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Abstract— The digital television standard to be used in
Brazil is in its definition stage. A comparative analysis
among the transmission/reception techniques is important
to set up the standard. In this paper, we consider the si-
multaneous transmission with multiple orthogonal carriers -
OFDM (Orthogonal Frequency Division Multiplex), used in
Europe and Japan and the single carrier transmission with
fractionally DFE (Decision Feedback Equalizer), usually
employed in the American standard receivers. To investigate
the performance of these techniques, the Brazilian digital TV
channel models are used.

Index Terms— OFDM, Decision Feedback Equalizer,
Brazilian Digital Television Channels, Channel Estimation.

I. INTRODUCTION

The choice of transmission/reception techniques in-
fluences the Digital Television (DTV) standard adopted
in each country. These standards can be classified into
two groups. One uses single carrier transmission, as
American DTV standard defined by ATSC (Advanced
Television Systems Committee) [1]. The other consid-
ers multiple orthogonal carriers, like the Japanese and
European standards, known respectively as DVB (Digi-
tal Video Broadcasting) and ISDB (Integrated Services
Digital Broadcasting) [2], [3].

The transmission channel plays an important role in
the technique to be adopted. From 1999 to 2002, the
DTV Laboratory of Mackenzie Presbyterian University
was responsible for various experimental tests in order
to supply technical elements to the Brazilian Association
of Radio and Television Broadcasting Stations and the
Telecommunication National Agency to take a decision
about the standard. The terrestrial versions of ATSC,
DVB, and ISDB were analysed. In the occasion, five char-
acteristic channels of metropolitan region of São Paulo
city were modeled. These models are used as reference in
several studies for evaluation and improvement of existing
transmission systems (see e.g. [4]-[7]).

In this paper, we compare OFDM to single carrier
for the Brazilian DTV channel models [8], [6]. In the
single carrier case, DFE and oversampled DFE adapted
with the LMS (Least-Mean-Square) algorithm is used.
In the OFDM systems, the channel is estimated by the
Least Squares (LS) and the Minimum Mean Square Error
(MMSE) methods with the ISDB and DVB pilot spacing

[9], [10], [2], [3]. It is relevant to notice that the objective
is not to compare the already existing DTV standards,
but the techniques used by them. We consider simplified
situations in order to obtain the technique operation limits.

The paper is organized as follows. In Section II the
most important aspects of the problem formulation, con-
sidering the OFDM transmission and the single carrier us-
ing DFE are revisited. Simulation results and concluding
remarks are presented respectively in sections III and IV.

II. PROBLEM FORMULATION

A. OFDM Systems

The OFDM increases the transmitted symbol duration
without changing the transmission efficiency [10], [9]. A
block diagram of a typical OFDM system is shown in
Figure 1.
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Fig. 1. Block diagram of a typical OFDM system; CP: Cyclic Prefix.

By convenience, the signals x(n) and y(n) transmitted
and received at the carrier frequency fk, with k =
0, 1, . . . , N−1, are represented respectively as X(fk) and
Y (fk). The channel frequency response and the additive
white Gaussian noise in frequency fk are denoted respec-
tively as H(fk) and W (fk). The carrier orthogonality
implies

Y (fk) = H(fk)X(fk) + W (fk), (1)



that is, the received sample at the kth carrier is the product
of the signal X(fk) by the channel response H(fk) added
to noise.

The considered OFDM systems are comb-type, where
part of carriers are always reserved as pilot for each sym-
bol. The pilot carrier information is used to compensate
the channel effect through estimation techniques like LS,
MMSE and LMS [10], [9], [11], [12]. These techniques
estimates the channel frequency response at each pilot
frequency and an interpolation method is used to obtain
the channel response at the other carrier frequencies. In
this paper we consider the LS and MMSE estimators [9].
The channel frequency response is estimated by the LS
method as

ĤLS(fp) =
Y (fp)

X(fp)
, (2)

and by the MMSE method as

ĤMMSE(fp) = RHY R
−1

Y Y Y (fp), (3)

where fp represents the pilot frequencies. The matrices
RHY and RY Y are respectively the cross-correlation
between the channel frequency response and the received
signal and the autocorrelation of the received signal at the
pilot frequencies. Both can be approximately estimated
[11], [9].

B. Decision Feedback Equalizer

Among the single carrier reception techniques, DFE is
the most used [13]. The algorithms for adaptation of the
DFE feedforward filter coefficients can be implemented
in the symbol rate, or using oversampling [14]-[17]. In
latter case, the signal that arrives to the receiver is sampled
with a higher rate than that of the symbols. An important
result of oversampled equalizers is that, under certain
circumstances, they can reach the perfect equalization
condition [14]. The 3rd and 4th generations of ATSC
receivers use the oversampled DFE [18], [17].

Figure 2 shows a communication system model with
oversampled DFE, denoted by DFE-T/2. The i.i.d. signal
a(n) is 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 sampling 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 feedfor-
ward filter. The past decisions are fed back and filtered
by an FIR feedback filter B(z) with Mb coefficients taps,
obtaining the output signal yb(n). Then, a linear combi-
nation of the filters’ outputs enters to the decision device.
The DFE must mitigate the channel effects and recover
the signal a(n) for some delay τd. The oversampling

is explained in details in [14] an its use in DFE was
considered, for example, in [16] and [17].
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Fig. 2. Communication system model with oversampled DFE.

III. SIMULATION RESULTS

In the simulations, we consider the transmission of bi-
nary signals (BPSK - Binary Phase Shift Keying) through
the Brazilian DTV channels, whose impulsive response
non-null coefficients are shown in Table I. The channel
Brazil A represents a typical reception by external antenna
and Brazil D by internal antenna, presenting more difficult
equalization. Brazil B and Brazil C represent intermediate
situations between A and D. Brazil E simulates a Single
Frequency Network reception [19].

TABLE I
IMPULSIVE RESPONSE OF THE BRAZILIAN CHANNELS.

Brazil A
` 0 2 25 34 66 67
h` 1.00 0.20 0.15 0.18 0.21 0.15

Brazil B
` 0 3 39 49 107 143
h` 1.00 0.25 0.63 0.45 0.18 0.08

Brazil C
` 0 1 5 17 26 31
h` 0.72 1.00 0.65 0.99 0.75 0.86

Brazil D
` 2 7 25 34 66 67
h` 0.99 0.65 0.74 0.86 1.00 0.72

Brazil E
` 0 11 23 - - -
h` 1.00 1.00 1.00 - - -

We consider the carrier and pilot scheme of DVB and
ISDB 8K mode, a cyclic prefix of N/16, and linear
interpolation. In the case of single carrier with DFE, we
consider Mf = 16 coefficients in the feedforward filter
(with or without oversampling) and Mb =48 coefficients
in the feedback filter. These coefficients are adapted with
the LMS algorithm, assuming the step-size µ=0.001.

Bit Error Rate (BER) curves as function of signal-
to-noise ratio (SNR) for the considered channel models



are shown in Figure 3 a) - e). In all channels, for
SNR>16dB, the oversampled DFE outperforms the other
schemes. However, for lower SNR, the OFDM systems
offer some advantages for the channels Brazil C, D, and
E, whose equalization is more difficult. The DFE without
oversampling presents good performance only for channel
Brazil A, not working properly for channels C and D.

The OFDM system performance for the carrier and
pilot scheme of DVB and ISDB are almost the same
for all channels and different values of SNR. Thus, we
can conclude that pilot spacing is not determinant for the
system behavior in all these channels, which do not take
in to account Doppler effect.

The LS and MMSE estimators present similar perfor-
mances, independently of the considered channel. The
channel estimation provided by LS method is close
to the best that can be achieved, that is, the MMSE
estimation. More computationally complex interpolation
methods were also tested, but similar performances were
observed, showing that the proximity between pilots is
good enough.

Figure 3-f) shows mean-square error (MSE) curves
for the channel Brazil D, using DFE-T/2 and DVB-
MMSE. We consider SNR = 25dB and an average of
80 experiments. To facilitate the visualization, the MSE
signals were filtered by a moving-average filter with
16 coefficients. Both schemes converge to approximately
the same MSE level. However, DFE-T/2 presents slower
convergence than DVB-MMSE, what can compromise its
performance in time-variant channels. It is important to
notice that OFDM presents some detection errors when
the channel estimation is close to strong spectral nulls.
These errors do not appear in the figure due to the
moving-average filter.

IV. CONCLUSIONS

In this paper, we showed a comparison between the
oversampled DFE, and OFDM systems. In the simu-
lations, we considered Brazilian DTV channel models,
which characterize the metropolitan region of São Paulo.

From the simulation results, we can observe that:
• In terms of BER, for channels Brazil C, D, and E,

the considered OFDM systems present interesting
results, mainly if the SNR is lower than 15dB.
However, this situation does not correspond to a
realistic case, because the operation of DTV systems
occurs for SNR > 15dB.

• In the reception with oversampled DFE and in
the transmission/reception with OFDM and LS or
MMSE estimation, the MSEs converge on average
to similar values. However, for the OFDM, the MSE
presents higher variance, what causes errors in some
carriers.

It is relevant to notice that the OFDM potential was
not completely exploited in the simulations. The DVB
and ISDB coding schemes must be taken in to account
for bettering the OFDM system performance. OFDM

equalization techniques should also be considered [12],
[20]. Moreover, in practical situations, the fractionally
DFE is blindly adapted. In this case, there is a better use
of the channel bandwidth, but its performance is limited
by the supervised case.
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Fig. 3. Simulation results: a) - e) Decimal logarithm of BER for the Brazilian DTV channels; f) Mean-square error (MSE) for Brazil D.


