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Abstract 
Impulsive noise and crosstalk in PLC are important causes of bit errors and hence capacity reduction. In this 
paper, the capacity for a given Power line cable is analysed considering the influence from impulsive noise and 
crosstalk separately. After then, the performance of the OFDM system for PLC is analysed and compared with a 
single carrier system.  

 

Introduction 
PLC is a communication technology that enables 
sending data over existing power cables. This 
means that it’s a low cost technology for “last mile” 
applications. However, due to the fact that power 
cables are not originally designed for high speed 
data transmission, the channels turn out to be very 
hostile. The attenuation, the noise, especially the 
impulsive noise, etc. are significant problems for a 
good communication system. Before we choose a 
system for a specific application, the capacity, that 
is, how much information can it deal with, should be 
known. How will the impulsive noise affect the 
performance? In this paper, we took the existing 
PLC impulsive noise model to evaluate the capacity 
of a powerline cable with a measured transfer 
function.  For multi-conductor powerline cables, the 
influence from crosstalk is also discussed. How well 
the PLC system benefits from OFDM is also 
discussed and numerical results are given. Finally a 
short conclusion is presented. 

Noise model 
One of the most used models for PLC noise is 
AWGN plus Bernoulli Gaussian model, which 
considers the background noise as AWGN and 
represents the impulsive noise by a Bernoulli 
Gaussian model [1]. In an OFDM-based PLC 
system, the noise in the channel when signal Sk is 
being transmitted can be represented as  

k k k kn b gω= +
                   (1) 

where ωk is AWGN with mean zero and variance 
σω2. The impulsive noise ik is given by bkgk, where 
bk is the Poisson process which is the arrival of 
impulsive noise, and gk is a white Gaussian process 
with mean zero and variance σi

2. This means that 
the arrival of impulsive noise follows a Poisson 
distribution with a rate λ units per second, so that 
the probability of event of k arrivals in a second is: 
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The amplitude of impulsive noise, on the other 
hand, follows a Gaussian distribution with zero 
mean and variance σi

2. The distribution of the 
impulse width is also assumed to be Gaussian.  

Another noise model is from Zimmermann; it 
presents the background noise in the frequency 
domain by fitting measured curves into certain 
frequency dependent equations and considers the 
impulsive noise in time domain. The model defines 
the colored background noise by a PSD function as 
follows 
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for residential environments and industrial 
environments, respectively. The unit is dB μV/Hz1/2. 

Capacity  
By using the “water-filling” approach [2], the channel 
capacity of the PLC can be evaluated. 
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where FB is the range of f for which N(f)/|H(f)|2<B, 
and B is the solution to  
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where S is the maximum power that can be used for 
the data transmission.  B-N(f)/|H(f)|2 represents the 
capacity budget for the bandwidth of interest. 

By knowing the given power, B can be calculated 
when the transfer function of the channel is 
obtained. In [3], a model for obtaining the TF of 
multi-conductor powerline cables has been 
introduced. Here the transfer function of the channel 
is taken from the one for the 100 meter straight four-
conductor power line cable which is shown in Figure 
1. The transmitter signal power is limited to 3 W 
based on the Chinese regulation.  
The impulsive noise is generated from the Bernoulli 
Gaussian impulsive noise, with a probability of 
p=0.1 for the occurrence of the impulsive noise and 
an average amplitude ratio of 1000 for the impulsive 
noise power to background noise power. The PSD 
of the impulsive noise amplitude x can be expressed 
as (7): 
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where 
2( , , )x xG x m σ

 is the Gaussian density.  
the power spectral density of the impulsive noise is 
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So that the total noise PSD is then  
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Figure 1: A transfer function of four-conductor 

powerline cable generated from [3] 
     

 

Figure 2: Capacity of the powerline channel under 
different impulsive noise probability 

In figure 2, the capacity of the powerline channel 
under different occurrence probabilities of impulsive 
noise is shown. It can be seen from the curves that 
the capacity decreases when the impulsive noise is 
more frequent. When p=0.001, the capacity of the 
channel is 8.7321*10e8 bps, which is almost as the 
same as that of the one without impulsive noise. 
With increasing impulsive noise probability, the 
capacity drops and can be as low as 5.7510*10e8 
bps p equals 0.4. 

 

In our research for the four-conductor powerline 
cable, the crosstalk might be the main noise to 
disturb the data for reliable transmission. The 
capacity under crosstalk for the same channel is 
only around 5.2*10e8 bps, the same influence as for 
a p=0.45 impulsive noise.   

 

Figure 3: The crosstalk between conductor pairs 0-
1, 0-2.  

 

Figure 4: The channel capacity under influence from 
crosstalk.  

Effect of impulsive noise 
Under AWGN, the performance of the system with 
or without OFDM is actually the same [4]. This is 
because OFDM demodulation is actually performing 
the fast Fourier transform (FFT), which is a linear 
process. The additive Gaussian noise, even after 
going through the linear FFT process, is still 
Gaussian distributed.  
AWGN + BG impulsive noise mode is adopted for 
further analysis. Let sk be the transmitted signal. 
Then at the receiver, the received signal can be 
expressed as 

k k kr s n= +
     (9) 

The PDF of the noise is then 
2 2 2( ) (1 ) ( , 0, ) ( , 0, )k k k ip n p G n pG nω ωσ σ σ= − + + (10)  

where p is the probability of occurrence of impulsive 
noise. Since the distribution of the impulsive noise 
obeys a Poisson process, the total average 
occurrence of the impulsive noise in a PLC symbol 
duration T, with the average duration of impulsive 
noise as Tim, can be expressed in the form of  

imp Tλ=          (11) 
According to (10) and (11), it is not difficult to 
calculate the BER of a single carrier modulation (for 
example, BPSK, QAM, ADPSK etc.), which is 
simply the average result under impulsive noise and 
AWGN as follows: 
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where Pb(i+w) and Pbw are the BER with and without 
impulsive noise on AWGN, respectively. We take 
the QAM from HomePLUG as example; the BER 
can be obtained from [5] 
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(13) 
where k is an even number of bits per symbol, M 
equals 2k, Eb is the signal energy per bit, Nw and Ni 
are the PSD of AWGN and impulsive noise 
respectively, Q(x) is the error function.   
When the transmitted signal is an OFDM symbol, 
the received symbol after front end filtering and 
sampling, assuming prefect synchronization, timing 
and an ideal channel, is given by  
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Again, N is the number of subcarriers of OFDM. 
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where Wk is AWGN after DFT, Ik is given by the 
DFT of the impulsive noise: 
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It is clear that from (16), the impulsive noise is 
spread over N data symbols due to the DFT 
operation, and then the total noise PSD in OFDM is  

m w iN N pN= +
 (17) 

Let χ be the ratio of impulsive noise power over 
AWGN power,  
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The QAM BER of an OFDM system under AWGN 
and impulsive noise interference is  
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The simulation results are presented in Figure 5.  In 
the figure, signal to noise ratio, SNR, is defined as 
Eb/Nw while the signal to impulsive noise ratio, SIR, 
is defined as Eb/Ni.  
In Figure 5, the performance comparison between 
single carrier and OFDM is shown, with different 
impulsive noise probabilities and the same SIR 

equal to 10 dB. When p=1, the performance for both 
systems are the same since as we have mentioned 

 

Figure 5: Performance comparison of a 64 QAM in 
OFDM and a single carrier system under impulsive 

noise interference with different p values and 
SIR=10 dB. 

 
that under AWGN, the performance of the system 
with or without OFDM is actually the same. For p<1, 
at lower SNR, the performance of both single carrier 
and OFDM are similar because in this region the 
system is basically background noise limited and 
not impulsive noise limited. Oppositely, at higher 
SNR, the performance is mainly resulting from the 
impulsive noise since then the SIR is much higher 
than SNR. At this region, the outstanding 
performance of OFDM can be clearly seen.  

Conclusions 
Knowing the PSD of the noise and the occurrence 
probability of impulsive noise, together with the 
transfer characteristics, the capacity of the given 
channels can be evaluated. This capacity gives us a 
brief idea about the limitation of the PLC channel. 
We analyzed the influence of impulsive noise on the 
OFDM system. It is found that OFDM is better than 
single carrier modulation for PLC systems.  
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