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Abstract

This paper presents a technique to increase the data throughput in Multiple Input Multiple Output
(MIMO) systems. The technique uses a meta-heuristic to optimize the data throughput and to choose
the best solution. The optimization is based on Genetic Algorithms (GA), with the objective of
finding out the best antenna configuration to achieve the highest data throughput from the variation
of the distance between the antenna array elements and the number of antennas. Simulation results
show an increase of more than 15% in the data throughput considering 4x4 MIMO channels. MIMO

systems; data throughput; genetic algorithms; optimization.

ir.aiktclibrary.org




IR@AIKTC-KRRC

Contents

Project | Approval for Bachelor of Engineering
Declaration . . . . . . . ... .. ...
Tableof Contents .. ......... i

Keywords And Glossary . .. ... v

1 Introduction

1.1.1 Statement of RLOEeE. i Ltaadi (e £ B e, . - .
1.1.1 ProjeciALonTieaiure . #5e: Lor s tome. ol 0 "
1.1.2 Metivettigtye. . . LL vl 3| TRl o - . - K
1.2.28bjedllve and ScQpe-=7 _Ledee Pl WETY. ... .. 1

2 Literature Review

2% 1anper Titlehw = vttt e . E UL | s
2.1 diWeaknessesdd b ¥ gmierat 0] L FT AL B Paald |
2.12=How to Ovencomenmt| &=l | . L. M. 155 e T Tk,

3 Technical Details

o=l Methodology . ......... . lheg ||| e (e ek .
SesProject Requirements . . . . .o LI st 4L L. . ||
3.271sSoftware Requirements . . . . il . ol
3.2.2 Hardware'Requiréments™. .»% .. .08 . ... 0. . ..

4 Market Potential
4.1 Market Potential of Project

4.2 Competitive Advantages of Project

5 Conclusion and Future Scope

5.1Conclusion . ...
S.2FUture SCOPe . .. oo ot

References

ir.aiktclibrary.org

W W W w w N NN DN P, = P = -

~ b




IR@AIKTC-KRRC

Keywords And Glossary

Keywords :

Use of Genetic Algorithm
Optimization of LTE signal
Reduced bit error rate (BER)

Improved signal to noise ratio (SNR)

Glossary :

In compter science, Artificial Intelligence, and Mathematical optimization Is a heuristic
technique designed for solving a problem more quickly when classic methods are too slow for
finding an approximate solution
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Chapter 1

Introduction

The Multiple Input Multiple Output (MIMO) system is a technique to increase the throughput and
achieve the radio channel capacity, for fourth generation (4G) and fifth gener- ation (5G) cellular
networks. It uses multiple antennas in the transmitter and the receiver, to enhance the energy and
spectral efficiencies. Consequently, more data can be transmitted by the wireless channel. The
MIMO technology is embedded in the Long Term Evolution (LTE) standard, that uses two to four
antennas in the mobile unit and up to eight antennas in the base station (per cell)
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Figure-5: MIMO - Multiple Input Multiple Output

The spatial diversity provided by the MIMO technique shows that the use of an antenna array
increases the system quality. This ensures that the transmitted signal will arrive at the receiver with
an appropriate Signal-to-Noise Ratio (SNR). This technique takes advantage of multipath
propagation phe- nomenon to increase the channel throughput in environments subject to reflection
and diffraction. The channel capacity may be achieved varying the number of antennas in the
transmitter and in the receiver

The MIMO technology can significantly improve the system throughput, the coverage area and the
Quality of Service (QoS). The transmission optimization using MIMO depends on the design of the
antenna array in both transmitter and receiver In general, optimization is a complex and costly task.
Thus, researchers and engineers have developed efficient optimization techniques to permit MIMO
projects that are practical and affordable Artificial intelligence algo- rithms are used to optimize the
data transmission in the context of Cellular Mobile System (CMS).

Several studies presented in the literature deal with MIMO systems, in order to increase

the performance of wireless
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Fig. 1. Block diagram of the MIMO system simulator with optimizer.

The research is performed to define the quantity, positioning and gain of the antennas,
optimization of channel quality, reduction of interference, technology sharing in the same

system, and order of digital modulation

Heuristics and meta-heuristics have appeared in the last decades as alternatives to handle
complex optimization prob- lems, providing promising solutions. Researchers have been
inspired by nature to find good solutions for large-scale optimization problems, in a
reasonable execution time. These bio-inspired algorithms present interesting features

when applied to engineering problems, such as efficiency and robustness.

In Genetic Algorithm (GA) is used to obtain the position and orientation of each
antenna in the array that maximizes the capacity of the MIMO channel. The authors
assume a channel model that interfaces from the propagation environment to the set of
receiving antennas of a mobile terminal. In the problem modeling, the authors use the
geometric channel model insimulations. In present paper, a methodology based on GA
is also applied for optimization of the data throughput in the CMS by changing the
number of the antennas in the array and the distance between these antennas in the
transmission array. The goal is to achieve the best configuration which result in highest
data throughput in the MIMO system. It is worth to mention that the Clark model was
used in the present paper to calculate the spatial correlation matrix for the problem

modeling.

This paper is organized as follows: Section 11 presents general concepts of the MIMO
systems, as well as, the channel capacity and correlation coefficient computation.
Section 11l introduces the main characteristics of the Genetic Algorithm, considering
optimization problems. Section 1V presents a proposal to increase the data throughput

in MIMO system. The simulation setup and the results of this simulation are dis- cussed

2
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Project Architecture
e EA38ER6 Canirt Are the fitness
population > population criteria satisfied? Stop
filness
3
Selection
sl Gienelic
Crossover Operators
r
Mutation
|
Motivation

Nature is biggest motivation for this project it is based on the principle of genes formation from
biology, but as we are dealing with computer science with the help of mathematical equations we

found solution for certain LTE signal parameters

Objective and Scope

Gives a clear description for class of problems genetic algorithm should excel
Executes by population reshuffling using each objective function
Its advantage is that the worse individual of the population will have very little probability of

selection here as the best individual will not dominate the selection process, thus ensuring diversity
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Chapter 2

Literature Review

Our group has studied various journal papers related to signal optimization and genetic algorithm

Optimal placement of training for frequency selective block fading channels from IEEE transaction

on information technology author name adireddy, s, tong, & vishwanatham (1)

Alexandre, hf, Dias & joao, av 2002, multiobjective genetic algorithm applied to solve optimization

problems , IEEE transaction on magnetics (2)

Author name Ali, jane, ¢ & mohammed T 2014, ‘bit error rate analysis of MIMO LTE system’

Proceeding of the nine international conference on wireless mobile communications (3)

Alanki SR & Srinivas, s2014, ‘A new BER & SNR calculations for MIMO systems °, international
journal of inventive engineering and sciences (1J IES ), (4)
Vol.2 , no.8, pp. 1-4.

Weaknesses

New hypothesis, it is idea that proposes a tentative explanation about a phenomenon.
Coding of fitness function, wrong choice of fitness function may lead to critical problems or

sometimes a wrong solution to the problem.

How to Overcome-

By using other techniques like
swamp optimization,

Bird flocking and no. of other techniques
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Methodology

Chapter 3

In computer science and oprations research, Genetic algorithm is a metaheuristic inspired by the

process of natural selection

!

Initialization j
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Crossover
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Mutation

Stopping criteria = true ’
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1. Initialization

The first step is to create and initialize the individuals in the population. As the genetic algorithm
IS a stochastic optimization method, the genes of the individuals are usually initialized at random.
to illustrate this operator, consider a predictive model represented by a neural network with 6
possible features. If we generate a population of 4 individuals, then we have 4 different neural

networks with random features. The next figure illustrates this population.

2. Fitness assignment

Once we have generated and initialized the population, we need to assign the fitness to each
individual. To evaluate the fitness, we need to train the predictive model with the training data, and
then evaluate its selection error with the selection data. Obviously, a high selection error means a
low fitness. Those individuals with greater fitness will have a greater probability of being selected

for recombination.

Selection error Rank Fitness
Individual 1 0.9 ] 1.5
Individual 2 0.6 3 4.5
Individual 3 0.7 2 3
Individual 4 0.5 4 6

3. Selection

After fitness assignment has been performed, the selection operator chooses the individuals that
will recombine for the next generation. The individuals most likely to survive are those more fitted
to the environment. Therefore, the selection operator selects the individuals according to their
fitness level. The number of selected individuals is N/2, being N the

ir.aiktclibrary.org
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4. Crossover

Once the selection operator has chosen half of the population, the crossover operator recombines
the selected individuals to generate a new population. This operator picks two individuals at random
and combines their features to get four offsprings for the new population, until the new population

has the same size than the old one.

5. Mutation
The crossover operator can generate offsprings that are very similar to the parents. This might cause

a new generation with low diversity. The mutation operator solve this problem by changing the
value of some features in the offsprings at random.

To decide if a feature will be mutated, we generate a random number between 0 and 1. If this number
is lower than a value called the mutation rate, that variable is flipped. The mutation rate is usually
chosen to be 1/m, where m is the number of features. With that value for the mutation rate, we
mutate one feature of each individual (statistically).

The next image shows the mutation of one of the offsprings of the new generation. As we can see,

the fourth feature of the offspring has been mutated.

Offspring1: Original  |0{1[0]1/0]|1

Offspring1: Mutated [0 1[0 J@l0]0

At this point, we have the new population

ir.aiktclibrary.org
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The Network Architecture

The 4G LTE-Advanced network is a flat network all IP. The geographical area is divided into small
area called hexagonal cells, the centre of which is the eNode B which may be interconnected via the
X2 interface, themselves connected to the SGW in the user plan (through the S1-U interface) and the
control plan MME to the S1-MME interface. The SGW are connected to the MME in the control plan
by the S11 interface and PGW user plan by the S5 interface. The PGW are connected to other
external networks by SGi interface (Figure 2). In this article, we propose a comprehensive planning
model of LTE Advanced network architecture based on a “centralized control, distributed bearer” [8]
fully resolved by considering three assignments in the user plane. The functional entity centralized
control of MME is responsible for: To treat signalling exchange between the handheld and the EPC,;
-To establish a user session and select the SGW and PGW entities that will be used to implement the
data transport channel during a query. Thus we abstract equipment HSS and PCRF (Figure 1) for the
following reason. This equipment though in the core network is located at a higher level and is
entities of the control plane. Indeed, entities: eNode B, MME, SGW and PGW can communicate
directly with each other without having to make round trips with top-level equipment. Moreover, they
are not involved in the data transfer plan.

The Planning Problem

The problem of an Advanced LTE mobile network planning is a complex issue. However to make it
affordable, it can be divided into three sub problems compared to three levels in the architecture of the
network 4G/LTE-A of Figure 2: Cell planning, radio access network planning and core network
planning. Cells planning is to interconnect the eNode B together with the X2 interface (optional). This
sub problem is to minimize the total cost of the network by minimizing the costs of connection and
costs associated with handoff operations; Planning the access network is to assign the eNode B to SGW
through the S1-U interface in the data plan. This sub problem is to get a better latency (optimizing link
costs between these two entities and reduce the costs of complex operations of handoff following a
change of SGW); Core network planning is to interconnect the SGW to PGW through the S5 interface
in the user plan (data plan). The objective of this sub-problem is protocol to reduce costs of network to
enable reliable transmission of data packet transport IP over the whole network.
data packet lr.unsport IP over the whole network.

Signalling Message

PGW SGi External
Network

Core network planning

A
y

Cells Planning

| < Access network planning

v
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Formulation of the Mathematics Model

Assumptions

To model our problem, the following assumptions about the network architecture must be considered:
The network consists of n eNode B installed in each one of the network cells, s SGW and pPGW
which are

respectively identified by the indices 1 to 3 so that:

-In={1, 2,3,, U } the set of eNode B.

-Js={1, 2,3,, [ } the set of SGW.

-Kp={1,23,, 0} the set of PGW.

- To each eNode B in the center of a cell is connected to a single SGW and can be interconnected
with other

eNode B in cells;

- Each is connected to a SGW and PGW one;

- Each SGW and PGW to a well determined capacity;

- The position of the eNode B, SGW and PGW are known;

- The total capacity of the links connected to an entity (SGW and PGW)cannot exceed the capacity of
this en-
tity (bit per second).

Finally, the problem of global planning is divided into three sub problems:

The interconnection of the eNode B among them, the assignment of the eNode B to PGW, and SGW
assign-
ment to PGW.

Mathematical Model

Consider the constant parameters: 11 Cii’ : The link cost between eNode B i (i€]) and eNode B1i' (i'e
I) withi #1'".

12 Cij : The link between the eNode B i (i € I) and the SGWj (j € J).

23 Cjk : The link between the SGW j (j € J) and thePGW k (k € K).

11

ith'

: The cost ofhandoffoperation per unit time between the eNode B i and i' with no change of SGW.
11

ith'": The cost of a handoff complex operation per unit of time report between the eNode B 1 and 1'
without

SGW.

21

ith'

: The cost of single handoff operation per unit time between the eNode B i and i’ involving a change
of

SGW.

21

ith "’ : The cost of handoff complex operation per unit time between the eNode B i and i' involving a
change of

SGW.

111111

itiiiihh’"” ®=—"represents the reduced cost per unit of time of a complex handoff between two
eNode B i and
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i with SGW not changing.

212121

iijiiithh'"" ®=—"represents the reduced cost per unit of time of a complex handoff between
eNode Biand i’

with a change of SGW.

2

j ® : The maximum capacity of the entity SGW J in (bps: bit per second).

3

k o : The maximum capacity of the entity PGW k in (bps: bit per second).

12

1j v : The data volume supported by the interface S1 between the eNode B i and entity SGW j.
23

jk v : The data volume supported by the interface S5 between the entities SGW j and PGW k.
Consider the following decisions variables:

()01
1 if the eNode B is connected to the eNode B et

0 otherwise

iililii

x'O0e"'e#£#=0

agd

()()12

1 if the eNode B is connected to SGW
0 otherwise

ijiiljjd

X

Oeell=1]

oo

()23

1 if the entity SGW is connected to the entity PGW
0 otherwise

To better understand the cost incurred by a handoff operation with change of SGW, we define the
following

additional variables:

12

i j

z'"and 12

ny'’

: representing the cost allocation of eNode Bil €etil’'€eau SGW jJ €.

So

12 12
12; ;10
jijzxxiiietiletjJ'=vVeEe'-#€''(1)

So that:

1212, iiii ]
jJ
yziiietiletjJ’
10
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€

'=VY#€E''(2)

()

12 ()

if the eNode B and are both connected to only a single
and same SGW among the SGW

otherwise

The total cost of the objective function F is the sum of total depreciation costs of connections and
reduced
costs per unit time of the handoff operations throughout the network defined below:

111112122323 11 11 (1) @12 12 (1) i it ij ij jk jk ii i ii i
I IKKETiTilil

ey

Fcxexexoxy
EEEecee’'e€ e

+

€' ##
=22 2222222yt +-(3)

Then it will minimize the cost function F defined in (3) under the following constraints:
The constraints on the uniqueness of the assignments:

- Each SGW is interconnected to one and a single other eNode B

11 1;ii

il

xil'

'e

> = ve (@)

- Each eNode B must be assigned to only one SGW
12 1; i

jJ

X il

€

2. =Ve(5)

ir.aiktclibrary.org
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- Each SGW must be assigned to one PGW

23 1; jk
k K
X JJ

€
2= Ve (6)

The constraint on the ability of nodes (SGW and PGW)

The network is flat in IP. There is only one type of traffic flowing across the network. The data are
carried by IP.

The signalling messages in the MME control plane are not taken into account.

The constraints on the ability of these different nodes are defined below:

The Constraint on the ability of SGW: The amount of data coming from i eNode B should
not exceed the

capacity of SGW.

12122 ;1)) ]
il

Yyoxjle

Y <ve (7)

The Constraint on the ability of PGW: The amount of data coming from j SGW does not
exceed the capacity of the p PGW.

23233 jkjkk
jJ

yox kK €

Yy <Ve (8)

Nonlinear constraints

Relation (1) is nonlinear. Therefore, the problem cannot be solved with traditional methods of linear
pro-

gramming. Thus Merchant and Senguptain [44] [45] proposed a set of equivalent stresses. So relation
Q) is

equivalent to:

1212;and,;iijijzxiiiiljJ <V£EE''(9)
1212;and,;iijijzxiiiiljJ’ ' <V£€ €' (10)

B. A. P. Bertrand et al.
362
121212 1;and, ;iijijijzxxiiiiljJ’''>+—-V£€ €'’ (11)

()120withand ;andiijziiii1jJ'># €€’ (12)

12
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Summary of the planning problem formulation

The proposed model is an objective function of cost minimization under the constraints:

- From the uniqueness of assignment between entities located at each level of the architecture;
- From SGW and PGW nodes Capacity in the data plane user of the core network.

Thus, we have:

Min 111112122323 11 11 (1) ®12 12 (1) i i ij ij jk jk ii ii ii i
i jIjIKKITiTilil

FcexcxcxpXxyEEEEEEEEEE
#

rrrrry

rre

T#
=222 2222 22+ —-()

111; 10

il

xil'

'e

> =VeE (4)
12 1;1j

jJ

X il

€

2 =VE (9)
231; jk

k K

X JJ

€

2. =VE (6)

12122 ;1)) ]

il

yoxjle

Y <Ve(7)

23233;jkjkk

jJ

yoxkK €

Y <Ve (8)

1212 ;and,;iijijzxiiiiljJ"'<SV£EE €' (9)
1212;and,;iijijzxiiiiljJ]'"'<v£e€e €'’ (10)
121212 I;and , ;iijijijzxxitiilj]''">+—-V£€ €'’ (11)
()120withand ;andiijziiiiljJ'>#€€’’(12)

(3) Reflects the objective function to minimize: The first three terms respectively represent, the total
cost al-

locations between the eNode B in the cells, the total cost of the eNode B and SGW assignments in the
access

network and the total cost of the SGW and PGW assignments in the core network. The fourth and
fifth terms

13
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respectively represent the reduced cost per unit of time of complex handoff without involvement of
the SGW in

the cells, and the reduced cost per unit of time of complex handoff with a change of SGW in the
access network.

(4), (5) and (6) represent the constraints linked to the assignments uniqueness and we only
successively have

an eNode B that can only be interconnected to one and only one other eNode B in the cells, each
eNode B

should be assigned to one and only one SGW finally in the core network each SGW must be assigned
to one and

only one PGW. (7) and (8) impose the constraint on the capacity of PGW and SGW.

Finally constraints (9), (10), (11) and (12) are linearized to be equivalent to (1) to reduce the problem
to an

integer programming [44] [45].

Despite the transmutations carried out, the problem of allocation in an LTE-A network is still quite
complex

to solve. In the following section, we study the complexity of the model established in (3) to show
that it is more

convenient to use a heuristic to solve our model to obtain a feasible solution close to the optimum in a
reason-
able computation time.

Complexity Study of the Planning Model

The study of the complexity of the mathematical model set up in (3) is influenced by the three (3)
levels seen

in the architecture and the numbers of equipment available (Figure 2).

Indeed, it’s about making a triple assignment, first the interconnection between eNode B in the cells,
and then

a sub allocation of eNode B in the sub SGW access network, and finally a sub allocation of SGW the
PGW at

the core network level. And by analyzing more closely the second sub assignment, with the eNode B
to PGW in

terms of data users plane in the access network, we notice that it is similar to the cell assignment
problem to

switches in work carried out for second generation mobile networks [44] [45] where the authors show
the equivalence of this problem to the partitioning of graphs. Thus by analogy, each cell served by an
eNode B will

be considered a vertex of the graph. Transaction costs of handovers due to mobility of users between
each pair

of nodes represent, in this case, an arc connecting two vertexes of the graph. In fact, this assignment
problem in

this context belongs to the class of NP-hard problems that are well known in operational research: the
transport

problem or concentrator’s location [46] [47] and the partitioning of graphs [48] [49]. Their resolution
by an

enumerative method usually leads to an exponential growth of the execution time. We must exclude
the use of

an exact method.

In our case, we have in the first eNode B n sub assignment that we want to connect at the cell level,
which

will require an algorithm with exhaustive enumeration of nnnn combination analysis to solve part of

14
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the problem.

Then we must also affect the eNode B n to SGW s in the sub access network, which will also focus
on examin-
ing s

n combinations, finally the assignment of s SGW top PGW at the core network level will also focus
on ex-

amining another ps combinations. With this computing time which raises exponentially, we would
not be able to

find a solution in a reasonable time. On this basis, we concluded that we are faced with a hard-NP
problem.

Therefore, we search rather close to the optimum solution by developing heuristics or metaheuristics
for its

practical problem solving in a reasonable computing time.

Among the known heuristics, we have chosen the genetic algorithm approach presented in the next
section..

Approach of Resolution by Genetic Algorithm

The genetic algorithm belongs to the class of evolutionary algorithms developed separately and
almost simulta-

neously, by different scientists:

- The evolutionary programming (L. Fogel 1966) [50];

- Strategies of evolution (J. Rechenberg 1973) [51];

- Genetic algorithms (J. Holland 1975) [52].

The objective is to obtain a feasible solution to an optimization problem when it cannot be solved
with an exact

method in a reasonable time. From 1990, these three fields have been grouped under the Anglo-
Saxon term of

Evolutionary Computation.

In our article, we treat genetic algorithms based on Neo-Darwinism that is the union of the theory of
evolution

and modern genetics. They are built on different techniques derived from it: crossing, mutation,
selection...

Adaptation of the Genetic Algorithm Method

Genetic algorithms all follow the same principle [53] and the method used in this article is no
exception. We

distinguish a coding principle of the element of the population (chromosome), a creation phase of the
initial

population, an alteration phase of that population by genetic operators, an evaluation phase of each
member of this

population, selecting the best elements (based on the principle that only the best will be able to
reproduce). Every

generation is supposed to provide the most efficient components than previous generations.
Intuitively, a large population with a large number of generations must be able to lead to a more
refined solution

hoping that the last generation will contain the right solution, however, is not necessarily the best.
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Coding of Chromosome

In our adaptation, we chose to make a non-binary coding of chromosomes [54].
Each chromosome of the population defines a feasible solution of the problem
For example, for our case, assuming a network 7 eNode B, 4 SGW and PGW 3.

A representation of the chromosome in Figure 3 is a constituent of the population that defines a
feasible solu-
tion of the problem considered.

Each chromosome being a configuration after three sub assignments would be:

- The length of the chains in the cells and the access network is equal to the number of eNode B
because all

eNode B should be interconnected and be assigned to the SGW.

- The length of the chains at the heart network is equal to the number of SGW because all the SGW
must be

assigned to PGW.

Thus, the length of the chromosome for our adaptation is equal to twice the number of eNode B
added to the

number of SGW.

| X | I T L o r_
l 5 7 1 g3 | 2 6 FlI 8 4 I 251% 1 4 | 3 "33 2 l3 | 2 3 3 I
A  — | - A A —— - S . S . S W ) D S — A ) — A A

| Assignment of the SGW
to PGW

- > | = >
D P - »

\ Assignement of the eNode B Assignment of the eNode B to SGW

Cell Access network ; Core network

The reading of chromosomes is from left to right; so:

- The first bit of chromosome contains the number of an eNode B to which the eNode B 1 is
connected.

- The eighth bit contains the number of a SGW which the eNode B 1 is assigned in the access
network.

- The fifteenth bit contains the number of a PGW which is assigned a SGW in the heart network.
This configuration represents a given topology (one assignment scheme) and respects the constraints
of single

assignment but not the constraint on the ability of the switches (SGW and PGW).
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Formation of the Initial Population

The first member of the initial population is that obtained when the three sub assignments are made
according to the metric of the smallest Euclidean distance. When an entity to allocate (eNode B
respectively SGW) is equidistant from two or more other entities (eNode B respectively PGW), is
assigned to the first in the order specified by the problem. This first chromosome is created
deterministically. The other elements (chromosomes) of the

population are randomly created respecting the principle of non-duplication (each chromosome is
unique). This

principle ensures heterogeneity of the population, thus good coverage of space to explore.

The population size is fixed and must be inferior or equal to all possible assignments to maintain the
principle of

unduplicated population.

Therefore, they must verify the feasibility of each solution, that is to say, the constraint on the ability
of the

switches. Indeed, in every generation, the population must be made feasible solution after application
of genetic

operators so that the latest generation of the best contains chromosomes than those of previous
generations.

Crossing Operator

The operation is to create two new solutions (children) exchanging one or more genes of two existing
solutions

(Parents).

To do so, we randomly generate an integer in each of the intervals:

-[1, number of eNode B], at the cell level and the access network.

-[1, number of SGW], in the core network.

These numbers will match the crossing position for the two selected parents’ chromosomes. Each
Crossing new

solutions are created. The new solutions will be retained if they are feasible.

Mutation Operator

Mutation is the process whereby the value of a random gene in a chromosome is regenerated. This
process occa-

sionally occurs in a genetic algorithm. By randomly changing the value of a bit in a string, the
mutation is useful to

bring genetic material that would have been forgotten by operators of selection and breeding. This
operator mu-
tates, under a certain probability, elements of the population.

To do so, a mutation position is identified by randomly generating a positive integer in the following
intervals:

-[1, number of eNode B], at the cell level and the access network.

-[1, number of SGW], in the core network.

Then, the variable corresponding to the selected position is randomly generated within the following
ranges:

-[Min_N~“eNode B, max_N “eNode B], at the cell level.

-[Min_N°SGW, max_N°SGW], in the access network.

-[Min_N°PGW, PGW max_N1, in the core network.

NB: min_N~°and max_N °are respectively the values that can take the various entities.
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The Function to Be Optimized

A key element of the genetic algorithm is the evaluation function or fitness of the individual that is
the cost of the

network configuration it represents. It is on this basis rests the choice of candidates.

The evaluation is to determine whether the chromosomes meet the constraint on the ability of
switches and to

determine which has the lowest cost while respecting the constraint of capacity switches.

The Selection Operator

The objective of the selection operator is to build a new population from the population obtained after
application

of the mutation and crossover. Overall, we want to calculate a probability of selection for each
individual of the

population is even higher than the value of his fitness is good. The percentage is calculated for each
chromosome

compared to the total fitness.

The simplest way to define the probability of selection is to make it directly proportional to its fitness.
Let (i) the value of the fitness of individual i (i = 1, 2...total pop). One can then define ps(i), the
individual

probability of selecting i, as follows:

) ()
)

—

Once the selection probabilities are calculated for all individuals in the population, it remains to be
using it to
build the next population.

The generation number is set initially. In every generation a new population is created. The size of
the popu-
lation is kept for each generation. Figure 4 indicates the pseudo genetic code.

Start

For i: = 1 Generation_number
New population generation

‘While<population size not reached >do

Crossover
Mutation
Fitness calculation
Check the homogeneity of chromosomes
Feasibility of the solutions (Constraint on capacity)
Saving the best solutions

Selection
End
End
Choice of the best chromosome
End
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By the same principle, starting from a population of initial solution (checking the capacity of the
switches),

propagation is by growing two individuals and is applied to the two individuals chosen generic
operators: the

crossing and mutation. Reproduction gives two children who are placed in the new population.
Repeating play-
back until we have completed the new (the size of the population should remain constant).

Once reached, we replace the old population by the new one, and the process is repeated according to
the

number of generation set.

NB: In every generation, we save the best individual and at the end we chose the best.

Results

Experimentation Background
The performance of the adaptation of the genetic algorithm is based essentially on a good choice of
its parameters.

In the absence of actual data, our experiment was performed by considering a number of tests
generated by a
Matlab program.

We will make considerations as in some previous work. The cost of link between the various entities
IS pro-

portional to the distance separating them, with a coefficient of proportionality equal to unity [44]
[45].

- Traffic Modelling

Traffic in a telecommunications network is the volume of information transported or processed by the
network.

Unlike the 3G UMTS technology in a 4G/LTE-A network, there is only one type of traffic that
transport data in

packet form between the EPC and the mobile terminal. And as users” behaviour is random, we
consider that traffic

follows a Markov chain in continuous time through a process of birth and death. As there are no
mathematical

laws to model accurately the behaviour of the packet-switched traffic in a 4G network, suppose that
all the cells in

our network are considered queues M/M/1 forming a Jackson network [55].

Thus, the process of arrival of data packets is fish ai rate and tenure of the cell follows an exponential
law of

parameter pi (aaii and pi is strictly positive). A steady state (pi./ai < 1).

To facilitate the generation of data for our simulations, we make the assumptions below:

- The fi data rates from a cell i with mean gamma distribution and variance equal to unity.

- The service time (residence time: for example, the talking time or download time of a file) data
within cells

are distributed according to an exponential law of parameter equal to unity.

- If a cell j has neighbour k, [0,1] is divided into k + 1 in k intervals by choosing random number
uniformly

distributed between 0 and 1. At the end of the period of service in the cell j, the data packets may

either be
19
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transferred to the i

th neighbour (i k = 1,2,3, , [1) with a probability of transfer rriiii equal to the length of the i
th

interval, be closed with a probability equal to the length of the k + 1th interval.

To find the volume of data and the coherent succession rate, the ai rate data in cells at equilibrium are
obtained

by solving the following system:

1
1’21 i)

n
]
]

fravecina o=

:—ZZD

where n is the number of network cells and rij, the probability of handover between cells i and j.
fi being the traffic data rate from cell i.

It is selected as the data volume of an eNode B, the average length of its queue.

» All sSSGW have the same capacity packet MO calculated as follows for the purposes of the
simulation:
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where K is uniformly distributed between 10 and 50, which ensures an overall surplus of 10 to 50% of
the capacity

of SGW compared to the data volume of the eNode B.

* All p PGW have the same capacity M1 calculated as follows:
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where K' is uniformly distributed between 10 and 50, which ensures an overall surplus of 10% to 50%
of the ca-
pacity of PGW relative to the volume data from the SGW.

Experiment Plan

In order to verify the performance of our adaptation, a series of experiment was performed.
Considering a network of 15 eNode B-7 SGW-5 PGW, we generated the data needed to experience
using a

program Matlab R2015b. The program is executed on a computer whose characteristics are:
Intel®CoreTM

i3-3110M CPU@2.40 GHz 2.40 GHz.

The parameters used for the simulation of our adaptation are:

- Population size: 80.

- Number of generation: 45.

- Crossing probability: 0.9.

- Mutation probability: 0.2.

- Inversion probability: 0.25.

We executed our adaptation respecting the simulation parameters set out above (Test N °1).
The results show that the algorithm performs well because the optimum is reached in the last
generation

1400
1200 @<
1000

800

Fitness

600
400
200

0
0 5 10 15 20 25 30 35 40 45 50
Number of generation

shows the variation of the optimum of 45 generations in the genetic process for a network of 15 eNode

B, 7 SGW and PGW 5.

Comment: We note that the process starts with a value of 1207.2 units in the first generation. This optimum
undergoes an increase of 0.25% or an evaluation of 1210.2 units in the second generation from the optimum
value to the first generation. A marked improvement in the optimum value of 0.42% was observed in the
third generation or an evaluation of 1205.1 units. From the third generation, the algorithm performs very
well, and we get good value for the optimum in the 45th generation of 870.2 units, an improvement of
27.79% and 27.91% compared to the optimum of the first generation. This improvement is due to the fact
that only feasible solutions were chosen to form a new population. Study of the influence of the population
on the optimum value 2nd series of experiments with a population equal to 60 chromosomes
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Comment: We note that keeping the same parameters except the population size this time that equals 60
(TestN'. 2). We obtain the optimum in the 45th generation of a value of 942.8 units except that it is not
better comparedwith that found previously in
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Comment: We repeated this same experience to a size of the estimated population of 40 chromosomes (Test
No. 3), made the observation that if the algorithm performs well but also the optimum value is degraded; an

in-crease of 14.76% relative to the optimum test N 1 of the first experiment and 5.92% relative to the
optimum test N'2 of the second experiment.Thus, a large population ensures good exploration of the search

space, which allows to have a refined optimal solution. However, a small population could lead so quickly to a

good solution provided that operators are judiciously applied. Finally, the experiments have shown that the
processing time increases with a growth in population, this is probably due to the heterogeneity of the
members in population. Thus, concerning the search space, the algorithm explores the neighbourhood of
each feasible solution to determine the global optimum.
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Project Requirements

Software requirements — MATLAB

MATLAB is a high-performance language for technical computing. It integrates computation,
visualization, and programming in an easy-to-use environment where problems and solutions are

expressed in familiar mathematical notation. Typical uses include: Math and computation.
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Chapter 4

Market Potential

Market Potential of Project

Genetic Algoritm has abiity to avoid being trapped in local optimal solution unlike traditional

methods which search from a single point (v blast, d blast, stbc )

Competitive Advantages of Project

The most effective technology to optimize LTE signal as compared to stbc, Vblast, Dblast LS and

MMSE and all the the other technology used in previous generation
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Chapter 5

Conclusion and Future Scope

Conclusion-

The main focus of this research is the estimation and optimization

of the channel in MIMO-OFDM systems using various algorithms. The

performance of various OFDM systems are analysed and results plotted and

tabulated. Genetic algorithm optimization scheme is proposed to detect the

position of the pilot in this system

Hence, we have studied the Concept of Genetic Algorithm and the research work has been

implemented using highly scientific computational sotware Matlab

Future Scope-

Implementation of research work can be extended to other benchmark function such as

increase in signal to noise ratio(snr), Increase in bandwidth, and control bit error rate (BER) and

many more
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