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Abstract

Ultra Reliable and Low Latency is one of the paramount requirements of 5G. Its mis-
sion critical applications are extremely sensitive as far as their reliability and latency fea-
tures are concerned. Fading and shadowing are the core adversities that are responsible for
the hindrance in the successful achievement of high reliability and low latency features.
This thesis considers the integration of both massive MIMO and macro diversity into the
system by demonstrating that they can prove vital because they tend to improve both data
rate and reliability of the system. Evaluation of these systems on the basis of their out-
age probability of the multi-cellular system using Maximal Ratio Combining receivers in
the vicinity of composite shadowing-fading environments has been taken into consider-
ation. This is because these evaluations can provide useful insights on the requirements
for the attainment of reliability requisites of the URLLC. Furthermore, a mathematical
expression for outage probability of the system is also derived. It has been noticed that
an increment in the number of antennas does not resulting the averaging out of the shad-
owing. Moreover, the shadowing severity adversely impacts the performance of massive
MIMO systems. Moreover, higher or lower severity of shadowing results in higher or

lower outage probabilities, respectively.
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Chapter 1

Introduction

Ultra-Reliable and Low Latency Communications (URLLC) is one of the most paramount
requirements of 5G. Its application in the mission-critical scenarios such as autonomous
driving and remote surgery is the driving factor for its extremely high reliability and low
latency features. Fading and shadowing are the most prominent adversities that play their
part in hindering the achievement of reliable features. The integration of both massive
MIMO and macro diversity into the system improves both data rate and reliability of
the system. Performance evaluation of such a system can offer useful insights on the

requirements for the attainment of reliability requisites of the URLLC.

1.1 Whatis URLLC?

The contemporary wireless communication systems are aimed at the communication of
a large spectrum of human-centric data contents and multimedia. It is also anticipated
that the upcoming wireless applications would be reinforced by the services that would
be machine-centric as well. These applications will have a very useful impact on the so-

ciety [1]. Ultra-reliable communication requirements of Machine-type communications
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Figure 1.1: URLLC - A 5G Case

(MTC) are one of those contemporary cases that attract interest from the international
research community. The core meaning of ultra-reliable and low latency communications
is in terms of the applications that require the transmission of a specific with high suc-
cess probability and low latency of 0.99999 and 30 ~ 100ms, respectively, as shown in
figure 1.1!. Examples of applications in this class of communication include autonomous
driving, tactile internet, vehicular communications for safety, energy management, and

industry automation [2], [3], [4].

1.2 What is MIMO System?

MIMO is an abbreviation of Multiple-Input Multiple-Output systems in antennas technol-
ogy. It utilizes multiple number of antennas at the reception and transmission ends. It is
designed on the basis that a higher number of antennas at the Base Stations result in the

better system performance. This better performance of the system is due to the utilization

'Source:“http://www.analysysmason.com/Research/Content/Comments/SG-MENA-GSMA-Nov2016-
RDRKO0/”
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Figure 1.2: SISO, SIMO and MISO Systems

of diversity which not only improves the data rate of the system but also makes use of
the scattered data for the improvement in the performance of the system [17]. Another
benefit that is offered by the MIMO systems is the transmission of the data into a specific
location, which results in the improvement of system performance in terms of energy
efficiency in order to cater the escalating need for higher data rates [20]Figure 1.2

Power and bandwidth are considered limited resources in the cellular systems [40-45].
MIMO systems can prove extremely effective in order to increase the capacity of the sys-
tem without utilizing much bandwidth and power. The core improvements in the system
can be evaluated on the basis of four categories, i.e. reliability, data rate, interference
mitigation, and energy efficiency.

These systems benefit from the multi-path for the enhancement of capacity and reli-

ability therefore enhancing the quality of service Figure 1.3%. These advantages are be-

2Source: “http://www.ntu.edu.sg/home/limo/seminar/MIMOpeke. pd f"
3Source: “https://en.wikipedia.org/wiki/MIMO”
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Figure 1.3: MIMO System

cause of the presence of multiple antennas that also induce interference cancellation, array
gains, and multiplexing gains. A higher degree of freedom is also offered by the MIMO
systems in terms of the link reliability, throughput enhancement, and effective channel
propagation. The core reason behind it is the fact that the phenomenon of multipath prop-
agation, which usually can play a hindering role in the efficient wireless communication,
is exploited in these systems. Other important factors that play their part in the perfor-
mance enhancement of the MIMO systems include spatial multiplexing gain, diversity

gain, interference reduction and array gain.

1.3 Massive MIMO

The increase in demand for high data rates has driven the core of research in both industry
and academia for working on the 5G network. 5G will be devised for numerous technolo-

gies such as millimeter wave communications, device-to-device, heterogeneous topolo-

14



Figure 1.4: Massive MIMO System

gies, multi Radio-Access Technologies (RATSs), and the massive Multiple-Input Multiple-
Output (MIMO) systems. Hundreds of antennas are utilized in a massive MIMO system
at the Base Station (BS) for simultaneously serving many users. It offers high throughput
[14], [15], which allows to benefit from the conventional MIMO on the larger scale by
making use of cheap antennas, therefore improving energy efficiency and increasing data
rates [20]. The large arrays of antenna play their role in reducing the downlink (DL) and
uplink (UL) transmission power via coherent combining, hence attaining higher rates of
data. It will offer the basis of infrastructure of the upcoming digital society due to con-
nection between Internet of things and Internet of people with networks including clouds.
Massive MIMO is facilitating the advancements of imminent broadband services that will
efficiently make use of the spectrum and energy, in a robust and secure manner [30].

As shown in Figure 1.4 4, Massive MIMO is operated in TDD multiplexing. There are

4Source: “Joint Power Allocation and User Association Optimization for Massive MIMO Systems”
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a few core reasons behind this mode of operation. In uplink communication, the estima-
tion of Channel State Information is easy for BS by the cultivation of training sequences.
First massive MIMO on downlink needs to transmit pilots to the mobile terminal for es-
timating the CSI. These pilots are needed to be mutually orthogonal and because of the
integration of large number of antennas, the creation of these many orthogonal pilots is
not easy. Second, the amount of channel responses that is required by every terminal
for estimation also increases with the increase of number of BS antennas. Hence, the

operation of massive MIMO in TDD mode is beneficial.

1.4 Why Massive MIMO?

Massive MIMO results in the increment of the system capacity because of its energy ef-
ficient features. This is because with a higher number of antennas energy can be directed
into some specific direction by the integration of coherent superposition of wave-fronts.
Wave-fronts can be generated in terms of both destructive and constructive manner. Base
stations use this concepts in order to reduce interference that may be present in the sys-
tem. In order to do so, multiple low power antennas are integrated in such systems for
combining them for enhancing the efficiency of the system. Massive MIMO therefore
allows the replacement of high power components at the base station with numerous low
power antennas that utilize energy within the range of a few milliwatts. This setting also
makes for the need of amplifiers and allows to benefit the systems from the combined ef-
fects of all the components. Law of large number forms the basis of this concepts, which
averages out the effects of the hardware that does not functions accurately. This feature is
very useful because it allows the working of the whole system even if some components
fail. Energy utilization can further be enhanced by the using wind or solar energy.

Massive MIMO also address the latency issues of the system. Fading is one of the

16



core reasons behind latency. When a fading channel is used for the transmission of a
signal, it causes the signal to travel via multi-paths due to scattering. These multi-paths
can give rise to destructive interference making the process of signal reconstruction more
cumbersome, increasing the latency of the system. Massive MIMO counters the fading
effect, which consequently reduces the overall latency.

Another benefit of integration of massive MIMO is that it does not depend upon the
scattering properties of the environment in which it operates. The integration of multiple
number of antennas itself offers diversity, which improves the system efficiency. More-
over, diversity is improved because multiple copies of the same data are transmitted from

the transmitter to the receiver.

1.5 Problem Statement

The performance evaluation of URLLC in the composite fading and shadowing envi-
ronment has not been addressed yet. Downlink transmission of a multi-cellular massive
MIMO system with perfect CSI at the BS and Maximal Ratio Combining at the UT,
while analyzing outage probability in the presence of a composite fading and shadowing
environment can offer useful insights on the requirements for the attainment of reliability

requisites of the URLLC.

1.6 Thesis Contribution

This research work considers a composite shadowing-fading channel. This channel is a
combination of Gamma and Rayleigh distributions and has been modeled by K-distribution
[31]. We provide a simplistic model for environment that is characterized by the compos-

ite fading-shadowing channel. On the contrary, other models which take the product of

17



two random variables for the representation of both shadowing and fading, resulting in
cumbersome mathematical analysis and modeling. This research then derives the closed-
form expressions for outage probability in MIMO systems with composite channel that
follows a K-distribution using MF approach. Simulations have been performed for com-
posite fading and shadowing in already established MIMO framework. These simulations
present proof of the derived outage probability expression. Performance analysis in com-
posite environment has been performed for determining the requisites of URLLC system

for a specific massive MIMO setting and severity of shadowing-fading in the channel.

1.7 Thesis Organization

This research work considers a composite shadowing-fading channel. This channel is a
combination of Gamma and Rayleigh distributions and has been modeled by K-distribution
[31]. We provide a simplistic model for environment that is characterized by the compos-
ite fading-shadowing channel. On the contrary, other models which take the product of
two random variables for the representation of both shadowing and fading, resulting in
cumbersome mathematical analysis and modeling. This research then derives the closed-
form expressions for outage probability in MIMO systems with composite channel that
follows a K-distribution using MF approach. Simulations have been performed for com-
posite fading and shadowing in already established MIMO framework. These simulations
present proof of the derived outage probability expression. Performance analysis in com-
posite environment has been performed for determining the requisites of URLLC system

for a specific massive MIMO setting and severity of shadowing-fading in the channel.
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Chapter 2

Literature Review

There have been consistent advancements in mobile communication system over the past
few years. Communication devices are integrated with more powerful processing units
that have a better performance in terms of higher data rates. The European Mobile Obser-
vatory (EMO) stated that, since the last two decades, there has been more than 90 percent
growth in mobile broadband [50]. These demands are increasing even more for wireless
communication because more devices are establishing connections via wireless means.
The introduction of MIMO technology was intended to accommodate all these devices in
the cellular system. 4G was the first cellular network to have MIMO systems integrated
into it. This is the very reason why 4G has the capability of providing high data rate for
multiple users at the same time [4]. 4G system utilizes orthogonal frequency-division
multiplexing (OFDM) integrated into the advanced radio interface. This MIMO system
has the capacity of supporting data rates of 100M bps for high mobility and 1Gps for low
mobility [5].

Abrupt increment in number of wireless devices leads to the fact that 4G networks
do not have the capacity to conform to the demands of the market. Moreover, data is

transmitted via high frequency waves which means the consumption of energy is also in-
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creasing at the BS [44]. Also high seamless coverage, high mobility, and high spectral
efficiency are also some of the core challenges to ought to be dealt with [45]. For accom-
modating all these challenges, a novel system ought to be designed that must be provide
seamless coverage while offering high data rates at the optimum expense of energy. All
these challenges have paved the way for research on 5G networks. These networks are in-
tegrated with massive MIMO technology for providing low latency, higher data rates, and
high reliability while complying with energy efficient means for upholding more efficient
means of communication [46, 47].

Ultra-reliable communication requirements of Machine-type communications (MTC)
are one of those contemporary cases that attract interest from the international research
community. Ultra-reliable communication in 5G refers to the applications that require
the transmission of a specific amount of data with success probability of 0.99999 with
very low latency [10]. Examples of applications in this class of communication include
autonomous driving, tactile internet, and vehicular communications for safety, energy
management, and industry automation.

Pocovi et al. investigated different schemes in order to cope with the interference and
fading effects. Their analysis concluded that traditional microscopic MIMO techniques
with 4x4 or 2x2 configurations for antennas would not prove sufficient for the fulfillment
of stringent reliability requirements of URLLC [10]. They also observed that such an-
tenna configurations ought to be supplemented with interference management schemes
and macroscopic diversity for ensuring the required SINR outage performance.

Device to device (D2D) communications are being integrated with massive MIMO
[6], [7], [8], [9]. MIMO can also prove useful in nullifying the adversities of interference
in D2D communications [6]. It is very beneficial in order to reduce the length of pilot
symbol by effectively gaining the information about the Channel State Information [42].

It also allows the freedom in order to improve power utilization via usage of an iterative

20



scheme [7].

It have been noted that even though the very large number of antennas integrated
at the BS allow averaging out of the small-scale fading, large-scale fading (shadowing)
still poses a hindrance in the realization of a massive MIMO system. The composite
impression of small-scale and large-scale fading is modeled by expressing it as the mul-
tiple of lognormal and Rayleigh distributions [32]. But the requirement of signal-to-
interference-noise ratio (SINR) Probability Density Function (PDF) is adamant for the
rate analysis over channel exhibiting composite fading-shadowing nature [42]. Approxi-
mation schemes are required because no closed form expression is available for this PDF
[22], [23] and [24].

The analysis of single cell system having multiple users, while operating under a
composite fading-shadowing, has been presented in [22]. Three linear receiver known
as MMSE, ZF and MRC have been taken into consideration while assuming perfect CSI
[41]. Outage analysis has also been performed in this research while keeping in consid-
eration a composite Rayleigh-lognormal environment. For this purpose, approximation
of PDF for both SNR and SINR has been presented while utilizing log-normal random
variable and then comparing the results of the three receivers. It has been concluded that
the integration of very large number of antennas results in the averaging out of noise and
small-scale fading, however does not affect the large-scale fading and it still acts as an
adversity.

In [19], the authors attempt to present their research on the effects of shadowing, in
which the generalized K-fading channels have been used for capacity evaluation. [22] and
[25] used the composite fading-shadowing model for the analysis of outage probability.
However, no work has been presented in order to evaluate the performance of a URLLC
system in the presence of a composite fading-shadowing channel. No closed-form ex-

pression for outage probability has been expressed either.
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Chapter 3

System Model

3.1 System Model

Figure 3.1! illustrates the network topology of our system model. Wide coverage is pro-
vided to a certain area by the strategic deployment of Base Stations (BSs). Every BS
serves multiple Mobile Terminals (MTs) as far as they are within the vicinity of their
respective coverage area. From the perspective of a MT, interference contaminates the
desired signal which the neighboring BSs generate. In order to enhance microscopic di-
versity, both MT and BS can be integrated with multiple antennas. Moreover, higher order
of redundancy and macroscopic diversity are also provided when a MT is cooperatively
served by multiple BSs that are spatially-separated.

The presented multi-cellular system consists of L BSs, where each BS is equipped
with M antennas to serve its cell. Each MT that resides in a cell is equipped with N
antennas. It is assumed that the MIMO scheme is closed-loop, which means that the
serving BS receives channel information from its MT. This information is then utilized

for precoding, i.e. the determination of antenna transmitter weights. An environment of

ISource:“http://vbn.aau.dk/files/219673440/DiversityPaper rinal .pd f"
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Figure 3.1: Typical Network Layout

composite fading-shadowing in nature is considered for the transmission of signals. This
composite nature of the wireless medium corresponds to both large-scale and small-scale
fading. It is assumed that all random variables corresponding to the channel coefficients
are independent and identically distributed (iid), following a K-distributed envelope. The

N-dimensional received signal rk by the MT served by BS k is expressed as:

1
rk:Hk\/.QkW{(nSk—FZHj\/.QjW;nSj—{-Il (3.1)
j=1

where w]m is the M-dimensional vector for precoding at the j-th BS; £; and s; rep-
resent the average received power and transmitted symbol, respectively. ||s;|| = 1 for
simplicity; I is the number of interferers; Hj is the MxN matrix whose (n,m)-th entry

denotes the complex channel gain between n-th antenna at the receiver and antenna m

at the j-th transmitting BS; and n denotes the Nx 1 zero mean and ¢ variance Gaussian
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vector for noise at each antenna at the receiving side. The received signal vector at the

MT is expressed as

1

Vi = Were = WeHg/ Qwit'si + Z wiHj | /.ij}“sj +wpin (3.2)
j=1

CMxN ig the channel matrix

where wj is the 1 xN weight vector at the receiver; Hy €
for the composite channel between k-th BS and MT equipped with M and N number
of antennas, respectively. Each element in Hy is a product of square root of a gamma

distributed RV and iid zero-mean complex Gaussian RVs as given below

h=+/z(gr+ jgi);h € Hx (3.3)

where z denotes a gamma RV; and g, and g; represent the real and imaginary parts
of a complex Gaussian RV, respectively. K distribution defines the envelop of h, and its

Probability Distribution Function (PDF) is illustrated in Figure 3.2 and is given by
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where ¥ and o denote the shape and scale parameters, respectively. The severity of
shadowing is controlled by varying the values of ©¥. A small value of v implies high shad-
owing and vice versa. The K, (.) is the modified Bessel function of the second kind. We
are using K distribution because it allows us to incorporate a composite fading-shadowing
channel whose severity of shadowing is based on the value of its shape parameter [30-
35]. Keeping in consideration a perfect CSI at the receiver and an interference-limited

scenario, the downlink Signal-to-Interference Ratio (SIR) of k-th BS is expressed as

[[wiHE Hiow? ||
=t | WRHTH w2

SIRy = (3.5)

where [.] denotes the Hermitian operator. In order to find the outage probability, the
above expression for SIR is used as a general expression of SIR
X

SIR, =Z = v (3.6)

where Z is used to denote SIR for derivation purposes; X is the sum of MxN squared
K-distributed RVs; and Y is the sum of (MxN)(L—1) squared K-distributed RVs. The

expression for squared K-distribution is given by

O+l 12
fx(x)=2<é> x 7 Ky {2 (g) } (3.7)

Figure 3.3 illustrates the squared K-distribution for different values of shape parame-
ters v, i.e. shadowing intensity parameter

For the derivation of closed form expression of outage probability, both X and Y are
approximated by another RV that Gamma-distributed. On the basis of this assumption,

PDF of Y is expressed as
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O ¢y _x
fx(x) = ——x"le® (3.8)

where © and & are scale and shape parameters, respectively; and I'(.) is the Gamma
function. For Gamma approximation of sum of RVs that are K-distributed, moment
matching scheme is used. This method yields scale and shape parameter of Gamma distri-
bution in the form of scale and shape parameters of squared K-distributed RVs with some

adjustment factor €. We obtain @ and & expressed in o and ¥ as given by

3.1.1 Theorem1

We use the results presented in [29 and 49] for the approximation of K-distribution by
Gamma distribution for a simplistic scenario in which the BS is equipped with multiple

antennas and the user is equipped with only one antenna. In this scenario, the numerator is
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actually a squared K RV whereas the denominator is the sum of squared K RVs because of
the interferers. In order to derive the expression of outage probability for this scenario, we
apply this approximation on the denominator having L—1 intereferers, we get the shape

and scale parameters as:

0=(v-9a, (3.9)
L—1
E— 3.10
&= (310
where Vv is found by
2
=1+— 3.11
v=I+4 (3.11)

We use the following expression for obtaining the outage probability

O=P{SIR< 1} = /Ow {/Oﬁfy(y)dy} fx(x)dx, (3.12)

The inner integral yields the CDF of Gamma distribution which is expressed as

Y€, 5)
re)’

where 7(.) is incomplete gamma function. Incorporating Eq. 3.13 and Eq. 3.7 in Eq.

/Ozfy(y)dy - (3.13)

3.12, the following expression for outage probability is obtained

0= /:I%(é) 192“)6192]1(19_1 [2\/3 %dx (3.14)

Expanding the above integration gives

T T
o-olaf-1en(ea-0. 5 | cmmi(sioare S) i

where b, a and p are expressed as
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b=TI(-0)'(&+9),

such that R(9) > 0, R(E + ) >0, R(E) > —1,R(2) >0anda >0

3.1.2 Theorem 2

(3.16)

(3.17)

(3.18)

For the case case of massive MIMO, the transmitter and receiver are equipped with M

and N number of antennas, respectively. The shape and scale parameters for equation 3.8,

which expresses the numerator of the SIR, can then be expressed as:

O=(v-9¢a,
M x N
6_ V—S,
where v is found by
v—1+2
= 5

Similarly, the PDF of Y, the denominator of SIR, is expressed as

_é y
fr(y)= %yg_le_@

Using the same process for the denominator, we get

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)



where ¥ is found by

2
d=1+= 3.25
+19, (3.25)

We use the following expression for obtaining the outage probability

O=P{SIR< 1} = /0 ) { /0 : fy(y)dy] fx(x)dx, (3.26)

where inner integral is given as

((Ll)(MxN) . )

: 4 O—¢ Yz(0—€)a

| srtay=

0 F((L—l)(MxN))
Uv—€

using Eq. 16 to solve Eq. 3.26 while keeping the upper limit of the integral as t, gives

(3.27)

the outage probability of a single cell as follows

O=P{SIR< 1} =
_ (ZI+LMND (—1+L)MN
t TIro(-Te) 2 112 e
(o(1+5-¢)) "
r(_my_\p(EHomy s
1+5—¢ 1+35—¢)
(=1+L)MND

10 T rro(-Tre)
X
(a(2+19 - 198))

X{F( (—1+L)MN19)_( (—1+L)MN® 10 )]

24 0(—1+e) 24 09(—1+¢€) a2+ —De)
MN?® V2
3.28
Xy<—2+19—19£)’a(2+19—198)) (3.28)
such that
249 (1+(—1+L)MN—¢) 4+9(2+(—14+L)MN—2¢)
i)ﬁi( RS EY: ) >—1, %< 270 ve ) >—1,
249 (—1+(—1+L)MN+e) —14+(—14+L)MN®
9““( Y g ) < Lg{(w) <0
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Chapter 4

Numerical Results

This chapter demonstrates the effects of varying the number of antennas on the outage
probability. Different simulation results in various settings, for example varying the num-
ber of antennas at the BS and severity of shadowing. It has been assumed that there is
one user situated in a cell that receives signals from both, the BS of its cell and BS from
the neighboring cells that act as interferers in the process of calculating the SIR of the
system. The values all the variables have been mentioned in the explanation of their re-
spective graphs so that it may be easier to discern them from one another. Outage and
success probabilities have been calculated in both simulations and theoretically as given
in the derived expression for outage probability. These simulation and theoretical results
have been illustrated simultaneously for better understanding of their concurrency. It has
been seen that the analytical results that have been expressed in our derived equation for
outage probability, are reinforced by the simulations.

Figure 4.1 illustrates the behavior of the simulation and theoretical results in terms
of outage probability versus threshold. In this case, the number of interfering BSs has
been assumed as one. The intensity of shadowing in the system is considered at 0.85.

It can be seen that as the threshold for the received SIR increases, the probability of
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Figure 4.1: Outage probability for different antenna configurations at shadowing intensity of v = 0.85

incurring outage also increases. Furthermore, the figure also illustrates that the antenna
configuration can play an eminent role in terms of reducing the outage probability. As
the number of antennas is increased at the BS, the outage probability tends to decline and
vice versa.

Figure 4.2 demonstrates that behavior of outage probability for different values of
shape parameter. Different values of shape parameter represent different severity levels
of shadowing. Higher the value of shape parameter, lower is the severity of shadowing
and vice versa. It is intuitive to reckon that higher value of shape parameter should result
in lower outage probability of the system, and lower value of shape parameter should
result in higher outage probability of the system. This intuition is also confirmed by the
simulation results as presented in figure 4.2. It can be seen that as the value of shape
parameter is increases, i.e. the severity of shadowing is decremented and the outage

probability of the system also decreases, and vice versa.
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Figure 4.2: Outage probability for antenna configuration of 25x4 at different values of severity of shadowing

It has also been observed that the final expression for outage probability follows the
Beta Prime distribution, which is also known as the Beta distribution of the second kind.
In order to verify this observation, we compare the PDFs of both, the ratio of our SIR
and Beta Prime’s theoretical expression for its PDF. It must be noted that the two shape
parameters of this Beta Prime distribution are expressed as the shape parameter of the
individual Gamma distribution of the numerator and denominator, respectively as they
have been found by the Gamma approximation of the K distribution as mentioned in the
system model section. Figure 4.3 shows that our simulation results are reinforced by the
theoretical model.

Figure 4.4 depicts the performance of the system in MIMO CoMP mode. In this
mode, the individual SIRs of the base stations are added together to benefit from the
macro-diversity of the whole system. It can be seen that MIMO CoMP has lower outage

probability as compared to that of the simple MIMO scheme. This is because the inter-
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fering BSs are not only seen as interferers as they play their role in improving the overall

SIR of the system.
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Chapter 5

Conclusion and Future Work

This chapter presents the conclusion of our work and also adds some potential suggestions

that can pave the way for our future research endeavors.

5.1 Conclusion

This thesis presented an analyzation of the effects of shadowing on the ergodic rates of
the multi-cell massive MIMO system by taking into consideration a K-distributed channel.
Outage and success probabilities have been analyzed for different antenna configurations
and severity levels of shadowing for the determination of the optimum setting for the
achievement of URLLC requirements. It has been shown that shadowing severity plays
an imperative role in terms of determining its impacts on the URLLC systems. Higher
the severity level, higher number of antennas required for the achievement of URLLC
requirements. However, it has also been observed that even at a very high antenna config-
uration, the effects of shadowing cannot be completely averaged out. System performance
for different antenna configurations has also been demonstrated for system analysis. It has

also been shown that the outage probability of the system is directly proportional to the
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threshold.

5.2 Future Work

For future consideration, we intend to carry out performance analysis of the system with
different pre-coders and estimators. We can also perform these analysis in HetNet that
operate in the vicinity of composite fading channels in massive MIMO settings. Different
channel distributions for more accurate analysis of the outage probability under certain
antenna configurations and K-faded channels can also be used. Moreover, Device-to-
Device (D2D) massive MIMO can also be taken into consideration in indoor scenarios

while operating in K-fading environment.
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Appendix A - Communication Systems Symbols

x}‘l Transmitted data vector from UT to BS in /th cell
y;?l Received data vector from UT to BS in jth cell
Hj Complex channel vector of jth cell

n AWGN noise vector

W, Precoding Vector of /th cell

S; Precoded data vecotr of /th cell

E{] Expectation value

Estimated value of channel

® 7

Downlink SINR of mth user in jth cell
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