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Abstract— Recently, a comparison between OFDM
(Orthogonal Frequency Division Multiplex) and single
carrier with fractionally DFE (Decision Feedback
Equalizer) was presented in the absence of channel
coding. In this paper, we extend this comparison,
considering convolutional coding. Rice and Rayleigh
channel models limited to six echoes are assumed in
the simulations.

Index Terms— OFDM, Decision Feedback Equal-
izer, fractionally equalizers, channel coding.

I. INTRODUCTION

THE transmission and reception techniques are
the main differences among the digital TV

standards in each country. The ATSC (Advanced
Television Systems Committee) is responsible for
the American terrestrial digital TV standard, which
considers a single-carrier transmission scheme [1].
The European and Japanese standards, known re-
spectively as DVB-T (Digital Video Broadcasting -
Terrestrial) and ISDB-T (Integrated Services Digital
Broadcasting - Terrestrial), use a multiple-carrier
transmission scheme, known as COFDM (Coded
Orthogonal Frequency Division Multiplex) [2], [3].

One of the most suited reception techniques for
single-carrier uses the Decision Feedback Equalizer
(DFE). When compared to Linear Transversal Equal-
izer (LTE), DFE presents a more favorable tradeoff
between computational cost and efficient behavior
for channels with severe intersymbol interference
[4]. The superiority of DFE with respect to LTE
also occurs in the fractionally space. The third and
the fourth receiver generations of ATSC digital TV
standard consider the fractionally DFE with double
symbol transmission rate [5], [6].

Motivated by the recent Brazilian digital TV
standard definition, a comparison between single
carrier and OFDM, in the absence of channel cod-
ing, was presented in [7]. In this case, single-

carrier transmission scheme with the fractionally
DFE presents equivalent or even better performance
when compared to OFDM. Since channel coding
provides better performance in both transmission
techniques, we extend, in this paper, the comparison
of [7], considering convolutional coding and the soft
decision Viterbi algorithm decoding [8].

The paper is organized as follows. In Section II,
the most important aspects of problem formulation,
considering OFDM, single carrier using DFE, and
channel coding are revisited. Simulation results and
concluding remarks are presented respectively in
sections III and IV.

II. PROBLEM FORMULATION

A. OFDM Systems

The OFDM systems divide the available band-
width into N subcarriers. A spectrally and com-
putationally efficient method to put data on the
sub-carriers uses the inverse Fast Fourier Transform
(iFFT). The addition of cyclic prefix allows that
the linear convolution with the channel can be
considered as a circular convolution [9], [10]. In
the receiver, inverse operations remove the cyclic
prefix and convert the data from frequency to time
domain. Channel Coding is important to spread the
information over multiple subcarriers. This ensures
frequency diversity and improves the OFDM perfor-
mance [10]. A block diagram of a typical OFDM
system is shown in Figure 1.

In order to compensate the channel effect, channel
estimation techniques must be considered, using pi-
lot subcarrier information [11]. The most used meth-
ods are the Least Squares (LS) and the Minimum
Mean Square Error (MMSE) [9], [12]. After the
channel estimation at the pilot subcarrier frequen-
cies, an interpolation method is used to obtain the
channel response at the other subcarrier frequencies.
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Fig. 1. Block diagram of a typical COFDM system; CP: Cyclic
Prefix.

B. Decision Feedback Equalizer

Figure 2 shows a communication system model
with oversampled DFE, denoted by DFE-T/2. The
i.i.d. signal a(n) is encoded and transmitted through
an unknown communication channel, modeled by
the subchannels Cp(z) and Ci(z), whose transfer
functions are given by

Cp(z) = h0 + h2z
−1 + · · · + h2N−2z

N−1

Ci(z) = h1 + h3z
−1 + · · · + h2N−1z

N−1,

being h0, h1, · · · , h2N−1 obtained from the sam-
pling of continuous time channel model with twice
the symbol rate. The output channel signals, up(n)
and ui(n), suffer intersymbol interference and noise
effects. In the receiver, these signals are filtered by
Fp(z) and Fi(z), each one with Mf/2 coefficients,
forming the oversampled feedforward filter. The
past decisions are fed back and filtered by an FIR
feedback filter B(z) with Mb coefficients, obtaining
the output signal yb(n). Then, a linear combination
of the filters’ outputs enters to the decision device.
DFE and channel coding must mitigate the channel
effects and recover the signal a(n) for some delay
τd. The oversampling is explained in details in [13]
an its use in DFE was considered, for example, in
[6] and [14].

C. Channel Coding

We consider the convolutional coding and the
soft decision Viterbi decoding. The convolutional
encoding can be implemented by shift registers
and modulo-2 adders, as shown in Figure 3 for a

 

Feedback filter 

( )pC z

( )iC z

1( )nη

2 ( )nη

( )pu n  

Delay 
 

( )ˆ �

da n −

1−z

( )y n
Decision 
device 

( )B z( )by n

( )fy n

( )pF z

( )iu n
( )iF z

Feedforward 
filter  

Channel  

( )a n

encoding 

decoding 

Fig. 2. Communication system model with oversampled Coded
DFE.

coding rate of 1/2. This is one of the most applied
convolutional codes [9]. It has a single data input
and two outputs Ai and Bi, which are interleaved to
form the coded output sequence {A1B1A2B2 . . . }.
The shift register taps are often specified by the
corresponding generator polynomials [8], [9]. De-
coding of convolutional codes is often performed by
soft decision Viterbi decoding, which is an efficient
way to obtain maximum likelihood estimate of the
encoded sequence. A detailed description of this
technique is presented, for example, in [8].
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Fig. 3. Block diagram of a convolutional code with length 7,
rate 1/2, and generator vectors {Ai, Bi} = {131, 171} octal.

III. SIMULATION RESULTS

In the simulations, we consider the transmission of
binary signals (BPSK - Binary Phase Shift Keying)
through the channels Brazil A and Brazil D, whose
impulsive response non-null coefficients and mag-
nitude response are shown respectively in Table I
and in Figure 4. The channel Brazil A represents a
typical reception by external antenna and Brazil D
by internal antenna, presenting more difficult equal-
ization. They were obtained from Rice and Rayleigh



theoretical models and have been used as reference
in several studies for evaluation and improvement
of existing transmission systems (see e.g [6], [15]-
[18]).

TABLE I
IMPULSIVE RESPONSE OF THE CONSIDERED CHANNELS.

Brazil A
` 0 2 25 34 66 67
h` 1,00 0,20 0,15 0,18 0,21 0,15

Brazil D
` 2 7 25 34 66 67
h` 0,99 0,65 0,74 0,86 1,00 0,72
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Fig. 4. Magnitude response of the channels Brazil A and
Brazil D.

In the OFDM system, we consider equispaced
subcarriers, 8K mode, a cyclic prefix of N/16, and
linear interpolation. The channel is estimated with
the LS method. In the single carrier with DFE, we
consider Mf = 16 coefficients in the feedforward
filter and Mb =48 coefficients in the feedback filter.
These coefficients are adapted with the LMS (Least
Mean Square) algorithm, assuming the step-size µ=
0, 001. In both schemes, we assume convolutional
coding with the generator vectors {131, 171} octal

as shown in Figure 3, and the soft decision Viterbi
decoding.

In the OFDM system, we assume that the pilot
subcarriers have twice the amplitude of the infor-
mation subcarriers. Figure 5 shows Bit Error Rate
(BER) curves as function of signal-to-noise ratio
(SNR) for the channels Brazil A and D. In Figure 5-
a) and b), we can observe that, in the absence of
channel coding, DFE-T/2 outperforms the OFDM
system for Brazil A and D respectively for SNR >
10 dB and SNR > 16 dB. However, for lower
SNR, the OFDM system offers some advantages
for Brazil D, whose equalization is more difficult.
Considering Figure 5-c) and d), that is, using channel
coding, both systems present better performance,
mainly for Brazil A. Coded DFE-T/2 outperforms
COFDM system for higher SNR. It is relevant to
note that for Brazil D and SNR < 16 dB, the
distance between CDFE-T/2 and COFDM is greater
than that of the case without channel coding. For
lower SNR, COFDM presents advantages in relation
to single carrier. In this case, the performance of
CDFE-T/2 is worse than that of DFE-T/2 without
channel coding. Due to low SNR, the coding path
selected in the trellis diagram contributes to the
degeneration of single carrier performance. BER
curves for the AWGN channel are also showed in the
figure. We can verify that COFDM presents better
performance than Coded Single Carrier (CSC) for a
channel without intersymbol interference.

We also analyse the influence of the amplitude of
the OFDM pilot subcarriers. Through simulations,
we observe that the effect of the pilots’amplitude is
not very meaningful for the channels Brazil A and
D. On the other hand, the choice of this amplitude
becomes important for the AWGN channel, as shown
in Figure 6. In the presence of channel coding,
to obtain the best OFDM system performance, the
pilot subcarriers should have twice the amplitude
of the information subcarriers. For the factor 4, the
performances of COFDM and coded single carrier
are the same, but worse than the case of the factor 2.

IV. CONCLUSIONS

From the simulations, we can conclude that the
effect of channel coding is less evident for channels
with severe intersymbol interference. Moreover, sin-
gle carrier with fractionally DFE outperforms mul-
tiple carrier system with or without channel coding
for high SNR. On the other hand, COFDM presents
some advantages for low SNR and for the AWGN
channel.
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Fig. 5. Decimal logarithm of BER for a) Brazil A without channel coding b) Brazil D without channel coding, c) Brazil A and
AWGN with channel coding, and d) Brazil D and AWGN with channel coding
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Fig. 6. The influence of the of the amplitude of the OFDM
pilot subcarriers.
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