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Abstract
In this paper we present a novel method for decoding Multiple 
Input - Multiple Output (MIMO)transmission, which combines 
Sphere Decoding (SD) and Zero Forcing (ZF) techniques to 
providenear optimal low complexity and high performance 
constant time modified sphere decodingalgorithm. This algorithm 
was designed especially for large number of transmit antennas, 
andallows efficient implementation in hardware. We do this by 
limiting the number of overall SDiterations. Moreover, we make 
sure that matrices with high condition number are more likely 
toundergo SD.In this paper, we discuss three applications of the 
QR decomposition algorithm to decoding in a number of Multi-
Input Multi-Output (MIMO) systems. In the first application,we 
propose a new structure for MIMO Sphere Decoding (SD).We 
show that the new approach achieves 80% reduction in the overall 
complexity compared to conventional SD for a 2 × 2system,.

Keywords
Maximum Likelihood, MIMO, Sphere Decoder.

I. Introduction
Multiple-Input Multiple-Output (MIMO) communication systems 
provide high data rates and improved performance without 
increasing the bandwidth or transmitted power. Consequently, 
MIMO techniques have become a significant part of most current 
wireless systems. Maximum Likelihood Decoding (MLD) is the 
optimum decoding algorithm that isused for MIMO systems. 
However, MLD complexity increases exponentially with the 
number of antennas and theconstellation order being used for 
modulation [2]. Therefore,Sphere Decoder (SD) or theFincke-
Pohst algorithm as proposed as an alternative to provide MLD 
performance with less complexity.The decoding complexity 
is very critical for practical employment of MIMO systems. 
Therefore, the development of low complex decoding algorithms 
while providing optimal performance is always a necessity for 
wireless communication systems.

II. Sphere Decoding Method
Sphere Decoding (SD) method intends to find the transmitted signal 
vector with minimum MLmetric, that is, to find the ML solution 
vector. However, it considers only a small set of vectorswithin a 
given sphere rather than all possible transmitted signal vectors. 
SD adjuststhe sphere radius until there exists a single vector (ML 
solution vector) within a sphere. Itincreases the radius when 
there exists no vector within a sphere, and decreases the radius 
whenthere exist multiple vectors within the sphere.
In the sequel, we sketch the idea of SD through an example. 
Consider a square QAM in a2 ×2 complex MIMO channel. The 
underlying complex system can be converted into anequivalent 
real system. LetyiR and yjI denote the real and imaginary parts of 
the received signal jth at thereceive antenna, that is, yiR = Re{yj} 
and yjI =Im{yj}. Similarly, the input signal xifrom the ith antenna 
can be represented by, xiR = Re{xi} and xiI =Im{xi}. For the 2 ×2 
MIMO channel, the received signal can be expressed in terms of 
its real and imaginary partsas follows:

SD method exploits the following relation:
arg min 
It shows that the MLsolution can be determined by the different 
metric  Consider the following sphere with 
the radius of RSD.

The SD method considers only the vectors inside a sphere. Fig. 1, 
illustrates a sphere with the center of  and radius of 
RSD. In this example, this sphere includes four candidate vectors, 
one of which is the ML solution vector,no vector outside the sphere 
can be the ML solution vector because their MLmetric values 
are bigger than the ones inside the sphere. If we were fortunate 
to choose theclosest one among the four candidate vectors, we 
can reduce the radius sothat we may have a sphere within which 
a single vector remains. In other words, theMLsolutionvector is 
now contained in this sphere with a reduced radius. Now new 
matrix is formed with reduced radius as shown in figure can be 
expressed as

Where, R is obtained from QR decomposition of the real channel 
matrix  When NT= NR=2, the matrix is given as
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Fig. 1: Illustration of the Sphere in Sphere Decoding

Fig. 2: The complexity of SD for 16-QAM, 2 × 2MIMO channel, 
and ZF Method for Initial Radius Calculation

III. Conclusion
Decomposition algorithm to decoding in MIMO systems. We 
proposed a new lattice representation for sphere decoding. This 
new structure has the major impact of carrying out the decoding 
of the real and imaginary parts of every transmitted complex 
symbol independently from each other, thus allowing for a parallel 
detection. This, in turn, reduces the number of computations 
required at the receiver and consequently reduces the overall 
decoding complexity.The future wireless communication 
systems are more likely to incorporate a large number oftransmit 
and receive antennas. IEEE802.16 and WiMax standards are 
already discussing future user terminals and base stations with 
large number of antennas arrays. This kind of setup altogether 
with high rate QAM modulations schemes will make today’s 
MIMO ML decoding algorithms a very problematic issue for 
the future HW implementation. The proposed algorithm allows 
the employment of the SD to a small portion of the matrices, 
allowing the accommodation of large antenna arrays featuring a 
large number of spatial streams.
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