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Abstract— The benefits of transmit antenna selection (TAS)
invoked for spatial modulation (SM) aided multiple-input
multiple-output (MIMO) systems are discussed. The current
research in TAS algorithms is concentrated on the
optimization of Euclidean distance due to the high diversity
gain. Here, different Transmit Antenna Selection algorithms
are introduced, which is designed to provide an excellent
system performance.
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I. INTRODUCTION

The MIMO systems are increasingly being adopted in the
communication system for the potential gain they achieve
by using multiple antennas. In MIMO systems multiple
antennas are used at the both sides, ie at the transmitting
side and at the receiving side. MIMO systems are using
multiple antennas at both end and are connected and
combined so as to increases the BER and capacity provided
for each user. The multiple antennas use spatial domain
along with the time and frequency domains without any
additional requirements in the bandwidth. They have the
capacity for producing independent parallel streams and
transmitting multipath streams and thus the requirements for
wireless transmission. Can be met.

Spatial Modulation has emerged as a promising
technology which can be used for the transmission in MIMO
systems. It can transmit encoded data signals, so called
streams independently and separately from each of the
multiple antennas. Thus space dimension is reused.
However, the conventional SM schemes only attain receiver
diversity, but no transmit diversity. In order to overcome
this problem, recently some SM solutions have been
proposed on how to provide a beneficial transmit-diversity
gain both with the aid of open-loop as well as closed-loop
transmit symbol design techniques.

As an attractive closed-loop regime, transmit
antenna selection (TAS) constitutes a promising method
which is capable of of providing a high diversity potential as
offered by the classic MIMO architectures. TAS has been
lavishly researched in the context of spatial multiplexing
systems .As a new MIMO technique, SM can also be
beneficially combined with TAS. Recently, several TAS
algorithms have been conceived for the class of SM-MIMO
systems with the goal of enhancing either its bit error rate
(BER) or its capacity.

There are several TAS algorithms which give a
promising performance such as low complexity optimized
ED-TAS, SVD based ED-TAS, Capacity optimized antenna
selection etc.

Il. TAS ALGORITHMS FOR SM-MIMO

A. Low Complexity Optimized ED-TAS

This method aims for reducing the complexity of the
Euclidean distance decision metric. The construction of a
Euclidean distance-element matrix and in conjunction with
its QR decomposition led to a low-complexity approach for
evaluating the Euclidean distance decision metric. It exploits
the Inter- Antenna Interference (IAl)-free property of the
SM system and the separability of the QAM signal sets for
the sake of reducing the order of complexity in computing
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Fig. 1: System model
Let us consider an upper triangular matrix D €
RV whose (i, j) th entry Di,j for i > j is given by
mins1,s2€S IS, — 5. and for i = j we have minsl=s2eS
lln 1251 —52/2. The computation of IED may be equivalently

written in terms of D as =2 === 7z min D(D}

Where D(l) is a (W.,xNg,)-element upper
triangular sub-matrix of D obtained by deleting the specific
rows and columns of D that are not in | and {minD(1)}
represents the minimum of the non-zero elements of the
matrix D(I). Thus, the order of complexity reduces to that of
computing D. Note that D has ¥2:=Uglements and the

complexity involved in computiné each element is
O(M2).The (i, j)th element of D for i & j is given by
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Expressing this equation in terms of the real-valued
I and Q counterparts and taking the QR decomposition of
the resultant channel matrix, we arrive at lower complexity
working. EDAS based SM scheme outperforms the C-
MIMO employing antenna selection up to a certain SNR,
which we term as the crossover point. Beyond the crossover
point the C-MIMO system gives a better SER performance
owing to its higher diversity order. Furthermore, it can also
be observed that as the data rate increases, the EDAS based
selection scheme exhibits a higher crossover point. It is
observed that the (SM-EDAS-LC) offer a significant SNR
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gain with respect to the conventional SM system and
outperform the conventional MIMO system employing
antenna selection at both low and medium SNRs.

B. SVM based ED-TAS

The proposed method avoids the high complexity of both
the optimal exhaustive search and of a recently proposed
Euclidean distance-based algorithm for performing the
selection. Moreover, as the number of receive antennas
increases and for practical signal-to-noise ratio (SNR)
values, it offers better error performance than the
conventional transmit antenna selection (TAS) algorithm.

Although the EDAS algorithm results in the same
SER as that of the exhaustive search with a lower
complexity, its complexity remains challenging. Motivated
by this, in this Literature, we propose a new Euclidean
distance-based method for antenna selection in Spatial
Modulation systems, which is based on singular value
decomposition and has a lower complexity compared to the
exhaustive search and EDAS. Furthermore, its SER
approaches that of the exhaustive search, as the number of
receive antennas increases.

We consider a generic point-to-point MIMO
communication system with the transmitter and receiver
equipped with Nt and Nr antennas, respectively. In addition,
we assume the existence of a single-RF chain at the
transmitter whereas the receiver has a-number of RF chains
equal to the number of receive antennas. Such a setup is
likely to occur in the uplink since complexity issues and size
constraints make it easier for terminals to be equipped with
multiple antennas, but only one RF chain. We further
assume a slow-fading channel and a ML receiver which is
capable of estimating the channel impulse responses
perfectly during a pilot-based training estimation period,
which occurs prior to data transmission. Furthermore, an
error-free and zero-delay feedback channel between the
receiver and the transmitter is assumed to be available. The
channel matrix H CNrxNt has entries which can be modeled
as independent and identically distributed (iid) complex
Gaussian random variables with zero-mean and unit-
variance. The receiver uses the channel estimates to select a
subset I,1= 1, 2, ..,Ns, of M transmit antennas out of the
possible Ns = (-'I\V}-]subsets to implement the Spatial

Modulation principle.

With!_,,....., let us denote the index of the selected
subset, which is fed to the transmitter by the receiver
through the feedback channel. By assuming that the mth
symbol sm, m =1, 2, ...,Q, is selected to be transmitted from
the pth transmit antenna, p = 1, 2, ...,M, of the selected
subset, the received signal vector y is given by y = /Ek_.
s, +n. Q is the modulation order, Es is the energy per
transmitted symbol, r,2 is the channel vector that

corresponds to the pth antenna of the selected subset, and n
is the Additive White Gaussian Noise vector with entries
that have a power spectral density equal to NO.

C. Capacity Optimized Antenna Selection

Capacity optimized antenna selection techniques are
conceived for Spatial Modulation (SM) systems and their
symbol error rate (SER) performance is investigated. The
proposed antenna selection based SM systems are capable of

attaining a significant gain in signal-to-noise ratio (SNR)
compared to conventional SM systems, and also outperform
the conventional MIMO systems employing antenna
selection at both low and medium SNRs. For a given
channel realization and SNR, the capacity of the SM system
having NSM transmit antennas can be bounded as

o= Ogyy =€+ log: New

It may be readily seen that « in (10) is maximized
by choosing the NSM antennas corresponding to the largest
channel norms out of the Nt transmit antennas. The set of
antenna indices corresponding to the largest channel norms
may be computed at the receiver for every coherence
interval and fed back to the transmitter.

The COAS also gives a better SER performance
compared to the C-MIMO system employing antenna
selection at low and medium SNRs. For SNRs beyond the
crossover points, the C-MIMO system outperforms the
COAS scheme due to its higher diversity order. that the
complexity of implementing COAS is lower than that of
EDAS. Thus, we conclude that the COAS scheme
constitutes a beneficial choice for SM systems in terms of its
performance versus complexity characteristics.

D. TAS based on Antenna Correlation

By considering the antenna correlation, and ignore the
symbol influence temporally, which will result in a more
universal algorithm. At the same time, it is a novel antenna
selection criterion that has not been exploited in traditional
MIMO systems. As blocks of information bits are
represented by the antennas, similar antenna vectors will
cause detection error. In other words, the larger is the
difference between antennas; the better is the system
performance. A useful tool for measuring antenna difference
is the cosine similarity of vectors. For two vectors hj and hj,
the cosine similarity of them is defined as
cosf; = :’f ":‘
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The similarity between two antenna vectors
increases with the above value.

E. LC-TAS Based On Amplitude And Correlation

Each of the proposed LCTAS schemes assume that the
channel is perfectly known at the receiver and an ideal low-
bandwidth feedback path to the transmitter exists. In
LCTAS based on amplitude and correlation (LCTAS-A-C),
the channel gain matrix H is initially divided into two sub-
matrices of dimension NR x N1 and NR x N2, where N1 =
N2 = (1/2)NTOTAL.

Considering channel amplitude the NL = (1/2) NT
+ 1 largest channel gain vectors are selected from each of
the sub-matrices. Considering antenna correlation for each
set of the NL largest channel gain vectors, the angles are
computed. Based on the computed angles, for each of the
sets, the pair with the smallest angle between the channel
gain vectors is selected and exploiting channel amplitude
once again the smaller of the channel gain vectors is
eliminated. Finally, the NT antennas corresponding to the
remaining NT channel gain vectors are employed in the
subsequent symbol interval.
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I1l. CONCLUSION

Several Transmit Antenna Selection methods were
discussed. All of the methods aims to provide a better
antenna selection at reduced complexity. The different
methods include Low Complexity Optimized ED-TAS,
SVD based ED-TAS, Capacity Optimized TAS, Antenna
Correlation Based TAS. All of the methods can achieve the
goal efficiently.

REFERENCES

[1] R.Y. Mesleh, H. Haas, S. Sinanovic, C. W. Ahn, and S.
Yun, “Spatial modulation,” IEEE Trans. Veh. Technol.,
vol. 57, no. 4, ,Jul. 2008

[2] R. Rajashekar, K. V. S. Hari, and L. Hanzo, “Antenna
selection in spatial modulation systems,” IEEE
Commun. Lett.Mar. 2013

[3] N. Pillay and H. Xu, “Comments on “Antenna selection
in spatial modulation systems”,” IEEE Commun.
Lett.Sep. 2013

[4] K. Ntontin, M. Di Renzo, A. Perez-Neira, and C.
Verikoukis, “A lowcomplexity method for antenna
selection in spatial modulation systems,”IEEE
Commun. Lett., Aug. 2013

[5] Z. Zhou, N. Ge, and X. Lin, “Reduced-complexity
antenna selectionschemes in spatial modulation,” IEEE
Commun. Lett., Jun. 2014

All rights reserved by www.ijsrd.com 205



