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Abstract — In the 4G Network on the cellular system, the possibility of high traffic increase is a big problem for users, the
proposed solution is to reduce the possibility of full traffic and decrease the quality of the cellular system by dividing the
frequency channel into several parts. The purpose of this paper is to study the effect of network optimization on the value
of Key Performance Indicator (KPI) in the LTE 1800 and LTE 2100 bands. KPI values, In the LTE 1800 and LTE 2100
bands tested using the drive test method using the Telkomsel sim card provider, the results show that the LTE 2100 band
on the TML 013 site has a very high CSSR number compared to the band LTE 1800 which is 99.73% after optimization.
The results showed that the LTE band 2100 is better than the LTE band 1800 in terms of KPI Summary.
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I. INTRODUCTION

The fourth generation (4G) wireless network
offers much faster internet speeds than the previous
generation (3G). This fourth generation cellular
communication system generally uses Long Term
Evolution (LTE) technology as the engine. 4G can
provide a comprehensive IP solution where voice, data
and traffic can reach users anytime and anywhere,
at a higher data rate than previous generations [1].
4G is also a fully integrated IP based system. This
will be achieved once wired and wireless technologies
are convertible and capable of delivering speeds of
100Mb/s and 1Gb/s both indoors and outdoors with
premium quality and high security [2].

The 4G technology in Indonesia includes: LTE,
LTE Advanced and WiMax. With the recent increase
in interest in data-inspired communications and
multimedia services, caused by the increase in smarter
end-user devices and the search for interaction among
many things; heralded by IoT, the development

of 4G networks continues to be developed. Even
already starting to implement modern communication
infrastructure (5G) has become more challenging [3]–
[5]. In Indonesia itself, LTE technology is widely
used on 4G networks, especially Telkomsel providers.
LTE is a name given to a project of the Third
Generation Partnership Project (3GPP). LTE is a
development of Universal Mobile Telecommunication
System (UMTS) and High Speed Downlink Packet
Access (HSDPA) technology where LTE is referred
to as the 4th generation [6]. In providing speed,
LTE networks have the ability to transfer data up to
100 Mbps on the downlink side and 50 Mbps on
the uplink side. In addition to having data transfer
speeds, LTE can also provide greater coverage and
capacity of services, reduce operational costs, support
the use of multiple antennas, be flexible in the use
of operating bandwidth and can also be integrated
with existing technologies. The operating bandwidth
on LTE is flexible, which is up to 20 MHz, and the
maximum work in the bandwidth range varies between
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1.4 – 20 MHz. LTE has radio access and a core
network that can reduce network latency and improve
system performance and provide interoperability with
existing 3GPP technologies[x-x]. The allocation of 4G
frequencies in Indonesia ranges from 1920 MHz to
2400 MHz [7]. In this paper, the author focuses on
Evaluation of Cellular Network Performance Involving
the LTE 1800 Band and LTE 2100 Band Using the
Drive Test Method.

Previously, there was a similar study on “Analysis
and optimization of 4G LTE network in urban area with
carrier aggregation technique on 2100 MHz and 1800
MHz frequencies” by Pramono et al.. In their research,
a drive test method was also carried out to retrieve 4G
data on banf 1800 and 2100 using carrier aggregation
techniques. Measurements were made based on the
cellular operator’s target Key Performance Indicator
(KPI). This study aims to analyze the implementation
of optimization on LTE in terms of signal level, RSRP,
SINR, throughput, user connected in accordance with
KPI by a cellular operator in Indonesia. The results
of comparison of the existing network value with the
results of optimization on the signal level increased
by 6.53%, RSRP value increased by 12.44%, SINR
value increased by 22.45%, mean throughput increased
by 46.83%, user rejected decreased by 1.6% . Based
on the simulation results above, physical tuning and
expand bandwidth techniques with carrier aggregation
can be used as an alternative for operators to improve
the quality of 4G services in the Surakarta area [8].
There is also research related to ”Analysis of key
performance indicators of a 4G LTE network based on
experimental data obtained from a densely populated
smart city” by Agbotiname Lucky Imoize and Orolu
Kehinde. The KPI data provide candidate information
required for effective network planning, performance
analysis and optimization. However, inadequate KPI
data could limit efficient network planning leading to
escalating operational cost, and this could adversely
affect the subscribers of the network. To this end, this
article presents radio frequency (RF) measurements
and evaluation of KPIs taken at 1876.6 MHz with a
bandwidth of 10 MHz, for an operational 4G LTE
network in Nigeria [9].

For the first time, research related to evaluation
of cellular network performance involving the LTE
1800 band and LTE 2100 band using the drive
test method was conducted. The researcher uses the
4G LTE network from the Telkomsel provider. The
measurements taken are measurements using the drive
test method on the LTE 1800 band and LTE 2100
band and then an evaluation is carried out to compare
which frequencies have good quality based on the KPI.
Data was measured using Nemo Handy software using
the drive test method. By using the drive test method,
information on site down or not on-air can also be
obtained by taking into account signal strength, signal

quality and BCCH- ARFCN/ScramSC/PCI in areas
adjacent to a site. If a logfile shows low signal strength
even though the distance from a site is not too far, it
should be suspected that the site might be down. To
achieve quality test results, the vehicle should be driven
at a moderate speed of up to 30 km/h to eliminate the
Doppler effect [6], [10]–[14].

II. RESEARCH METHOD

The study was conducted using the drive test
method using a Telkomsel sim card provider.
Measurements were taken during busy times at 09.00
- 14.30 because at that time user traffic increased
dramatically due to work and education needs.
The research was conducted in Central Kalimantan,
precisely in Tamiang Layang at the TML013 site.
At the time of measurement, the researcher used the
Samsung Galaxy S5 user equipment with Nemo Handy
software then the results of the measurement log file
were analyzed using the Nemo Analyzer on the Laptop
for network optimization. After the drive test was
carried out, the researchers also tested the internet
speed using the ookla speed test software at a distance
of 100 m from the site. Taken at a distance of 100
m so that the user equipment is in the dominant area.
In areas without dominant cells, the reception rate of
the serving cells is similar to that of the recipient’s
neighboring cell rate and the downlink signal reception
rate between different cells is approaching the cell
re-election threshold. Receive levels in areas without
dominant cells too not satisfactory. The SINR of the
serving cell becomes unstable due to frequency reuse,
and even accepts the quality to be unsatisfactory. In
this situation, the dominant cell is often re-elected
and changed to standby mode. As a result, frequent
handovers or downgrading of services to the EU in
connected mode due to poor signal quality. An area
without a dominant cell can also consider a weak
coverage area [15]–[21].

Prior to conducting the research, a literature study
was conducted to collect information and data from
several sources for the needs of analysis and design
related to this research. After the literature study, signal
data was collected using the drive test method four
times. Two of them before optimization and two times
after network optimization. The research flowchart can
be seen in Fig. 1.

After the measurement data is collected,
optimization is carried out in order to get better
user quality. Optimization of the cellular network
of the Radio Access Subsystem is an optimization
activity on the special cellular network in the Radio
Access section by observing, analyzing and making
changes to both the hardware/software side related to
the performance on the Radio Access side, both on the
existing network or the newly installed network. new.
Generally, network optimization is done by changing
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Fig. 1. Research flowchart.

the mechanical tilting or electrical tilting of the
antenna and increasing or decreasing the transmitted
power [22], [23]. According to recommendations
from the International Telecommunication Union
(ITU) there are three categories of classification of
KPI for evaluating a network, namely Accessibility,
Retainability, and Integrity [24].

The type of antenna used during the research at
the TML013 site is the Tongyu TDQ-182020DE- 65F
type which is capable of transmitting LTE with the
DCS 1800, U2100, LTE 1800 and LTE 2100 system
bands at once. The antenna is placed at a height of
55 m from the ground with an azimuth of 50o in
sector 1, 95o in sector 2 and sector 3 of 270o. In
order to get optimal signal quality, it is necessary to
calculate the link budget when you want to install
antenna [25]. The link budget is an estimate of the
maximum attenuation value of wave propagation that
is still tolerated so that eNodeB/BTS and UE can still
be connected properly, this attenuation/path loss value
is called the Maximun Allowable Path Loss (MAPL)
value. MAPL also determines the calculation of the
distance or cell radius in determining the coverage
area, and can determine the received power level
(Received Signal Level) received by the receiver to
the EU [6], [26]–[28]. The MAPL calculation for the
uplink direction is as follows:

EIRPul = P eNodeB +GUe− LC (1)

MAPLul = EIRPul−SRminul−Lindoor−Msf
(2)

While the MAPL calculation for the downlink
direction can use the following formula:

Fig. 2. LTE 1800 network element information.

EIRPul = PUe+G eNodeB − LB (3)

MAPLul = EIRPdl−SRmindl−Lindoor−Msf
(4)

with EIRP as the effective isorated radiated power
uplink/downlink expressed in decibels (dB), Msf as
shadow fading margin expressed in decibels (dB)
and Lindoor as indoor penetration loss expressed in
decibels (dB).

III. RESULT AND ANALYSIS

After measuring using the drive test method, the
data measured using the Nemo Handy software will
be directly analyzed as a reference for optimizing the
cellular network in order to achieve better network
performance. Measurements were carried out using
user equipment from Samsung type S5 because the
cellphone supports Nemo Handy software and can be
done without the help of an external GPS and using a
sim card from the Telkomsel provider when measuring.
For analysis, researchers used Nemo Analyzer software
to analyze the measurement results measured using
Nemo Handy software.

The research was conducted when traffic was high,
namely at 09.00 - 14.30 in the suburban area. The
Network Element information on the LTE 1800 and
LTE 2100 bands can be seen in Fig. 2 and Fig. 3.
Network element information is needed for further
log file analysis because it shows information from
the bands used such as MCC, MNC, RSRP, SNR to
RSRQ. To display network element information on the
equipment used, the user can press dial *#0011# to
open the service mode in order to view the network
element information.

As shown in Fig. 2 and Fig. 3, it can be seen that
Band 3 (LTE 1800) and Band 1 (LTE 2100) have
a significant difference in RSRP which will greatly
affect the quality of the signal speed in each band.
The average RSRP on LTE 1800 is -100.3dBm and the
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Fig. 3. LTE 2100 network element information.

average RSRP on LTE 2100 is -96dBm. Both values
are taken at a distance of 100 m from the site, so
the RSRP should be of small value. This large RSRP
allows users to get poor service quality and don’t even
get LTE services. To get a good network quality, it is
necessary to optimize [29]. Researchers took data using
the drive test method and then analyzed for network
optimization.

A. Analysis Signal Quality Overview Plot

To predict path losses on irregular surfaces during
drive tests, the Cost 231 propagation model can be
used. Cost 231 propagation has a working frequency
of up to 2 GHz. Cost 231 propagation equation can be
known by using the equation:

PL = 46, 3 + 33, 9 log 10− 13, 82 log 10hBS

−a(hm) + (44, 9

−6, 55 log 10(hBS) log 10(d) + C [dB] (5)

where, hBS indicates base station antenna height(30
m to 200 m) with C = 0 dB for suburban or open
environment and C = 3 dB for metropolitan area. In
the field measurements, the site covers 100% of the
signal and there is no cross feeder in the service area
both on the LTE 1800 band and on the LTE 2100 band
as shown in Fig. 4 and Fig. 5. on the LTE 1800 band,
sector 1 gets 47.64% service, sector 2 gets 35.28%
service and sector 3 gets 17.08% service. There are
some signal reflections from sector 1 at several points
in sectors 2 and 3 due to the contours of the land
around the site being wet land and surrounded by
swamps.

In the LTE 2100 band, 48.48% of services are
obtained in sector 1, 33.95% in sector 2 and 17.58%
of services in sector 3. From figure x it can also be
seen that there is no cross feeder in the service area
because each area covers according to the data site.
The reflection of sector 1 signal in sector 3 area is
caused by improper mechanical tilting antenna, so it is
necessary to do a site audit. The coverage area on the
LTE 1800 band is capable of reaching up to 10 km as
shown in Fig. 6.

Fig. 4. LTE 1800 plot overview.

Fig. 5. LTE 2100 Plot overview.

Speed tests were also carried out in each sector on
the LTE 1800 and LTE 2100 bands using the ookla
speed test software as shown in Fig. 2 and Fig. 3.
The measurement results show that the LTE 1800 band
has an average download speed of 7.76 Mbps and an
average upload speed of 17.37 Mbps with an average
jitter of 36 ms. While the LTE 2100 band has an
average download speed of 28 Mbps and an average
upload speed of 11 Mbps with an average jitter of 7.3
ms. With this average, it can be seen that the LTE
2100 band has advantages in terms of data transmission
speed and better network quality. Jitter itself can be
searched with the following formula:

Jitter =
total variation delay
total packet received

(6)

The greater the jitter value, the worse the network

Fig. 6. LTE 1800 & LTE 2100 coverage.
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Fig. 7. LTE 1800 availability.

quality. From the speed test measurement results, the
LTE 2100 band also has a lower average jitter than the
LTE 1800 band.

B. Summary of KPI Performance LTE 1800

Measurements have been made using the drive test
method four times to determine the KPI on the LTE
1800 band. The results show a fairly good value,
especially for CSSR which has an average value of
94.65% before optimization and an average of 99.63%
after optimization. KPIs can be observed in Table 1.

Table 1. Summary of KPI Performance LTE 1800
KPI(%) Average

Before
Average
After

Improve-
ment

Result

Availability 100 100 0.00 Maintain
RRC Est.
SR

99.52 99.81 0.29 Improved

E-RAB
SR

98.29 99.85 1.65 Improved

CSSR 94.65 99.63 4.98 Improved
Service
Drop Rate

0.01 0.01 0.00 Maintain

Intra LTE
HO SR

97.77 99.84 2.07 Improved

Inter LTE
HO SR

88.76 99.61 10.85 Improved

CSFB
Prep. SR

99.97 99.95 -0.02 Maintain

COI
Average

7.76 10.43 2.66 Improved

Spectral
Efficiency
2

1.1 1.66 0.55 Improved

DL Traffic
Volume
(Gbyte)

503.72 473.54 -30.18 Degraded

Payload
(Gbyte)

551.58 502.88 -48.70 Degraded

The availability of the 4G network on the LTE 1800
band had decreased from July 06 to July 07 as shown
in Fig. 7. while after being optimized for availability,
it starts to show a stable value. The ability of users to
access the network to initialize communication is very
good because it has a stable ERAB success rate as
shown in Fig. 9. From Fig. 8, we can also see that the
Call Setup Success Rate (CSSR) shows good results,
allowing users to make phone calls without having to
drop calls or block calls.

From Table 1 there is a large DL Traffic volume,
indicating that there are high traffic conditions on the

Fig. 8. LTE 1800 CSSR.

Fig. 9. LTE 1800 ERAB SR.

network but has good mobility so that users can move
freely from one place to another without disconnection
because the table shows the Intra Freq HO SR value
of 99.84% after optimization.

Table 2. Summary of KPI Performance LTE 1800
KPI(%) Average

Before
Average
After

Improve-
ment

Result

Availability 100.00 100 0.00 Maintain
RRC Est.
SR

99.69 99.87 1.18 Improved

E-RAB
SR

99.60 99.87 0.27 Improved

CSSR 97.97 99.73 1.76 Improved
Service
Drop Rate

0.01 0.01 0.00 Maintain

Intra LTE
HO SR

98.67 99.68 5.64 Improved

Inter LTE
HO SR

94.12 99.68 5.56 Improved

CSFB
Prep. SR

100.00 99.88 -0.12 Maintain

COI
Average

9.85 10.63 0.78 Improved

Spectral
Efficiency
2

1.10 1.66 0.55 Improved

DL Traffic
Volume
(Gbyte)

143.77 196.13 52.36 Improved

Payload
(Gbyte)

153.10 207.87 54.77 Improved

C. Summary of KPI Performance LTE 2100

The same measurement has been carried out on
the LTE 2100 band using the drive test method four
times to determine the Key Performance Indicator.
The results show a much better value than the LTE
1800 band, especially in CSSR which has an average
value of 97.97% before optimization and an average
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of 97.73% after optimization. KPIs can be observed in
Table 2.

The availability of 4G networks on the LTE 2100
band also experienced a decline from July 06 to July
09 as seen in Fig. 10. while after being optimized
for availability, it starts to show a stable value. The
ability of users to access the network to initialize
communication is very good because it has a stable
ERAB success rate as shown in Fig. 11. From Fig. 12,
we can also see that the Call Setup Success Rate
(CSSR) shows better and more stable results than the
LTE 1800 band, allowing users to make phone calls
without having to drop calls or block calls.

From Table 2, it can be seen that the DL Traffic
volume is much lower, indicating that there are low
traffic conditions on the network so that it has very
good mobility compared to the LTE 1800 band so
that users can move freely from one place to another
without disconnection due to the table This shows the
Intra Freq HO SR value of 99.68% after optimization.

IV. CONCLUSION

As the traffic load increases, the probability of
blocking and the number of hand offs increases. When
comparing the LTE 1800 and LTE 2100 strategies, we
see that the probability of blocking in the use of LTE
2100 is much lower than the probability of blocking
in the case of LTE 1800. The value of the KPI in the
cellular system affects the quality of the network in the
case of evaluation of the LTE band 1800 and LTE band
2100. The higher the CSSR, the lower the probability
of a drop call or block call occurring. In the evaluation
of the network after optimization, LTE 2100 shows
a significant improvement in internet quality as seen
from the average availability value reaching 100%.
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