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ABSTRACT
In current time Multiple Input Multiple Output (MIMO) wireless links has emerged as one of
the most significant technical breakthrough in modern communication. In this thesis, an
overview of MIMO system has been discussed. After presenting brief idea of MIMO system
Transmissions, the system Capacity and Bit Error Rate (Detection Techniques) of MIMO
designs have been explained. Multiple antennas have been used to increase diversity to
combat channel fading. Hence, a MIMO system can provide two types of gains: spatial
multiplexing or capacity gain and diversity gain. However, the capacity and diversity benefits
of MIMO systems depend on what kind of fading(Rayleigh and Rician) the channels
undergo; whether the fades associated with different transmit and receive antennas are
correlated; and whether the channel state information (CSI) is available at the transmitter or
not available at transmitter. This thesis presents the progress we have made towards
determining the capacity and diversity benefits of multiple antennas under different
assumptions about the fading channel. In this thesis work capacity analysis of MIMO (8X8)
system with or without CSI under different wireless fading MIMO system had been done.
Rayleigh and Rician fading channel has been taken between (8X8) transmitter and receiver.
This thesis also represent work regarding to Beamforming. Wireless relaying networks had
recently been given considerable benefits over traditional communication system. The
relaying terminals forward the information from the source to the destination mainly using
the Amplify-Forward method. The main aim of MIMO system is to increase the diversity
gain and range of system. Here, in this thesis slow and frequency non selective Rician fading
channel is assumed, and the effect of Rician factor (K) on the capacity and diversity gains of
correlated MIMO channels is investigated. Thesis presents the view point that the loss or
gain in the capacity or diversity can be considered as an equivalent increase or decrease in
the signal-to-noise power ratio (SNR). For N, X N MIMO systems, as value of k increases
the ergodic capacity and outage capacity decreases. If value of correlated fading parameter
(r) increases, the ergodic and the outage capacity decreases. When transmitter know the CSI
capacity increases as compare when transmitter does not know the CSI. When transmitter
does not know the CSI at that time equal power is given to each transmitter. The bit error rate
analysis of MIMO system have been analyzed using BPSK modulation scheme over
Rayleigh and Rician wireless fading channels. The BER performance characteristics



investigation of 8x8 antenna configuration had done by using different type of linear and
non-linear equalizer techniques namely ML, ZF and MMSE for MIMO system.

In the case of MIMO (4,3) when CSI is not present at transmitter then at SNR (dB) 5, 10 the
capacity results for Rayleigh channels are 4(bps/Hz), 13(bps/Hz). But in case of (8x8) MIMO
capacity become 13.5(bps/Hz) , 22 (bps/Hz) for taking same condition. When transmitter
know the CSI then at 5(dB), 10(dB) the capacity for MIMO(8X8) become 29.5 (bps/Hz) ,
41(bps/hz). So there is increase in capacity when number of transmitter and receiver
increases. In case of Rician channel at 30(dB),k=0 the capacity for(8x8) is 70(bps/Hz),at k=3
the capacity is 59(bps/hz) and at k=7 capacity becomes 52(bps/Hz).As value of k increases
the capacity of Rician fading channel continuously decreases. The capacity of MIMO (8x8)
for k=10 (rt=0.5,rr=0.5) at 30 (dB) become 59(bps/Hz) .Increasing channel correlation (r)
reduces the capacity of the system. Ergodic capacity of MIMO (8x8) when there are eight
relay between transmitter and receiver at 30 (dB) is 28(bps/Hz). Ergodic capacity of
MIMO(8x8) when there are four relay between transmitter and receiver at 30 (dB) is
24(bps/hz). So as number of relay between transmitter and receiver increases it increases the
capacity. The BER rate of MMSE detection techniques for MIMO (8X8) is less than as

compare of BER for ZF detection techniques at same SNR.
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CHAPTER 1
INTRODUCTION

In the most general sense, a wireless system is any collection of elements (or subsystems)
that operate interdependently and use unguided electromagnetic-wave propagation to
perform some specified function. Systems that convey information between two or more
locations, such as personal communication systems (PCS), police and fire department radio
systems, commercial broadcast systems, satellite broadcast systems, telemetry and remote
monitoring systems are example of wireless system. Systems that sense the environment
and/or objects in the environment, including radar systems that may be used for detecting the
presence of objects in some region or volume of the environment and measuring their relative
motion and/or position, systems for sensing or measuring atmospheric conditions, and
systems for mapping the surface of the Earth or planets are wireless system. Systems that aid
in navigation or determine the location of an object on the Earth or in space. Multi-carrier
modulation (MCM) is a method of transmitting data by splitting it into several components,
and sending each of these components over separate carrier signals. The individual carriers

have narrow bandwidth , but the composite signal can have broad bandwidth.

1.1 Evolution of Wireless Communication

Wireless communication systems have made large advances since the first generation (1G)
Systems. Frequency Division Multiple Access (FDMA) was the main techniques used at that
Level. Similarly, Time Division Multiple Access (TDMA) and Code Division Multiple
Access (CDMA) multiple access techniques are widely used in today’s communication
systems, which is the second generation (2G) systems [1]. CDMA s also used in the third
generation (3G) systems. These three main multiple access schemes are used to allow users
to simultaneously share radio spectrum, which is an finite and essential resource of all
wireless communications technologies. Nowadays, the wireless system designers are faced
with several challenges. The limitation of the radio spectrum and the complexity of wireless

propagation environment, moreover the increasing demand for better quality of service (QoS)
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and higher transmission date rate. Designers have divided frequency, time and code.
Traditional wireless communication systems have been made more spectrally efficient
through the use of clever coding techniques and algorithms. However, the fundamental
bandwidth limitation does not change. Multiple Input Multiple Output (MIMO)
communication systems have been an increasingly hot topic of research over the past years,
due to their ability to greatly increase spectral efficiencies. As opposed to traditional wireless
systems, in which there is one transmitting and one receiving antenna, MIMO systems use
arrays of multiple antennas at both ends of the communication link, all operating at the same
frequency at the same time[2][3]. This introduces spatial diversity into the system, which can
be used to tackle the problem of multipath. In wireless communications system, such as point
to point radio links, radio waves do not simply propagate from the transmit antenna to the
receive antenna. Rather they bounce and scatter off objects, this effect is known as multipath.
This effect is regarded as an impediment to the accurate transmission of data in traditional
wireless links [4]. MIMO systems exploit multipath by using the rich scattering environment
to increase the spectral efficiency of the wireless system. The modeling of radio waves on a
large scale can be very complex. There is however, a simplification. At high frequencies
radio waves can be approximated as travelling along localized paths. This is similar to the
geometrical treatment of light rays in optics. Complex radio environments can be modeled by
different deterministic and stochastic model. Signal processing at both ends of a MIMO
wireless link are encode and decode by the singular value decomposition (SVD) and
correlation. In this Report, an attempt is made to demonstrate the effect of correlation
between the elements of the channel matrix on important wireless system performance

criteria such as channel capacity and bit error rate.

1.2 MIMO SYSTEM

Multiple antennas can be used at the transmitter and receiver, an arrangement called a MIMO
system. A MIMO system takes advantage of the spatial diversity that is obtained by spatially
separated antennas in a dense multipath scattering environment. MIMO systems may be gain
to combat signal fading or to obtain a capacity gain. Generally, there are three categories of
MIMO technique the first aims to improve the power efficiency by maximizing spatial

diversity. Such techniques include delay diversity, STBC, and STTC. The second class uses a

2



layered approach to increase capacity. One popular example of such a system is V-BLAST ,
Where full spatial diversity is usually not achieved. Finally, the third type exploits the
knowledge of channel at the transmitter. It decomposes the channel coefficient matrix using

SVD.

S X
Transmitter \ / S Y Receiver

Figure 1: MIMO System

1.3 Types of MIMO CHANNEL
MIMO channel are defined as how many antenna are present at transmitter and receiver end

1.3.1 SISO (Single Input Single Output)

Transmitter Receiver

Figure 2: SISO(Single Input Single Output)
Refers to a wireless communications system in which one antenna is used at the source
(transmitter) and one antenna is used at the destination (receiver)[2]. SISO is the simplest

antenna technology.
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1.3.2 MISO (Multiple Input Single Output)

Is an antenna technology for wireless communications in which multiple antennas are used at
the source (transmitter). The antennas are combined to minimize errors and optimize data
speed [2]. The destination (receiver) has only one antenna. MISO is one of several forms of
smart antenna technology. MISO technology has widespread applications in digital television
(DTV), wireless local area networks (WLANSs), metropolitan area networks (MANs), and

mobile communications.

Tx \ Rx

Transmitter Receiver
Figure 3: MISO(Multiple Input Single Output)
1.3.3 SIMO (Single Input Multiple Output)
Tx Rx
Transmitter Receiver

Figure 4: SIMO (Single Input Multiple Output)

Is an antenna technology for wireless communications in which multiple antennas are used
at the destination (receiver). The antennas are combined to minimize errors and optimize data

speed. The source (transmitter) has only one antenna. SIMO is one of several forms of smart
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antenna technology, the others being MIMO (multiple input, multiple output) .SIMO
technology has widespread applications in digital television (DTV), wireless local area
networks (WLANSs), metropolitan area networks (MANS), and mobile communications.

1.4 Characteristics of MIMO
Beamforming, spatial multiplexing, Diversity are characteristics of MIMO system.

1.4.1 Beam Forming

In beam forming same signal is emitted from each of the transmit antennas with appropriate
phase (and sometimes gain) weighting such that the signal power is maximized at the
receiver input [6]. The benefits of beam forming are to increase the received signal gain, by
making signals emitted from different antennas add up constructively, and to reduce the
multipath fading effect. In the absence of scattering, beamforming results in a well-defined
directional pattern, but in typical cellular conventional beams are not a good analogy. When
the receiver has multiple antennas, the transmit beam forming cannot simultaneously

maximize the signal level at all of the receive antennas.
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1.4.2 Spatial Multiplexing

A high rate signal is split into multiple lower rate streams and each stream is transmitted
from a different transmit antenna in the same frequency channel [5]. If these signals arrive at
the receiver antenna array with sufficiently different spatial signatures, the receiver can
separate these streams into (almost) parallel channels. Spatial multiplexing is a very powerful
technique for increasing channel capacity at higher signal-to-noise ratios (SNR). Spatial

multiplexing can be used with or without transmit channel

143 DIVERSITY

Each pair of transmit-receive antennas provides a signal path from transmitter to receiver. By
sending the same information through different paths, multiple independently-faded replicas
of the data symbol can be obtained at the receiver end[7]. Hence, more reliable reception is
achieved diversity gain d implies that in the high SNR region, my P, decays at a rate of
1/SNR® as opposed to 1/SNR for a SISO system The maximal diversity gain dpay is the total
number of independent signal paths that exist between the transmitter and receiver .For an
(Mg,Mr7) system, the total number of signal paths is MrM+

1 <d < dmax= MrM~

The higher my diversity gain, the lower my P,

Space diversity:

Figure 6: Space Diversity

Redundancy is provided by employing an array of antennas, with minimum separation of A/2
between neighbouring antennas [1]. Differently polarized antennas can also be used. Antenna
6



diversity, also known as space diversity, is any one of several wireless diversity schemes that
uses two or more antennas to improve the quality and reliability of a wireless link. Often,
especially in urban and indoor environments, there is no clear line-of-sight (LOS) between
transmitter and receiver. Instead the signal is reflected along multiple paths before finally
being received. Each of these bounces can introduce phase shifts, time delays, attenuations,
and distortions that can destructively interfere with one another at the aperture of the
receiving antenna. Antenna diversity is especially effective at mitigating these multipath
situations. This is because multiple antennas offer a receiver several observations of the same
signal. Each antenna will experience a different interference environment. Thus, if one
antenna is experiencing a deep fade, it is likely that another has a sufficient signal.
Collectively such a system can provide a robust link. While this is primarily seen in receiving

systems (diversity reception)

Polarization diversity:

Transmit and/or receive with both vertical and horizontal polarization [1] .Scattering is
independent for each polarization, giving independent paths This technique requires
information to be transmitted using two different polarizations of E-M wave (Electro-
magnetic wave).Unlike space diversity distance between antennas is not a constraint for
optimum functioning of the polarization diversity in the wireless system to help recover
transmitted data at receiver end. For good performance antennas should be orthogonally
polarized, as in this way about 30dB difference of signal strength is exhibited at receiver
between these two orthogonally polarized conditions.

Frequency Diversity

Same information is transmitted on different frequency carriers, which will face different
multipath fading Transmit same signal with several frequencies[1]. Frequencies separated by

greater than coherence bandwidth.

f t

S

1 2

Figure 7; Frequency Diversity
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This radio diversity option uses a single antenna with two simultaneous frequency channels.
As the likelihood is that the signals will not suffer the same level of attenuation at different
frequencies, the receiver with the strongest signal “assumes control” of the transmission.
Like space diversity, frequency diversity requires a second receiver. But it also requires
double the spectrum usage — and this is generally less favored by regulators. Frequency
diversity relies on the fact that the fading is different at different frequencies. It is sometime
said that it is not correlated. Hence when there is a fade at one frequency, there may not be a
fade at another. To make use of this, you simply transmit your signal on two frequencies; p
At the receiving end, a circuit measures the signal-to-noise ratio in two receivers and
automatically selects which is best at any instant in time. This works well but it is rather

inefficient to have the same information transmitted on two frequencies.

Time diversity

Transmit the desired signal in M different period of time. In which each symbol is
transmitted M times [1]. Signal is re-transmitted (repeated) after greater than coherence time
At is achieved using coding and interleaving. It reduces overall transmission data rates.
Information is divided and sent across the channel at different time instants. This type of
diversity is useful in the time varying channel environment where the data are more
corrupted at one time instant but will be less corrupted at other time instant. As different time
instants sees channel differently it helps to recover the information in totality at the receiver
end. Time Diversity is used in digital communication systems to combat that the
transmissions channel may suffer from error bursts due to time-varying channel conditions.
The error bursts may be caused by fading in combination with a moving receiver, transmitter
or obstacle, or by intermittent electromagnetic interference, for example from crosstalk in a
cable, or co-channel interference from radio transmitters. Time diversity implies that the
same data is transmitted multiple times, or a redundant error correcting code is added. By

means of bit-interleaving, the error bursts may be spread in time.

1.5 Motivation
In the light of the above description of the current wireless networks, one can conclude that
despite significant improvement on the provision of wireless services, there is an underlying

strong demand for higher date rate wireless services, mainly driven by wireless data
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applications, as well as users’ expectation of wire-equivalent quality wireless service.
Providing such high-rate high-quality wireless services is extremely challenging due to the
inherent harsh wireless propagation environment. Compared to wired communication,
wireless communication faces two fundamental problems that make fast and reliable wireless
connection difficult to achieve, namely, interference and fading (variation of the channel
strength over time and frequency due to the small-scale effect of multipath fading, as well as
larger-scale fading effects such as path loss via distance attenuation and shadowing by
obstacles such as tall buildings and mountains). In addition, wireless communication is
required to carefully address the resource management problem, i.e. how to efficiently
allocate and utilize power and spectrum (two principle resources in wireless communication).
Responding to these challenges, multiple-input multiple-output (MIMO) antenna systems
were proposed independently by Telatar [9] and Foschini and Gans [8]. By introducing
multiple antennas at both sides of the communication link, MIMO systems are able to
substantially increase date rate and improve reliability without extra spectrum and power
resources. The remarkable prospect of MIMO systems has not only sparked huge research
interests in the research community, but also attracted enormous attentions from the industry
and has led to practical implementation in real communication systems. For instance, MIMO
technology has already been incorporated into various industry standards, In general, MIMO
technology is likely to become a prominent feature of future wireless communication
systems. The huge potential of MIMO technology has sparked a surge of research activities,
which greatly strengthen our understanding of the fundamental limits and performance of
MIMO channels. However, most of these research works are based on a relatively simple
channel model; for instance, the channel is assumed to be a single random matrix and is
subjected to Rayleigh fading or Rician fading. On the other hand, the increasing popularity of
MIMO technology calls for a better understanding of the performance of MIMO systems
operating in more practical environments. Motivated by this, this thesis looks into several
general and practical channel models, such as Rayleigh and Rician MIMO fading channels,
and investigates the fundamental capacity of MIMO system with or without CSI The
objective of the thesis is to enhance our understanding of MIMO systems operating in these
general MIMO channels, and to derive a set of new analytical results for understanding the

performance of these advanced MIMO systems.



1.6 Gaps

As number of transmitter and receiver increases there is increase in channel capacity and
reduction in BER but due to increase in channel capacity complexity of system increase
because there are increase in RF link. More power is required for more number of transmitter
and receiver. Water pouring principle can be used when transmitter know the CSI. But at
higher SNR capacity become equal with and without CSI using water pouring principle.
Multiuser MIMO user system is largely unexplored and need to be explored. Transmitter
synchronization in multiuser communication is very difficult and need attention either by
linear or non- linear preceding methods. In spatial multiplexing, a high rate signal is split into
multiple lower rate streams and each stream is transmitted from a different transmit antenna

in the same frequency channel but it is not always possible to maintain spatial multiplexing.

1.7 Methodology of Thesis

In this thesis, the overview of MIMO system as well as the capacity (8X8) and bit-error-rate
has been thoroughly investigated. Further, the techniques have been described with
mathematical modeling and closed form expressions capacity for Rayleigh Channels,
beamforming, relay MIMO and for Rician channels have been described. Capacity under
Rayleigh fading channel and Rician channel has been experimentally computed with and
without CSI at transmitter. Then linear and non-linear detection based techniques are utilized

for calculating and analysis of bit error rate.

1.8 Organization of Thesis

The thesis is organized into six chapters. Chapter 1: introduces the MIMO system and Brief
idea of diversity, spatial multiplexing and beamforming. Chapter 2: discusses the literature
survey of MIMO capacity and BER. In Chapter 3.The overview of MIMO system with
diversity, fading has been discussed Chapter 4: discusses the analysis and of MIMO capacity
under Rayleigh fading and Capacity for correlated Rician fading channel. It discusses the bit
error rate for MIMO (8X8) detection techniques. Chapter 5: discusses the analysis and
simulation of MIMO (8x8) capacity and equalization techniques. Chapter 6: provides a

Conclusion and gives recommendations for future study.
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CHAPTER 2

Literature Survey

H.Foschini et al. [8] analyzed that capacity of a multiple-antenna point to point wireless
system in a narrow-band slowly Rayleigh-fading environment. They suppose independent
and identically distributed (i.i.d.) fading at different antenna elements, and assume that the
transmitter does not know the channel while the receiver is able to track the channel
perfectly. With T transmit and R receive antennas, the system is described by the matrix

Y= \/E—Sme (2.1)

where Es is the total energy available at the transmitter, y is the R x 1 vector of signals

equation

received on the R antennas, x is the T x 1 vector of signals transmitted on the T transmit
antennas, n is the R x 1 noise vector consisting of independent complex Gaussian distributed
elements with zero mean and variance o2, and H is the R x T channel matrix. The capacity

for this system is shown to be

C=log,Eyq [det (In + N%V)]

V=HH!N, < N, (2.2)
V=H"HN, > N, (2.3)
Es
pPp==

o

Where EH{.} denote the expectation over H, m = min(N,, N,) and the operator indicates the
hermitian of the matrix H. The above equation can be decomposed using singular value

decomposition (SVD)
C=Ey T loga (1+ £-B1) (2.4)
Teletar et al. [9] proposed that when the (CSI) is available at the transmitter, the capacity

given can be increased by given the transmitted power to various antennas according to the

“water-filling” algorithm. In the case of water pouring principle the channel parameter are
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known to transmitter and more power is given to that channel which is in good condition or

less or none which is in bad condition

C=Ey ([, log2(u2)") (25)
u is chosen
p=X(m—AD" (2.6)

+ denotes the positive term.

While Da-Shan et al. [11] modeled the MIMO correlated fading as

1, 1,
Heorr = R “HwR, (2.7)
Where R.and R, are the correlation matrix at the transmitter and at the receiver side,
respectively. The MIMO channel capacity in correlated channels using the uniform and
exponential correlation matrix model has been investigated by Lokya et al. [10]. Using
uniform correlation matrix model, the correlation matrix R is defined as.

r iF]

While using exponential correlation model, the correlation matrix R is defined as

i i<
= 15 (2.9)

Where r is the correlated fading parameter between any two adjacent antennas, and “*”

denotes the complex conjugate. As the correlation increases, the capacity decreases. In other

words, the increase in correlation is equivalent to the decrease in SNR.

Farrokh et al. [12] modeled the Rician fading channel as

H=aH*? +bH*¢ ( 2.10)

Where the specular[13] and scattered components of H are denoted by superscripts, a >0, b

>0 and a? + b? = 1.

H5Pis a matrix of unit entries denoted as.
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K 1 1
H= /K—HH5+ /K—HRr/ZHd (2.11)

Ayadi’s et al. [14] state that they for Rician fading and with CSI being available

only at the receiver

« Increase in Rician factor reduces the capacity of the MIMO system.

* Increase in Rician factor increase the capacity of the SIMO system.

Yonghua Li et al.[6] state that In mobile communication, space is a very important domain
to use. Two kinds of leading techniques are beamforming and STBC in MIMO system. They
investigate the relation between beamforming and STBC at the capacity perspective. Both
techniques can improve system performance at the cost of the capacity, which shows that
they convert the matrix channel into a scalar AWGN channel. At low SNR, the MIMO
capacity is less than that of beamforming system, and vice versa in independent MIMO
channel. But in highly correlated channel, the capacity of beamforming is larger than that of
MIMO system, and MIMO capacity is same with that of STBC. It is proven that
beamforming is robust at both independent and correlated channels, and STBC is optimal
with respect to capacity when it is code rate one over a channel of rank one. Simulations are
conducted at the actual applications.

Peter J. Smith et al. [15] state that It is well known that multiple input multiple output
(MIMO) systems offer the promise of achieving very high spectrum efficiencies (many tens
of bit/s/Hz) in a mobile environment. The gains in MIMO capacity are sensitive to the type
of channel encountered in the radio environment. To date most analytical work has
concentrated on Rayleigh fading channels. They consider the capacity outage performance of
MIMO systems in Rician channels. Due to analytical complexity they concentrate on dual
antenna systems (either two transmit or two receive antennas) and derive exact densities and
distribution functions for the capacity.

Da-Shan Shiu et al. [16] investigate the effects of fading correlations in multi element
antenna (MEA) communication systems. Pioneering studies showed that if the fades
connecting pairs of transmit and receive antenna elements are independently, identically
distributed, MEA’s offer a large increase in capacity compared to single-antenna systems. An
MEA system can be described in terms of spatial Eigen modes, which are single-input single-

output sub channels. The channel capacity of an MEA is the sum of capacities of these sub
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channels. They show that the fading correlation affects the MEA capacity by modifying the
distributions of the gains of these sub channels. The fading correlation depends on the
physical parameters of MEA and the scattered characteristics. They employ an abstract
model, which is appropriate for modeling narrow-band Rayleigh fading in fixed wireless
systems.
Rohit U. Nabar et al. [17] state that it is possible to assess the impact of real-world
propagation conditions on the maximum achievable diversity performance of communication
over Rician multiple input multiple-output (MIMO) channels. They examine a MIMO
channel employing orthogonal space—time block codes (OSTBCs) and study the diversity
behavior of the resulting effective single-input single-output (SISO) channel. The
performance criteria employed are symbol error rate, outage capacity, and wideband spectral
efficiency. For general propagation conditions, they establish key quantities that determine
performance irrespective of the performance criterion used.
Ligang Ren et al.[18] state that Multiple Input Multiple Output (MIMO) systems that use
antenna arrays at both the transmitter and receiver is gaining much more attention and
efforts in wireless communication research due to their potential to increase considerably
capacity in mobile cellular communications. However, in real propagation environment of
cellular communications, it is difficult to gain the ideal ergodic capacity for the time-varying
fading MIMO channels except using adaptive modulation and power water-filling in space
domains over every MIMO sub channel. A novel Improved Rate Quantization (IRQ)
algorithm using water filling theory for power allocation and adaptive modulation is
proposed by them. They show that, with low complexity, IRQ can obtain higher transmit
power utilization and greater spectral efficiency than other present rate quantization and
power allocation scheme.
Alamouti et al.[19] presented a new diversity scheme (Alamouti’s scheme). They assume
independent and identically distributed (i.i.d.) fading at different antenna elements, and
assume that the transmitter does not know the channel while the receiver is able to track the
channel perfectly. The important results obtained were as follows
» Using two transmit antenna and one receive antenna, the new scheme provides the same
order of diversity as the maximal-ratio receive combining (MRRC) with one transmit antenna
and two receive antenna.
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* The scheme can be easily generalized to two transmit antennas and R receive antennas to
provide a diversity of 2R.
Z. Xinyu et al. [20] analyze the capacity of the channel in MIMO system through the
uniform angular energy distribution and correlation matrix that give the higher value of
correlation between the channels and the smaller value of SNR. The expansion of radius and
angle of the receiving antenna array is the key point of capacity of channel in MIMO system.
B. Holter et al. [21] analyzed that MIMO systems channel and found that MIMO offer a
significant capacity gain over a traditional single-input single-output (SISO) channel. There
is a linear increase in spectral efficiency compared to a logarithmic increase in more
traditional systems which utilizing receiver diversity or no diversity. The high spectral
efficiencies attained by a MIMO system are enabled in a rich scattering environment, the
signals from each individual transmitter appear highly uncorrelated at each of the receive
antennas. When the transmitted signals are conveyed through uncorrelated channels through
the transmitter and receiver, the signals corresponding to each of the individual transmit
antennas have attained different spatial signatures. The receiver can use these differences in
spatial signature simultaneously and at the same frequency separate the signals that
originated from different transmit antennas.
G. Taricco et al. [22] provided an asymptotic method to derive a very good approximation
to the ergodic capacity of a MIMO communication system that was affected by additive
noise, interference, Rician fading and spatial correlation (Kronecker model). The ergodic
capacities are highly suboptimal if the interference power level is relatively high compared to
the signal power level. The main reasons for the difficulty in analyzing MIMO system is the
large number of parameters involved, which can affect the system performance in an
unpredictable way. Therefore, the proposed algorithms to calculate the mutual information
and the capacity give a valuable tool for the MIMO system design and pave the way to
parameter optimization in the complex distributed MIMO environment.
The performance of multi-antenna Amplify-and-Forward (AF) relays for a future cellular
system where the destination and the source form a MIMO system analyzed by two
scenarios, 1st the multi-relay scenario i.e. distributed relays in which each terminal equipped
with multiple antenna. 2nd one-relay scenario i.e. a single relay in a sector where each relay
is equipped with at least one antenna. The optimal filter coefficients applied at the relays are
15



derived and recommended for both cases by M. Qingyu et al. [23]. The throughput of the
single link showing the AF relay matched filter based performs best in the multi-relay
scenario. On other hand the relay based singular value decomposition (SVD) is more suitable
for the one-relay scenario.
The practical scenario for multiuser multi-hop multiple-input multiple-output (MIMO) relay
systems with correlated MIMO fading channels considered where the channel fading is fast
and thus the instantaneous channel state information (CSl) is only available at the destination
node, but unknown at all users and all relay nodes.
Y. Rong et al. [24] derive the structure of the optimal user pre-coding matrix and relay
amplifying matrix that maximizes the user’s destination mutual information. The optimal
structure of user pre-coding matrix and relay amplifying matrix has been proposed to
optimize the mutual information of multiuser multihop MIMO relay system. The proposed
power loading algorithm only has a small performance degradation compared with the
optimal user and relay design using the instantaneous CSI, but greatly reduced computational
complexity and signaling overhead.
Gregory G. Raleigh et.al [25] state that Multipath signal propagation has long been viewed
as impairment to reliable communication in wireless channels. They show that the presence
of multipath greatly improves achievable data rate if the appropriate communication structure
is employed. A compact model is developed for the multiple-input multiple-output (MIMO)
dispersive spatially selective wireless communication channel. The multivariate information
capacity is analyzed. For high signal-to-noise ratio (SNR) conditions, the MIMO channel can
exhibit a capacity slope in bits per decibel of power increase that is proportional to the
minimum of the number multipath components, the number of input antennas, or the number
of output antennas. This desirable result is contrasted with the lower capacity slope of the
well-studied case with multiple antennas at only one side of the radio link.
Recent years, cooperative technology has taken a lot of attention since it can improve the bit
error rate (BER) and lower the transmit power in radio mobile networks, especially when the
direct channel between the source and the destination is poor. Cooperative multiple input
multiple outputs (Co-MIMO) is a kind of MIMO technique, where the multiple inputs and
outputs are formed via cooperation proposed by Trungtan Nguyen et al. [26] they show that
different terminals can reduce antenna spatial correlation, thereby increase the capacity and
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throughput of the system, and even reach the ideal capacity of MIMO system. Meanwhile,
the number of multi-path Rayleigh fading does not affect the channel capacity.

Chao-Kai et al. [27] they study the capacity-achieving input covariance matrices for the
jointly-correlated Rician fading multiple-input multiple-output (MIMO) antenna channel
when perfect channel state information (CSI) is known at the receiver while only statistical
CSI at the transmitter is available. . Their contribution includes the expression for the
asymptotic mutual information for the jointly-correlated Rician fading MIMO channel in the
large-system regime in which the numbers of antennas at the transmitter and receiver go to
infinity with a fixed ratio. Based on this expression, an efficient algorithm is proposed to get
the capacity-achieving input covariance matrix.

An asymptotic method to derive the ergodic capacity achieving covariance matrix for a
multiple-input multiple- output (MIMO) channel is presented by Giorgio Taricco et.al [28]
The method is applicable to MIMO channels affected by separately correlated Rician fading
and co-channel interference. They assumed that the number of transmit, receive and
interfering antennas grows asymptotically while their ratios, as well as the SNR and the SIR,
approach finite constants.

Constantin Siriteanu et.al [29] study the zero-forcing (ZF) detection for multiple-input
multiple-output (MIMO) wireless communications systems and transmit-correlated and
estimated Rician fading with realistic azimuth spread (AS) and A-factor .

The generalized Minimum Mean Squared Error (GMMSE) detector has a bit error rate
performance, which is similar to the MMSE detector. The advantage of the GMMSE detector
is, that it does not require the knowledge of the noise power. However, the computational
complexity of the GMMSE detector is significantly higher than the computational
complexity of the MMSE detector investigated by Tharwat Morsy et.al [30]

Xiwu Lv et.al. [31] they mainly focus on the information theoretic capacity of multiple-input
multiple-output (MIMO) independent and identically distributed (i.i.d.) Rayleigh flat fading
channels assuming equal power allocation to each of the transmit antennas. They present an
overview of the analytical results on MIMO channel capacity in recent years, including the
statistical properties, approximate distributions and lower and upper bounds of ergodic

capacity and so on.

17



Zhongliang Fan et. al. [32]proposes a low complexity multi-input multi-output (MIMO)
detector for coded systems based on the combination of maximal ratio combining (MRC) and
minimum mean square error (MMSE) algorithm. The proposed scheme takes advantage of
MMSE for the first iteration to guarantee reliable soft information derived from channel
decoder. With these soft information and interference cancellation (IC), the MIMO system is
converted to a single-input multi-output (SIMO) system. Hence, MRC, which is a simple
space signal processing technology only for SIMO systems, is used in rest iterations to avoid
matrix inverse associated with MMSE-based detector. Because only linear operations are

required in rest iterations,

2.1 Objectives of Thesis

Primary objectives of this thesis are:

% To study and simulate the MIMO (8X8) System Capacity and Bit Error Rate.

% To study and analysis the performance of capacity gain of MIMO (8x8) in
correlation Rician channel.

% To study and analyze the performance of capacity gain of MIMO (8X8)

system in correlation Rayleigh channel.
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CHAPTER 3
MIMO System

3.1 MIMO SYSTEM BASIC

Multiple antennas can be used at the transmitter and receiver, an arrangement called a MIMO
system. A MIMO system takes advantage of the spatial diversity that is obtained by spatially
separated antennas in a dense multipath scattering environment. MIMO systems may be gain
to combat signal fading or to obtain a capacity gain. Generally, there are three categories of
MIMO technique the first aims to improve the power efficiency by maximizing spatial
diversity. Such techniques include delay diversity, STBC, and STTC. The second class uses a
layered approach to increase capacity. One popular example of such a system is V-Blast.,
Where full spatial diversity is usually not achieved. Finally, the third type exploits the
knowledge of channel at the transmitter. It decomposes the channel coefficient matrix using
SVD.

Tx

Y~ Y
<!

Figure 8: MIMO System

Receiver

3.2 MIMO System
We have consider a MIMO system with transmit array of N, antenna and receive array of N,
antenna as shown in figure 8 . The transmitted matrix is N, X 1 column matrix X where X;is
ith component which is transmitted from ithantenna. We suppose the channel is Gaussian
channeland elements of channel are supposed to independent identically distributed (i.i.d)
Gaussian variables. If channel is unknown at the transmitter side we assume that equal power
Ex /N, is given to each transmitter antenna. The covariance of transmitted matrix is given by
19



E
Rxx = N_)ZINC (31)

Where Ex is the power across transmitter irrespective number of antennas wherely, is a

N; X N, identity matrix.
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Figure 9 MIMO Model

The channel matrix H is a N, X N,.complex matrix. The component h;; of the matrix is the
fading coefficient from jth transmit antenna to ith receive antenna. If weassume that received
power of each. Antenna is equal to total transmitted powerEy. This mean we ignore the

signal attenuation, antenna gain and other things, for a deterministic channel as

Y 2= Neo i=123 .0 (3.2)
If we assume that channel matrix is known at only receiver side not at transmitter side. The
channel matrix at receiver can be estimated by training sequence. If transmitter to know this
channel we can communicate this information to transmitter via feedback channel. Noise at
the receiver is another column of size N, x 1, denoted by n. The components of n are zero
mean circularly symmetrical complex Gaussian (ZMCSCG) variable. The covariance matrix

of receiver noise given by
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R,, = E{nn"} (3.3)
If there is not any correlation between component of n then

Rin = Noly, (3.4)
each of the N, receive branches has identical noise powerN,. Since we have assumed the

total power received power per antenna is equal to total transmitted power. The SNR can be

written as
E
== 3.5
Y=g (3.5)
there for receiver vector can express as
R =Hx +n (3.6)
3.3 MIMO Transmission
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Figure 10 : Data transmission in MIMO system

We focus on a single-user communication model and consider a point-to-point link where
The transmitter is equipped with Nt antennas and the receiver employs N, antennas. Next to
the single user assumption in the depiction as point-to-point link, we suppose that no inter-
symbol interference (ISI) occurs. This implies that the bandwidth of the transmitted signal is
very small and can be assumed frequency flat (narrowband assumption), so that each signal
path can be represented by a complex-valued gain factor. For practical purposes, it is
common to model the channel as frequency-flat whenever the bandwidth of the system is

smaller than the inverse of the delay spread of the channel; hence a wideband system
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operating where the delay spread is fairly small may sometimes be considered as frequency
flat .The figure shown below demonstrates how data is transmitted in a MIMO system.
Consider the 6-bit data stream shown in figure-10 .This data stream is broken down (de-
multiplexed) into N equal rate data streams, where N is the number of transmitting antennas,
which is three in this case. Each of the lower bit rate sub streams are transmitted from one of
the antennas. All are transmitted at the same time and at the same frequency, therefore they
mix together in the channel. Since all sub streams are being transmitted at the same
frequency, it is very spectrally efficient.

Each of the receive antennas picks up all of the transmitted signals superimposed upon one
another. If the channel ‘H’ is a sufficiently rich scattering environment, each of the
superimposed signals will have propagated over slightly different paths and hence will have
differing spatial signatures. The spatial signatures exist due to the spatial diversity at both
ends of the link, and therefore create independent propagation channels. Each transmit
receive antenna pair can be treated as parallel sub channels (i.e. a single-input single-output
(S1SO) channel), this will become clearer when discuss the analysis of the channel H. Since
the data is being transmitted over parallel channels, one channel for each antenna pair, the

channel capacity increases in proportion to the number of transmitter-receiver pairs.

3.4 Small scale fading

Coherence bandwidth Range of frequencies over which the channel can be considered flat
(i.e. channel passes all spectral components with equal gain and linear phase). Two sinusoids
with frequency separation greater than B, are affected quite differently by the channel. If we
define Coherence Bandwidth (Bc) as the range of frequencies over which the frequency
correlation is above 0.9. Doppler shift Measure of spectral broadening caused by motion We
know how to compute Doppler shift: fy Doppler spread, Bp, is defined as the maximum
Doppler shift: f,, = v/A. If the baseband signal bandwidth is much greater than Bp then effect
of Doppler spread is negligible at the receiver. Coherence time is the time duration over
which the channel impulse response is essentially invariant. If the symbol period of the
baseband signal (reciprocal of the baseband signal bandwidth) is greater the coherence time,
than the signal will distort, since channel will change during the transmission of the signal.

When the waves of multipath signals are out of phase, reduction in signal strength or fade
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can occur. The type of fading experienced by a signal propagating though a mobile radio
channel depends on the nature of the transmitted signal with respect to the characteristics of
the channel. Depending on the relation between the signal parameters (such as bandwidth,
symbol period, etc.) and the channel parameters (such as rms delay spread and Doppler
spread), different transmitted signals will undergo different types of fading. Fade zones tend
to be small, multiple areas of space within a multipath environment that cause periodic
attenuation of a received signal for users passing through them. In other words, the received
signal strength will fluctuate downward, causing a momentary, but periodic, degradation in
quality. The small-scale signal fading due to the time dispersion and frequency dispersion
mechanisms in a mobile channel could be classified into four major categories depending on
the nature of the transmitted signal, the channel and the mobile velocity.
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Figure 11 : Multipath propagation of a signal

3.4.1 Fast Fading

In a fast fading channel, the channel impulse response changes rapidly within the symbol
duration [1]. That is, the coherence time of the channel is smaller than the symbol period of
the transmitted signal. This causes frequency dispersion due to Doppler spreading, which
leads to signal distortion. Fast fading channel only deals with the rate of change of the
channel due to motion. In practice, fast fading only occurs for very low data rates.

3.4.2 Slow Fading

In a slow fading channel, the channel impulse response changes at a much slower rate than

the transmitted baseband signal [1]. The channel may be assumed to be static over on or
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several reciprocal bandwidth intervals. In the frequency domain, this implies that the Doppler
spread of the channel is much less than the bandwidth of the baseband signals.

3.4.3 Frequency Selective Fading

The channel creates frequency selective fading on the received signal if the channel
possesses a constant-gain and linear phase response over a bandwidth that is smaller than the
bandwidth of transmitted signal [1]. Under such conditions, the channel response has a
multipath delay spread which is greater than the reciprocal bandwidth of the transmitted
message waveform. When this occurs, the received signal includes multiple versions of the
transmitted waveform, which are attenuated and delayed in time, and hence the received
signal is distorted. When viewed in frequency domain, certain frequency components in the
received signal spectrum have greater gains than others. The spectrum of the transmitted
signal, for frequency selective fading, has a bandwidth greater than the coherence bandwidth
of the channel.

Frequency selective fading channel models are very difficult to model since each multipath
must be modeled and the channel must be considered to be a linear filer. Therefore, these
models are typically developed from the wideband multipath measurements. However, when
analyzing mobile communication systems, statistical impulse response models such as the
two-ray Rayleigh fading model are generally used. In two-ray Rayleigh fading model, the
consideration is that the impulse response of the channel is made up of two delta functions
that fade independently and have sufficient time delay between them to induce frequency

selective fading upon the applied signal [33].

3.4.4 Flat Fading

The received signal will undergo flat fading channel if the mobile radio channel has a
constant gain and linear phase response over a bandwidth, which is greater than the
bandwidth of the transmitted signal [1]. The multipath structure of the channel is such that
the spectral characteristics of the transmitted signal are preserved at the receiver but the
strength of the received signal changes with time due to fluctuations in the gain of the
channel cause by multipath. Flat fading channels are also known as narrowband channels

since the bandwidth of the applied signal is narrow as compared to the channel flat fading
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bandwidth. Typical flat fading causes deep fades and thus required a higher transmitter
power of 20 or 30 dB to achieve low bit error rates during times of deep fades.

3.5 Diversity Techniques

Diversity is a powerful communication receiver technique that provides wireless link
improvement at relatively low cost. Unlike equalization, diversity requires no training
overhead since the transmitter does not require a training sequence. Furthermore, there are
wide ranges of diversity implementations, many of which are very practical and provide
significant link improvement with little added cost. Diversity exploits the random nature of
radio propagation by finding independent signal paths for communication. In virtually all
applications, diversity decisions are made by the receiver, and are unknown to the
transmitter. The diversity concept can be explained simply. If one radio path undergoes a
deep fade, another independent path may have a strong signal. By having more than one path
to select from, both the instantaneous and average SNRs at the receiver may be improved.

3.6 Types of Diversity

In this section, we examine the type of diversity that can be used to provide the inputs to the
diversity combiner. Most diversity systems are implemented in the receiver instead of the
transmitter since no extra transmitter power is needed to implement the receiver diversity
system. Since the path between the mobile and base is assumed to be reciprocal, diversity
systems implemented in a mobile will work similarly to those in a base station. There are two

general types of diversity schemes [7].

3.6.1 Macroscopic diversity scheme

The Macroscopic diversity scheme is used for combining two or more long-term lognormal
signals, which are obtained via independently fading paths received from two or more
different antennas at different base-station sites. The local mean strength varies because of
variations of terrain between the mobile transmitter and the base station receiver. If only one
antenna site is used, the traveling mobile unit may not be able to transmit a signal to the base
station at certain geographical locations because of terrain variations such as hills or
mountains. Therefore, two separated antenna sites can be used to receive two signals and to

combine them to reduce long-term fading. The selective combining technique is
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recommended in the macroscopic diversity scheme since other methods require coherent
combining that is difficult to achieve when the receivers are some distance apart.
Macroscopic diversity is often used in short-wave systems to reduce the effects of fading
from the ionosphere. Cellular and PCS system achieve the same effect by handoffs to nearby
cell sites when the signal strength becomes weak [34].

3.6.2 Microscopic diversity scheme

The Microscopic diversity scheme is used for combining two or more short-term Rayleigh
signals, which are obtained via independently fading paths received from two or more
different antennas but only at one receiving co site. Once the diversity branches are created,
any of the combining methods can be used. In mobile wireless communications, multipath
fading can cause constructive and destructive interference. A popular method to mitigate the
effects of multipath fading is diversity, a process of obtaining multiple independent signal
branches through many dimensions including time, frequency, polarization, angle, and space
Time Diversity

Time diversity reception techniques are primarily applicable to the transmission of digital
data over a fading channel [2]. In time diversity, the same data are sent over the channel at
time intervals of the order of the reciprocal of the baseband fade rate f, = 2f,,.In mobile radio,

the reciprocal fade rate can be expressed:

s+ _
T 2()

The time separation increases as the fade rate decreases. Multiple diversity channels can be
provided by successively transmitting the signal sample in each time slot. The sampling rate
for voice transmission of a single channel is (2 x 4 kHz = 8 kHz) [35]. For M branch
diversity, the sampling rate must be (M x 8 kHz), since the transmission delay spread is

usually less than 20ms, which is much less than the inverse of the sampling rate:

1

f<3
Hence, the sampling rate fs is not limited by the time-delay spread. However, the minimum
time separation between samples shown in for diversity application may cause a serious

problem, since f., is a Doppler frequency, expressed:
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When the vehicle is stationary, v=0, and thus f»=0. This means that the time separation p_ is
infinite. Therefore, the advantages of time diversity are lost when the vehicle is not moving.
This is in sharp contrast to other diversity schemes, in which the branch separation is not a
function of vehicle speed and thus the two diversity signals are independent over any value

of v.

Frequency Diversity

Frequency diversity is implemented by transmitting information on more than one carrier
frequency. The rationale behind this technique is that frequencies separated by more than the
coherence bandwidth of the channel will be uncorrelated and will thus not experience the
same fades [2]. Theoretically, if the channels are uncorrelated, the probability of

simultaneous fading will be product of the individual fading probabilities [36].

S(f) s

> f[Hz]

Figure 12 : Frequency Diversity
Frequency diversity is often employed in microwave line-of-sight links, which carry several
channels in a frequency division multiplex mode (FDM). Due to troposphere propagation and
resulting refraction, deep fading sometimes occurs. In practice, 1: N protection switching is
provided by a radio licensee, wherein one frequency is nominally idle but is available on a
stand-by basis to provide frequency diversity switching for any one of the N other carriers
(frequencies) being used on the same link, each carrying independent traffic. When diversity

is needed, the appropriate traffic is simply switched to the backup frequency. This technique
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has the disadvantage that it not only requires spare bandwidth but also requires that there be
as many receivers as there are channels used for the frequency diversity.
Polarization Diversity
Signals transmitted in either horizontal or vertical electric fields are uncorrelated at both the
mobile and Base station receivers. The horizontal and vertical polarization components, Ex
and Ey, transmitted by two polarized antennas at the base station and received by two
polarized antennas at the mobile unit, can provide two uncorrelated\ fading signals.
Polarization diversity results in a 3-dB power reduction at the transmitting site since the
power must be split into two different polarized antennas. The de- correlation for the signals
in each polarization is caused by multiple reflections in the channel between the mobile and
base station. After sufficient random reflections, the polarization state of the signal will be
independent of the transmitted polarization. In practice, however, there is some dependence
of the received of the received polarization on the transmitted polarization [34].
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Figure 13: Polarization Diversity
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Figure 14: Angle Diversity
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When the operating frequency is greater than 10 GHz, the scattering of the signals from
transmitter to receiver generates received signals from different directions that are
uncorrelated with each other. Thus, two or more directional antennas can be pointed in
different directions at the receiving site and provide signals for a combiner. This scheme is
more effective at the mobile unit than at the base station since the scattering is from local
buildings and vegetation and is more pronounced at street level than at the height of base
station antenna.

Space diversity

N
—~ —
I

Figure 15: Space Diversity

Redundancy is provided by employing an array of antennas, with a minimum separation of
M2 between neighbouring antennas. Differently polarized antennas can also be used. But it is
not practical to have a mobile with multiple antennas separated by A / 2 (7.5 cm apart at 2
GHz). Can have multiple receiving antennas at base stations, but must be separated on the
order of ten wavelengths (1 to 5 meters). Since reflections occur near receiver, independent

signals spread out a lot before they reach the base station. A typical antenna configuration for
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120 degree sectoring can be used in space diversity For each sector, a transmit antenna is in
the center, with two diversity receiving antennas on each side. If one radio path undergoes a
deep fade, another independent path may have a strong signal. By having more than one path
one select from, both the instantaneous and average SNRs at the receiver may be improved
3.7 MIMO Diversity Techniques

The key idea in MIMO diversity techniques is that the same data stream is transmitted from
multiple antennas or received at more than one antenna. MIMO diversity schemes are
impressively effective in increasing the diversity gain where consequently performance is
improved [37].Diversity can be implemented at the transmit end (transmit diversity), at the
receive end (receive diversity) or at both ends of the wireless link. Generally, MIMO
diversity techniques can provide higher SNR and improve transmission reliability as a

result.

3.7.1 Transmit Diversity
/ h>
T i

hre

Rx >

A

Figure 16 : Transmit Diversity

Transmit diversity improves the signal quality and achieves a higher SNR ratio at the
receiver side; it involves transmitting data stream through multiple antennas and receiving by
single antenna or more. Transmit diversity can effectively mitigate multipath fading effects
as multiple antennas afford a receiver several observations of the same data stream. Each

antenna will experience a different interference environment and if one antenna experienced
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a deep fade, then it is likely that another has a sufficient signal. Thus, transmit diversity can
help improve the reliability of the data reception and data decoding as well. The most popular
examples of these transmit diversity techniques include Alamouti code [38] and orthogonal j
codes proposed by Taroukh et al. [39]. Figure 16 depicts the whole system for an exemplary
N transmit antenna system.

3.7.2 Receive Diversity

Receive diversity are widely used in wireless communication systems; it can be achieved by
receiving redundant copies of the same signal. The idea behind receive diversity is that each
antenna at the receive end can observe an independent copy of the same signal. Therefore the
probability that all signals are in deep fade simultaneously is significantly reduced. This type
of diversity hasn't particular settings or requirements on the transmit end, but requires a
receiver that could simultaneously process all received signals and combines them by a
proper combining method [37]. There are several classical methods for combining the
different diversity branches at the receiver [40], [41], the most important of which and most
widely used are Selection Combining (SC), Maximal Ratio Combining (MRC) and Equal
Gain Combining (EGC).

Selection Combining
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Figure 17: Receive Diversity: Selection Combining

RX

Selection combining shown in Figure 17 is the simplest form of receive diversity combining
methods. Fundamentally it estimates the instantaneous SNR for each of the received signals

and selects the particular receiver output with the strongest SNR among N diversity
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branches; where N; is the number of receive antennas in the system. Selection Diversity is
simple and cheap .in this receiver selects branch with highest instantaneous SNR. New
selection made at a time that is the reciprocal of the fading rate. This will cause the system to
stay with the current signal until it is likely the signal has faded. In selection diversity there is

improvement in SNR. Let y is new average signal SNR. I : avg. SNR in each branch.

Then 7=T¥ t=T(1+5+s+5+2)>T

Maximal Ratio Combining

The selection combining technique ignores information from all diversity branches except
the particular branch that has the highest SNR. This drawback is mitigated by using Maximal
Ratio Combining, in which the information from all branches is combined in order to
maximize the output SNR [9]. MRC works by weighting each branch with the complex
conjugate of their particular channel coefficients and then do summation to produce the
received signal as shown in Figure 18. The voltage signals  from each of the M diversity
branches are co-phased to provide coherent voltage addition and are individually weighted to

Provide optimal SNR. The resulting signal envelop applied to detector:

M
Ty = Z G;r
=1

Total noise Power

M
Ny = Nz G?
I=1
SNR applied to detector
T
Ym = Z—Nt

The voltage signals from each of the M diversity branches are co-phased to provide coherent
voltage addition and are individually weighted to provide optimal SNR. The voltage signals
from each of the M diversity branches are co-phased to provide coherent voltage addition and
are individually weighted to provide optimal SNR .The SNR out of the diversity combiner is

the sum of the SNRs in each branch.
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MRC gives optimal SNR improvement:
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Figure 18: Receive Diversity: maximal ratio combining

Equal Gain Combining (EGC) is similar to Maximal Ratio Combining without weighting
the signals before summation [19]. In EGC co-phasing is needed to avoid signal cancellation.
The average SNR improvement of EGC is typically about 1 dB worse than with MRC, but

still simpler to implement than MRC.
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3.8 MIMO Spatial Multiplexing Techniques

Spatial Multiplexing (SM) has been utilized in MIMO systems to provide higher
transmission rate without allocating additional bandwidth or increasing the transmit power
[44]. The VBLAST [43] was the practical implementation approach of spatial multiplexing
technique. Spatial multiplexing involves deploying multiple antennas at both transmitter and
receiver ends as shown in Figure 19. Input data streams can be divided into different
independent sub streams and then transmitted simultaneously via sufficiently-separated
antennas ( A / 2) or more, to obtain highly uncorrelated and independent signal). It has been
shown in [2] that utilizing spatial multiplexing schemes under certain conditions and
assumptions, can linearly increases capacity with relation to the minimum of the number of

transmit antennas and the number of receive antennas.

Transmit Receive
Antennas Antennas

? el e
Input Data Y Output Data

Stream - Tx Rx ™ Stream

Y Channel '"M° =2 \r

Figure 19 Spatial Multiplexing System

3.9 Advantages of MIMO Systems

The increased demand on higher transmission rate for the cutting edge wireless applications
makes MIMO technology very important for the future wireless communication systems.
MIMO systems can provide different advantages over single input single out output
conventional system [37]. MIMO systems exploit multiple antennas diversity at
transmitter/receiver. This gives the possibility to increase system reliability by one of the
transmit diversity techniques in which the same signal is transmitted through multiple
antennas. Different copies of the signal can be observed at the receiver and the probability
that at least one of the copies is not experiencing a deep fade increases. Thus the receiver can
successfully recover the signal with decreased bit/symbol error rate and overall system

performance is improved as well. MIMO systems can proportionally increase the achievable
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data-rates by spatial multiplexing, i.e. transmitting multiple independent data streams within
the allocated bandwidth. Thereafter, the receiver can separate/recover the data streams under
certain channel conditions such as a rich scattering surrounding wireless channel. MIMO
systems can produce different gains such as array gain, diversity gain and multiplexing gain.
Despite the fact that these gains compete each other, they may combined to increase the
coverage area and to reduce the required transmit power [37]. Assume that there are N
receive antennas and only one transmit antenna, then the average SNR is approximately N, ,
then it can be found that the coverage area is increased by a multiplicative factor y, where vy is
the average SNR per branch. This can be used to increase the coverage area for a fixed
transmitted power, or it can be used to reduce the transmitted power requirement for a given
coverage area. The most benefit behind using MIMO technology is that all above advantages
are achieved without requiring any additional bandwidth for the wireless system. Moreover,
the offered benefits can help meet the challenges posed by both the impairments in the
wireless channel as well as resource constraints and limitations. Therefore, MIMO

technology constitutes a breakthrough in a wireless communication system design.
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Chapter 4

Capacity and BER Analysis

4.1 Introduction

We have consider a MIMO system with transmit array of N, antenna and receive array of N,

antenna as shown in figure 20. The transmitted matrix is N, X 1 column matrix X where X;is

ith component which is transmitted from ithantenna. We suppose the channel is Gaussian

channeland elements of channel are supposed to independent identically distributed (i.i.d)

Gaussian variables. If channel is unknown at the transmitter side we assume that equal power

Ey /N, is given to each transmitter antenna. The covariance of transmitted matrix is given by

R = N_t INt

Where Ey is the power across transmitter irrespective number of antennas wherely, is an

N, X N, identity matrix. If channel is unknown at the transmitter side we assume [2] that

equal power Ex /N, is given to each transmitter antenna.

Transmitter

Y

R

S
z

RXN,

P

Y

Receiver

2

Figure 20: MIMO Rayleigh Channel Model

The channel matrix H is a N, X N,.complex matrix. The component h;; of the matrix is the

fading coefficient from jth transmit antenna to ith receive antenna. If weassume that received
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power of each. Antenna is equal to total transmitted powerEy. This mean we ignore the
signal attenuation, antenna gain and other things, for a deterministic channel as

Y 2= Ne i=123.. 0N (4.1)
If we assume that channel matrix is known at only receiver side not at transmitter side. The
channel matrix at receiver can be estimated by training sequence. If transmitter to know this
channel we can communicate this information to transmitter via feedback channel. Noise at
the receiver is another column of size N, x 1, denoted by n. The components of n are zero
mean circularly symmetrical complex Gaussian (ZMCSCG) variable. The covariance matrix

of receiver noise given by

R,, = E{nn"} (4.2)
If there is not any correlation between component of n then
Ron = Noly, (4.3)

each of the N, receive branches has identical noise powerN,. Since we have assumed the

total power received power per antenna is equal to total transmitted power. The SNR can be

written as
Ex
V=5 (4.4)
There for receiver vector can express as
R =Hx +n (4.5)

4.2 Deterministic MIMO Channel Capacity

For two random vector x and y the mutual information is defined as

1(x,y) = H(y) — H(ylx) (4.6)
Where H(y|x) the conditional entropy.
H(x/y) = -E[log, (p(x|y))] (4.7)
For a linear complex model
Y=Hx+n (4.8)

Where x has zero mean and n is ZMCSCG vector with covariance matrixa21. Thus y has
zero mean and covariance matrix
HPH! + 621 (4.9)

The mutual information is given as
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I(y.X|H) =log; det (1 + - HPH" ) (4.10)
The Shanon capacity is the maximum mutual information between received vector and
transmitted vector
C(H)= Bdet (1+ — HPH" ) (4.12)

When full transmitter CSI and receiver CSI are available, the capacity of the MIMO system

is maximum.

4.2.1 CSl is Not Available At Transmitter for Channel Capacity Calculation
When receiver knows what is the channel state information and transmitter has no any idea

about channel state information. Then we have to assign equal power to each transmitted

antenna. In this case R, is an identity matrix.

= Y HyH
C =log; [det (INr + N HH )]

—\TH Y

=i, log, (1+ v ;) (4.12)
Where ry is called the rank of matrix and ry is Min (N,, N,.)So the capacity of the MIMO

channel is expressed as the sum of r5 SISO channel, each have gain ;.

CASE 1

SIMON, =1 and N, > 1then § = N,

C(SIMO) =log,(1 + yN,)>C(AWGN) (4.13)
The knowledge of CSI at transmitter does not affect the SIMO channel .So capacity of SIMO
is greater than C(AWGN)
CASE 2

MISO N, >1and N, =1 thenf = N,

C(MISO) =log,(1 +y ) = C(AWGN) (4.14)
Capacity of SIMO is greater than MISO system because MISO does not take the advantages
of antenna array gain since it has no CSI.
CASE 3

MIMO MISO N, >1 andN, > 1
ZHHH - NIy,
t

C=N,log, (1 + y) =N,C(AWGN) (4.15)
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So the capacity is N, times theC(AWGN).

4.2.2 Transmitter Knows the CSI for Capacity Analysis

Figure 21: Transmitter know the CSI

The channel H is decomposed using SVD (single value decomposition) as shown in figure
21, in which transmitted signal is preprocessed with A and received signal is post processed
with BH-

Transmitted signal is preprocessed with A and received signal is post processed with B

At transmitter x = AX

At receiver y = By (4.16)

In this way MIMO channel id decomposed in to r; parallel (figure 22) channels.
Y, = ';—’E\/B_ = 1201y (4.17)

The maximum capacity can obtain by maximizing the sum of individual capacity
C =max )" log, (1 + NltEiBI) (4.18)
i E =N, (4.19)

E=(5 — )
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Figure 22: r virtual SISO channels obtained from model decomposition of MIMO
channel

The optimal power given is estimated by iteration. In each iteration, the constant € is

obtained. Then power which is given to every mode is calculated. If power allocated to node

IS negative, the mode is dropped and power given to another node is calculated.

4.2.3 Channel Capacity With and Without CSI

We can expect higher capacity obtain when transmitter know the channel state information.
There is another parameter SNR come in to the picture which play important factor during
power calculation.

CASE1 N, >N, SNR —> o

Method Water filling

Ccsi _ 1

CNo —cs1

Incremental Gain
G = max [Nr log, (S—i) , O] (4.20)

So gain increases linearly with N, but it is optimistic at low SNR.
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CASE2 N,>1, N, =1 SNR = Low Value

C
- CSI — Nt
NO —CSI
(NtvNﬁ OO)

2
Ccst N¢
=Gl —t) > )
CNO_CSI%(H\/;) 1 (4.21)

4.2.4 EFFECT of Correlation on MIMO
Correlation define the relationship between signal and delayed signal. There are two type of

correlation auto correlation and cross correlation. MIMO channel capacity has been reduced
due to correlation between transmit and receive antenna. We are taking a MIMO system in
which channel gains between transmitter and receiver are correlated. The deterministic

channel capacity can be written as

Ey
C= Tr(Rxxr)nj)]iJlogz det(RxX) + logz det (N_I\IO HWHHW)

When R, =1y (4.22)
Then capacity will become maximum.

We are taking correlated channel model

1 1
H =R /2HyR (4.23)
Here R, is the correlation between the column vectors H. R, is the correlation between the

row vector oh H. The diagonal entries of R, and R, are forced to unity.

C = log, det (Iy, + N’f;0 HH") (4.24)

Put the value of H (equation 4.23) in (4.24)

E 1 1
C = log,det (Nt +——R /ZHWRtHyVR /2)
NtNO r r

Ex
N¢No

1 1
C= 1og2det(Nt + B R /2y, RtHgRr/Z) (4.25)

If N, =N, =N and R, R, of full rank Then ¢ becomes

41



Ex
N¢No

C =log, det( HWH\P,IV) + log, det (R,) + log, det (R,) (4.26)

4.2.5 Ergodic Capacity
In previous topic we have assumed that MIMO channels are deterministic. In general,

however, MIMO channels change randomly. Therefore, H is a random matrix, which means
that its channel capacity is also randomly time-varying. In other words, the MIMO channel
capacity can be given by its time average. In practice, we assume that the random channel is
an ergodic process. Then, we should consider the following statistical notion of the MIMO
channel capacity:

C= Ey[C(H)]

C = E{y, 3 log, det (Iy, + o HRyx H" )} (4.27)

This is frequently known as an ergodic channel capacity. For example, the ergodic channel

E
N¢

Capacity for the open-loop system without using CSI at the transmitter side, from Equation
[ _ r EX
Cor = EXilog, (1+ ) (4.28)

Similarly, the ergodic channel capacity for the closed-loop (CL) system using CSI at the

Transmitter side, from Equation (9.24), is given a

N Ey
Co =EXilog,(1+ s AR ) (4.29)

4.3 Relay MIMO Network
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Figure 23: RELAY MIMO

Wireless relaying networks have recently been given considerable attention due to their many

advantages. Apart from increasing the range, relaying networks can also achieve better

diversity by using cooperative transmission from the source and several relays [45]. The
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block diagram of MIMO AF relay system is shown in Figure. 23 .The relaying terminals
forward the information from the source to the destination mainly using the well-known
method AF since MIMO systems can provide better system capacity than SISO, SIMO and
MISO systems, relaying has recently been extended to MIMO scenarios. MIMO relays aim
to provide improved system capacity, increases in range, and better diversity as traditional
communication system. The ergodic capacity of an AF MIMO two-hop system under
Rayleigh fading channel is analyzed. Amplifying-Forward (AF) MIMO relay channel
consists of source, relay and destination terminal each having multiple antennas. Relay
terminal employs an amplifying matrix. Large network have shown increase in ergodic
capacity by using large random matrix theory . The upper bound and lower bound on
Capacity of fading relay for correlated channel is demonstrated in [46]. The scaling of
capacity for relay channel is N/2 log K with single source and destination. In this thesis work
the two-hop MIMO relay channel is considered having a source, a relay and a destination
terminal equipped wit Ng, N,,N; and numbers of antennas. The whole process of
transmission is implemented in two phases. In first phase source terminal transmit a vector
signal to relay, this is single hop and in second phase relay terminal transmit the received
vector signal after modifying the parameter to destination terminal that is second hop.. First
phase channel matrix is represented byH, € CV*"Ns and the second phase channel matrix
represented by H; € CNeXNr the .and the forward matrix of relay channel represented by
Ge CN*Nr  The received signal at the Relay terminal (Y;) and destination terminal (Y; ) is
given by

Yo = HoX + 1,

Y, = HiGYy + my (4.30)

G = \/g is forward matrix where 8 overall power gain of relay channel that depend on the

distance and path loss between source and relay terminal.

1 1

H =R W, T? (4.31)
Where W, denote the channel matrix with i.i.d complex Gaussian random entries. R; € (V4N

and T; € C"*Nthe receiver and transmitter spatial correlation matrix. If H; is perfectly known

at the destination terminal then the mutual information between X and Y will be given by
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I(X,Y) = log (det (1 + E—:H1H1+ + E— H1H2H1+H2+)> — log (det (1 + E—1H1H1+)> (4.32)

4.4 Beam Forming

Beamforming increase the system gain at the receive side by making signals emitted from
different antennas add up constructively [6], and to reduce the multipath fading effect. A
MIMO system with N, transmitter antennas and Nyreceiver antennas, including beamforming
vectors and combining vectors. Assume that MIMO system is narrow bandwidth and block
fading, discrete-time equivalent channel is modeled as N.xNgmatrix H, then the relation of

space time block coding between input and output can be expressed as

Y=Hx+n (4.33)
And the relation of beamforming between input and output can be
y = zHHmx + z''n (4.34)

Here x is the transmitted symbol signal ,m is the N.x1 complex beamforming vector and z is
theN x1 receiver combining vector, which is the function of the channel information, i.e., m,

z=f(H). (HH (4.35)
The main motive is to how the design m and z to maximize the signal to noise ratio, which
can reduce the bit error rate and increase the capacity. The MIMO beamforming technique is
a scheme that maximizes the instantaneous output SNR by jointly choosing optimum
transmitting weight vector m and receiving combining vector z.

E|SSH| ||z mH ||
2
TR

SNR[47] = (4.36)

where ||*|| is the Frobenius norm of a matrix, which is the sum of the norms of all the matrix
elements. is the SNR at the receiver for a SISO channel. E|SSH|=Es is the maximum total
power transmitted on T antennas at one symbol time. Therefore, maximizing the SNR at the

¥ |
21
For a beamforming system, the capacity of a given channel realization can be given as [48]

receiver is equivalent to maximizing

H
Cor = [log (1 + ':l HTl‘Z ”2 )] (4.37)
m:m"m=p

In the case of space time coding effective channel capacity given as
44



C; = rlog (1 +2IH]1?) (4.38)

4.5 Outage Capacity

Capacity with the outage allows bits sent over a given transmission burst to be decoded at the end of
burst with some probability that these bits will be decoded incorrectly[49]. The transmitter fixes
minimum received SNR m and encodes a data for C=Blog (1+m,,;, ).Data is properly received if
received SNR is greater than m,,;, . If received SNR value is less than m then there is probability that
burst cannot be decoded properly approaches 1. Thus receiver declares as outage. The probability of
outage is

Paut = p(m<mmin)

Cout =(1 — P, )Blog(1 + myp ) (4.39)
In the case of Rayleigh channel
1
P(m;) = e
—mo
Poyr(mg) =1—e ™ (4.40)

4.6 Rician Channel

The MIMO channel capacity has been studied for the Rayleigh scenario. On the other hand,
in reality, MIMO channels do not always satisfy the i.i.d Rayleigh fading condition. In
reality, there is often a line-of-sight (LOS) path between the transmitter and the receiver, and
in such fading conditions, the channel is reprensted by the Rician fading model. There is
random channel matrix in a MIMO Rician fading channel is a complex Gaussian matrix with
a non- zero mean matrix, in a Rayleigh-faded MIMO channel there the channel matrix is of
zero mean. The Rayleigh fading model can be seen as a special case of the Rician fading
model. In which mean is set to zero. Consider a single user MIMO system with N, transmit
antennas andN,. receiver antennas. For simplicity we consider only frequency flat fading; i.e.,
the fading is not frequency selective. The transmitted signal in each symbol period is
represented by a N x1 column matrix s, where ith component s; refers to the transmitted
signal from antenna i. The channel matrix H is a Ny X N.complex matrix. The component h;;
of the matrix is the fading coefficient from jth transmit antenna to ith receive. The additive
white Gaussian noise at the receiver is described by N.xN,column matrix n. Thus, the system

is described by the matrix equation [50],
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y = \/E—SHS +n (4.41)
t

In Rician fading the elements of H are non-zero mean complex Gaussians. Hence we can

Express H in matrix notation as [12]
H = aH%" + bH* (4.42)

Where the specular [48] and scattered components of H are denoted by superscripts, a >0, b
>0 and a? + b? = 1.
HSPis a matrix of unit entries denoted by H;.
If there is no correlation at the transmitter or at the receiver side then the entries of H*¢ are
independent usually denoted by Hw.

» Ifthere is correlated fading then the H5¢ matrix can be modeled as

sC — 1/2 1/2
« H%* =R/?HyR, (4.43)
* Where Rt and Rr are the correlation matrix at the transmitter and at the receiver side
respectively.
* The correlation matrix R is defined[10]
r'’ i<
° rl =

]_r*j 1>]

(4.44)

1
H(correlated)[20] = /%HH LR/ (4.45)

e If value of k =0 then it acts as Rayleigh channel .
e If value of K(RICIAN FACTOR) increaces then capacity (MIMO) decreace .
e If value of K(RICIAN FACTOR) increaces then capacity (SIMO) increace.

4.7 Equalization (detection) Techniques

During the past few years, there has been an explosion in wireless technology. This growth
has opened a new dimension to future wireless communications whose ultimate goal is to
provide universal personal and multimedia communication without regard to mobility or
location with high data rates. To achieve such an objective, the next generation personal
communication networks will need to be support a wide range of services which will include
high quality voice, data, facsimile, still pictures and streaming video. These future services

are likely to include applications which require high transmission rates of several Mega bits
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per seconds (Mbps). The data rate and spectrum efficiency of wireless mobile
communications have been significantly improved over the last decade or so. Recently, the
advanced systems such as 3GPP LTE and terrestrial digital TV broadcasting have been
sophisticatedly developed using OFDM and CDMA technology. In general, most mobile
communication systems transmit bits of information in the radio space to the receiver. The
radio channels in mobile radio systems are usually multipath fading channels, which cause
inter-symbol interference (I1SI) in the received signal. To remove ISI from the signal, there is
a need of strong detector which requires knowledge on the channel impulse response.
Equalization (detection) techniques which can combat and/or exploit the frequency
selectivity of the wireless channel are of enormous importance in the design of high data rate
wireless systems. Although such techniques have been studied for over 40 years, recent
developments in signal processing, coding and wireless communications suggest the need for
paradigm shifts in this area. On one hand, the demonstrated efficiency of soft-input soft-
output signal processing algorithms and iterative (turbo) techniques have fuelled interest in
the design and development of nearly optimal joint detection and decoding techniques. On
the other hand, the popularity of MIMO communication channels, rapidly time varying
channels due to high mobility, multi-user channels, multi-carrier based systems and the
availability of partial or no channel state information at the transmitter and/or receiver bring
new problems which require novel detection techniques. Hence, there is a need for the
development of novel practical, low complexity detection techniques and for understanding
their potentials and limitations when used in wireless communication systems characterized
by very high data rates, high mobility and the presence of multiple antennas [51]. In radio
channels, a variety of adaptive detection can be used to cancel interference while providing
diversity. Since the mobile fading channel is random and time varying, detector must track
the time varying characteristics of the mobile channel, and thus are called adaptive detector.
The general operating modes of an adaptive detector include training and tracking. First, a
known, fixed-length training sequence is sent by the transmitter so that the receiver’s detector
may adapt to a proper setting for minimum bit error rate (BER) detection. The training
sequence is typically a pseudorandom binary signal or a fixed, prescribed bit pattern.
Immediately following this training sequence, the user data (which may or may not include
coding bits) is sent and the adaptive detector at the receiver utilizes a recursive algorithm to
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evaluate the channel and estimate filter coefficients to compensate for the distortion created
by multipath in the channel. The training sequence is designed to permit an detector at the
receiver to acquire the proper filter coefficients in the worst possible channel conditions( e.g.,
fastest velocity, longest time delay spread, deepest fades, etc.) so that when the training
sequence is finished, the filter coefficients are near the optimal values for reception of user
data. As user data are received, the adaptive algorithm of the detector tracks the changing
channel. As a consequence, the adaptive detector is continually changing its filter
characteristics over time. When an detector has been properly trained, it is said to have
converged. The time span over which an detector converges is a function of the detector
algorithm, the detector structure, and the time rate of change of the multipath radio channel
[52].

4.7.1 Types of MIMO Equalizer
Some special detection techniques have been proposed in the literature in order to exploit the

high spectral capacity offered by MIMO systems. These techniques are grouped into three
main categories: linear, nonlinear, and tree-search.
In our present thesis discussion point of views we have studied three types of commonly used
detectors used in MIMO systems. These detectors names are given below:
1. Zero Forcing (ZF) Detectors
2. Minimum Mean Square Error (MMSE) Detector
6. Maximum Likelihood (ML) Detector.
8x8 MIMO System
Let’s take a 8 transmit 8 receive antenna case (resulting in a 8x8 MIMO channel). We will
assume that the channel is a flat fading Rayleigh multipath channel and the modulation is
BPSK.
8x8 MIMO channel
In a 8x8 MIMO channel, probable usage of the available 8 transmit antennas can be as
follows:

1. Consider that we have a transmission sequence, for example {x;, x5, x5, ... ... , X}

2. In normal transmission, we will be sending X; in the first time slot, x, in the second

time slot, x3 and so on.
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3. However, as we now have 8 transmit antennas, we may group the symbols into
groups of eight. In the first time slot, send X1 X2, X3 Xa, X5, X2, Xs. X7, Xg from the first
and second ,third, fourth, fifth, sixth, seventh, eight antenna, In second time slot, X,
X10 X11, X12, X13, X14, X15 X716 the first and second ,third, fourth, fifth, sixth, seventh,
eight antenna .

CHANNEL
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Figure 24 : MIMO (8X8)

Notice that as we are grouping eight symbols and sending them in one time slot.
This forms the simple explanation of a probable MIMO transmission scheme with 8
Transmit antennas and 8 receive antennas.

Y1 = hi1x1 + hyaxy + hyszxs + hyaxys + hysxs + hyeXe + hy7x7 + hygx, + 1y
_xl_
X?
X3

X4
=[hi1 hiz hiz hia his he My Mg | x| T

X6
X7
_x8_
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X1, X2 X3, X4 X5, Xg X7, Xg are the transmitted symbols and

ny, M, ng,ny is the noise on 12" | 3" 4™ receive antennas .we assume that receiver
knows hy1, hi2,h13,h14,h21,022,023,h24,031,032,h33,034,,021,042,ha3,hasa  The receiver
also knows yi, y-.. Ysand y, The unknown are x; X, Xsand X4. For convenience, the above

equation can be represented in matrix notation as follows:

o hyp hip hiz hyy hys hyg hyz hyg] Y
W1 her Moz has hay has hog oy gl )T
Y3 hz; hzp hzz hgy hgs hge hyy hsg X3 ng
Vay _ hy: hyp hyy hyy hys hye hyy hyg X4 n Ny
Ysi |hsy hs; hsy hsy hgs hge hss hgg X510
;g he1 hep her hgs hgs hge hgy hgg ;g Z?
g h7; hs, hsy hyy hys hye hyy hyg [ xg)  Lngl
lhgy hg, hgy hgys hgs hge hgz hggl

Equivalently, y=Hx+n

We can follow the same process for 8x8 MIMO system.

Different Detection Techniques Mathematical Explaination

Considering the above stated system model different MIMO detectors with mathematical

explaination are explained below one by one.

Zero Forcing (ZF) Detector

The ZF is a linear estimation technique, which inverse the frequency response of received
signal. The inverse is taken for the restoration of signal after the channel. The estimation of
strongest transmitted signal is obtained by nulling out the weaker transmitted signal. The
strongest signal is than subtracted from received signal and proceeded to decode strong
signal from the remaining transmitted signals [23]. ZF equalizer ignores the additive noise
and may significantly amplify noise for channel. The major advantages of ZF linear equalizer
is that it simply eliminates 1SI by forcing the overall pulse, which is the convolution of the
channel and the equalizer to make a unit-impulse response. Although the noise power and
covariance function does not need to be estimated in ZF ever than its perform poor than that
of ML [24],[25]. For a channel with frequency response C(f) the zero forcing equalizer E(f )
is constructed by combining the equalizer and channel which gives a flat frequency and

linear phase if and only if C(F)XE(f) The channel response is H(s) then the input signal is
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multiplied by the reciprocal of H(s). The zero forcing approach tries to find a
matrix W which satisfies WH=I. The Zero Forcing (ZF) linear detector for meeting this
constraint is given by,

W = (HHH) tHH .

This matrix is also known as the pseudo inverse [25] for a general m x n matrix. Note that
the off diagonal terms in the matrix H"H are not zero. Because the off diagonal terms are not
zero, the zero forcing detector tries to null out the interfering terms when performing the
detection, i.e. when solving for x; the interference from x; is tried to be nulled and vice versa.
While doing so, there can be amplification of noise. Hence Zero Forcing detector is not the
best possible detector to do the job. However, it is simple and reasonably easy to implement
[53].

Minimum Mean Square Error (MMSE) Detector
Minimum mean square error equalizer minimizes the mean —square error between the outputs
of the equalizer and the transmitted symbol, which is a stochastic gradient algorithm with
low complexity. Unlike a ZF equalizer, an MMSE equalizer maximizes the signal-to
distortion ratio by penalizing both residual ISI and noise enhancement. Instead of removing
ISI completely, an MMSE equalizer allows some residual ISl to minimize the overall
distortion. Compared with a ZF equalizer, an MMSE equalizer is much more robust in
presence of deepest channel nulls and noise. Most of the finite tap equalizer are designed to
minimize the mean square error performance metric but MMSE directly minimizes the bit
error rate. The channel model for MMSE is same as ZF [27],[28]. The MMSE equalization is
Wymsg = arg @™ E, |l x — x2||

The Minimum Mean Square Error (MMSE) approach tries to find a coefficient W which
minimizes the criterion,

E{[Wy — x][Wy — x]"}
Solving,

W = [H"H + N, 1] ~*H"

When comparing to the equation in Zero Forcing detector, apart from the Nol term both the
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equations are comparable [54]. Infract, when the noise term is zero, the MMSE detector

reduces to Zero Forcing detector.

Maximum Likelihood (ML) Detector

The Maximum Likelihood (ML) detection is a scheme well known to be very robust and well
suited for practical implementation whereas linear receiver suffers from numerical
complexity. ML detector is the optimal receiver in terms of bit error rate (detector
performance) but it is a nonlinear detector with a high complexity.

The Maximum Likelihood [45,54] receiver tries to find X which minimizes,

j=ly—Hx|% or

hy; hy, hys hyy hys hyg hy; hyg)

o]

X

§1 hoy hyp hpz hyy hys hye hyz hpg 55;

y§ hz; hzp hzz hzy hzs hze hzy hsg X3

.1 Yay hy1 hyz hys hgy hys hye hys hyg X4
S =1 hs; hsp; hsz hsy hss hsg hgy hgg X5
zs he1 hep hesz hes hes hee hey hgg 936

/g h;1 hz, hy3 h;y, h;s hyg hy; hsg ;7

_-h8,1 h8,2 h8,1 h8,4 h8,5 h8,6 h8,7 h8,8-

Since the modulation is BPSK, the possible values of xjis +1 or -1 similarly x; also take
values +1 or -1. So, to find the Maximum Likelihood solution, we need to find the minimum
from the all sixty four combinations of X3, Xo. X3, X4 Xs, Xg X7, Xg. But we are taking the
example of 2x2 MIMO system. The Maximum Likelihood (ML) detection is a scheme well
known to be very robust and well suited for practical implementation whereas linear receiver
suffers from numerical complexity. ML detector is the optimal receiver in terms of bit error
rate (detector performance) but it is a nonlinear detector with a high complexity. The ML
detection is given by [22]
j=ly—Hxl?

. i M haz] 1 ?
It =yl 7 hyy kol 1]

. _ | (hi1 hi2][+1)
]+1'_1 Y7 ] -h'2,1 h2,2_ | —11 '
Vi1 [ h2] -1 ?

]_1'+1 - Y7 ] B -h'2,1 h2,2_ L+ 1 ,and

52



. | hit hip][-1 ?

J-1-1 = H)’z] B [hz,1 hz,z] [—1“

The estimate of the transmit symbol is chosen based on the minimum value from the above
four values i.e.

If the minimum is j,; 1 = [1 1],

If the minimum is j,; 1 = [1 0],

If the minimumis j_; ,; = [0 1], and

If the minimumisj_; ; = [0 0].

In the case of ( 8X8 )MIMO the total number of cases are 64.
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Chapter 5 Results

In the case of MIMO (8x8) system there are eight antenna at transmitter and receiver. MIMO

(8x8) system increases the capacity and reduces the BER.

MIMO SHANON Capacity
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Figure 25: Shanon capacity vs. SNR(dB)

If we increase the number of transmitter and receiver the Shanon capacity increases. Because
capacity C grows linearly with for min( N, Ny) for a given fixed transmitter power and
bandwidth. In other words, without increasing the transmitted power or bandwidth the
capacity of the wireless channel can be increased by simply increasing the number of
transmitter and receiver antennas. This is an enormous improvement compared to a
logarithmic increase in more traditional systems utilizing receiver diversity or no diversity.
Shanon capacity is defined as C=BW (1+SNR)
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MIMO ERGODIC Capacity
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Figure 26: Ergodic channel capacity when CSI is not available at transmitter
When transmitter has no any idea of CSI it is optimal to evenly distribute the available power p
among the transmit antennas. MIMO channels change randomly. Therefore, H is a random
matrix, which means that its channel capacity is also randomly time-varying. In other words,
the MIMO channel capacity can be given by its time average. In practice, we assume that the
random channel is an ergodic process. As in figure ergodic channel capacity increases if we
increase the number of transmitter and receiver because capacity C grows linearly with
for min( N Ng) for a given fixed transmitter power and bandwidth. The capacity of SIMO

greater than MISO. Because MISO does not take the advantages of antenna array gain since it
has no CSI.
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MIMO Channel is Rayleigh
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Figure 27; Ergodic channel capacity when CSI is available at transmitter

In other words, the MIMO channel capacity can be given by its time average. In practice, we
assume that the random channel is an ergodic process. When CSI is present at transmitter
channel capacity increases as compare to case when CSI is not present at transmitter. In
figure as number of transmitter and receiver increases Channel capacity increases.
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Figure 28: Distribution of MIMO channel capacity
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Cumulative distribution function of MIMO increases if we increase the number of transmitter
and receiver. In this figure CDF of 8x8 MIMO is greater than compare of other MIMO
system . The cumulative distribution function (CDF), or just distribution function, describes
the probability that a real-valued random variable X with a given probability distribution will
be found at a value less than or equal to x. In the case of a continuous distribution, it gives the
area under the probability density function from minus infinity to x. Cumulative distribution
functions are also used to specify the distribution of multivariate random variables.

45
4x4 chnnen unkown
40 4x4 Channel Known
— 8x8 chnnen unkown
35 8x8 Channel Known
30
N 25
I
B
o
2 20
15 —
10
5
0
0 2 4 6 8 10 12 14 16 18 20

SNR [dB]

Figure 29: Channel unknown and known
In the case of channel known water filling algorithm method is used. MIMO (8x8) channel capacity
more than as compare to MIMO (4X4) system. In this case we can use water pouring principle.
In the case of water pouring principle the channel parameter are known to transmitter and
more power is given to that channel which is in good condition or less or none which is in
bad condition. The effect of channel known (in case of water pouring) is only occurring at

low SNR. At higher SNR both capacity channel known or unknown approaches to equal
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Figure 30: Effect of Correlation

Due to correlation channel capacity decreases. If we increase the number of transmitter and
receiver the channel capacity increases. In general, the MIMO channel gains are not
independent and identically distributed (i.i.d.). The channel correlation is closely related to
the capacity of the MIMO channel. In the sequel, we consider the capacity of the MIMO
channel when the channel gains between transmit antennas and received are correlated .Where
Rt is the correlation matrix, reflecting the correlations between the transmit antennas (i.e., the
correlations between the column vectors of H), Rr is the correlation matrix reflecting the
correlations between the receive antennas (i.e., the correlations between the row vectors of

H) received antennas are correlated.

Capacity with the outage allows bits sent over a given transmission burst to be decoded at the
end of burst with some probability that these bits will be decoded incorrectly[49]. The
transmitter fixes minimum received SNR m and encodes a data for C=Blog(1+m,,;, ).Data is

properly received if received SNR is greater than m,,;,, . If received SNR value is less than m
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then there is probability that burst cannot be decoded properly approaches 1. Thus receiver
declares as outage.
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Figure 31; Outage capacity vs. SNR
Outage capacity of (8x8) MIMO is greater than (4x4) MIMO.
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Figure 32 : Capacity analysis of uncorrelated rician channel when CSI is not present at
transmitter
When k=0 channel is Rayleigh. As value of k increases capacity start to decrease. At very large value

of k it acts as Gaussian channel. In this figure channel is uncorrelated. The MIMO channel
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capacity has been studied for the Rayleigh scenario. On the other hand, in reality, MIMO
channels do not always satisfy the i.i.d Rayleigh fading condition. In reality, there is often a
line-of-sight (LOS) path between the transmitter and the receiver, and in such fading

conditions, the channel is represented by the Rician fading model
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Figure 33: Rician channel capacity when transmitter knows the CSI under different
correlation parameter

Rician channel capacity more when transmitter know the CSI as compare to when channel

does not know the CSI. Correlation decreases the channel capacity. we consider the capacity of

the MIMO channel when the channel gains between transmit and received antennas are

correlated. Where Rt is the correlation matrix, reflecting the correlations between the

transmit antennas (i.e., the correlations between the column vectors of H) ,Rr is the
60



correlation matrix reflecting the correlations between the receive antennas (i.e., the

correlations between the row vectors of H),
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Figure 34 : Beamforming

In beamforming, the same signal is transmitted from each of the transmit antennas with
different phase. Weighting such that the signal power is maximized at the receiver input.
Beamforming increase the system gain at the receive side by making signals emitted from
different antennas add up constructively, and to reduce the multipath fading effect.
Beamforming capacity increases if there is increase in transmitter and receiver Ergodic
capacity increases if we increase the relay between transmitter and receiver. Wireless

relaying networks have recently been given considerable attention due to their many
advantages.
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Figure 35: Ergodic channel capacity vs. SNR in dB

Apart from increasing the range, relaying networks can also achieve better diversity by using
cooperative transmission from the source and several relays. The relaying terminals forward
the information from the source to the destination mainly using the well-known method AF
since MIMO systems can provide better system capacity than SISO, SIMO and MISO
systems. As we increase the number of relay between transmitter and receiver channel

capacity increases.

In multiplexing, a high rate signal is broken into multiple lower rate streams and each stream
is transmitted from a different transmit antenna in the same frequency channel. In diversity
method same signal is transmitted from different antenna .In the case of diversity bit error
rate is less when compare to multiplexing.
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Figure 36: ZF Detection for multiplexing and diversity techniques

The ZF is a linear estimation technique, which inverse the frequency response of received
signal. The inverse is taken for the restoration of signal after the channel. The estimation of
strongest transmitted signal is obtained by nulling out the weaker transmitted signal. The
strongest signal is than subtracted from received signal and proceeded to decode strong
signal from the remaining transmitted signals.BER in Multiplexing(8x8) MIMO is greater
than diversity(8x8) MIMO.

Minimum mean square error equalizer minimizes the mean —square error between the outputs
of the equalizer and the transmitted symbol, which is a stochastic gradient algorithm with
low complexity. Unlike a ZF equalizer, an MMSE equalizer maximizes the signal-to
distortion ratio by penalizing both residual I1SI and noise enhancement. Instead of removing
ISI completely, an MMSE equalizer allows some residual ISI to minimize the overall

distortion.
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Figure 37 : Comparison between ZF and MMSE Detection

When the noise term is zero, the MMSE detector reduces to Zero Forcing detector. Bit error

rate in MMSE is less than when compare to ZF.

The Maximum Likelihood (ML) detection is a scheme well known to be very robust and well
suited for practical implementation whereas linear receiver suffers from numerical
complexity. ML detector is the optimal receiver in terms of bit error rate (detector

performance) but it is a nonlinear detector with a high complexity
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BER for BPSK modulation with 8x8 MIMO and ML equalizer (Rayleigh channel)
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Figure 38: BER for ML detection techniques

If we increase the number of transmitting and receiving antenna BER start to reduce.

65



Chapter 6 Conclusion and Future scope

In the case of MIMO if we increase the number of transmitter and receiver MIMO channel
capacity increases and BER reduces. By using (8x8) MIMO system capacity we can increase
MIMO capacity and reduce the BER. But MIMO complexity increases if we increase
number of transmitter and receiver to large extent. CSI plays important factor during channel
capacity. If transmitter has no idea of CSI then equal power is allocate to each transmitter.
Capacity increases if transmitter knows the CSI. Water pouring principle can be used when
transmitter know the CSI. In the case of water pouring principle the channel parameter are
known to transmitter and more power is given to that channel which is in good condition or
less or none which is in bad condition.CSI effects at only lower SNR at higher SNR its effect
is negligible. Correlation plays important factor during channel capacity. Correlation at
transmitter and receiver decrease the channel capacity. In the case of Rician channel if we
increase the value of k then channel capacity decreases. If value of k is equal to zero then
channel acts as Rayleigh. If value of k increases the capacity decreases. At very high value of
k channel acts as Gaussian channel. For m x m MIMO systems, we found that for all values
of m, as the value of K increases, the ergodic and the decreases. However, the loss in the
capacity is more at higher values of m. For uncorrelated fading channels, increase in K factor
improves the BER error rate (BER) . The MMSE method plays central role to get better
result of BER for MIMO comparing to other technique but regarding complexity the ML
perform better. The relaying terminals forward the information from the source to the
destination mainly using the well-known method AF since MIMO systems can provide better
system capacity than SISO, SIMO and MISO systems, relaying has recently been extended to
MIMO. MIMO relays aim to provide improved system capacity, increases in range,
and better diversity as traditional communication system. In the case of MIMO (4,3) when
CSI is not present at transmitter then at SNR (dB) 5, 10 the capacity results for Rayleigh
channels are 4(bps/Hz), 13(bps/Hz). But in case of (8x8) MIMO capacity become
13.5(bps/Hz) , 22 (bps/Hz) for taking same condition. When transmitter know the CSI then at
5(dB), 10(dB) the capacity for MIMO(8X8) become 29.5 (bps/Hz) , 41(bps/Hz). So there is
increase in capacity when number of transmitter and receiver increases. In case of Rician
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channel at 30(dB), k=0 the capacity for(8x8) is 70(bps/Hz),at k=3 the capacity is 59(bps/Hz)
and at k=7 capacity becomes 52(bps/Hz).As value of k increases the capacity of Rician
fading  channel continuously decreases. The capacity of MIMO (8x8) for k=10
(rt=0.5,rr=0.5) at 30 (dB) become 59(bps/Hz) .Increasing channel correlation (r) reduces the
capacity of the system. Ergodic capacity of MIMO (8x8) when there are eight relay between
transmitter and receiver at 30 (dB) is 28(bps/Hz). Ergodic capacity of MIMO (8x8) when
there are four relay between transmitter and receiver at 30 (dB) is 24(bps/Hz). So as number
of relay between transmitter and receiver increases it increases the capacity. The BER rate of
MMSE detection techniques for MIMO (8X8) is less than as compare of BER for ZF
detection techniques at same SNR

FUTURE SCOPE

The work in this thesis can be extending to multiple users. Multiple user can add another
dimension to the multiple antenna. Given a constraint on the total transmitted power, it is
possible to give varying fractions of that power to different users in the network, another
extension of work to get analytical results of channel capacity, diversity and MIMO detection
techniques. Recently it is try to substitute the non logarithmic scale of Shanon capacity with
analytical solution using fundamental approximation. but these results are limited to
uncorrelated channel and not to correlated. Work can be extending to different MIMO
detection techniques using linear and non linear method. Work can be extend to find out but

is the effect of different value of k and correlation parameter on Rician MIMO capacity.
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