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Abstract :

The Project present a vision for 4G cellular networks based on the concept.
Long Term Evolution (LTE) has developed a new technology in order to enhance
indoor coverage. This new technology is called femtocells (short distance) and is
achieved with the use of access points installed by home users. However, interference
problem between the femtocells and the macrocell to femtocell decreases the system's
capacity.

The problem can be solved by process of cognitive interference management in
user deployed 4G femtocell networks. Each femtocell cognitively recognizes an
interference signature from the network environment and opportunistically locations.
The proper channel patterns for interference minimization and base station pilot
power is autonomously configured in order to maximize the cellular coverage.

Simulation results show great channel SINR improvement . cognitive
interference recognition and data rate have improvement in femtocell .



qu;.i.m.oJ E

peisall il Lgpte lal sle Jons gl )] Jall 8y gladl )] 835) o g g el
Lol das (B lad 3 I o5 Sula¥ ] 8ol 5 jaall 5,000

o

e cye pioal) Golidl BMA) 5 (o8 Syaddl Jalsil) § o) Blas e ope 8] a oS
SSe8l) By o jagpe 215 Il w58 3 pall 8000 50a . ol ] ool ol peanind
530 Jal e GV | Sandd) 808 5 Jalsill L 5 8L I JGad) 2390l . LRanl g5 g8 gag
Baglad) nlSill s hasil] sale

cpen 989 cnlilall Jameg 8)LaY ] Jalai) gl Jaze Juadl cnldsls ek Sl ol
. proal )o&w,oJaJ)fjk_voss)amJLuou_\\d



Contents

DEDICATION. ..cuiiuiieiieineiniinisarenssesssssssssssssnssnsanssssssssmmsmsssssssssonsos ii
ACKNOWLEDGEMENT .....cccciiiiiiitiiiiiiiiiiiiniietietiiciieescsncsssesses iii
ABSTRAGCT ....uiiiiiiiiiiiiieiiiiitiiiiiatiattettettsatessessiesssessmmniessssssnmes iv
2 TN \%
1) 1 1) 1 L vi
LiSt Of FigUres....cuiiieiiiieiiieiiieiiiiiinciireiesatossscsescsnssanssssmomasmossssssonens X
List of table......cccvivuiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiir e, xii
List of Abbreviations................cccoooiiiiiiiiiiii Xiii

Chapter One : Introduction

1.1 Background.

1.2 Objectives
1.3 Problems ...l
.4
1.4 Methodology.....cccovviiiiiiii,

1.4 Thesis outline ..........o. o o 0 0 0 e e e e e

.5

Chapter Two :Long Term Evolution

2.1 INtroduCtion......cooeeeieueiie i

2.1.1 Long term Evolution (LTE) ................ c....el.



2.1.2 Requirements for system LTE ..........c.ccciiiiiiiiiiiiiiiiiiii e, 9

2.2 Next Generation (LTE) Performance.............ccccovviiiiiiiiiiiniiniinnenne.. 10
2.2 1 MODIIITY . .ot e 10
N 0 ) =) - VLNt 10
2.3 LTE system ATChiteCtUI®. ... ..vvitieiiitt ettt e e eaaaas 11
2.3.1 E-UTRAN Node B (ENOdeB).....couiiiiiiiiiii e 12
2.3.2 AN ACCESS GALEWAY. . ceuuttienetiee et e eee e eee e eeesteteeseae s senae e ennneeennneeeennnee 12
2.3.3 Mobility Management Entity (MME).......c.ccoviiiiiiiiiiiiiiiiiiiii i eeeee 13
2.3.4 Serving Gateway (SGW) ...t e 14
2.3.5 Packet Data Network Gateway (PDN GW).......ccooiiiiiiiiiiiiiiiiiiieeee, 14
2.3.6 Home Subscriber Server (HSS).......oiiiiiiiiii e, 14
2.3.7 Policy and Charging Rules Function (PCRF)...........ccccciiiiiiiiiiiiiiiinnn.. 14
2.3.8 IP multimedia Subsystem Service..........cccvvvuiiiriiiiiiimniieeiniieeessieeessiineeens 1D
2.4 LTE system MuUltiple ACCESS.....cuuueittitint ettt eateeiteeiaeieneannens 15
2.5 MOodUlation......couee e 17

Chapter Three :Femtocell Concept

3.1 Femtocell.....ooi
........... 20

3.2 Cellular service of Femtocell ...,
....... 24

3.3 Femtocell architeCture. ... .. ..ovvuiniiriiet e e e e 26
3.31Femtocell Access Point/Home NodeB.............c.ocoiiiiiiiiiiiiiiiiiiiie, 26
3.32Home Node B Gateway (HNB GW).....c.oiiiiiiiiiiiiiiiiiii e e 27
3.33Internet Access (Broadband)............c.ooiiiiiiiiiiiiii e, 27
3.34Home Node B Management SYSteIm ........covvueeriieeeinieiaineeenineeaneeennns 28
3.4 Applications of user femtocell.............coiiiiiiiiiiiiiii e 28
3.5challenges of femtocell...........oooiiiiiiiiiii i, 30

VIl



Chapter Fourth :Cognitive downlink interference

management
4.1
BacCKgroUNd. ... 3
3
4.2 Cognitive Radio. . c.oviriiiiiii e
....... 33
4.3 Interference
.............................................................................. 35
4.3.1 Co-layer downlink interference...........cooeviuiiiiiiiiiiiiiiieiiieeaeerieennns 35
4.3.2 Cross-layer downlink interference.............cccocoviiiiiiiiiiiiiiiinnnn... 36
4.3.3 Access Methods. .....o.ueiniiii i 37
4.3.3.1 Closed Access for Femto Access Point...........cccvvvvviiiiiiiineinnn... 39
4.3.3.2 Open Access for Femto Access POINt.........coocevviiiiiiiiiiiiiiiiniinnnnnn. 40
4.3.3.3 Hybrid Access for Femto Access Point..........ccoovvviiiiiiiiiiiiniienninnn. 41
4.4 Interference ManagemMeNt. .........evutirnuernteereeaneeneeneeeneeeneeneeaeneenns 43
4.4.1 Orthogonal Channel ASSignment...........cvouvvviiiiiiiriieiiieiiieinineennen 43
4.4.2 Co-channel ASSIGNIMENT. ......uvuuteiriteriteeeitteeeieeeaiteeeaeerrieeeannaas 43
4.5 Macrocell to femtocell and femtocell to femtocell scenarios..................... 45

4.5.1 Cognitive Channel Categorization...........ccceviviiiiiiiiiiiiniiieeeeeeeeeennnn 46

4.5.2 Cognitive channel allocation procedure.....ceeeeeeerieeerescnercsenseccnnces 48

Chapter five: Simulation and Results

5.1 Simulation Desecration..........o.eveetirierieiieiieeierie e reeenaennees 55
S BT o <) 1 1<) =16 0 D 55
5.3 Default Simulation Parameters. ...........oocviuiiiiiiiiiineiiiinieienenn. 56
5.4 Cumulative distribution function.............cccoeviiiiiiiiiiiniiiiiiii e, 57



5.5 SIiMulation ReSUILS. . ..o uu ettt e e e e 57
Chapter 6 CONCLUSION and FUTURE WORK

6.1 CONCLUSION ..ttt e ae e, 66
6.2 FUTURE WORK ...t e 67
REFRENCES

Appendix

List of Figures

Figure( 2.1) :LTE Radio Access Network Architecture......................... 11
Figure( 2.2) : LTE/SAE Architecture...........ooovviiiiiiiiiiiiniiiniieeennnenn. 13
Figure( 2.3): The sub-carrier orthogonally ...
Figure (2.4) :LTE modulation ...........cooviiiiiiiiiiiiiiiiiiieii e 18
Figure( 3.1) : Home or office Femtocell LTE ............ccooviviiiiiiiiiiinn. 21
Figure (3.2): Macrocellular network UMTS with femtocells base

station deployment LTE.........cooiiiiiiiiii e e eenas 22
Figure (3.3) : Femtocell architecture.............cooooviiiiiiiiiiiiiiininn 26
Figure (4.1) :Co- Layer Interference............cccovviiviiiiiiiiiiniiininenenen. 36
Figure( 4.2) :Cross-Layer Interference.............ccooeiiiiiiiiiiiiiiieninnnnnn, 37
Figure (4.3) : Closed Subscribers Group ..........cccoeviiiiiiiiiiiininiiiennnn 39
Figure (4.4) :Open Subscribers Group ...........cccooviiiiiiiiiiiiniiniinnnn.. 41
Figure (4.5) : Hybrid Subscribers Group ..........c.ccoiviiiiiiiiiiiiiiinnnnnn. 42

Figure(4.6): Classifications of Sub-channel allocation techniques
for OFDMA femtocells. .......c.ovuiiriiiiiii e 45
Figure (4.7): Femtocell Downlink Interference in 3G Macrocell

and LTE femtocell. . ....coooveuuniitee et 46



Figure (4.8) :Cognitive channel allocation procedure.......................... 50

Figure (5.1)The simulation distribution of users in a macrocell.............. 56
Figure (5.2) :SINR between Macrocell & femtocel vs No

SUDSCIIDETS ....neeeeee e e e 58
Figure (5.3) :No of subscriber vs datarate .........ccccceeviiiiieiiiiiiinninne.. 59
Figure (5.4) :BER vs No subscribers ............ccooeviiiiiiiiniiiiiienn, 60
Figure(5.5):CDF of SINR vs No subscribers ............ccooevviiiiiiiiiiinnne. 61
Figure(5.6):CDF of data rate vs No subscribers ............c.cceiiiiiiinin. 62
Figure (5.7) SINR femtocells vs No subscribers ............c.cccceevviiiinennnn. 63
Figure 5.8 :Effect power on CDF vs SINR........ccoiiiiiiiiiiiiiiiiiiiiinieans 64

List of Table

Table (5.1): SyStem Parameters ........ceeueeereerneerneernneenneeneenneeennn. 57



List of Abbreviations

2G

3G
3GPP
AGW
4G
BSC
BPSK
CSG
CQl
DL
EPC
E-UTRAN
FAP
GGSN
GPRS
GSM
HeNB
HSPA
HSS
IFFT
IP
ITU

Second Generation

Third Generation

Third Generation Partnership Project
Access Gateway

Fourth Generation of wireless cellular
Base Station Controller

Binary Quadrature Phase Shift Keying
Closed Subscriber Group

Channel Quality Indicator

Downlink

Evolved Packet Core

Evolved UMTS Terrestrial Radio Access Network
Femtocell Access Point

Gateway GPRS Support Node

General Packet Radio Service

Global System for Mobile Telephony
Home Enhanced Node-B

High Speed Packet Access

Home Subscriber Service

Inverse Fast Fourier Transform
Internet Protocol

International Telecommunication Union

Xl



LTE

MME
MSC
OFDM
OFDMA
PAPR
PCRF
PDN
P-GW
PL

PSTN

QAM

QoS
QPSK

RAN
RN
RNC

SAE

SC-FDMA

SGSN
S-GW
SINR
SNR

UE

UL
UMTS
UPE
WCDMA
WIMAX

Long Term Evolution

Mobility Management Entity

Mobile Switching Center

Orthogonal Frequency Division Multiplexing
Orthogonal Frequency Division Multiple Access
Peak to Average Power Ratio

Policy and Charging Rules Function
Public Data Network
PDN Gateway

Path Loss

Public Switched Telephone Network

Quadrature Amplitude Modulation
Quality of Service
Quadrature Phase Shift Keying

Radio Access Network
Relay Node
Radio Network Controller

System Architecture Evolution

Single Carrier — Frequency Division Multiple Access
Serving GPRS Support Node

Serving Gateway

Signal to Interference plus Noise Ratio

Signal to Noise Ratio

User Equipment

Uplink

Universal Mobile Telecommunication System
User Plane Entity

Wideband Code Division Multiple Access
Worldwide Interoperability for Microwave Access

X1



