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ABSTRACT

Block transmission techniques, with appropriate cyclic prefixes and employing frequency-domain equalisation techniques,
have been shown to be suitable for high data rate transmission over severely time-dispersive channels. The most pop-
ular techniques based on this concept are orthogonal frequency division multiplexing (OFDM) and single-carrier with
frequency-domain equalisation (SC-FDE).

In this paper, we consider OFDM and SC-FDE transmission schemes and study the impact of the number of multipath
components and the diversity order on their performance. It is shown that when we have a high number of separable
multipath components, the asymptotic performance of both schemes approaches the matched filter bound, even without
diversity. When we have diversity, the performance approaches the matched filter bound faster, with a small number of
separable multipath components. It was also observed that the SC-FDE has an overall performance advantage over the
OFDM option, especially when employing the iterative block decision feedback equaliser with turbo equalisation and for
high code rates. Copyright © 2011 John Wiley & Sons, Ltd.
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1. INTRODUCTION

It is widely recognised that bock transmissions com-
bined with frequency-domain detection schemes are suit-
able for broadband wireless systems. Among these, the
most popular schemes are orthogonal frequency division
multiplexing (OFDM) modulations [1] and single-carrier
with frequency-domain equalisation (SC-FDE) modula-
tions [2]. In both cases, we employ frequency-domain
equalisation (FDE) at the receiver, whose implementa-
tion can be very efficient because the discrete Fourier
transform (DFT)/inverse DFT operations can be realised
using the fast Fourier transform algorithm. Moreover, the
receiver complexity is almost independent of the channel
impulse response, making them suitable for severely time-
dispersive channels [3, 4]. Because of the lower envelope
fluctuations of the transmitted signals, SC-FDE schemes
are especially appropriate for the uplink transmission

(i.e. the transmission from the mobile terminal to the
base station), and OFDM schemes are preferable for the
downlink transmission (i.e. the transmission from the base
station to the mobile terminal) because of lower signal
processing requirements at the receivers [3, 4].

The conventional receiver for SC-FDE schemes is a lin-
ear FDE. However, it is known that nonlinear equalisers
outperform linear equalisers [5]. Iterative block deci-
sion feedback equaliser (IB-DFE: Iterative Block Deci-
sion Feedback Equaliser) [6] is a promising iterative FDE
technique for SC-FDE that was first proposed in [7] and
extended to diversity scenarios [8] and layered space–time
schemes [9]. These receivers can be regarded as low-
complexity turbo FDE schemes [10, 11], where the chan-
nel decoder is not involved in the feedback. True turbo
FDE schemes can also be designed based on the IB-
DFE: Iterative Block Decision Feedback Equaliser concept
[12, 13]. It was observed that the asymptotic performance
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of IB-DFE: Iterative Block Decision Feedback Equaliser
schemes can be sometimes very close to the matched filter
bound (MFB), but in other cases, it is relatively far from it
[8]. However, it is not clear under which circumstances we
can expect performances close to the MFB.

In this paper, we study the impact of the number of mul-
tipath components and the diversity order in the asymptotic
performance of SC-FDE and OFDM schemes and investi-
gate under which conditions the asymptotic can be close to
the MFB. This paper is organised as follows: OFDM and
SC-FDE receivers are described in Section 2. Analytical
expressions for the MFB, when we have multipath prop-
agation and diversity, are presented in Section 3. A set of
performance results is presented in Section 4, and Section 5
is concerned with the conclusions of this paper.

2. SYSTEM DESCRIPTION

In this paper, we consider wireless systems employing
OFDM and SC-FDE block transmission techniques. In a
conventional OFDM scheme, the time-domain block is
fsnInD 0; 1; : : : ; N�1g D IDFT fSk I kD 0; 1; : : : ; N�1g,
with Sk denoting the frequency-domain data symbols to
be transmitted, associated to the kth subcarrier, which
are selected from a given constellation (e.g. a quadrature
phase-shift keying (QPSK) constellation). On the other
hand, for a SC-FDE scheme, the time-domain symbols
fsnIn D 0; 1; : : : ; N � 1g are directly selected from
the constellation. For both block transmission schemes,
a cyclic prefix, with length longer than the overall chan-
nel impulse response, is appended leading to the signal
fsCPn In D �NG ; : : : ; N � 1g, which is transmitted over
a time-dispersive channel.

The transmission structures for both OFDM and SC-
FDE schemes are depicted in Figures 1(a) and 1(b),
respectively.

We consider receivers with NRx diversity branches for
both schemes. The signal associated to the l th branch is
sampled, and the cyclic prefix is removed leading to the

time-domain block fy.l/n InD 0; 1; : : : ; N�1g. The corres-
ponding frequency-domain block, obtained after an appro-

priate size-N DFT operation, is fY .l/
k
I k D 0; 1; : : : ;

N � 1g, where Y .l/
k

can be written as

Y
.l/
k
D SkH

.l/
k
CN

.l/
k

(1)

withH .l/
k

denoting the overall channel frequency response
between the transmit antenna and the l th receive antenna
for the kth frequency, Sk denoting the frequency-domain

of the transmitted block andN .l/
k

denoting the correspond-
ing channel noise.

2.1. Orthogonal frequency division
multiplexing receiver structure

Figure 2 presents a maximal-ratio combining [14] diver-
sity scheme, which is implemented for each subcarrier k.
The received sample for the l th receive antenna and the kth
subcarrier is given by Equation (1). The analog-to-digital
conversion, serial/parallel conversion and demodulation
operations are implicit in the block Rx.

The equalised samples f QSk I k D 0; 1; : : : ; N � 1g are

QSk D

NRxX
lD1

F
.l/
k
Y
.l/
k

(2)

where fF .l/
k
I k D 0; 1; : : : ; N � 1g is the set of FDE

coefficients related to the l th diversity branch, denoted by

F
.l/
k
D

H
.l/�
k

NRxP
l 0D1

ˇ̌̌
H
.l 0/
k

ˇ̌̌2 (3)

Applying Equations (1) and (3) to Equation (2), the
corresponding equalised samples can then be given by

QSk D Sk C

NRxP
lD1

H
.l/�
k

NRxP
l 0D1

ˇ̌̌
H
.l 0/
k

ˇ̌̌2N .l/k (4)

2.2. Iterative block decision feedback
equaliser receiver structure

Although a linear FDE leads to good performance for
OFDM schemes, the performance of SC-FDE can be
improved if the linear FDE is replaced by an IB-DFE:
Iterative Block Decision Feedback Equaliser [7]. The
receiver structure is depicted in Figure 3 [6, 8]. The
analog-to-digital conversion, the serial/parallel conver-
sion and the demodulation operation are implicit in the
block Rx.

In this case, for the i th iteration, the frequency-domain

block at the output of the equaliser is f QS .i/
k
I k D

0; 1; : : : ; N � 1g, with

QS
.i/
k
D

NRxX
lD1

F
.l;i/
k

Y
.l/
k
�B

.i/
k
OS
.i�1/
k

(5)

where fF .i/
k
I k D 0; 1; : : : ; N � 1g are the feedforward

coefficients and fB.i/
k
I k D 0; 1; : : : ; N � 1g are the feed-

back coefficients. f OS .i�1/
k

I k D 0; 1; : : : ; N�1g is the DFT

of the block fOs.i�1/n InD 0; 1; : : : ; N�1g, with Osn denoting
the ‘hard decision’ of sn from the previous FDE itera-
tion. It can be shown that the optimum coefficients Bk and
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Figure 1. (a) Orthogonal frequency division multiplexing transmission chain; (b) Single-carrier with frequency-domain equalisation
transmission chain.
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Figure 2. Orthogonal frequency division multiplexing receiver structure with an NRx -branch space diversity.

Fk that maximise the overall instantaneous signal-to-noise
ratio (SNR), associated to the samples QSk , are [8]

B
.i/
k
D �

0
@NRxX
lD1

F
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� 1

1
A (6)

and

F
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respectively, where � denotes the so called correlation

factor, ˛ D EŒjN
.l/
k
j2�=EŒjSk j

2� (which is common to
all data blocks and diversity branches) and � selected to
guarantee that

1

N

N�1X
kD0

NRxX
lD1

F
.l;i/
k

H
.l/
k
D 1 (8)

As we can see from Equations (6) and (7), the correlation
factor �.i�1/ is a key parameter for the good performance
of IB-DFE: Iterative Block Decision Feedback Equaliser
receivers because it gives a blockwise reliability measure

of the estimates employed in the feedback loop (associated
to the previous iteration), which reduces error propagation
problems. The correlation factor �.i�1/ is defined as

�.i�1/ D
EŒOs

.i�1/
n s�n �

EŒjsnj2�
D
EŒ OS

.i�1/
k

S�
k
�

EŒjSk j
2�

(9)

where the block fOs.i�1/n InD 0; 1; : : : ; N � 1g denotes the
data estimates associated to the previous iteration, that is
the hard decisions associated to the time-domain block at
the output of the FDE, fQs.i/n InD 0; 1; : : : ; N � 1g = IDFT

f QS
.i/
k
I k D 0; 1; : : : ; N � 1g.

It should be noted that Equation (5) can be written as

QS
.i/
k
D

NRxX
lD1

F
.l;i/
k

Y
.l/
k
�B

0.i/
k
S
.i�1/
k;Block (10)

where B
0.i/
k
DB

.i/
k
=�.i�1/ and S

.i�1/
k;Block D �

.i�1/ OS
.i�1/
k

(as stated before, �.i�1/ can be considered as the block-

wise reliability of the estimates f OS .i�1/
k

I k D 0; 1; : : : ;

N � 1g).
For the IB-DFE: Iterative Block Decision Feedback

Equaliser performance to be improved, it is possible
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