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Abstract-Non-orthogonal space-time block codes (STBC) with
large dimensions are attractive because they can sim ultaneously
achieve both high spectral efficiencies (same spectral efficiency
as in V-BLAST for a given number of transmit antennas) as well
as full transmit diversity. Decoding of non-orthogonal STBCs
with large dimensions has been a challenge. In this paper, we
present a reactive tabu search (RTS) based algorithm for decod
ing non-orthogonal STBCs from cyclic division algebras (CDA)
having large dimensions. Under i.i.d fading and perfect channel
state information at the receiver (CSIR), our sim ulation results
show that RTS based decoding of 12 x 12 STBC from CDA and
4-QAM with 288 real dimensions achieves i) 10-3 uncoded BER
at an SNR of just 0.5 dB away from SISO AWGN performance,
and ii) a coded BER performance close to within about 5 dB of
the theoretical MIMO capacity, using rate-3/4 turbo code at a
spectral efficiency of 18 bps/Hz. RTS is shown to achieve near
SISO AWGN performance with less number of dimensions than
with LAS algorithm (which we reported recently) at some extra
complexity than LAS. We also report good BER performance of
RTS when i.i.d fading and perfect CSIR assum ptions are relaxed
by considering a spatially correlated MIMO channel model, and
by using a training based iterative RTS decoding/channel esti
mation scheme.

I. INTRODUCTION

MIMO systems that employ non-orthogonal space-time block
codes (STBC) from cyclic division algebras (CDA) for ar
bitrary number of transmit antennas, Ni, are attractive be
cause they can simultaneously provide bothfull-rate (i.e., N,
complex symbols per channel use, which is same as in V
BLAST) as well as full transmit diversity [1],[2]. The 2 x 2
Golden code is a well known non-orthogonal STBC from
CDA for 2 transmit antennas [3]. High spectral efficiencies
of the order of tens of bps/Hz can be achieved using large
non-orthogonal STBCs. For e.g., a 16 x 16 STBC from CDA
has 256 complex symbols in it with 512 real dimensions; with
16-QAM and rate-3/4 turbo code, this system offers a high
spectral efficiency of48 bps/Hz. Decoding ofnon-orthogonal
STBCs with such large dimensions, however, has been a chal
lenge. Sphere decoder and its low-complexity variants are
prohibitively complex for decoding such STBCs with hun
dreds ofdimensions. Recently, we proposed a low-complexity
near-ML achieving algorithm to decode large non-orthogonal
STBCs from CDA; this algorithm, which is based on bit
flipping approach, is termed as likelihood ascent search (LAS)
algorithm [4]-[6]. In this paper, we present a reactive tabu
search (RTS) based approach to near-ML decoding of non
orthogonal STBCs with large dimensions.

Key attractive features of the proposed RTS based decod
ing are its low-complexity and near-ML performance in sys
tems with large dimensions (e.g., hundreds of dimensions).
While creating hundreds of dimensions in space alone (e.g.,
V-BLAST) requires hundreds ofantennas, use ofnon-orthogonal
STBCs from CDA can create hundreds of dimensions with
just tens of antennas (space) and tens of channel uses (time).

Given that 802.11 smart WiFi products with 12 transmit an
tennas! at 2.5 GHz are now commercially available [7] (which
establishes that issues related to placement of many anten
nas and RF/IF chains can be solved in large aperture com
munication terminals like set-top boxes/laptops), large non
orthogonal STBCs (e.g., 16 x 16 STBC from CDA) in com
bination with large dimension near-ML decoding using RTS
can enable communications at increased spectral efficiencies
of the order of tens of bps/Hz (note that current standards
achieve only < 10 bps/Hz using only up to 4 tx antennas).

Tabu search (TS), a heuristic originally designed to obtain ap
proximate solutions to combinatorial optimization problems
[8]-[ 10], is increasingly applied in communication problems
[11]-[13]. For e.g., in [11], design of constellation label maps
to maximize asymptotic coding gain is formulated as a quadra
tic assignment problem (QAP), which is solved using RTS
[10]. RTS approach is shown to be effective in terms ofBER
performance and efficient in terms of computational com
plexity in CDMA multiuser detection [12]. In [13], a fixed TS
based detection in V-BLAST is presented. In this paper, we
establish that RTS based decoding of non-orthogonal STBCs
can achieve excellent BER performance (near-ML and near
capacity performance) in large dimensions at practically af
fordable low-complexities. We also present a stopping-criteri
on for the RTS algorithm. RTS for large dimension non
orthogonal STBC decoding has not been reported so far. Our
results in this paper can be summarized as follows:

• Under i.i.d fading and perfect channel state information
at the receiver (CSIR), our simulation results show that
RTS based decoding of12 x 12 STBC from CDA and 4
QAM (288 real dimensions) achieves i) 10-3 uncoded
BER at an SNR ofjust 0.5 dB away from SISO AWGN
performance, and ii) a coded BER performance close to
within about 5 dB of the theoretical capacity using rate
3/4 turbo code at a spectral efficiency of 18 bps/Hz.

• Compared to the LAS algorithm we reported recently in
[4]-[6], RTS achieves near-SISO AWGN performance
with less number of dimensions than with LAS; this is
achieved at some extra complexity compared to LAS.

• We report good BER performance when i.i.d fading and
perfect CSIR assumptions are relaxed by adopting a spa
tially correlated MIMO channel model, and a training
based iterative RTS decoding/channel estimation scheme.

II. NON-ORTHOGONAL STBC MIMO SYSTEM MODEL

Consider a STBC MIMO system with multiple transmit and
receive antennas. An (n, p, k) STBC is represented by a ma-

112 antennas in these products are now used only for beamfonning.
Single-beam multi-antenna approaches can offer range increase and inter
ference avoidance, but not spectral efficiency increase.
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