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ABSTRACT

The purpose of the study was to implement a frequency reuse in 3GPP-LTE downlink cellular
system which was to be used as the main measurement and as analysis tool for interference miti-
gation and to evaluate the performance for various conditions enabling the efficient deployment
and optimization of femto cells on multi-tier networks. The Mat Lab Vienna LTE simulator was
used to analyses the degrading impact of interference on channel capacity when Femto-cells are
deployed over a Macro-cell network to buttress the need for interference mitigation techniques in
modern wireless communication networks. It was seen that Femto-cells provide a better solution
in terms of benefits experienced by both the CSPs and the subscribers such as ease of deployment
and cost effectiveness. As a result of the Femto-cells operating on the same licensed band used by
the Microcells, interference between the two tiers is inevitable if proper mitigation technique is
not employed. The various categories of interference in multi-tier heterogeneous radio access net-
works are given with emphasis on Macro-cell overlaid with Femto-cells on indoor environment.
To carry on the research, however there were various research and information gathering tech-
niques such as desk research ,Mat Lab simulations and in addition the supervisors involvement in

order to come up with the complete systems

ii|Page



DECLARATION

I, Wisdom Chambwa hereby declare that | am the sole author of this dissertation entitled ““fre-
quency reuse in 3GPP-LTE downlink cellular system”. | authorize Midlands State University to

this dissertation only for purposes of scholarly research.

Signature......ccoovvviiiiiniieiinnnenns Date coovvvviiiiiiiiiiiiiiiiiinniiinnn

iii|]Page



APPROVAL
I, Wisdom Chambwa hereby declare that I am the sole author of this dissertation entitled ““fre-
quency reuse in 3GPP-LTE downlink cellular system™. | authorize Midlands State University to

this dissertation only for purposes of scholarly research.

Y1) 175 % £ 1) N PANTTT 112 7 1)

iv|Page



ACKNOWLEGEMENTS

Firstly, I would like to thank the Almighty God so much for making this dissertation study a suc-
cess. | express my profound gratitude and indebtedness to Dr A.Nechibvute and Mr F.Mazunga
my supervisors for guiding me through this project and for their inspiring intellectual guidance,
constructive criticism and valuable suggestions throughout the project.

My gratitude is extended to my friends like Denzel Samu, Arnold Chasara, Andrew Zibengwa,
Shingai Simba and the rest of my classmates for making the degree program study a memorable
one.

Finally, 1 would like to thank my family for love, motivation, moral and financial support which
kept me in the race.

v|Page



DEDICATION

To my mother Mrs. L.Pasipamire who motivates me and inspired me to write this and my Uncles
Simbarashe ,Prosper and also my sister Sarudzai whole instilled me a fascination with computers.
To my loving and supportive family, classmates and friends. Also to Mr & Mrs. Pasipamire moral

support since the day | began this degree programme.

vi|Page



List of Tables

1.1: Theoretical data-rates of mobile communication technology generations ....................4
2.1: Power and Average Comparison of Base Station TYpesS..........ccccovvviiiiiiiniiiiiiiininnn 23
3.1: Parameters for macro cell and femto cells deployment............ccccoovvevieviirieneeciecieieenee, 43

vii|Page



List of Acronyms

3GPP
ADC
AMC
ASE
CA
CAPEX
CCR
CER
CP
CcQl
CRBM
CSG
csl
CSP
DAS
FDD
FDMA
FFR
FRF
HeNB
HUE
LTE-A
MAC
MeNB
MIMO
MME
MUE
OFDMA
0SG
o]

viii|Page

3rd Generation Partnership Project
Analog to Digital Converter
Adaptive Modulation and Coding
Area Spectral Efficiency

Carrier Aggregation

Capital Expenditure

Cell Centre Region

Cell Edge Region

Cyclic Prefix

Channel Quality Indicator
Cognitive Resource Block Management
Closed Subscriber Group

Channel State Information
Communication Service Provider
Distributed Antenna System
Frequency Division Duplex
Frequency Division Multiple Access
Fractional Frequency Reuse
Frequency Reuse Factor

Home enhanced Node B

Home User Equipment

Long Term Evolution-Advanced
Media Access Control

Macro enhanced Node B

Multiple Input Multiple Output
Mobile Management Entity

Macro User Equipment

Orthogonal Frequency Division Multiple Access
Open Subscriber Group

Open System Interconnection



OPEX Operational Expenditure

PHY Physical Layer

QoS Quiality of Service

RF Radio Frequency

ROI Region of Interest

SC-FDMA Single Carrier-Frequency Division Multiple Access
SCTP Stream Control Transport Protocol

S-GW Serving Gateway

SON Self Organizing Network

SINR Signal to Interference plus Noise Ratio
TDMA Time Division Multiple Access

TDD Time Division Duplex

TTI Transmission Time Interval

UE User Equipment

UMTS Universal Mobile Telecommunications System

ix|Page



List of figures

1.1: Cell shrinking MeChaniSML...........c.iiuiiiit ittt e e e 6
1.2 Heterogeneous cellular network SyStems. ... ..., 6
1.3: Global mobile traffic fOreCast............oiiiiii e 10
1.4: Orthogonal Frequency Division MultipleXing ACCESS.........c.cvvriiiieiiiiieeiiiaeananne, 13
2.0 LTE AFCNITECIUIE. ... e et e e e e e e e e e e e e enees 18
2.2: OFDM Orthogonal SUD-Carrier. ...........oouiiiii i e 20
2.3: SIMPIe OFDM SY S M. ..t e e e 20
2.4 LTE Frame STTUCKTUIE. . ..ot 21
2.5, LTE SUD framIe. .o e e, 22
2.6: RESOUICE BIOCK. ... .o 22
2.7: Distributed ANtenNa SYSTEM . ... i 24
2.8: Macro Network with Femto cells...... ..o, 25
2.9: Practical Femto base station...........o.oiiiiiiiiii i e e 26
2.10: FEMLO DASE STAtION. ...ttt ettt ettt et e et et e e e et e e et e e 26
2.11: LTE Physical Layer Modelling.........c.cooviiriiiiii e 30
2.12: LTE Femto-cell Logical architecture (variant 1)...............cooiiiiiiiiiiiiiiiiiiinean, 32
2.13: Femto-cell Logical architecture (variant 2)..............ccoveiiiniiriiiiiiiiareiee e, 33
2.14: Femto-cell architecture (Variant 3).........ccouiiriiiiiii e 34
2.15: lllustration of CSG and range extenSIoN USEr.........c.vuierieriteieeieeeeeeeeeaieaenenns 36
2.16: lllustration of Carrier aggregation iNLTE...........coooiiiiiiii e 38

X|Page



3:1 MATLAB Graphical User INterface..............co.viuiiuiieiiiie e, 46

3.2: Femto cells Network Deployment. ... ..o e, 47
3:3 Sample illustration after femto cell deployment is completed.................................. 48
4.1: Topology wWith 20 FEMEOCEIIS. ........oiniii e, 56
4.2: Topology wWith 50 FEMEOCEIIS. ..o 57
4.3: Topology wWith 70 FEMEOCEIIS. ... e 58
4.4: Femto cell performance of 70Mbps total throughput and 40 Femto cells................... 59
4.5: Femto cell performance of 40Mbps total throughput and 40 Femto cells................... 60
4.6: Femto cell performance of 60Mbps total throughput and 40 Femto cells................... 61
4.8: Topology with 70 FEMEOCEIIS. ... ..o e 62
4.9: Plot Transmitted WaVvefOorms. ..ot 63
4.10: Delays from eNOdeBS t0 UES. ... ..ot 64
4.11: Estimate Arrival TImeS. ... 65
4.12: UE throughput at S/Km... ..o, 66
4.13: UE SINR throughput mapping...........coeoueitimtiitiitii i 67

xXi|]Page



Contents

CHAPTER L.ttt sttt b e e £ e bt b e bt e bt e b e e bt e b b e b e e ke b e b e e ket et e et b e st abe st eneebe st ene et 3
INTRODUCTION ...ttt ettt st e ekt e b s b et ek e st e st ebe s b e s e et e se e st ebe s b e s e abenbe s e ebeabe e enenres 3
1.1 MOTIVATION AND BACKGROUND .....ocuuiitiiitiatiatiaiesseesieesiessueasteaseassesseesssasseasseasbesssesssesaeessessaesnsesssesnsesseenes 3
1.2 HETEROGENEOUS AND MULTI-TIER NETWORKS ......eiuiiiiiiitieittesteateaitesiresieesteesbeesbesseesieesieesseesaeensesnsesnsessee e 6
1.2.1 Heterogeneous and MUIti-tier NEIWOIKS ..........coiiiiiieiieicese e 6
1.2.2 Compositional Structure of Heterogeneous NetwWOrks [4] ......c.cooeiiiereiineneinenee e 6
1.2.3 The Indoor Coverage ChallENQE ........ccvcviiiiiiii ittt sre e aneeneas 7
1.2.4 Interference Mitigation With SPECIIUM REUSE ........c.ccviiieiieiieie s 8
2.2.6 OFDMA — Orthogonal Frequency Division MultipleXing ACCESS.........ccviveriieiieerieeieeie e see e see s 9

1.3 RESEARCH AUMS ...ttt ettt sttt ettt s e s s e s he e e b e e e bt e e R e e et e Rn e eh e e eb e e n R e e bt e b e e s be e s e e s reesreenreenneennis 10
R TR T o o TP TP TSP PP P PPV PR PSP 11

1.4 ORGANIZATION OF THE DISSERTATION .....cuvettitiietiitestetestestesestestesessessesessessesassessessssessessssessessasessessssens 11
REFERENCES ......ttetttttittee sttt atee sttt tee ettt et ettt ebe e et e e ket e ket ek e a2 ket 4ok e e e Rt e e Ak et ebb e e e b b e e nb b e e eb e e e nb b e e nbbeesabeesnbeennneeanes 13
(08 o 1A e I =t = SRS SPRPSRPN 14
LITERATURE REVIEW .....ooiiit ittt sttt sttt bbb et sttt st e ebe st e ene e 14
2.1 INTRODUCTION ... et tutestteatteteesteestesseesteesteesbe e st aaseaseeeb e e bt e bt e s b e e s b e sh e e e he e Abe e ab e e a bt eRe e eh b e eb e e bt e ke e s bensnenbeesheeaneennis 14
2.2 LONG TERM EVOLUTION w.uttiutieutiesteattesteesteesteesseasseassesteesteesbeassesssesssesseesbeeabe e st amseaseeabe e beenbeebeasnesnnesreenneennas 14
2.3 MULTIPLE ACCESS METHOD IN LTE .....ciiiiiiiie ittt s 16
2.4 RESOURCE ALLOCATION ...ttetteuttetteeteesteesteesteasaeanseassesseesseesseassesssessesssesssessseanseansesssessssssesssessessessesesssessses 18
2.5 IMPROVING INDOOR COMMUNICATION ... .eeuttettaneeaueeateesteesteeteaseessesssessseesseenseansesssessessseessesssessesssesssesssessses 20
2.6 OUTDOOR APPROACH ....ciittettesteesieateesteesteesteasaeanseaseesseesseasseanteasseaseessessseesseanseanseassesssessesssesssesssesneessesssesnses 20
2.7 INDOOR APPROACH ...ttt ettt etttk ste e ae e ehe e e bt e bt e bt ekt e s bt e b e e b e e eb e e ab e et e e ab e eh b e eb b e sb e e nbe e beesnesneeereenbeennas 20
R R 1o (o Lo =T 1= (=T USRS 20
2.7.2 Distributed AntennNa SYSIEM (DAS) ....ccuiciieiiiie ettt ae e sre e sreesreebeenbeenee e 21
2.7.3 SMAI BASE-STAIIONS ... vttt bbbttt b b bbbt h et b e bbb reeneas 21
A T o] | SO RSSSSRS 22

2. 7.5 FEMEO-CIIS.... oottt e e st et e st e benae et e re Rt r e et e tenrenrenneenes 22
2.7.6 IMIACTO-CEIIS ...ttt ettt et et e e s e e st e s e e s e e e saesbesreeneere e e e tenrenrenrenneas 23

2.8 SELF-CONFIGURATION ....cttettesteesteeseesteesteeseeasasanseassesssesseesseasseasesssesssessseesseensessssassesssessesssesssessesessessseenses 24
2.9 SELF-OPTIMIZATION ...uutiitiettautiasteateesteesteesteaaseasseaseestseabeabeasbeassesssesheesbeeabeeaseaaseab e e ab e e abeenbeebeasbeesnesaeenbeennis 24
2.10 SELF-HEALING ...ttt ettt stttk b e bbbt h e e b e e bt e e bt e eb e e bt e ab e eh b e eb b e bt et e e s beesbenbeenbeenbeeeas 24
2.11 FEMTO-CELLS OPERATING IMODES.......cttiittiittiit ettt sttt ettt sttt sttt ettt sbeesbeesbeebe e bessee e e saeeneeenas 25
2.11.1 Advantages Of FEMLO-CEIIS.........oiiiiiiii ettt bbb eneas 25

2.12 OFDIM/OFDMA ..ottt ettt ettt e e et e e be et e et e et e s te e s heeebeeabeeabeeabesbeesbeebeesbeeraesaeesbeesbeeanas 27
2.13 LTE FEMTO-CELL LOGICAL ARCHITECTURES .....evtttitiieresteseesesteseesestessesestessesessessesessessesessessesessessessesenses 27
3.13.1 Effect of Femtocells on Network CapacCity ........cccoveveiereririeseseseeere e eneas 30



3.13.2 Demerits caused by Femto eNB’S deploOyment ..........ccevveriiriiiinierieneeesesee e 31

2.14 CARRIER AGGREGATION IN LTE .. .eeiiiicii ittt ettt ettt s e ba e e s s bt e e s s enbae e e sbree e s enees 32

A RS 0] N (ol I U 1S3 [0 N OO 33

LR = =T = N Lo =R 34

(OF o N ol I TSRO 38
RESEARCH METHODS AND TECHNIQUES.........coi oottt ettt 38
K [N 230 ] 0103 1T 38
3.2 THE VIENNA LTE SIMULATOR ...eeti ittt e ettt e sttee s s ettte e s etae e e s ebteesssabaessssbessssbaessssssasssabasssssbesesssbeesssssressssnsns 38
3.2.1 LTE system [eVEl SIMUIALOT ....c..coviiieieice ettt sresre e eneas 39
3.2.2 Operating the Vienna LTE SIMUIGLOT .........cocoiiiiiie e 39

3.3 THE SIMULATION ENVIRONMENT .....ciittttiiieeitiiittttieeeeessiesststeeseesssssssssessessssssstssssesssssssssssssssssssissssssseesessssns 40
3.4 ALGORITHM DESIGN AND IMPLEMENTED ......ccutteeiittttessiteteesiteeeessseesssesessesssssesssssssssssssessssssesssssessssssesssssnns 42
REFERENCES ....vvti i itttte e sttt e s tete e sttt e e s ettt e e seatetessabeeeesasseeesaseeeessabeeesaasbeeesasteaeesabeeessbbeseseabeaessabeeaesastaesssabeneesrsbeeas 44

(O o N ol I = SRS 47
SIMULATION AND RESULTS .ottt ettt ettt e s et e e s e b et e s s eba e e s s sab b e e s sbbaesssabaeessbbees 47
o R LN 200 ] 10 o 1 (0] TSSO 47
Yot 1= Y (=S U] =1 o SO PTP 47
4.2.1 CONVENLIONAL SCNEIME ...ttt et e et e e e s s bt e e e s e b e e e s s ebb e e e s sabbeeesbeeeessares 47
4.2.2 PrOPOSEA SCREIMIE ...ttt ettt b e bbbt b s bbbkt sb et et e sbe e b nnas 47

4,3 TOPOLOGY USED AND RESULTS ..ttvtiieeiiiittttiieeeesiissssstsssesssasisstasssesssssissssssssssssissssssssssssisssssssssssssosssssesseesns 50
4.4 CHAPTER SUMMARY .etttiiiiieiiiiittteiieeessieittatttesesssasssasssssesssasasteetsessssssabbaeteeesssssasbbeseeesesssasbbaseesseessassrbresesees 61
[ (O s TR 62

(OF Nl I = R TS 63
(O(@ ] \\ (@ I U 1O ]\ R 63
A N R (0] 01U o (0] TP 63
5.2 FINDINGS AND RECOMMENDATIONS ....vtttiiieeeeiittteiieeessssestetessesssssasssessessssssssssssssssssssssssssesessssssssssessessssins 63
5.3AREAS OF APPLICATION . ...ctiittttttieeetttietttttteeessseesaseeeesesssaasaastessesssaasastsetseesssssstaesseesssssssbbesssesssssassrrsssssesssnes 65
5.4 LIMITATIONS OF FEMTO CELL DEPLOYMENT ..uvvteetitteeeeeteteeseseeesseseeessassesesassssessossssssassssessossessssesssassessssones 65
DD CONCLUSION .ottt e et e e e e e ettt e e et e e e s et eee s et e e s saseeeesaaaeeeesssaeeesasaeeesaaseaessbeeessasneeensanes 66
REFERENGCES . ... oottt ettt ettt e e ettt e e s bt e e s b bt e e s eab e e e e sabe e e s sebbe e e s st eaessabbeessbbassssabeaessbbeeas 67
Yo =N 0] D RSO 68
A.1 The Access Stratum of the OSI reference Model and Protocols in LTE. ..........cococvviiiiee e 68
ALLL THE Data-LiNK LAY ..ottt bbbttt bbb bt e et sbesbe b b enes 69
A.L.2 The PRYSICAL (PHY) TAYET ..ottt ettt st bt 71

F o] = N 5] DGl = TR 73
REFERENCE LIST i 79



CHAPTER 1

INTRODUCTION

1.1 Motivation and Background

A communication gadgets calls for speedy, green and noiseless faultless connection being
maintained all over cellular network systems. With the speedy boom of cellular customers, the
demand of excellent faultless conversation machine is expanded on daily basis [1]. Clever
antennas may be used establish a faster connection which can cover both huge cells and smaller
cells. Servicing a totally huge wide variety of users with a limited bandwidth becomes a great
extremely good venture [6]. Reusing frequencies in a vintage style isn't always the sufficient
approach to provide quality of service these days. The mission of supplying great and excessive
information prices to subscribers has raised eyebrows to the telecommunications network fields
to be situation to steady but hastily sluggish development [10]. The increasing wide variety of
subscribers and proliferation of gadgets consisting of smart telephones, tablets and laptops that
continuously request massive bandwidth extensive offerings inclusive of on line gaming (OG),
video on call for (VOD), and other online social networking sports, have kept on pressurising
mobile conversation technology [11]. This has ensured their regular and gradual evolution in

phrases of reliability to users and offering higher high-quality of provider (QoS) to subscribers.

[11.[2].

Identical frequencies are reused time and again with the aid of massive number of users through
the usage of the concept of frequency reuse and fractional frequency reuse, which reasons the
sluggish increase of the opportunity of co-channel interferences in lots of areas of the network
consequently poor quality of service [3]. For larger mobile the lower reuse thing or higher reuse
element for smaller cellular have a high co-channel interference and complex hand-over. The
bandwidth is restricted, the frequency allocation must be sensible. A wide range of reuse

scheme is proposed in [7].



Figure 1.1: Cell shrinking mechanism [4].

This project studies will provide fractional frequency reuse in several approaches, such as the
use of Dynamic Fractional Frequency Reuse factors (DFFR) or dynamic smart antennas, to
offer forever improving and expanding Fractional Frequency Reuse (FFR) for Interference
Mitigation 4G Wi-Fi Networks[9],[14].

BASE STATION
DIRECTIONAL ANTENNA
CELL/SECTOR

Figure 1.2 Heterogeneous cellular network systems [13]

Heterogeneous cellular community structures is along with carefully planned fraction

frequency reuse (FFR) microcells and the random deployment of relays and femtocells.



Advanced interference mitigation method schemes are critical and its combination with other
communique systems areas together with a couple of get entry to schemes modulation and
coding has helped to growth the community performance in wireless community structures.
The evident of theoretical attainable statistics fees of the generational evolution of the wireless

communication technologies illustrated in figure 1.1 [3].

Table 1.1: Theoretical data-rates of mobile communication technology generations

Network Generation | Approximate Date Rates
First Generation 28-56Kbps

Second Generation 144Kbps

Third Generation 0.384-2Mbps
0.384-2Mbps 0.1-1Gbps

In first era generation (1G) frequency division a couple of get entry to (FDMA) became utilized
by networks physical layer. FDMA it divides the whole frequency spectrum into quantity
channels and makes use of the identical time interval. If all vital and right mitigation techniques
are not carried out the consequent is adjacent channel interference. Consequently among
consecutive channels guard bands are being included to save you the adjacent channel

interference.

The advent of the protect bands on Wi-Fi networks even as adjacent channel interference is

being effectively reduced has caused inefficient, spectral utilization in FDMA.

In 2nd generation era ('(2G) time department multiple get admission to (TDMA) become being
used by systems wherein assets are allocated to users at specific time periods. The users can
access the complete bandwidth most effective at extraordinary time periods, time element is
being cut up into slots that can be without difficulty accessed by customers in a periodic’ way.
The frequency reuse strategies are getting used to mitigate interference control sports as to

make sure the favoured signal content at the receiver.

In third technology generation (3G) networks code division more than one get admission to
(CDMA) scheme become employed on the physical layer of the open device interconnection
(OSI) version. The useful resource allocation isn't decided by using either time or frequency
but pseudo codes or orthogonal codes which are getting used to spread the signal electricity

over the whole frequency spectrum with a view to in cooperate more than one customers ,for



this reason can be separated at the acquire quit. The 3G networks are not liable to interference
because the gadget requires effective algorithms for energy manipulate there with the aid of
preventing the customers from degrading the network channel conditions of every different
and causing random discount in network capability.

Within the Fourth technology era (4G) networks orthogonal frequency division multiple get
admission to (OFDMA) is being utilised at its physical layer. The slim band nature and multi-
carrier of this 'network technique makes it possible for the implementation of many interference

mitigation strategies with varying diploma of complexities' possible.

1.2 Heterogeneous and Multi-tier Networks

An average example of communique carrier issuer's (CSP) community that comprises of
various cell conversation technology is defined diagrammatically in Fig. 1.2 [4].
Heterogeneous networks is an attractive way of enhancing the era mobile community potential.
A Heterogeneous network generally it includes numerous 'radio access, architectures

technologies, transmission answer with varying transmission energy [5], [8]

1.2.1 Heterogeneous and Multi-tier Networks

An average example of communique carrier issuer's (CSP) community that comprises of
various cell conversation technology is defined diagrammatically in Fig. 1.2 [4].
Heterogeneous networks is an attractive way of enhancing the era mobile community potential.
A Heterogeneous network generally it includes numerous 'radio access, architectures

technologies, transmission answer with varying transmission energy [5], [8]

1.2.2 Compositional Structure of Heterogeneous Networks [4]

The Multi-tier Networks explained in Fig. 1.2 [4] can be valued as a subset of HetNet whereby
for a single CSP, 'radio get entry to techniques varying in their transmission energy are
deployed to provide insurance to subscribers with the intention to make certain that the pleasant
of provider (QoS) necessities of the customers' packages are happy by the network'. they are
deployed overlying every different in a geographical location and the concept of cellular

shrinking explained earlier is exploited to improve wireless potential of the network[4], [6].

With 'Multi-tier networks, if all of the ranges are open, users can easily hook up with the tier
that offers the quality signal to Interference plus Noise Ratio (SINR) and a maximised network

performance can be experienced with the aid of the subscribers at' all instances.



1.2.3 The Indoor Coverage Challenge

With appreciate to distance sign attenuation, wall losses and multipath fading, radio waves
used suffer big sign power degradation or amplitude as they propagate from the out of doors to
the indoor surroundings, but the need for CSPs for provision 'excessive information charge
verbal exchange in indoor areas cannot be overemphasized. From surveys, it has been verified
that greater than 50% of voice calls and over 70% of statistics calls are being generated from
indoor environments [7]. Again, the survey effects suggests that in Fig 1.five [8], offerings
which can be especially utilized in indoor environment including online gaming, video
streaming are on first rate upward push in terms of utilization and could retain and reach the

climax for the next few years.

By using 2018, more than 79% of general global customer IP traffic can be video site visitors
[8].A majority of these issues and factors whilst combined collectively they push for the
provision nice indoor coverage a priority for community operators. moreover, the
contemporary networking paradigm of net of things (1oT) and machine to Machine (M to M)
communications, which will deliver a brilliant rapid upward thrust to packages to be able to
lead heavy deployment in indoor environments inclusive of industrial applications (e.g.
robotics manage in factories) 'and clever houses also are a few motives buttressing the frenzy

for a better insurance in indoor' regions.

Femto-cells are small base stations with transmit power particularly low and small coverage
radius, had been applied as a way to remedy the indoor insurance trouble in a cost-efficient
manner. Femto-mobile networks implementation will face bottlenecks that present day
requirements are but to address. By way of analysing the OSI protocol stack, critical overall
performance problems are probable to conform at the delivery layer and physical. The physical
layer demanding situations can even affect media get entry to control (MAC) layer and could
contain issues regarding radio aid management and interference mitigation. For the shipping
layer, troubles of problem to network fashion designer are site visitor's load balancing among
the Macro-cellular and Femto-mobile ranges, mobility management, backhaul congestion
management and optimization of control plane signalling. On this dissertation, the focal point

could be at the interference mitigation on the bodily layer.
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Figure 1.3: Global mobile traffic forecast (Cisco VNI) [8]

1.2.4 Interference Mitigation with Spectrum Reuse
When more "Wi-Fi conversation times are initiated in a multi-tier network at the equal channel,
interference occurs and it adversely influences the general network performance even main to

total outage at the goal receiver if the total interfering sign energy supersedes that of the desired

Signal. A good way to solve the interference hassle, partitioned (constant) reuse and shared
reuse had been taken into consideration for a multi-tier community which includes Macro-cells
and Femtocells [6], [9], [10]. The partitioned reuse mode divides the spectrum into two separate
portions, which might be then used by each network tier. Adopting partitioned reuse guarantees
that interference among degrees 'of the community is extensively decreased. The demerit of
this technique is that underutilization of the spectra assets in either tier' of the community can

occur.

The 'second technique shares the frequency useful resource among the two ranges of the
community i.e. full inter-tier frequency reuse. This presents higher ability however also

increases the publicity of network nodes to inter-tier interference.

Since the Femto-cells have a good constraint on the to be had transmit electricity and they get
right of entry to the spectrum using similar technique of underlay spectrum get right of entry
to of the cognitive radio paradigm, they go through extra from tremendous interference

contributed via' the Macro-cellular tier[11]

With the PHY layer technology of OFDMA for 4G networks, legacy interference mitigation
techniques can in addition be optimised to offer higher interference mitigation schemes which



might be very green and effects to lesser discount in trunking capacity according to cell. That
is due to the fact Orthogonal Frequency division multiple get admission to' (OFDMA), via
using narrowband subcarriers, provides a greater granular approach of allocating radio assets
to customers within the community in both time and frequency [11], [13].

The mobile verbal exchange networks era put in force the idea of frequency reuse and fractional
frequency reuse to growth the overall network overall performance capability. The strength
this is radiated by electromagnetic indicators tend to minimize as the space of coverage

increases [11].

For this reason, the equal frequency channels are being reused at geographical separated
locations to keep away from both interference and attenuation. The 'disadvantage of frequency
reuse is the loss in trunking or eight channel capability that a unmarried cell can provide to
customers in its insurance place and frequently instances, exchange off needs to be made
among the trunking capability that is preferred in step with cellular and the extent of
interference publicity that network designers need for customers to' be uncovered. Fractional
frequency reuse 'builds at the traditional frequency reuse schemes and it strives to improve the
spectrum to be had consistent with cellular at the same time as preserving the interference
ranges at bearable minimum. N.Saquib et al. in [12] and Lee et al. in [13] adopted FFR to
multi-tier networks containing Macro-cells and Femto-cells. Their analyses showed the
effectiveness of the adoption of FFR schemes to mitigate interference. FFR calls for minimum
facts change between the levels that constitute the network making it flawlessly appropriate for
Femto-cells as a way to be unable to percentage complicated circuitry due to its decreased

price.

FFR is likewise suitable for interference mitigation on both uplink and downlink. The present
FFR designs didn't provide a suitable mechanism to cater for consumer system connected to
Femto-cells on the boundary area between the CCR and the CER and this turned into honestly
talked about through the authors of [12]. Its miles consequently paramount to search for ways
of mitigating this cross-boundary interference and create a greater optimized FFR scheme for

multi-tier networks

2.2.6 OFDMA - Orthogonal Frequency Division Multiplexing Access

There are several and distinct get admission to technologies in Wi-Fi communique networks

Which might be being used for transmission and reception of information. because of an boom
in need for green utilisation of bandwidth there exists a critical want for deciding on an
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remaining means of multiplexing approach which could resolve many demanding situations

and nonetheless gain maximum efficiency. In long term Evolution (LTE), that is completed

with the aid of Orthogonal Frequency division multiple get right of entry to (OFDMA), 'which

enables the eNodeB to talk with numerous person gadget's on the equal time which results in

benefit of minimum inter-symbol interference and fading as well as expanded spectral

performance.

In LTE, downlink transmission uses the OFDMA method while uplink makes use of the SC-

FDMA (unmarried carrier - Frequency division a couple of get admission to). The discern 1.6
suggests' concept of OFDMA in LTE

1.3

1)

2)

3)

4)

5 MHz Bandwidth

-
3
B
S &5

Guard Intervals
/4

Figure 1.4: Orthogonal Frequency Division Multiplexing Access [4]

Research Aims

What stage of Time difference of Arrival (TDOA) positioning method in conjunction
Positioning Reference sign (PRS) to calculate the location of a user system (UE) within
a community of eNodeB the use of the LTE system simulator on mat lab command
window?

To be able to deploy both the macro cell and femto cells on the LTE downlink cellular
system.

Multiplied cellular-part bit-rate, for uniformity of service safety, reduced value per bit,
implying improved spectral efficiency, and Simplified network structure, reduced
delays, in phrases of each connection establishment & transmission latency and
accelerated person information prices.

What degree of improvement can be achieved in phrases of in step with person ability
and throughput if a buffer zone is incorporated into the present FFR scheme at the
boundary place among the pre-existing mobile center and cell aspect vicinity?
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5) To demodulate and decode a live eNodeB signal. Earlier than the consumer gadget
(UE) can talk with the community it ought to carry out mobile search and choice
techniques and acquire preliminary machine information.

1.3.1 Scope

This studies task entails demonstration of a powerful of frequency reuse on 4G long term
Evolution (LTE) network technology on mat lab with Vienna simulator in order to examine
numerous features of LTE in terms of performance of network providing a framework and
answers to the troubles of community densification, efficient deployment and community
congestion. This research involves the use of Mat lab Simulation, developed through the
Institute of Math works and the Vienna simulator evolved by means of the Vienna institute of
technology of Austria. MATLAB is an open source primarily based simulator. With the fast
growth inside the variety of users in very geographical cells and geometrical increase in the
use of excessive bandwidth killer packages, load and site visitors on the community has
extended network congestion and densification. So as to conquer community congestion, a

green aid allocation scheme is important.

On this assignment we examine and investigate results of different scheduling schemes and
interference mitigation strategies at the wireless community. Network densification is any other
trouble making customers revel in low signal high-quality in big buildings like department
shops or massive businesses; we demonstrate how a lot of these customers may be served in
reliable and green way with the aid of putting femtocells in densely populated or susceptible
insurance areas of macro cells. Femtocells no longer only increase throughput but also enables
in growing capability as well as insurance of the machine. The usage of this evaluation, we
estimate growth of the network and analyse performance hence with the help of mat lab
simulator. This facilitates the carrier carriers store revenue and ensure dependable

communications to person
1.4 Organization of the Dissertation
This phase gives a quick creation to the following chapters that are on this dissertation.

Chapter Two - literature overview: in this bankruptcy the theoretical aspects to do with the
studies are provided. An evaluation of literature is also provided with important consciousness

on frequency re-use generation used for interference mitigation on in door environments.
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Chapter Three - research strategies and techniques: the steps taken to complete this research
are supplied on this chapter. More concentration is on the mat lab code layout, and to run the

simulations

Chapter Four - outcomes and evaluation: The outcomes acquired from various checks on the
mat lab are supplied in this section. The results presented on this chapter are analysed and
findings are noted and the demanding situations come upon are discussed and solutions given.

Chapter Five - end: that is the last chapter of the dissertation and focuses on the research

objectives, areas of similarly have a look at, boundaries, drawbacks and recommendations.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

With the growing technology, the world has witnessed tremendous evolution in every aspect
of wireless technology for fitness to the way we communicate. Communication being an
important aspect has seen evolution that revolutionized the world [1]. The Telecommunication
networks evolution can be categorized into generations. The first generation (1G) networks

supported analogy voice communications [3], [12].

The second generation (2G) had a major transformation of digitizing signal. It also increased
efficiency and for the first time data services were introduced. 2.5G (GPRS) and 2.75G (EDGE)
being the evolution of 2G provided increased speeds and for the first time had packet switched

domain implemented in addition to circuit switched domain.

The next evolution was 3G (WCDMA), which has data rates of 200 kbps and led to assortment
of "mobile broadband" experience. Many new features like video streaming, conferencing etc.
were put forth [3], [12].

The most talked evolution of telecommunications is the fourth generation (4G) which
revolutionized the industry by utilizing various features like high speed and efficiency.
Currently it provides access to a wide range of applications such as IP Telephony, mobile web
access, high definition video streaming, real time and interactive gaming and much more
[8].Recently, Long Term Evolution technology is extensively deployed by all carriers and it
can offer as much as 100 Mbps data rate satisfying requirement of major applications
effectively. Even though LTE is able to mitigate most of the issues of existing networks there
exists a constant demand for higher performance technology due to increasing high bandwidth
applications and densification. In the next section we understand the major features and
architecture of LTE [14], [23].

2.2 long term evolution

LTE is not unusual name given to conventional of subsequent era evolution of WCDMA. It

evolved from earlier 3GPP system known as universal mobile Telecommunication system
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(UMTS). This new erais an all IP based community which offers IP primarily based cell middle
called the advanced Packet core (EPC). The important desires of LTE are growth peak records
costs, provide low latency in RAN (Radio access community), and improve RAN bandwidth
and spectral performance. The architecture of LTE consists of a new base station called the
eNodeB and a single core referred to as the evolved Packet middle that gives get entry to each

IP based totally voice and information offerings [6], [24].

Evolved Packet Core

MME !
S11

P-GW
\[. S5/8

S=0iW

eModeB

Figure 2.1: LTE Architecture [6]

The LTE structure consists of two key components specifically the eNodeB and the EPC. The
eNodeB sends and receives information from consumer gadget (UE). The primary functions of
eNodeB include mobile resource management with QOS consciousness, MME selection,

routing the user information toward S-GW and help in intra LTE and inter LTE handover [5].

Every eNodeB in a geographical place are interconnected via an interface called X2 interface,
which facilitates in handovers or mobile reselection tactics hence retaining UE in attached
kingdom. The next key component is the EPC (evolved Packet middle), which includes all
types of visitors. The EPC consists of Mobility control Entity (MME) - that is particularly
associated with authentication and gateway choice, intra and inter LTE/RAT mobility, bearer

management and integrity safety.

Serving Gateway (S-GW) - assists in packet routing and forwarding and intra LTE mobility
anchor. Packet facts community Gateway (P-GW) - allocates the IP address to UE, it acts as a
lawful intercept for policy enforcement and also assists in packet routing and forwarding.

Coverage Charging and Rule feature (PCRF) - manages the QOS in connection by means of
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implementing diverse rules and also continues track of offerings accessed by using u.s.to

resource in charging/accounting [4].

Lastly, domestic Subscriber system (HSS) - is the database that stores vital records of UEs. It
assists in user identity and registration management. Each of those additives communicate thru
particular interface and protocols. The eNodeB and the EPC are related to each different via
the S1 interface. Having understood LTE structure, the subsequent component to be concept
of is how the mobile communicates the usage of those additives. The solution is through a radio
bearer that's a logical channel this is hooked up between UE and the eNodeB [6], [11]. It is also
in fee of coping with QOS provision on the E-UTRAN interface.

LTE is designed to guide extensive variety of bendy bandwidth starting from 1.4 MHz to
twenty MHz and radio get right of entry to approach is chosen to be exceptional relying at the
route of records/name. Downlink transmission uses the OFDMA (Orthogonal Frequency
division multiple get entry to) technique whereas uplink makes use of the SC-FDMA (single

service - Frequency department multiple access) [22].

2.3 Multiple Access Method in LTE

OFDM is a multicarrier transport technology for high data rate communication system. The
main concept in OFDM is spreading high speed data over the low rate carriers. These low rate
carriers are called sub-carriers. Sub-carriers are generated using IFFT (Inverse Fast Fourier

Transform) digital signal processing.

IFFT is an efficient scheme for generating orthogonal subcarriers. These orthogonal subcarriers
are mutually orthogonal in frequency domain which avoids the inter-symbol interference (1SI)
as shown in figure 2.2 below. Each sub-carrier has a bandwidth less than channel coherence
bandwidth which is why these subcarriers experience flat fading. Firstly, Bit stream from the
encoder are modulated using QPSK or QAM-16 or QAM-64 into symbols. These symbols are
then fed to serial to parallel converter. The parallel data symbols from serial to parallel
converter are then spread over N IFFT orthogonal subcarriers. The meaning of orthogonal

subcarrier is that there is no interference between the subcarriers.
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Figure 2.2: OFDM Orthogonal Sub-carriers [33]

Again the outputs from the IFFT which are modulated subcarriers are converted back to the
serial form with the help of Parallel to serial converter. This again passed through the digital to
analogy converter before transmitting to the air as shown in figure 2.3. In the receiver the

reverse operation is done to the OFDM symbol to retrieve the data stream.

Bit stream
from encoder

N complex Symbols

Figure 2.3: Simple OFDM System [33
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2.4 Resource Allocation

With the knowledge of radio access spectrum used by LTE in downlink and uplink, the idea
behind resource allocation is that whenever a user requests service, based on various network
parameters like channel quality, RSRP (Reference Signal Received Power) and priority,
resources are allocated to that particular user. Each system has different performance
requirements and depending on this the resource allocation decisions are made. Few metrics
that can be thought of are: Quality of Service requirement, size of the buffer, channel quality
as reported by the user. If the per RB metric for a particular user is higher than any others

requesting the service then that user enjoys the benefit of being allocated [23].

In order to understand resource allocation, it is very essential to understand how the available
bandwidth is split into resource blocks. One of the important feature of LTE is that it can
operate over wide range of flexible bandwidth ranging from 1.4MHz to 20MHz. In LTE,

chosen bandwidth is divided into number of frames with each radio frame 10ms wide [8], [41].

IE:;;," Framen-1 ] Frame n 1 Framen+l [| Framen+2 [

Subframe O Subframe 1 Subframe 2 ess Subframe 2 E

Figure 2.4: LTE Frame Structure [8]

Each frame of 10ms is further divided into 10 Sub frames of 1ms wide. The sub frames are
further divided into slots and each sub frame consists of two slots of 0.5ms wide. It is in this
slot that the fundamental unit called the resource block reside and number of resource blocks

depend on bandwidth.
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Figure 2.5: LTE sub frame [9]
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The figure 2.6 shows a sub frame of 10ms wide. Further each sub frame is composed of two

slots of 0.5ms wide. Each slot consists of 6 or 7 OFDM symbols depending on the type of

cyclic prefix [Normal cyclic prefix — 7 OFDM Symbols, Extended cyclic prefix — 6 OFDM

Symbols].
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Figure 2.6: Resource Block [10]
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2.5 Improving Indoor Communication

With the shortcomings of the regular Macro-cells to serve subscribers in indoor surroundings
correctly becoming evident, CSPs decided to put in force solutions that can efficiently address
this hassle and provide high great coverage to subscribers in indoor environments. The
proposed solutions can be broadly labelled into outdoor approach and Indoor technique. Those

are discussed in the succeeding sections [22].

2.6 Outdoor Approach

This technique seeks to improve indoor sign satisfactory with the aid of increasing the nice of
the out of doors signals in an effort to lessen the attenuation suffered by means of
electromagnetic waves as they move over from the outdoor to the indoor environment. Greater
Macro-cells or outside micro-cells might be deployed in a given geographical area to boom the
signal strength consistent with distance. The demerit of this technique is that, it is not very
green and it is also luxurious as a whole lot of capital expenditure is incurred within the method

of growing the Macro base-station density in a given vicinity [18], [27].

2.7 Indoor Approach

The want to optimize radio coverage without delay in indoor environment led to the

development of the following systems for the improvement of indoor radio propagation.

2.7.1 Indoor Repeaters

These devices increase the insurance location of a mobile. They’re useful in areas which might
be carefully populated with limited network coverage. They also can be used to decorate the
capacity of a community at mobile edges by means of improving the SINR. Those attributes
make them suitable for utilization in indoor surroundings for overall performance improvement
of current Macro-cells [14]. They choose up the outside signal that has been attenuated by the
walls of the constructing, expand it and then retransmit the sign in the indoor vicinity. There
are normally two types of relays, they are; lively and passive. Energetic relays are more
advanced and that they carry out the interpreting, mistakes correction and reshaping of the
attenuated acquired signal before re-transmission even as Passive relays on the other hand,
simply pick out up the attenuated sign, amplify it and retransmit without performing any sign
processing on the sign. Lively repeaters are generally greater luxurious whilst as compared

with passive repeaters.
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2.7.2 Distributed Antenna System (DAS)

The idea of a DAS was first proposed in the 1980s [14] and it entails locating antennas at
different floors of a building to provide homogeneous coverage. Instead of a single antenna
radiating at a very high power, Saleh et al in [15] proposed that multiple smaller antennas, each
radiating at lower power levels can be used to cover the same area. In order to adequately
improve network efficiency, the overlap between the coverage areas of each antenna must be
reduced and the coverage areas of the antennas should fit the shape of the building as much as
possible. Fig. 2.1 gives a visual illustration of the concept of DAS.

\
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Figure2.7: Distributed Antenna System (DAS) [14].

2.7.3 Small Base-stations

These are the alternatives to the previously discussed techniques to improve indoor radio
coverage. Instead of seeking the means to indirectly improve the indoor signal quality by first
improving the radio coverage of the outdoor environment or extending the coverage of outdoor
base stations into the interior of buildings with the use of DAS or Radiating cables, a much
more interesting approach is to deploy small base stations directly inside the buildings. Two
different types of Indoor base stations are in existence and they are discussed in the sub section

below.
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2.7.4 Pico-cells

These base stations could be deployed at outdoor locations such as street corners. They
generally have transmission power ranging from hundreds of milliwatts to a few watts. They
can provide a radius of coverage that is above one hundred metres. The reduction in coverage
region that they provide when compared with Macro-cells and micro-cells allows for the
provision of more capacity and higher data-rate to end users connected to them. Pico-cells are
not a hundred per cent self-configurable; hence, the network operator is still responsible for
deploying and maintaining them. The above demerit led to the introduction of the other type

of small indoor base station called Femto-cells.

2.7.5 Femto-Cells

As the need to increase their presence in terms of the provisioning of quality signal coverage
and high data rates in indoor environments becomes more important [7], CSPs decided to look
for a lasting solution to this problem in a very cost-effective manner. This led to the
development of Femto-cells. Currently, the smallest base station in existence, Femto-cells or
Femto Access Points (FAPs) are described in [14] as “cellular network access points that
connect standard mobile devices to a mobile operator’s network using residential DSL, cable

broadband connections, optical fibres or wireless last-mile technologies”.

Figure2.8: Macro Network with Femto cells [11]
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Figure 2.9: Practical Femto base station [44]

These are completely user deployable as they are a hundred per cent auto-configurable. In
addition, the end users are solely responsible for the Capital expenditure (CAPEX) and
Operational expenditure (OPEX) costs incurred for the installation and continuous
maintenance of the FAP. This makes Femto-cells more cost-effective to CSPs when compared

with Pico-cells that have to be deployed and maintained by a CSP.

2.7.6 Macro-Cells

FBS | - Femto Base Stations
—

(&

Figure2.10: Femto Base Stations [22]

If the same amount of bandwidth resource is made available to a big cell and a small cell (using
the cell radius as the parameter to differentiate the sizes), more users are likely to be in the
coverage area of the big cell while less number of users will be in the coverage area of the

small cell. Therefore, if a round robin scheduler is considered, less frequency resource
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allocation will be available to each of the users attached to the big cell while the smaller cell
users get more frequency resource allocated to them. Hence, the small cell users enjoy
increased data rate and overall service QoS. Femto-cells make the realisation of the latter

scenario possible thereby making its deployment of much interest to CSPs.

Table 2.1: Power and Average Comparison of Base Station Types

Macro >km 20W-160W
Micro 250-1km | 2W-20W

Pico 100-300m | 250mW-2W
Femto 10-50m 10mwW-200mW

2.8 Self-Configuration

Due to the plug and play nature of Femto-cells and the fact that they are user commissioned, it
is very important that once switched on, the Femto-cells are able to communicate and integrate
into the existing network. The Femto-cells set up their software and other parameters such as
neighbours list, handover configuration, and pilot power and attached subscribers. All these

must be done with minimal interruption to existing base stations.

Femtocells that are already switched on can also run their self-configuration phase algorithms
if new base-stations or features are detected in the network [17].

2.9 Self-Optimization

Network measurements are carried out periodically by each Femto-cell and are processed.
Femto-cells use these measurements to modify their algorithms and adjust parameters that are
variable to suit changing conditions of their environment. Examples of metrics that can be
optimized are the outage probability, channel capacity and the level of interference mitigation
that can be provided [37], [41].

2.10 Self-Healing

This involves capabilities built into Femto-cells to enable them recover from situations of
coverage loss, loss of connectivity to the core network and capacity failure. These could be due
to radio board failure, channel processing implementation error, misconfiguration, power
outage and back-haul connectivity failure [18]. Outage detection is a self-healing function that
determines cells that are in outage conditions. After a downed Femto-cell has been correctly
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detected, the outage compensation procedure is initiated to reduce the effect of coverage loss
and throughput reduction. Compensation procedure encompasses modification of parameters
such as transmission power and channels allocated to nearby Femto-cells. Self-healing
activities are aimed at reducing the impact of outages on the subscribers through rapid tuning

of parameters of Macro and Femto base stations present in the network [21].

2.11 Femto-cells Operating Modes

Femto-cells will operate in the open subscribers group (OSG) access mode or the close
subscribers group (CSG) access mode. With the OSG access mode, any user that belongs to
the network is allowed to connect to a Femto-cell if they receive an SINR from the Femto-cell

that is higher than that from the Macro-cell to which they were initially attached.

For the CSG access mode, only users belonging to a subscribers’ list are allowed to be attached
to a Femto-cell. CSG is the common mode of deployment since Femto-cells are user-deployed.
OSG mode is useful when Femto-cells are deployed by a CSP itself for coverage in areas such
as airports, stadia or street corners where Pico-cells can also be used.

CSG mode of deployment contributes more interference because User Equipment (UE) that is
far away from their attached Macro-cells radiate at higher power levels, but if connected to a
nearby Femto-cell, the power needed is reduced. A unit of Macro User Equipment (MUE)
radiating at an increased power level causes severe interference to nearby Femto-cell base
stations if they share the same set of resource blocks. The type of access mode proposed to

mitigate this challenge is the Hybrid access mode.

The Hybrid access mode is similar to the CSG with the difference that some UE not belonging
to the subscribers’ list of a particular Femto-cell can still connect to it. They are given some
level of service but they will not be able to get any preferential treatment and will be charged
higher for any service they use as compared to UE belonging to the subscribers list.

This type of deployment is more likely to be found in relatively large office buildings and it is
important for subscribers to know the different charging policies that apply [19]. The CSG

access mode was assumed in the investigation that was conducted in this dissertation.

2.11.1 Advantages of Femto-cells
From the foregoing discussions, both the subscribers and the CSPs will benefit from the

deployment of Femto-cells and some of these benefits include;
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Good signal quality for indoor subscribers leading to improvement in call (voice, video or data)

qualities i.e. the Femto-cell provides all-time 5-bar coverage.

Reduction in the power utilization of terminal gadget in indoor regions as lesser stage of
radiation is needed due to proximity to the indoor cell; this complements the battery lifestyles
of an UE.

Indoor traffics are off-loaded to Femto-cells and this ensures that fewer numbers of Macro-
cells are desired in a geographical place. This reduces the capital expenditure (CAPEX) for the
CSP and releases the resources which can then be used to serve the out of doors customers
higher

Simplification of website online survey and making plans technique for community roll out or

optimization activities.

Deploying Femto-cells reduces a CSP’s Churn rate. The Churn rate is described as the
percentage of subscribers who stopped using an operatorjls service for one reason or the
opposite at a given duration. It has been mounted via surveys that poor indoor coverage is the
fundamental churn-inflicting aspect for CSPs.

Femto-cells create more demand for data-services for this reason increasing the sales for the
CSP. It additionally enables the development of add-on offerings which includes Femto-quarter
or domestic quarter wherein subscribers can get brought package deal applications for voice

and facts at a lower value.

Link guality model Link performance model
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Figure2.11: LTE Physical Layer Modelling [50]
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2.12 OFDM/OFDMA

Wireless channels are characterized by means of frequency selective fading impairments. This
reasons extraordinary channels to experience exceptional levels Depending on the channel's
frequency. Frequency selectivity outcomes from the phenomenon of multipath signal
propagation that characterizes indoor and urban environments. Radio get admission to
technologies using wideband alerts together with the 3G UMTS-CDMA systems can suffer
tremendous distortion. This makes sign healing on the receiving stop difficult and leads to usual

network performance degradation.

Narrowband signals as illustrated in Fig. 2.four offer better resistance against frequency
Selectivity and this offers upward thrust to multicarrier modulation technology along with
orthogonal frequency division multiplexing (OFDM). In OFDM, every subcarrier is orthogonal
to each different; subsequently, the overlapping of subcarriers without inflicting inter-image

interference (ISI) is made feasible.

This makes it more spectrally green when in comparison to FDMA as more symbols may be
packed right into a given bandwidth. The analysis carried out on this thesis is focused on
interference coordination and mitigation for Macro-mobile networks overlaid with Femto-cells
in LTE-A networks which meets the requirements of the ITU-R's IMT-advanced specs for 4G
networks. On the downlink, LTE-A builds at the framework of normal LTE and it sits on the
Orthogonal Frequency department multiple get admission to (OFDMA) approach as its
physical layer technology. The single service Frequency department multiple get admission to
(SC-FDMA) is used on the uplink due to the fact it is value-green and conserves electricity.
The following segment offers a quick element of OFDMA as it applies to LTE with emphasis

on useful resource allocation.

2.13 LTE Femto-Cell Logical Architectures

The Third Generation Partnership Project 3GGP workgroup specified three architectural
variants for the deployment of Femto-cells in a geographical environment [21] [22]. Since a
CSP that wants to deploy Femto-cells already has an existing infrastructure in place, it is
important to consider an architecture that is not intrusive and cumbersome to implement. The
architecture also has to be scalable and easy to evolve in case of future adjustments. The
differences in the variants lie in how the Home enhanced Node B (HeNB) is connected to the

Evolved Packet Core of the LTE network on both the control and user plane.
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Figure 2.12: LTE Femto-cell Logical architecture (variant 1) [22].

The variant 1 is given in the Fig. 2.12. This architecture incorporates Home eNodeB Gateways
(HeNB-GWs) which help to aggregate the traffic coming from the deployed HeNBs in the
network on both the user plane (S1-U) and the control plane (S1-MME) before sending the
traffic to the core of the network.

The advantage of this variant is that the increase in the number of deployed Femto-cells does
not lead to a corresponding increase in the control plane signalling between the access and the
core network. In the situation of massive HeNB failure that can occur due to power failure, the
Mobile Management Entity (MME) in the core will not be overloaded when the HeNBs come

back online. Furthermore, this approach provides better network security

As the IP addresses of the core network elements are not revealed to the UE. Useful
information regarding interference coordination or mitigation can also be exchanged over the
S1-MME interface between the HeNBs and the MeNB. The variant 2 depicted in Fig. 2.8
removes the HeNB-GW present in variant one and favors direct connectivity of the HeNBs to
the core of the CSP. With this architecture, the MeNBs and the HeNBs are connected to the
core with similar technique. Its benefit is that there are less failure points in the system and it

does not include an additional single point of failure.
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Figure 2.13: Femto-cell Logical architecture (variant 2) [22]

Furthermore, latency and system level processing are reduced since the HeNBs are directly
connected to the core on both the control and data plane. The challenge of this variant is that
increase in the number of deployed HeNBs will result in more frequent Stream Control
Transport Protocol (SCTP) signalling which can lead to MME overload. Switching of HeNBs

on and off by the user leads to similar problems.

Therefore, variant 2 can only effectively support a scenario where few numbers of HeNBs are
scattered over the coverage area of a CSP. In order to solve the problem of possible control
plane overload of the MME in variant 2, the HeNB-GW was re-introduced in variant 3 similar
to variant 1 but it only terminates control plane signalling from the HeNBs. The user plane is
directly connected to the S-GW at the core of the CSP. The variant 3 is depicted in Fig. 2.14,
with this architecture; increasing number of HeNBs does not lead to SCTP overload towards
the MME.
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Figure 2.14: Femto-cell architecture (Variant 3) [22]

The demerits associated with the variant 3 include the possibility of an overload situation in

the S-GW when the number of HeNBs deployed in the network increases. In addition, the
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presence of the HeNB-GW on the control plane reduces redundancy and load-balancing

possibility as the HeNBs can only connect to one HeNB-GW at a time.

In order to deploy a convenient interference mitigation or coordination scheme, it is important
to understand the type of Femto-cell logical architecture that will be employed in the network.
This ensures that suitable design approach as to the exchange of control signals between the
network entities is taken. Further extension in connectivity between HeNB and MeNB over the

X2 interface has also been proposed by the related SDOs [23].

3.13.1 Effect of Femtocells on Network Capacity

With the constant increase in number of users in a network, the ability of the macro cell to
handle all the data traffic efficiently decreases, making the throughput of the network drop and
users experience bad quality of service[22],[25]. Recently, to overcome this problem
effectively, a solution has been implemented which not only aids in increasing the capacity and
coverage of the network but also helps in increasing the signal strength/connectivity of the cell
edge users in the network providing efficient in-building solution to many large organizations.
This solution is deployment of small cells (Pico cells and femtocells) in densely populated

areas and at edge of coverage area of the macro network.

In our project, using the Vienna LTE simulator, we reveal how the deployment of a femtocell
inside the macro network increases the throughput of the mobile side users and big number of
users in an organization. We firstly don't forget a macro community with a random person
distribution. The distribution is such that there are certain customers on the brink of the cellular
and few are densely packed highlighting the state of affairs for massive buildings which
includes department shops or an employer. For this network, we gain the community
throughput, equity and common consumer throughput by means of using the Vienna LTE
simulator [50], [51].

Now for this same community, we then location the femtocells to help the cellular facet
customers and locations wherein we've got consumer densification like in department stores.
We acquire the results that had been acquired for the macro network and examine the outcomes.
After reading the effects, the significance of the femtocell inside the actual global community

can be emphasized.

This look at enables us substantially due to the fact if a user complains about terrible fine of
service, using Vienna we can take a look at the network performance of that region then
suppose if by putting the small cells in that area could provide higher nice of service. This can
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appear earlier than real deployment of the small cells thus saving a variety of assets for the

service company.

3.13.2 Demerits caused by Femto eNB’s deployment

As it is mentioned above that Femto eNB’s which are also called HeNBs can be operator
deployed or user deployed. If it is operator deployed Macro user also have access to it which
is called open access but if it is user deployed Macro user cannot get connected to it only limited
number of users like family members of that particular home will have access to it which is

called closed subscriber group (CSG).

In this situation when Macro UE (user equipment) is in edge of Femto cell there will be strong
interference from Femto cell and may even not be able to access the Macro cell at all. In another

situation strong Macro cell interferes the Femto UE.

This happens when sometime it is preferable to connect UE to the Femto cell even if the
received power from the Femto cell is weaker than Macro cell. This is useful when strong cell
has weak backhaul quality or when it is necessary to offload the traffic to Femto cell and to
achieve true cell-splitting gains in the network [22]. Let’s take an example when UE is in cell
extension region and it is connected to Femto base station. But received power by the UE from
the Macro is much higher than the power received from Femto. This Power difference cause
severe interference to the Femto user by Macro base station. This scenario can be demonstrated
by the figure 2.15.

Range extension region

UE2

Figure 2.15: Illustration of CSG and range extension user [19].
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As we can see UE2 is in well inside the Femto cell which is also called centre Femto user.
Here, the received power of the Femto is stronger than the received power of Macro so there
IS no issue of interference. But if we see the UE2 it is in the cell extension region and it is
connected to the Femto base station. Received Power by this user from the Macro is much
higher than power received from Femto. So, UE2 undergoes severe interference imposes by

Macro base station.

So this is one of the main disadvantages of heterogeneous network. Our thesis deals with the
minimization of this interference. We have assumed the heterogeneous network of Macro and
Femto base station. And there is an UE in the cell extension region which is interfered by the

Macro base station.

2.14 Carrier aggregation in LTE

Carrier aggregation is used in Frequency domain multiplexing inter-cell interference
Coordination scheme which is one of the most important features of LTE-A. This scheme
allows LTE-A user to connect to several carriers at the same time. It also allows resource
allocation across the carriers as well as fast switching between carriers without time consuming
handovers, which means a node, can schedule its control and data information on separate

carriers.

Main principle in a HetNet scenario is to partition the available spectrum into two separate
component carriers and assign the primary component carriers (PCC) to different network

layers as shown in figure 3.4 below.

fl

Macro
f2
D control

f D data
Femto

f2

Figure 2.16: Illustration of Carrier aggregation in LTE [10]
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2.15 Conclusion

In this chapter, the various techniques that have been proposed to provide high quality signal
coverage in the indoor environment have been examined. The challenges of existing systems
and the benefits of using Femto-cells have also been highlighted. The associated problem of
Femto-cells interference has been discussed. In the next chapter, the extent of performance
degradation, which can result when Femto-cells are deployed in the network without proper
interference mitigation, will be presented using a standardized LTE simulator. Afterwards, a

survey of interference mitigation schemes in literature will also be presented.
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CHAPTER 3

RESEARCH METHODS AND TECHNIQUES

3.1 Introduction

In this chapter, the Vienna LTE simulator was used to analyse the degrading impact of
interference on channel capacity when Femto-cells are deployed over a Macro-cell network to
buttress the need for interference mitigation techniques in modern wireless communication
networks. The various categories of interference in multi-tier heterogeneous radio access
networks are given with emphasis on Macro-cell overlaid with Femto-cells on indoor
environment. Broad related works will then be discussed with more attention on the efforts in
literature that were directed at interference coordination and avoidance techniques such as
Fractional Frequency Reuse (FFR). The shortcomings discovered in existing works are noted

and the proposed solution is clearly highlighted.

3.2 The Vienna LTE Simulator

The Vienna LTE simulator was developed by authors of [24], [25] as a platform that aids the
alignment of research efforts directed at achieving the LTE specifications as given by the 3GPP
workgroup. This serves as a common testing ground for implementing ideas and checking he
results of analysis that can easily be reproduced and improved. This software package has link
level and system level simulators as separate entities built on the MATLAB platform, and
employs the Object Oriented Programming (OOP) development technique. The Vienna LTE
simulator was used in this work instead of OPNET, OMNET or NS-3 because it was
specifically designed for LTE and LTE-Advanced simulation purposes. Unlike the other
simulators, which can be used for testing generic network communication protocols and
different standards, the Vienna simulator is streamlined only for LTE related research purposes.
Link level simulations are used to investigate the performance of channel estimation
techniques, tracking and prediction algorithms, Multiple Input Multiple Output (MIMO) gains,
adaptive modulation and coding (AMC) including its feedback [24]. Other features such as the
receiver structure with reduced complexity, channel modelling, channel encoding and decoding
are also implementable using the Vienna LTE link level simulator. System Level simulations
on the other hand is useful for testing schemes that are network related such as resource
allocation and scheduling, interference management, network planning and optimization, call

admission control and multi-user handling [24]. Results of experiments from the Link level
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simulator such as the values of the received signal strength under different network link
conditions, which are mapped to produce the channel quality indicator (CQI), are used as a
benchmark for the system level simulator to ensure uniformity and reproducibility of results in
both set of simulators.

In this section, the system level simulator was used to investigate the performance of a mobile
network that initially consisted of only Macro-cells. Femto-cells were then overlaid on the
Macro-cell and the channel capacity metric of the network was checked and compared with the
result achieved when only the Macro-cells were deployed. Minimal interference mitigation was
implemented and this was done to demonstrate and ascertain the impact of the deployment of

Femto-cells on the Macro-cell network to improve the indoor environment.

3.2.1 LTE system level simulator

System level simulations focus more on network related issues for example resource allocation
and scheduling, multi-user handling, mobility management, admission control, interference
management and network planning optimization. Because of the vast amount of data
processing that is needed for executing the radio links between all terminals and base station it
is impossible to perform the physical layer simulations in this case describe before, so to
perform system level simulation the physical layer should be abstracted by reduced models

without losing the main characteristics and with high efficiency and low complication. [6]

3.2.2 Operating the Vienna LTE Simulator

The demonstration on how to use the Vienna Long Term Evolution (LTE) simulator is being
shown on this section. Vienna LTE simulator its main advantage is that it’s an open source mat
lab based simulator which is very important to researchers and equipment manufacturers for
testing develop and implementation of their ideas before extending it into reality. This Long
Term Evolution simulator is an open source mat lab-based simulation tool, it possess the mat
lab software from 2008 up to date. It requires researchers to register with math works and
accepting and agreeing with the license. Once you have been approved you will be able to use
the simulation tool. Firstly the simulation launcher file in mat lab must be opened and configure
network parameters according to the research goals and objectives. Step two is environment
is being selected and additional configuration parameters in the simulation main file. The
additional parameters of femtocell are to be added, various path loss, network plots display

mode, coupling loss, and other parameters.

Simulator architectural elements include:
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3.2.2.1 Module for User Input
Graphical user interface is being used by the researcher to communicate with the system. For

accurate calculations, user input is required which include:
Femto BSs Location coordinates in a macro cell area
The femto and macro number of users and the femto Base Stations.

Since LTE-A has multiple configuration modes available the total base station .Bandwidth
parameters and also the modulation scheme parameters are crucial. Based on the given
information, User Equipment and respective antenna spots their distance can be easily
calculated, resulting Estimation of the channel path loss. The femto cell topologies are assumed
to be the case of an urban area only because the deployment of femto base station it requires

high density of users, hence it is assumed to be deployed in city environment.
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Figure 3:1 MATLAB Graphical User Interface

3.3 The Simulation Environment

The femtocell deployment process on the simulator is begun with the initial screen illustrated

in the fig 1.2. The variety of macro customers, femto users and the wide variety of femtocells
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deployed has to be entered. Apart from those parameters, variety of constructing both lengthy

X axis, y axis and the desired channel bandwidth according the current LTE-A standards
(1.four, three, five, 10, 15 or 20 MHz) wishes to be furnished. Additionally, because of the

carried out urban environment the person has to define the width of the map's streets, in meters.

By means of clicking "making use of to Map", the buildings are installation as a consequence.

A manual femtocell deployment and femto/macro person placement takes region through

clicking onto particular factors in the microcell's area. The deployment is taken into

consideration finished whilst the end-person has placed the closing macro person at the map.

After this occasion, one can view the simulation data for each positioned unit, through hovering

that with the mouse pointer.
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Apply on Map
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Figure3.2: Femto cells Network Deployment.

A sample scenario is supplied in figl.3 in which i have taken into consideration 20 femtocells,

30 femtocell users and 10 macro cell customers. The Bandwidth is chosen as 20 MHz and the
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modulation as 64QAM. The numbers of buildings are 35, with four in x axis and four in y axis

the road width is assumed to be default as 5.0m.
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Figure 3:3 Sample illustration after femto cell deployment is completed.

3.4 Algorithm Design and Implemented

When an H-UE is turned ON, it starts measuring the received signal from all the neighboring
H-eNB’s. After this it determines those H-eNB’s from which it is most likely to have
interference. These values are sent back to the serving femto eNB and thus the femto eNB
collects the information about all the allocated sub-bands and thus will allocated a sub-band

which has not been used or the one on which it is experiencing the least interference.

If all the sub-bands are not used up by the neighboring eNB’s, then the non-overlapping
orthogonal sub-band is allocated to the H-UE by the serving femto base station. The Received

Signal Strength Indicator (RSSI) is used by the H-UE to determine the signal strength from
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various femto base stations. RSRP is a combination of Reference Signal Received Power
(RSRP) and Reference Signal Received Quality (RSRQ).

Highest interference means that the signal strength obtained by the neighboring H-eNB is very
strong, so instead of trying to mitigate it, using CoMP it can be converted to the user’s benefit,
thus jointly coordinating to provide high throughput to the H-UE. By using the above
mentioned technique, the same sub-channel is allocated to the UE from which he is
experiencing high interference; this mitigates the femto-femto interference to a large extent.
As mentioned earlier, the user is allocated an unused sub-channel if available, the throughput
of the user is maintained high in this case as he does not any interference from the neighboring
H-eNB’s. Though the H-UE is allocated a sub-channel, the H-UE continuously measures the
RSSI from the neighboring femtocells at various time intervals and these values are
simultaneously fed back to the serving H-eNB. This way the serving H-eNB allocates more
than 1 sub-carrier to the user, if the sub-carrier is not used by the neighboring cells, thus
bringing CA into place. CA is used only when more than 1 sub-carrier is available at the femto

base station’s disposal.

Table 3.1: Parameters for macro cell and femto cells deployment

Parameter value
Microcell Radius 250m
Femtocell Radius 20m-50m
Macro BS Power 46dBm
Femto BS Power 20dBm
Indoor Walls Loss 5dB
Bandwidth 20/100Mhz
Modulation Scheme 64QAM
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