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Abstract

In large cities, the coverage and quality of telecommunication services inside buildings is low and needs more effort
for its improvement. Signal attenuators like number of walls, number of floors and others affect the quality of received
signal. Therefore, femtocells are used for improving the poor performance of network inside buildings and other dead
zone areas. The aim of this work is to compare the received signal strength of femtocell with rectangular and circular
microstrip patch antenna designed at 2.55 GHz. This work considers the received signal strength of femtocell with the
designed rectangular and circular microstrip patch antennas. The performance analysis uses Multi Wall Multi Floor
indoor propagation model. The result showed that the total gain of rectangular and circular microstrip patch antenna
are 3.6528 dB and 2.924 dB, respectively. The received signal strength of femtocell with rectangular microstrip patch
antenna is larger than that of circular microstrip patch antenna designed at the same frequency. The effect of number of
walls and floors on the received signal strength of femtocell is also clearly indicated. Generally, it is found that much
higher received signal strength is observed in rectangular microstrip patch antenna than in circular one. The outcome of
this work shows that femtocells are capable of enhancing signal quality for indoor users.

Keywords
femtocell, gain, microstrip patch antenna, received signal strength

Acknowledgement
I would like to thank technical professionals of Ethio-telecom for their motivation and supports. I also express my
greatest gratitude to my professional friends who are academic staffs in higher institutions.

For citation: Dejene H. Study on received signal strength of femtocell with circular and rectangular microstrip patch
antenna designed at 2.55 GHz. Scientific and Technical Journal of Information Technologies, Mechanics and Optics,
2022, vol. 22, no. 2, pp. 348-354. doi: 10.17586/2226-1494-2022-22-2-348-354

VK 621.396

HccnenoBanue ypoBHSI IPMHUMAEMOI0 CUTHAJIA (PEMTOCOTHI C KPYIJIOi
U NPSIMOYT0JIbHOI MUKPOIMOJ0CKOBOH aHTEeHHOM 1Jis1 4acToThl 2,55 I'T'n
Xypucca Jexen =<

Vuusepcuter XaBacca Texnonoruueckoro Mucturtyra, XaBacca, Dduonus
dejcomh11@gmail.com®, dejeneh@hu.edu.et™, https://orcid.org/0000-0001-8532-8416

AHHOTaNMA

B ycnoBusix 60IbLIMX FOPOJIOB OXBAT U KA4E€CTBO TEICKOMMYHHUKALMOHHBIX YCIIYT BHYTPH 3/1aHUH HU3KHE, U TPEOYIOTCSI
JIOTIOTHUTEbHBIE YCHIINS IJISl UX YIydlleHHs. ATTEHI0aTOPbI CUTHAJIA, TAKHe KaK CTEHbI, MEKATaKHbIE MEPEKPBITHS
1 IpyTrHe NPEmATCTBUS, BIUAIOT HA KAaYE€CTBO MPHHUMAEMOTO CUrHana. GeMTOCOTHI HCHONB3YIOTCS Ul yTydIIeHHs
HU3KOH MPOM3BOAUTEILHOCTH CETH BHYTPH 3/IaHUH U B APYTHUX MEPTBBIX 30HaX. BBINOIHEHO cpaBHEHHE MOITHOCTH 1
YPOBHSI IPHHSTOTO CHTHaJIa (PeMTOCOTHI C TIPSIMOYTOIBHON U KPYIIIOi MUKPOIOJIOCKOBOH TaT4-aHTCHHON, paCCIUTAHHOM
Ha yactoty 2,55 I'T'u. IIpu ananuse npou3BOAUTEIBHOCTU IPUMEHEHA MOJCIIb PACIIPOCTPAHEHUS BHYTPU IIOMELICHU
C HECKOJIBKUMU CTE€HaMU U 3TakaMu. Pe3ynbTar mokasai, 4To CyMMapHOE YCHICHHE MPSIMOYTOJIbHON U KPYIIIOH
MHUKPOIIOJIOCKOBBIX aHTeHH coctaBiser 3,6528 nb u 2,924 nb. [lokazaHo BiMsSHME KOJUYECTBA CTCH U dTa)XKEH Ha
YPOBEHb IPUHMMAEMOro curHana ¢gpeMTocotsl. [lonyueHHbIe pe3yabTaThl paboThl HOATBEPAHIN, YTO (EMTOCOTHI
CIOCOOHBI YITyUIIUTh KAUECTBO CUTHAJIA AT TOb30BaTeIel BHYTPH TOMEIIEHHH.
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KiioueBble cjioBa

q)CMTOCOTa, YCHUJICHHUE, MUKPOIIOJIOCKOBAA MaTY-aHTCHHA, YPOBEHb IPUHUMAEMOI0 CUTHaIa
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HHGOPMAIMOHHBIX TEXHOJIOTHH, MeXaHuKn u onTuku. 2022. T. 22, Ne 2. C. 348-354 (ma anru. s3.). doi:
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Introduction

Femtocell is a low-power cellular base station, typically
designed with small size for utilization in a building, home
or small business. A general idea which is more universal
in the industry is called small cell, with femtocell as one
element. It relates up to the facility network via broadband,;
modern model naturally helps 4 to 8 concurrently active
phones in a domestic place based on femtocell hardware,
and 8 to 16 mobile phones in enterprise situations [1].
Femtocells give advantage to operators and subscribers.
For a mobile operator, the necessity of a femtocell is
enhancements to coverage, and capacity for indoor users.
Coverage is optimized since femtocells can fill the voids
and reduce loss of signal through buildings. Capacity is
enhanced by a decrease in the number of phones trying to
use the main network cells and by the off-loading of traffic
[2]. The performance of femtocell depends on different
antenna types. Antenna is one element of communication
system that can send or accept information. There are
diverse types of antennas needed in numerous scenarios.
Some of them are: dipole antenna, yagi uda antenna,
array antenna and printed antenna. Among these, printed
antennas are fabricated using photolithography technique.
The most common form of the printed antenna is microstrip
antenna. There are three types of microstrip antennas:
Microstrip patch antenna, Microstrip slot/travelling antenna
and Printed dipole antenna. Among the above three kinds,
microstrip patch antenna can have any shape. Microstrip
antenna is regularly rectangular or circular in shape.
The greatest significant thing in antenna design is to choose
the suitable substrate material [3, 4]. The relative study
of rectangular and circular microstrip patch antenna on the
received signal strength of femtocell is done in this paper.
After that, the performances of these antennas on the
received signal strength of femtocell are analyzed.

Materials and Method

Design of Rectangular Microstrip Patch Antenna
at 2.55 GHz

The design of this antenna requires substrate material,
ground plane, patch, feed line and excitation port. FR-4
(flame retardant) — epoxy is the substrate used for this
design. It is the most commonly used substrate having
considerable mechanical strength and electrical insulating
abilities. These properties enable it for wide variety of
applications. The other very important material is copper
which is used for patch, feeder and ground plane in this
design. Dimension of ground plane and substrate is 0.05 m

by 0.05 m. Substrate has a thickness of 0.00144 m and
thickness of patch and ground plane is 0.00005 m. Once
the position in 3D, x-size, y-size and z-size of substrate,
ground plane, patch, feedline and port assignment are
obtained, rectangular microstrip patch antenna is designed
with specified frequency. Finally, radiation boundary
is created in order to handle E-field and H-field of the
radiation. In order to determine the width and length of
rectangular patch, the following equations are used: for
given frequency and dielectric constant, the patch width is
given by [5] as

C
W=

E+1
2F |
2

where W is patch width, m; C is speed of light, m/s; F'is the
frequency, GHz; E, is the dielectric constant. The effective
dielectric constant of the microstrip transmission line is
also given by [6].
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The actual length of the patch is given by [7] as
C
2fe,

where E g is effective dielectric constant; AL is the
extension of the patch length given by Hammers tad [8] as

L=

AL,

w
(e, + 0.3)(; + 0.264)
AL =0.412h :
W
(6~ 0.258)(; + 0.8)

where W is patch width, m; ¢, is the dielectric constant
and / is the height of the patch. Accordingly, the width
and length of the patch is 0.035798 m and 0.027748 m,
respectively at 2.55 GHz frequency and 4.4 dielectric
constant. The antenna is designed on HFSS software and
it looks like as in Fig. 1. The coordinate system is global
coordinate and consists of global axes: XY: 0 mm 0 mm 1
mm, XZ: 0 mm 1 mm O mm and YZ: 1 mm 0 mm 0 mm.

Design of Circular Microstrip Patch Antenna at
2.55 GHz

For designing this antenna, the same materials and
dimensions for rectangular microstrip patch antenna
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0 5 30 mm
Fig. 1. Rectangular microstrip patch antenna designed
at 2.55 GHz

under Table 1 are used, except the patch shape and its
dimension. In order to determine the radius of circular
patch, the following equation is used. The radius of circular
microstrip patch antenna is given in [9] as

0 15 30 mm

Fig. 2. Circular microstrip patch antenna designed at 2.55 GHz

microstrip patch antenna at 2.55 GHz are used for
manipulation of femtocell received signal power. The
path loss of femtocell is expressed in dB and depends on
distance, the line of sight clearance between the receiving

Ja and transmitting antenna and antenna height. Simulation is
a= done to identify the best indoor path loss model. According
/(1 . 2h ln(i) 1 7726]) to the results from the simulation, MWMF (Multi Wall
ne, F 2% : Multi Floor) has low path loss as compared to other models.
8.791-10° Asa r@sult, it is selected for femtocell indoor. propagation
where F is calculated by the equation T and ¢, analysis. The MWMF path loss is expressed in [10] as
‘Ne,
is the dielectric constant of a substrate; / is the substrate I ki J kg
thickness, m; a is the radius of the patch, m; and f, is Lypwnr = Lo + 10nlog(d) + 21 EleikJr le ElLﬁka
i=l k= J=lk=

the resonant frequency, GHz. Accordingly, the radius of
this patch is 0.01444 m at 2.55 GHz, and 4.4 is taken for
dielectric constant. The antenna is designed using HFSS
software and it looks like as in Fig. 2. The coordinate
system is global coordinate and consists of global axes:
XY:0mm O mm 1 mm, XZ: 0 mm 1 mm 0 mm, and YZ:
I mm 0 mm 0 mm.

Received Signal Strength of Femtocell

Once the design of rectangular and circular microstrip
patch antennas at 2.55 GHz are done, then the calculation
involving received signal strength of femtocell follows
it. The total gains obtained from rectangular and circular

where L, is calculated by L, = 2010g(471t ); n is the power
decay index; d is the distance, m; / is the number of wall
categories; J is the number of floor categories; &, is the
number of traversed walls; kﬁ is the number of traversed
floors; L,,; is the loss of k' wall traversed, dB; and Lﬁk
is the loss of k™ floor traversed, dB. Many performance
parameters related to femtocell are measured in decibels;
for instance, signal strength is often specified in decibels.
For determining received signal strength of femtocell
gain, frequency and distance of transmitting and receiving
antenna are considered. The mathematical equation used

Table 1. Parameters of circular and rectangular microstrip patch antenna

Parameters Circular Microstrip Patch Antenna Rectangular Microstrip Patch Antenna
Frequency, GHz 2.55 2.55
Radius of the patch, m 0.0014444 —
Length of the patch, m — 0.027748
Width of the patch, m — 0.035798
Substrate type FR4-epoxy (g, 4-4) FR4-epoxy (g, 4-4)
Substrate thickness, m 0.0014 0.0014
Feeder type Microstrip line Microstrip line
Ground plane, m 0.05 x 0.05 0.05 % 0.05
Exitation Lumped port Lumped port
Radiation boundary, m 0.1 x0.1 0.1 x0.1
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to determine the received signal strength of femtocell is
givenin [11] as
_ PGG,
" path loss’

where P, is the received power, dB; P, is the transmitted
power, dB; G, is the gain of transmitting antenna, dB; and
G,. 1s the gain of receiving antenna, dB. The study identifies
the best antenna type for femtocell based on the received
signal strength.

Results and Discussions

Basic Antenna Parameters of the Design

This work compares the received signal strength of
femtocell with rectangular and circular microstrip patch
antenna designed at 2.55 GHz. The design of both antennas
is done with HFSS simulator. Basically, ANSYS HFSS
software is used to design Rectangular and Triangular
Microstrip Patch Antennas. The gains of the designed
antennas are used in calculating the received signal strength
of femtocell. For calculating (plotting) the received signal
strength of femtocell, MATLAB is used in this work. The
proposed rectangular and circular microstrip patch antenna
is designed according to the dimensions detailed in Table 1.
To study their effect on received femtocell strength, the
performances of these antennas at 2.55 GHz are plotted.
The dimensions of substrates, ground planes, patches, and
feeders and excitation ports are obtained from empirical

dB(S(1, 1))

a
XY Plot 1 A
0.00 .
,5_0()5 m m
710.00—5 o e S
1 | HFSSDesighl \
4-|- Curve Info |
1| dB(S(1, 1) [
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c
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-9.33
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-19.43

equations; they are put in Table 1. The performance analysis
of these antennas is done with basic parameters. The most
significant parameters of an antenna structure are reflection
coefficient (S11), Radiation pattern, gain, and others. The
reflection coefficient, total gain and radiation pattern of
rectangular microstrip patch antenna are plotted and shown
in Fig. 3, respectively. For this antenna, the value of S11
is found about —8.354 dB at the resonant frequency of
2.55 GHz. The gain of the proposed rectangular patch
antenna is found to be around 3.6528 dB for the far field
pattern. For circular microstrip patch antenna, the reflection
coefficient, total gain and radiation pattern are plotted and
shown in Fig. 4, respectively. For this antenna, the value
of S11 is found to be about —0.994 dB at the resonant
frequency of 2.55 GHz. The gain of the proposed circular
patch antenna is found to be around 2.924 dB for the far
field pattern. Generally, from the simulation results, it is
found that the characteristics of rectangular microstrip
patch antenna are better than that of circular microstrip
patch antenna. Specifically, it is shown that much higher
gain is observed in the rectangular microstrip patch antenna
for the specified frequency.

Radio Link Operation between Macrocell
and Femtocell Base station

The radio link operation between the macrocell and
femtocell base station are dependent on channel allocation,
interference management, handover, femtocell deployment

Radiation Pattem 1

HFSSDesighl
Curve Info
— dB(S(1, 1))
Setupl: LastAdaptive
Freq = 2.55 GHz Phi =90 deg

“* Phi

Fig. 3. Reflection coefficient S11 (a), radiation pattern (b) and total gain (¢) of rectangular microstrip patch antenna
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Fig. 4. Reflection coefficient S11 (a), radiation pattern () and total gain (c) of circular microstrip patch antenna

and more. Channel allocation is very important and there
are two kinds that can be used in heterogeneous networks.
These are co-channel and adjacent channel allocation. In
co-channel allocation, the channels are shared among the
macro and femtocell’s users. The channels to the femtocell
and macro users are allocated based on the channel states
experienced by each user for each channel. These pre-
computations of channel states are done in radio resource
management. These computations are sent to all femtocells.
For the user whose channel state is more, the channel
is allocated to it. It promotes frequency reuse principle
however interference is high, but can be controlled with
power management. In adjacent channel allocation, the
channels are not shared among the femto and macro cells
as well as among the femto and macro users. Co-channel
allocation mechanism is used for this work. The other
important parameter is interference management and it is
a fundamental interference scenario between macro and
femto cells as well as between femtocells might be because
of channel allocation, power difference and femtocell
access methods. But there are a number of interference
mitigation methods that can provide good performances.
Power control mechanism is one of the best solutions for
managing interferences. The self-optimizing of femtocell
manages these problems.

The other parameter is handover and it is a technique
to ensure that seamless coverage is perceived by the user
when moving from place to place. It is more challenging
than normal macro cell cellular handover technique. This

is because of the backhaul network is different and little
possibility of direct communication between the femtocells
and the macro cell. The base station with the highest
signal to interference plus noise ratio will be chosen. The
threshold time interval (7) for handover is set 0 when the
registered users move from macro cell to the femtocells.
If it is not registered users, the threshold stay time may be
10 s or 20 s depending on the speed. The velocity of the
user equipment can be set as low speed between 0—15 km/h,
medium speed between 15-30 km/h, or high speed above
30 km/h. In addition to the mentioned parameters, femtocell
deployment is also vital. Based on different needs, different
amounts of resources may be required on different time
scales. To feel these needs, femtocells are developed for
residential, enterprise and outdoor use for public access
deployment. The intended deployment area for this work
is enterprise and residential. Access Control Modes: a
basic choice in femtocell deployments is the set of users
which are allowed to access each femtocell. Closed access
restricts the set to specifically registered users, while open
access allows any mobile subscriber. There are a lot of
performance metrices to study the radio link between
macrocell and femtocell.

Received Signal Strength of Femtocell

The based on the path losses have been calculated,
the corresponding received strength of femtocell for
rectangular and circular microstrip patch antenna are
indicated on Fig. 5. As the path loss increases, the received
signal strength decreases. This is due to multiple reflection
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of signal with structures of the building. It is indicated on
the graph that femtocell users have good received signal
level in the part of building near around the femtocells.
The results show that it is necessary to install femtocells
in buildings under long term evolution. Fig. 5, a shows
the received signal strength of femtocell using rectangular
and circular microstrip patch antenna for one number of
wall and one number of floor. Fig. 5, b indicates received
signal strength of femtocell using rectangular and circular
microstrip patch antenna for one number of wall and
five numbers of floors. Fig. 5, ¢ indicates received signal
strength of femtocell using rectangular and circular
microstrip patch antenna for five numbers of walls and one
number of floor. Generally, it is possible to determine the
received signal strength for arbitrary number of walls and

floors. The graphs show that as the number of walls and
floors increase, the loss increases too. The increases in loss
leads to decrease in received signal strength of femtocell.
The Received Signal Strength Indicator (RSSI) of mobile
network shows the signal quality of received signal. It is
a negative value and the closer it to 0, the stronger the
signal. The result from Fig. 5 shows that the calculated
RSSI values of femtocell are within the allowable range of
communication. The recommended mobile signal strength
for LTE (Long-Term Evolution) is shown in the Table 2. If
the RSSI of femtocell is larger than that of LTE (—65 dBm),
the handoff will occur to femtocell. The result obtained are
within the allowable date rate of femtocells according to the
data from mobile signal strength recommendation.

Table 2. Mobile signal strength recommendation [12]

RSSI Signal Strength Description
Greater than —65 dBm Excellent Strong signal with minimum data speeds
Between —65 dBm and —75 dBm Good Strong signal with good minimum data speeds
Between —75 dBm and -85 dBm Fair Fair but useful fast and reliable data speeds may be attained but
marginal data with drop-outs is possible
-85 dBm and 95 dBm Poor Performance will drop drastically
Less than or equal to —95 dBm No Signal disconnection
-12 e —20 b

= With Restangular Microstrip Patch Antenna

= With Circular Microstrip Patch Antenna

L
=)
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|
\*]
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= With Restangular Microstrip Patch Antenna |
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Fig. 5. The level of the received femtocell signal for both rectangular and circular microstrip patch antenna, designed for 2.55 GHz,
taking into account the number of: walls = 1 and floors = 1 (a), walls = 1 and floors = 5 (b), walls =5 and floors = 1 (¢)

Hay4HO-TexXHU4eCcKuii BECTHUK MHDOPMALIMOHHbLIX TEXHONOM A, MEXaHUKK 1 onTukun, 2022, Tom 22, N2 2
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 2

353



Study on received signal strength of femtocell with circular...

Conclusion

In telecommunication, one of the major factors for
network problem is path loss between transmitter and
receiver. Among the many solutions, femtocell is one of
the most important methods which improves network
performances inside buildings and dead zone areas. This
work analyzes received signal strength of femtocell
deployed inside buildings which is one of performance
indicator. This research finds received signal strength of
femtocell by designing rectangular and circular microstrip
patch antennas at 2.55 GHz on HFSS software. Various
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parameters like reflection coefficient S11, radiation pattern
and gain of both antennas are analyzed. Accordingly,
reflection coefficient, total gain, and radiation pattern of
rectangular microstrip patch antenna are better than that of
circular antenna. With the help of calculated antennas gain,
the received signal strength of femtocell is manipulated.
The results reveal that the received signal strength of
femtocell is better when rectangular microstrip patch
antenna is used compared to circular antenna. Generally
results show that the obtained values in this work are
observed to be in agreement with theoretical concepts.
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