
 

Chapter 1 

Introduction 

 

Frequency spectrum scarcity has been a strong research motivation, collection of 

research has focused on developing methodologies to utilize frequency spectrum as much 

as it could be. In most cases, results shown that quarter of the spectrum is well utilized. To 

use spectrum effectively vertical spectrum sharing methodology was introduced called 

cognitive radio (CR) spectrum sensing. In this Secondary User (SU) is going to use the 

spectrum without disturbing the Primary User (PU) [1].  

The name cellular comes from the reality that the considered geographical areas are 

split into cells, at which BSs are deployed to provide the required communication for all 

the UEs. As each BS is equipped with at least one antenna to produce the wireless 

electromagnetic (EM) radiation, constitutes as cell and serves the UEs located under its 

coverage area. Only a small portion of the spectrum is allocated for cellular 

communications by the international organization for Telecommunication Union organized 

by government sector (ITU), thereby BSs need to use their radio resources as efficiently as 

possible to provide service for users in a more efficient manner [2]. In further research 

cellular region is divided into sectors based on user signal coverage area. 

Now a days entire communication is Wireless, in view of this mode of communication 

become the most exciting area in telecommunication and networking. The rapid usage or 

increase of mobile telephone use, various satellite services, and now the wireless Internet 

generating tremendous changes in telecommunication and networking. Mobile radio 

telephone service will be increased by arranging communication in cellular mode. Cellular 

region is divided into hexagonal shape so all the cellular regions will be covered without 

any missing area. And in Hexagonal shape the User Equipment (UE) at edges are equity 

distance from center of hexagonal having BS. With this traditional representation like 

shown in figure 1.1, signal coverage will be done for all location but, due to obstacles 

present in the region may lead to fading of signal so the RSRP value will be not as good. 

Due to this bad RSRP value, the subscribers of network will not have good QoE (Quality 

of Experience). To maintain good RSRP increasing microcell region is not good idea, and 

its very cost effective. Due to this issue a small antenna call FEMTO are arranged to 



 

increase the signal quality, its demanded to full fill the needs of users [3]. Each FEMTO 

region called as FEMTO CELL, and it is used in home or small business locations.  

 

 

Figure 1.1: Cellular region in HEXAGONAL shape. 

1.1 Introduction to Cellular Network 

 

Cellular network uses wireless mode of communication between users in the cell 

region. Signal coverage will be done to the entire land area with BTS which are arranged 

as CELLs. In cellular region the UE can communicate with voice, text or any mode of 

communication will be happened. Each cell having its frequency range which is differ from 

neighbor cell. Cell region will support more movable UE like mobiles, tabs, and laptops 

etc. Frequency used in one region can be used in other geographical area without having 

cross over between cell regions. It may lead to solution as instead of having on large 

transmitter, small more transmitters can be arranged which will cover entire region with 

same frequency spectrum by having reusability concept. 

 

 

 



 

1.1.1 Signal coverage with BTS (Base Transceiver Station) 

 

  In GSM technology used in 3G communication mechanism entire architecture is 

divided in to three parts like Mobile Station (MS), Base station Subsystem (BSS) and 

Network Switching Subsystem (NSS) as shown in below Figure 1.2. Radio link will be 

controlled by the central device BSS which are used by MS. Multiple BTS are controlled 

with the help of BSS. Mobile Switching Center (MSC) will control the BSS. User will 

connect to directly to BTS, each MS is having the Subscriber Identity Module (SIM card) 

which is used to connect with network, usage of services and mobility of the user [4].  

 

 

Figure 1.2: Network Architecture Overview 

BTS is having so many transceivers with these multiple devices are controlled which are 

using different levels of frequency provided by the spectrum allocation team. It is having 

some control of focused area access with that device under that cell region will be served. 

Basic functions of BTS are provide signal Coverage, signal processing and data transfer. 



 

Initially radio network is assigned to some geographical area technically mentioned as 

cells. Users available in this cell region are handled by BTS.  

Main things of an LTE base station 

Base Band Unit (BBU): It is working as converting high frequency to low frequency band. 

And it will take care about processing of data and signal handling. And it will decide 

capacity of the system. 

Radio Part: It will take care about conversion of digital data to RF signal and vice versa. 

Main process is it will take care about Filtering and amplification of RF signal. Based on 

all these points coverage of the designed network model will be decided.  

Antenna: This part is very crucial, and it will look into considering value about the 

transmission and receiving of RF signal and shape of the coverage i.e. signal coverage will 

be measured with antenna capacity. 

 

1.1.2 FEMTOCELL 

 

 Femtocell is a represented in size point of view as small antenna used in 

communication to provide signal to regions where the signal coverage is not propagated to 

location by BTS (Base Transceiver Station). Present days maximum calls and data rate are 

inside the building i.e., home region locations, it is technically said 70% to 90% coverage 

is in inside of buildings [5]. Actual BTS like cell location antennas power is more or great 

value then the signal strength will be improved then the Indore signal strength will be 

increased finally. But due to this health problems will come due high radiations and 

environment problems will occur. To avoid this type of problems a small base station in 

terms of size can be arranged in home location to give good signal quality, that small 

transceiver base station is called femtocell. Femtocell called as small antenna will connect 

to Cell region antenna with DSL (Digital Subscriber Line). Femtocell works like cellular 

base station, but it will work with low low-power and its size also very less. Now a days to 

the FEMTOCELL eight mobile equipment’s can be connected. These devices may be any 

type of UE (User Equipment) and it will vary from version to version. In latest version the 

number of UE are connected by provider at user location are 8 to 16 and all these can use 

the geographically same network speed and signal coverage.  



 

 

Figure 1.3: FEMTOCELL arrangement 

 Figure 1.3 is about femtocell arrangement in home region. With the arrangement of 

femtocell signal coverage will be increased in home region where the cell coverage not 

done properly. The observation of femtocell arrangement the High-definition television 

(HDTV) is arranged to maintain the motion pictures [6]. With this we can estimate the UE 

mobility located at home places. GPS is communication technology used be used for device 

communication, it can be varied based the cellular communication which can be used in 

the current region. Entire region will get signal communication coverage by using the 

microcell which is main communication antenna in cellular region. Femtocell arrangement 

can be done based on user choice to get signal coverage in home location. Entire work is 

about the if user is moving from microcell region to femtocell region how connection can 

be maintained without call drop. The best handoff algorithm is utilized to keep up with the 

sign inclusion in cell region change by the user.  

 

1.1.3 RSRP value calculation 

 

 RSRP implies Received Signal Reference Power it is having very important value to 

tell the signal quality of user equipment in cellular region. When user move from one cell 

region to other cell located region, channel selection can be done very affectively if it is 

with good handoff mechanism by using RSRP value. In present networking technology 

like LTE and LTE advanced whenever the moving UE will not be in one location so it will 

move between cells, will calculate two parameters RSRP and RSRQ (Reference signal 

received quality). 



 

Femtocells called small antenna can be arranged in MACRO cellular region based 

on client person devices called UE RSRP value. Below Table 1.1 indicating Radio 

Frequency conditions at different conditions based on RSRP, RSRQ and SINR.  

 RSRP (dBm) RSRQ (dB) SINR (dB) 

R
F

 C
o
n
d
it

io
n
s Excellent >=-80 >=-10 >=20 

Good -8- to -90 -10 to -15 13 to 20 

Mid Cell -90 to -100 -15 to -20 0 to 13 

Cell Edge <=-100 <-20 <=0 

 

Table 1.1: Radio Frequency conditions 

 

 

RSRP(dBm) Bars 

≤ -115  

-105 to -114  

-95 to -104  

>-95  

 

Table 1.2: RSRP values behavior and signal strength 

 Based on table1.1 and table 1.2 values if UE is having RSRP value is more than or 

equal to -80 dBm then signal quality is excellent. It will range as shown in table1.1. It can 

be measured as device is in cell edge if the RSRP value is <=-100. 

 RSRQ (Reference Signal Received Quality) will depend on RSSI (Received signal 

Strength Indicator) this RSSI value is measured as signal quality received with N number 

of channel slots measured with OFDMA technology.  

RSRQ=(N*RSRP)/RSSI 

N: Number of Resource blocks 

In Narrowband condition N value is measured with 62 sub carriers is equal to 6 user blocks 

In Wideband condition N value is measured with free slots like 100 resource blocks at 20 

MHZ. 



 

1.2 Motivation 

 

 Frequency spectrum scarcity has been a strong research motivation because in present 

cellular communication spectrum allocation is major issue. Some cases spectrum is utilized 

fully and in other cases spectrum is not utilized properly because of the network user 

uncertain usage of spectrum in different timing. To make perfect usage of spectrum good 

channel allocation mechanism to be used.  

 To use spectrum channel fully the channel reusability can be achieved by having 

entire cell region into small hexagonal cell parts. Reason to select shape of cell region as 

hexagonal is with that entire geographical area of cellular region can be covered. But signal 

coverage is not happening to each corner of cell region due to few obstacles in cell region 

or due to reduce of strength of signal. Due to this call drops are occurring, to reduce this 

issue Femtocells are arranged based on user requirement.  

 After having Femtocell’s signal coverage is increased but the handoff mechanisms 

are not addressed properly. This is one strong motivation point to propose good channel 

allocation method to perform good hand off to user moving between microcell to femtocell 

vice versa. The growth of the wireless communication market over the last fifteen years 

was raised so much, the user is most dependent and linked with the internet. Due to the 

obstacles present in this solid cement structured building of cities the signal may not be 

propagated to every corner of the antenna cell positions. So, the small base transceiver 

stations are arranged to get over from those problems called as FEMTOCELL. This survey 

is to investigate in handoff, resource allocation for FEMTOCELL user, Reduce load on 

cellular network. 

 The main purpose of having Femtocell is to give good service to user and closer to 

cellular signal [7], femtocell which is very small in size and also it is very less in cost, and 

it will take very less power in terms of power consumption also very less to work. 

Difficulties with macro cell is to cover indoor places, this can be overcome with femtocell. 

With this 50% voice calls and 70% data calls which are generated at indoor places can be 

solved. More ever switching of mobile user from one location of cell position to another 

region will have a handoff problem and it will be addressed with good handoff 

mechanisms.    



 

1.3 Literature survey 

 

 Based on below literature survey done in cellular network which are using LTE 

technology, GSM technology or VOLTE technology all communication network divided 

into small cells called as cell locations and call as regions. Each cell position also 

mentioned as region will get signal from base transceiver station it will be partitioned into 

microcells to provide good communication. Still the research articles are telling good 

communication with QoS (Quality of Service) is not achieved by the existing mechanisms. 

Quality of Experience (QoE) achieving is main gap which we understood with following 

survey. Table consisting of year of publication, article title, article overview what authors 

did to make good communication achievement and research methods we noted because, if 

we have previous implementation methods. Those can be very useful for future experiment 

setup. 

 

Year Title Overview Research Method 

2015 Resource Allocation 

for Cognitive Radio-

Enabled Femtocell 

Networks with 

Imperfect Spectrum 

Sensing and Channel 

Uncertainty 

two-tier Orthogonal 

Frequency Division 

Multiplexing Access 

(OFDM) 

Power allocation 

method. 

2015 A Mobility Prediction 

Scheme of LTE/LTE-A 

Femtocells under 

Different Velocity 

Scenarios. 

eNB-evolved Node BS 

is addressed. But SeNB 

(small) to macro cell is 

not addressed. 

Path Loss method. 

PL= calculated 

based on distance 

from BS 



 

2015 Resource Allocation 

for Cognitive Radio-

Enabled Femtocell 

Networks with 

Imperfect Spectrum 

Sensing and Channel 

Uncertainty. 

In perfect spectrum 

sensing UE will get 

channel for 

communication. 

Subchannel 

allocation 

methodology.  

2016 Demystify Undesired 

Handoff in Cellular 

Networks. 

Distributed hand off 

process is used to avoid 

call drop. Hard 

handoff- break before 

make. soft 

handoff- make before 

break. 

Network side 

approach. 

Centralized control  

2013 Mobile Controlled 

Handoff by using 

Dynamic Channel 

Assignment. 

Ongoing call in 

macrocell is addressed. 

CELL wrapping 

method. Addressing 

infinite network 

using finite model. 

2016 Virtual Soft-Handoff 

for Cellular 

Heterogeneous 

Networks  

soft handoff- make 

before break. 

Virtual Soft-

Handoff 

2016 Interference-Limited 

Resource Optimization 

in Cognitive 

Femtocells with 

Fairness and Imperfect 

Spectrum Sensing 

resource allocation 

scheme for orthogonal 

frequency division 

multiple access 

(OFDMA). Multiple 

access is achieved.  

Brute force method. 



 

2017 A Comprehensive 

Study of Spectrum 

Sensing Techniques in 

Cognitive Radio 

Networks. 

Frequency domain 

approach (Direct 

method): Depending 

directly on the signal in 

the estimation.  

Time domain approach 

(Indirect method): using 

autocorrelation of the 

signal in the estimation.  

False alarm 

 

 

1.4  Problem Statement  

 

 The remote standards system, strategy and innovations assume an indispensable part 

in our everyday life. The end clients are anticipating greater Quality of Experience (QOE) 

instead of the Quality of Service (QOS). To provide full signal coverage, the whole cell 

network inclusion is divided into small cells. A FEMTOCELL arrangement is done based 

on RSRP value calculation wherever signal quality is less. This FEMTOCELL will give 

good signal quality, in places where signal is not propagated by regular BS which is macro 

cell region.  Now if more cellular regions in network, then switching of UE should be done 

without call drop. To achieve this good hand off method is proposed with best channel 

selection method. 

 

1.5  Goal and Objectives 

 

1. To propose the Prediction scheme for UE to have good signal coverage in MACRO 

cell for moving UE and providing full signal coverage with FEMTO cell. RSRP 

value calculation of UE for signal strength. (Implemented in paper 1) 



 

2. To Provide a handoff method in composite network i.e., with FEMTO cell 

arrangement the RSRP value is increased, but handoff to be done between 

composite networks. (Implemented in paper2) 

3. To provide the channel allocation to the newly entered UE into the FEMTOCELL. 

(Implemented in paper3) 

 

1.6 Research Methodology  

 

The model shows a FEMTO-CELL is placed over LTE-A and VOLTE MACRO CELL 

system as shown in Figure 1.4. By placing FEMTO CELL signal coverage will be 

increased and hand off problem will be addressed in proposed algorithm. While installing 

FEMTO CELL parameters considered are Signal-interference noise ratio (SINR), path loss 

(PL) and throughput (THR) are not disturbed. In FEMTO region FU (FEMTO USER) 

considered as main user and Big or Macro cell user considered as not prime person as SU. 

Design parameters are considered are illustrated at Table 1.4. 

 

Figure 1.4: System Model 

 

 

 



 

Parameter Value 

Macro Cell Radius (Rm) 250 m 

FEMTO Cell Radius (Fm) 20 m 

Frequency 2 GHZ 

Macro BS power 46 dBm 

FEMTO BS power 20 dBm 

Outdoor walls Loos 20 dB 

Indoor walls Loos 5 dB 

 

Table 1.3: system parameters. 

 

 Table 1.3 system parameters are considered with 2GHZ frequency which is free 

available spectrum signal range. 

 

 

1.7  Thesis organization 

 

 The work which we did for better signal communication is mentioned with research 

work done by having good handoff mechanism. The chapters 3, 4, 5 and 6 will have our 

object contribution works. Each chapter having conclusion and limitation of work. 

Conclusion is having feature scope of entire work and limitations. 

Chapter 2: In this chapter signal coverage in cell region was calculated with RSRP value 

measurements and based on this channel allocation mechanism for User Equipment will 

be done with cognitive feature added to femtocell. 

Chapter 3: In the chapter 3 signal coverage in macro cell region can be improved with 

femtocell arrangement by placing in proper place. And recommendation on number of 

users can connect to femtocell region with present micro cell region behavior. 

Chapter 4: In this chapter handoff mechanism between cell regions will be addressed 

without call drop to the user equipment.  



 

Chapter 5: In this chapter good channel allocation method will be referenced with that 

spectrum usage will be done very effectively and this channel allocation can be very useful 

to achieve good hand off between macro cells to femtocell, femtocell to femtocell. 

Chapter 6: In this chapter a good Quality of Experience (QoE) achieving process with good 

Service with femtocell arrangement by having good handoff mechanism with good channel 

selection process between cell regions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


