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Abstract— The major contribution of this paper is the com-
putation of an accurate approximation of the symbol error
probability of multidimensional signal constellations used for
transmission over independent Rayleigh fading channels. Here
we attempt to compute the exact error probability and show
how some apparently rather gross approximations still lead to
an accurate result.

I. INTRODUCTION

The major contribution of this paper is the computation of
an accurate approximation of the symbol error probability of
multidimensional signal constellations used for transmission
over independent Rayleigh fading channels. The common
approach based on the union bound is known to give rather
inaccurate results when dealing with large constellations.
Previous work [1] showed some improvement in the union
bound technique by using the exact paiwise error probability
expression, but even so, the resulting upper buond is shown
to be loose for large constellations. Attempts of truncating the
terms in the union bound series usually lead to unpredictable
results. Here we take a radically different approach: we attempt
to compute the exact error probability and show how some
apparently rather gross approximations still lead to an accurate
result.

Let � � ���� � � � � ��� represent a transmitted signal vec-
tor taken from an �-dimensional lattice constellation � and
consider transmision over a vector channel described by the
� � � real matrix � . The received vector � � ���� � � � � ���
is given by � � �� � � where � � ���� � � � � ��� is a
Gaussian noise vector with �� i.i.d., zero mean and variance
�� � ��	�. The case of complex signal constellations and
channels can be easily treated by separating real and imaginary
parts. We consider independent Rayleigh fading channels,
where � �diag�
�� � � � � 
�� and 
� are real independent
Rayleigh-distributed random variables with ��
�� � � � and
density function ��
� � �
��

�

. The joint density function
of the fading vector � � �
�� � � � � 
�� is ���� �

�
��
��.

We assume the constellation � to be carved from a lattice
� � ��� 	 � � ���, defined by its generator matrix
� � �����, so that � � ��� � �� 	 � � � � ��� where
� is usually taken to be a hypercube of edge �� � � to
simplify the labelling operation and �� the recentering vector
which minimizes the transmited energy. Maximum likelihood
decoding defines the so called Voronoi region around each
lattice point �.

Let us consider the infinite lattice case, where � � � and
study the codeword error probability � �� � � ��� � �� �
��� ���, for the simple case of independent Rayleigh fading
channel. The probability of correct decision is given by
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where the region 
��� is the decision region of the so called
faded constellation �� obtained by scaling the components of
the code vectors by the fading coefficients. We note that ��
is a lattice costellation carved from the faded lattice having a
generator matrix given by diag���� . Hence 
��� is always
a Voronoi region of a randomly faded lattice:
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Instead of integrating the Gaussian distribution over the
Voronoi cell 
��� we integrate it over a rectangular paral-
lelotope 
���� which approximates the 
���. This yields the
approximation
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where 
 � �	��, �� ��� is the Hamming weight of the
binary representation ������� � � � � ������ of the integer �
and ���� �

��

��� ��������� . Comparisons with simulation
results shows that the proposed approximation seems to be
more accurate with optimally rotated cubic constellations.
In this case the faded Voronoi regions appear to be better
approximated with 
���� than in other cases. A precise
explanation of this fenomenon is still under investigation. 1
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