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Abstract

The exponential growth in mobile data traffic is forcing telecom operators to invest on new
infrastructures. But devising techniques for optimum network utilization, which can be
provided by traffic modeling, has the potential to reduce investment costs. Modeling
traffic variation in different service areas and time can also be applicable for energy
efficient network planning, understanding customers’ data traffic usage behavior and
dynamic resource allocation.

In this thesis, based on the data collected from 734 Base Stations located in Addis Ababa,
Ethiopia, the real traffic is modeled in space and time with a tunable accuracy. Firstly, a
rectangle that can inscribe the geographical area of the city is selected and divided equally
in to N by M smaller groups. Secondly, to understand the temporal behavior in the data,
the time-series data traffic of each group is transformed to spectral domain by using Fast
Fourier Transform where it is observed that all groups have the same four major frequency
components but with different magnitude of coefficients and phases. Then, matrices
corresponding to coefficient and phase values are transformed from spatial to spectral
domain by applying Two Dimensional Discrete Cosine Transform. In spectral domain
higher frequency components that contain less information are removed out and the
remaining are used for the reverse transform that made the model to be complete in time
and space.

The different application areas of the model for the operator require a varying level of
accuracy which in turn is dependent on the truncation level of frequency components. As
a result, a relation between model performance and truncation level is developed which
formed the model as a tunable around accuracy. Finally, by defining parameters that use
the model as an input, the network performance is analyzed and suggestions for the
observed gaps are presented.

Index Terms: Spatio-temporal; modeling; UMTS Data Traffic; Fast Fourier Transform;

Two Dimensional Discrete Cosine Transform.
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Introduction

1. Introduction

The advent of new technologies, such as smartphones, has led data traffic carried by
cellular networks to grow exponentially. According to the forecast study on global
Internet Protocol (IP) traffic growth from Cisco, mobile data is a leading area with an
estimated Compound Annual Growth Rate of 46 percent from 2016 to 2021 [1]. In order
to fulfill such demand growth, in addition to the common trends such as network
expansion and upgrade, there is a need to know how the network is being utilized, so
that an optimal operation may be achieved. One way of getting the network utilization
is through traffic modeling which can provide the traffic usage amount and peak hour
distribution of the different coverage areas for different times of the day. These outputs
of the modeling give an insight to manage the network resources effectively and meet
the growing demand from other strategies such as dynamic resource allocation and
energy efficient network planning. Creating an adaptive network that circulates its
resources according to the demand makes the network more efficient and developing a
marketing strategy that diverts customer usage behavior from peak to other hours helps
network utilization to be uniformly distributed throughout the day by avoiding
congestions. Additionally, in networks where congestion and utilization is not the issue,
traffic modeling can be applied for energy efficient network planning and also for the

routine operation and maintenance activities [2].

In cellular network planning, getting the right figure about the customer demand is a
major factor to obtain an effective output. Modeling the data traffic and performing an
appropriate prediction of the customer demand can definitely reduce the possible
occurrence of network challenges related with Quality of Service (QoS) in the future.
The first and most decisive point in the forecasting process is to find the data traffic

model that reflects the customer demand in the real network [3].
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Currently in Ethio telecom, the sole telecom service provider in Ethiopia, cellular
network data services are delivered through all (i.e., 2", 3 and 4" Generations) Radio
Access Technologies (RATs). As depicted in Figure 1.1, around eighty three percent of
the data traffic in the capital, Addis Ababa, is carried by the 3 Generation (3G)
Universal Mobile Telecommunications System (UMTS) technology. This is the main

reason for this research to target on the 3G network’s data traffic.

W 4G

3G

m2G

83%

Figure 1.1 Mobile data traffic carried by serving RATs in Addis Ababa [4]

In this thesis, the geographical and temporal mobile data traffic volume distribution in
Addis Ababa is analyzed and a model that can capture the traffic variation in both (i.e.,
geographical and temporal) domains is developed. As indicated above the vast majority
of cellular network data traffic in the city is carried by the UMTS technology. So, the
dataset related with UMTS network is used for the trend analysis and model

development works of this research.
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1.1 Statement of the Problem

One of the main factors that drive Ethio telecom towards network expansion and new
project execution is the congestion level in the network. Even if it is a useful parameter
in the optimization process, it doesn’t show the actual network utilization level.
Knowing the utilization level rather than the congestion invites other optional measures
which can avoid unnecessary expenditure costs. Capturing traffic variation for different

time of the service areas enable to directly acquire network utilization level.

Additionally, once expansion or new project execution is decided for the cellular
network, the planning process in the company uses the marketing department’s
analysis results as a major input. The main drawback with this approach is the right
figure about customer demand cannot be obtained and also it considers the data traffic

usage distribution to be homogeneous throughout the coverage area.

So this thesis is intended to develop a model that can capture traffic variation for
determining the network utilization level and to enable a heterogeneous traffic

distribution assumption in planning.

1.2 Objective

1.2.1 General objective

The main objective of this research is to study and model the geographical and time
variation of the UMTS network data traffic in Addis Ababa. For that, Fast Fourier
Transform (FFT) is used for modeling the traffic in time domain and Two Dimensional

Discrete Cosine Transform (2D-DCT) and its inverse in space domain.
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1.2.2 Specific objectives

The specific aims of the research are:

% To analyze the dataset from the UMTS network in Addis Ababa and
extract geographical and time behavior of customer data traffic usage.

% To study the application of Fourier Transform techniques such as 2D-DCT
and FFT for traffic modeling.

% Developing a mathematical model that determines the UMTS network
data traffic volume of any location in the capital and at any time.

% To evaluate the network utilization level, so that it may be used as an
input for different application areas and in quantifying the customer data
traffic usage behavior.

% Based on the network utilization result, forwarding recommendations for

the operator to have an efficient network operation.

% To simulate the mathematical model of the real traffic by using Matlab.

1.3 Literature Review

For modeling data traffic in mobile cellular network, literatures have used different
approaches. In [5] the traffic modeling is performed in space and time dimension where
the traffic variation pattern for a single base station in real cellular network is modeled.
The paper proposes sinusoid superposition model to represent the temporal traffic
variation and lognormal distribution is used for spatial modeling. Based on this, a third
combined spatial-temporal traffic modeling approach is developed. In this research a
similar approach as the temporal modeling proposed in the paper is followed. But the
difference is that they selected three types of areas and generalized the model with two

major frequency components whereas in this research case the whole city’s traffic is
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considered and the model is generalized for all areas of the city by taking four major

frequency components.

Some other papers make the modeling either in time or space domain separately.
Temporal modeling like sinusoid superposition as in [6] is performed where theoretical
analysis for traffic profiling is done. To make this model more practical [7] and [8]
added a poison distributed random process over it. In [9] traffic distribution is modeled
spatially by using Two-Dimensional Discrete Cosine Transform (2D-DCT). This
approach is adopted in this research but the difference is that they performed it for
determining the average traffic of a day for three selected regions in a city where as in
this research the approach is applied to capture the spatial distribution of parameters
from the temporal model that correspond to the different areas of the whole city. In [10],
different statistical distributions are tested for their fitness to the spatial distribution of
base stations’ traffic density and found that log-normal mixtures fit in a better way than
the others. Additionally, different modeling methods are proposed for the spatial
domain such as Homogeneous spatial poison point process (SPPP) [11], K-tier SPPP
[12], lognormal distribution [13], exponential distribution [14] and 2-dimensional

Gaussian model [15].

In regard with the forecasting model, there are previous works which are directly
related with Addis Ababa UMTS network traffic demand forecasting and capacity
planning. The paper in [16] has made the comparison between Seasonal Auto-
Regression Integrated Moving Average (SARIMA) and Auto-Regression Integrated
Moving Average (ARIMA) forecasting model in order to determine the one that best fits
to the collected dataset. The result has shown that SARIMA is a better model for the
city’s UMTS network data traffic demand growth. Finally the result of SARIMA based
demand forecasting is used for planning the network and a better UMTS data traffic

model is proposed. But the main critique in the paper is that it directly used the raw

5
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dataset from core network which makes the usage behavior assumption to be
homogeneous across the whole coverage area. In [17], the paper has done the forecast
for voice and data traffic of UMTS network in Addis Ababa using artificial neural
network. The dataset was collected from the core network element for 14 consecutive
months. But this paper also doesn’t consider the heterogeneity of data usage

distribution in space.

1.4 Methodology

In order to conduct this research, initially the dataset for Addis Ababa’s UMTS network
PS traffic is extracted from Ethio telecom Performance Reporting System (PRS). Then
literatures in the field of cellular network data traffic modeling and related area were
reviewed. With an insight from the studies reviewed, the raw dataset was analyzed and
model selection is performed separately for time and space domains where later both
were combined to develop a single mathematical model that can simultaneously

capture the data traffic variation of any location in the city at any time of the day.

1.5 Scope and limitation

1.5.1 Scope of the thesis

In this research, a mathematical model based on Fourier Transform techniques is
developed. As the research is a case study, Addis Ababa city’s UMTS network traffic is
considered in the modeling and from the perspective of the services delivered by the

network, the modeling is performed only for the data traffic.
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1.5.2 Limitation of the thesis

The following were the main limitations in conducting this research.
% The dataset from the network system has missing traffic information up to a
week period for some sites; as a result the modeling is performed for selected
weeks with full information. This also limits the forecasting process for future

work.

>

<+ Previous works on the city’s UMTS Traffic were more of towards forecasting; as
a result lack of similar papers that are directly related to this research was the
other limitation.

% Due to time limitation forecasting couldn’t be incorporated in the modeling.
1.6 Contribution

The main contributions of this research are:

1. A mathematical model that can capture Addis Ababa city’s traffic variation is
developed and analysis on how the different parameters in the model affect or
tune the model performance for the city’s traffic is performed.

2. This research has presented a new parameter (Peak Hour Utilization) for
evaluating the network performance and used it to assess the status of the

network so that the company may take an appropriate action.
1.7 Thesis Layout

The rest of the paper is organized as follows. In Chapter 2 detailed description about
UMTS network is presented. In Chapter 3 Fundamentals of Fourier Transform are
discussed. In Chapter 4, explanation about the dataset used for the research and
procedures followed in developing the model are presented in detail. In Chapter 5, how
the model accuracy varies with truncation level on spectral components of spatial
parameters and with different number of grouping is analyzed and discussed. Finally,

conclusion points are discussed in Chapter 6.
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2 Universal Mobile Telecommunications System

2.1 Introduction

In the last three decades, mobile cellular network technology has evolved through four
generations with the fifth one under development. Except for the first, all generations
coexist in the current cellular network scenario. The major factor for this, but not limited
to, is the tendency of the operators to protect their investment in the old generations.
This made the second generation (2G) to become the long serving technology from any
of the others with a current share of 25% of the total connected devices in mobile
network only overtaken by third generation (3G) and fourth generation (4G) since 2017
[1]. Even if 3G’s current share doesn’t exceed 33% in terms of the total connected
devices in the network, its emergence has brought a dramatic growth in the mobile
broadband data/subscription [1]. This was mainly due to the advancement in the air

interface technology and the upgrade on the core part of 2G.

Universal Mobile Telecommunication System (UMTS), which is a 3G technology and a
direct evolution of Global System for Mobile Communication (GSM), has two air
interface technologies: Wideband Code Division Multiple Access (WCDMA) and Time
Division Synchronous Code Division Multiple Access (TD-SCDMA). The difference
between the two is that WCDMA utilizes much wider band and operates on both Time
Division Duplex (TDD) and Frequency Division Duplex (FDD) whereas TD-SCDMA
uses TDD only. Except in China, more specifically China Telecom, networks all over the
world use WCDMA as the air interface technology of their UMTS system. The main
reason China developed and deployed TD-SCDMA is to avoid paying highly expensive
patent fees related with WCDMA. Even if they have a remarkable difference in their
techniques, there is no difference between the architecture of the networks they belong

to.
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2.2 UMTS Network Architecture

The first UMTS network was developed as a universal infrastructure that can carry
services in the past generations as well as services from future evolution. This was
achieved through dividing the overall network into different technologies such as
access, transport, service and user applications. Due to such subdivisions of the network
technologies in the system, the architecture of UMTS network can be modeled in many
ways. As shown in Figure 2.1, the more general architecture mainly has two parts: Core
Network (CN) and UMTS Terrestrial Radio Access Network (UTRAN). Sometimes,
User Equipment (UE) is also included in to the architecture as a compliment to the

system.

Radio Network > € Core Network

(Ethernet)

Figure 2.1 UMTS Network architecture [18].
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2.2.1 UMTS Core network

The basic functions of the core network are switching and routing calls and data
connections to and from external networks. It is divided in to two functional modules
which are circuit switched (CS) and packet switched (PS) domains. Network elements
such as Mobile Switching Center (MSC), Gateway MSC (GMSC) and Visitor Location
Register (VLR) are in the CS domain whereas Serving GPRS Support Node (SGSN) and
Gateway GPRS Support Node (GGSN) belong to PS domain. Equipment Identity
Register (EIR), Authentication Center (AuC) and Home Location Register (HLR) are
common entities that belong to both domains. The core network uses GMSC as an
attachment point of the CS part to connect Public Switched Telephone Network (PSTN)

and GGSN to connect its PS part to IP Multimedia Subsystem (IMS).

2.2.2 UMTS Terrestrial Radio Access Network

The UMTS Terrestrial Radio Access Network (UTRAN) is the network part that
facilitates the communication between UE and other network entities over the radio. It

has two parts: Radio Network Controller (RNC) and Node B.

1. RNC: some of the responsibilities of this entity are radio resource management, a
part of mobility management, data encryption/decryption and managing NodeBs
which are connected to it. This network entity makes a communication with the
core network, NodeB under it and with another RNC for the purpose of mobility
management.

2. Node B: this is a base station in UMTS network where the air interface starts. It
has transceivers for communicating user equipment. The air interface of UMTS
has evolved through different releases without making any significant change on
the CN part. Almost all upgrades are made on the data traffic serving section of

the air interface and a summary is presented in Table 2.1.

10
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Table 2.1 Releases of UTRAN air interface technologies.

Release Technology Maximum Up link | Maximum Down
Speed (Mbps) link Speed (Mbps)
99 WCDMA 0.384 0.384
5 HSPA 0.384 14.4
6 HSPA 5.8 14.4
7 HSPA+ 12 28
8 HSPA+ 12 42
9 HSPA+ 24 84
10 HSPA+ 24 168
11 HSPA+ 72 336

The two network entities, Node B and RNC, forms Radio Network Subsystem (NSS)
and the general architecture for UTRAN looks as presented in Figure 2.2.
UTRAN interfaces
e Uu - This is an interface through which the UE accesses the fixed part of the
system and it is usually called as “air interface’.
e Jub - an interface that connects NodeB with RNC
e Jur - this interface communicates one RNC with the other. Its main function is
facilitating the soft handover between NodeB’s of different RNC.
e Ju-CS - an interface, that is in between RNC and the CS domain of the core
network.

e Iu-PS - this is also for connecting RNC with core network but for PS domain.

11
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\

! Core Network

UE

Figure 2.2 UTRAN Logical Architecture [19].

2.3 UMTS Network Functions and Protocols

2.3.1 UMTS Functions

Mobile networks are architecture-centric as architectures are to be designed first.
Network architecture show what functions a network must provide, e.g., data
forwarding or mobility support, and how these functions are grouped in the network
[20]. It creates functional groups that should be connected through protocols which are
to be designed later. The following are some of the functions in mobile network which
can be grouped in UMTS architecture [20].

e Transport — is a network functionality which enables movement of information

from one network element to the other.
e Routing — this function deals with selecting path for the transportation of traffic

between different elements in the cellular network.

12
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Security — solves safety issues from both the network and users perspective. From
the network side it checks whether a user has the right to access or not and from
the user side it filters trustworthy connections. Additionally security functions
keep protected the users’ privacy, such as identity and location.

Session control or call control — are responsible for monitoring the communication
between two users or devices after the call is set up or session is established.
Most of the time word session is used in packet-switched communications
whereas call is in circuit switched.

Quality of Service — These functions ensure delivery of a service in the range of
predefined agreement levels or network standards.

Radio resource control and provisioning — mainly acts in the communication
between the user equipment and NodeB. It is for setting up, modifying and
releasing resources in different layer of the radio interface protocol stack.

Mobility — this function enables the system to maintain a session or call while the
user is moving across the network by making new connections.

Charging — this is a billing function which controls the users’ payment for the

service they got from the network.

2.3.2 UMTS Protocols

Protocols are a set of rules and guidelines for communicating data whereas protocol

stack is a group of protocols that perform concurrently for the purpose of

understandable communication among the involved entities. As shown in Figure 2.3,

UMTS protocol stack has two layers: Non Access Stratum (NAS) and Access Stratum

(AS).

NAS - is set of protocols that carry signals directly from UE to the core network

and vice versa without being processed by the UTRAN. Functions such as

13
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Mobility Management (MM), Call Control (CC), and Session Management (SM)
are in this category.
e AS -is for signaling between UE and UTRAN. Functions such as Radio Resource

Connection and paging are among this type.

CSPart PSPart
CM Sm
NAS (CC/SM/SMS) (SMS)
PART MM GMM
RRC{(Layer 3)
RLC(Layer2
s (Layer2)
MAC (Layer 2)
PART -
PHY (Layer1)

Figure 2.3 UMTS protocol stack [21].
From the overall UMTS protocol stack, only the first three layers belong to UTRAN. The
general model for UTRAN protocol is as shown in Figure 2.4; it has two horizontal
layers and two vertical planes. Planes and layers are independent to each other so that
changes on one may not affect the other. The horizontal layer consists of radio link layer
and transport link layer while the vertical plane consists of the control plane and user
plane.
The protocols that constitute the UTRAN stack are:
Medium Access Control (MAC) protocol: This carries out low-level manipulation and
control of the physical layer and has the following functionalities

Rl

% Mapping between logical channels and transport channels;

Rl

% Priority handling between UEs by means of dynamic scheduling;

14
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% Ciphering. This function prevents unauthorized acquisition of data;
% Traffic volume measurement. Measurement of traffic volume on logical

channels and reporting to RRC.

e l ;— ___________ L
. | S - ‘ > cO1
Radio | Conurol plane : i User plane "
T P I o l I |
network | Application | : User data I
. » I | N
layer | protocol | [ Stream [
[ | | 1
} * . | $ |
| 1 | |
[ l I s : I :
: Transport e ol Transport 4 Transport I
[
: network L network control | : network :
|
| user plane b plane ] & user plane :
| I I e oo e 1
bl | |
P | I ~ ]
[ransport : l | : 'L__"EI:(_}I_)_ ol 3 l :
|
network I : : i I I
— : Signaling | : Signaling : : Data :
K | bearer : : bearer : I bearer I
: ? E o ? ) ? :
| |
} L— Loy :
I |
' L L !
T I | | | I
| il | ! i
1 : | I 1 1
[ i | !

v

Physical layer

Figure 2.4 UTRAN general protocol model [22].

Radio Link Control (RLC) protocol: manages the radio connection between user equipment

and the network. Some of its functions are:

7
A X4

Making data suitable for transmission over air interface by segmenting and
reassembling in the reverse.

Error correction

Padding

Sequence number check

Flow control

Packet Data Convergence (PDC) protocol: this is used as an interface for packet data and its

main functions are:

15
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<+ Transfer of user and control plane data

% Header compression and decompression of IP data streams

% Ciphering

% Maintenance of PDCP sequence numbers
Broadcast/Multicast Control (BMC) protocol: this protocol is used in broadcasting
messages from the network to UEs and collecting them at the UE. Its functionalities

include:

X/
°e

Storage of Cell Broadcast Messages

°

Scheduling of BMC messages

>

% Transmission of BMC messages to UE

<+ Delivery of Cell Broadcast messages to upper layer
Radio Resource Control (RRC) protocol: It sets up, reconfigure and reestablish the
signalling messages that are exchanged between the mobile and the radio access
network. Its main functions are

% Cell Broadcast Service (CBS) control

L)

K/
L X4

Initial cell selection and cell re-selection

>

K/
*

Sets up and release RRC connections and paging

D)

R/
*

Controls Timing advance

X/
°

Outer loop power control

X/
°

Slow Dynamic Channel Allocation (DCA)
2.4 UMTS Quality of Services

There are two kinds of services in Telecommunication: Teleservice and Bearer service.
Teleservice is a telecommunication service provided by the network for the
communication between end users whereas bearer service is a telecommunication
service that is used for the transfer of user and control data between network

equipment’s. The layered architecture for UMTS bearer service is given in Figure 2.5.
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TE

I UMTS I
CN lu CN
MT UTRAN EDGE Gateway TE
NODE
End-to-End Service
TE/MT Loca! UMTS Bearer Service Exte-rnal Bearer
Bearer Service Service
Radio Access Bearer CN Bearer
Service Service
Radio Bearer lu Bearer Backbone
Service Service Network Servicq
UTRAFDD/TDD | |Physical Bearer
Service Service

| |

Figure 2.5 UMTS bearer service architecture [23].

A bearer service includes all aspects to enable the provision of a contracted QoS. As

defined in [23], Quality of Service (QoS) is the mechanism of ensuring that a service can

be delivered to the end user in an acceptable time-frame and that the service properties

are stable overtime within predefined boundaries. QoS in UMTS has parameters and

major ones are explained as given below in Table 2.2.

Parameters

Maximum bit rate

Guaranteed bit rate

Allowed transfer delay

QoS negotiable

Table 2.2 UMTS QoS Parameters

Explanation

Defines the maximum bit rate when
delivering information between end points
of UMTS bearer
Defines the bit rate that the UMTS bearer
must carry between its end points

Set the limits of the delay
Describes the negotiability level of the

service
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Based on the above mentioned basic and other parameters, for UMTS bearer services

there are four different QoS classes (or traffic classes). They are summarized in Table 2.3

with their properties and application services.

Table 2.3 UMTS Traffic classes’ properties and application.

QoS Classes

Conversational

Streaming

Interactive

Background

Properties

Minimum fixed delay, no buffering,
symmetric traffic, guaranteed bit rate
Minimum variable delay, buffering
allowed, asymmetric traffic, guaranteed
bit rate

Moderate variable delay, buffering
allowed, asymmetric traffic no
guaranteed bit rate

Big variable delay, buffering allowed,
asymmetric traffic, no guaranteed bit
rate

Example application

Speech and video call

Real time streaming video

Web surfing

File downloading, e-mail
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3 Fundamentals of Fourier Analysis

3.1 General Introduction

Fourier analysis is a method of defining signals as a sum of trigonometric functions
where signals are transformed from time to frequency domain and vice versa.
Mathematical approaches such as Fourier Series and Fourier Transform are among the
many to convert signals from time domain to frequency. Both are under Fourier
Analysis in which signals are defined as a sum of trigonometric functions. The
difference between the two is that the former is for periodic signals whereas the latter is

for non-periodic signals.

3.1.1 Fourier Series

The basis for Fourier to show that there are infinite series expansions over other
functions such as sines and cosines, is the study of heat and wave equations [24]. In
addition to periodic function, Fourier Series is also applicable for a function that is finite
in length. Values in the series that are out of the finite interval are less significant. Its
basics can be summarized as follows:

A periodic function f(t) with a period of T is defined as

fO=ft+T) (3.1)

As f(t) is a periodic function, analyzing its behavior over the interval of one period (fo

to to+T) is enough. So the Fourier Series of f(t) is expressed as the infinite sum of sines

and cosines as given in (3.2)

f(o) = +z a, cos =2 4 b, si @) (3.2)
n=1

Where a, and b,, are coefficients of the functlon and can be evaluated using (3.3) and
(3.4)

t0+T 2nnt

a, = f(t) cos——dt (3.3)

t0+T Znnt
bn =

f(@)sin——=dt (3.4)
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And the more compact exponential form of the Fourier Series and the coefficients is

given below in (3.5) and (3.6) respectively

f(t) = Yoo Fret™ (3.5)

to+T1 - 2
E, = f(O)e @t dt, where w = - (3.6)
The main advantage of expressing functions in terms of sum of cosines and sines, even
in exponentials is their simplicity for mathematical operations such as derivation,
integration and differentials.
For a discrete function x[n] with N number of elements, the discrete Fourier series and

its coefficients are as given in (3.7) and (3.8)

x[n] = Y X elont (3.7)

Zt S x[n]etent (3.8)

3.1.2 Fourier Transform

Fourier Transform can be expressed as a generalization of a Fourier Series by extending
its period of the integral to infinity, which enables it to represent non periodic signals
with a series of periodic functions.
For a continuous function f(t), the Fourier Transform and its inverse are as given in
(3.9) and (3.10)

F(w) =2, f(he @tdt (3.9)

I T e —iwt
f() = — J_ Fw)e ™ *dw (3.10)
For a discrete function x[n] with N number of elements, the Discrete Fourier Transform

and its inverse are as given in (3.11) and (3.12) respectively

x[n] = Y323 Xe?™ N [k =0,1,2..N -1 3.11)
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Xy = ~IN-3 x[nle= 2N | =0,1,2..N -1 (3.12)

Overall, based on the function’s periodicity and continuity in time domain, Fourier
transforms can be classified in to four types.

1. Aperiodic continuous time signal and continuous, aperiodic spectrum

2. Periodic continuous time signal and discrete, aperiodic spectrum

3. Aperiodic discrete time signal and continuous, periodic spectrum

4. Periodic discrete time signal and discrete periodic spectrum

As computer calculations usually require digital inputs, most signals are presented in
discrete form. As a result Discrete Fourier Transform (DFT) is relatively more applicable
than the others. There are different version of DFT with their own upgrade on the
original approach, such as Fast Fourier Transform (FFT) and Discrete Cosine Transform
(DCT).

Fast Fourier Transform: this is an upgrade of DFT which reduces the required

computational step from N2 to Nlog, N.

Discrete Cosine Transform: Basically, DFT is a combination of even and odd functions.
When the odd part is zero DFT becomes DCT. There are eight variants of DCT; however
the most common one is DCT-II. As FFT and DCT-II are the core of this research, the

rest of this chapter is dedicated for discussing them.

3.2 Fast Fourier Transform

Technologically, Fourier transform is one of the core sciences in cellular systems as it
makes filtering, modulation, sampling and digitizing processes to be realizable. The
latest application to be mentioned is the deployment of FFT and its inverse algorithms
tor Long Term Evolution’s OFDM scheme. The following mathematical explanation
shows how FFT has got its computational speed for enhancing DFT.

DFT’s equation in (3.13) can be rewritten as:

21



Fundamentals of Fourier Analysis

[ x[o] |
| Y[1] |
| |
X[k] = [1 e~ i2mk/N  —i4mk/N ... ,—i2mk(N-2)/N e—ian(N—l)/N]I I
I
[ xIN -1]]
(3.13)
By substituting e~ 27/N = Wy, we will have Wn matrix as given below in (3.14)
1 1 1 1

Wn= |1 Wy Wy? S A (3.14)

1 WNz WN3 WNz(N—1)

W;V(N—l) WI\;(N—1)*2 WN(N—.l)(N—l)

Since Wn is an N by N matrix and x[n] is a 1 by N matrix, their product requires N2
multiplication and N? additions. This makes DFT to be impractical as it has a slow
computation and got complicated when length of the sequence increases. As a result
FFT, which is a numerically efficient method to calculate DFT, is developed. Even if
there are many algorithms in FFT, here Decimation in Time (DIT) is used to prove. In
this algorithm a big DFT is built from smaller ones and initially assumes N to be a
power of 2.

First it separates the time sequence data x[n] into even and odd-indexed subsequence as

given in (3.15).
X[k] = N2 w2 Wy k3 4+ SN2 x[2r + 1]W KD (3.15)
This can also be expressed as
X[k] = SN2 x[2r] (W DR + Wy SN2 x[2r + 1] (W DR (3.16)

i2mw

. N.
But WN2=e_(T)2=e_12”/ @ =Wy /2 . As a result (3.16) will be a sum of even sequence DFT

and odd sequence DFT as shown in (3.17)

22



Fundamentals of Fourier Analysis

X[k] = X + WX, (3.17)
(3.17) is the sum of two N/2 point DFTs, this means two (N/2)? multipliers
corresponding to each sequence and N multipliers corresponding to their addition in
total (2*(N/2)? + N) multipliers are required. By applying the same approach of splitting
up to n levels where 2"=N (as this is initially assumed), the required number of
multipliers will be 2» *(N/27)? +n * N. Substituting 2"= N and n = log, N, the final
number of multipliers will be N+Nlog, N. For example as discussed in [23] for N=8 the

first and the complete flow graph of the DIT decomposition is presented in Figure 3.1

x[0] o X[0]

Wi
G[1]

x[2] o—— : X[1]
— point A\v ﬁ-!.
G '

4] < DFT 2] X2
W2
“W \

x|6] o——oy - X[3]

x[1] o——ro

and Figure 3.2.

ra| =

H[0]

x[3] o—» : - —o X[5]
#—pcjinl
x[5] o—— DFI —— =0 X[6]
HI2] w
x|7] o—— = X[7]

H[3]

Figure 3.1 Flow graph of the decimation-in-time decomposition of an N-point DFT
computation into two (N/2)-point DFT computations (N = 8) [25].
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Figure 3.2 Flow graph of complete decimation-in-time decomposition of an 8-point
DFT computation [25].
For a larger N it approximately equals to Nlog, N, which is much less than N2 This

computational efficiency and capability to process multiple sequences simultaneously enabled

to be adopted in LTE’s air interface multiple access technology.

3.3 Two dimensional Discrete Cosine Transform

Two dimensional discrete cosine transform is a modification of two dimensional DFT
where only the cosine (or real) part of the equation is used. It is a highly applicable
mathematical approach in multimedia (i.e. image and video) compression algorithms.
As image is the basis for video, explanation related with image is enough for the
discussion at this level. The image compression process which is used by standards
such as JPEG is presented as follows.

1. The image is broken in to multiple blocks where every block is again divided in

to an 8 x 8 pixels.
2. Each pixel of the block will be represented with their respective color value and

this creates an 8 by 8 matrix of discrete numbers corresponding to each block.
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3. Applying 2D — DCT, each block of the image will be transformed to frequency
domain and coefficient of the frequency components will be determined.

4. Each block’s coefficient in the frequency domain will be compressed by applying
quantization and coding.

5. The array of compressed blocks that constitute the image is stored in a drastically
reduced amount of space.

6. And finally if a need is there to get the image back, the inverse 2D-DCT will be
applied on the stored data.

The forward and reverse equation of 2D-DCT is as given in (3.18) and (3.19)

respectively

2C(n)c(m) _ _ (2x+1) (2y+1)
F(n,m) = #Zﬁz(} Y550 f(x,y) cos [%] cos [%] (3.18)

2 _ _ (2x+1) (2y+1)
flx,y) = WZL& M—3C(m)C(m)F (n, m) cos [%] cos [%] (3.19)

i, fornm=20
Where C (n), C (m) ={V2
1, otherwise

In image compression, as the blocks are divided in to 8 by 8 pixels, both N and M are

equal to 8. The corresponding frequency components are a combination of fn and fm

fx= oy Wherex=0,1,2...7 forbothnand m (3.20)

Table 3.1 The horizontal and vertical frequency components of a block

n=x Frequency component( fx)

0 0
0.0625
0.1875

0.25
0.3125
0.375
0.4375

0.5

N O G e WIN =
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The frequency components in Table 3.1 are numerical representation in one dimension
but practically as images are two dimensional, there should be spatial frequency
components and it is a combination of horizontal and vertical components which looks
like the one displayed in Figure 3.3 these are commonly called as basis functions of the
image in frequency domain and output of 2D-DCT provides coefficients for these basis

functions.

Figure 3.3 Basis functions of 2D-DCT with n and m equals to 8 [26]

After extracting coefficients of the basis functions using the transform equation, the two
processes namely quantization and coding will be performed on the output values
consequently. For example JPEG uses a standard quantization matrix which can vary
according to the different combination need of quality and compression. Subjective
experiments involving the human visual system has resulted in the JPEG standard
quantization table that has 100 quality levels. A sample quantization matrix with

quality level 50 is presented below in Table 3.2.
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Table 3.2 Quantization matrix for quality level of 50

[16 11 10 16 24 40 51 61 |

I 12 12 14 19 26 58 60 55

|14 13 16 24 40 57 69 56
|
|14 17 22 29 51 87 80 62
l18 22 37 56 68 109 103 77
Qs0= |
|24 35 55 64 81 104 113 92

|
|
|
|
|
|
|
|
40 64 78 87 103 121 120 101 I
|72 92 95 98 112 100 103 99 |

Finally by applying one of the source coding techniques, a compression process will be

completed.

27



UMTS Data Traffic Modeling Using Fourier Transform

4 UMTS Data Traffic Modeling Using Fourier Transform
4.1 Basics of Modeling

Modeling is a simplified representation of a system at some particular point in time or
space intended to promote understanding of the real system [27]. The representation
could be physical, mathematical or otherwise logical. In addition to a system, the
representation could be for an entity, phenomenon or a process. In this research, since
the dataset used is a time series data and as the modeling is performed in both space

and time, their basics are discussed in the below sections.

4.1.1 Time Series Analysis and Modeling

Time series is a sequential set of data points related with a variable and measured at
equally spaced time intervals. Time series analysis accounts for the fact that data points
taken over time may have an internal structure (such as autocorrelation, trend or
seasonal variation) that should be accounted for [28]. Time series data can either be
univariate when recorded sequence is for a single observation or multivariate when it is
for multiple set of observations. Time Series Analysis is used for many applications
such as: Economic forecasting, sales forecasting, stock market analysis and so on.
Time series modeling is a way of developing an equation that fits a time series data and
according to [28] its usage is twofold:
1. Obtain an understanding of the underlying forces and structure that produced
the observed data.
2. Fit a model and proceed to forecasting, monitoring or even feedback and feed
torward control.
There are a number of approaches to modeling time series. Here a few of the most

common approaches are outlined.
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1.

One approach is to decompose the time series into a trend, seasonal and residual
component.

Frequency-based methods: This approach is commonly used in scientific and
engineering applications by analyzing the series in the frequency domain.
Autoregressive (AR) model: This is used for predicting a time series data based
on past behaviors of the dataset.

Moving average (MA) model: in simple term it is a past error multiplied by a
coefficient.

Box—Jenkins Approach: this is a combination of moving average and

autoregressive approaches.

From the above list of approaches, the second one is used for time domain modeling in

this research.

4.1.2 Spatial Modeling

Spatial analysis is a study that provides a unique set of techniques and methods for

analyzing events that are located in geographical space. It is widely involved into

different number of research areas; as a result it is difficult to get a generalized

classification of the approaches in the field. So, it is good to narrow the discussion

towards the interest of this research. In mobile network technology, most of the spatial

modeling studies concentrate on the statistical distribution of users, base stations and

traffic. The four most common ones as summarized in [9] are presented here.

1.

Spatial Poison Point Process distribution model: Spatial point process is a
random pattern of points in d-dimensional space and it will be SPPP when the
pattern takes poison distribution. Using the approach in different manner
enables the modeling to capture both uniform and non-uniform distribution of

a system.

29



UMTS Data Traffic Modeling Using Fourier Transform

2. Lognormal distribution model: In probability theory a log-normal distribution is
a continuous probability distribution of a random variable whose logarithm is
normally distributed. Models that use this distribution in cellular technology can
be applied to generate traffic for the purpose of simulation, to estimate user
distribution in a network and also to determine traffic distribution in a coverage
area.

3. Exponential distribution model: The exponential distribution is used to model
the time between the occurrence of events in an interval of time, or the distance
between events in space.

4. Gaussian distribution model: in this model the system under study has a normal
distribution. The system can be analyzed in d-dimensions and the model will be

called d-dimensional Gaussian distribution model.

4.2 Model Development procedure

For this research, the dataset is collected from Ethio telecom’s UMTS network in Addis
Ababa city. It contains data traffic volume (MB) served by each NodeB for every hour of
a week period and the coordinate information (in degrees) of 734 base stations located

in the city.

The modeling process has gone through the following steps.

1. Firstly, as shown in Figure 4.1, the minimum rectangular area that can fit all the
boundaries of the city is selected. The dimension of the city is 30km by 30km as a
result the inscribing area is a square of the same dimension.

2. Each side of the square is equally divided into N parts creating a matrix of N by
N, which reduced the space domain by a factor of 1/N? and also the average

number of sites in each cell by the same factor.
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3. NodeB located in the same cell of the matrix are grouped together and their data
traffic of every hour is summed up so that groups may be represented with a

single traffic profile.

Sululta
Sendafa
3 2
Holeta {
Addis Ababa o
= r2NANN T
Sebeta
5 7
Tefki
Honeya Dukemn
Bishoftu
st

Figure 4.1 Map of the city inscribed in square.
4.2.1 Traffic Model in Time

By applying FFT, each group’s data traffic is transformed from time to spectral domain
where major frequency components are extracted and used in the inverse transform to

develop a Fourier series which is the temporal model as shown in (4.1).

4 .
Tg(t) =ay+ Zizl(ai sin(2nf;t + a;)) (4.1)
Where Tg(t) is the total traffic of a specific group, a, is the average traffic of the group

, fi is the frequency components of traffic variation, 4i and ai are the amplitudes and

phases corresponding to the major frequency components, i is the number of major

frequency components.
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This made the groups to be identified with three parameters: frequency, coetficient and

phase.

Frequencies: determine the hidden pattern of customers’ data usage behavior in a day.
Coefficients: determine the maximum data traffic volume of the corresponding patterns
(or Amplitude of the frequency components)

Phases: give us information about the position of the starting point of the patterns in a
day. These are the parameters that help in knowing peak hours of the different areas in
the city.

As shown in Figure 4.2, four major frequency components which are similar for all
groups are identified from the spectral domain analysis. These are: fi=1/24 (or T=24

hour), £=1/12 (T=12), £=1/8(T=8) and fi=1/6(T=6).

Group 1 Group 2
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Figure 4.2 Traffic of sample groups in spectral domain

This implies that there are four major customers’ traffic usage patterns in the city that
contribute to the daily traffic variation. The dominant pattern which corresponds to f:

repeats itself every 24 hour whereas the others have an impact in a decreasing order of
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f2. fsand fi Using these components in (4.1), the temporal model is plotted against the

real data and four sample groups are presented in Figure 4.3.

GI‘Ollp 1 GI‘OHP 2 Real data

_ 1000 — _ 5000 T T Modeled versiop
[sa] o}
S S 4000
' '
:;H: é 3000
=500 =
E B 2000
8 8
o = 1000}
A : | a |

[) 1 A i i A i i i 0 i L A i i L i A

0 20 4 60 8 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

Hours in a week Hours in a week
Group 3 Group 4
4000 — —

_— —_—
2} o
2 s 2 o
(9] (#)
- o=
& &
" 2000 g
& < 500
8 1000 8
(1] (]
a] _ Q

0 1 L 1 1 L 1 1 L 0 L 1 L L 1 L L L

0 20 4 60 8 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

Hours in a week Hours in a week

Figure 4.3 Plot of real data vs. temporal model

4.2.2 Traffic Model in Space

In order to incorporate space domain in the temporal model, parameters in the equation
that vary across groups are analyzed and identified. As summarized in Table 4.1, since
frequencies are similar for all groups they are left to be time domain parameters while

coefficients and phases are taken as space parameters as they vary across the groups.

Table 4.1 Parameters variation in space domain

Parameters Frequency Coefficient Phase
In space (across Constant Vary Vary
groups)
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As a result coefficient and phase values of each group are prepared as a matrix as
shown in Table 4.2 and Table 4.3. A total of 9 matrices corresponding to the two spatial
parameters are prepared. For the ease of discussion only for a0 and alpha 1 is presented
here and for the others it can be referred in the Appendix section.

Table 4.2 Matrix for average traffic (coefficient ao) in MB of each group

13 24 1 22 16 28 27 4 5 0 3 0 0 97 1 0 |0
348 | 560 | 718 | 320 | 612 | 730 | 645 | 208 85 12 14 0 444 358 |76 | 0
20 | 101 | 921 | 685 | 1415 | 1488 | 1028 | 447 82 179 | 300 | 502 | 811 | 170 | 23 | O

0 93 287 | 1509 | 2554 | 2474 | 1561 | 1128 | 310 | 275 | 1574 | 288 | 349 @ O 3 |20
192 | 273 | 467 | 883 | 1643 | 2165 | 1329 | 1759 | 1532 | 1062 | 1204 | 878 | 892 | 387 | 25 | 6

0 | 1369 | 1277 | 913 | 550 | 1366 | 2077 | 3317 | 2154 | 1518 | 866 | 736 | 107 | 52 | 0 | 2
283 | 252 | 906 | 710 | 1206 | 1458 | 2070 | 2711 | 658 | 607 | 127 | 601 | 51 | 261 | O | 10
280 | 414 | 1172 | 2171 | 1312 | 1428 | 1414 | 453 | 160 45 20 78 9 78 10 |0

79 | 322 | 940 | 621 | 865 | 1951 | 1392 | 411 36 11 17 37 0 20 0 |0
553 | 388 | 171 43 774 | 592 | 373 63 54 0 14 1 0 0|0
293 0 21 0 146 | 173 | 461 37 | 210 46 29 0 2 0 00

19 11 0 0 0 0 505 | 317 0 69 26 29 0 0 0|0

0 0 17 0 0 50 731 | 311 | 379 0 0 0 0 0 00

0 0 0 0 0 0 337 | 159 | 510 0 0 0 0 0|0

0 0 0 0 0 0 110 0 0 0 0 0 0 00

0 0 0 0 0 37 22 0 0 0 0 0 0 0|0

Table 4.3 Matrix for au (in rad) of each group

0.7 1.4 11 }114}214f10/11 11 |11 /00|06 00| 00 |13 00 0.0

1.4 0.7 09 (07 10 08 08| 10 ' 09 09 07 00 -58 12 07 | 00
0.9 0.8 06 1 0709090907 (0811|0707 08 |10 09 | 0.0
0.0 1.2 05 |08 10 18 16 | 11 08 07 10 10 08 | 00 1.0 | 13
-5.8 | 0.7 06 1 0710 |16 |17 | 12 (13|14 |13 |09 | 1.0 | 06 | 1.1 | 6.8
0.0 0.7 09 08 11 13|17 | 14 |11 |09 |09 |09 08 |1.0 | 0.0 6.7
0.8 0.9 09 08,1114 10| 15 13|08 12 08| 1.0 | 05 00 | 15
04 | 53 -02 08|09 09 13| 09 09 10|25 21 20 |12 00 -03
0.8 1.0 09 /0810080808 (10|15 |18 10| 00 |12 | 0.0 0.0
1.2 1.0 09 (13 06 12 15| 11 07 00 | 18 00  -01 | 0.0 00 | 00
1.0 0.0 10 /00121014 | 17 |16 20| 14 00  -1.2 | 00 | 00 | 00
0.9 07 02 00 00 0014 10 [ 00 08 11| 10| 00 | 00 | 0.0 | 0.0
0.0 0.0 19 /00|00 |10 08 09 (12 |00 |00 00| 00 | 0.0 00| 0.0
0.0 0.0 00 |00 00 00 00| 13 09 08 00 00 00 00 00/ 00
0.0 0.0 00 |00 0000 00|-10 /00000000 00 0000/ 00
0.0 0.0 00 ' 00 00 00|10/ 12 |00O0| 00|00 00 00 |00/ 0.0 0.0
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The matrices match the geographical area in such a way that the bottom left corner of
the table corresponds to south-west of the city whereas the upper right corner refers
north-east.

By applying 2D-DCT on each of the matrices, all are transformed from spatial to
spectral domain. In spectral domain, as shown in Figure 4.4, energy of the low
frequency components is much bigger than that of the higher components. As a result
frequency components with very low energy content are truncated. By using the
remaining components in the inverse 2D-DCT, a simplified spatial equation is obtained

for both parameters as given in (4.2).

x10

South-North(Km) West-East(Km)

Figure 4.4 Energy content of spatial parameters” spectrum
The function a» represents the spatial parameters whereas A is the spectral domain

content after truncating frequencies with less energy value. X and Y are respectively the

city’s width and length while x and y are the local distances.
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@, (x,y) = 2 ENZ3 SN Cm)Cm)An, m)cos(wpx + 6,) cOs(WmY + O) (42)

Where C (n), C (m) ={V2
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Table 4.4 Matrix of coefficient values for a0 in spectral domain
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4.2.3 Traffic Model in Space and Time

As explained in the above sections the two models are combined in such a way that
coefficients and phases from the time modeling are further modeled spatially by using
2D-DCT which made the model to be a complete. So by inserting (4.2) in to (4.1) the

formula gets completed by giving a spatiotemporal model as given in (4.3).

TGy t) = ap(x,y) + Yo (an G YSIN@afyt + au(61))) (@43
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5 Results and Discussion

Because of the following two reasons, this research has focused its analysis mainly on
the relation between the level of frequency truncation in the spectral domain of the
spatial parameters and the model accuracy.

1. The model is composed of multiple parameters with the possibility of having
different truncation level which affects the accuracy in different manner.

2. A range of application areas for the model in the network are identified but their
sensitivity for the accuracy of the model is not similar. For example application
areas such as planning, dynamic resource allocation and energy efficient design
are more sensitive to its accuracy whereas applications like dynamic pricing and
knowing customer’s usage behavior are less sensitive to accuracy.

The model development has required transformation of the traffic from time and space
to spectral domain followed by frequency truncation. In time domain, as it is observed
that all groups have the same major frequency components, there is only one truncation
level but in space domain there are many parameters (five related with coefficients, four
from phases and the number of grouping) whose truncation level affects the overall
model performance. The result has shown that determining the level of truncation is a
trade-off between accuracy and simplicity. In image compression, which also applies a
2D-DCT approach for transforming matrix of colour values to spectral domain, a
standard quantization table developed by industrial researches is used for truncating
less valued frequencies. As there is no a similar study in this area that presented
quantization table by analysing the value of frequencies for traffic variation, this
research applied the truncation directly on the magnitude of frequencies amplitude.
Based on this, first analysis was performed on how level of truncation on frequencies of
transformed coefficients affects the model performance while fixing grouping number

(N) to sixteen and keeping phases untruncated. Coefficient of determination (R?) is
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taken as a measure of accuracy and the first result is as presented in Figure 5.1.
Coefficient of determination is a statistical measure that is used to evaluate the

goodness of fit for a model. It is the ratio of the sum of two squared errors as given in

(5.1)

R2 = iz1(xi-ym)?

= 5.1
Yie (yi—ym)2 (>-1)

Where xi and yi are the ith elements of the model and the real data respectively and ym

is the average of the real data.

=
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=)
L]

Performance(R2)
=
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=
N
T

20 40 60 80 100
Level of Truncation(%)

&
S

Figure 5.1 Model accuracy vs. Transformed coefficients” frequency truncation level

Secondly, as shown in Figure 5.2, how level of truncation on frequencies of transformed
phases affects the model performance is analysed by taking grouping number (N) to be

16 and coefficients un truncated.
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The two results show that as the magnitude of frequency in time domain increase,
model performance of the corresponding coefficients and phases gets more sensitive to

the level of truncation.

1 R
— Alphal
0.9 —Alpha2
N — Alpha3
~ 0.8 B I
5 \ Alpha4
=07 \ ]
=
06 _
S
305 1
0.4 1
0 20 40 60 80 100

Level of Truncation(%)

Figure 5.2 Model accuracy vs. Transformed phases’ frequency truncation level.

Thirdly, how its accuracy changes with the size of grouping while applying a uniform
truncation over all parameters is checked and the result is as shown in Figure 5.3.
Increasing the grouping number makes the traffic distribution to be uniform spatially
which decreases the required number of frequencies in spectral domain to be used for
the reverse transformation. As a result for higher grouping the model’s simplicity

increases while keeping accuracy level constant.
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Figure 5.3 Performance of the model for different grouping

Finally, with a uniform truncation on all parameters except keeping number of

grouping to be sixteen, the model performance variation is as plotted in Figure 5.4.
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Figure 5.4 Model accuracy vs. spatial frequency truncation level
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In order to compare the model with the real data by simulation, setting target

performance to be 0.9 and taking the grouping size as 16, the combination of truncation

level for different parameters of the model is presented in Table 5.1.

Table 5.1 Truncation level of spatial parameters

Coefficients a0 al a2 a3 ad ol a2 a3 ad
Truncation level
(%) 71 68 64 66 64 60 59 58 54

And using the above values in the model, the traffic of the city is simulated for a given

day and three sample hours are presented in Figure 5.5, Figure 5.6 & Figure 5.7.
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Figure 5.5 Real data traffic vs. model output for 9 pm
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Figure 5.6 Real data traffic vs. model output for 1 pm
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Figure 5.7 Real data traffic vs. model output for 4AM

Using the same values, the overall traffic distribution of the city is calculated and

displayed in Figure 5.8.
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Traffic Distribution(%)

South-North(Km) West-East(Km)

Figure 5.8 Traffic distribution of the city

In addition to using the dataset for the modeling, it is also used to find out the spatial
distribution of the city’s NodeBs busy hour traffic. For that both probability density

function and cumulative density function are calculated as follows:

1. A new dataset is generated by taking the logarithmic scale of each NodeB’s
busy hour traffic

2. Elements of the new dataset are binned into 15 equally spaced containers where
each one is represented with a bar as shown in Figure 5.9

3. The normal distribution of the logarithmic scale data is calculated by using it’s
mean and standard deviation and plotted against the histogram developed in
step2. X-axis represents the logarithmic scale of base stations” busy hour traffic

whereas the Y-axis represents its probability density function.
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Figure 5.9 Probability density function of base stations peak hour traffic

And the cumulative distribution function of the UMTS base stations” peak hour traffic is

as displayed in Figure 5.10.
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Figure 5.10 Cumulative Distribution Function of NodeB’s busy hour Traffic
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5.1 Network Utilization

As discussed earlier the model has got different application areas in the network but
there is a need to define a parameter that can determine the network utilization and be
used as an input for its applicability. Some of the application areas to remind are
Energy efficient network design, dynamic resource allocation, developing marketing
strategies and network planning. In this research, two metrics related with utilization

are defined as given in (5.2) and (5.3).

Installed Capacity Utilization=Traffic served/Installed Capacity 6.2)
Peak Hour Utilization = Traffic served/Peak Hour Traffic (5.3)

Installed Capacity Utilization (ICU) is the ratio of current network traffic to the
maximum traffic that the network can serve whereas Peak Hour Utilization (PHU)
refers to the percentage of the average traffic served with respect to the peak hour
traffic. As installed capacity is a network parameter, for finding ICU it is enough to
know the amount of traffic served which can be provided by the model. But for
calculating PHU, additionally it is needed to calculate the busy hour of the different
areas so that peak hour traffic may be determined. By applying local maxima formula
on the mathematical model as given in (5.4), the busy hour distribution for different
areas is calculated and presented in Figure 5.11 the result shows most areas have a

peak hour between 21:00 and 22:00 hour (9 pm and 10 pm).

dT(x,y,t) _

— 0 (5.4)
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Figure 5.11 Busy Hour Distribution of the groups

Assuming that traffic served is a constant value, ICU doesn’t change while PHU varies
with the amount of peak hour traffic. In other word any mechanism by the operator to
distribute the peak hour traffic to other hours of the day improves network efficiency by
maximizing PHU while keeping ICU constant. This implies that PHU explains network
efficiency much better than the way ICU does. As a result using the model, PHU of the
network is analysed in different combination of space and time as follow:
1. In space and time - in this approach network utilization for every hour of the
day and every group of the geography is obtained.
2. Average in time and distributed in space — in this way average utilization of the
day for each group is provided
3. Average in space and distributed in time — this provides the average utilization

of the whole city for every hour of the day.
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4. Average in both time and space — the overall utilization of the network is

presented in this way.

The first way exhibits a similar result as the model but for the other three is as shown

below.

Table 5.2 PHU (%) using average of traffic in time and distributed in space
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Figure 5.12 PHU (%) using average of traffic in space and distributed in time
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Like the busy hour distribution, the PHU over 24 hour of the day also shows that the
highest value to be in between 9 pm and 10 pm whereas the least value of the city is at 4

am

The result in Figure 5.12 shows that for most of the hours in a day, the network is
underutilized which enables the company to implement Energy efficient strategies and

dynamic resource allocation by using the result of this analysis as an input.

B Unutilized

m Utilized

Figure 5.13 PHU of the whole city (using average of traffic in both space and time)

The overall PHU of the city indicates that much of the network (59%) is unutilized
which can get even higher if it were evaluated with ICU. Even if network utilization is
few, the key performance indicators show that some coverage areas in the network
experience congestion at some point of the day especially at their busy hour. This
merely implies inefficiency of the network. Based on this, how an ideal network with an

optimum utilization looks like is analysed as follows:
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The identified four major patterns of each group, that determine the overall variation of
daily traffic, oscillate about the average traffic ao. Any strategy to decrease size of these

oscillations around the offset (which also decreases peak hour traffic) creates an optimal

network with the same ICU while improving PHU. That means bringing the data usage
to ao for every hour of the day makes the traffic variation to be uniformly distributed as

indicated in Figure 5.14. Taking amplitude as a metrics for measuring the effect of the
frequency components on the traffic variation, for all groups the effect decreases from fi

to fs and a typical group’s value is presented in Table 5.3.

Table 5.3 Amplitude value of major frequency components

Frequency components f1 f2 f3 fa

Amplitude (MB) 263 243 140 69
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Figure 5.14 Plot of Ideal (optimal) network vs. Real network traffic
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Similarly how PHU looks like for real and ideal (optimal) network is presented in

Figure 5.15

1000 & & & e & & & © & & & & & & 9

— Real Traffic PHU
90 ®  Ideal (optimal) network PHU N

Peak Hour Utilization(%o)

0 | |

0 5 10 . 15 20 25
Hours in a day

Figure 5.15 PHU of real and ideal network

These results and discussions show that optimizing networks” performance should be

performed through a measure of maximizing PHU.
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6 Conclusions and Recommendations

6.1 Conclusions

Even though the dataset collected for this research is from Addis Ababa city’s UMTS

network, the approach followed in developing the model has neither technological nor

geographical limitation in its applicability. A similar approach can be followed for

different technologies (i.e. GSM and LTE) as well as for different coverage areas of the

operator even as big as the whole country. But as a case study, the output provided by

the model in this research is specific to the city and more of the following conclusions

are generalized for the city’s UMTS data traffic.

7
L X4

Related with the users’ behavior, the model has identified four customer data
usage patterns that determine the daily traffic variation in the network and also
impact its performance. This gives an insight for the operator where and how to
apply its strategies of optimizing the network.

This research has shown that devising strategies for improving PHU can
significantly minimize network congestion levels. As congestion is one factor
that drives operators towards either expansion or execution of new projects, the
operator can relief the network from it for long by combining the usual
optimization trend with PHU analysis and measures. This avoids unnecessary
operational and expenditure cost and also enhances quality of service which in
turn brings customer satisfaction

It is also shown that an ideal network has a uniform traffic distribution in time.
Mathematically, improving the network towards this level requires actions to
reduce the amplitude level of the identified harmonics whereas in practical term
the users’ behavior should be diverted from peak hour to other hours of the day.
This makes the effect of some patterns on the traffic variation to vanish and

reduces their number. Similarly, achieving traffic uniformity in space domain
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also reduces the required number of spatial frequencies in the inverse transform.
Increasing the number of grouping is one way of keeping the traffic to be
uniform in space but technically it can be achieved through optimization
measures by forcing edge users from high to less traffic areas for neighboring
groups. Over all, bringing uniformity in both time and space enhances network
performance by avoiding the effect of multiple patterns and also reduces the

model complexity.

6.2 Recommendations

One of the spaces in this research for a further study is incorporating prediction in to
the model so that future traffic variation of the city may be captured in advance. Based
on the observation while conducting this research, the direction for forecasting the

traffic by using the developed model is presented in the following way:

Among the three parameters in the model only coefficients and phases show change
with time. As they are spatial parameters in the model representing different areas of
the city, they are multiple in their number. So the forecasting task should consider
applying multivariate prediction algorithms. But due to the role they have in the model,
the way they change in time differs one from the other. Coefficients represent
magnitude of the identified traffic patterns in the city whereas phases represent the
starting position of the patterns. As a result, forecasting on the coefficients should be

performed on their growth and on phases it should be positional prediction.

The other study areas to be pointed in this research can be covered with two
assumptions. The first one, assuming congestion is not the case in the network; the
model has shown a low utilization (more specifically PHU as described in the analysis
part) which can be considered as wastage in terms of some resources such as energy. So

developing an approach for the network to use energy in its utilization range can be a
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promising study. Additionally, making a research on how to devise a technique for
circulating scarce resources according to the utilization profile of the different coverage

areas (as provided in this research) is also another study area that can base this research.

Secondly, assuming congestion as a critical issue in the network, future studies can be
conducted on developing strategies that distribute peak hour traffic to other hours of
the day. For example dynamic pricing is one aspect which increases traffic uniformity

as well as service performance by improving PHU.

Finally, the traffic modelling in space and time can be done by any combination of the
spatial and temporal models currently available in the scientific world. Any future
study on a similar modelling can consider using a dataset that include GSM and LTE
traffic but it will limit its applicability (as some applications such as dynamic resource

allocation require technology specific output).
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Appendices
Matrix for average traffic (coefficient a1) in MB of each group
8 15 1 11 9 12 15 2 4 0 2 0 0 33 0|0
202 | 328 | 371 | 205 399 431 393 128 65 9 8 0 147 | 168 | 44 | O
14 59 | 613 | 415 823 873 602 301 51 119 | 192 | 263 | 426 | 72 | 10 | O
0 57 | 190 | 852 | 1308 | 1383 | 878 510 184 | 169 | 908 | 144 | 168 0 2 19
64 | 107 | 281 | 513 847 | 1210 | 767 926 862 | 545 | 624 | 443 | 460 | 340 | 12 | 2
0 532 | 723 | 518 297 736 | 1064 | 1892 | 1002 | 808 | 426 | 372 | 60 25 0 |1
129 | 109 | 504 | 388 635 803 | 1132 | 1367 | 226 | 357 | 77 | 311 | 27 [ 180 | O |5
144 | 131 | 349 | 1000 | 666 820 764 222 72 25 13 52 4 44 00
44 | 145 | 394 | 356 418 | 1136 | 838 203 16 5 6 19 0 9 0|0
288 | 227 | 65 20 409 307 162 43 24 0 7 0 1 0 010
169 0 14 0 77 103 237 22 84 23 9 0 2 0 0|0
9 6 0 0 0 0 260 169 0 37 | 16 11 0 0 00
0 0 9 0 0 25 395 167 170 0 0 0 0 0 0 0
0 0 0 0 0 0 0 194 89 | 206 | O 0 0 0 0 0
0 0 0 0 0 0 0 41 0 0 0 0 0 0 0|0
0 0 0 0 0 0 16 11 0 0 0 0 0 0 0 0
Matrix for average traffic (coefficient a2) in MB of each group
6 11 1 10 4 10 10 2 3 0 2 0 0 22 10 0
125 | 256 # 306 | 156 = 335 | 365 | 338 114 53 7 8 0 134 1 131 35 0
12 | 45 | 499 | 370 | 655 | 663 | 505 | 243 | 41 87 | 151 | 243 | 339 | 66 | 10 | O
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65 | 90 | 221 | 439 | 698 | 563 | 311 | 599 | 362 | 343 | 487 | 362 | 358 | 256 | 11 | 2
0 499 543 | 415 227 502 | 522 634 653 | 624 364 296 | 51 @ 24 0 |1
107 | 90 | 385 | 339 | 454 | 529 | 666 | 599 H 219 | 306 £ 60 | 291 | 22 | 155 O |4
116 | 115 366 | 941 @ 541 615 | 502 | 177 57 | 22 5 15 2 40 0 O
33 | 135 | 292 | 267 | 359 | 844 H 673 | 185 | 13 5 7 10 0 10 | 0 |O
173 1 160 = 57 | 20 | 367 | 281 | 160 @36 @ 21 0 6 0 0 010
134 | O 10 0 66 100 | 217 | 16 | 72 13 10 0 0 0 010
10 5 0 0 0 0 190 155 | 0 32 13 13 0 0 010
0 0 4 0 0 18 | 328 | 148 | 152 | O 0 0 0 0 010
0 0 0 0 0 0 0 117 75 | 207 O 0 0 0 010
0 0 0 0 0 0 0 35 0 0 0 0 0 0 010
0 0 0 0 0 0 15 8 0 0 0 0 0 0 010
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