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ABSTRACT

The big challenge at any cellular system is to keep providing
Coverage and quality of service. Femto-cells are used to
overcome the dead zones problem and an efficient way to
improve coverage. By using Cognitive Radio, spectral
efficiency can be provided too. In this paper, a Femto-cell
integrated over LTE Advanced (LTE-A) macro-cellular
system under the effect of the distance between the macro user
and the Femto-cell (R) on Signal-interference noise ratio
(SINR), Path-Loss (PL) and Throughput (THR) with changing
in bandwidth and the modulation technique are introduced
which is not clarified until now. Moreover, studying of how it
is important for the macro user to make handover at the

Femto-cell to keep in coverage area.

1. INTRODUCTION

LTE-A is the next step in the wireless network evolution, it
will enable higher than 1Gbps downlink bandwidth in
addition to the existing LTE services. The 3rd Generation
Partnership Project (3GPP) developed the following
capabilities for LTE-Advanced, Wider bandwidth support
Carrier aggregation up to 40MHz total band, and later
potentially up to 100 MHz, MIMO evolution up to 8x8 in
downlink and 4x4 in uplink Relay nodes for providing simple
transmission solution, Heterogeneous networks for optimized
interworking between cell layers including macro, micro, pico
and Femto-cells [1].

Femto-cells or short-range antennas are introduced lately for
indoor coverage extension, as it offers low power and low cost
due to reducing cell sizes and the coverage distance per cell,
Femto-cells can be used to overcome the dead zones to
enhance the coverage. It can cooperate with a macrocell using
the same band or different one [2].

Handover (HO) is one of the key procedures for ensuring that
the users move freely through the network while still being
connected and being offered quality of services. HO can be
done for many reasons as performance requirements (e.g.
Bandwidth), cost, worse signal quality or loss sign and power
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consumption. HO can be classified to Horizontal and Vertical
HO as shown in Figure 1.

Horizontal handover is made when a mobile terminal changes
its point of connection within the same type of network (e.g.
from a cell to another in GSM).

On the other hand, Vertical handover is considered when a
mobile terminal changes its point of connection in a different
type of network (e.g. from an access point in WiFi to a cell in
UMTS) [3].

Cognitive Radio (CR) is used to solve the problems of
spectrum inefficiency which CR provides the capability to use
or share the spectrum in an opportunistic manner.

Dynamic spectrum access techniques allow the cognitive
radio to operate in the best available channel, CR enables the
usages of temporally unused spectrum which is referred to as
spectrum hole or white space which is described in detail in [4
], The main functions for CR are introduced in [4],[5].

In this paper, studying the coverage and mobility in LTE-A
Femto-cell based on Cognitive Radio networks will be made.
This study depends on investigating the effect of distance
between macro user and Femto-cell on SINR, PL and THR
under changing the bandwidth and different modulation
techniques.

The rest of the paper is organized as follows, In Section 2, The
system model will be presented, its specifications and the
mathematical analysis used in it. In Section 3, the simulation
results will be done. Finally, conclusions will be made in
Section 4.

Fig 1: Horizontal and Vertical Handover.
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2. SYSTEM MODEL

The model simulates a Femto-cell integrated over LTE-A
macrocellular system [6] as shown in Figure 2. The effect of
the distance between the macro user and the Femto-cell on
Signal-interference noise ratio (SINR), Path- loss (PL) and
Throughput (THR) with changing the band-width and the
modulation technique will be presented. In our simulation, the
macro-user is considered as the secondary user and the
Femto-user as the primary one, simulation parameters are
illustrated at Table I.

2.1 Path Loss Model

Path-loss models describe the signal attenuation between a
transmit and a receive antenna as a function of the
propagation distance and other parameters like terrain
contours, environment. Path-loss between a macro base
station and user equipment (UE) [6] is calculated as follows:

PL(db)=15.3 + 37.6 log10 r (1)

Where r is the distance between the transmitter and the
receiver in meters. The path loss between a femto base station
and a UE is defined by the following Equation:

PL (db) = 38.46 + 37.6 log10 r + 0.7d2D.indoor +
18.3n((n+2)/(n+1)-0.46) + g* Liw 2

Where n is the number of penetrated floor, g is the number of
walls separating apartments between the femto base station
and the UE, and Liw is the penetration loss of the wall
separating apartments. Also, the term 0.7d2D,indoor takes
account of penetration loss due to walls inside an apartment
and is expressed in m.

2.2 SINR Estimation

SINR is Signal to Interference plus Noise Ratio commonly
used in wireless communication as a way to measure the
quality of wireless connections, The estimation of the
received SINR of a macro user m on subcarrier k, when the
macro user is interfered from neighboring macrocells and all
the adjacent Femto-cells, in our analysis is expressed by,

PM kaMk
SINR... — 3
K NAf+Z ’k+ZPF,ka‘F‘k ©
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where PM;k and PM’;k is transmit power of serving macro-
cell M and neighboring macrocell M’ on subcarrier k,
respectively. Gm;M;k is channel gain between macro user m
and serving macrocell M on subcarrier k. Channel gain from
neighboring macrocells are denoted by Gm;M’;k. Similarly,
PF;k is transmit power of neighboring femtocell F on
subcarrier k. Gm;F;k is channel gain between macro user m
and neighboring femtocell F on subcarrier k. NO is white

noise power spectral density, and Af is subcarrier spacing.
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In case of a femto user f on subcarrier k interfered by all
macrocells and adjacent femto-cells, the received SINR can be
similarly given by,

I:)F,kGf,F,k
NoAf + PuGric + 2P G, o
M F
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The channel gain G is affected by path-loss, it can be
expressed as [1]:

G=10-PL/10 )

LOOIAC I IEEE NI
I, I v
LA N
I £
74 O A
IIDDDDDDDDDDDII

IIDDDDDDDDDDDII
N 74
I [ '
R 74 I
I [ O
N 4 I

Fig 2: System Model.

Table I. System Parameters

Parameter Value
Macrocell Radius (Rm) 250 m
Femtocell Radius (Rf) 20m
Frequency 2GHZ
Macro BS Power 46 dBm
Femto BS Power 20 dBm
Outdoor Walls Loos 20dB
Indoor Walls Loss 5dB
Modulation Scheme 64QAM 16QAM QPSK
Bandwidth (MHZ) 20 | 15 | 10 | | 3 | 1.4
Subcarrier Spacing 15 KHZ
White noise Power density -174 dBm/Hz
Number of Macro-user 1
Number of Femto-user 1
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2.3 Throughput Calculation
The practical capacity of macro user m on subcarrier k can be
given by the following equation:

Cni=A.f logy(1+ & SINRp ) (6)

Where, & is a constant for target Bit Error Rate (BER), and
defined by & =-1.5/In (5BER). In this analysis BER is set to
10°.

3. SIMULATION RESULTS

As mentioned before the effect of R on SINR, PL and THR
with changing in bandwidth and modulation technique will be
studied as shown in the following figures.

We found that as the user comes closer to the Femto-cell, it
affects on him negatively, all Key Performance indicators
(KPIs) totally degraded and become without coverage till the
user handover on the Femto-cell, the KPlIs clearly improved.

Figure 3 (a, b and c) shows a simple LTE-A Macro cell
system using Band of 20 MHZ and 64- QAM as a modulation
technique. It shows the effect of the distance on SINR, THR
and PL, respectively. From this Figures, we can conclude that
as the user go away from the Macro BS, THR and SINR are
decreasing with distance, PL fluctuating with distance as
shown from points 1-5 of X-Axis. SINR and THR are affected
badly once the macro-user enters the Femto-cell coverage
(point 6), after making handover the improvement in the KPls
are clear at point 7.

In Figure 4, another band of 5SMHZ at QPSK is used. When
we compare between Fig.3 and Fig.4, we can conclude that

We get nearly the same results from both assumptions except
THR values are increased with using Band of 20 MHZ and
64-QAM.
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Fig 3: Relations between R and (SINR, THR and PL) at 20MHZ/64QAM
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Fig 4: Relations between R and (SINR, THR and PL) at SMHZ/QPSK

4. CONCLUSIONS

Femto-cells based on cognitive radio are an efficient way to
improve coverage and overcome the dead zones. The
objective of handover to achieve the mobility and keep
covered without degradation at the quality of service and
achieve user satisfaction. The effect of the distance between a
macro-user and a Femto-cell (R) on SINR, THR and PL with
changing the Bandwidth and the modulation technique was
investigated. Our results show the effect of the distance on the
macro user and its performance as its key performance
indicator are varied according to the distance between him and
the macro BS and the effect of the others interfering cells. We
can see the effect of BW and modulation technique order on
Throughput. As we use more BW and high modulation
technique, throughput increases too.
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