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Abstract — We consider joint maximum-likelihood
(ML) detection and decoding in multiple-input
multiple-output (MIMO) systems. The information
data is encoded by a linear block error-correcting code
and then transmitted across the MIMO channel in
AWGN. Geometrically, the transmitted symbol is a
point in a high-dimensional lattice. The received sym-
bol is the lattice point perturbed by an additive noise.
The joint detection and decoding problem is equiva-
lent to the search for the closest lattice point that is
an admissible codeword. We propose an algorithm
which performs a search constrained by a sphere cen-
tered at the observed point. The radius of the sphere
is determined according to the statistics of the noise.
Thus the computational complexity of the algorithm
is a random variable. We quantify it by means of its
first moment which, for binary codes, we find ana-
lytically. The expected complexity of the proposed
algorithm is polynomial in the length of the uncoded
information word over a wide range of SNRs.

I. SUMMARY

We consider the model

x=Hs+v, (1)
where H € R™ ™ has iid. N(0,1) entries and v € R™*!
has i.i.d. M(0,0?) entries. The m-dimensional vector s is ob-
tained by modulating a coded word ¢ onto an L-PAM constel-
lation. The m-dimensional vector ¢ is obtained by encoding a
p-dimensional information vector b by a linear block p/m-rate
code. The code is defined by an m X p generator matrix G
(i.e.,, ¢ = G- b). The entries in ¢, b, and G, are assumed
to be elements from a Galois field GF(L) and the operations
involving them are modulo-Z.
The ML decoding problem can be stated as

lx — Hs|)*.
be G’F(L)P

(2
A straightforward (but intractable) way of obtaining the so-
lution to the ML decoding problem is by means of an exhaus-
tive search. Motivated by (1], we propose an efficient alterna-
tive: an algorithm that solves (2) by searching only over those
points in the lattice Hs that belong to a hypersphere around
the observed point x and are admissible codewords.

To this end, we first require some pre-processing of the ma-
trix G. In particular, we transform G into an approxxmately
upper-triangular form G shown below:
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Operations that are allowed in the process of transforming
G into G are permutations and additions of the rows (i.e.,
operations that preserve properties of the code).

As in [1}, to solve (2) we search for points inside a sphere
of appropriately chosen radius r. This is equivalent to solving
2

D D
SollRii (s =80+ D Rulse—s0)] <% (3)
i=1 k=j+1

where R = R(dgﬁ)l +1: d§~h);d§-'i)1 +1: dg»”)), R is a matrix
in QR factorization of H (ie., H = QR), and where
85 = [s,00 -8, & =[8,00 - 8],
i-1 3 =1 7
j=1,2,...,D,j<k<D.

As an example, consider rate-1/2 Golay 24 code. Com-
parison of BER performance of the algorithm with that of
hard ML detection followed by ML decoding is shown in Fig-
ure 2. The same figure shows expected complexity exponent
ec = log,,(# flops per decoded word) of the algorithm. The
expected complexity (which we obtain analytically) is polyno-
mial (roughly c. 2 4) over the considered range of SNRs.
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Figure 1: BER performahce and complexity of the algo-
rithm for joint detection and decoding for Golay 24 code.
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