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Recently in cellular networks, optimization of network has become an
important factor in system operations for better system performance, capacity
improvement, and Inter-Cell Interference (ICI) mitigation. In LTE networks, the
increase in cell load is due to never ending traffic demand and Inter-Cell Interference.
The increase in cell load by ICI needs reliable solution, which is flexible in
application with low cost of implementation. Since the rapid increase in cell load is
badly affected by ICI, there have been various solution techniques in use today, such
as reuse-3, Partial Frequency Reuse (PFR), Soft Frequency Reuse (SFR) and other ICI
mitigation schemes. This thesis presents a technique for cell load optimization
through the mathematical model of Fractional Frequency Reuse (FFR) Load Coupling
Equation in LTE systems. This research investigates FFR as an optimization
technique in LTE system. The practical application of this optimization technique
provides a platform for LTE performance evaluation in terms of resource utilization
and channel information carrying capacity. The simulation results which indicate

more capacity for future increase in traffic demand reveal that SFR scheme is more
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efficient than the PFR scheme for LTE cell load optimization in terms of maximum

utilization of available resources and minimum cell load value.
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CHAPTER 1

INTRODUCTION

1.1 Background of problems

The LTE system provides high data rate, good Quality-of-Service (QoS) and
better network capacity due to the adoption of reuse-1 scheme, which provides the
total utilization of available resources in a cellular network. Nevertheless, Inter-Cell
Interference (ICI) which increases the load of a cell has proven to be a challenge.
There have been many research works on finding a lasting solution to this problem
(Manli Q., et.al (2012) and Marko, P, et.al (2010)). Different frequency reuse schemes
were proposed by different authors as solution techniques. The adoption of reuse-3
scheme to solve this problem of ICI was discussed in (S-E., et .al (2006). This
technique reduces the impact of ICI and creates a platform for cell load optimization.
The optimization technique based on reuse-3 scheme involves sharing of spectrum
among cells. However, the problem of this scheme is the underutilization of spectrum.
The Partial Frequency Reuse (PFR) scheme which is one of the Fractional Frequency
Reuse Schemes was adopted to overcome the drawbacks of reuse-3 and also serves as
an efficient mean of ICl mitigation (Nazmus S., et.al, (2013). This scheme involves
the splitting of cell into two regions and allocation of the available bandwidth
between these 2 regions (inner and outer). However, spectrum waste is still a concern,

because only one third of the available resources can be used in the outer region



(Marko, P, et.al (2010). Another scheme of Fractional Frequency Reuse (FFR) is the
Soft Frequency Reuse (SFR) scheme, and it is very efficient in terms of ICI mitigation
according to works of some authors (Manli, Q., et.al (2012) and Yiwe1, Y., et.al
(2011). It involves the splitting of a cell into two regions, the inner and outer regions.
Each cell is allowed to transmit in the whole frequency band available. The SFR
scheme introduces the use of low transmit power over the frequency band in the inner
region, while high transmit power is used in the rest of the frequency band for the
outer region. The SFR scheme also allows users in the outer region to share the total
available spectrum but with reuse factor of 3. However, there is still a problem of
underutilization of spectrum but better off than in PFR scheme. Since the
improvement of network system performance depends on various optimization
techniques such as antenna height variation, cell splitting, sectoring, range extension,
antenna down tilt and network parameters adjustment. Therefore, the optimization
technique through ICI mitigation is adopted to minimize the total cell load m LTE
system. The new mathematical model proposed is the Fractional Frequency Reuse
nonlinear load coupling equation. This model creates a platform for resources
allocation and management. In addition, it allows the comparison of different ICI
schemes for cell load optimization with the objective of total cell load minimization in

LTE network system.
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L3

Thesis objectives

(1)

(1)

(iif)

(iv)

To mitigate the Inter-Cell Interference (ICI) originating from the
neighboring cells.

To propose a mathematical model of LTE cell load optimization using
Fractional Frequency Reuse (FFR) method.,

To provide a constrained optimization that ensures feasibility of
computational complexity of FFR load coupling equation.

To investigate the performances of different Fractional Frequency

schemes for cell load optimization.

Scope of and limitation of the study

(1) This thesis presents numerical results analysis of different FFR
schemes.

(i1) This thesis presents the mathematical model of FFR load coupling for
cell load optimization in LTE systems.

(i)  Simulation results by MATLAB programming are also presented.

(iv)  This thesis also shows the computational complexity of the system
model.

Contributions

This thesis presents an optimization technique for LTE cell load using the FFR

method. Tt provides the following contributions:

(1)

Mathematical formulation based on of FFR schemes for LTE cell load

optimization,



(i) It provides a platform for resources utilization management.
(iii) It provides better LTE system performance through ICI mitigation.

(iv) It provides low cost of investment for LTE system optimization.

15 Thesis organization

The rest of this thesis is organized as follows. Chapter 1l presents the overview

»f LTE system, while the advantages and challenges of LTE system are also

discussed. The impacts of ICI on cell resources utilization in cellular networks are

| presented. Furthermore, this chapter presents the Frequency Reuse Based Schemes.
The subdivisions of Fractional Reuse Based Schemes (FRBS) which are Conventional
Frequency Reuse (CFR) and FFR schemes are also critically analyzed in chapter II.
Chapter 111 explains the background theory of LTE system and frequency allocations
in wireless networks are discussed. The signal propagation model, network capacity
and ICI are all discussed. Chapter IV presents the details of cell load optimization

techniques and the mathematical model of Fractional Frequency Load Coupling

equation for LTE systems. The simulation results of different ICI mitigation schemes

for resources utilization management are graphically depicted.

Chapter V provides the conclusion of the research work and suggestions for

further study.



CHAPTERII

LITERATURE REVIEW

Introduction

The classifications of Frequency reuse based schemes (FRBS) are presented in
“this chapter. These classifications are Conventional Frequency Reuse (CFR) and
Fractional Frequency Reuse (FFR). These schemes are also divided into sub-schemes.

The classified schemes are presented in Figure 2.1.

Frequency Reuse-Based Schemes|

l i

Conventional Frequency Reuse Fractional Frequency Reuse

\L‘xlz v oo v

Reuse-1 Reuse-3 PFR SFR Other Schemes

Figure 2.1 Classification of frequency reuse based scheme.



Frequency Reuse Based Schemes

The FFR of FRBS provides the platform for an improved network performance
m terms of better QoS and interference mitigation. It presents the splitting of cells,
whlch allows the allocation of resources among cells for ICI mitigation. The adoption

of different schemes by various network systems has sparked interest in FRBS.

2.2.1 Conventional frequency reuse schemes
The network planning technically depends on frequency planning
which involves the maximum use of frequencies with reuse-1 or frequency allocation
with reuse-3 for ICI mitigation. Different network systems have been using the reuse-
1 for capacity improvement, and a recent adoption of this method has shown an
improved capacity in the LTE system (Nageen., et.al (2010)). Nevertheless, Inter-Cell
Interference from neighboring cells using the same frequency channels poses a real
threat to this network system. In search for a lasting solution technique, the reuse-3
was proposed (S-E. and B., et.al {2000)).
The two types of CFR are explained below.
 Reuse-1 scheme: It is a frequency reuse scheme that allows the
available resources to be used in all cells without any spectrum coordination or
transmit power control. This scheme achieves high data rate, high system capacity,
spectrum efficiency and is commonly used in LTE system when network traffic is
low. However, this scheme is always associated with very high value of ICI, mostly in
the case of overloaded systems, where resources are more likely to be used by
adjacent users in the neighboring cells. The scheme lacks cell coordination to deal

with ICI. The problem of ICT in this scheme is that, it could lead to service outage,



‘Jow throughput and call drops especially at the cell edges. The reuse-1 is shown in

Figure 2.2.1(a).

b

T:requency

Figure 2.2.1 (a): Illustration of reuse-1

o Reuse-3 scheme: The scheme is adopted to overcome the problem of
ICI resulting from the reuse-1 scheme. The available spectrum is divided info three-
pattern of cells and repetition continues. This scheme tends to reduce ICI,
nonetheless, it leads to underutilization of available spectrum, due to reuse restrictions
of each channel in each cell. The reuse-3 allows only one - third of the available
spectrum to be used in each cell, which seems uneconomical, considering the recent
cellular network spectrum scarcity. The reuse-3 Is also referred to as hard frequency
reuse, due to allocation of its resources. Each cell is allocated one-third of the total

spectrum. The resources allocation of reuse-3 is depicted in Figure 2.2.1 (b).
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PowerT

Figure 2.2.1 (b) lllustration of reuse-3

ﬁrequency

;-Frequency

2.2.2  Fractional frequency reuse

The FFR is a frequency planning technique, in which the available
spectrum is divided into different portions. Each portion is used for specific part of
the cell in a coordinated manner for ICI mitigation. The main objective of FFR
schemes is to strike a balance between the reuse-1 and reuse-3 schemes. The inner
region users who typically do not suffer from ICI are allocated spectrum with the
reuse-1, while the edge users who are subjected to ICI are allocated spectrum with the

reuse-3. The two FFR schemes studied are explained below.
e Partial Frequency Reuse (PFR) Scheme: This scheme is an Inter-
Cell Interference mitigation technique. In this scheme, the spectrum is divided into
non overlapping bands referred to as inner and outer bands and each cell is also
divided into inner and outer regions. The users near the center of the cell are served

by the inner bands with reuse-1, while the cell edge users share the outer band with



freqilency reuse factor greater than 1, which is 3. In addition, the same transmit power

ised in regions of all cells. The limitation of this scheme is the under-utilization of

ilable spectrum, which could be a major problem where resources are limited.

Figure 2.2.2(a) depicts PFR scheme.

Power A
requency
Power A
e
requency
Power]
Frequency

Figure 2.2.2 (a) [Hustration of PFR

s Soft Frequency Reuse (SFR) Scheme: This scheme provides an
alternative to PFR, because it allows the whole spectrum to be reused in all the cells.
Each cell is also divided into two parts, the mner and outer regions. This scheme
mmvolves the variation of transmit power over spectrum, high transmit powér is used
over the spectrum allocated to the outer cell users because they are mostly affected by
ICI, while low power is used over the spectrum allocated to inner region users that are
subjected to low ICIL. The reuse-1 is adopted for use by the inner cell users, while the

reuse-3 scheme is used by outer cell users but with access to the total available
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rum The SFRschem _ ‘strike ‘a balance between the system capacity

by reuse-1 and the unaéi;;ﬁfiiiéation of resources in PFR. The available
ces allocated to the inner region users are reused in the inner regions of other
v';fhile outer cell users share total available spectrum among themselves with
. This is different from the PFR, because only the allocated resources to the

ér cell users are shared with reuse-3.

Power

%requcncy

Power g
F,requency

Power P

Frequency

Figure 2.2.2 (b) lllustration of SFR

2.3 Literature review

2.3.1 LTE system

Recently, the LTE system has caught the attention of network
operators. It is widely recognized as the fastest network system because of its
capacity, data rate and low latency. Its commercialization is on the increase due to

what it provides; from high peak data rate for the ever-growing users to the high
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system capacity and spectrum efficiency. The LTE system adopts reuse-1 to achieve
the high system capacity. Nonetheless, ICI has been the demerit of this network
system. The LTE system needs a solution technique that mitigates ICI. There have
been various proposed techniques to control ICI, the ICI mitigation through
coordination method was proposed by {(Nazmus, S. etal, (2013). The SINR
estimation which is an essential tool for LTE performance improvement was also
proposed. The improvement of cell-edge user throughput and capacity through the
evaluation of SINR was proposed by (Subbarao, B., et.al (2010). This involves
Probability Density Function (PDF) and Cumulative Density Function (CDF) analysis
of cell edge users® throughput for different Inter Cell Interference Coordination
(ICIC) schemes. Another ICI mitigation technique which is the interference avoidance
was investigated by (S-E, E., et.al (2010). It was based on spectrum usage restrictions
imposed by power and frequency planning. The Markov model for capacity
calculation was used in the comparison of three frequency allocation schemes, the
reuse-1, reuse-3 and the reuse-1/3, with sensitivity to ICI. Tt is thought-provoking to
investigate the performance and impact of different ICI mitigating schemes for LTE
cell load optimization, because it creates a platform for resources utilization
management as a mean of preventing network traffic congestion that could result from
high traffic demand and ICI. The existing ICI management techniques are explained

below.
2.3.1.1  Inter-cell interference coordination

The ICIC technique is based on eradicating the degradation of

network systems’ performances caused by ICI and improving the throughput at the
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cell edges. The ICIC involves spectrum allocation methods for cellular system and the
bandwidth that can be used in each cell is narrowed. The ICIC based on I'ractional
Frequency Reuse scheme is considered to be an effective technique for the LTE
‘downlink. Nevertheless, the uplink is based on a principle, which is the shifting of
bands by users in the locations where signal interference from an adjacent base station

can occur could also be effective.

2.3.1.2  Inter-cell interference randomization
This technique randomizes the interfering signals, and also
allows interference suppression. The techniques randomly hop between channels and
it averages the interference on users. The interference randomization principle spreads
the users’ transmission over a distributed set of subcarrier in order to randomize the

interference scenario and achieve frequency diversity gain.

2.3.1.3  Inter-cell interference cancellation
The interference cancellation can be explained as the class of
techniques that demodulate desired information, while it uses the information along
with channel estimate as a mean of canceling received interference from the received
signal. It focuses on demodulating and canceling interference through multi-user
detection methods so as to reduce and cancel interference at the receiver end. The two
important techniques of interference cancellation are given and briefly explained

below.
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¢ Successive interference cancellation
The Home enhanced Node B (HeNB) is able to decode the stronger

al. In addition, it is capable of subtracting stronger signal from combined signals

also extracts the weaker signal from the combined signals. This process is step by

the strongest received signal is detected first, then the next and so on.

e Parallel interference cancellation
This technique detects all users simultaneously, while it uses the initial

estimate to cancel interference in near future, This technique is repeated on several

tages.

24 Chapter summary
This chapter has presented the literature overview of LTE system in terms of its
‘pros and cons. It explained the impacts of ICI on resources utilization in a cell.
..:Different frequenéy reuse based schemes for ICI mitigation in LTE were criticized.
The two categories of FRBS which are the CFR and FFR were also presented. These
two categories were discussed and compared. The comparison was based on ICl
mitigation and resource utilization efficiency. This thesis has focused on PFR and
SFR as the effective and efficient techniques for ICI mitigation and minimization of
spectrum waste that is experienced with reuse-3. The two schemes also allow

channels allocation and coordination among cells of a particular network system.



CHAPTER 111

BACKGROUND THEORY

Introduction

" This chapter presents the LTE system which can be classified as the fastest

loping system in wireless communication. It is widely recognized as the global

ard for the fourth generation of mobile broadband among network operators. It
't:he capacity and speed required to handle the explosive data traffic. The LTE
aiida'éd is based on the use of OFDMA (Orthogonal Frequency Division Multiple
ss...) in the downlink and Single-Carrier Frequency Division Multiple Access (SC-
MA) in the uplink operations. These two platforms support great spectrum
ﬂéxii:ility with a remarkable number of deployments from 1.4 MHz up to 20 MHz
spé.étrum allocations. The LTE system uses the Time Division Duplex (TDD) and

Fféquency Division Duplex (FDD) methods in its spectrum allocations. In FDD,

;.;'..different frequency bands are used in UL and DL, while in TDD, the Uplink (UL) and
_E;;:".:.]:)()Wn]ink (DL) transmissions are separated in time. One of the requirements of LTE
is to provide downlink peak rate of at least 100 Mbps. Nevertheless, it also supports
speed of more than 300 Mbps. The user latency achieved in LTE system is less than
the existing 3G technology, thereby providing a good service advantage for highly
interactive application environments such as; multi-player gaming and rich
multimedia communication. The LTE provides a superior user experience when it

comes to stability, throughput, latency and better system performance. The frame
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structure type 1 has the overall length of 10 ms and this is shown in Figure 3.1. This

;ine is divided into a total of 20 individual slots called sub frames. LTE sub frames
rjsist of two slots, in order words there are ten LTE sub frames within a frame. The
E frame structure type 2 is different from type 1. The 10 ms frame has two half
:hes, each of 5 ms. The LTE half-frames are also divided into five sub frames and
¢h of 1 ms long. These sub frames are also divided into standard sub frames. These
__sg:t_a::rldard sub frames have three fields;

e DwPTS — Downlink Pilot Time Slot

e GP - Guard Period

e UpPTS — Uplink Pilot Time Slot.

'::"::"i‘hesc fields are used in LTE TDD (TD-LTE) for path upgrade. The length of these

fieids are configured individually, while the total length of all these ficlds must be 1

“ms. The frame structure type 2 is presented in Figure 3.2

Frame structure type 1

One radio frame = 10 ms

e

One slot = 0.5 ms
<>

A J

* #0 ‘ #1 l # 2 l #3 |ocoouuuocoau-oc-oaqo---- ‘ #18 I #19 |

A
One sub frame =TTI (Transmission Time Interval)

Figure 3.1 LTE OFDMA FDD Frame Structure
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Frame structure type 2

One radio frame = 10 ms

AN A
Y

One half-frame = 5 ms ~

One subframe =1 ms
<

One slot = 0.5 ms
<>

P #2 | A3 | 44 ﬁs)iilaf%?l#iﬁlﬁf@)

AR

DwPTS GP UpPTS DwPTS GP UpPTS

Figure 3.2 LTE OFDMA FDD Frame Structure (Type 2)

The increased capacity of LTE system has brought new and better sérvice to users.
The network delivery capacity, user experience and throughput of LTE have created
new business, opportunities and revenues for network operators. The LTE system
_;%Jffers low long-term capital and operational costs. Nonetheless, the impact of ICI on
';'{cell edge users due to frequency reuse in LTE has led to the adoption of FFR
'.'techniques as ICl mitigating tools. Different authors have proposed various FFR
schemes for 1CI mitigation. The main concept of FFR techniques is the allocation of
spectrum resources known in LTE as Physical Resource Blocks (PRBs). The LTE
physical layer supports any bandwidth from 1.4 MHz to 20 MHz in form of resource
blocks. The LTE specification supports a subset of 6 different system bandwidths and
these bandwidths are presented in Table 3.1. The PRBs in LTE are shown in Figure
3.1. The FFR techniques provide the platform for ICI mitigation as a mean of LTE
resources optimization. The mathematics of the system model in this chapter involves

different theories.



_.Table 3.1 Resource allocation

Channel BW [MHz] 1.4 3 5 10 15 20

Number of PRBs 6 15 25 50 75 100

Figure 3.3 LTE physical resource block
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1 resource block =
180 kHz = 12 subcarriers Subgcarmier spacing = 15 kHz

18 =05ms=

1 resource block pair

\ fime  GPEK, 150AM or S4CAM mokeation

Figure 3.4 OFDMA time-frequency multiplexing

3.2 LTE cellular system

LTE adopts the reuse of the same channel at different locations. This method is
termed frequency reuse-1 and it is depicted in Figure 3.5. The network coverage
'cii:reas are also divided into non overlapping cells with the reuse of spectrum. In

éddition, it provides more capacity for cellular systems due to the reuse of spectrum.
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o
g

Frequency

Figure 3.5 Frequency reuse-]

3.3 LTE cell size

This is an important design parameter in LTE cellular system. It determines the
;?rmmber of users that can be achieved within a system by reducing the size of the cell.
It also leads to constant SINR of each user. There are various cell sizes in today’s
;.::.jceuular system such as Macro, Micro, Pico and Femto cells. The size of a cell is a
E:::ﬁlnction of its radius. The determination of cell radius depends on, thermal noise,
| Signal to Interference plus Noise Ratio (SINR), path loss (L), and coverage area. The

thermal noise equation is given in (3.1)

P = kTB [Watts] = 10 * 10g,(1000 * k* T * B) + 30 [dBm)] (3.1)



Power gains Transmitter power

SINR = :
Thermal Noise +Interference

‘model (L) and the cell radius (d) is in km.

L (dB) =153 +37.6 *log,o d

fif‘able 3.2 Cell radius for LTE different terrains

20

(3.2)

he cell radius which is related to path loss can be calculated using the Okumura-Hata

(3.3)

| Area Cell Radius d (km)
| Uplink (2000 MHz) Urban 1.58
: Suburban 1.93
| Downlink (2000 MHz) Urban 2.28
; Suburban 2.79

Figure 3.6 LTE advanced heterogeneous network
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LTE channel reuse distance

This is used in determining the users” ICI, system performance and capacity.

‘the received signal power is related to desired signal, therefore the inter-cell

rence and intra-cell interference are determined by LTE channel characteristics
en the desired or interfering transmitters and desired receiver. The reuse
darice between cells using the same channel is denoted by D, which serves as an
ant parameter in determining the average LCI power. 1D is the distance between

centers of the cells that use the same channels. The mathematical representation of

0= g8 G (3.4)

s‘cluster size for hexagonal cells is given as C, and it"s shown in Figure 3.7

C=i?+ij +j? (3.5)

he integers i and j determine the relative location of co-channel cells

Figure 3.7 Cluster size for hexagonal cells
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35 LTE channel capacity

It is the information carrying capacity, which is based on the noisy-channel
-?_iéoding theorem. The channel capacity of a particular channel is the information per
Efimit—time that can be achieved with small error probability, The mathematical model

i3 given as:

Transmitter; (Noisy) Channel Y Receiver

“#___)5_“#}

WV

Figure 3.8 Information carrying channel

The random variables X and Y represent the input and output of the channel. The
conditioning distribution function of Y that gives X is given as py|x (J’lx)"; ._ ItlS a
fundamental fixed property of the communication channel. The joint dlstrlbunon
pxy(x,y) is determined by marginal distribution py{x) due to the identity .'p..:resellitéd

below,

Py (6) = Prx (1) py(x) (6

The mutual information I (X;Y) is induced by the equation above. Therefore, the .

channel capacity is given as;

— Sup i
G = 5%, I @3
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3.5.1 Shannon Hartley theorem
The maximum rate at which information can be transmitted over a

nnel of a particular bandwidth with noise is known as Shannon’s theorem. The

\ f_é_,-orem states the channel capacity € to be;

€ =Blog,(1+3) (3.8)

he channel capacity C is in bits per second (bps), the bandwidth of the channel in
ertz (Hz) is represented by B, the average received signal power over the bandwidth
.S' and it is measured in watts (W). While N is the interference power over the

andwidth (it is measured in watts). S/N is the signal-to-noise ratio of the

E}féomnmnication signal to the Gaussian noise interference, and it is expressed as a

‘linear power ratio.

3,52  AWGN channel
Additive White Gaussian noise (AWGN) is an elemental noise model
used in information theory to mimie the effect of many random processes that oceur

in nature. The AWGN channel capacity is given as;

P

Cawgn = W l0g; (1 + x (39)

N“W) {bits/s}

The average received power is P [W], and the noise power spectral density is ND
[W/Hz]. The received signal-to-noise ratio (SNR} is E—F—’-ﬁ; and when the (SNR >>0 b
4]

dB), the capacity becomes
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€ ~ W log, (1+ E;%) (3.10)

“The capacity is logarithmic in power and approximately linear in bandwidth, and it is

known as bandwidth-limited regime. When the (SNR << 0 dB), the capacity C ~ Ni

0 -
log, e is linear in power but insensitive to bandwidth because capacity is proporfiozrialf;_

to the total power received across the total bandwidth. Increasing the bandwidth has a

is called power-limited regime.

3.5.3  Signal - to —interference plus noise ratio (SINR) .

The SINR is defined as the power of a certain sign'.al._: ofm re:

divided by the sum of the interference power (from all the other mterfermg sxgn

and the power of background noise. The SINR is reduced to the signal—f(;;iil?t'effefeﬁce-" e

ratio (SIR), when the noise power is zero. Contrarily, when interference valuels -z_e.l._’q_’"f:.'fi

the SINR is reduced to the signal-to-noise ratioc (SNR). The quality ofwueless

connection is usually measured by SINR. The SINR of a user located at Som in
on a site is given as -

SINR(x) = ~— ey

P is the power of the receiving signal, I is the interference power of the other
(interfering) signals in the network and N is noise power which is a randoni'éigﬁal.':

with equal power over a range of frequencies.
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354  Signal-to - noise ratio (SNR or S/N)
It is defined as the ratio of signal power to the noise power, it is often
expressed in decibels. A ratio higher than 1:1 (greater than 0 dB) indicates more
signal than noise. The signal-to-noise ratio, bandwidth, and channel capacity of a

communication channel are connected by the Shannon-Hartley theorem.
P ;o
SNR= —=— (3.12)

3.6  LTE signal propagation

The Hata model for urban areas is a developed version of Okumura model and

it is known as the Okumura—Hata model. 1t is the most widely used radio ﬂ‘équ:éhcj?-.:_’% "

propagation model for predicting the behavior of cellular transmlssnons in bulit up
areas. This model explains the effects of diffraction, reflection and scattermg of sngnal :
caused by city structures. The other common propagation models for LTE are'.

depicted in Table 3.3

Table 3.3 Signal propagation models

No Frequency Base Distance béﬁvéén -
Propagation Band Station Transmitter and
model [MHz]} Height [m] Recelver [km]
it Cost-231 1500-2000 30-200 1<d < 20
2. ITU-529 300-1500 30-200 1<d=< 10(}___
3. Okumura-Hata 150-2200 30-100 1<d<100
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The frequency band of Okumura—Hata model is from 150-2200 MHz, but it could be
f extended to 3 GHz which makes it suitable for today’s LTE working frequencies of

2.3 -2.6 GHz.

3.7 Antenna gain
This describes how much power is transmitted by an antenna from a far —field
source on the antenna’s beam axis to that of hypothetical lossless isotropic arit'éiiﬁé;'f._

with equal sensitivity to signals from all directions. Antenna gain can be expr'e's'Séd"'aé_"-.:-

‘a function of angle, but when a single number is quoted, the gain becoméé th .p
gain' over all directions. Antenna gain ((7) is related to directivity (D), while &‘R _' "__{_}_j

radiation efficiency. The Antenna gain is given by the equation below

However, the peak gain of an antenna can be extremely low because of losses or low

efficiency.

3.8 Noise power

The noise power depends on thermal noise at the input of the system along

with system gain and noise figure. Thermal noise usually spreads over a ve_l%y:_w_Idé_'
spectrum which means that noise power is proportional to bandwidth. A gleﬁe'faii:zé'dft'

noise voltage equation within a given bandwidth is defined as below.

V2 =4KT [ ’f , R dF (3.14)
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Where:
V = integrated RMS voltage between frequencies f1 and f2.
R = resistive component of the impedance (or resistance) €.
T = temperature in degrees Kelvin (Kelvin is absolute zero scale).
fl & f2 = lower and upper limits of required bandwidth.
B = bandwidth in Hz.

k= Boltzmann constant = 1.3807 « 10-23 {-‘é}

Mostly, the resistive component of the impedance remains constant over the required

bandwidth which allows the simplification of noise voltage equation (3.14) t0(315)

V = VAKTBR CEEs)

3.8.1 Thermal noise power
While the above thermal noise equations are expressed in terms of
voltage, it is also important to express the thermal noise in terms of power level The
thermal noise power modeling considers a noisy resistor as an ideal resistor. The nmse

power which is independent on the resistance but bandwidth is given below.
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Ve
p=" (3.16)
2
(V4KTBR )
P= 3.17)
P = kTB [Watts] (3.18)

k = Boltzmann constant = 1.3807 = 107%* {;{;}

T = Ambient temperature {K}
B = Bandwidth {Hz}

It is easy to relate this to other bandwidths, because the power level is proportional to

the bandwidth. Which means, ten times the bandwidth gives ten times the 'p'qw_c___ le

{+10dB). The noise power is normally expressed in dBm.

P [dBm] = 10 * log,,(1000*k* T B) + 30

Thermal noise in a 50 {2 system at room temperature is -174 dBm/ Hz

Pyoise @ output [dBm] = Proise @ mput + Gainsystem + NF&jJSté_??_

NF¢yseem (Noise Figure) is the additional noise by the system.
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3.9 Chapter summary

In this chapter, the background theory of LTE system was explained and the
frequency allocation of resources in cellular networks was considered. The LTE
channel capacity which depends on Shannon-Hartley model was also discussed. The
AWGN channel, SINR and propagation model (Okumura—Hata model) were critic’:aﬂf_'.

discussed. In general, the LTE systems have adopted the reuse-1 for better co'Véfa'gé_'.:‘

and capacity. Nevertheless, ICI remains a major concern. The parameté'r's_"'?é’ﬁd"::ﬁ

necessary mathematical formulations for LTE cell load optimization were eipI&iﬁed'i_'-__'.

in this chapter. The knowledge of this chapter would be essential for LTE cellloa b

optimization in the next chapter.



CHAPTER 1V

CELL LOAD OPTIMIZATION

4.1 Introduction

This chapter describes the technique of cell load optimization, which.' 1s v1tal

for cellular network performance improvement because it allows the managéfﬁéﬁt- bf-}:f'__

resources utilization and mitigation of ICI that affects available resources. Tlié_r_

been many optimization techniques for ICI mmtigation in this study. The
technique provides a unique way of ICI mitigation through resou'rclé. allocatio
among cells. This allocation is coordinated in such a manner that né{.ti:.ei uses the
same spectrum as its neighboring cells, and this reduces the effe:c:'.,t-; 0
increases the load of a cell. Moreover, the reuse-3 scheme ofte 3

underutilization of resources. In order to overcome this limitation of reuse-3 the PFR:

Cell Center Users (CCUs), while those in the outer region are Cell Edge U ( EU

PFR adopts the frequency reuse-1 for the inner region, in order to maintain

resources utilization and ICI mitigation, but due to the fact that users in both

have no access to the total bandwidth usage,
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underutilization of resources remains a great challenge. The SFR was proposed as an

efficient technique of alleviating the underutilization of resources which is common in

both reuse-3 and PFR. It allows the total utilization of the available bandwidth b the

users in the inner and outer regions. It is a flexible technique, because it varies power

over bandwidth. This thesis has proposed a technique of ICI mitigation as a tool for
cell load optimization. The proposed technique offers an efficient and " low ost .

platform for resources utilization management in LTE system.

4.2  Cell Load optimization technique

The set of cells for a particular cellular site is given as (@),

0 ={1234.....,) @

Each cell has pixels, which could be termed as users in the cell and eachplxel "i's .

represented by (r). The position of each pixel from the base station antenna 1s usually |

determined by the path loss model adopted for this study, which also depends on the

distance of the pixel from the Base Station (BS). The power gain between a pxxel and :}.
the base station which is crucial in signal transmission is represented by nlr; (1)
represents the base station and (1) the position of the pixel, while the value of L IS.
infinite. In addition, the transmit power in cell i is represented by (H;), whilé thc.:.".
noise power from base station equipment 1s 2. The amount of resources utiliz:»..lt.idﬁ; m

a cell (i) that is referred to as cell load in this thesis is expressed as ;. Another
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important factors in network planning which is the load vector is given as (¢) in

equation (4.2)

@ =@, 0,0, (4.2)

The cell load optimization involves the performance modeling that is technically
based on SINR of a particular pixel and this performance model is given in equation
(4.3)

Hg Nir
Zm.ES\{E} Hp oy 9y + a?

SINR, (@) = (4.3)

» Fractional frequency load—coupling model
This thesis considers the non-linear system modeling of fractional
frequency reuse. First, each cell is divided into two parts, the inner and outer regions.
The pixel in the inner region is denoted by A,, while the total number of pixels in the
inner region is Ay The outer pixel is denoted by A, and the total number of pixels is
denoted by A;,. B represents the bandwidth per Physical Resources Block (PRB) in
LTE, which is constant. The capacities of the inner and outer regions are given as

Cinner and Coyper-

Cinner = Binner 1082 (1 + SINRAq (QOL)) : (4.4)

Couter = Bouter 1082 (1 + SINR gy, (‘Pi)) (4.5)
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The demand requirement of pixel at the inner region is denoted by dj, jyner and it is

given below.

dA,
Binner 1082 (1+SINRAq (401'))

Ai inner =

(4.6)

While dA, is the demand of each pixel in the inner region, the demand requirement of

pixel in the outer region is denoted by dj, 5yter-

dA,
Binner Iogz(l‘!‘SINRAp (‘Pi))

(4.7)

Ay puter =

The dA,, is the demand of each pixel in the outer region.

In LTE, PRBs represent the available bandwidth. In this model, the available PRBs
for the inner region are denoted by Zjuner , while PRBs for the outer region are given
as Z,yer- Z 1s the total PRBs available in the network. The cell load of a cell i is
given as 0 < ¢, < 1. The proportion of resource utilization by the pixels in the nner

region of cell I is given as @ippera,and the proportion of resource consumption of

cell i due to serving outer region pixels is given as @oyzera,, -

dd,
ZinnerBinner 108; (1+SINRAq (ﬁoi))

(4.8)

(PinnerAq ==
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dA, @5

ZouterBouter 1082 (1+SINRAP ('{Di))

‘PouterAp =

The SINR for the inner region pixel in cell { (SINRAQ (goi)) is given below as;

Hinigg,

SINRy, (@) = (4.10)

Zamesi\ (1) Hm Mmay, Pm+ 074

The pixel in the inner region is denoted by A, (reference cell), while the set of pixels

in the inner region is denoted by S;.

The SINR for the outer region pixel in cell i (SH\;‘R,;]u (@) ) is given below as:

Himyg,

SINR,, (@) = (4.11)

ZAweSz\ (i} Hw Mwa,, Pw + %3

The pixel in the outer region is denoted by 4, (reference cell), while the set of pixels

in the outer region is denoted by Ss.
The total amount of resource consumption of the entire pixels in the mner region of
cell i 1s denoted by @6 While the total amount of resources consumption of the

entire pixels in the outer region of cell { 1S @ yeer
Pinner = EAQEA::C (pinnerAq (4.12)
Substituting equation (4.8) into (4.12)

dA
= Xtk 4 4.13)
%ic Zinner Binner 1082(1+SINRAQ (Gﬂi))

Pinner
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Substituting equation (4.10) into (4.13), it becomes

dAg

Pinner = ZAQEAH: i Fidg (4.14)
Zinner Binner 1082 (1 + EAmE.S‘l\{I} Him Nmar Om + 021)
Pouter = ZAP*’EAie ‘;oouterAp (4.15)
Substituting equation (4.9) into (4.15) gives (4.16)
dA
I
Pouter = Ld,, (4.16)
PeAie Zouter Bouter logz(i“f'SINRAp (Qai))
Also substituting equation {4.11) into (4.16), it becomes;
dA
Pouter = ZAFEAfe £ Wi (4.17)
Zouter Bauter i‘)gz(l + v BT o ) )
Awess\ (if Aw M, Pwt 073
Oi = Pinner T Couter (4.18)

Putting equations (4.14) and (4.17) together leads to equation (4.19).
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0= ages, — + (4.19)

Hy HEA
Z B loga (1 + L g )
inner Binner Lamesi\ (i Hmuma, #m* o

a4,

Hing,
Ar‘e‘q‘iezautm'BDuter ]082 I & Z..-‘l €50\ 1) Hwn e - 0-23
wES3 Wy

Equation (4.19) is known as nonlinear Fractional Frequency Load Coupling equation.
However, the optimization formulation in this thesis is the minimization of total cell

load of cellular LTE network. The formulation is given as;
min Xieq @; (4.20)
Subject to Zoyter + Zinner = Z

Equation (4.19) is used for the analysis and comparison of cell load optimization with
different ICI mitigation schemes.

The mathematical model parameters of this thesis are shown in Table 4.1
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The number of cells considered in this thesis is 9, while the cell layouts
represent cell sites with conventional reuse frequency and fractional frequency reuse.
The two cell layouts are depicted in Figure 4.1. Figure 4.1 (a) represents the cellular
layout without frequency coordination because each cell uses the same frequency
channel, while Figure 4.2 (b) represents layout with FFR which involves frequency
coordination among cells. The position of each pixel in both layouts is considered
constant and could also be varied. The transmit power from base station to each pixel

in both layouts is assumed to be constant.

1km 1km

(a) (b)

Figure 4.1 Cell layouts
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4.3 Simulation results

The simulations were executed using the MATLAB optimization toolbox. The
cell load of each cell was evaluated using equation (4.19) with different ICI mitigation
schemes. In this thesis, the feasible solution within the network capacity is regarded to
be below 1, while beyond 1 is regarded as feasible solution beyond the network
capacity. It must be stated that the solution to nonlinear FFR load coupling equation is
considered to be of (positive values) and simulation results beyond the network
capacity do indicate the lack of resources with respect to demand or the amount of
interference. These two conditions play an important role in network planning and
management. The simulation system considered LTE network layouts with a site area
of 1 km. The LTE site layouts were equipped with down tilt directional antenna of 14
dBi, User Equipment (UE) with Omni-directional antenna but with antenna gain of 0
dBi. Each cell had a total number of 9 cells with 36 users/pixels. The transmit power
used was 46 dBm, while the power gain of each pixel was determined by the
propagation environments and distance from the base station. The locations of pixels
in the LTE system layouts were assumed to be the same for logical analysis. The
distribution of users was uniform and the propagation model adopted was the
Okumura-Hata urban model with shadow fading of 8 dB. The available spectrum for
this simulation was 10 MHz (50 PRBs for LTE system). The traffic demand of 400
Kbps was used for each user/pixel. It must be stated that an increase in load of a cell
affects the load of another cell because of the wrap around technique adopted in this

thesis.
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This technique allows cell layouts to be folded, which means cells are connected
suitably. The simulation parameters for each scheme’s analysis are given in Table 4.2.
Figure 4.2 shows the cell load solution of each cell with reuse-1 scheme and solution
follows the cellular layout without frequency coordination and cell splitting. The
constraint for each cell’s capacity is given as 1 in this thesis. The results show that
most of the load values are below the network capacity. Nevertheless, cell 4 and cell 7
have load values beyond 1. The increase in cell loads of these cells is due to the
impact of ICI originating from the neighboring cells using the same PRBs. The
analysis of these results considers the same traffic demand, number of users and
propagation conditions for all cells in layout (a). The cell load values of cell 4 and 7
that are beyond the network capacity indicate the shortage of resources in these cells.
This shortage of resources presents an important information for future’s network
planning. Since the cells of layout (a) are folded, an increase in cell loads of cells (4

and 7) causes an increase in cell loads of other cells especially the neighboring cells.
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Cell Load

Figure 4.2 Cell load solution to equation (4.19) of reuse-1 scheme

Figure 4.3 indicates the simulation results of reuse-3, which shows three cells
with cell load values beyond the network capacity. The cell load of cell 4 continues to
increase, while cell load values of cell 1 and cell 8 have also increased. The reuse-3
scheme offers limited resources but with high strength of ICI mitigation. The
continuous increase of these cell load values could be attributed to shortage of
resources in network system under the same simulation conditions as reuse-1. Since
each scheme has the same amount of resources, it means that the shortage of
resources could be attributed to under-utilization of reuse-3. Moreover, reuse-3

mitigates ICI, but today’s spectrum limitation has made its application expensive.
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Cell Load

Cell ID

Figure 4.3 Cell load solution to equation (4.19) of reuse-3 scheme

Figure 4.4 shows the cell load values of PFR schemes, the graph shows that
six cell load values are below the network capacity and the cell loads of cell 1, cell 4,
and cell 8 have decreased. The decrease in cell loads could be attributed to allocation
of resources in the inner and outer regions of a cell. Nevertheless, underutilization of

available resources remains a problem.
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1.4 . |

Cell Load

Cell ID

Figure 4.4 Cell load solution to equation (4.19) of PFR scheme

The cell load values of SFR scheme are depicted in Figure 4.5 and it shows that most
of load values are within the network capacity. This indicates that the available
resources are enough for the cellular network system. The high cell load values of cell
f, cell 4, cell 7 and cell 8 that were evident in the previous schemes have significantly
reduced. In addition, this scheme creates more capacity for future traffic demand. The
results of SFR scheme have shown that the capacity achieved by reuse-1, the under-

utilization of resources of reuse-3 and PFR could be managed by SFR scheme.
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1 .4 3 T T T LS S )

Cell Load

Cell 1D

Figure 4.5 Cell load solution to equation (4.19) of SFR scheme

The focus of this thesis is to optimize cell load in LTE system. The total cell load of
each scheme with the minimization tool of Z1er + Zimner = Z is shown in Figure
4.6. The SFR scheme shows the lowest total cell load, which means more capacity for
future traffic demand. Comparing the total cell load of reuse-1 with SFR scheme
shows that the capacity achieved by reuse-1 could be achieved with SFR schemes,
while the ICI with reuse-1 could be mitigated by SFR. The simulation results have

shown that the Impact of SFR scheme on cell load optimization should not be

overlooked.
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Total cell joad
o
I

eue-i— Reuse-s | [‘-‘

Schemes

Figure 4.6 Total cell load solution to equation (4.20) of different schemes

Figure 4.7 shows the cell edge performance of FFR schemes. It has been
analyzed and criticized that cell edge users are seriously affected by ICI. This ICI
causes abnormal increase in cell load. It is clearly secen that the cell edge performance
of SFR scheme is higher than PFR scheme with respect to cell loads of both schemes.
Figure 4.8 presents the cell loads of PFR and SFR inner regions. The inner load value
of each cell of PFR scheme is slightly higher than that of SFR. This could bé
attributed to resource allocation in both schemes and also variation of power over

spectrum in SFR. Nevertheless, the inner loads of SFR and PFR are so close that it
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could be related to reuse-1 in the inner regions of both schemes. The results have
shown that the performance of cell edge users in LTE cellular networks can be
improved through SFR scheme using the mathematical model presented 1n this thesis.

Figure 4.9 presents the percentage decrease in cell load of reuse-3, PFR and SFR

schemes.
1.2 T T T T T T T T T
BaR FFR

11 L ———— R
1.0 e MM
0.9 - —
0.8 S R T R TR SR e s v e A W s e
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Figure 4.7 Comparison of outer cell load solution to equation (4.19)
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1.2 . : . . : - . : ;

NS SFR
1.0
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Cell Load

Cell 1D

Figure 4.8 Comparison of mner cell load solution to equation (4.19)

Reuse-3 . | PFR

Figure 4.9 Decrease in cell load of reuse schemes
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Table 4.2 Simulation parameters

No Parameter Value Unit
1. Carrier frequency 2 GHz
2. Channel bandwidth 10 MHz
3 Transmit power 46 dBm
4. User demand 400 Kbps
5. Number of PRBs 50 -

6. Bandwidth per PRB 180 KHz
i Site area 1 km

8. Noise power -174 dBm/Hz
9. Shadow fading 8 dB

10. Cell radius 400 m
11, Number of cells 9 -
12, Users per cell 36 -
13. Users per inner region 28 -
14. Users per outer region 10 -
5. Propagation model Okumura-Hata -
16. Path loss model 15.3 +37.6 #log,p d dB

d = distance (km)

PRB = Physical Resource Block

The resource allocations of each scheme and power variation of SFR scheme

are shown in Table 4.3,

Table 4.3 Resource allocation and power variation summary

Schemes Reuse-1 | Reuse-3 | PFR | SKR Unit

L 50 16.7 20 33.3 PRBs

Z o stor - = 10 | 16.7 | PRBs
Transmit power (inner region) 46 46 46 23 dB
Transmit power (outer region) 46 46 46 46 dB

SFR = Soft Frequency Reuse
PFR = Partial Frequency Reuse

PRB = Physical Resource Block
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It must be stated that the values of allocated resources and power variations in these

schemes depend on cellular network planning and objectives of cellular operators.

4.4 Trend analysis of simulations

Though variation of parameters was considered during the simulation of the
system model, the validity of the model for all cellular networks is beyond the scObé
of this thesis. Nevertheless, the trend analysis of model simulations with resp'éct."'s.c):_.:-'
parameters variation provides the platform for an adoption by cellular networks. The
five main parameters varied during model simulations are explained below.

4.4.1 Resource allocation

The allocation of available PRBs in LTE within a cell dependonthe

mechanisms adopted by network operators, number of users and ﬁ‘equ'é'ncy reuse

schemes adopted for users in the inner and outer regions. Different allocations of'-.:

resources for users in the inner and outer regions of PFR and SFR schemes "Wé're"_'
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considered during simulations of the system model. The simulation results showed
similar trends as the PFR and SFR graphs presented in this thesis.
4.4.2 User demand
The cell load of a particular cell increases with the level of user
demands of that cell. This parameter was varied during simulation of the
mathematical model. The results of this parameter variation showed the same trend as
the graphs presented in this thesis.
4.4.3 Power gain
The location of each user within a cell for the schemes adopted in this
thesis was varied. This variation of users’ locations brought about changes in path loss
calculations and values of power gain. The variation of this parameter produced
different simulation results, but with similar trends to those results presented in this
thesis.
44.4  Transmit power
The transmit power variation over spectrum was observed in SFR
scheme. Low transmit power was considered for users close to the base station and
high transmit power was considered for user at the outer region of the SFR scheme.
44.5 Number of users
Different numbers of users were considered during the simuiation of
the mathematical model. The results showed similar trends to all graphs presented iﬁ
this thesis.
In conclusion, the similar trend in results of the above varied

parameters for PFR and SFR schemes showed the flexibility of the mathematical
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model for cell load optimization in LTE. The trends of simulations have shown that

the model could be adopted by other cellular networks.

4,5 Chapter summary

This chapter has shown the step-by-step mathematical formulation of fractional
frequency reuse load coupling equation. The results of MATLAB programming
simulation of different reuse schemes for ICI mitigation and cell load optimization
were presented. The effects of these FFR schemes on ICT were also discussed. It was
clearly seen that the SFR scheme performances in terms of cell load minimization and
system capacity improvement were outstanding in comparison with other FFR
schemes. The most important aim of this thesis was achieved through SFR scheﬁi:é.'
Nevertheless, the contributions of other frequency reuse schemes should also be

considered.



CHAPTER V

THESIS CONCLUSION

5.1 Conclusion

The LTE systems use reuse-1 for better cellular capacity, coverage and
resource utilization. Moreover, ICI has been the bottleneck of this technology because
it usually causes an increase in cell load of a network system. When this ICI is left
uncontrolled, it leads to congestion or service outage. This thesis has discussed
different ICI mitigation techniques; the Conventional Reuse Based (CRB) scheme and
the Fractional Frequency Reuse (FFR) schemes with focus on reuse-3, PFR and the
SFR schemes. The pros and cons of each scheme were discussed and their impacts on
ICI mitigation were verified with the mathematical system model presented in this
thesis. The reuse-3 has been studied as an ideal solution to ICI originating from
neighboring cells with reuse-1 scheme. Nevertheless, the underutilization' of
frequency resources has undermined its ICI mitigating strength. Furthermore, PFR
scheme was proposed to overcome this shortcoming of reuse-3.

The theoretical explanations of PFR scheme as a mean of cell load optimization are
presented in thesis. Though PFR is the combination of reuse-1 and reuse-3 schemes,
nonetheless, the problem of underutilization of resources remains a major concern.
The SFR scheme was proposed as an efficient ICI mitigation scheme that minimizes

the
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problem of underutilization of resources which has undermined the application of
reuse-3 and PFR. This thesis presents the performance of resources utilization in each
cell using reuse-3, PFR and SFR schemes based on simulations. The simulation
results revealed the mitigating strength of SFR. The results have also revealed that
SFR scheme can be practically implemented because it is of low application
complexity.

This thesis has presented the mathematical model of non-linear Fractional
Frequency Reuse load coupling equation, and this model considers cell splitting,
resources allocation for ICI mitigation, and cell lead coupling method. The cell load
optimization performances of reuse-1, resuse-3, PFR and SFR schemes were
compared, while the simulation results have shown that SFR performed better than
PFR in terms of resources utilization minimization through ICI mitigation. The high
system capacity of reuse-1 could also be maintained by SFR.

In summary, this thesis has presented three outstanding novel contributions in
the field of research. Firstly, it has provided the mitigation ef ICI that eats up
spectrum in LTE systems. Secondly, it has created a suitable platform for resources
“utilization management which Ileads to better spectra efficiency, system performance
and capacity improvement. Thirdly, it has opened up novel thinking on future
schemes that could be adopted for ICI mitigation with the focus on cell load

optimization in LTE system.
5.2  Future studies

The knowledge acquired over the course of this research enables some

recommendations for future research in the field of wireless communication. In this
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thesis, the cell load optimization has adopted the use of FFR with proper investigation
on different schemes of FFR. It was found out that SFR scheme outperforms the other
FFR scheme. Nevertheless, there are still problems of resources allocation with
increase in cell resources, and variation of transmit power over spectrum. The future
wireless technology is expected to present higher data-rate and capacity than the
existing ones for never-ending traffic demands. Therefore, the future work on ICI
mitigation and resources utilization management as techniques for cell load
optimization in cellular networks, will adopt an Intelligent Reuse (IR) scheme. In this
scheme, the band allocated to different cells expatiates based on the existing
workloads. The scheme adopts the reuse-3 scheme at low workloads, while it can be

changed when workloads increase to become PFR, SFR or reuse-1.
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Absmaee—In  cellular  itetwork, never-ending  traffic
demand, capacity improvement, network coverage aird Iifer-
Cell Ditarfarence (ICT) need relfable solution that exliibits
Jlextbility in application witl low cost of implapentation.
Nevertheless, there are vartous solution technignes in use
today, such as; the use of the same frequency, ICI mitigation
schenres and cellilar network parameters adjustment. This
paper proffers a new and reliable tecinrigue to ihese
challenges. It introdiices the management of LTE network in
termes of cell resonrce wiilization and Inter-Cell Interference
witigation, by solving the mathemnatical medel of Fractional
Frequency Rense (FFR) load coupling equation. Ihe
simnlation results indicate that the new techuigne improves
the LIE system pecformance.

Eeywwords— Cell Resource Udlizadon; LYE: Fractional
Frequiency Reuse; Inter-Cell Interference.

I INTROBUCTION

‘The limitless increase in traffic demand, better Quality of
Service {Qo8), system perfonmarcce, zad spectrum efficiency
fed to LTE system. Notwithstanding, Inter.Cell Interference
(ICI) bas beea a major concern. It is widely kmown that the
negative effect of ICI on network system has been
tremendons. The ICE mitigation schems adopied for analysis is
similar to that of awnthers in [31-[5]. In order fo improve
Ouality of Service {QoS), spectum efficiency end ICI
mitigatiop, petwork providers and servics operators have
epibarked on petwork system optimization, but finding =
sulofion o an optimization problem, is of a critical iszue.
Many authors have criticized ICT mitisation and LTE
optimization. wsing various fechniques [1}-9], this paper

provides ITE system performance model  which
upruestionably acconsts for traffic demsasds amd ICI
mitigation. The model in {his paper is referred fo

as Fractional Frequency Reuse {FFR) load coupling equation
This modsl clearly represents the relatiouship between cells in
term of resenrees wtilization components. It must be sizted that
legser wvalue of resource wfilization in the sysiemn aoalysis,
means that the network system has enongh capacity to meet
the endless depsand, white higher valua of resource utilization
leads to poor perfornuance and potential service cutage. When
tbts happens, optindzation is required. The optinization niodel
in thiz paper is eimilar to [2], while the [CE mitgation scheme

Fig. 3, LTE netwerk lsyom withour FFR.

adopted is similar to [4]. It must be stated that our mindel is
different from [2], becmuse ICT mitigation scheme is
incorporzted in the system model. It & also different from [4],
which focused more on interference calculation. The rest of
this paper is coordinated as follows; Section I is the system
modeal, Section I provides onmerical amalysis, Seclion IV
presents validation, and Section V' gives conclusion

4  SYrmamopeEL

The set of cells in the model f5 giver as F= {1....,n}. R
dengtes the set of pixals, and each cell is divided info inner
region 7; and outer region 7%, , due o FFR scheme (inner
region with reuse of 1, and outer region with rense of 3). The
power gaias between antenna £, inner pivel %, and ovler pixet
7y afe given as Tir, and ﬂfrp_ﬂ.lﬂ serving areas of cell  are
denoted by Ry, and Ry, © RThe total pixels at the ceoter
and edges are Ry acd R, . In this paper, ¥ is defined as the
level of resource wilization in cell f, and also referred to as
Cell load. In this paper, an appropriate solution is depoted
by X, it is considered as the one with values within defined
boundaries. The user demand in pixels » aed & are
d,,q and d"v' Ap Is the transmit power, while ﬂzﬂ is the
noise power for users at ihe center, and 0%, is for users at the
center, and 57 -5 s for users at the edges, which are coasidered
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Fig, 3 LTE parwork Layeat withaut FFF.

to be the sarne value. The bandwidth per Physical Resource
Bloek (FRB)} at the center is denofed by
Brt and Br2 is the bandwidth per Physical Resource Block
(PRB) at the edges. The probabilities of receiving interforecce
from the ceeters and edges of meighboring cells are gy
and py. Ky and Ky represent the total number of (PRBs), at
the center and edges of a cell

A, Model davivation

The performsnee modeling of any nelwork system also
depends e load vector. The load vector for the modal is given
belowr;

Tal¥y, Yy T o i )T @
The Sipnal fo Interference plos Neise Ratio (SINR)} in the
pixels of the foner region is presented in (2) and that of the

oufer region 1s presented in {3}, both are really imponant
the modaling,

AFire

) =
SINR,, ) ey AP 7 1 2
Ay
SIMRF?():' T Lurcg, i A P bt B2 2

The resowce blocks peeded to serve demand of pixels i the
inner region is given asdyy in (4

d

d"‘ﬁmcg, {1+stvme, 1)

(&

The Physical Resource Blocks naeded fo provide serviee to
pixels in the outer region is presentad as 23 in (5).

dg

d =
B ez 14582, (0)

&)

The resousce consumption of a pixel of the pixels in the mner
regi:ml’s,,q is given as
d
29
I',“q-— 5
BB, [oF (1+smg.qm)

)

The resource consumption of 2 pinel of the pixels in the inner
mp‘mx‘% 15 Eiven as;
T, o 0
" 1,8, log, [1+smgur(n)

The cell reseurces utilization of pixels in the inner repion ¥,

is given 1n {B), while that of the cuter region ¥\, iz presented
in ()

Y= Eﬂeia‘;:rfaq {8)

Ymn‘“: Zﬂ;?"u }‘I‘n,:l (9}

The cell rescurces uithzation of in celli 15 represented

mathematical in (11).

Y=Y +Xy ao

bt e

i
LA I,Ep;h}:;(I

R AiNer )
" Ermih, g, 3 Awier, Pmts e an

d,p

3 -

sl
V,E,ﬁf.,ﬁ 3Frs 1 ";L+ Emm'rg\[q AN“rrp Pe+ely g

The optimizztion formmiztion for {1} is the minimiration of
total cell Inad.

min Teeg Yy G

Subjecttol= Y; = 1

B _Analysis of LTE system layouis

In this paper, fwe LTE network laveuts are presested. One
of the optimizafoen techeiques is the cell splitiing. The use FEFR
scheme in ICI mitipation involves the splitting of cell into two
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paris for different reuse factors. In Fig. 2, eack cell is divided
ipto inner and outer yegions, and it is aszumed that the positions
of users in both layouis are constant In Fig. 1, the cells are not
divided, and reuse of 1 is adopted for tha netwvork layowt, Bach
call 1z dnided info two parss. for inner users, znd oufer users,
The cater users are classified 23 users st the edge of the cell,
while iener users are at the center of the cell The
differentiations between Fig. 1, and Fig. 2 are chown i Table T
The reuse-1 in Fig. 1, indicates higher system capzcity than
Lavent 2, because each usar in 2 cell has access fo the availabla
bandwidth, pevertheless, there is high probability that the same
frequency chacnels in a cell are used by neighbonng celis,
which results to high value of imterference. Im Fig. 2, the
resource usage in a cell varias with different fiequency reuse
from inner reglon to ouwter ragion.

TABLEL
LIE system LTE Layout Schemes
bryoats Rese-t Temse-d | Coler configuradion
Layont v - O
Lavowe 2 v
FELEL [EEiOR O
Laypat 2
Onater remicn i &

C.  Optimization Analysis

Oze of the cellular optmization iz the paremefers
adjustment such as power level, hazdoff pemmeters, znd
bandwidth sllocation. The mintreization of (2) depends on
variables ig (1) such as; the Physiczl Resgurce Blocks (FRBs)
at the inner region £y and K, for the outer region; probabilities
of receiving inferference from neishboring cells fy, and py; for
both users a2t the center and edee and the power g=ins between
base statioa ¢ and the pizels & each cell The toizl mumber of
pixels in a cefl conld afzo tapzet the resonrce uilization of that
eall

0l NUMERICAL ANATYSIS

The numencs] analysis zssumes LTE petwozk layouts, and
each layout has 9 cells. The propagation madel adopted in the
analysis 15 Okuwenna-Hata, while the propzgation esvirorment
follows the 3GPP specaficafion [103. Eack Base Sizton has
antennz gain of 14 dBi, and the Tfeer Eguipmest has Omni-
directionz? anfenns of O dBi gain. The faffe demand is 402
Kbps for each user, and users are distributed uniformly acrozs
tha layouts. The locations of the nsers from in each layout are
assumed to be the same, The power zain n each pival depends
on the propzgation emaropment and distance fom the anterna,
In this paper, sinee the recetved power in the pixel decreases
with disiznce and signal siesgth drops faster, the power gain
for the amalysis 15 conmiderad to be fom 0-1 4B, tat hizher
valnes are achisveble. Fig. 3 shows that meost of lozd values
from lavout 1 me above 50% of the neiwerk capacily, winle
lzvout 2 kas load walues below 30%. Tke high lozd values of
lawout 1 could be atirfbused to ICT received from seighbonng

B Solation to non-inear sysfem, Y lzyomil
Splntion to nos-lnear svstem, 1 layont2| |

GCelt

5 6 7 g @
Cell D

Tig. 3. Fescurte ntifization sotuiorn within the netwark copadty.

cells. The pumposze of (2) involves minimization of fofal call
lozd. The totzl call load of 70.5% is Som kyeut 1, while that
of layoat 2 is 24.5%; fhis verifies the formulation (12). The
mathematical model prezented m {1} is solved nsing the non-
finear MATLAB opfimization toolbox. The mbroduction of
FFR schemes iz layout 2 has shown sigrificsns reduction in
high load values that could be atiributed to ICT impact. The
percenizge decrezse in ICT through FER scheme zdopiad iz the
mdel is shows in Fig. 4.

108

T T T

| | From lavout 1 to Zayous 2

&0

Becrease|
in I
A

Fig. 4. Inter-coll intererence mitigation with FFEL
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TARLEIL
izin Simalation Smelzton Pgr:rtneter
Parameters s . .
Fehug Uit
Wipber of Usar per call 3 -
Charne] Bancwidh 10 MEz
Cammisr Fraquancy 2 GHz
Transmit Power per cel 45 dBm
Thermal Moisa -1 dEmHz
Dropagation Model Okumua-Hata, Ushan |
maln
Shadow Hding 8 dB8
133=376% G
Path Loss Modal logyyd
510 ()
Intar-site dinanra 500 b

V. VALIDATION OF NUMERICAL RESULTS

There have baen 50 many optimization fechniques adopfed
for petwork system modeling; either for performance
improvemsnt or Inter-Cell Inferferemce (ICI} mitization
Nevertheless, the comprehensive assessment of any svstem
model validity mclndes validating the numexrical results from
ths model against the resuits of real deployment, which iz not
considered in s paper. Moreover, tha ICT mufigztion and
opimization technigues adepted. as well a3z the numencal
resulis from the model presented in (11} could be validated
through companzon with meodel and numerieal results of
related works.

V. COWCLUSION

The proviston of new system appheafions for mobile users
demands for beiter network system parformance and Quality
of Service (Qo3), especizlly in real Hime sifnations. The mpid
gowtk in cellular industnies has comfinued fo eat up the
available bandwidth Therefore, confinuous upgrade and
optimization of ceilnfar network system are reguired. The
focus of this paper is on the new optizdeation fechnions as a
copfmbution to the existing ‘echmioues for LIE downlmk
systern. The simulation resulls from the mathematiesl model
indicats that s technique 3 effective. In addition, the model
provides a platform for beiter LTE systamn performance. Thesre
ave asmereptions adopied in the system model analysis, which
could ba of interest in future research works.
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Abstract—Advancement in celular technolegy las caused
rapid growth in metwork capacity; moreover, Tmter-Cell
Interfevence (ICT) bas undermined this development, The
introduction of LIE system has provided better nmetwork
capacity, data rate and Quality of Service (QoS} for never-ending
user demand. The downlink performance of LIE system is
strongly limited by ICL There have heen different schemes
propesed by various autlors, either for capacity improvement,
better system performance or ICT mitigation. This paper has
investigated and eriticized different schemss, wnith alm of
evalunting cell resources utilizadon in LTE network system. The
simulagton model adopted for the apalysis is Based on
performance ing of Signal to Interference and Noise Ratio
{SINR) for Cell Center Users (CCUs) and Cell Edge Users
(CEUs). The simulation results for the analysis show an optmal
scheme for LTE system; in terms of sysiem performance mud
resources witlization.

Keywords—Evalnationt; FFR  seltemes; LIE; Inter-Cell
Integference and Cell Resource Utilization.

L BTRODUCTION

The introduction of frequency rense in cellular vetwork
system led to capacity improvement in different network
system, frem GSM to LTE-A Tt is widely known that higher
system capacity is mre prononnced with reuwse-1 (LTE-
system). Nevertheless, Inter-Cell Interference (ICT) remains an
obstacle. In order to solve this preblem, reuse-3 was
introduced, but with ltle impact. Notwithdanding, [CI
continues to impose limitaticas on system capacity, Quality of
Service {QoS} and cellalar system performance. In order to
combat the effect of ICT, different schemes have Geean
crificized by varioms authers [1]-13]. The assisnment of
taadwidih to inner and outer regions and optimal reuse facior,
as a technique of mitigating ICT was investigated in [1]. In
{111, ancther scheme of ICT mitigation was proposed, which
involved varyine subramiers and power adjustment of each
cell, The technique of kmproving ICT reduction through FFR.
(Partial Frequency Reuse) was crificized, with a Fleable
Bandwidth Allecstica (FBA) scheme which depends on
uetwork load was proposed in [2]. In [6], it is made Imown
that ICT experienced by vsers in their own cells was lower
when uvsing the Fractiona! Frequency Reuse, instead of
Universal Frequeacy Reuse. There was a significant decrease

Fraquency Rense-Based Schemes
i |
Com‘aa:inns}\f‘;‘mqw:cy Rense Freaions Frequency Reusa
¥ ¥ ooy ¥
Bewe-l Reuse-3 FFR SFR Other Schemes

Fig. 1. Remee planping schameas

in owtage probability when compared to Universal Freguency
Reuse. The relaticnship between throughput end distance;
which plays a key role in LTE optimization was investigaied
in [7]. Inthis paper, the focus is oa an efficient ICT mitigation
scheme, which gives a significant application in LTE system;
i tenms of resources wtilization menagemend, cell capacity,
QoS and congestion control. The remaining parts of this paper
are organized as follows; Section I presents the system
medel, the medel platform is presented in Sectios HL Secticn
IV zives the performance analysis, while the paper is
concluded in Section V.

IO $YSTEMMODEL
In many literamwes. thers have been classificaticns of
different frequency rense based schemes; Dut this paper has
focused cn schemes classified in Fig i,

A Froquency reuse-i

The rense.l s for capachy maimpzalion m cellular
network systenn, which means the same frequency chanaels are
vsed by all neighboring cells. The high system capacity is
achieved with liméed or without celf planming. resonsce
vtilization panagement or power comtrol to desl with the
interfarence challenges. These is also a degradation of Sigoal to
Interference plus Woise Batio (SINR) due to ICL The high
probability that the resource Blocks scheduled to 2 cell are
nsed by peighboring cells; could lead o low throushput or
service outage due to high inter-cell inferference It mnst be
stated that the reuse-1scheme adopted by LTE system adldeves
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Figz 2. Fregreacy sllomtion of resse schamas.

the bighest data rate; nevertheless, it shows high valnes of ICT
espacially in the case of overloaded systems.

B. Frequency reuse-3

In rense-3, fhe system bandwadth is divided into 3 equal
parts. Theze parls are allocated to cells; in such a way that ao
neighboring cell is using the zame sub-bend. This scheme
enhances the gystem capacify, and recuces the effect of ICT
fiom neighboring cells. However, the disadvantage is the
under-utilization of spectrum with resiriction on the reuse of
each channel in each cell. The scheme caoly allows the use of
cue thisd of resource, which might not be good in sifuaticn
where there is scarcity of frequeacy rescurces.

C. Parfial Frequency Reuse (PPR}

It is an Inter-Cell Interference (ICT) mitigation techaique,
which involves the zharing of spectrum, while the same
transmit power is maintained ameng cells. Each cell is divided
into inper repion and ovter regions. The reuse factor of | is
adepted for usage by users at the inner regics, and reuse of 3
for users at the outer region The allocation of spactrum
invelves larger portion to taner vzers, wiile the remaining one-
third is for the outer users. The dafect of PFR s also the vnder-
ptilization of available fequency bandwidth

D Sqft Frequency Reuse (SFR)

SFR 15 the varistion of transmit power over spectrum, with
total vpsage of available resciwce. It mibizztes high ICT level
associated with Coovestional Frequeacy FRense (CFR)
confisuraticns, while providing more Sexitility to the Pactial
Frequency Reuse (PFR) scheme Each cell is also divided into
two parts, ipner region and outer regions. The reuse-1 is usad
by wsers in die inner region, aod the reuse-3 is used by users at
the edge of the cell The SFR is an effective rense wcheme
which can be adjusted by the divisicn of powers between the
frequencies used in the center and edge baods.

0. MODEL PLATFORM

The network site is made up of cells equipped with base
stations. The resuse-1, resure-3, PFR and SFR schemes are
adcpted in the model presented in fhis paper for crilical
analysis. In each cell, there are pixels which represent the area
of netwerk coverage; it is denofed by 4, and each pixel i=
represented by a. The set of cell is given as A= {1,.......n},
I=1,......, 0, &ad [ € 34 The copacity of the system is denoted
by C. In this paper, we dencte & as the bandwidth per Physical
Resource Block (PRB) in LTE systenr. The serving region of
cell { is represented bya € A;. The Sigasl to Interfereace plus
Noise Ratio (SINR) in pixela € 4; is dencted by SINR, . The
aetwork: resource wtilization vector, which is a key facter in
performance modeling, is given as

R G S Sy U 1

The chapnel capacity which is important in cell planping aud
performance improvement is presented below;

C=Blog,(1 + IR, (V7)) @

The modeling of PFR and SFR involves the splitting of each
call into fwo paris; the inner and cufer regiens. The capacity of
the inper regicn is represented by €, while that of the omter
region is denoted by C,. The pixel in the inner region is a,
and that of the outer is represented by a,. Fer the szke of
proper assessmeat of ICE schemes, the {ofal oumber of pixels in
the foner and outer regions are dencted by Ay and 4, In (3),
the capacity of the inner region is given as;

CEE log, (1 + SINR, (1)) 3)
Co= Blog, (1 + sINR, (19)) )
Cr=c,iC, o)

The cepacity of the ouler regicn is also represepded m {£),
while ihe fofal chapnel capadity in cell { is given in (3). For the
purpose of resource wtilization and ICT mitipation evaluation,
the SINRs of exch pixel in the inner regicn and ounler region are
given as;

Fiflzg

SINR,, (¥} R o
HiFizy,
SI‘MR'EP ({y) =T.wenr3\_:[“ anw%.ﬁw 53 m

X 15 the transmit power and it iz assuosed o be the same for
all cells, at the same time, the power gains between the base
station [, the ioner pixel a; and outer pixel 0, are given as
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i, and g, The probabilities of receiving interference from
the inner aud cuter are P and B, The vser demands i both
the inner and cuter regions of each cell are given as; dgq and

dap- The available sesources in LTE system are represented by
PRBs; for each cell, the available resources in the inner and
onter regions are Z, and Z, . The resource consumption of
pixels at the inner is given as U, while that of the onter
region as U, . The bandwidth per Physical Resource Blocks
(PRBs) at the inner region is denoted by By, and the
bandwidth per Physicat Resources Block at the outer region is
By This paper presents the noise power for the inner and outer
vegion as 0 °4 and ¢ 7, both are assumed to be the same. The
serving areas of cell { are 4;; and 4;,,C A. The set of cells in

the inner and outer regions age presented in this paper os Myy
and M2, E pust be stated that the reuse-1 is adopted for

bandwidth allocation in the inner region and revse-3 for the
cnfer region.

a

= =g
v E":’E"liz o X1 e ®
iFlaga Iremyy, (G ¥rrva, Fricty
W, =3 = ©®
ip —.%Eﬁhzg wth Xy 3
3 (Y L"i"’rz\ M Fwtwap fwte 21’3}

The tofal resouree utilizatien U7} in celt ! is given as

V= + U, {10

IV. PERFORMANCE ANALYSIS

This paper has investigated the performance evaloation of
each scheme. The traffic demand fior each user is asauned to be
500 Kbps; for total available spectrum of 10 MHz and with
Catrier Frequency of 2 GHz. The tranemit power to users af the
inner and onter regicns is 46 dBm, ard it is assumed to be the
same for afl cells. The propagaticn envircument follows the
Olumura-Hata model whan macre cells [14] with shadow
fading of 8dB, and Noise Fizire of 7dB. The analysis is done
for inter-site distance of 500 m, with radius of 250 m The
analysis assumed stetic positicos of wsers for all schemes,
which has proved to ba esseatial in power gain calenlation. The
analysis incledes the comparison of resources ufilization
maagement and Inter-Cell Interference of each cell Fig 3,
depicts the hizh levels of resource utilization with renze-l in
each cell. There is a significant reduction in interference with
rense-3, which presents ICT mitigation value of 20%, though
ICI is still a major limitation to system performance. Since the
scheme could et prevent the vaderutitization of resonrce, i is
considered as an inefficient scheme in this paper. The Partial
Frequency Reuse indicates a  substantial reducticn in
interfereace, with less than 50% of system capacity vsed, with

Resourze
Utitization

Fig 3. Rescurce utilizadon soiuton within the petenek capadity-

level of mterference mitigation valne of i=  32.0%. The
varalicn of frapsmit power over spectrumy with SFR scheme
has proven to be the most effeclive, with interference
percentage mitigation of 42.6%. The SFR. scheme has also
shown that underutilization of resonees could be aveided,
with sharing of total resources in term of FRBs by the outer
cell regicn. I the analyzis of SFR, the power ratio is sef to 1/2;
which means the fransmit power to outer region in twice thst of
the inner segion. The effect of different schemes on ICT
mitigation with refereace 1o tesources utilization of reuse-1 is
shovn in Fig 4. In this paper, i is zssomed that ICT impact of
reuse-1 is 100%. In Fig 3, decreace in the level of rescurce
ntitization of cell 8 is shown becanse it has the highest valne in
the reference scheme (reuse-1). It is clealy evident that if'the

10
j:00]
a0
%
desrease
niCl gn
20 I I
o
o Heuse-3 FFR SFR
Frequansy Reuyse Schem

Fiz. <. Reducdon in inter-cell imerferancs inmact by schames
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results from the investization of different schemes, with
proper focus on SFR as an optinal scheme The evaluation of
theze schemss with the system medel shows fexibility of its
application in LTE system Nevertheless, this paper does not
rule ont tite possibilities of befter scheme in the pearest firtuze.

1.0
2.8
a6
Decline
in 04
0.2
o i
0 Heuse-l Reus=3 PFR BFR
Freguency Reuse Schemes

Fig 5 Decline in resturce utlizaton of schemes with reference to celt §

Inter-Cell Interference (ICI) evolving from neighboring cells
conld be mmgated., there would be enongh capacity for the
ever-increasing wser demands. The schemnes investigated are
for LTE downlink, but could be adopted for uplink. The model
for the schemes is sclved using MATT AB foclbox. It must be
stated that the validation of the results should be against real

deployment, which is not the prierity of this paper.

TABLEL
Vfafm Simulat Simnlation Parameter assumptions
Farmmeters Vulue Brit
Humber of User pet o2lf 3 -
Chanxs! Bandwidth g ME=
Camizr Frequency 2 GHz
Tranzmit Powss per c2ll 36 doie
Tharmal Nojse -174 Sz
Propezation Mode! Qfunmira-Fata, Uzbes |
@
Shadow Bading 3 ds
rselag, . d <
Pah Loss Mogat 133780008y, d in (m)
Irder-site diztance Elva) m

V. CONCLUSION

Recent works on ICT mitigation, resources management,
capaciiy inprovement and optimization have opened deors to
different approaches and technieques. This paper presents s
unigue approach for an effective evahuation of Frequency
Reuse Based Schemes (FRBS) in LTE system. It presents the
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