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Abstract - Three desirable properties of a four-antenna space­
time block code are full rate, full diversity, and single-symbol
decodability. Previously reported space-time codes that achieve all
three properties do so at the expense of the peak-to-average power
ratio (PAPR). A fourth desirable property of a space-time block
code is that its PAPR be the same as that of the underlying
quadrature-amplitude modulation alphabet. In this paper we
introduce space-time codes for three and four transmit antennas
that achieve all four properties; these codes use a diversity
technique based on constellation stretching. Numerical results for
quasistatic Rayleigh-fading channels show that the proposed codes
are comparable in SNR performance to the best-performing
single-symbol decodable space-time codes for three and four
transmit antennas.
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I. INTRODUCTION

The orthogonal space-time block codes of Alamouti [1] and
Tarokh et ale [2] attain full diversity with low decoding
complexity, but they suffer a rate loss when there are more than
two transmit antennas. A quasiorthogonal code relaxes the
orthogonality constraint to enable full rate, at the expense of an
increase in decoding complexity. For example, quasiorthogonal
codes for four antennas were proposed independently by
Jafarkhani [3], Tirkkonen-Boarin-Hottinen [4] and Papadias­
Foschini [5]; these full-rate codes have two drawbacks: they are
not full diversity, and they require pair-wise complex symbol
decoding. The first drawback can be eliminated by constellation
rotation. For example, full-rate and full-diversity
quasiorthogonal codes with rotation were proposed by
Tirkkonen [6], Sharma-Papadias [7] and Su-Xia [8]. While
these quasiorthogonal codes outperform orthogonal codes at all
spectral efficiencies for four transmit antennas, they still require
pair-wise complex symbol decoding.

Recent work has shown that low decoding complexity is
possible even with nonorthogonal codes. For example, a
combination of constellation rotation and coordinate
interleaving was proposed by Yuen et ale [9] and Khan-Rajan
[10] to achieve full rate and full diversity for four transmit
antennas with ML decoding that requires only pair-wise
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decoding of real symbols. Since a pair of real symbols defines a
single complex symbol, these codes are said to be single-symbol
decodable.

Another important property of a space-time block code is its
peak-to-average power ratio (PAPR). The PAPR is important
for several reasons. First, a high-PAPR signal is susceptible to
clipping and other nonlinear distortion by the power amplifier,
leading to detection errors as well as out-of-band interference.
Second, power consumption of the power amplifier depends
mainly on the peak power rather than average power, and hence,
high PAPR results in high power consumption. Finally, the
transmission of a signal with high PAPR requires the use of a
power amplifier with large back off, resulting in inefficient,
bulky and expensive power amplifiers [11].

In this paper, we present single-symbol-decodable space­
time block codes based on the coordinate interleaving technique
of [9][10] but coupled with constellation stretching rather than
constellation rotation. The new code is not only single-symbol
decodable, it also maintains the same PAPR as the underlying
QAM alphabet. While this paper was under review, we
discovered that the concept of constellation stretching was
proposed previously and independently by Marsch et ale in [12],
albeit with a different motivation and construction.
Nevertheless, our paper is unique in at least two respects: we
derive the optimal stretching factor for maximizing the coding
gain, and we quantify the PAPR benefits of the proposed code,
which is the main motivation behind our construction.

The remainder of the paper is organized as follows.
Section II presents the system model, relevant definitions, and a
brief overview of existing single-symbol-decodable space-time
block codes. Section III describes the proposed code along with
its decoder, and compares it to existing codes. Section IV
presents numerical results and Section V concludes the paper.

II. SYSTEM MODEL AND PRIOR SSD CODES

A. System Model and Definitions

We consider a transmitter with N antennas transmitting K
complex information symbols over T symbol periods, so that
the rate-KIT space-time block code is represented by a Tx N
matrix X. Letting Yi denote the sample received at time i by a
receiver with a single antenna, we can write:
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