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Abstract: A large number of cellular operators in an area causes high interference effects.

One indicator is the problem with received total wideband power (RTWP) found in a universal
mobile telecommunication system (UMTS). High RTWP is one of the causes of a decrease in
the quality of service (QoS) in cellular communication networks. To solve thiggroblem, an RF
band-pass filter device can be implemented on a UMTS system, where RF band-pass filters
have been designed and tested in previous studies. In this research, the RF band-pass filter
was installed between the BTS node and bottom jumper. After implementing it, QoS
measurements with the Huawei M2000 application and Drive Test were carried out. The QoS
analysis included RTWP, Circuit-Switched access rate, Packet-Switched access rate, and
Received Signal Code Power (RSCP) value. The results show that the RTWP value decreases,
while the CS access rate, PS access rate, and RSCP value increase. These results indicate that

QoS on the UMTS increases.

KGVWOI‘dS: RTWP, RF band-pass filter, UMTS quality of services.

Introduction

The problems that occur in mobile communication are very complex, such as noise, fading,
and interference. These problems cause Quality of Service (QoS) in mobile communication to
decrease (Pratama, Endroyono & Suwadi, 2014), with a large number of cellular operators
causing high levels of interfegguce. One indicator is the problem with received total
wideband power (RTWP) in the Universal Mobile Telecommunications Service (UMTS). This
problem is the main cause of the decline in QoS in mobile communication (Nader, 2006).
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Radio interference is a key factor that influences the quality of mobile communication. In
general, radio interference is classified into external interferences and internal interferences.
External interferences are those caused by a repeater, radar, analog base transceiver station
(BTS) or walkie-talkie. Internal interferences are caused by the system — often resulting from
an illegal terminal, parameter setting problems or BTS fault equipment — and also in-band
and out-of-band interference. The results of radio interference affect several aspects of the
system, such as decreased sensitivity of a BTS, decreased system capacity, increased call drop
rate, decreased access success rate, call quality, call drop, handoff, conversation quality,

network coverage, and capacity (Nosiri et al., 2014a).

Measuring the QoS in mobile services is done by cellular operators to know and maintain the
stability of the BTS infrastructure, to provide suitable QoS, quality of experience (QoE) and
customer satisfaction from the mobile communication services. According to International
Telecommunication Union (ITU) recommendation P.800, the standard of evaluation of
mobile communication is classified into three key performance indicators (KPI), which are

accessibility, retainability, and integrity (Melvi & Fernando, 2014).

QoS analysis of UMTS using Qualnet simulation has been performed by changing the value
of the precedcnc&i;uit in the constant bit rate (CBR) application: measured performance

parameters were throughput, average jitter, and average end-to-end delay (Kaur, Rakheja &

Kaur, 2010; Thethi & Sawhney, 2010). To improve the QoS of UMTS, several handover
techniques have been simulated using OPNE’bthe measured QoS parameters were sent and
received traffic, end-to-end delay variation, upload response time and download response

time (Ali, Saleem & Tareen, 2012). In addition, the soft handover process in UMTS has been

analyzed with OPNET simulation by adjusting the speed of the user equipment: the QoS
parameters analyzed were delay, packet loss, throughput, jitter, and bit error rate (BER)

(Derar & Mustafa, 2014a).

Voice over IP (VOIP) in UMTS has been studied forévariety of voice encoders using
OPNET simulation. The QoS parameters analyzed were end-to-end packet loss, throughput,

and end-to-end delay (Derar & Mustafa, 2014b; Werner & Vary, 2005). The integration of

WLAN and UMTS networks for video conferencing and FTP applications has been studied
with OPNET, measuring performance by throughput and delay (Verma & Baghla, 2014).

Besides the methods discussed above, QoS performance degradation due to interference
effects can be improved using filters. The total interference in a network, with measurements
of RTWP and outdoor interference, has been evaluated using Monte Carlo simulation (Tchao

et al., 2013). The effect of interference and the noise arising from spurious emissions in the
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case of co-located channel bandwidth spectrum among operators have been described

(Nosiri et al., 2014b), with various industry solutions proffered to improve coverage

performance and system capacity. A solution to co-channel interference and adjacent
channel interference in a WCDMA system is to add an RF filter to each BTS (Pratama,

Endroyono & Suwadi, 2014). This can show improvement in cellular BTS performance

parameters such as call completion success rate-packet switched (CCSR-PS), call completion
success rate-circuit switched (CCSR-CS), and dropped call rate (DCR) (Melvi & Fernando,
2014). The effect of interference can be overcome using the Chebyshev filter approach, with a
filter that is a dielectric resonator filter with 9 poles. Such a f&r can result in high selectivity

and low insertion loss (Knack, Mazierska & Piel, 2008). RF band-pass filters have been

designed and tested fowerformance improvement in UMTS through the decrease of RTWP
value. The design and testing of the RF band-pass filter use the image parameter method,
with components, namely L inductor and C capacitor, arranged in series and parallel.
Determination of L.C values uses a circuit of two half sections to get 2 poles (Antara,

Gunantara & Wirastuti, 2016).

The problem of RTWP in UMTS in big cities is unavoidable, so the selection of research sites

is very important (Martin-Escalona & Barcelo. 2006). The city used as the research site in

the present study is Denpasar City, Bali, Indonesia. The UMTS in the Denpasar area has
RTWP problems caused by high levels of radio interference because Denpasar has many
cellular operators and the BTSs of different cellular operators are close together. Meanwhile,

in other areas in Bali excluding Denpasar, there are more likely fewer cellular operators.

To overcome the problem of RTWP in UMTS systems in Denpasar, RF band-pass filters have
been installed. The RF band pass filter implemented in Denpasar’s UMTS has been designed
and tested, as described in a previous paper (Antara, Gunantara & Wirastuti, 2016). After the
RF band pass filter was installed, measurements were collected using the M2000 application
(Huawei, 2013) and Drive Test from August 1st to September 29th, 2015. This paper
summarizesgthese measurements. Measurements were made in two stages: before the
installation of the RF band-pass filter; and after the installation using the dedicated lock
mode. The QoS analysis uses measurements of RTWP, Circuit-Switched (CS) access rate,
Packet-Switched (PS) access rate, and Received Signal Code Power (RSCP).

RF Band-Pass Filter and UMTS Performance

A. The UMTS
(6]

The UMTS network architecture consists of mutually supportive devices, namely user

equipment (UE), UMTS terrestrial radio access network (UTRAN) and a core network (CN),
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all of which can be seen in Figure 1 (Kreher, 2006). In theéTMTS, the access network,

UTRAN, provides the connection between the UE and CN. UTRAN consists of a radio
network controller (RNC) and one or more Node-Bs (Kreher, 2006; Wardhana, 2011).
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Figure 1. leﬁ\letwork Architecture
1) RNC (Radio Network Controller)

The RNC is responsible for controlling the radio resources on the JTRAN. It oversees several
Node-Bs, connecting the CN to the UE, and acts as the end of the radio resource control
(RRC) protocol.

2) NodeB

Node-B is the same as the base transceiver station (BTS) in a GSM network. It is a
transmitting and receiving (ﬁvice that provides radio services to the UE. The main function
of a Node-B is to process layer 1, including channel coding, interleﬁn'ng, spreading, de-
spreading, modulation, demodulation, and other processes. Node-B also performs several
radio resource management (RRM) operations, such as handover and power control. The
Node-B used in this research is designated node-B 3612998G. It has poor performance or a
low QoS, with an RTWP value of -9o dBm, indicating a QoS problem. Node-B 3612998G is

one of the many Node-Bs owned by cellular operators in Denpasar.

3) CN (Core Network)

The CN combines the functions of intelligence and transport. It supports signalling and
transporting information from traffic, including traffic load relief. The intelligent functions
are logic, control facilities of service through a clearly defined interface, and mobility
settings. UMTS is also connected with other telecommunication networks, so
communication is possible not only between UMTS mobile users but also with other

networks.

The UMTS implemented in Bali is governed by the Minister of Communication and
Informaties (Indonesian: Merﬁrf Komunikasi dan Informatika, or Menkominfo) with an
uplink frequency in the range 1920-1980 MHz and a downlink frequency range of 2110-2170
MHz. This study discusses the UMTS uplink frequency with a bandwidth of 5 MHz

(Menkominfo, 2013).
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B. RF Band Pass Filter

The three types of RF filter are band pass, low pass, and high pass. This research uses a
band-pass type of RF filter to adjust the centre frequency that can be passed in the RF filter

circuit (Lacanette, 1991; Sayre, 2008). The RF filter application in this research has been

done through design and choosing a two half-section band-pass filter with the best image

parameter (Antara, Gunantara & Wirastuti, 2016). This section will describe the design

briefly. The band pass filter design uses the image parameter method. The image parameter
method is a framework for analyzing the value calculations of series and parallel components
in a passive filter (Sayre, 2098). The band-pass filter design with the image parameter
method is similar to the RF low-pass and high-pass designs; however, the complexity is
greater due to the components and the two cut-off frequenciesﬁmilar to the filter design

with low pass and high pass, this research uses two half sections, as shown in Figure 2.

According to Figure 2, in the band pass filter circuit, each LC pair is a single pole, so the half
section consists of two inductors and two capacitors. The two half-section band-pass filter
circuits can be connected to create a filter with more poles. The Ro element value is the value
of comparison between input and output impedance value (Z;,,/Z ;) or matching impedance

with a maximum value of 50 ohms (Sayre, 2008).

To design the band pass filter with the image parameter method, it is necessary to calculate
the LC element value for the half-section circuit. The equation element value L. describes the
series inductance value, C; is the series capacitance value, L,, is the parallel inductance value,
and C, describes the parallel capacitance value. For the two half-section band-pass filter

circuits as shown in Figure 2, the value of the LC element can be calculated using the

following equations:
Ry
, G ro? ()
s 2
_ f2c - flc
ba=2 (RU (ch_fM)tl.n-) 2)
_ Ro(fzc - flc)
= 2 Frvim @
()
¢ = Rolfac = fic)m” (4)
P 2
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Figure 2. The composition of two half-section band-pass filter circuit
The two half-section band-pass filter circuit consists of several LC pairs or two poles, with

inductance and capacitance elements, L, Cs, Ly, and C,, in series and parallel. The circuit can

be seen in Figure 3 (Sayre, 2008).

Figure 3. Elements L,,Cs, Ly, and €}, in the two half-section band-pass filter

From the design and simulation results that have been carried out in the stﬁy by Antara,
Gunantara & Wirastuti (2016), the parameters of the RF band-pass filter can be seen in
Table 1.

Table 1. Parameters of RF Band-Pass Filter

Parameter Value
frow 1955 MHz
frigh 1980 MHz
feencer 1967.5 MHz

B 25 MHz
Ro 50 Ohm
L, 318 nH
Ly 0.0514 nH
C, 0.0206 pF
Cp 0.1273 nF

The RF band pass filter simulation results can be seen in Table 2 (Antara, Gunantara &

Wirastuti, 2016).

Table 2. Simulation Results for Parameters from RF Band-Pass Filter

Parameter Specification Simulation Result
Frequency Range | UMTS UL: 1955-1980 MHz
UMTS DL: 2145-2170 MHz Up Down
TS UL (Up Link)

. Typical 0.7 dB max dB 0.7 dB
TsenboniIuEs Edge 1.0 dB max 1.0 dB 1.0dB
Return Loss 18 dB min 20.08 21.28
Rejection 1983-1990 65 dB 66.26 66.31

MHz Min

* Number 2 Tune 2019
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Parameter | Specification | Simulation Result
UMTS DL (Down Link)
Insertion Loss Typical 0.5dB 0.18 0.15
Max

Return Loss 18 dB min 20.75 23.60

Rejection 1983-1990 65 dB 66.14 66.25
MHz Min

DC/AISG (DC-3.0 MHz)

Insertion Loss 1.0 dB Max 0.21 0.22

Return Loss 12 dB Min 25.54 25.61

C. The UMTS System Performance

The UMTS performance parameters written about in this paper are as follows.

1) RTWP
RTWP is the total power of the entire received signal in the uplink frequency at the antenna.
The received signal is from user equipment or external interference or noise in the UMTS.

RTWP values can be calculated through the following equation (Junjie and Qiong, n.d.):

RTWP = KTB + NF (5)
where:
K : Boltzmann constant
T : temperature (290 K)
B : bandwidth (Hz)
NF ¢ noise factor

Noise factor (NF) is also specified as the total equivalent input noise power divided by the
input noise power due to the source only.

RTWP can also be referred to as the total power received in the antenna at an uplink
frequency, as can be seen in Table 3 (Kreher, 2006).

Table 3. Parameter Values of RTWP

Parameter Threshold Adjective
< -105 dBm Excellent
TWP -105 dBm to -92 dBm Good
92 dBm to -85 dBm Fair
> -85 dBm Bad

2) CS Access Rate
CS Access Rate is used to measure the level of network availability in providing services in

the form of voice services and SMS.
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_ Y call establish— 3. block call 0
CS access rate = > call estabiish x 100% (6)

e Call establish is a successful process when an MS (mobile station) contacts another
MS.

¢ Block call is a process when an MS fails to contact another MS.

3) PS Access Rate

PS Access Rate is used to measure the level of network availability in providing services in

the form of internet data packet traffic service in the UMTS network.

Y packet establish—Y, block packet

PS access rate = 3. packet establish

x 100% (7)

4) CPICH RSCP (Common Pilot Indicatoréhannel Received Signal Code Power)

CPICH RSCP is the level of signal strength of the UMTS network received by the user
equipment. The RSCP can be used to analyze coverage. Areas with an RSCP under -97 dBm

are considered to have low coverage.

Implementation and Measurement

This section begins with the placement of the RF band-pass filter on the UMTS with RTWP

problems, followed by measurements using the M2ooo data interface and Drive Test.
A. RF Band-Pass Filter Placement

Antenna | |

. 0 il

Bottom Jumpar Bottom Jumper Feder Cable Top Jumpar

Figure 4. Node-B block diagram arrangement prior to and after the RF band-pass filter installation
(Legend: 1. Local Maintenance Terminal; 2. BTS; 3. Bottom and Top Jumpers; 4. Feeder Cable; 5. RF Antenna;
6. RF band-pass filter)
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A Node-B, as shown in Figure 4, generally consists of a local maintenance terminal (LMT),
BTS, bottom jumper, feeder cable, top jumper, and RF antenna. The RF band-pass filter that
has been designed and tested is placed between the bottom jumper and BTS in order to
reduce interference at the radio frequency unit installed on BTS. In Figure 4, the
arrangement of building-blocks 1 to 5 is prior to the installation of the RF band-pass filter.

Once it is installed, the building-block number 6 is added.

From Figure 4, it can be seen also that the LMT measuring instrument is connected to the
Node-B (BTS) interface to monitor the status of Radio Base Station, so the internal node

condition towards the installed RF filter can be known (Huawei, 2011).

B. M2000

Data is collected through the M2000 application (Huawei, 2013), which previously had
shown that the RTWP value is high (poor). Statistics on the RTWP value, PS access rate and
CS access rate have been collected from the node implemented with the RF band-pass filter.

The measurement process using M2000 can be seen in Figure 5.

A3 F BAF
.'i_n‘l Primary -1 n1 Secondary
"T MZ000 "-—I——' M2000 h

External DCN
Router | m : *5“"25"[ ——
l e | m -
F== T TNON-GNE P = gl = = -
g JaDene 1 1Y T |
! i Site D i s 3‘9'53"'-;
1 . .- h : e
A O 1O\ GNEI) - aaa =
. : i SiteC | ]
I : INON-GNE;
! h Site F r—z
i o M2000
| NON-GNE! Web LCT
Site B

mowx OSN 6800 B OptiX OSN 3800 b

2~ Fiber —— Network cabile

Figure 5. Measurements using M2000

In Figure 5, the arrows in yellow indicate the position of the M2000 measuring instrument.
The data processing performance is obtained from monitoring the UMTS network system
using the M2ooo application. This performance data is collected by every UMTS node in
serving every activity performed by the user, including voice, access data, or even a video
call. The performance data collected by the UMTS node is then sent hourly by the node to the
RNC, from which it is available. The performance data is later processed by the system so
that it can be accessed through the M2000 application (Huawei, 2013).

C. Drive Test

The Drive Test is used to measure the signal quality perceived by the user and to optimize

the existing UMTS system. There are several tools that can be used in a drive test, including
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TEMS Investigation (Ericsson), NEMO (Nokia) and GENEX Probe (Huawei). The Drive Test
in this paper uses the TEMS Investigation device. The parameter whose performance is to be
meawed is the CPICH RSCP (Wardhana, 2011). The measurement process using the Drive

Test can be seen in Figure 6.

Laptop

MS Sonv Ericsson
K8001

Y
b ﬂ P

DCRoAC % DC power

Converter

Hode B

Figure 6. Measurements using Drive Test

There are two types of measurement in this Qgiye Test: idle mode and dedicated mode. Idle
mode is when a mobile station (MS) is on but does not have a connection to the radio
network, also referred to as a standby condition. In this condition, the MS can still access the
radio network system and the radio network can also reach the MS. This mode is usually
done only to know the signal strength of an area where a low signal or no service is indicated.
Dedicated mode is the measurement of signal quality followed by a canal occupation (long
call or short call to a certain destination number) to measure and identify the quality of voice

and data.

Data collection on the Drive Test is done using two methods: single site verification (SSV)
and cluster method. SSV is a commonly used Drive Test on a new site with close coverage
area to check functionalities such as voice call, video call, PS download, HSDPA download,
power emitted according to coverage, and ability to swap feeders. Meanwhile, the Cluster
method is a Drive Test conducted on an area or cluster consisting of several sites, in order to

observe the network of a mobile carrier (Kreher, 2006).

The equipment selected for the Drive Test includes a laptop, TEMS, dongle HASP4, TEMS

cellular phone, data cable, GPS tracker, and accessories (Kreher, 2006).

The Drive Test route is determined according to the proximity of the node position with
other nodes, while considering the coverage at farther distances and also operational issues.
These will affect the results of the Drive Tesa\f ith the positions of the nodes far away from

each other, a Drive Test route is developed in order to obtain maximum results so that the
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UMTS node performance indicator after the implementation of RF band-pass filter can be

acquired.

The SSV Drive Test routes and cluster Drive Test routes to see the signal quality provided in

the RF band-pass filter implementation can be seen in Figure 7.

®
o STk Ry AR N o - |
Figure 7. SSV Drive Test route and cluster Drive Test route after the implementation of RF band-pass filter
node in UMTS Denpasar area

As shown in Figure 7, from the existing UMTS network area routes, a measurement using the
Drive Test is done using the SSV and cluster method. The green lines show the SSV Drive
Test route, while the red lines indicate the cluster Drive Test route. A vehicle with in-built
Drive Test tools will pass through the route to obtain the signal quality data from the
measured network. The results of each UMTS network performance measurement are then

processed and analyzed.

Measurement Results and QoS Analysis
Since the RF band-pass filter is installed in the UMTS, a hardware radio frequency unit

(RFU) scan is needed to find out the internal node condition towards the installed RF band-
pass filter. The scanning results of the RFU hardware with the LMT show that there are no
active alarms on the nodes, and only the door open alarm is on, which in%ﬁes that there is
ongoing operational and maintenance activity in the UMTS. The scanning results can be seen

in Figure 8.
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Figure 8. Result of Local Maintenance Terminal Scan of RF Unit
Based on the RFU hardware scanning results in Figure 8, the internal node condition is
good, in terms of cable connection, board configuration, transmission line, and functionality

board. Further analysis leads to external interference at the node where the RTWP issues

exist.

A. M2000 Measurement Results

Statistics of the mean RTWP at node 3612998G, which were&ocessed using the M200o

application conducted from August 1* to September 29th, 2015 can be seen in Figure 9.

From Figure 9, we can see the fluctuations of parameters F1 and F2. F1 is the first carrier
frequency of the UMTS system of the mobile carrier whose designation is for voice and video
traffic, whereas F2 is the second carrier frequency of the UMTS system of the mobile carrier

whose designation is for data and HSDPA traffic.

Mean RTWP 3612998G (Sector 2)

RTWP dBm}
B

| S,
R R
ST T -5“\:"‘4‘“’43 FPILP PP
——DFIG IR —— DPIGIS
(2] R

Figure 9. Mean RTWP at node 3612998G
From Figure 9, the RTWP mean value decreased after the implementation of RF band-pass
filter on September 10th, 2015. Before that date, the mean RTWP at node 3612998G was still

between -9o dBm and -95 dBm. This serves as an indicator of interference on the uplink.
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With the implementation of the RF band-pass filter on September 10th, the mean EWP

value steadily improves to a value of between -102 dBm and -104 dBm. This is caused by the
implementation of the RF band-pass filter. The noise factor value decreases, causing the
RTWP value to decrease.

The CS access rate at node 3612998G, processed by the M2oo0o application in the period

August 1st to September 29th, 2015, can be seen in Figure 10.

CS Access Rate 3612998G (Sector 2)

Figure 10. CS access rate at node 3612998G

From Figure 10, the value of the CS access rate has improved after the RF band-pass filter
implementation on September 10th, 2015. Before the implementation, the CS access rate at
node 3612998G on its second carrier frequency (F2) showed extremely high fluctuations,
with values between 97% and 98%. After the implementation, the value only fluctuates

slightly, with an increase that reaches almost 100%.

The PS access rate at node 3612998G from the M2000 application for the period August 1st

to September 29th, 2015 can be seen in Figure 11.

PS Access Rate 3612008G (Sector 2)

\

Figure 11. PS access rate at node 3612998G

The data given in Figure 11 shows that the PS access rate improved after the implementation
of the RF band-pass filter on September 10th, 2015. Before the implementation, the PS
access rate at node 3612998G fluctuates extremely highly, between 97% and 98.5% for the
second carrier frequency. After the RF band-pass filter implementation, the PS access rate

steadily increases to almost 99.5%.
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B. Drive Test Measurement Results

The results of the Drive Test show symbols coloured red, yellow, light green, and dark green,
depending on the values of the measured parameters. Here, we show the results for CPICH
RSCP. The colours have the following meanings: Red means the RSCP level is at -120 to -95
dBm; yellow shows an RSCP level of -g5 to -85 dBm; light green indicates an RSCP level
of -85 to -75 dBm; and dark green indicates an RSCP level of -75 to 0 dBm.

The SSV Drive Test measurement process is done in two stages: before the RF band-pass
filter implementation and after the RF band-pass filter implementation with a dedicated lock
mode. The results of the SSV Drive Test measurements before the RF band pass filter is

installed on the UMTS can be seen in Figure 12.

(.
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Figure 12. Measurement of 5SSV Drive Test prior to RF band-pass filter implementation with a dedicated lock
mode

From the results shown in Figure 12, the sample data for each indicator is obtained using the

following equation:

Drive Test category (bad, fair, good, excellent)
Number of samples from Drive Test

x 100 % (8)

The percentage and indicators of each measurement are:

RSCP value -120 to -95 dBm: 86 /2338 x 100% = 3.68% (bad)
RSCP value -95 to -85 dBm: 653/2338 x 100% = 27.93% (fair)
RSCP value -85 to -75 dBm: 1271/2338 x 100% = 54.36% (good)
RSCP value -75 to 0 dBm: 328/2338 x 100% = 14.03% (excellent)

The lowest RSCP value, coloured red, -120 to -95 dBm, with a sample number of 86 or

3.68%, is categorized as bad; the colour yellow, at -95 to -85 dBm with a sample of 653 or

ecommunications and the Digital Economy, ISSN 2203-1693, Volume 7 Number 2 Tune 2019
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27.03%, is considered fair; and the dark green colour, at -75 to 0 dBm with a sample of 328

or 14.03%, is categorized as excellent.

After the RF band-pass filter is installed, the WP is measured using the SSV drive test done
on the UMTS using dedicated lock mode. The results can be seen in Figure 13.
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Figure 13. Measurement of SSV Drive Test after the implementation of RF band-pass filter with a dedicated
lock mode

From the results that appear in Figure 13, the sample data from each indicator is obtained

through equation (8). The percentage and indicators of each measurement are:
RSCP value -120 to -95 dBm: 0/2338 x 100% = 0% (bad)

RSCP value -95 to -85 dBm: 0/2338 x 100% = 0% (fair)

RSCP value -85 to -75 dBm: 407/2338 x 100% = 17.41% (good)

RSCP value -75 to 0 dBm: 1931,/2338 x 100% = 82.59% (excellent)

The RSCP values coloured red, at -120 to -95 dBm, and ye]ﬁw, at -95 to -85 dBm, show o
samples. QoS analysis on RSCP with SSV drive test, ¥fter the RF band-pass filter

implementation, shows that the level of RSCP improves or increases.

The next meggurement is done using the cluster method. This process is done in two stages:
before the RF band-pass filter implementation; and after the RF band-pass filter
implementation with a dedicated lock mode. The measurements before the implementation
can be seen in Figure 14. From the measurements in Figure 14, the data sample is obtained

for each indicator through equation (8). The percentage and indicators of each measurement

are:
RSCP value -120 to -95 dBm: 3659/221735 x 100%=1.65% (bad)
RSCP value -95 to -85 dBm: 44382 /221735 x 100%=20.02% (fair)

RSCP value -85 to -75 dBm: 78332,/221735 x 100%=35.33% (good)
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RSCP value-75 to 0 dBm: 95362/221735 x100%=43.00% (excellent)

The RSCP value coloured red, with a range of -120 to -95 dBm and a sample of 3659 or
1.65%, is considered bad; the colour yellow, with -95 to -85 dBm and a sample of 44382 or
20.02%, is categorized as fair; and dark green, at -75 to 0 dBm with a sample of 95362 or

43.00%, is categorized as excellent.

The measurement results from the cluster Drive Test after implementing the RF band-pass

filter using the dedicated lock mode can be seen in Figure 15.
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Figure 14. Measurement of Clhstler Drive Tesi prior to RF barid-pass filter implerheﬁtation with a dedicated
lock mode

(W]

Figure 15. Measurement of Cluster Drive Test after the implementation of RF band-pass filter with a
dedicated lock mode

From the measurement results in Figure 15 the sample data for each indicator is obtained

through equation (8). The percentage and indicators of each measurement are:
RSCP value -120 to -95 dBm: 27 /221735 x 100% = 0.012% (bad)
RSCP value -95 to -85 dBm: 5955/221735 x 100% = 2.69% (fair)

RSCP value -85 to -75 dBm: 51155/221735 x 100% = 23.07% (good)
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RSCP value -75 to 0 dBm: 164598/221735 x 100% = 74.23% (excellent)

The RSCP value coloured red, at -120 to -95 dBm with a sample of 27 or 0.012%, is
categorized as bad; the value coloured yellow, at -95 to -85 dBm with a sample of 5955 or
2.60%, is considered fair; and the dark green indicator, at -75 to 0 dBm with a sample of
164598 or 74.23%, is categorized as excellent.

In the cluster drive test, after the RF band-pass filtamplementaﬁon, there is a difference in
colour: there is no red and only a little yellow. This gives an indication of improvement in the
RSCP value of the UMTS system.

Discussion and Conclusion

QoS measurements have been carried out on UMTS systems with the M2ooo and Drive Test.
QoS measurement has bﬁn done in two stages. In the first stage, QoS measurements are
carried out withoutgthe RF band-pass filter. In the second stage, QoS measurements are

carried out with the RF band-pass filter in place.

Through the M20o00, the Q(ﬁ measurement results are in the form of RTWP, CS access rate,
and PS access rate. Before the RF band-pass filter is installed, the gesulting QoS is a high
RTWP value and the values of the access rate fluctuate very highly. After the RF band-pass
filter is installed, the RTWP value decreases because the value of the noise factor decreases.

For the performance of the access rates, the results obtained are more stable and increase.

With the Dgige Test (both SSV and Cluster), the QoS measurement results are RSCP values.
Before the RF band-pass filter is installed, the SSV and Cluster Drive Tests show very small
RSCP values. This is indicated by the symbols being red or yellow. After installing the RF
band-pass filter, the RSCP value increases. This is indicated by a reduction in the number of

symbols of red and yellow colour, and an increase in dark green colour.

The QoS measurement results before installing the RF band-pass filter show poor
performance due to the signals in the 1955-1980 MHz band Eing mixed with noise and
interference from the 1983-1990 MHz band. After inﬁﬂling the RF band-pass filter, the QoS
measurement results are better. This is because the RF band-pass filter stops the noise and
interference from the 1983-1990 MHz band, so that only the desired frequency can pass to
the UMTS system.

After implementing the gF band-pass filter, which is located between the BTS node and
bottom jumper, QoS perférmance has been measured. From the results of the QoS analysis,
it can be concluded first that the average value of RTWP decreases. This is indicated by the
RTWP value: from a range of -90 dBm to -95 dBm to a range of -102 dBm to -104 dBm.

Second, CS access rate value only fluctuates slightly, with an increase that reaches almost
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100%. Third, the PS access rate steadily increases from 97% to almost 99.5%. Fourth, the
RSCP value from the SSV drive test improves or increases, with no red or yellow symbols.
Lastly, the RSCP value from the cluster drive test indicates improvement of the RSCP value,

shown by no red symbols and only a little yellow colour.
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