
they have the simplest characteristic and have been used in many works. 
In [25], the blanking function was employed in the dynamic peak-based 
threshold estimation (DPTE) scheme in PLC. In [26], the performance of 
blanking nonlinearity in the real-valued OFDM-PLC system was derived 
and analyzed. In [27], the blanking nonlinear preprocessor was 
employed in the precoded OFDM-based PLC. In [28], a relation between 
signal power and blanking threshold in OFDM-based PLC was presented. 

In order to obtain optimal performance, an optimal threshold needs 
to be obtained. It is worth mentioning that an incorrect threshold may 
lead to significant performance degradation [29]. Getting the optimal 
threshold of a blanking nonlinear preprocessor is not an easy task as the 
optimal threshold depends on the impulsive noise parameters [26]. 
Therefore, it is common to assume that the noise parameters are avail-
able to the receiver, which is not practical. Alternatively, we can esti-
mate the noise parameters at the receiver [14]. Another approach to 
getting the reliable performance of blanking nonlinear preprocessor 
without estimating the noise parameters is to use the information from 
the received signal as proposed in [20]. However, the scheme in [20] 
involves a complex structure that employs feedback loops and requires 
additional computation for getting the received signal properties. 

This paper proposes a simple blanking preprocessor bank consisting 
of multiple blanking preprocessors with different thresholds which can 
handle the impulsive noise without prior noise information. The indi-
vidual output from each preprocessor is then weighted and combined. 

The thresholds should be carefully predetermined to make the system 
perform satisfactorily. Further, as OFDM signals have a large peak-to- 
average power ratio (PAPR), the blanking nonlinear preprocessor may 
falsely detect the impulsive noise. Some works have proposed to use the 
PAPR reduction technique to reduce the false alarms. In [30], selective 
mapping (SLM) was used as the PAPR reduction technique to reduce 
false alarm of blanking nonlinearity in PLC. Similarly, an extended SLM 
was used as the PAPR reduction technique in [31]. In [32], the effect of 
PAPR reduction and blanking threshold was analyzed. In this paper, we 
will also evaluate the effect of the PAPR reduction technique on the 
system performance. Here, we adopt the clipping method used in [33], 
which will not deteriorate the bit error rate (BER) performance, as the 
PAPR reduction technique. 

The selection of threshold values affects the instantaneous output 
signal-to-noise ratio (SNR) of the blanking preprocessor bank, which 
will be analyzed using outage probability. On the other hand, the BER 
performance of the blanking preprocessor bank is better compared with 
the one using the optimal blanking preprocessor. Our contributions are 
summarized as follows:  

1. We propose a blind blanking nonlinearity scheme where the optimal 
threshold is not required to be predetermined.  

2. We evaluate the effects of the PAPR reduction on the performance of 
our proposed scheme.  

3. We compare our proposed system with the one using the SL0 
technique. 

The rest of this paper is organized as follows. Section II discusses the 
system model, including the noise model and the proposed blanking 
preprocessor bank. Section III presents the simulation results and dis-
cussion. Finally, Section IV concludes this paper. 

2. System model 

We adopt a bit-interleaved coded modulation (BICM) scheme for 
OFDM-based PLC system, as shown in Fig. 1 [34]. Information sequence 
u = {0,1} is generated and passed to a convolutional encoder to obtain a 
codeword c, where c ∈ 𝒞 and 𝒞 is the coding scheme defined over {0,1}. 
A constellation set, 𝒳 , of size 2m is used. A random ideal interleaver is 

Fig. 1. System Model.  
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applied to interleave the codeword over N OFDM subcarriers. Among N 
subcarriers, only K subcarriers are used to carry data, and N − K sub-
carriers are nulled.1 The interleaved codeword is given by 

c =
[
c0,1, c0,2,⋯, ck,u,⋯, cN− 1,m

]
, (1)  

where ck,u is the coded bit at the u-th label (u = 1, ⋯, m) of the k-th 
subcarrier. The coded bits are then mapped by the M-QAM or M-PSK 
modulator, where M = 2m as mentioned previously. The modulated 
signal vector, X = [X0,⋯,Xk,⋯,XN− 1]

T, where (⋅)T denotes the trans-
pose operation, is then formed to OFDM signal, x =

[x0,⋯, xn,⋯, xN− 1]
T
= FHX, where F is the DFT unitary matrix and (⋅)H 

denotes the Hermitian operator. As a result, the OFDM signal can be 
expressed as 

xn =
1̅
̅̅̅
N

√
∑N− 1

k=0
Xkej2πnk/N . (2)  

A PAPR reduction technique may be applied to the OFDM signal before 
being appended by a cyclic prefix (not shown in the figure). The cyclic 
prefix is used to overcome intersymbol interference (ISI). Without loss of 
generality, we assume that the transmit power is unity. After removing 
the cyclic prefix at the receiver, the received signal, r =

[r0,⋯, rn,⋯, rN− 1]
T is given by 

r = s+ z, (3)  

where s = [s0,⋯, sn,⋯, sN− 1]
T
= Hx is the channel output, H is the N × N 

circulant matrix of the PLC channel impulse response (CIR), h =

[h0,⋯, hn,⋯, hNt − 1]
T, where Nt is the number of channel taps, and z =

[z0,⋯, zn,⋯, zN− 1]
T is the total PLC noise which consists of AWGN and 

impulsive noise. 
At the receiver, the blanking nonlinear preprocessor bank, f(⋅), is 

applied to r, resulting in y = [y0,⋯, yn,⋯, yN− 1]
T. The output of the 

blanking preprocessor bank is then input to the OFDM demodulator, 
Y = [Y0,⋯,Yk,⋯,YN− 1]

T
= Ff(r). The optimal maximum likelihood 

(ML) bit metric is given by [35] 

ĉ = argmin
c∈𝒞

∑N− 1

k=0

∑m

u=1
λ

(

Yk, ck,u

)

, (4)  

where λ(Yk, ck,u) is the bit metric for the u-th bit at the k-th subcarrier 
given by 

λ

(

Yk, ck,u

)

= min
Xk∈𝒳

u
ck,u

⃒
⃒
⃒
⃒
⃒
Yk − G

(

k, k

)

Xk|
2
, (5)  

𝒳p
q denotes the subset of all the information symbols whose p-th bit has 

the value of q ∈ {0, 1}, and G(k, k) is the k-th diagonal component of 

G = FHFH. The bit metric is then used by the Viterbi decoder to extract 
the information. 

2.1. PAPR reduction technique 

In this paper, we use peak amplitude clipping, as discussed in [33]. 
The peak amplitude clipping block diagram is shown in Fig. 2. Without 
loss of generality, we set the oversampling factor to be unity.2 

The OFDM signal is transmitted to the clipping block, which is 
formulated as 

x̂n =

{
xn, |xn|⩽A,
0, otherwise, (6)  

where A is the peak amplitude clipping threshold. The clipping noise is 
then calculated by subtracting xn from x̂n. The clipping noise is trans-
formed into the frequency domain, Ck, through FFT. Let 𝒩 be the set of 
indices of null subcarriers, and 𝒩 c be the complement. The following 
filtering process is then performed as 

C̃k =

{
Ck, k ∈ 𝒩 ,

0, k ∈ 𝒩
c
.

(7)  

The time-domain filtered clipping noise signal, c̃n, is obtained through 
IFFT. Finally, ̃cn is summed with xn to get xn. The process can be iterated 
to suppress the peak regrowth. 

2.2. PLC channel model and noise model 

The PLC channel can be modeled using the L-path channel model 
given by [36] 

Fig. 2. Peak amplitude clipping.  

Table 1 
PLC Channel Parameters.  

Notation Description Remark 

gi  gain factor for path i  
a0 and a1  attenuation parameters  
ζ  exponent of the attenuation factor between 0.5 and 1 
di  length of branch i  
τi  delay at branch i τi = di

̅̅̅̅̅∊r
√

/c0  

∊r  Dielectric coefficient  
c0  speed of light c0 = 3 × 108 m/s   

1 Note that practical PLC standards also employ some null subcarriers. 

2 Oversampling is used to obtain denser discrete-time samples from a 
continuous-time signal. It is useful to analyze the performance of PAPR 
reduction. Many papers suggest that the oversampling factor is set at least four 
to get a more accurate PAPR distribution. As the focus of this paper is not PAPR 
reduction, i.e., we only show the effect of PAPR reduction on the system per-
formance, we use the unity oversampling factor for the sake of simplicity. 
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H

(

f

)

=
∑L

i=1
gie− (a0+a1 f ζ)di e− j2πf τi , (8)  

where the variables are defined in Table 1. Also, we normalize the CIR 
such that 

∑⃒⃒
⃒hn|

2
= 1. 

As mentioned previously, the total PLC noise consists of AWGN and 
impulsive noise, i.e. z = n + i. The AWGN is a Gaussian vector with 
mean 0 and variance 2σ2

n . On the other hand, the impulsive noise is 
modeled as the Bernoulli-Gaussian process, which mathematically can 
be expressed as 

i = b∘g, (9)  

where b is a sequence vector of 1 and 0 with a probability of p and 1 − p, 
respectively, g is a vector of AWGN with mean 0 and variance of 2σ2

g , and 
’∘’ denotes the Hadamard product. The impulsive noise is characterized 
by a signal-to-impulsive noise ratio given by SINR = 1/2σ2

g . 

2.3. Proposed blanking preprocessor bank 

The blanking preprocessor bank consists of Q blanking preprocessors 
with different thresholds. Each blanking preprocessor is denoted by 
yq

n = fq(⋅), where q = 1,⋯,Q, and given by 

yq
n =

{
rn, |rn|⩽Tq,

0, otherwise, (10)  

To better analyze the nonlinear preprocessing characteristic, a linear-
ized form is commonly used as follows 

yq
n = αqsn + dn, (11)  

where αq is a real-valued constant chosen such that E[dns*
n] = 0, ’∗’ is the 

complex conjugate operator and E[⋅] denotes expectation, and dn can be 
considered as the blanking noise. Note that it is preferred to carefully 
choose the threshold such that αq ≈ 1 [18]. The constant αq is defined by 
αq = E[yq*

n sn]. As a nonlinear preprocessor processes the blanking oper-
ation on an OFDM symbol level, in practice, we can approximate αq for 
each blanking block with αq = 1 − Nq

B/N, where Nq
B is the number of 

blanked samples in the q-th preprocessor [37]. This way, the prepro-
cessor does not need the knowledge of the noise or transmit signal 
statistics. 

It is obvious that (11) is similar to the received signal in multiple 
fading paths. Further, the output SNR of each blanking preprocessor can 
be calculated by 

γq =
E
[⃒
⃒
⃒αqsn|

2
]

E
[⃒
⃒
⃒yq

n − αqsn|
2
]

=

(
E
[⃒
⃒
⃒yq

n|
2
]

α2
q

− 1

)− 1

.

(12)  

Note that E[
⃒
⃒
⃒sn|

2
] = 1 as assumed previously. 

The output of the blanking preprocessor bank is given by 

yn =
∑Q

q=1
wqyq

n, (13)  

where wq is the weight for q-th preprocessor. Using the maximal ratio 
combining (MRC) scheme, optimal performance can be obtained by 
setting wq = αq. 

3. Simulation results 

In this paper, we use a BICM OFDM PLC system with QPSK modu-

lation, the number of subcarriers is N = 512, and only K = 480 sub-
carriers carry data. Without loss of generality, we assume the null 
subcarriers are located at low frequencies. The convolutional codes are 
used with code rate 1/2 and generator polynomial [171,133]8. The 
number of iterations of the peak amplitude clipping and the corre-
sponding threshold is chosen to be j = 1 and A = 1.2, respectively, as 
presented in [33]. The PLC channel parameters are given in Table 2 
[36]. 

We analyze the PLC system using our proposed blanking prepro-
cessor bank in two scenarios. In the first scenario, the impulsive noise 
parameters are fixed, i.e. p = 0.01, SINR = − 10 dB. On the other hand, 
we vary the impulsive noise parameters in the second scenario to 
observe our proposed blanking method’s robustness. The probability of 
impulsive noise is set as a random variable following a uniform distri-
bution on the interval of 0.005 to 0.02. Similarly, the SINR also follows 
uniform distribution on the interval − 5 dB to − 15 dB. The thresholds for 
the proposed blanking preprocessor bank are selected as follows. The 
thresholds are given by {T} = {Tl + (i − 1)ΔT}Q

i=1. The lower limit of the 
threshold is set at Tl = 2.0, and the higher limit of the threshold is set at 
Th = 3.0. The threshold steps are set to be ΔT = 0.05 and ΔT = 0.2, 
which means Q = 21 and Q = 6, respectively. We then sort the pre-
processor outputs based on the αq values. Subsequently, we take 100%,

80%, and 50% of preprocessor outputs with the highest αq values to be 
combined. Keep in mind that we want the preprocessor outputs with 
αq ≈ 1. In other words, we combine the best 21, 16, and 10 preprocessor 
outputs for ΔT = 0.05 and 6, 4, and 3 outputs for ΔT = 0.2. 

It is worth mentioning that the selection of T should be arbitrary. 
However, keep in mind that the lower threshold will cause information 
loss, and a higher threshold will make many large samples left 
unblanked. The reasonable values of the threshold are between 2.0 and 
3.5 based on the dynamic range of the OFDM signal amplitude. On the 
other hand, the value of Q is determined by the threshold step selection, 
ΔT, which can be chosen between 0.05 and 0.2 and depends on the 
range of T. The rule of thumb is when the range of T is large, smaller Q 
can be assigned, and vice versa. 

Table 2 
PLC channel parameters for real-world networks.  

Path No 1 2 3 4 

di (m)  150 188 264 397 
gi  0.4 − 0.4 − 0.8 − 1.5 

ζ = 0.5, a0 = 0, a1 = 8× 10− 6, ∊r = 4   

Fig. 3. PAPR performance.  
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3.1. PAPR performance 

PAPR is commonly analyzed using complementary cumulative dis-
tribution function (CCDF), which shows the probability of PAPR exceeds 
a certain level. The CCDF plot of the proposed system is shown in Fig. 3. 
It can be seen that the PAPR is reduced by about 0.5 dB at a probability 
of 10− 3. It is worth mentioning that the gain of our PAPR reduction 
method is proportional to the number of null subcarriers, i.e., the more 
the null subcarriers, the more the PAPR reduction. 

3.2. BER performance 

The BER performance of the PLC system with the optimal blanking 
and the proposed blanking, along with and without peak amplitude 
clipping, for ΔT = 0.05 and ΔT = 0.2 is shown in Figs. 4a and b, 
respectively. It can be observed from the two figures that the BER per-
formance for the proposed blanking outperforms one of the optimal 
blankings. Note that the optimum threshold is obtained by optimizing 

the output SNR as minT(E[
⃒
⃒
⃒yn|

2
])/α, where the closed-form expressions of 

E[
⃒
⃒
⃒yn|

2
] and α for blanking nonlinearity are given in [18]. 

The results are understandable as some useful information is missing 
due to the optimal blanking. On the contrary, the missing information 
can be retrieved through multiple outputs (or ”blanking channels”) in 
the proposed blanking scheme. It can also be seen that the BER plots of 
the proposed blanking are relatively the same for 100%,80%, and 50% 
schemes. Further, increasing ΔT from 0.05 to 0.2 shows little effect on 
the performance. 

BER performance for random impulsive noise parameters ΔT = 0.05 
and ΔT = 0.2 is shown in Figs. 5a and b. It can be seen that the BER plots 

for the proposed blanking are significantly better compared with one of 
the optimal blanking. Further, it can be seen that the peak amplitude 
clipping relatively does not deteriorate the BER performance. It is 
because the peak amplitude clipping is performed in the null subcarriers 
and 𝒩 ∪𝒩

c 
= ø. 

As we use null subcarriers, it is worth to compare the BER perfor-
mance of the blanking method with the compressive sensing method. 
We employ SL0 as the impulsive noise reconstruction algorithm. The 
procedure of impulsive noise reconstruction and mitigation follows 

Fig. 4. BER performance, p = 0.01, SINR = − 10 dB.  

Fig. 5. BER performance, random p and SINR.  

Fig. 6. BER performance comparison.  
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[33]. We choose the SL0 algorithm since it has low complexity and 
performs better than the ℓ1 algorithm [38,23]. The BER plots are 
depicted in Fig. 6. It can be seen that using the same number of null 
subcarriers (N − K = 32), the clipping method yields better perfor-
mance. Compressive sensing performance depends on the number of 
null subcarriers. In general, the more null subcarriers, the better the 
performance. Therefore, in order to obtain good performance, it needs to 
sacrifice the data rate. 

3.3. Outage probability 

Outage probability can be used as a metric to measure the system 

performance related instantaneous output SNR of the blanking prepro-
cessor(s). It is defined as the probability of mutual information, I less 
than the information rate, R [39]. Mathematically, it can be written as 

Pout = Pr(I < R)
= Pr(log2(1 + γ) < R)
= Pr(γ < 2R − 1),

(14)  

where γ is the output SNR of the blanking preprocessor bank. 
In this paper, we use R = 3. The outage probability plot with varying 

SNR with fixed impulsive noise parameters for ΔT = 0.05 and ΔT = 0.2 
is depicted in Figs. 7a and b. It can be seen that the outage probability for 
the system with the blanking preprocessor bank outperforms the one 

Fig. 7. Outage probability, p = 0.01, SINR = − 10 dB.  

Fig. 8. Outage probability, random p and SINR.  

Fig. 9. BER plots, p = 0.01 and SINR = − 10 dB.  
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with optimal blanking. We further observe that the outage probability 
becomes better when combining a smaller portion of the blanking 
preprocessors. 

Figs. 8a and b show the outage probability for random impulsive 
noise parameters for ΔT = 0.05 and ΔT = 0.2, respectively. The general 
trends show the robustness of our proposed method compared to the 
optimal blanking. Further, we can observe that the PAPR reduction 
technique plays an important role in reducing the blanker’s false alarm. 
As a result, the outage probabilities are reduced. 

The blanking process for our proposed scheme has the same 
complexity as the optimal blanking scheme, i.e., ℴ(N). Our proposed 
method needs to perform a sorting algorithm, which gives an additional 
complexity of ℴ(QlogQ). This may have an effect on the computation 
time. However, in the optimal blanking scheme, we have an additional 
complexity for calculating the optimum threshold (although it can be 
estimated offline). 

3.4. Effect of thresholds selection 

The performance of our proposed method depends on the threshold 
selection of the blanking nonlinear preprocessors. To analyze the effect 
of the threshold selection, we provide the second threshold setting, i.e. 
Tl = 2.6 and Th = 3.4, with the same ΔT. We then compare the per-
formance with the first (previous) threshold setting. 

Figs. 9a and b show the comparison of BER plots using two different 
threshold sets for ΔT = 0.05 and ΔT = 0.2, respectively. It can be seen 
that using the second threshold setting gives performance degradation in 
both BER and outage performance. It may be caused by improper setting 
of the higher limit of threshold (too large) in the second set so that most 
of the samples are left unblanked. Moreover, we notice that BER and 
outage probability plots of the 100% scheme for the second threshold set 
are close to the optimal blanking plots. This can be explained as follows. 
When the thresholds are not properly set, poor outputs from a few 
blanking preprocessors may occur. They may degrade the overall per-
formance. However, the poor outputs’ adverse effects can be eliminated 
by taking 80% and 50% of the best output. That’s why the 80% and 50% 
schemes result in better performance compared with the optimal 
blanking scheme. Likewise, Figs. 10a and b shows the outage probability 
plots with similar trends. 

4. Conclusion and future work 

We have proposed a blanking preprocessor blank, which consists of 
multiple blanking preprocessors with different thresholds. The proposed 
method does not need prior information about the impulsive noise. 
However, the threshold selection should be carefully considered. This 
means that the lower and higher limit of thresholds should not be set too 
small and large, respectively. It has been shown through simulations 

that the proposed method, in terms of BER and outage probability, 
outperforms one of the optimal blankings, even when we take only 50% 
of the best values. The advantages of our proposed scheme are: (1) 
optimal threshold does not need to be calculated and (2) assurance of 
obtaining improved performance (compared with the optimum 
threshold) by processing 80% or 50% of the best blanking preprocessor 
outputs. The drawbacks of our blanking bank preprocessor are (1) se-
lection of thresholds should be considered carefully, and (2) there is 
some extra computation time. Further, our proposed scheme can be 
implemented in other OFDM-based PLC, such as WT-OFDM. We will 
perform the analysis of its performance as our future work. 
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