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Abstract— Orthogonal frequency division multiplexing (OFDM) and multiple-input multi-output (MIMO) are key techniques for high speed
wireless communication. The problem of transmit antenna selection for massive multiple-input multiple-output systems by maximizing the
determinant modulus of the selected channel matrix. Based on the maximum-volume sub matrix finding method, it proposes a new rapid
broadcast antenna selection algorithm with low memory cost and low computational complexity. The convergence of the proposed
algorithm is proved and the performance of it is evaluated via numerical simulations. It compared to the real-time antenna-by-antenna
iterative swapping enhancement (RAISE) transmit antenna selection algorithm, A new rapid broadcast antenna can achieve near optimal
capacity performance while the computational complexity and the memory cost are significantly reduced. By introducing pilot check system
in the same antenna selection RAISE methodology an improved selection system can be achieved for minimum BER w.r.t minimum SNR.

Index Terms—Electronic Communication System (ECS), Orthogonal Frequency Division Multiplexing (OFDM), Multiple-Input Multi-Output

(MIMO), Pilot, Matlab.

1 INTRODUCTION

Electronics communication system has revolutionized the face
of the world. Communication with someone a mere century
back was only possible by physical mode. But now that can be
done just by clicking a switch on the telephone pad or by just a
click of the mouse. Even live television report, live games tele-
cast could not be possible without wireless communication.
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Figure 1: Electronic Communication System.

A simple communication system consists of a transmitter end
which sends the data and a receiver end at which the data is
received [2]. Usually there received data is not the same as the
data sent. Because of the noise present in the medium the sig-
nal gets affected and distortion is observed in the signal. Vari-
ous modulation techniques are under taken in order to ensure
that the signal sent is safely available at the receiver end.

2 MIMO OFDM

MIMO-OFDM is a late wireless or remote innovation and is
considered in number of creating remote guidelines. Data
transmitted through a correspondence channel dependably
experiences variables creating different disabilities, subse-
quently mistakes get incited. Current advanced transmission

frameworks handle huge measure of information and such
impedances can bring about undetected and uncorrected mis-
takes subsequently corrupting frameworks BER execution. To
experience the same, mistake control codes are utilized in the
framework involving recognition and revision of blunders.
Grouped exploration difficulties and configuration parameters
of the MIMO-OFDM system or framework have been tended
to and investigated by numerous. MATLAB reenactment pro-
gramming has been generally used to break down frame-
work's BER execution by fusing highlights given by the stage.
MIMO stands for Multiple Input and Multiple Output that
means we use multiple antennas at the transmitter and receiv-
er, by doing so we are increasing the channel capacity as we
can accommodate more number of subscribers in wireless
communication system [3].
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Figure 2: MIMO.

If increase the number of antenna we are increasing the degree
of freedom of channel, improving its performance or flexibility
and even the gain also improves. The price for MIMO is more
because of the hardware used, its complexity and energy con-
sumption for signal processing at both ends. In a point-to-
point communication complexity at the receiver is more im-
portant but in multiuser communication the complexity at the
transmitter along with the receiver is also important because
advances coding schemes are used for transmitting data si-
multaneously to more than one user and maintaining the in-
terference. One more challenge to MIMO system is that we
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require physical space to accommodate the antennas including
the rent. There are four basic types of MIMO system based on
the number of transmitter and receiver antennas used.

2.1 MIMO-SISO (SINGLE INPUT SINGLE OUTPUT)

The advantage of SISO system is that it is simple and requires
less processing. But it is limited in performance due to interfe-
rence and fading [9].

Figure 3: SISO.

2.2 MIMO-SIMO (SINGLE INPUT MuULTIPLE OUTPUT)
This system is relatively easy to implement, but as there is
multiple antennas at the receiver we require some processing
at the receiver [9].

Figure 4: SIMO.

2.3 MIMO-MISO (SINGLE INPUT MULTIPLE OUTPUT)
The advantage here is that the processing is at the transmitter
than at the receiver. The receiver can be handheld device with
limited power as the processing is reduced the life time of bat-
tery is improved [9].

Figure 5: MISO.

2.4 MIMO (MuLTIPLE INPUT MULTIPLE OUTPUT)

As we have multiple antennas at the receiver and transmitter
we have processing at both the ends but we are increasing the
number of user, the data rate is increased and good quality of
service [9].

Figure 6: MIMO.
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In Massive MIMO or larger MIMO there are going to be more
than 100 antennas. But not all the antennas will work at the
same time; a limited number of antennas will be operating at a
time because of limitation to acquire channel state informa-
tion. Massive MIMO technology can be made possible by
combining the conventional TDMA, FDMA and OFDM mul-
tiplexing technology. Future prediction is that the Massive
MIMO technology will use very low power in the order of
milliwatts. The major challenges are multiuser multiplexing
gains, error in channel state information and interference. The
power consumption at the base stations is a growing concern.
Massive MIMO system will be designed in such a way that it
will be robust to the failure of the antenna [1].

3 SINGLE USER MIMO SYSTEM

Multiple-Input Multiple-Output (MIMO) wireless systems are
known to provide remarkable benefits in scenarios with rich
scattering as the multi-path fading is exploited in a beneficial
way. More specifically, the key concept is that MIMO systems
take advantage of multi-path fading to send several streams in
parallel. Then, the link reliability of the system can be im-
proved by sending replicas of the same symbol or the data-
rate can be increased by sending independent symbols in pa-
rallel. This section is devoted to provide the reader with some
background on MIMO wireless schemes. We first present
some of the fundamental limits obtained in the study of MI-
MO wireless systems from an information theory viewpoint.
After that, we describe some practical schemes according to
the purpose for which MIMO techniques are considered: spa-
tial diversity or spatial multiplexing. Finally, since the main
topic of this thesis is the study of antenna selection techniques
from a cross-layer perspective, we conclude this section with a
complete overview of algorithms and some classical results
related with antenna selection mechanisms.

4 ANTENNA SELECTION

In a MIMO system, adding complete Radio Frequency (RF)
chains may result in increased complexity, size and cost. These
negative effects can be drastically reduced by using antenna
selection. This is because antenna elements and digital signal
processing is considerably cheaper than introducing complete
RF chains. In addition, many of the benefits of MIMO schemes
can still be obtained. Besides, perfect CSI is not required at the
transmitter as the antenna selection command can be com-
puted at the receiver and reported to the transmitter by means
of a low-rate feedback channel. In Figure 7, we show a typical
MIMO wireless system with antenna selection capabilities at
both transmit and the receive sides. The system is equipped
with M transmit and N receive antennas, whereas a lower
number of RF chains has been considered ((Ly <M and Ly <N
at the transmitter and receiver, respectively). In accordance
with the selection criterion, the best sub-set of Ly, transmit and
Ly receive antennas are selected. In order to convey the anten-
na selection command to the transmitter, a feedback channel is
needed but this can be done with a low-rate feedback as only
(LLMM) bits are required. Originally, antenna selection algo-
rithms were born with the purpose of improving link reliabili-
ty by exploiting spatial diversity. More precisely, a reduced
complexity system with antenna selection can achieve the
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same diversity order as the system with all antennas in use.
However, as MIMO schemes gained popularity, antenna selec-
tion algorithms began to be adopted in spatial multiplexing
schemes aimed at increasing the system capacity. A brief re-
view of the state of the art is presented below, where different
methodologies are classified according to the context: spatial
diversity or spatial multiplexing.
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increased when in each time-slot the user with the best chan-
nel conditions is scheduled. However, in the multiple antenna
case (i.e., in the MIMO Gaussian Broadcast Channel setup) the
problem is more complicated since the channel is in general
non-degraded.
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Figure 7: MIMO scheme with Tx/Rx antenna selection.

5 MuLTi USER MIMO SYSTEM

So far we have discussed the benefits obtained with MIMO
systems in a single-user scenario. In multi-user systems, how-
ever, multi-antenna capabilities play a different role. Apart
from exploiting spatial diversity and multiplexing gains, mul-
ti-antenna capabilities can also be exploited to send (receive)
information to (from) several users simultaneously. As pre-
viously explained, the interests of this thesis are oriented to-
wards the study of broadcast channels. For that reason, in this
section we give some insight on the model considered in the
downlink of a wireless multi-user system, i.e.,, the MIMO
Gaussian Broadcast Channel. We start the discussion by ex-
ploring the fundamental limits and, after that, we present
some practical schemes. In particular, we present a scheme
known as orthogonal random beamforming which requires a
low amount of information in the feedback channel and, due
to its applicability in wireless networks, is studied.

6 MIMO GAUSSIAN BROADCAST CHANNEL SYSTEM
Consider the downlink of a wireless system with one Base
Station (BS) equipped with M antennas and K Mobile Stations
(MS) with N1,...,NK receive antennas, respectively (see Figure
8). The received signal for user k can be modeled as:

rx = Hys + ny

Where Hy € CNxM is the channel matrix gain between the BS
and the kth MS, s € CMx! is the symbol vector broadcasted from
the BS and n, € CNyx! stands for an additive Gaussian noise
vector of complex, random variables with zero mean and unit
variance, ny ~ CN(0, Inx). For the case that Ny = M = 1, this
model falls into the category of degraded broadcast channel,
which capacity region is widely known for the case with per-
fect CSI at the transmitter. The average cell throughput can be

Figure 8: MIMO Broadcast Wireless System.

Roughly speaking, the ordering among users is lost. Indeed,
for the general non-degraded broadcast channel the capacity
region is still unknown. Fortunately, the capacity region of the
MIMO Gaussian Broadcast Channel has been recently solved
in where the authors proved that Dirty Paper Coding (DPC) is
the capacity-achieving strategy. In order to obtain that result,
some previous steps were done, which are briefly overviewed
in the next paragraphs. It showed that in a Gaussian scalar
channel with Gaussian interference non-causally known at the
transmitter, the same capacity can be obtained as that
achieved without interference. To do so, Costa proposed a
technique called writing on dirty paper (or dirty paper coding)
consisting in the exploitation of the interference knowledge at
the transmitter when the transmitted signal is constructed. In
particular, an interference pre subtraction technique was used
to completely remove the interference component. This strate-
gy was considered in order to obtain an achievable region for
the MIMO Gaussian Broadcast Channel.

AH s — H! \
= \
Ao ERLANY

5 r

Hy &, % — HJ

Dual Multiple Azcess Channel

Broadeast Channel

Figure 9: Broadcast and Multiple Access Channels.
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In particular, the authors obtained a closed-form expression
for scenarios with two transmit antennas and two single-
antenna receivers. Besides, they proved that the maximum
sum-rate achievable with the DPC strategy is in fact the sum-
rate capacity of the MIMO Gaussian Broadcast Channel. The
extension of that work to an arbitrary number of transmit an-
tennas was derived and the generalization to a scenario with
multiple antennas at both the transmit and the receivers. The
problem was considerably simplified due to the use of the
duality principle between the uplink and downlink channels.
This is because the concept of duality for the scalar Gaussian
Broadcast Channel facilitates the computation of the DPC
achievable region. Figure 9 shows the block diagram of broad-
cast and multiple access channels.

7 PILOT BASED CHANNEL ESTIMATION OFDM SYSTEM
OFDM signals can be demodulated either coherently or diffe-
rentially coherent manners. The most important advantage of
differential demodulation is not requiring channel informa-
tion, and the receiver is relatively simple. However, compared
with coherent demodulation, system performance will be de-
graded from 3 to 4 dB [11]. Moreover, differential demodula-
tion cannot be applied in multi-level modulation. So coherent
demodulation is preferred to achieve higher data rates, spec-
trum efficiency and good performance. Since coherent demo-
dulation depends on the change of phase and amplitude of
carrier signal, an accurate estimation of the channel is needed
[12]. In OFDM systems, it is very important to know how to
get the best channel estimation.

OFDM system channel estimation method can be divided into
two ways, pilot-based channel estimation and blind channel
estimation. The pilot channel estimation methods are based on
the pilot channel and pilot symbol. However, due to two-
dimensional time-frequency structure of OFDM system, pilot
symbol assisted modulation (PSAM) is more flexible [14].
PSAM is the method doing channel estimation by using pilot
sequence and symbol, which are inserted into some fixed posi-
tions of signals sent by transmitter. The pilot symbol sent by
transmitter makes spectral efficiency and power utilization
lower with the trade-off of quick response to the channel vari-
ation. Blind channel estimation is focusing on the correlation
between the data sent and received, without knowing the in-
formation of the transmitted data. Although it yields higher
spectral and power efficiencies by using blind channel estima-
tion, it needs more data to analyze. Hence it is suitable for
slow varying channel [19]. This thesis is concentrated on
PSAM. For pilot based channel estimation of OFDM system,
following three are required. Firstly, suitable pilot pattern
needs to be considered. Secondly, pilot-based channel estima-
tion algorithm with low complexity should be identified.
Thirdly, proper demodulation method toward effective chan-
nel estimation has to be developed.

8 SIMULATED RESULTS

In this section, the proposed algorithm is evaluated via com-
puter simulation using MATLAB simulator. All simulation
results are obtained with a random start and no antenna or-
dering techniques are used. The parameter of the algorithm in
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[7] is set to be K = N in this paper (K should be larger than N,
in [7]).Figure 10 show the order of memory requirement for
transmit antenna selection versus the number of receive an-
tennas (N;) when the number of transmit antennas is fixed at
(Nt =200).
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Figure 10: Comparative Analysis on basis of receiver antenna
versus memory requirements.

Figure 11 show the comparative analysis of proposed system
with previous system on the basis of cumulative distribution
function versus capacity.
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Figure 11: Comparative Analysis on the basis of CDF ver-
sus capacity.

Figure 12 show the comparative analysis of proposed system
with previous system on the basis of Ergodic Capacities versus
SNR.
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Figure 12: Comparative Analysis on the basis of Ergodic Ca-
pacities versus SNR.

7 CONCLUSION

Multicasting routing or efficient utilization of channel, an
adaptive method is proposed for best antenna selection. An
antenna selection algorithms have been further enhanced by
allowing adaptive modulation schemes to be included in the
optimization procedure. With the proposed cross-layer design,
the integration of an adaptive modulation scheme with the
antenna selection strategy comes in a very natural way, since
both concepts are directly taken into account in the through-
put expression. The proposed new rapid broadcast antenna
selection algorithm is proved and the performance of it is eva-
luated via numerical simulations. It compared to the real-time
antenna-by-antenna iterative swapping enhancement (RAISE)
transmit antenna selection algorithm. By introducing pilot
based adaptation system in the same antenna selection RAISE
methodology an improved selection system can be achieved
for minimum BER w.r.t minimum SNR. For further extent of
this work, instead of RAISE algorithm a new artificial intelli-
gence can be utilized for better selection of the antenna.
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