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Abstract: A proactive service quality momitoring by means of advanced expert-driven field test analysis s of
utmost mmportance for performance optimisation in contemporary operating wireless cellular communication
networks. This monitoring requirement is particularly emphasized in mobile broadband-based networks such
as HSPA due to inherent high-interference and network dynamism with multiple sources of uncertainties such
as multipath radio wave propagation charmel conditions which directly influence the data transmission quality.
In this research, modern experimental equipment has been explored to critically mvestigate the performance of
live HSPA commercial networks using significant signal coverage and Quality of Service (QoS) parameters at
radio link and network levels. By using Radio Frequency failure (RF) detection matrix and drill down analysis
on collected drive test data, the network coverage and quality problems has been identified. The impact of
dynamically changing network condition on the end user experience which are indicated by specific channel
signal quality and data rate metrics are also graphically presented. The research is concluded with splendid
steps and recommendations on how to improve the overall performance of the HSPA and the effective
deployment of future networks m the studied locations.
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INTRODUCTION

Over the last decade, the public mobile wireless
communications have undergo remarkable growth 1n terms
of evolution, deployment and mobile subscription, since,
the emergence of second generation system networks
such as GSM 1n the early 90°s to the present-day mobile
broadband networks such UMTS, HSPA and LTE.
According Ericson Mobility report (Anonymous, 2016),
the total global mobile subscriptions stood at 7.3 billion in
the third quarter alone, 2015. As highlighted m the
report, India grew the most in terms of net additions
during the quarter +13 million, followed by China +7
million, the US +& million, Myanmar +5 million and Nigeria
+4 million.

As the different wireless cellular network system
communications evolve,
accompanied with paralleled continuous mncrease mobile
user service subscription, one key area that cannot be

standards continuous  to

ignore 1s the Quality of Service (QoS) the end-user
experiences from one location to another. Often time, radio
signals and data rate transmission quality in wireless

cellular commumecation network’s enviromment are
impacted by different limiting factors. For example, in
terrains with uneven morphology (e.g., built-up area), the
signal coverage and quality 13 affected by a lots
blockades such as human structures, non-uniform
human/vehicular traffic, hills, vegetation and the like. For
this reason, there 13 a strong need for a systematic
real-time individual assessment of deployed commercial
mobile commumication networks. This 1s to evaluate their
robustness and performance capability in different radio
propagation scenarios. It will also provide a platform to
identify problems, resolve them and reconfigure the
networks for optimal performance.

This research deals with a systematic performance
assessment of HSPA network, considering the radio
coverage, service quality and link reliability performance
trends in typical suburban environments. This is an
extension of previous on UMTS networks m a campus
environment (Tsabona, 2013). A closely related approach
have been adopted by Alghamdi and Kostamic (2010)
and Agboje ef al. (2016) but for WiMAX and GSM
networks.
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MATERIALS AND METHODS

In academic literature, many testing methods are
present for measuring and momnitoring the performance
of service quality performance in cellular wireless
networks. The two most central ones are: controlled drive
testing (Isabona, 2013; Alghamdi and Kostanic, 2010;
Agboje et al, 2016; Isabona and Konyeha, 2013) and
crowd-sourced testing (Messina ef al., 2013). While the
formal is a form of mobile data acquisition method using
sophisticated testing equipment that is connected to
mobile devices and housed in vehicles for adept drive
testing; the latter involves the use of mobile applications
and consumers devices to obtain relevant network data.
In this research, the drive-test system procedure was used
for data collection.

Measurement campaign: Measurements were performed
along the test area using the drive-test investigation
procedure specified by Ascon (Anonymous, 2010) as
shown in Fig. 1. The drive-test tools consisted of two
Ericson TEMS mobiles of W995 (ie., the User
Equipment (UE)) Model, Ericsson TEMS drive test
software-equipped laptop, scanner and GPS all housed in
a rover car containing the compass and GPS receiver. The
GPS receiver is for tracking the exact location of each test
point. The scanner measures all used carriers/cells and
theirr corresponding downlink scrambling codes. The
TEMS test software-equipped laptop with the two mobiles
is used to measure node B performance over the air and
display the obtain data along the drive test routes. The
test was conducted mn a commercial HSPA mobile network
implemented on the 2100 MHz band. The drive test routes
were chosen in modus with good engmeering practices
associated with network performance monitoring and
optimisation. This enabled us to capture the full networks
cell coverage and quality of service parameters 1 form of
log files before handover. The test area is covered by
3 cell sites. The test environment was typical Suburban

Fig. 1: Typical drive test investigation tools and set-up
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with a mix of living areas, commercial areas and an open
areas. For post processing of test log data, Maplnfo,
MATLAB and Microsoft Excel were used.

RESULTS AND DISCUSSION

For presentation of results, the followmg
Performance Indicators (KPI's) have been considered
{(Tamo and Lipovac, 201 3; Isabona and Ekpenyong, 2008,
Isabona and Ekpenyong, 2009):

RSCP (Received Signal Code Power)

Ec/No (received Energy per chip divided by the
power density in the band)

BLER (Block-Error Rate)

RSCP: It 1s the signal strength measured mn the unit of
dBm. Tt is wed as an indicator for signal coverage
assessment and for calculating path loss. According to
the requirements on radio frequency optimization, the
value of Ec/No must be = -85 dB m or higher in 98% of
coverage area for standard usage. RSCP 1s related to path
loss by:

RSCP(dBm) = P, -pathloss (1)

Path loss = A/r™" (2)

Where:
P~ = The node B transmit Power

A=A constants and its value depends on node B
Antenna parameters

r = Distance between node B and UE

n = Propagation path loss exponent and it 13 also an

environment dependent parameter

Ec¢/No: Tt is the level of interference plus the noise level
with regard to the pilot control channel in the band. For an
acceptable coverage quality/interference level, the value
of Ec¢/No must be = -9 dB or higher in 95% of coverage
area at the User Equipment (UE) terminal as indicated in
Table 1-2. Thus, higher Ec/No implies the better signal
quality or low interference level.

BLER: is an important indicator for performance
assessment of link connection quality and integrity. It
expresses the level of transmission errors on the radio
interface. Specifically, it is defined as the ratio of the
number of erroneous blocks received over the total
number of blocks transmitted. The higher the BLER, the
more packet retransmissions which in tum will lead long
delay and poor power efficiency. Practically, the value of
BLER shouldbe = 0.1 (i.e., 10%) must or higher in 95%
of coverage area in the downlink direction.
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The probability distribution function (pdf) plots of
RSCP coverage for site A are presented in Fig. 2-4. From
the pdf analysis, 100, 85 and 95% of RSCP measured
values are better than -85 dBm acceptable quality
performance threshold in sectors 1-3. Also, for coverage
quality, the pdf analysis in Figs 5-7, shows that 95, 82 and
95% of Ec¢/No measured values are better than -85 dBm
acceptable quality performance threshold in sector 1-3.
Specially, we also infer from the pdf plots that it is only
the measured RSCP values from sector 1, out of the
three sectors in site A that follows Gaussian distribution.
This agrees with the results from owr previous
research by Isabona and Konyeha (2013) that the
received signal values does not always follow the
Gaussian distribution. A similar observation have also
been made in another research by (Robitzsch and
Murphy, 2012).

Table1: Radio coverage and quality problem detection matrix
(Sanchez-Gonzales, 2008)

Criteria’Coverages Sectors

Low RSCP

Low Ec/No Non-dominant server area’uplink and downlink
coverage problems

High Ec/No Downlink coverage problems (i.e., poor downlink
coverage)

High RSCP

Low Ec/No High downlink interference and pilot pollution
problems

High RSCP Uplink interference

Table 2: Radio coverage and quality evaluation criteria (Anonymous, 2006;
Isabona and Ojuh, 2014)

Indicators KPI KPI target
Coverage RSCP =88 dB m over 98% of coverage area
Quality Ec/No =>-9 dB over 99%% of area
Reliability BLER =01 over 95% of coverage area
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Fig. 2: Measured RSCP distribution in sector 1, site A
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Fig. 4: Measured RSCP distribution in sector 3, site A
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Fig. 5: Measured Ec/No distribution in sector 1, site A
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Fig. 6: Measured Ec/No distribution in sector 2, site A
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Fig. 7: Measured Ec/No distribution in sector 3, site A

Table 3-6 display the summary of statistical analysis
of measured signal coverage and link quality performance
parameters i sites A-C.

Presented in Fig. 8-10 are plots to examine the impact
of radio coverage and quality on BLER performance for
site A. Using the thresholds: BLER <0.1, it is observed
that 90, 98 and 91% of RSCP and Ec/No measured values
are providing good link quality m site A. Similar
performance was also observed in sites B and C but we
couldn’t show the results due to space constraint.
However, the results summary obtained based on
statistical analysis for all the three sites are shown in
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Table 3: Measured values of RSCP Ec¢/No and BLER in site A, urban

KPI/Values Sector 1 Sector 2 Sector 3
RSCP

Mean -66.880 -74.550 -62.470
Minimum -84.000 -87.000 -76.000
Maximum -52.000 -62.000 -47.000
Median -66.500 -76.000 -61.000
SD 6.940 6.810 7.680
Ec¢/No

Mean -8.150 -11.750 -6.610
Minimum -15.000 -22.000 -16.000
Maximum -4.000 -5.000 -3.000
Median -8.250 -12.000 -5.500
8D 2.805 5.320 3.720
BLER

Mean 0.090 0.105 0.080
Minimum 0.070 0.070 0.070
Maximum 0.110 0.180 0.120
Median 0.080 0.090 0.070
SD 0.011 0.032 0.014

Table 4: Measured values of RSCP, Ec/No and BLER in site B, Suburban

KPI/'Values Sector 1 Sector 2 Sector 3
RSCP

Mean -76.890 -68.69 -75.260
Minimum -87.000 -77.00 -87.000
Maximum -68.000 -59.00 -58.000
Median -75.000 -69.00 -80.000
8D 6.480 5.59 9.740
Ec/No

Mean -6.250 -7.73 -9.470
Minimum -13.500 -24.00 -19.000
Maximum -4.500 -3.50 -5.000
Median -6.000 -4.00 -9.000
SD 1.502 7.07 3.820
BLER

Mean 0.077 0.098 0.091
Minimum 0.070 0.070 0.070
Maximum 0.110 0.330 0.140
Median 0.077 0.071 0.087
8D 0.005 0.064 0.017

Table 5: Measured values of RSCP, Ec/Ne and BLER in site B, rural

KPI/Values Sector 1 Sector 2 Sector 3
RSCP

Mean -65.840 -70.3100 -64.500
Minirmum -85.000 -84.0000 -76.000
Maximum -49.000 -55.0000 -52.000
Median -64.000 -70.0000 -65.000
SD 9.720 8.8100 6.760
Ec/No

Mean -7.400 -9.5500 -8.040
Minimum -19.000 -15.0000 -16.500
Maximum -3.500 -4.0000 -4.000
Median -5.500 -9.5000 -8.250
5D 3.750 3.2100 3.160
BLER

Mean 0.083 0.0900 0.085
Minirmum 0.070 0.0700 0.070
Maximum 0.140 0.1100 0.120
Median 0.075 0.0889 0.084
sD 0.015 0.0130 0.013

Table 6 the best BLER performance was achieved in sites
A, B and C with Ec/No and RSCP between -4 to -6 dB and
-50to -70 dBm, respectively.
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Table 6: Achieved coverage, quality and link reliability performance in

site A. B and C
Variables Sector 1 Sector 2 Sector 3
Site A
RSCP target RSCP=>-88 dBm over 98% coverage area
Achieve 100 85 100
Ec/No target Ec/Noz-9 dB over 95% coverage area
Achieved a5 82 95
BLER target BLER:=0.1(10%)
Achieve 98 83 98
Site B
RSCP target RSCP=>-88 dBm over 98% coverage area
Achieve 84 100 90
Ec/No target Fc/Noz-2 dB over 95% coverage area
Achieved 97 a1 79
BLER target BLER:=0.1(10%)
Achieve 9 96 85
Site C
RSCP target RSCP:>-88 dB m over 98% coverage area
Achieve 97 100 100
Ec/No target Fc/Noz=-2 dB aver 95% coverage area
Achieved 97 92 95
BLER target BLER=0.1(10%)
Achieve 97 96 94
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2 0.09 0.085
0.08 0.084
007 0.083
= 0 0.082
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Fig. 8 BLER performance trend with Ec/No and RSCP in
sector 1, site A
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In site A, a good number of low RSCP values but with
high EC/No quality were found at different measurement
locations, especially in sectors 1 and 2. As clearly seen in
Table 6, the two sectors recorded as low -89 and -90 dB m
Ec/No mean values, both which are lower than -85 dB
accepted coverage threshold at the UE terminal. This
indicate poor coverage area. In sites A and B, a reverse
performance 1s the case as many measurement locations
recorded high RSCP values but with low EC/No quality.
This an indication of high interference problems. On the
other hand, many measurement points in sector 1 of site
B and sector 2 of site C recorded both low RSCP and
EC/MNo, thus, showing the two sectors uplink and
downlink interference limited. Increase in interference is
also an indication of increase traffic in the area.

CONCLUSION

To proficiently ensure a good service quality for both
individual and commercial subscribers as well maximise
the impact of network investment, mobile service
operators need an up-to-date view of their deployed
network performance capacities and limitations in different
propagation scenarios. This mformation in strongly
needed in today’s competitive telecom market to further
reconfigure the network for better performance. In this
research, modern experimental equipment has been
explored to critically study the performance of live HSPA
commercial networks with focus on signal coverage,
quality and capacity metrics. By using Radio Frequency
failure (RF) detection matrix and drill down analysis on
collected drive test data, the network coverage and
quality problems has been identified. The impact of
dynamically changing network condition on the end user
experience have are also graphically presented, using
specific chammel signal quality and error rate metrics. The
results could form the basis for performance optimisation
of mobile cellular networks.

RECOMMENDATIONS

In view of the results presented in this research, the
following recommendations are made to enhance the
performance of HSPA networks in the study area: for
uplink and downlink coverage areas (1.e., areas with low
RSCP and Ec/No), the antenna azimuths should be tuned
to create one dominant pilot. For poor downlink coverage
areas (lLe., areas with low RSCP but high Ec/No), the
anterma azimuths should also be adjusted but this time
towards the coverage gaps and blind spots. For high
downlink interference areas (i.e., areas with high RSCP but
low Ec/No), decrease CPICH of interfering cell and the
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antenna should be downtilted in correspondence to the
scrambling codes involved. There is need to increase the
cell size or coverage range of each site via. sector addition
or site addition.
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