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Abstract

At the present time, the need of 3G mobile communication services is rapidly and continuously
increasing. As a result, there is a high risk of interference area that causes a problem of service shortage in
some areas due to a lot of user demand. The service provider tries to study and reduce the risk of having
an interference area. In general, the signal measurement on 3G service area, called as drive test, is the
effective method to obtain the real signal quality of that area. However, the measured results are referred
to the signal quality at the measured time only. It is the fact that the user traffic is changed all the time.
Hence, the measured results may not be the representative of all time results. Moreover, if the
measurement is occurred at the light traffic such as night time or holidays, then the results will not show
any interference area. As a result, the serious degradation of signal quality is occurred for the normal
traffic of all users in daytime or working days. This problem cannot be solved due to the unknown clue for
service providers.

From literature surveys, the method to reduce the interference area can be done by creating some
models based on drive test results and then predict the interference areas without the knowledge of user
traffic. This cannot solve the problem in real life. Therefore, this research proposes the method to analyze
the interference areas for 3G network by using the information of user traffic and the results of drive test.
The outcome of this research can predict the margin of traffic load before it reaches to the limit and also

foresee the risk areas having a low signal quality due to high interference signals.
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Defense markets

Year Technology Market evolution Products and services
evolution

1890s-1910s Wireless telephony Maritime AM, FM radio

1920s-1970s Pre-cellular Emergency services | AM, FM radio

1983-1991 1G Industrial markets Analog cellular

1991-2001 2G Business markets Digital cellular
Mass markets

2001-present GRI) Worldwide consumer | Digital/multimedia
Mass markets cellular

[http://computer-ibot.blogspot.com/2010/08/wcdma.html]
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GSEM/WCDMA Architecture
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3‘]]‘7‘] 2.1 ooy Base Station Subsystem (BSS) tt8 WCDMA Radio Access Network (RAN) [ﬁlﬂ‘hlﬁ ¥
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b= (PCPICH1 + Preu, + Potherl) X P, + (PCPICHZ + Prep, + Potherz) X P,
+ (PCPICH3 + Prcu, + Potn 3) X P,
= (PCPICH1 X PL1) + (PTCH1 X PLl) + (Pothe . X PL1) + (PCPICHZ X PLZ) +
(PTCH2 X PLZ) + (Potherz X PLZ) + (PCPICH3 X PL3) + (PTCH3 X PL3)
+( Pother3 X PL3)
(3.3)
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o { o v . .
By, Ao wasnmnglganusy ldun Tnsdniiiede (Received User Equipment Power )

unuAaumMs (3.4) adluaums (3.3 ) azld

P, = RSCPy + (Prey, X Pu,) + (Potner, X Pu,) + RSCP, + (Prey, X PL,)
+( Pother, X P,) + RSCPs + (Prep, X Pr,) + (Pother, X Pr,)
P. = RSCP, + RSCP, + RSCP3 + (Prey, % Pp,) + ( Potner, X Pr,) + (Prcu, X Py,)
+( Pother2 X PLZ) + (PTCng PL3) + (Pother3 X PL3)

(3.5)
NAAUMIN (3.4) 218
RSCP
RSCPy, = Pepicu, X Po, => Pepich, = Py . (3.6)
1
RSCP
RSCP2: PCPICHZ X PLZ => PL2: m (37)
2
RSCP.
RSCP3: PCPICH3 X PL3 => PL3: ﬁ (38)
3
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__ RSCP,

Pi, = s % Pua (39)
__ RSCP3

Ps = zser, X P (3.10)
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] 2 3’.1 =S g |l
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RSSI = B. = RSCP, + Rscp2 + RSCP; + (Prep, X le ) + (p}@l 5 RscPy ) +

PcpfcH
RSCP, RSCP, RSCPs
(PTCHZ X Rscr, RSCP, x PLl + (%WZ Pcp,_/CH) PTCH3 RSCP, X PLl) +
o BSCPy
( Py ers X Pcp CH)
RSCP,
= 2 x [RSCP{ + RSCP, + RSCP; 1 + (Prcu, X Py, ) + (Prey, X 2
1
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PTCH = %Load X Pmax (312)
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A o i @ A v 9 a
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RSSI =2 x [RSCP; + RSCP, + RSCP; ] + (uLoad; X Ppgy X P, )+

) RSCP, . RSCP;
(A,Loadz X Ppax X RSCP, X PLl) + (A)Load3 X Ppax X RSCP X PLl)
RSSI =2 x [RSCP, + RSCP, + RSCPs |

+( Pnax X Pp,) X [%Load1 + (%Loadz X RSCPZ) + (%Load3 X RSCP3)]

RSCP, RSCP,

(3.13)
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RSSI = ZEASL- + ZZMSj
i=1 j=1

3 ASk 6 MS;
+ (Pmax X PLl) X I:Zkzl (%loadk X A—Sl)k + lel (%loadl X A_Sl)l]

(3.14)

Tag? AS = Active Set Received Signal Code Power

MS = Monitor Set Received Signal Code Power
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Prediction of Interference Areas for 3G Network
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Abstract— The growth of customers in 3G network has forced
the operators to always optimize their network performances.
One of the most concerned parameters to indicate the quality of
network is the interference area. Especially in 3G network, this
parameter is directly influenced by the number of users. Hence, it
would be better if the operators can predict the areas
experiencing interference before getting the users complaint.
However, it is rarely possible to mathematically realize the
interference power for all areas without real measurements. This
is because in practice the fading channels depend on individual
characteristic of environments. In this paper, based on drive test
and throughput data, the thod to predict the interference
areas have been proposed. The performance matrices obtained
from drive test are co-analyzed in cooperation with throughput
data obtained from base stations. The results indicate that the
prospective areas of interference problem can be predicted using
the proposed method. Also the li of cell throughput can
be pointed out in order that the operators can arrange the
appropriate plan to upgrade their networks.

Keywords—3G, Drive Test, Throughput, RSCP, RSSI, Ec/No

L INTRODUCTION

The current number of population and the demand for
communication services of 3G mobile networks is increasing
rapidly. The network operators have to install more base
stations to accommodate the increased demand. Especially, the
areas having a high risk of interference problem are the first
priority. The problem is that how the operators know the area
of interference problem. For WCDMA networks [1], the
system has a large number of users that use the same
frequency. The signal of each user is the mutual interference
for each other. Hence, the interference area is a common
problem for such a network and this problem is more
pronounced if the network serves more users. The unknown
location of interference areas caused by crowd users will make
some users block out of a serving cell because the signal to
interference ratio is very small [2]. This has a great impact to
the users even though it is not the fault of operators.
Sometimes, this shortage can be minimized by providing the
temporary base stations in the focus area only if the operators
pre-know which area will be full of users. The example of such
situations are when there are some special events in public area
like exhibition shows, conferences, graduation ceremony,
traditionally festivals, etc.

978-1-4673-9749-0/16/$31.00 ©2016 IEEE

The interference area can indirectly cause the damage to
life and property of citizens because someone might be unable
to call a police or an ambulance in the interference area when
the accident is occurred. In the near future, this problem will be
more serious due to the increase of population [3]. To solve
this problem, there are many companies and agencies that try
to find ways to reduce the risk of interference areas. The
compulsory process that all methods have to do is the drive
test. This is because it is impossible to realize the signal quality
in mobile networks without real measurement. Only calculation
cannot exactly give the performance matrices because the
fading channels in real situations are random and they depend
on individual environments. Hence, the drive test is the
necessary process for analyzing the actual network quality.

Drive test is the process of measuring all signals from
devices which performs a live connection to base stations [4].
This process has been done to realize the current quality
situation of networks and to check whether the networks
perform as expected or not. However, due to many constraints
such as the traffic jams in daytime, the drive test is mostly
undertaken when the demand of traffic data is low. This is the
invisible problem because the analysis of drive test show how
good of the network quality under a low load of users. It can
mislead to unaware of interference problem. The results of that
drive test in a low load of users cannot indicate that this area is
free of the interference problem or non-existent.

Another help to co-analyze with drive test data is the use of
statistical data observed by base stations. The statistic data is
varied all the time according to the user accessibility. This data
can let us know the viewpoint of user load in each cell. All
mobile services from every user are recorded at the base
station. For 3G networks, the connection of all services is
defined by packet based communication. Hence, the
throughput data is the main important index to indicate the
burden of base station. For WCDMA networks, the more
throughput data of other users will produce more interference
powers. This is the linkage to create the relationship between
throughput data and network performance obtained by drive
test. After getting the relationship, the operators can predict the
interference areas in advance. From literature survey [5-8],
there has been no work to analyze the problem of interference
with the use of throughput data. Therefore, this paper proposes
the new concept to find the relationship between throughput
data and network performance. Also the analysis can lead to
predict the risk area of interference power.
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The remainders of this paper are organized as follows:
Section II discusses on the background overview about the
parameters involved in the model. The prediction of
interference areas is presented in Section III. The results of
proposed method are discussed in Section IV and the
conclusion of this paper is presented in Section V.

II.  BACKGROUND QVERVIEWS

The knowledge to formulate the relationship between
network performance obtained by drive test and throughput
data can be described in 3 sections including drive test, model
analysis and throughput data. Each section is given in details
as follows.

A. Drive Test

Dive Test as a means of testing the quality of mobile
network. It is considered as the most widely used process in
nowadays. The signal is automatically measured by a mobile
phone installed with a drive test program. Then mobile phone
is connected to a personal computer to display the route in
conjunction with all parameters. In drive test, there is a
connected navigation device so called as global positioning
systems (GPS) to determine the position in terms of latitude
and longitudes. Then the signal quality in the specific area is
recorded in corresponding to the position. The main
parameters that are indicative of the area are Fic / No, RSCP,
RSST and the scrambling code. These indicators can reveal
which cell site or sector affecting the quality of the signal.

Fig. 1. Equipment in drive test.
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1 *®
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P CCPCH 1 ‘l "
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%) ) N

o)

Fig. 2. The situation with the adjacent 2 Cells

B. Model Analysis

This section provides the insight of how to create the
relationship between interference and throughput data. The
main key parameter dealing with interference is fic / No which
is the measure of user energy per noise power. Note that the
noise power includes the power of all natural noises and all
interference sources. Hence, FEc No can refer 1o the
interference indicator. The relationship of Fc / No with other
quality indicators can be obtained from the equation below.

+=(dB) = RSCP(dB) — RSSI(dB) )

Where
FHe/No = Energy per Chip Over the Noise
RSCP = Received Signal Code Power
RSSI = Received Signal Strength Indicator
In WCDMA network, the received signal will be achieved

from ihe CPICH channeis of mulii-Ceils and other signais of
Cells (SCH, CCPCH). For example, in case that the signals
measured at the midpoint between 2 sites as illustrated in
Figure 2. the various components in power spectrum are shown
in Figure 3 [11]

The relationship between the energy of all components
illustrated in Figure 3 can be expressed in equation (2).

P= (PCPICH1 + Prey, + Potheri)x Py (PCP]CHZ +
Prew, + Potner, )% Py, (2)

where
Pepicn;= Common Pilot Channel Power

Prcp, = Traffic Channel Power
Pother,= Other Channel Power
Py, = Total Loss Power

The Pyiper, 1S comprised by two channels including SCH
and CCPCH. The Ppcy, is up to -33 dBm and the power of
the CPICH channel will be reduced by increasing of the
distance from BS to UE.

power

[ "Giher
S N W S 2

;\7‘

SCH, P_CCPCH, 5_CCPCH 2

'SCH, P_CCPCH. §_CCPCR1

5 MHz

Fig. 3. WCDMA spectrum of 2 Cells.
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Thus.
B

rue = RSCP = Pepicy x P (Watt) 3)
The definition of RSSI is to present all received energy of

user at any location. So it is that the RSSI = P. (dBm)

Considering the Prqy , this will depend on the volume of

users. If the cell could serve more users, then Prcy will be

more valuable as well.

Thus

Prey = %Load x By (4)

Since % Load is a volume of throughput data, it 1s the time
to analyze drive test data in order to obtain Py, in which
Prax 18 the maximum power of Prey in traffic channel.

Therefore the equation in (2) can rewrite in a general
equation below.

3 6
RSSI = ZZ AS, +2 ZMS, + (P X PL)x

=1 j=1

3 0 ASy 6 (o M
[Zi=1 ( Yoload), x T )R + B ( Yoload, x ASl);]
%)

where

AS =Monitor Set Received Signal Code Power

PByax at position the measuring the signal obtained.
Then,

RSSI-2%3_, AS;+2¥%_, MS;

P Zi=1 Zj=1M5; (6)

= - x 12
th[):;:n(%iundkxﬁ k+):f‘=l(%tnad, xﬁ){]

C. Throughput Data

From the information recorded at base station called as
static data, there are many types of real time data. Traffic data
refers to the amount of data that users can use the service
during that time which is controlled in traffic channel. Hence,
the traffic data no matter what kind of services can be grouped
in 4 types. The first type is the voice and video calls as shown
in Figure 4. The results show the amount of traffic using the
voice and video calls in units of Erlang. The second type
shown in Figure 5 is the data volumn of voice call and internet
data in Mbit. The third type is the throughput of HSDPA dn
HSUPA data shown in Figure 6 while the fourth type is the
throughput of voice data in uplink and downlink as shown in
Figure 7. In summary, it can be noticed that the user demand
of required data 1s changed by time. Also the throughput of
HSDPA and HSUPA is much higher than voice data. This can
be seen in Figure 7 that the voice data Throughput is the
maximum at about 30 Kbps, but the packet Data Throughput
is about 2.4 Mbps. Hence, it can imply that the consideration
of user traffic 1s influenced the most by throughput data.

In this paper, the authors are interested only in the
downlink which users download data as illustrated by
throughput HSDPA shown in Figure 6. It can be caleulated
that the average amount of data is approximately 30 percent of
all applications during the dive test.

B TRATIC VIDEO_GAL B TRAFFIC. VOICE GALL

Fig. 4. Traffic on the voice call and video call

TRAFIC_HSUPA_MEAN B TRAFFIC_P_R0_00
B TRAFFIC 9 9.0L  [B TRAFFIC HSDPA MEAN

o I I I
BEEEEEESEEEENESSSEESSEEENNEEEIEEE EEEREESENEREIEEERE
BIENEREIECEREIBNEREIANSABEEN RSB EREEENENEEB0IREEET

Fig. 5. Data volumn on the voice call and internet data.

Theoughput HSDPA (Mbps) e TP MDA PERUSER, e 7ML PERUSER Theoughput HSUPA (Mbps)

Fig. 6. Throughput HHSDPA data and HHISUPA data

‘Throughput PS DL (Kbps) — TP —TrFe A0 Theoughput PS UL (Kbps)
-

=

=
10

a
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Fig. 7. Throughput voice data in uplink and downlink.

[ Drive Test | Analysis data |{ Calculate P Adjustment ®load

Calculate RSST', Ec/No”
and Data comparison

Interference analysis H Adjust ®sload : 30-100%load

Fig. 8. Flowchart of the interference analysis.
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11

This section describes the analysis of data obtained from
dive test and then presents the method to predict the
interference areas based on the new load adjustment. The next
task is to demonstrate the impact of the signal quality occurred
when the load is changed. Lastly. the results are analyzed to
identify the areas at high risk of interference. The flowchart of
interference analysis is shown in Figure 8.

As mentioned above, Figure 9 is an example of the Ec / No
in the interested area. As seen in the figure. there are two base
stations in which there are three sectors in each cell. Each
sector has an individual scamming code. The interference area
is defined by the area that Ec / No is less than -18 dB. The
presented results are obtained by drive test which it has an
averaging load at 30%. From drive test. there are other
parameters that can be collected including RSSI and RSCP.

The parameters mentioned above are used for calculating
the P, value of each point on the area. By substitute into the
equation (6) and then recorded values. The next step will be a
simulation to see the change in the signal quality (K¢ / No) by
adding percent load. Then the new caleulated RSS/ value can
be calculated using equation in (7) below.

3 6
RSSI = 2 Z AS, 42 Z MS;
i=1 i=1
. 45
+ (Pmm x PL.)X Z (%[aad’k ‘o —k)
k=1 A51

6
. MS
+ Z (%[oad iX A—S‘l)l]
O]

i=t
After achieving RSSI' for all positions, then the new value
of Ec / No'can be calculated below.

PREDICTION OF INTERFERENCE AREAS

k

RSCP
RSSI

Ec/No' = ®)

When all new Ec¢/No' is complete, then the plot of
interference can be considered. This paper employs MATLAB
programing to calculate and compare the results.

IV. EXPERIMENTAL RESULTS

This section displays the area of Fe/No measured from
drive test. Then, the calculation of predicted Fo/No is
displayed by changing the throughput data with 30%, 60% and
100%. The position of interference problem is where the value
of Ec/No < -18 dB. In this section, there are two experiments
including interference prediction and maximum throughput
awareness. The first experiments focus on the prediction of
interference areas when increasing the traffic load. For second
experiment. the maximum limit of cell load has been studied.

@ Ecivo < 1848 @ -18dB < EeNo < -14dB

Fig.

Latetitude

Fig

Latetitude

Fig.

Latetitude

Fig

-14dB < Ec/No < -10dB
10dB < EcNo < -6dB @ Ec/No > -6dB

9. The results of Ec/No from the Drive Test.
13895
el
13.89 /e < -1odB
‘%‘L'ﬂ
13865 A’{g ; i £
¢ ¥
1348 ; . i i R i )
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. 10. The predicted results of EeVo when load is 30%.
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. 1'1. The predicted results of E¢/No when load 1s 60%.
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12 The predicted results of Fe/No when load is 100%




68

A. Interference Prediction

The results of interference prediction are shown in Figure
10 to Figure 12. The traffic load is changed from 30% to 100%.
It can be seen that the more traffic load increases the more
interference areas. The results also show that the proposed
method can specify the exact location of interference areas.
This is very helpful for engineers to foresee the problem. Then
they can plan to improve the network performance before users
complain.

When the load is 100% shown in Figure 12, it can be seen
that two red circles cover the interference areas. It means that
both areas need some improvement. However, it is impossible
to adjust power or the tilt angle of antennas because there is no
base station in between both areas. Hence, the only method to
serving overload traffic is to install the new base station
between both circle areas. This information can be a good
guideline for operators to plan for installing a new base station.

B. Maximum throughput Awareness

Figure 13 shows the interference areas versus the
throughput data. Note that the interference areas are calculated
in percentage. It can be obviously seen that the interference
areas are more pronounced if throughput data is very high. This
is because more traffic data increase more interference power
at each location. The results in Figure 13 can be used as the
guideline for network planning. For example, if the operators
prefer to have the interference areas less than 0.1%, the
maximum throughput data that each cell can be offer to users is
56%. Then the network monitoring engineers can be aware of
this percentage to be the maximum limit of each cell.

interference areas in 3G networks. The proposed method uses
the data from drive test in terms of E¢/No and also the data
from statics at base stations in terms of throughput. After
finding the relationship between Ec/No and throughput, then it
is ready to analyze all positions if the traffic load is changed.
The results indicate that the proposed method can be useful for
preventing the risk of network impairment due to interference
problem.
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