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Abstract

In this paper two of OFDM frame synchronization algorithms in High Voltage PLC (HV PLC) system has
been studied under the same overall working conditions (i.e., transmitted power and global data rate). By
using preamble at first method, there is a compromise between SNR and transmission bandwidth. However,
in cyclic prefix (cp) at first method, we can attain a higher data rates for a given bandwidth. Comparisons
show that by using least square (LS) channel estimation and comb type pilot frame format, preamble at first
method outperforms cp at first method, under the same conditions at lower SNRs.

Keywords: PLC (Power Line Carrier) system, OFDM (Orthogonal Frequency Division Multiplexing),
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1. Introduction

There are increasing trends to exploit existing powerline systems to transmit data. Data transmission over
power lines has been implemented in the past at very low data rates for applications such as automation and
metering. Data transfer rates in such systems range from 3 KHz to approximately 500 KHz (a few Kbps).
The realization of broadband communications services over power line grids offers a great opportunity for
cost-effective telecommunications networks without the laying of new cables. On the other hand, electrical
supply networks are not designed for communication which can not guaranty the performance from the
view point of signal transmission and there are some limiting factors in the application of broadband PLC
technology. Therefore, coverable distances, realizable data rates as well as transmitted signal power (due to
Electromagnetic Compatibility (EMC)) are limited in PLC systems. For the realization of broadband PLC,
a significantly wider frequency spectrum is needed (up to 30 MHz) than is provided within CENELEC
bands. So, broadband PLC systems have to cope with a limited signal power, which decreases their
performance (data rates, distances) (Atefat Doost, et al., 2011). Furthermore, high attenuation at high
frequencies, impulsive, corona and narrowband noise as well as multipath are some of the distortion effects
that are present in such systems. Therefore, power lines provide a challenging medium for transmission of
high data rate information.

In OFDM, frame synchronization is an essential requirement, because OFDM signals are transmitted block
by block and there is a carrier and sampling frequency offsets. Concerning symbol synchronization,
constraints are less tough. Synchronization problems have received a lot of attentions (Minn, et al., 2003;
Wen, et al., 2008; BAE, J.; Kim, E. 2010; Deinzer, 1999). Some of them are data aided, which use pilot or
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training sequences, while others are not data aided. In the OFDM systems, both data aided and
non-data-aided synchronization algorithms have been proposed previously (Minn, et al., 2003; Wen, et al.,
2008; BAE, 2010; Deinzer, 1999). Within the non-data-aided algorithms, the cyclic property of the guard
interval could be employed for the symbol synchronization without any training symbol in the OFDM
systems. Among those non-data-aided algorithms, the estimator exploits the second-order cyclostationarity
of the received signals and, then, it obtains the information of symbol-timing offset by the cyclic correlation.
Within the data-aided algorithms, at the receiver, the symbol synchronization could be implemented with
the aid of the dedicated training symbols or pilot symbols. The frame synchronization using the designed
training symbol has been usedsed.

So far, some researches dedicated to synchroniaztion and channel estimation methods performances in
OFDM based low voltage power line carrier systems (Atefat Doost, et al., 2011; BAE, 2010; Deinzer, 1999
and their references). In this article, two of main preamble aided synchroniaztion method in HV digital PLC
systems simulation by using OFDM technique with comb type pilot frame format as well as LS channel
estimation based on linear interpolation technique is considered.

This paper is organized in the following manner. Section 2 contains simulated system overview, while
section 3 gives simulation results. Conclusions are located at the end.

2. Simulated System Model

The OFDM overall system model is shown in Fig. 1. Transmitter, PLC channel, and receiver are modeled
as in (Atefat Doost, et al., 2011).

Comb type pilot frame format is commonly used in many communication system standards such as
IEEE802.11 WLAN. Similar to PLC system simulations presented in (Aghajeri, et al., (2002); Estopi™n an,
et al., (2004)), comb type pilot frame format based on the IEEE802.11 standard data frame format is used in
this work. In these simulations, it is supposed that there are 48 data and four pilot subcarriers in every
OFDM frame. Pilot symbols are inserted in 1, 16, 31 and 46 subcarrier positions of each frame. These pilot
symbols will be used during channel estimation operation at the receiver side. OFDM signal without cyclic
prefix is as:

s(n)=s(nT)=NiiS(k)exp027§jn) 0<n<N-1 (1

for which S(k)=a+j.by is k-th M-PSK or M-QAM symbol and N is the number of subcarriers. Throughout
this paper, a QAM modulation is used.

In order to reduce inter symbol interface (ISI) and inter carrier interface (ICI), as much as possible, a guard
time distance (cyclic prefix) of length N, is inserted at the beginning of every OFDM symbol and is
removed at the receiver side before FFT operation. Synchronization preamble sequence (Walsh code with
length of N.) are added at the beginning of the frame (Fig. 2) and is removed at the receiver side before
FFT operation. This synchronization sequence is detected by a matched filter correlator in the receiver side
to find the beginning of the data frame.
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Figure 1. Transmitter, PLC channel and receiver block diagram in baseband OFDM system

Walsh Code Cyclic Prefix OFDM Signal: s(n)

Preamble at first method

Cyclic Prefix Walsh Code OFDM Signal: s(n)

Cyclic Prefix at first method

Figure 2. Synchronization frame formats: Preamble (Walsh code) at first method and CP at first method

By these operations symbol duration is extended to N1 = N +Ny+N. A guard interval longer than the
powerline channel impulse response of some microseconds (N>=Np,,t+1, for which Ny, is the maximum
channel delay) increases robustness against multi-path signal propagation at the expense of slightly reduced
bandwidth efficiency.

HV-PLC channel model consists of L-ptah multipath transfer function and Corona and Impulsive noises.
These two characteristics models are simulated as in (Atefat Doost, et al., 2011).

The received signal at receiver side would be as below:
L

K(n) = Z al (}’l) : §(}’l _Tl ) + nmrona (}’l) + nimpul.vive(n) (2)
=1 -

for which @, (n) is channel fading coefficient of I-th channel, s(n) is transmitted baseband signal, r(n)
received baseband signal, and nggrona(n) and Nimpuisive(n) are corona and impulsive noises respectively. The
power of corona and impulsive noises are Georona = 6-/(1+ICR*pi) and Gimpuisive = ICR* Georona’» for which 6°
is the power of the overall noise, which includes corona and impulsive noises, pi is probability of impulsive
noise occurrence and ICR is impulsive to corona noise power ratio. In our simulations ICR=100 and pi
=0.01 are used. If transmitted frame symbols are transmitted sequentially, only one block frame Walsh
(preamble) code could be used.

Before demodulating the received signal in OFDM system, the receiver has to do frame synchronization,
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frequency synchronization and channel estimation. In this study, the carrier frequency synchronization is
not considered. The receiver should remove the cyclic prefix and Walsh code, the synchronization should
be done. Once, timing information provided by the synchronization algorithm, one could exactly remove
the prefix and, then, use FFT to extract the transmitted data. Matched filter correlator based frame
synchronization is done as in (Wen, et al., 2008 and Jafari Sadeghi, et al., 2012) and the first frame start
point is found.

As seen in Fig. 1, after removing Walsh code and cyclic prefix and doing N points FFT operation, the
received signal will be as (if there is no ISI):

R(k) = FFT{r(n)} = S(k).H(k)+ 3)
+Noyona) + N6, 0<k<N, -1

corona

The impulsive noise is spread over N data symbols due to the FFT operation, which is different in the single
carrier system, in which the impulsive noise will affect only one symbol (Atefat Doost, et al., 2011). Hence
the total noise is N=NcoronatPi-Nimpuisive» Where N is the PSD of the overall noise and pi is the average
impulsive noise rate.

In comb-type pilot based channel estimation, N, pilot signals (symbols in OFDM) are uniformly inserted
into Ny data subcarriers S(k) in the frequency domain according to the following equation (Coleri, et al.,
2002):

S(k)=S(mL+1)
{Sp(m), 1=0 “4)

inf .data [=1,...,L-1

where L=total number of subcarriers/N,, and S,(k) is the m-th pilot carrier value. By defining {Hy(k), k=1,
2, ..., N} as the frequency response of the channel at the pilot sub-carriers. Assuming perfect timing
synchronization, channel estimation over pilot parts based on LS estimation is given by
}}p(k) =R, (k)/ s, (k), (k=1,...,Np), where Sy(k) and R;,(k) are k-th transmitted and received pilot sub-carriers
respectively. So channel estimates at data positions can be calculated by using appropriate interpolation
method between two consecutive channel estimates of pilot parts (77 (k), H,(k+L) ).

In comb-type pilot based channel estimation, an efficient interpolation technique is necessary in order to
estimate channel at data -subcarriers by using the channel information at pilot subcarriers.

In the linear interpolation method, the channel estimation at data carrier k, mL < k < (m+1)L (where
L= total number of subcarriers/N,), using linear interpolation is given by (Coleri, et al., 2002):

H(k)=H(mL+1) 0<I<L )
=0, (m+)-H, (m))% +H , (m)

The second-order, third-order and lowpass interpolation available in the simulation software (interp
function in MATLAB) produces a smooth and continuous polynomial fitted to given data points.

Afterward, channel estimations for data subcarriers are calculated from §(k): R(K)/ 151([() (where k=1,
2, ..., Ny) and finally, by applying hard-decision and demodulation, data bits are obtained. Since the OFDM
link can be synchronized, ISI and ICI can be avoided by choosing an appropriate guard interval (Atefat
Doost, et al., 2011).
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3. Simulation Results

In contrast to our previous work (Atefat Doost, et al., 2011), frame synchronization is examined by using
missing probability of frame start and bit-error-rate (BER) simulation criteria with about 10° bits in HV
PLC channel as in Monte Carlo method. Simulation parameters are as in table 1. Total 10° data bits are
simulated and BER is gained from comparing the hard-decision demodulated symbols with the true symbol

constellations.

Simulation results are shown in figures 3 and 4. In Fig. 3 the performance is evaluated based on the missing
probability of frame start (MPFS) for ideal (perfect) channel estimation and frame synchronization based
on LS criterion and preamble (Walsh code) at first and CP at first methods.

16

Table 1. Simulation parameters

Parameters Value
Bandwidth 500 KHz
Distance (space)
between Subcarriers 6.25 KHz
(Af)
Tfft 64 160 us
Cyclic prefix 4 10 ps
Symbol Length 68 170 ps
Number of data
. 48
Subcarriers
Number of pilot 4
subcarriers
Total Number of 64
subcarriers
Length of Walsh code
8
(No)
Modulation QAM
Data Rate 1 Mbps
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Figure 3. Missing probability of frame start by using ideal (perfect) channel estimation

BER for OFDM based HV-PLC system using linear Channel Estimation
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Figure 4. BER by using LS channel estimator with linear interpolation

From this figures, it can be seen that, in both of synchronization frame formats, by increasing the SNR, the
MPFS and BER is decreased. However in synchronization frame format of preamble (Walsh code) at first,
offers at least approximately 2 dB gain over the CP at first scheme at a MPFS of 0 at SNR of 10 dB and 5
dB gain in BER of 10 at SNR of 25dB.

4. Conclusions

In this paper the immunity of OFDM technique in high voltage PLC to frequency selective fading channel,
corona noise and impulsive noise are examined.

Reliable frame synchronization could be obtained under a low signal-to-noise (SNR) environment. Based
on the pseudo-noise (Walsh) sequence preambles, OFDM synchronization gives a better detection in terms
of the low false error and low missing error. Based on the constant envelope preamble, the synchronization
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algorithm exploits the correlation property of the PN sequence and the two identical parts of the preamble
to estimate the timing offset (Tlili, et al., 2003).

Simulation results for PLC channels show that when pilot symbols with comb type frame format (with
symbol base channel estimation in OFDM are applied with Ist order interpolation, an appropriate
performance is attained. Synchronization frame format of preamble (Walsh code) at first outperforms CP at
first method, because of HV PLC channel transfer function linear behavior during each subcarrier and slow
amplitude and also phase variations between two consecutive pilot symbols (at null or data subcarriers).
This method could enhance overall channel estimation system performance. On the other hand, using this
frame synchronization method and one tap in OFDM technique allows to reduce channel equalizer
complexity and to increase tolerance to narrowband and impulsive noise. By comprehensive studies over
synchronization techniques, we can have a more clear view on selecting the best technique among different
schemes.
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