-1D6.1.4 Survey report on interference sources in smart grid

D6.1.4: Smart Grid Communication
Utilizing Public Cellular Networks
Revision History

Edition

Date

Status

Editor

v0.1

30.11.2011

First draft

S. Horsmanheimo

v0.2

12.12.2012

Scenario and testbed definitions

S. Horsmanheimo
S. Horsmanheimo

v0.3

20.12.2012

Trial descriptions

P. Savolainen
L. Tuomimäki
N. Maskey
S. Horsmanheimo

v0.4

05.01.2013

Raasepori trial results

L. Tuomimäki
N. Maskey
H. Kokkoniemi-Tarkkanen
S. Horsmanheimo
N. Maskey

v0.5

07.01.2013

Koillismaa trial results

P. Savolainen
L. Tuomimäki
L. Helenius
S. Horsmanheimo

v0.6

15.01.2013

Koillismaa trial results

L. Tuomimäki
H. Kokkoniemi-Tarkkanen

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

-2D6.1.4 Survey report on interference sources in smart grid

S. Horsmanheimo
v0.7

15.01.2013

Coverage prediction results.

N. Maskey
L. Tuomimäki
J. Zidbeck

v0.8

25.02.2013

Power distribution network modelling
and failure analysis.

v0.9

27.02.2013

Corrections to simulation results.

S. Horsmanheimo
L. Tuomimäki
S. Horsmanheimo
L. Tuomimäki
S. Horsmanheimo
L. Tuomimäki
N. Maskey

v1.0

08.03.2013

The final version with storm analysis
results.

P. Savolainen
H. Kokkoniemi-Tarkkanen
S. Tomperi
J. Zidbeck

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

-3D6.1.4 Survey report on interference sources in smart grid

Abstract
This report presents the results of a feasibility study of utilizing commercial 2G (GSM-900) and 3G
(UMTS-900) networks for a remote control of medium voltage electric distribution networks. The
study concentrates on rural and suburban areas. The commercial cellular networks are found
compelling, because they are mass market products providing wide-area voice and broadband
data services covering whole Finland. Furthermore, over several decades their performance and
robustness have been validated by a vast number of end-users. At the same time, device and data
transmission costs have significantly decreased making them competitive against dedicated
wireless control systems.
The study was carried out by combining computer simulation results, field measurements and
failure reports of specific storms. For the study, a simulation tool was designed and implemented to
give a realistic picture whether 2G/3G networks are suitable for providing required coverage,
redundancy and capacity to Smart Grid communication in sparsely populated areas. The study
also tries to find answers how vulnerable these commercial communication networks are small,
medium or large outages caused by e.g. severe storms, and whether there exist concrete
strategies to make wireless communications networks for Smart Grids orders of magnitude more
resilient and reliable without additional costs.
The approach that we have taken in our work was to simulate 2G/3G networks in different failure
scenarios. Raasepori region was selected for the study area, because it contains both suburban
and rural regions. Both 2G and 3G networks were available, and it was convenient for both VTT
and Viola Systems to arrange field measurements in order to fine-tune and validate calculation
models. For the area, an accurate 3D environment model was constructed including terrain height
and clutter type information. Configurations for communication and electric distribution networks
were made from data obtained from other SGEM partners and literature surveys. Later, the
Koillismaa region was chosen for the second trial area in order to assess differences in Southern
and Northern parts of Finland. Simulations were carried out using a network planning tool that VTT
has been developing over the years. This tool has been tailored for the SGEM project, and new
algorithms have been added to enable modeling of electric distribution networks and the
interoperability assessment of 2G/3G networks from the Smart Grids’ viewpoint.
This report presents the results of VTT’s and Viola Systems’ work in Task 6.1 during FP3. This
work also includes expert assistance from ABB and TeliaSonera. The report has been divided into
seven chapters. The first chapter gives a short overview of the research problem and background.
In addition, it describes how the medium-voltage power distribution network and communications
networks were modeled. Chapter 3 is devoted to the implemented measurement and analysis
framework and how the communication network was created from the data obtained from field
trials. Chapter 4 concentrates on scenarios and performed trials in Raasepori and Koillismaa area
including signal strength and redundancy measurements. The measurement results are presented
in detail, because these results were the starting point for fine-tuning coverage models and
validating redundancy predictions. Chapter 5 concentrates on results obtained from propagation
models and how the tuning was done using field measurements. Chapter 6 focuses on failure
analysis. The data from ABB and Fortum made it possible to model medium voltage power
distribution networks in Raasepori and Koillismaa areas with sufficient accuracy. This data was
very valuable in both statistical and history based failure analyses. The last chapter is conclusion
where the findings pertaining to tool development, and reliability and redundancy analysis work are
presented.
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1 Preface
This report was done as a part of the Finnish national research project "Smart Grid and Energy
Market" SGEM FP 3, and it was funded by Tekes – the Finnish Funding Agency for Technology
and Innovation and the project partners. The report was written by VTT and Viola Systems (Jyrki
Penttonen and Lauri Helenius).
For the report, valuable contributions and comments were obtained from TeliaSonera (Mikko Keto)
and ABB (Antti Kostiainen and Dick Kronman).

2 Background
Traditionally, electric distribution companies have used private communication networks to control
their assets such as substations, reclosers, disconnectors, and transformers. Proprietary
technologies such as microwave links, narrow band VHF/UHF radios, and private mobile radios
were often applied. Today, 3G and 2G cellular packet based networks can provide data
connections almost anywhere with much lower costs. Those networks are proof-tested in mass
markets, and their availability and reliability improve even more as the public wireless systems’
convergence gets realized.
Until now, there has been very little research on providing an analytical framework to assess
reliability and redundancy aspects of 2G / 3G for automation of electric distribution networks. Our
motivation was to provide an application framework prototype. It is used for assessing the
feasibility of 2G and 3G networks applied to remote control of electrical distribution networks.
Moreover, the failure reports of electric distribution networks are used to simulate different types of
outage cases varying from one feeder down to large scale failure caused by severe storms [1].
This work was a continuation to the work done in the SGEM FP2, where a literature survey was
carried out and a core of the prototype framework was implemented [2]. During FP3, more
emphasis was put on field trials, simulations using failure reports and deeper analysis of simulation
results. The work focused on finding answers to the following questions:
Are 2G and 3G networks sufficient for Smart Grid communication also in sparsely
populated areas?
How vulnerable commercial communication networks are to different size of failures?
What concrete strategies do we have in order to make cellular networks for Smart Grids
more robust and reliable?
How should Smart Grid and telecommunication networks be enhanced in order to ensure
mutual benefits of both operators?
The study covers medium voltage electric distribution components controlled via SCADA systems.
High voltage core grid components as well as consumers’ remote metering devices were excluded.
The electric distribution network entities included in the analysis are presented in Figure 1.
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Figure 1. Modelled medium voltage distribution network components [3].
Modelled key components of medium-voltage distribution network:
Substation [4] transforms voltage from high to low, or vice versa. Electric power may flow
through several substations between power plant and consumer, and its voltage may
change in several steps. A substation that has a step-up transformer increases the voltage
while decreasing the current, while a step-down transformer decreases the voltage while
increasing the current.
Recloser [5] is used to divide the distribution network into smaller sections. As a result, a
single failure event on the grid will cut off only the section controlled by the recloser. Since
resetting a breaker might take considerable time, reclosers are used to automatically reconnect after a short interval. About 80-90% of faults on overhead power lines is transient
and can be cured by autoreclosing. After a long failure event the recloser can lock out
requiring human intervention to reset it.
Disconnector [6] is used to make sure that an electric circuit can be completely deenergized for service or maintenance. Such switches are often found in electric distribution
and industrial applications where machinery must have its source of driving power removed
for adjustment or repair. High-voltage isolation switches are used in electric substations to
allow isolation of apparatus such as circuit breakers and transformers, and transmission
lines, for maintenance.
The telecommunication network modelling concentrates on link budget calculations. They can be
used to assess the availability and redundancy of networks both to UL and DL directions. The UL
direction means data transmission from a terminal to a base station and the DL vice versa.
Typically the UL direction is more limited due to terminal’s lower transmission power. The
difference is partly compensated by the base station’s better RX sensitivity level. The availability of
communication networks is greatly affected by surroundings. Forest, terrain shapes and man-made
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large shadowing obstacles degrade the signal. This attenuation is taken into account by modelling
the propagation environment in 3D and including clutter specific loss factors to the propagation
model. The combined effect of the environment is presented as a path loss term in the link budget
formula illustrated in Figure 2. Other terms are transmitter and receiver specific parameters, which
can be modelled more precisely using technical data sheets of used devices. Mobile operators are
controlling base stations’ parameters, and they cannot be altered by end-users. In contrast,
terminal properties can be adjusted by an end-user to improve the communication link quality. This
can be done by using short or high quality cables, ensuring line-of-sight between terminal and base
station as well as by selecting devices that have good receiver sensitivity level and high receiver
and transmitter antenna gains.

Figure 2. Parameters of a link budget equation.
Networks’ coverage cannot be measured everywhere. It is far too expensive and tool laborious.
Moreover, measurement results depend on used devices. To overcome these limitations, coverage
prediction models are used. The challenge is that they depend greatly on the accuracy of the
environment data. In the SGEM project, three environment related data layers were used for
creating the 3D environment model:
Clutter information (forest, fields, lakes, and built areas)
Locations of the base station masts.
Terrain heights
The 3D terrain model for Raasepori and Koillismaa regions were constructed using terrain height
and CORINE Land Cover 2006 (CLC2006) information obtained from Maanmittauslaitos (MML)
and Suomen ympäristökeskus (SYKE). The use of combined information is presented in Figure 3,
where e.g. red areas illustrate built areas, light blue sea areas, green forest, and yellow open
areas. In the propagation model optimization, trial measurements are used to compute correction
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factors for each clutter type in order to adjust the propagation model to fit better to the analyzed
area.
Base station specific radio parameters, terminal specific parameters, and the 3D environment
model are used for computing the coverage for each base station. The figure below illustrates the
GSM coverage for three masts. Typically a base station mast has two to three sectored base
station antennas, and several networks’ base stations can share the same mast. The mast height
in rural areas is well above tree level (45 m above the ground), and used antenna lobes are
typically wide making the coverage areas rather circular.

Figure 3. An example of base stations’ coverage calculation.

3 Measurement and analysis tools
3.1

Architecture

The implemented measurement and analysis framework contains two parts:
Mobile-NPT, a mobile measurement part for collecting data from different cellular networks
Control-NPT, an analysis part for aggregating measurement data, creating the electric
distribution and cellular network structures and assessing reliability and redundancy of
2G/3G networks in different outage situations.
The architecture of the framework is illustrated in Figure 4. The framework supports both real-time
and offline measurements. In the SGEM project, offline measurements were found more feasible,
because the data connection between the Mobile-NPT in a measurement vehicle and the ControlNPT cannot always be guaranteed in rural areas. The real-time connection was merely used in
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QoS measurements where TCP/IP data transmission between Mobile-NPT and Control-NPT was
used.

GPS
reciver

Android phone

Mobile NPT /Qosmet

UDP / TC
P-IP

UDP /
TCP-IP
2G/3G Network

Android phone

Control-NPT
Qosmet

File repository

GPS
reciver

Nokia C7
Nemo Outdoor

Nokia C7
File repository
File repository

External
Antenna
2G/3G Arctic
Module
File repository
External
Antennas

Figure 4. Architecture of measurement and analysis framework.

3.1.1 Nemo measurement tool
The primary measurement tool is Nemo Outdoor presented in Figure 5. It contains a laptop, two C7
phones, a wireless module and a GPS receiver. Those devices are connected to the laptop via
USB ports. The C7 phones are used for collecting cellular network information from UMTS-900 and
GSM-900 networks. The wireless module is reserved for collecting data from LTE network.
However, it was not utilized in the SGEM project, because LTE network was not widely available in
rural or sub-urban areas where the field measurements were performed. The data collection rate is
several samples per second, and both serving and neighboring cell information is retrieved with
location and time information. The Nemo device saves the measurement data into files, which are
later analyzed with the Control-NPT. The Nemo Outdoor’s GUI can be used to monitor different
radio parameters in real-time, but there is no interface to convey data to the Control-NPT for a realtime analysis.
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Figure 5. Nemo Outdoor measurement tool.

3.1.2 Viola Systems’ Arctic Tool
The second measurement tool is the Viola Systems’ 2G/3G Arctic tool with two modems shown in
Figure 6. The modems are connected to a laptop with USB cables. The modems are programmed
to collect measurement samples from GSM-900 and UMTS-900 networks periodically in every 2
seconds using AT commands. Both serving and neighboring cell information is collected. The
modems are using external antennas that were mounted outside a vehicle during the field trials in
order to provide better signal strength. The Arctic tool stores results into files, which are postprocessed with the Control-NPT. Measurement samples do not include location information.
Therefore, a location to each sample is extracted from Nemo Outdoor measurements using
samples’ timestamps. As a result, the Arctic and Nemo tools’ clocks need to be synchronized
before a measurement is carried out.

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 11 D6.1.4 Survey report on interference sources in smart grid

Figure 6. Arctic 2G/3G measurement system

3.1.3 Mobile-NPT
The third measurement tool is the Mobile-NPT shown in Figure 7. It runs on a laptop, to which
three different wireless modules (mokkula) are connected via USB ports. In the SGEM scenarios,
each wireless module was monitoring different networks. As in the case of the Arctic tool,
measurement samples are periodically retrieved (every 500 ms) from the wireless modules using
AT commands. Different manufacturers’ wireless modules, namely Sierra Wireless, Huawei, and
ZTE, were used in order to avoid conflicts in the driver level. Using the modules, the Mobile-NPT
can collect data simultaneously from UMTS, GSM, and LTE networks. The clocks of wireless
modules do vary, and therefore the laptop’s clock time is used to provide uniform timestamp for all
the samples. The Sierra Wireless module includes an internal GPS-receiver, which gives the
location to the measurement sample. The Mobile-NPT can also gather information from WLAN
network through laptop’s internal WLAN interface, but this functionality was not used in the SGEM
scenarios. The Mobile-NPT includes connections to two Android phones via Sierra Wireless
module’s Wi-Fi link. The terminals are used to get network based locations for UMTS-900 and
GSM-900 base stations. The location estimate is provided by Google’s Cell-ID positioning service
and is used as one alternative to predict base stations’ locations. Since the Android phones cannot
be locked on a specific band, the collected data includes also location estimates of GSM-1800 and
UMTS-2100 base stations, which were removed during the data post-processing. At least in
Finland, the location accuracy of Google’s service was not very accurate. Therefore, mast location
information from Maanmittauslaitos (MML) and data from other public Cell-ID repositories were
used to improve the accuracy.
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Figure 7. Mobile-NPT with modems and an Android phone.
The Mobile-NPT laptop runs also a Qosmet server/client application. The Qosmet application is a
passive measurement tool for measuring one-way end-to-end network QoS (Quality of Service)
performance in the application level. The application measures and computes accurate packet
level statistics, which are used to analyze the quality of the data connections to both the UL and DL
directions. The Qosmet operates on application level. It can be used for measuring QoS in WLAN,
UMTS, GSM and LTE networks. In the SGEM scenarios, a separate traffic generator (iPerf) was
used to create TCP/IP and UDP traffic between the Mobile-NPT and Control-NPT computers. The
QoS measurement data does not include location information. The location information is added
afterwards from the Nemo Outdoor measurements. As a result, the Mobile-NPT’s and the Nemo
Outdoor’s clocks need to be synchronized before a measurement.

3.1.4 Control-NPT
The data aggregation and analysis is done in the Control-NPT. The application does the following
tasks.
Creation of a 3D environment model using terrain height and clutter information
Creation of networks (WLAN, GSM, UMTS, LTE, and WiMAX) either from Android phone
measurements with the aid of MML mast files or from a teleoperators’ base station files
(Excel files).
Calculation of coverage area for each base station using base station specific parameters.
Optimization of
measurements.

coverage

models using

Nemo,

Mobile-NPT and Arctic 2G/3G

Visualisation of the real-time or offline measured and predicted data on the top of a map or
in graphs.
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Creation of an electric distribution network including primary substations, feeders,
disconnectors and secondary substations.
Simulation of different outage scenarios using fault history reports or statistical data.
The model construction on the Control-NPT started from the creation of a 3D environment model
using geographical (terrain height and clutter) information from Raasepori and Koillismaa area. The
medium voltage power distribution network structures for Raasepori and Koillismaa areas were
created from the data provided by ABB and Fortum. Similarly, telecommunication network
structures were created from field measurements, MML’s (Maanmittauslaitos) mast data, and
several Cell-ID repositories[7],[8],[9]. The base stations ids and channel numbers were stored to
the network structures, so that measurement samples gathered with the Nemo Outdoor, Arctic and
mobile-NPT tools could be mapped to base stations presented in the networks’ model. The base
station’s radio parameters were generated according to data sheets and mobile operator’s
planning guidelines. The base stations were connected to the power distribution network via the
closest secondary substation.
After the layouts of the communications networks were created, the coverage for each base station
was computed. The outcome was compared against the measurements. If the deviation was too
large, an optimization was performed. The optimization process is presented in the FP 2 technical
report [2]. The optimization reduced the difference between measured and calculated values along
the measured routes by adjusting the clutter type specific attenuation factors. The optimization
could be done for each base station separately, but in the SGEM project, we are more interested in
getting generic clutter type attenuation factors for a large area. The optimization used the Nemo
Outdoor’s route and base station specific measurements.
The measured field strengths and the redundancy counts obtained with the Nemo, Arctic and
mobile-NPT along the measurement route were used for validating the calculation model. The
coverage areas to the UL and DL directions depend on terminal’s properties Therefore, four
terminal cases were defined for the analysis, and both the UL and DL directions were calculated:
A commercial 2G terminal at 1.5 m height
A commercial 3G terminal at 1.5 m height
Viola Systems’ 2G RTU with a vandal-proof case at the height of 1.5 m
Viola Systems’ 2G RTU with a normal case at the height of 3.0 m

3.2

Discovering base station locations

The exact locations and antenna directions of the base stations are maintained mobile operators’
management and planning systems. The base station locations and their radio parameters are
typical company confidential and thus difficult to obtain for public funded projects like SGEM. In
addition, we would be keen on getting network structure information from all operators. To make
the issue more challenging, we were interested in creating network structures of all operators at
the selected area. Since it is not possible in practice to get base station locations from all
operators, we set our goal to implement an algorithm that enables to construct a realistic network
structure with very limited amount of information from mobile operators. The base stations are
often modeled with a hexagonal grid, but in practice, the base stations are typically deployed more
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densely along main roads and populated areas. The approach we took was to create network
layouts based on the field measurements, MML’s mast location information and available Cell-ID
repositories. These Cell-ID repositories are created from data collected by ordinary subscribers of
different operators. Three Cell-ID repositories were utilized in the SGEM project, namely Open
Cell-ID [8], Location-API [9], and Google’s Cell-ID service from an Android phone. The Cell-ID
repositories are extensive, but at least in Finland, the base station locations had a lot of
inaccuracies. In addition, these repositories do not include all the base stations. Nevertheless, we
anticipate that the situation improves over the next few years as the Cell-ID repositories become
more complete. For the SGEM project, an algorithm to create network layouts for GSM-900 and
UMTS-900 networks was developed.
The generic steps of the algorithm were:
The first step is to create mast locations from the MML data. For that, a minimum distance
between two masts needs to be defined in order to limit the number of mast locations
candidates. The MML mast information includes all masts above 30 m. Therefore, it also
includes masts that are not used for telecommunications. For each mast, a space for three
base stations per a radio access technology was allocated.
The second step is to sort all the base stations based on the highest measured received
signal strength, namely RxLev for GSM-900 and RSCP for UMTS-900.
The base stations with highest measured signal strengths are likely to be close to the
measurement route. According to the measured samples, the base stations were mapped
to the closest masts. The threshold was chosen to be above -60 dB. The value was defined
based on the channel locking measurements.
The base stations with lower measured signal strengths may be further away from the road.
The base stations were mapped to the masts using the location estimates retrieved from
Cell-ID repositories. The Cell-ID location included an accuracy estimate. It was used to pick
the location from the available Cell-ID locations. The location with the highest accuracy was
mapped to the closest mast at least the threshold distance away from the measurement
location. If the mast is already occupied by three stronger base stations belonging to the
same network, then the second closest mast is chosen. In the SGEM project, the threshold
distance was set to 3.0 km based on the channel locking measurement.
An auxiliary tool was implemented to compare base station locations provided by different Cell-ID
repositories and our detection algorithm. In the figure, green color indicates locations provided by
Google Cell-ID Service, red one Location-API, and blue one Open Cell ID. The locations are
queried using LAC and Cell-ID of a base station. As we can see from the figure, a location for the
base station is not always found from all these repositories, and there exist significant deviations in
location estimates. Therefore, the use of MML’s mast data was essential.
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Figure 8. An example of comparing base station location estimates provided by different
Cell-ID repositories.
Figure 9 shows the correlation between highest measured RSCP values and the distance from the
measurement location to a base station. These histograms were created from the field
measurement and gave a good indication how well the modeled network structure reflects to the
real world. In the analysis phase, the coverage of each base station was drawn with the respective
measured signal strengths, which helped us to detect and remove errors in base stations locations.
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Figure 9. Correlation between measured Max RSCP and RxLev values and
distances from masts.

4 Scenarios
The developed framework prototype was evaluated with four failure scenarios. The scenarios
concentrated on resiliency and redundancy of commercial GSM-900 and UMTS-900 networks in
rural and sub-urban areas. The assessment focused on long-time failures, which last longer than
the base stations’ battery backup. The fault scenarios were studied in feeder and substation levels.
The defined failure scenarios were:
Scenario A: One feeder breaks down
Scenario B: One primary substation breaks down
Scenario C: 30 % of primary substations break down (e.g. severe storm)
Scenario D: 60 % of primary substations break down (e.g. severe storm)
The analysis was performed in Raasepori (approximately 80 km x 60 km) and Koillismaa
(approximately 200 km x 180 km) regions, because they included both rural and suburban areas,
information about telecommunications and power distribution networks as well as failure reports
from storms were available. The study was first carried out in Raasepori area, because the area
was also close enough to perform field measurements. These field measurements were used in
two ways - for supporting the tool development and for validating analysis results. The second trial
was carried out later in Koillismaa area, which was roughly eight times larger than Raasepori area.
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The objective was to find out whether there are differences in power or telecommunication
networks between these two areas. Koillismaa area is more sparsely populated, and thus
distances between base station masts and electric distribution network could be anticipated to be
longer than in Raasepori area.
The fault analysis was executed by programmatically switching off primary substations, feeders or
secondary substations. Switching off a feeder or a primary substation caused associated base
stations to go down resulting a loss to the coverage. If the loss was wide enough, communication
links in the affected area were lost preventing remote control of power distribution network entities
or communication with field teams. The fault analysis supports also using secondary substations’
failure reports. These failure reports were relevant, because they include information how long the
outage lasted, which was essential for modeling the recovery of the power distribution and
telecommunication networks. In simulations, the communication masts can be equipped with
battery backups, which prolongs the data connections to remotely controlled power distribution
entities e.g. disconnector and to the field teams during the storm clearing work. In the SGEM
project, no history reports from base stations’ failures were available. Therefore, the fault
simulation could not be validated against real data.

4.1

Field measurements in the Raasepori area

Altogether four field trials were carried out by VTT and Viola Systems. The trials were gradually
made more extensive as the application framework and assessment capabilities evolved. The first
two field trials were carried out in Raasepori area and concentrated mainly on the tool development
and validation of the propagation models. The last two ones, carried out in Raasepori and
Koillismaa regions, were used for the redundancy and failure analysis.

4.2

Raasepori field trial

The measurement route was approximately 350 km long covering the whole Raasepori area. The
field trial included seven road and four base station measurements. The measurement route and
measured base stations are shown in Figure 10. M0 was a base station measurement that was
carried out in the SGEM FP2, but the results were re-used in propagation model optimization in
FP3.
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M1

M4

M0

M2

M3

Figure 10. Raasepori measurement route including the starting points of base station
specific measurements (blue symbols).
The measurement vehicle was equipped with external antennas that were installed on the roof of
the VTT’s car shown in Figure 11.

Figure 11. The measurement car equipped with two external antennas.
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4.2.1 Route measurements
The Nemo Handy and the Arctic 2G/3G tool were used to collect both serving and neighbouring
cell information from the GSM-900 and UMTS-900 networks along the measurement route. The
Arctic tool was equipped with external antennas. The graph in Figure 12 shows the GSM networks’
RxLev values measured in the idle mode from the BCCH channel. The Arctic 2G tool gives about
4-5 dB higher values than the Nemo tool with the aid of the external antenna. The Nemo receiver
was inside the car and thus additional loss was caused by the body of the car. The differences are
more visible from the zoomed part of a measurement.

Figure 12. Comparison of RxLev values between the Nemo N95 and Arctic 2G modem along
the measurement route.
In Figure 13, the same RxLev values are presented on a Raasepori map. We can see that there
exists small coverage gaps in the Arctic measurements, but they were actually caused by small
breaks in the Arctic’s logged data. These gaps did not have any significant effect on the analysis.
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Figure 13. Comparison of RxLev values between the Nemo N95 and Arctic 2G modem along
the measurement route.
Figure 14 shows the measured cell counts with the Nemo and Arctic tools. The cell count was
close to maximum everywhere (light blue color). The GSM standard limits the maximum number of
reported cells to 7 (serving cell + 6 neighbouring cells). However, typically higher counts can be
detected especially near towns.

Figure 14. Measured cell counts with Nemo N95 and Arctic 2G modem along the
measurement route.
If we look at the cell count results more carefully, then we see that the Nemo is giving a bit higher
cell counts than the Arctic tool. At least, there exists less fluctuation. However, we can also see
gaps in the Nemo measurement. They are due to the base station specific measurements
performed in the middle of the route measurement. The long break seen in both measurements is
a lunch break. From the Nemo results, we can observe that in the beginning of each measurement
(after the break of a base station specific measurement), the measured cell counts are lower. This
is due to Nemo tool’s own feature. In practice, the cell counts at those places were at the same
level as elsewhere, as we can see from the figure above. The fluctuation in the Arctic tool cell
counts is explained by the fact that the Arctic is using a separate AT command to collect
information about neighbouring cells with lower sampling rate than the Nemo. Moreover, Nemo
receives serving and neighbouring information in the same message.
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Figure 15. Measured cell counts with Nemo N95 and Arctic 2G modem along the
measurement route.
In parallel with GSM-900 measurement, a route measurement was carried out in UMTS-900
network with C7 and 3G Arctic tools. The signal strengths were extracted from the RSCP (received
signal code power) values, which denote the power measured by a receiver on a physical
communication channel. The RSCP can be measured both on the downlink and uplink, but in our
case, the terminal was measuring it to the downlink direction. We can see from Figure 16 that the
Arctic 3G measures approximately 8 - 10 dB higher RSCP values than Nemo. The difference can
be seen more clearly from the zoomed part of the measurement. This difference is resulted from
the Arctic tool’s external antenna.

Figure 16. Comparison of RSCP values between the Nemo C7 and
Arctic 3G modem along the measurement route.
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Figure 17 shows the measured RSCP values on a Raasepori map. The UMTS-900 network has
more low coverage areas (presented in dark blue) than the GSM-900 network. The coverage is
strong near the towns. The RSCP values are higher in the case of the Arctic 3G measurement, but
there exists gaps along the measurement path. This was due to some battery problems during the
measurement. The measurement data was still well-suited for the further analysis. The Nemo
measurement results were more complete and were used to fine-tune the coverage prediction
model.

Figure 17. Comparison of RSCP values between the Nemo C7 and Arctic 3G modem along
the measurement route.
The next figures show the measured cell counts for UMTS-900 with the Nemo and Arctic tools. The
cell counts were anticipated to be smaller than those measured in the GSM-900 network, because
the deployment of the UMTS-900 is still going on. The Arctic 3G modem was not able to collect
neighbouring cell information, so the cell count values included only the serving cell.
Includes only
serving cells

Figure 18. Cell counts measured with the Nemo C7 and Arctic 3G modem along the
measurement route. The Arctic 3G did not measure neighbouring cells (cell count = 1).
Figure 19 shows the cell counts as a graph. The cell counts vary from 1 to 10, and bigger values
are measured next to the cities. The Nemo measurement included also incomplete measurement
samples, and some of the low cell counts can be explained with it. The average cell count is
between 3 and 4, which is lower than measured in the GSM-900 network.
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Figure 19. Measured cell counts with Nemo C7 and Arctic 3G modem in UMTS-900 network.
The total number of base stations (more precisely cells) detected with the Nemo and Arctic tool are
presented in the histogram in Figure 20. The number of GSM-900 base stations is about twice the
number of UMTS-900 base stations. Nemo detects significantly more base stations than Arctic.
This is clear in the case of the UMTS network, because the Arctic tool was not measuring
neighbouring cells. The difference in GSM-900 network is explained by the fact that the Arctic
measurement samples were collected every 2 seconds whereas the Nemo ones every 300 ms. As
a result, the changes in the neighbouring cell list are more visible in the Nemo’s case. The base
station ids, signal strength values and cell counts obtained from the Nemo tool were used for
constructing the UMTS-900 and GSM-900 networks and as a signal strength and cell count
reference for result validation.

Figure 20. Total number of GSM-900 and UMTS-900 base stations detected along the
measurement route with the Nemo and Arctic tools.
The network structures including antenna directions for GSM-900 and UMTS-900 base stations
were created by combining information from Nemo’s GSM-900 and UMTS-900 measurements, the
MML mast data, and Cell-ID location estimates. In Figure 21, GSM-900 masts are presented with
blue color and UMTS-900 with red color. A significant number of masts are shared by both
networks. The base station’s type and antenna direction can be seen when the network structure is
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zoomed. The antennas are by default 120° apart from each other. The figure shows that the base
stations are not evenly scattered. Most base stations are found next to towns and main roads.

Figure 21. Network structures created based on GSM-900 and UMTS-900 measurements.

4.2.2 Base station specific measurements
The base station measurements were executed by locking the Nemo’s N95 and C7 terminals on a
specific base station according to an ARFCN (Absolute Radio Frequency Channel Number, GSM)
and scrambling code (UMTS) respectively. A measurement was started under the selected mast.
Then, the car was driven away from the mast until the connection was lost to both base stations.
Then, a U-turn was made, and the car was driven back under the mast. The objective was to
assess the average radius of GSM-900 and UMTS-900 base stations.
The next figures show the results of the base station specific measurements. The left picture
shows the changes in RxLev (GSM-900, blue) and RSCP (UMTS-900, red) values along the route,
and the right picture the distance between the car and the mast. The gap (straight line) in results
indicates the place where the connection was lost.
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Figure 22. M1 base station measurement.

Figure 23. M2 base station measurement.
(UMTS-900 measurement is not shown, the connection was frequently disconnected).

Figure 24. M3 base station measurement.
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Figure 25. M4 base station measurement.
The figures show that an average radius of a GSM-900 base station is between 5 and 8 km
depending on the environment. The radius of a UMTS base station is typically shorter ranging from
3.5 to 6 km. The radius depends also on the direction of a base station antenna. This can clearly
be seen in the M4 measurement in Figure 25 where GSM-900 and UMTS-900 base stations are
pointing to opposite directions. The radius to the back lobe direction is significantly smaller. The
radius and signal strength information were used for fine-tuning the propagation model.
The Qosmet application was used to assess end-to-end delays and jitters. The measurement was
performed during the base station measurements. Qosmet’s control traffic was generated to both
UL and DL directions. The data amount was only few kbps in order to model Smart Grid’s remote
control messaging. The UL and DL delays are shown in Figure 26.
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M1: QoS measurement

M2: QoS measurement

M3: QoS measurement

M4: QoS measurement

Figure 26. Qosmet measurements in M1 - M4 locations.
Delays vary greatly in both networks. In the UMTS-900 network, the delay is typically around 40 50 ms, whereas in the GSM-900 network, it is significantly bigger - approximately 100 - 200 ms.
Consequently, handover locations during the drive can be detected from the results as a significant
change in delay values. Furthermore, in the beginning of a handover, there is a short delay peak.
The delay to the DL direction is typically smaller than to the UL direction resulting a better
response time. The synchronization error between the Qosmet clock and a NTP server (Network
Time Protocol) caused drifting to delay values. The NPT server was used to provide accurate and
synchronised time across the Internet. The NTP daemon tries to adjust the clock in small steps and
will continue until its client gets the accurate time. These adjustments can be observed from the
figures.

4.3

Koillismaa field trial

The Koillismaa field measurements were carried out in December 2012. The trial focused on
finding possible differences between Koillismaa (Northern Finland) and Raasepori (Southern
Finland) areas. The measurements lasted for three days, and the route was altogether 1 400 km
long. Measurement devices were the same as used in the Raasepori trial except Nemo Outdoor
was used with two C7 terminals instead of Nemo Handy with one C7 and one N95 terminal. The
Nemo Outdoor has new features that are more suited for real-time monitoring. The base stations
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radius was measured in the same manner as in the Raasepori case by locking the Nemo tool on a
specific ARFCN channel and scrambling code. The Arctic tool was enhanced before the trial to
collect also neighbouring cell information from the UMTS-900 network. The trial included also
Qosmet measurements at selected disconnector locations.

Figure 27. A measured base station and disconnector along the measurement route.
Eleven disconnector and six base station measurements were carried out. Disconnectors were
divided into ‘good disconnectors’ that were located in a close proximity of a base station and ‘bad
disconnectors’ located far from base stations. In Figure 28, the good disconnectors are presented
with green symbols and bad ones with red ones. The base station locked measurements were
performed at places indicated with green symbols. A blue symbol M11 shows a location where only
a base station locked measurement was performed. This was a deviation to the original trial plan.
At the site M10, there was no Sonera GSM-900 or UMTS-900 mast and thus the base station
locked measurement was moved to M11 location. Moreover, a planned base station measurement
was skipped at the M13 due to lack of time. The blue line shows the measurement route. The
Nemo and Arctic tools were collecting signal strength information from UMTS-900 and GSM-900
base stations. Two Android phones were used to collect UMTS and GSM base station location
estimates along the route. The location information was used together with other Cell-ID data
sources to map detected base stations to masts presented in the MML mast file.
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Figure 28. Koillismaa measurement route including the locations of stationary
measurements.
Two external antennas were placed on the roof of the measurement car. The planned route was
entered to a navigator before the trial as a part of trial planning. The clocks of the measurement
devices were synchronized in the beginning of each measurement day. The QoS measurements
required to perform synchronization in order to provide reliable jitter and delay values. Moreover,
the locations for Arctic and Qosmet measurement samples were extracted from Nemo Outdoor
measurements.
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Figure 29. The measurement car equipped with two external antennas.
At disconnector locations, a Huawei module was used for measuring signal strengths and the
Qosmet application QoS information with 8 kbps TCP/IP traffic. During a disconnector
measurement, the test data was sent from the measurement laptop to a server located at Otaniemi
Espoo.

4.3.1 Route measurements
RxLev values measured in GSM-900 network along the measurement route are presented in
Figure 30. The Arctic tool measures higher values with the aid of an external antenna. In general,
the coverage of the GSM-900 network is very good along the whole measurement route. There are
only few weak points (indicated with dark blue color) detected by the Nemo tool nearby the border.
The strong values are measured near towns as well as from masts that are located next to the
main roads.

Figure 30. Comparison of RxLev values between the Nemo C7 and Arctic 2G modem along
the measurement route.
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Figure 31 shows short segments along the measurement route. The difference between the Arctic
and Nemo is approximately 6 - 8 dB. There exist also larger deviations. They are likely due to the
tools having different serving base stations.

Figure 31. Comparison of RxLev values between the Nemo C7 and Arctic 2G modem along
the measurement route.
Along with Nemo and Arctic measurements, Sierra Modem was also doing measurement in
floating state (able to make handover between GSM-900 and UMTS-900 itself). Most of the times,
Sierra’s selected network was UMTS-900 which is understandable, because most of the Koillismaa
area had good UMTS-900 coverage. But, in Kuusamo there was no UMTS-900 coverage; Sierra
Modem made automatic handover to GSM-900 and returned back to UMTS-900 after 15 min when
it found the network again, which can be seen in Figure 32.
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GSM-900 active

Figure 32. A) UMTS-900 coverage in Kuusamo area B) GSM-900 coverage in Kuusamo area
C) Network change between UMTS-900 and GSM-900.
Figure 33 shows the measured cell counts along the measurement route. The results are nearly
identical. Low cell counts are measured only nearby the border and a national park. There are also
some short-term low cell counts measured near Kuusamo by the Arctic. These are explained by
the use of GSM-1800 and UMTS-2000 base stations. In general, the redundancy level in GSM-900
network remains very high along the whole measurement route.
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Figure 33. Measured cell counts with Nemo C7 and Arctic 2G modem along the
measurement route.
Figure 34 shows the measured cell counts in detail. Two large gaps in the measurements are
night-times. Shorter gaps in the Nemo graphs are due to base station and disconnector specific
measurements. The average cell count is about 5 – 6 (the maximum value is 7), which is slightly
less than in the Raasepori case.

Figure 34. Measured cell counts with Nemo C7 and Arctic 3G modem along the
measurement route.
As in the case of Raasepori, RSCP values in UMTS-900 network were also measured. This time
three devices, Nemo Outdoor and Arctic 3G tool and Sierra Wireless module connected to the
mobile-NPT, were used. The measured RSCP level with the Arctic tool is again the highest due to
the use of an external antenna. The difference between measured values was bigger in UMTS-900
than in GSM-900. The Arctic 3G module utilizes the used antenna solution better than the Arctic
2G module. Based on the measurements, the rather good UMTS-900 coverage exists along the
whole measurement route. However, there are more and wider weak coverage areas (dark blue)
than in Raasepori case.

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 34 D6.1.4 Survey report on interference sources in smart grid

Figure 35. Comparison of RSCP values between the Nemo C7 and Arctic 3G modem along
the measurement route.
Figure 36 shows the RSCP values in detail. The graphs show short segments of the whole
measured route. The Arctic values are presented in blue, Nemo values in red, and Sierra Wireless
values in green. The highest RSCP levels are measured with the Arctic 3G and an external
antenna. The Sierra Wireless module was also connected to a small external antenna. As a result,
also its RSCP values are higher than those measured with the Nemo.
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Figure 36. Comparison of RSCP values between the Nemo C7 and Arctic 3G modem along
the measurement route.
Figure 37 shows the measured cell counts obtained with the Nemo (left picture) and Arctic 3G
(right picture) tools. The Arctic tool measured higher cell counts. This is partly explained with the
use of an external antenna as well as the use of lower sampling rate. The Arctic detects more
neighbouring cells over the sampling time of 2 seconds whereas the Nemo uses 300 ms sampling
rate and no external antenna.
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Figure 37. Cell counts measured with the Nemo C7 and Arctic 3G modem along the
measurement route.
The average cell count measured with the Nemo tool is about 3 – 4 and with the Arctic tool 4 - 5.
The numbers are slightly smaller than those obtained from Raasepori the case with the Nemo tool.
In the graphs, there are places where the cell count drops to zero. Those areas do not have
coverage, or incomplete measurement samples were received. The latter one seems more likely,
because those places in the graph are momentary. In general, there don’t exist any large holes in
the UMTS-900 coverage, but the proportion of weak coverage areas is slightly bigger than in
Raasepori area.

Figure 38. Cell counts measured with the Nemo C7 and Arctic 3G modem along the
measurement route.
The total number of detected cells with the Nemo and Arctic tools is presented in Figure 39. The
number of GSM-900 base stations is approximately 1.5 times bigger than the number of UMTS900 base stations. The similar ratio was also discovered in the Raasepori case. The Nemo tool
detects more cells than the Arctic tool. The difference can be explained by the higher sampling
rate. The Arctic’s sampling rate was one sample per 2 seconds whereas Nemo’s was one sample
per 0.3 seconds. As a result, the changes in neighbouring base station list are more visible in the
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Nemo’s measurements. The Nemo measurement including signal strength and cell counts were
used to construct and validate the structure of GSM-900 and UMTS-900 networks for the
Koillismaa case.

Figure 39. Total number of GSM-900 and UMTS-900 base stations detected along the
measurement route with the Nemo and Arctic tools.
Figure 40 shows the network structures generated for GSM-900 and UMTS-900 networks by
combining information from field measurements, Cell-ID repositories and MML mast files. The
maximum number of base stations on a mast per network was limited to three. The direction of a
base station antenna is defined based on the location where the strongest signal level was
measured. Common radio parameters were used, because base station specific parameters were
not available. From the figure, we can see that high base station densities are found next to the
towns and main roads. Respectively, the density is at its lowest level next to the national park and
the border. In the figure, the GSM-900 base stations are presented in blue and UMTS-900 base
stations in red. Most masts have both UMTS-900 and GSM-900 base stations.
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Figure 40. Network structures created based on GSM-900 and UMTS-900 measurements.

4.3.2 Base station specific measurements
Base station locked measurements were used to get information about the average base station
radius in Koillismaa area in GSM-900 and UMTS-900 networks. The base station locations were
selected beforehand in such a way that as many clutter type as possible is covered with the
measurements. There were six base station measurements carried out:
M1, flat area including fields, swamps, and small lakes.
M4, area between flat and hilly areas.
M5, hilly area near the border including big lakes and dense forest area.
M7, near a small town (suburban area) surrounded by hilly areas.
M10, next to the national park surrounded by dense forest and small hills.
M11, flat sparse forest area surrounded by lakes.
The figures below show the measured signal strengths and respective distances of the selected
UMTS-900 and GSM-900 base stations. In the M1 case, the radius of a GSM-900 base station was
only 3 km and UMTS-900 approximately 7 km. The UMTS-900 measurement was done from
another mast that was located 4 km away from the selected mast location. The GSM-900
measurement was done to the back lobe direction, which can be seen from the steep attenuation
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in the signal strength curve. Due to these reasons, this base station measurement was excluded
from the optimization.

Figure 41. M1 base station measurement.
In the M4 case, the base stations are found from the selected mast. The RxLev and RSCP values
are significantly higher than in the M1 case. The radius of UMTS-900 base station is approximately
11 km and GSM-900 about 12 km. The radius is longer than on average in the Raasepori case.
This can be explained by the use of higher base station heights, transmission powers and greater
antenna gains. There exists fluctuation in values, which is due to slow fading caused by the
shadowing of terrain heights and forest.

Figure 42. M4 base station measurement.
The M5 results are similar to M4 results. The difference between RxLev and RSCP values is
greater indicating that the GSM antenna was pointing more along the road or the UMTS-900 base
station was using lower transmission power or antenna gains. The radius of the UMTS-900 base
station was 13 km and GSM-900 close to 22 km. The long radius can be explained by higher
transmission powers or antenna gains. The fluctuation seen in the curves is caused by the
shadowing of terrain and forest.

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 40 D6.1.4 Survey report on interference sources in smart grid

Figure 43. M5 base station measurement.
The M7 case is similar to the previous cases except that RSCP and RxLev values drop sharply at
the distance of 10 km. This is resulted from the shadowing of terrain. The area around the mast
has high hills blocking the signal. The measurement started 900 m from the mast. The radius of the
UMTS-900 base station is about 11 km and GSM-900 close to 12 km.

Figure 44. M7 base station measurement.
The M10 is close to a national park (dense forest area). The RSCP values are lower than RxLev
values, which indicate that the GSM antenna is pointing more towards the road or it uses higher
transmission power or antenna gain. The radius of the UMTS-900 base station is 7 km and GSM900 close to 11 km. The fluctuation due to the shadowing of terrain is significant especially in the
case of the GSM-900 base station.
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Figure 45. M10 base station measurement.
The area around the M11 is rather flat including sparse forest areas surrounded by lakes. The
measurement was started 1000 m from the base station. The route followed the lake and thus the
Line-Of-Sight was recovered to the mast significantly longer. The shadowing effects of forest and
terrain as well as the recovery of the LOS over the lake are visible from the results. The radius of
the UMTS-900 base station is 10 km and GSM-900 about 12 km. It was interesting to observe that
the RSCP graph is not as symmetric as in the previous cases.

Figure 46. M11 base station measurement.
As a conclusion of the base station measurements, the radius of GSM-900 base station varied
between 12 and 20 km and UMTS-900 between 8 and 11 km. Compared to the Raasepori
measurements, the radius was roughly twice as long. This is likely be achieved by using higher
base station heights, transmission powers or antenna gains. Near the base station, the received
signal strengths were about 10 dB higher than in Raasepori. Especially, the difference in the radius
of UMTS-900 base stations in Koillismaa and Raasepori is significant. It also explains why the
coverage redundancy does not drop as significantly as we could expect by only looking at cell
counts in Raasepori and Koillismaa areas.

4.3.3 Disconnector specific measurements
Disconnector specific measurements were used to analyse how the signal strength and QoS
parameters correlate. The analysed QoS parameter was the delay, which is relevant for sending
and receiving remote commands. The disconnector measurements were performed for two types
of disconnectors, good ones located near a base station, and bad ones, located far from a base
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station. At each disconnector location, a 5 min stationary measurement was performed with Sierra
module (signal strength) and Huawei module (Qosmet measurement). For the QoS measurement,
8 kbps TCP/IP traffic (+ control traffic) was sent from the terminal to a server, which was located in
Otaniemi Espoo. The blue color in Figure 47 shows the used offered load to the UL direction from
the terminal to a server and red color shows the throughput load to the DL direction from the server
to the terminal. The load to the UL direction fluctuates over the measurement period, but the
average load remains 8 kbps. The load to the DL direction is only control traffic and well below 1
kbps. In the beginning and the end of the measurement, there is a short no data transfer phase. It
was used as a reference level for delays. The reference delay was not always constant due to a
time synchronization problem. It caused drift to delay values and an offset to the reference delay
value.

Figure 47. Generated TCP/IP traffic to the UL (offered load) and DL (throughput) directions.
As mentioned earlier in the case of the M1 base station specific measurement, the locked UMTS
base station was not on the nearest UMTS mast, but from another 4 km away. As a result, the
planned good disconnector measurement was more close to the bad disconnector measurement,
because signal strength values at the disconnector location are around -80 dBm. The measured
reference delay is 20 ms, and the delay values are fluctuating within ±35 ms. Figure 48 shows that
also bigger negative delay values are measured (below -90 ms). Those values are due to QoS
measurement samples that do not include delay information (value is -999). Therefore, only delay
values above -90 ms are presented. The UL delay curve contains some high short delay peaks.
The delay momentarily increases up to 100 ms. The delay figure indicates that the Qosmet was
sending data over a UMTS link.
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Figure 48. M1 disconnector measurement.
The M2 was considered as a bad disconnector measurement. The average RSCP level is around 80 dBm. Moving of the terminal antenna causes fluctuation to the signal levels. The reference
delay is 80 ms. The delay deviation is within ±30 ms. Some high momentary peaks can be
observed during the data transfer. The delay figure indicates that the Qosmet was sending data
over a UMTS link.

Figure 49. M2 disconnector measurement.
The M3 was labelled as a bad disconnector measurement. The RSCP values are around -90 dBm.
The reference delay value is about 75 ms, and the delay deviation is within ±40 ms. The deviation
is approximately 10 ms wider than in the cases of M1 and M2. Moreover, there exist more and
longer delay peaks during the data transfer. The maximum delay values are around 320 ms from
the reference level. The delay figure indicates that the Qosmet was sending data over a UMTS
link.

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 44 D6.1.4 Survey report on interference sources in smart grid

Figure 50. M3 disconnector measurement.
The M4 is labelled a good disconnector measurement. The RSCP values are around -65 dBm. The
reference delay is 80 ms, and the deviation is within ±40 ms. There are some high but short peaks
in delays. The maximum delays are around 280 ms from the reference level. The delay figure
indicates that the Qosmet was sending data over a UMTS link.

Figure 51. M4 disconnector measurement.
The M5 is considered as a good disconnector measurement. The RSCP values are around -55
dBm. Moving of the terminal antenna causes some fluctuation to the measured RSCP levels. The
reference delay is 60 ms, and deviation is significantly larger than in the previous cases. The
deviation is within ±400 ms, and maximum peaks are exceeding even 1200 ms from the reference
level. The delay values indicate that the Qosmet was using a GSM-900 link even though there was
a good UMTS link available.
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Figure 52. M5 disconnector measurement.
The M6 is labelled as a bad disconnector measurement. The RSCP values are around -75 dBm.
The reference delay is 5 ms, and delay deviation is within ±400 ms. Maximum peaks are
exceeding even 2200 ms. The delay figure indicates that the Qosmet was using a GSM-900 link for
the data transfer.

Figure 53. M6 disconnector measurement.
The M7 is considered as a good disconnector measurement. The RSCP values are around -50
dBm, the reference delay is 80 ms, and delay deviation is within ±400 ms. The density of delay
peaks and their magnitudes are similar to those measured in the bad connector case M6. The
Qosmet was using a GSM-900 link for the data transfer.
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Figure 54. M7 disconnector measurement.
The M8 is a bad disconnector measurement. The RSCP values are around -90 dBm. The
reference delay is 80 ms, and delay deviation is similar to those measured in M6 and M7. The
Qosmet tool was using a GSM-900 link for the data transfer.

Figure 55. M8 disconnector measurement.
The M9 is again a bad disconnector measurement. The RSCP values are below -85 dBm. The
reference delay is 0 ms, and the delay figure is similar to those earlier presented measurements.
The Qosmet tool was using a GSM-900 link for the data transfer.

Figure 56. M9 disconnector measurement.
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The M10 is a good disconnector measurement. The RSCP values are around -60 dBm. There is
fluctuation in measured RSCP values, which indicates that the antenna was moved during the data
transfer phase. The reference delay is 100 ms, and the deviation is similar to those measured
earlier. The Qosmet tool was using a GSM-900 link for the data transfer.

Figure 57. M10 disconnector measurement.
The M12 is a bad disconnector measurement. The RSCP values are around -75 dBm. The
reference delay is 20 ms, and the delay deviation follows the same pattern as in previous
measurements. The average delay values are within ±400 ms, and short but high delay peaks are
measured during the data transfer.

Figure 58. M12 disconnector measurement.
The M13 is considered as a good disconnector measurement. The RSCP values are around -55
dBm. The terminal’s antenna is slightly moved during the measurement. The reference delay is
200 ms. The delay deviation figure is different from the previous measurements. This is due to the
loss of time synchronization during the measurement. The drifting in delay values is significant.
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Figure 59. M13 disconnector measurement.
The reference delay values did not reveal any significant differences between bad or good
connectors. Therefore, that parameter cannot solely be used to assess the link quality. The
disconnector measurements M1-M13 show that the used data traffic was so small that it did not
cause any traffic congestions or significant amount of re-sending of the TCP/IP data. The results
also indicate that based only on the signal strength, it is not possible to predict how the delays are
behaving. The delays are depending on the SNR level as well as how much data is being sent.
More precisely, the used modulation type depends on the SNR and signal strength values. To
achieve more profound understanding about delay’s behaviour, more signal strength and SNR
measurements with different data rates are needed. The difference between delays in UMTS-900
and GSM-900 networks is significant and needs to be taken into consideration when time-critical
control is considered.

5 Coverage and redundancy predictions
The CCIRHata (long range) propagation model was used for computing coverage and redundancy
in the GSM-900 and UMTS-900 networks in Raasepori and Koillismaa areas. The model was finetuned with measurements obtained from the trials. The fine-tuning was needed, because there was
no base station specific information available concerning TeliaSonera’s base stations. For
calculations, a common set of base station parameters was defined according to prior knowledge,
literature surveys, and input from the SGEM partners. The terminal parameters for a GSM/UMTS
terminal, Viola Systems’ VPC (Vandal Proof Case) and NC (Normal Case) modules were obtained
from technical data sheets. The summary of radio parameters are shown in Table 1. The same
parameters were originally used in both Raasepori and Koillismaa case. Later, the propagation
model was separately fine-tuned for both cases in order to obtain better correspondence between
measured and predicted values. The base stations’ frequencies were obtained from the channel
numbers detected by the measurements. The channel allocation between different operators is
presented in Ficora’s web page [10],[11]. The same channels are used for UMTS-900 and GSM900 networks.
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Table 1. GSM-900 and UMTS-900 base station and terminal parameters.
Downlink

Uplink

Frequency

GSM900:
935-960 MHz
Channels 1-49

GSM900:
890-915 MHz
Channels 1-49

Channel bandwidth

200 kHz (GSM)

200 kHz (GSM)

Downlink

Uplink

Transmit antenna
height

50 m (Rural)

1.5 m (vandal proof case)
3 m (normal case)

Output TX power

43 dBm

23 dBm (EIRP 21 dBm)

Number of TX
antennas

3 (Sectored, Kathrein
80010517)

1 (Omni-directional)

Transmit antenna
gain & polarisation

4 x 16.7 dBi (Kathrein)
(included in rad.
pattern)

-2 dBi (GSM)
-2 dBi (UMTS900)
6 dBi (3 m height, RTU)
3 dBi (1.5 m height, RTU)

Transmit cable
loss

0.4 dB (GSM)
0.4 dB (UMTS900)
29 dB (100m) (RTU)

0 dB

Mechanical tilt
angle

1º

1º

Fade margin

0 dB

0 dB

Downlink

Uplink

Number of RX
antennas

1 (Omnidirectional)

3 (Sectorial, Kathrein 80010517)

Receiver height

1.5 m (vandal proof
case)
3 m (normal case)

50 m (Rural)

Receiver antenna
gain & polarisation

-2 dBi (GSM)
-2 dBi (UMTS900)
6 dBi (3 m height,
RTU)
3 dBi (1.5 m height,
RTU)

4 x 16.7 dBi (Kathrein)
(included in rad. pattern)

Receiver cable loss

0 dB

0.4 dB (GSM)
0.4 dB (UMTS900)
29 dB (100m) (RTU)
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5.1

Receiver noise
figure

10 (GSM), S/N 9 dB
9 (UMTS900)

2.5

Receiver
sensitivity

-102 dBm (GSM)
-108 dBm (UMTS900)
-100 dBm (RTU)

-112 dBm (GSM)
-120 dBm (UMTS900)
-112 dBm (RTU)

Raasepori case

5.1.1 GSM parameter tuning
The used propagation model was fine-tuned using clutter type specific correction factors [12]. In
the Raasepori case, three base station specific measurements and two route segment
measurements were chosen for the optimization. The measurements were selected so that as
many different environment types e.g. built areas, fields, forest, lakes, and sea, as possible were
included. The propagation model optimization was done to the DL direction using RxLev values
measured with Nemo. The fine-tuning turned out to be challenging, because correction factors for
clutter types were changing greatly depending on which measurements were used in the
optimization. It was evident that the available clutter types were not sufficient to model all existing
clutter types. Moreover, differences among base stations’ radio parameters were affecting the
optimization results as the algorithm tried to compensate them with the clutter correction factors.
As a result, also some degree of manual tuning was needed. The biggest differences between
measured and predicted values were detected near base stations, where the used CCIRHata (long
range) propagation model is no longer applicable. Therefore, a minimum distance of 250 m from a
base station was defined as a threshold for taking measured RxLev values in the optimization. The
discarded values do not affect the redundancy analysis, because we are only keen on knowing
whether the base station is detectable or not. A high RxLev from a close base station can always
be considered as detectable. Based on the DL measurements, the average GSM-900 cell radius
was found to be around 6 – 8 km in Raasepori area. The predicted radius was 5 – 7 km. It was
made a bit shorter by increasing clutter attenuation factors in order to make the results of the
redundancy analysis slightly pessimistic. Figure 60 shows the coverage of the base stations used
in the fine-tuning and their respective measurement routes.

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 51 D6.1.4 Survey report on interference sources in smart grid

'
Figure 60. Fine-tuned GSM-900 coverage and used measurement routes.
The RxLev threshold for the coverage was set according to a GSM terminal’s technical
specifications. As we see from the figure, the prediction results do correlate well with the measured
ones. This makes the redundancy analysis realistic even though exact base stations’ locations and
radio parameters were only partially known. The base stations’ coverage areas are computed
separately, but they are partially overlapping each other in the figure.

5.1.2 GSM coverage calculation
After the propagation model was fine-tuned, the coverage area for all GSM-900 base stations was
computed. Figure 61 shows the GSM-900 coverage to the DL direction computed using CCIRHata
(long range) propagation model that was optimized with Nemo Outdoor DL measurements. The
figure shows strong coverage around towns and main roads. Areas shown without coverage are a
result of the fact that the base stations serving those areas were not detected along the
measurement route.
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Figure 61. Predicted GSM-900 DL coverage in Raasepori area.
The next pictures show the UL coverage computed for a common GSM terminal, Viola Systems’
NC (normal case), and VPC (vandal proof case) modules. The received UL RxLev values are
smaller than the DL ones due to the terminal’s lower transmission power. The difference is partly
compensated with the base stations’ better Rx sensitivity level. Consequently, a base station can
detect signals with lower RxLev values, and thus the UL coverage is not as drastically smaller than
the DL as we could expect only by comparing received signal strength values. For presenting
RxLev values to the UL direction, a new color ‘purple’ is added to the color scale to indicate values
that are higher than -112 dBm but less than -100 dBm.
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Figure 62. Predicted GSM-900 UL coverage in Raasepori area.
Viola Systems’ NC and VPC modules have better transmission and receiving gains than a
standard GSM terminal. The modules can detect base stations further away, and they can send a
stronger signal to them. For the redundancy analysis, we were more interested in the UL direction,
because a GSM link is often UL coverage limited. The UL direction is affected by the terminal’s
transmission power, TX antenna gain, and height. The Viola Systems’ VPC module has a case
protecting its radio parts. The case also attenuates the transmitted signal. The VPC module’s
installation height is 1.5 m whereas the NC module without a vandal proof case is typically installed
at a height of 3 m. Consequently, the NC module’s case generates less attenuation, and the higher
installation height provides better LOS conditions to the base station. The VPC module’s UL
coverage is presented in Figure 63. As we anticipated, the coverage of each base station is larger
than obtained with a standard GSM terminal.
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Figure 63. Predicted UL coverage of Viola Systems’ VPC module at height 1.5 m.
When we compare the VPC module’s UL coverage to the NC module’s one installed at the height
of 3 m, shown in Figure 64, we can see a significant improvement in the coverage. It is evident that
better antenna solution combined with higher installation height provides better coverage. The NC
module’s UL coverage is similar to a standard GSM terminal’s DL coverage.

Figure 64. Predicted UL coverage of Viola Systems’ NC module at height 3.0 m.
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5.1.3 GSM redundancy calculations
For supporting redundancy analysis, cell count rasters were calculated in both DL and UL
directions. The threshold value was set according to the trial measurements. Figure 65 shows the
predicted cell counts as well as the measured ones with the Nemo to the DL direction. There are
regions where predicted cell counts are greater than the measured ones. This is due to the fact
that a GSM terminal is reporting at most 7 (1 serving and 6 neighbouring ones) base stations being
detected. Those high cell count regions, shown in red, are located near towns and main roads
where base stations’ density is higher in order to provide higher capacity rather than coverage. In
the figure, the regions with cell count zero are presented with transparent color. In practice, there is
GSM-900 coverage in those areas, but the serving base stations were not detectable along the
measurement route. This does not affect the redundancy or fault analysis, because we are
interested in those base stations that are capable of providing coverage to the modeled mediumvoltage distribution network entities.

Figure 65. Predicted DL cell counts using a GSM terminal (threshold -98 dBm).
The cell count rasters were also generated to the UL direction, but they cannot be validated with
measurements. It would have required base station side measurements. The cell counts are
anticipated to be a bit lower than to the DL direction due to the terminal’s lower transmission
power. Next figures show the UL cell count rasters computed for Viola Systems’ VPC module at
the height of 1.5 m and for NC module at the height of 3 m.
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Figure 66. Predicted UL cell counts using a Viola Systems’ VPC module at 1.5 m (-112 dBm).
The cell counts for VPC are within 5 – 10 along the main roads and up to 10 - 16 near towns. The
cell counts are significantly bigger when we look at the NC module at the height of 3.0 m. The
average cell count is 14 – 16 along the main roads and extends further away from towns. The cell
count depends on the threshold value set for the minimum received signal strength. The threshold
value varies according to the terminal type, and data rate requirements set by applications run on
the terminal.
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Figure 67. Predicted UL cell counts using a Viola Systems’ NC module at 3.0 m (-112 dBm).
The prediction results have proved that the predicted cell counts are in line with the measured
ones. However, it is important to acknowledge that the GSM-900 network was constructed only
from those base stations that were detected by trial measurements. Moreover, the predicted GSM900 cell count rasters showed that the link direction and used terminal type have significant effect
on the redundancy. As we anticipated, the redundancy is typically smaller to the UL direction than
to the DL direction. Field measurements are typically done only to the DL direction. So, a UL
margin is needed, when the measured results are applied.

5.1.4 UMTS parameter tuning
The optimization of the propagation model for the UMTS-900 network was performed in the same
way as for GSM-900 network. This time Nemo UMTS-900 DL measurements were used, and
already computed GSM-900 correction factors were also utilized, because both networks were
operating at 900 MHz band. Figure 68 shows the fine-tuned coverage of the selected UMTS-900
base stations and respective measurements. The coverage area appears to be larger than the
Nemo base station specific measurements indicated. This is due to the fact that the RX sensitivity
level of a standard UMTS terminal is -106 dBm whereas the Nemo broke the connection in the field
measurements when the RSCP dropped below -102 dBm. The values below the Nemo threshold
are indicated with dark purple color in the figure. By comparing measured RSCP levels along the
measurement route and the predicted coverage, we can see that the prediction is in line with the
measured ones. The radius of a UMTS-900 cell is approximately 3 – 4 km (blue area).
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Figure 68. Fine-tuned UMTS-900 coverage and used measurement routes.

5.1.5 UMTS coverage calculation
After the optimization, the UMTS-900 coverage was computed to the UL and DL directions. Figure
69 shows the predicted DL coverage. Since the number of base stations is smaller and the radius
is shorter than in GSM-900 network, the coverage area shrinks inwards to the measured route.
The UMTS-900 coverage is good along the main roads and near built areas. However, areas with
low coverage exist due to the lower base station density. Some of those areas may be explained
with the fact that exact locations of the UMTS masts, base station parameters, and antenna
directions were not known. In practice, these weak coverage areas get compensated by the GSM900 base stations.
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Figure 69. Predicted UMTS-900 DL coverage in Raasepori area.
The radius of an average UMTS-900 base station is approximately about 3.5 - 4 km, which is in
line with the measured one. The next figure shows the predicted UL coverage. It is slightly smaller
than the DL coverage, although predicted RSCP values are significantly smaller. The UMTS-900
base station’s higher Rx sensitivity level is partly compensating the difference.

Figure 70. Predicted UMTS-900 UL coverage in Raasepori area.
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5.1.6 UMTS redundancy calculations
For supporting redundancy analysis, the cell count rasters were computed in both UL and DL
directions. Figure 71 shows predicted and measured DL cell counts. The measured DL cell counts
were obtained from the Nemo measurements. In UMTS-900, there are no limitations in the number
of reported neighbouring cells. Therefore, the predicted and measured cell counts can be
compared directly. According to Figure 71, the DL cell counts are correlating well. In some places,
the predicted cell count is slightly lower due to a bit pessimistic coverage estimate.

Figure 71. Predicted DL cell counts using a UMTS terminal (-100 dBm).
The UL cell count raster is shown in Figure 72. The cell counts are smaller than to the DL direction
as we were anticipating. The average cell count is 4 – 5. Higher cell counts 10 – 14 are achieved
near towns. In rural areas, the cell counts are lower, between 1 and 4.
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Figure 72. Predicted UL cell counts using a UMTS terminal (-116 dBm).
When the UL and DL cell count rasters are compared, we see that the redundancy to the UL
direction is smaller, which needs to be taken into account if dual connections are used. Typically,
field measurements are only done to the DL direction. Therefore, it is important to define a margin
for the UL. The coverage area seems to shrink compared to the GSM-900 coverage, but this is due
to use of only detectable UMTS-900 base stations along the measurement route in the analysis.

5.2

Koillismaa case

5.2.1 GSM parameter tuning
The Koillismaa parameters were fine-tuned in the same manner as in the case of Raasepori. The
clutter types were considered a bit different, so the fine-tuning was done from measured values
without using the computed clutter correction terms from the Raasepori case. The optimization was
performed using five base station specific measurements from different environments around
Koillismaa. The outcome of the optimization was validated with route measurements. The variation
in clutter types and base station parameters were greater than in the case of Raasepori. Therefore,
it was more challenging to find suitable correction parameters. According to the base station
specific measurement, the antenna gains of the base stations was increased by 10 dB to
compensate the higher measured RxLev values. Figure 73 shows the coverage of the base
stations used in the fine-tuning and their respective measurement routes. The right-most base
station has a significantly bigger radius (22 km), which was compensated by increasing its
additional gain by 10 dB. The measured average GSM-900 DL cell radius was found to be around
12 – 20 km in Koillismaa area, and the predicted one was a bit less, approximately 10 – 15 km.
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Figure 73. Fine-tuned GSM-900 coverage and used measurement routes.
As we see from the figure, the prediction results correlate well with the measured ones even
though exact base stations’ locations and radio parameters were only partially known.

5.2.2 GSM coverage calculation
After the propagation model was fine-tuned, the coverage area for all GSM-900 base stations was
computed. Figure 74 shows the GSM-900 DL coverage computed using CCIRHata (long range)
propagation model that was optimized with the Nemo Outdoor DL measurements. The figure
shows good coverage around towns and main roads, but the coverage gets weaker away from the
roads and uninhabited areas. We can see a large coverage gap in the middle of the area. This is a
result of a large loop (radius of 30 km) in the measurement route, inside which all the base stations
were not detected. Moreover, the area contains Syöte National Park having no base station masts.
There are also smaller gaps, which are likely generated due to inaccurate antenna directions. The
outskirts of Koillismaa seem to be without coverage (North-West and South-East), but base
stations from those areas were not detected along the measurement route.
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Figure 74. Predicted GSM-900 DL coverage in Koillismaa area.
The next pictures show the UL coverage computed for a common GSM terminal, Viola Systems’
NC (normal case), and VPC (vandal proof case) modules. The received RxLev values are smaller
than in the DL direction due to the terminal’s lower transmission power. The difference is partly
compensated with the base stations’ better Rx sensitivity level. Nevertheless, there are significantly
more gaps in the UL coverage. However, the coverage along roads is still good and especially
near towns.
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Figure 75. Predicted GSM-900 UL coverage in Koillismaa area.
Viola Systems’ NC and VPC modules have better antennas than a standard GSM terminal, and
thus coverage areas are larger. The coverage of the VPC module at the height of 1.5 m and NC
module at the height of 3.0 m are presented in Figure 76. The VPC module’s UL coverage is better
than the one obtained with a standard GSM terminal, but gaps exist especially in rural areas. The
NC module installed at the height of 3 m has the best coverage. Only the Syöte National Park is
without UL coverage. The UL coverage is similar to the DL coverage of a standard GSM terminal.

Figure 76. Predicted UL coverage of Viola Systems’ VPC (1.5 m) and NC (3.0 m) modules.
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5.2.3 GSM redundancy calculations
For supporting redundancy analysis, cell count rasters were calculated both DL and UL directions.
Figure 77 shows the predicted DL cell counts as well as the measured ones obtained with Nemo.
There are high cell counts 12 – 14 predicted near towns. Similarly, the cell count remains 5 – 7
along roads. The regions with cell count zero are presented with transparent color. Those regions
are such that no serving base stations were detected. The largest gap is generated around Syöte
National Park (the gap in the middle of the picture).

Figure 77. Predicted DL cell counts using a standard GSM terminal (-98 dBm).
The next figures show the UL cell count rasters for Viola Systems’ VPC module at the height of 1.5
m and NC module at the height of 3 m. The cell counts for VPC are within 5 – 10 along the main
roads and up to 10 - 16 near towns. The cell count increases significantly when we look at the NC
module. The average cell count is 14 – 16 along the main roads and extends significantly further
away from towns.
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Figure 78. Predicted UL cell counts using Viola Systems’ VPC at a height of 1.5 m and
NC at a height of 3.0 m (-112 dBm).
The results show that coverage prediction is in line with the measured ones. However, it is
important to notice that the GSM-900 network was constructed only from those base stations that
were detected by the trial measurements. The cell counts depend on the link direction, used
terminal type, as well as on the used applications. The UL redundancy is typically smaller than the
DL one. So a planning margin to the UL direction is needed.

5.2.4 UMTS parameter tuning
The optimization of the propagation model for the UMTS-900 network was performed in the same
way as for the GSM-900 network. Base station specific RSCP values were taken from Nemo DL
measurements. In addition to that, the already computed GSM-900 correction factors were utilized
in fine-tuning. Figure 79 shows the fine-tuned DL coverage of the selected UMTS-900 base
stations and respective measurements. We can see that the predicted RSCP values are in line
with the measured ones. The rightmost base station’s measured radius differed most from others.
Therefore, an additional 3 dB antenna gain was added to the base station. The predicted radius of
a UMTS-900 cell was approximately 6 – 8 km (blue area).
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Figure 79. Fine-tuned UMTS-900 coverage and used measurement routes.

5.2.5 UMTS coverage calculation
After the optimization, the UMTS-900 DL and coverage areas were computed. Figure 80 shows the
predicted DL coverage for UMTS-900 network. Since the number of base stations is smaller, the
base stations’ coverage areas are not as much overlapping than in the case of GSM-900. The
UMTS-900 coverage is good along the main roads and near built areas. However, there exist low
coverage areas and a large coverage gap around Syöte National Park.
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Figure 80. Predicted UMTS-900 DL coverage in Koillismaa area.
The next figure shows the UL coverage. It is smaller than the DL coverage, but not as much as we
could anticipate based on the RSCP values. UMTS-900 base stations’ RX sensitivity is
compensating the difference. There are more coverage gaps especially around Syöte and
Riisitunturi national parks, and in the middle of Posio-Kuusamo-Taivalkoski area. The predicted
average UMTS-900 base station radius is approximately about 7 - 11 km, which is in line with the
measured ones.
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Figure 81. Predicted UMTS-900 UL coverage in Koillismaa area.

5.2.6 UMTS redundancy calculations
For supporting redundancy analysis, the UL and DL cell count rasters were computed. Figure 71
shows predicted and measured DL cell counts. Measured DL cell counts were taken from Nemo
measurements. In UMTS-900, there are no limitations in the number of reported neighbouring
cells. Therefore, the predicted and measured cell counts can be compared directly. According to
Figure 82, the DL cell counts are correlating well. The UL cell counts are smaller as we anticipated.
There also exist UL redundancy along the roads, but it is significantly lower than to the DL
direction.

Figure 82. Predicted DL (-100 dBm) and UL (-116 dBm) cell counts using a UMTS terminal.
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6 Fault analysis
For making fault analysis, a medium-voltage power distribution network needs to be modelled. The
information to create the distribution network was obtained from ABB and Fortum. There are
approximately 1400 secondary substations in Raasepori area and roughly 3300 in Koillismaa area.
The secondary substations are shown in Figure 83 and Figure 84 respectively. The coloring of the
secondary substations is according to the feeders. However, the same feeder color can occur
several times in the figure. The clutter layer is replaced with a black and white terrain height picture
making the power distribution network entities more visible. There are some small regions without
secondary substations. Those areas may be managed by other energy companies, or there are no
buildings or other constructions requiring electricity.

Figure 83. Secondary substations in Raasepori presented with feeder colors.
Figure 84 shows the secondary substations in Koillismaa area. The density of secondary
substations is high in built areas and near roads. Moreover, telecommunication masts are
concentrating in the same areas, because masts are typically built next to the power lines in order
to minimize installation and maintenance costs.

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 71 D6.1.4 Survey report on interference sources in smart grid

Figure 84. Secondary substations in Koillismaa presented with feeder colors.
For fault analysis, the UMTS-900 and GSM-900 masts were programmatically connected to the
closest secondary substation. When the power of a secondary substation gets lost, then also the
connected mast gets de-energized. The exact outage time depends on masts’ battery backup time.
This information was not available, and therefore the backup time was one of the simulation
parameters.

6.1

Statistical analysis

A statistical fault analysis was performed first for Koillismaa and Raasepori areas. According to the
defined fault cases, secondary substations were disabled from the medium voltage distribution
network, and their impact to the telecommunication network was evaluated. The faults were
considered as long-lasting, so the mast battery backup parameter was not used. The study
concentrated on three different terminal types. Standard GSM and UMTS terminals were analysed
in the DL direction and Viola Systems’ VPC in the UL direction. Viola Systems’ NC module was
excluded from the analysis even though it would have provided significantly better results than the
VPC module. The objective was to concentrate merely on the worst case.
For each terminal, four fault cases were performed and results were compared to the normal case,
where all secondary substations are enabled.
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The analysed fault cases were the following ones:
Case A: A feeder breaks down
Case B: A primary substation breaks down
Case C: 30 % of primary substations break down due to heavy storm
Case D: 60 % of primary substations break down due to heavy storm

6.1.1 Raasepori case
In Figure 85, disabled secondary substations are presented with gray color. To make disconnected
substations more visible, the outage areas are encircled with white circles. The actual percentages
of disabled secondary substations are presented below the figures. The same fault cases were
performed to all selected terminal types.

Case A: One feeder down.
Secondary substations down (%): 2.30216

Case B: One primary substation down.
Secondary substations down (%): 6.76259

Case C: 30 % of primary substations down.
Secondary substations down (%): 26.4748

Case D: 60 % of primary substations down.
Secondary substations down (%): 61.2950

Figure 85. Disabled secondary substations in failure cases.
Figure 86 shows the DL redundancy raster for a standard GSM-900 terminal at the height of 1.5 m.
Disabling one feeder does not create gaps to the redundancy raster. When the fault size is
increased to include one primary substation, then a small coverage gap appears. It is located next

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 73 D6.1.4 Survey report on interference sources in smart grid

to the coastline. The loss of coverage cannot be compensated with surrounding base stations,
because there are no base stations on the sea side. The fault case C creates two large outage
areas. Although there are still operational secondary substations in the tip of Hanko (shown in
green in Figure 85), a large coverage gap gets created. Those operational secondary substations
are not connected to any of the masts. In practise, it is more than likely that there were operational
base stations in Hanko area. They are installed on the roofs of buildings or street level, and thus
cannot be found from the MML mast file. In addition, those base stations are within urban area,
which was excluded from the analysis. Nevertheless, the case illustrates how a few base stations
could improve the coverage in the cases C and D. Impact is more significant in the latter case,
where the coverage gap covers the south part of Raasepori. In the cases C and D, another outage
area is created in the east. The outage causes a coverage gap for two reasons. Firstly, the area
was next to the coastline, and there is no support for the coverage from the south. Secondly, the
area was at the edge of the analysis area, and therefore, also no support was obtained from the
east. We must also remember that only base stations that were detectable in the trial are included
in the analysis. In practice, base stations outside the area would have provided additional coverage
support.

Case A: One feeder down.

Case B: One primary substation down.

Case C: 30 % of primary substations down.

Case D: 60 % of primary substations down.

Figure 86. GSM-900 DL coverage in failure cases.
Figure 87 shows the DL redundancy rasters for UMTS-900. The UMTS coverage behaves very
much like the GSM coverage. Due to lower redundancy and shorter base station radius, the loss of
a mast is more severe. Typically each mast has several base stations, which all will go down at the
same time thereby weakening quickly the redundancy. In the UMTS network, one lost feeder does
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not cause any gaps to the coverage. On the other hand, a breakdown of one primary substation
will create a gap, which is greater than in the case of GSM-900. UMTS-900 and GSM-900 base
stations are often installed on the same masts, and therefore coverage gaps get created in the
same manner. In the UMTS-900 case, they just tend to grow faster. Case D shows that the
redundancy area is significantly shrunken compared to GSM-900.

Case A: One feeder down.

Case B: One primary substation down.

Case C: 30 % of primary substations down.

Case D: 60 % of primary substations down.

Figure 87. UMTS-900 DL coverage in failure cases.
Figure 88 shows the results when the Viola Systems’ VPC module is used. It is evident that the UL
direction suffers more from the outages, because its coverage area is typically smaller to the UL
direction. One lost feeder does not have significant impact on the redundancy, but the other cases
are causing coverage gaps. From the figures, we can observe that the UL redundancy raster of the
VPC module is smaller than a standard GSM-900 terminal’s DL redundancy raster, but greater
than UMTS-900’s. The better resiliency is explained by the larger number of GSM base stations.
The Viola Systems’ NC module at the height of 3 m would have tolerated outages significantly
better than the VPC module, and its redundancy rasters would have resembled the GSM-900 DL
redundancy rasters.
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Case A: One feeder down.

Case B: One primary substation down.

Case C: 30 % of primary substations down.

Case D: 60 % of primary substations down.

Figure 88 Viola Systems’ VPC UL coverage in failure cases.Table 2 summarizes the results of the
statistical analysis. The redundancy percentages and average cell counts are computed at
secondary substation locations, because we are only interested in areas where medium-voltage
distribution network entities exist. There are two columns in the table per each terminal type. The
first column shows the values when all secondary substations are included whereas the second
one, indicated with a subscript ‘a’, contains only disabled secondary substation locations. In the
normal case, all secondary substations are enabled.
Table 2. Redundancy percentage and average cell counts with different terminals.
GSM(DL)

GSMa(DL)

UMTS(DL)

UMTSa(DL)

VPC (UL)

VPCa(UL)

Normal

97.3951%
11.0087

-

85.6006%
4.55065

-

96.4544%
9.32344

-

Case A

97.3951%
10.466

100%
6.5625

85.3111%
4.50507

84.375%
1.8750

96.4544%
8.88133

100 %
4.75

Case B

95.0796%
10.2055

65.9574%
3.35106

82.9233%
4.44211

50.0000%
0.989362

93.9942%
8.67149

63.8298%
2.48936

Case C

80.9696%
8.05427

50.000%
1.70994

68.3792%
3.76483

27.0718%
0.59116

78.5094%
6.76122

44.1989%
1.27624
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Case D

GSM(DL)

GSMa(DL)

UMTS(DL)

UMTSa(DL)

VPC (UL)

VPCa(UL)

54.1968%
3.94718

37.234%
1.56501

40.0868%
1.87699

18.3215%
0.335697

51.5195%
3.3191

33.5697%
1.1643

The comparison is easier to do by analysing graphs. Figure 89 shows the percentage of
operational substations in the cases A, B, C, and D.

Figure 89. Percentage of operational secondary substation in different fault cases.
Figure 90 shows respectively redundancy percentage and average cell counts of the selected
terminals in the cases A, B, C, and D. The left graph shows the results when all secondary
substations are included and the right one only the disabled ones. For creating redundancy rasters,
the same DL threshold (-100 dBm) value was used for GSM-900 and UMTS-900 terminals. The
threshold value was defined based on Nemo measurements. The threshold (-112 dBm) in the UL
direction was set based on Table 1.

Coverage % including all secondary substation
locations.
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Average cell count including all secondary
substation locations.

Average cell count including only secondary
substation locations that are disabled.

Figure 90. Redundancy percentage and average cell counts of different terminals
in the fault cases.
The results show that the standard GSM module has the best redundancy and highest average cell
counts in the DL direction. The GSM network can tolerate fault cases A and B. The surrounding
base stations are able to provide coverage support to the outage area. The VPC module has
similar redundancy percentage, but its average cell counts are a bit smaller. This is due to the fact
that the standard GSM and VPC are using the same GSM masts, but the VPC UL coverage is
slightly smaller. UMTS-900 DL has the smallest redundancy percentage and average cell counts.
In Raasepori, the number of UMTS-900 base stations was about a half of the GSM-900 base
stations, and their coverage was smaller. When looking at average cell counts in Figure 90, we can
see that average cell count drops faster in the left-hand side figure than we might anticipate. This is
due to the fact that multiple base stations are installed on the same mast, and during an outage
their coverage is lost at the same instant (no battery backup). Moreover, an outage is typically
regional. If the outage area is larger than the radii of any available base station, then a coverage
gap is created. The results show that areas near the coastline and islands are the most vulnerable
in Raasepori area, because there is no coverage support from the sea.

6.1.2 Koillismaa case
The same statistical analysis was also performed in Koillismaa area in order to discover possible
differences between the two selected areas. In Koillismaa, feeder lines are merely following roads
and inhabited areas. The number of connected secondary substations to a feeder varies
significantly. Therefore, selected feeders / primary substations for simulations were chosen
manually. The effects of fault cases are shown in Figure 91. The disabled secondary substations
are presented with gray color, and the percentages of disabled secondary substations are
presented below the picture.
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Case A: One feeder down.
Secondary substations down (%): 0.883608

Case B: One primary substation down.
Secondary substations down (%): 1.88909

Case C: 30 % of primary substations down.
Secondary substations down (%): 27.3309

Case D: 60 % of primary substations down.
Secondary substations down (%): 59.2931

Figure 91. Disabled secondary substations in failure cases.
Figure 92 shows the DL redundancy raster for a standard GSM-900 terminal at the height of 1.5 m.
Disabling one feeder increases the existing coverage gap to the north from the Syöte National
Park. The feeder was connected to two GSM-900 masts that got disabled. The neighbouring masts
are providing only partial support. Disabling one primary substation, in the case B, did not affect
the redundancy raster, because there were no GSM-900 masts connected to those disabled
secondary substations. The fault case C had rather small effect on the redundancy raster. The
failure of 30 % of primary stations clearly lowers the cell counts, but the redundancy raster remains
about the same as in the case of B. This illustrates that neighbouring base stations can provide
significant coverage support to the outage area. In the case D, the number of disabled secondary
substations is so high that additional coverage gaps are created. Moreover, the coverage gap
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around Syöte extends extensively. Anyhow, areas next to the towns still have operational GSM900 masts and thus also the coverage.

Case A: One feeder down.

Case B: One primary substation down.

Case C: 30 % of primary substations down.

Case D: 60 % of primary substations down.

Figure 92. GSM-900 DL coverage in failure cases.
Figure 93 shows the DL redundancy rasters for UMTS-900. Due to lower redundancy and shorter
cell radius, the loss of one mast is more severe. One feeder down causes a gap to the north from
Syöte National Park. The gap is significantly larger than in the case of GSM-900. The case B did
not have any effect on the redundancy raster, because no additional UMTS-900 masts were
disabled. Case B and C create coverage gaps, which are clearly larger than in the case of GSM900. The coverage is merely available in towns and those rural areas where feeders are still
operational.
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Case A: One feeder down.

Case B: One primary substation down.

Case C: 30 % of primary substations down.

Case D: 60 % of primary substations down.

Figure 93. UMTS-900 DL coverage in failure cases.
Figure 94 shows the results of Viola Systems’ VPC module. The results resemble the outcome of
GSM-900 DL analysis, because only the terminal type has been changed. The gaps are slightly
larger due to the VPC module’s smaller UL coverage.
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Case A: One feeder down.

Case B: One primary substation down.

Case C: 30 % of primary substations down.

Case D: 60 % of primary substations down.

Figure 94. Viola Systems’ VPC UL coverage in failure cases.
Table 3 summarizes the statistics of the fault cases. The figures are presented in the same manner
as in the Raasepori case. There are two columns in the table per each terminal type. The first
column shows statistical values including all secondary substations whereas the second one,
indicated with a subscript ‘a’, includes only de-energized ones. In the normal case, all secondary
substations were energized.
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Table 3. Redundancy percentage and average cell counts with different terminals.
GSM(DL)

GSMa(DL)

UMTS(DL)

UMTSa(DL)

VPC (UL)

VPCa(UL)

Normal

91.2858%
9.24101

-

82.0536%
4.06399

-

89.3967%
7.90463

-

Case A

90.8897%
9.22182

62.0690%
1.86207

81.6271%
4.05545

51.7241%
1.06897

88.9701%
7.88970

51.7241%
1.34483

Case B

90.8897%
9.22182

82.2581%
5.38710

81.6271%
4.05545

77.4194%
2.80645

88.9701%
7.88970

77.4194%
4.32258

Case C

85.3748%
5.75868

65.8863%
3.00892

68.2815%
2.76386

37.34670%
0.986622

81.6575%
4.87721

58.0825%
2.26087

Case D

73.9793%
3.27148

59.6608%
1.72045

52.0414%
1.73157

33.19630%
0.694758

70.262%
2.76234

54.5221%
1.36691

Figure 95 shows the actual percentage of operational substations in the cases A, B, C, and D. The
number of feeders was so high that in the case A, the percentage of disabled secondary
substations was less than 1 %, and less than 2 % in the case B.

Figure 95. Percentage of operational secondary substation in different fault cases.
Figure 96 shows redundancy percentage and average cell counts for each terminal. Koillismaa
area was so large that the outage of one feeder or one primary substation did not have significant
impact. Moreover, the larger cell size helped to maintain the coverage. An interesting effect is
shown in the right-hand side figures. The redundancy percentage and average cell count appear to
increase even though additional secondary substations are disabled. This is due to the fact that
there are no masts connected to those disabled secondary substations. The number of ‘affected’
secondary substations increases while the redundancy raster remains the same. Those recently
disconnected secondary substations are closer to towns or primary substations having higher cell
counts. If we compare the Koillismaa and Raasepori figures, then we can see that cell counts
decrease faster in the Koillismaa case. This is simply due to the base station density being smaller
while the base stations’ coverages are larger. This has two implications. The larger coverage area
helps to tolerate larger coverage gaps. The smaller density makes the telecommunication network
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more vulnerable to loss of a single mast. Therefore, detecting critical base stations and keeping
them operational, e.g. using battery backups, can be considered more critical in Koillismaa area
than in Raasepori. The results using UMTS-900 terminal and Viola Systems’ VPC module are
similar in both cases.

Coverage % including all secondary substation
locations.

Coverage % including only secondary
substation locations that are de-energized.

Average cell count including all secondary
substation locations.

Average cell count including only secondary
substation locations that are de-energized.

Figure 96. Redundancy percentage and average cell counts of different terminals
in the fault cases.
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6.2

Storm analysis

Figure 97. Clearing of power lines
(http://www.taloussanomat.fi/energia/2012/01/05/myrskyjen-hinta-fortumille-45miljoonaa/201220367/12).
The second part of the failure analysis concentrated on storm cases that occurred in Raasepori
2011 [13] and Koillismaa in 2007 [14]. In a storm analysis, secondary substations are switched off
according to the failure reports that were created during and after the storms. An interesting study
aspect was that the failure reports also reveal how the recovery of the secondary substation was
progressing in the outage areas. The reports included data about a failure’s starting and ending
times. Using this information, the storm’s effects on GSM-900 and UMTS-900 networks can be
modelled. This opened new possibilities to study storms’ mutual effects on medium-voltage power
distribution and telecommunication networks, how the remote control of power distribution network
entities would work, and how well voice and data connections would have worked to field groups
during the clearance work. Moreover, the simulation results can be used to tailor the recovery
strategies in order to take energy companies’ and operators’ needs into account. Till now, field
groups of both sides have worked rather independently. The closer collaboration could bring
mutual benefits by speeding up the recovery e.g. by clearing first the power lines to the critical
base stations. It was learnt from other SGEM partners that after Tapani storm, data and voice
connections to field groups were limited, which slowed down the clearance work.
The storm analysis was done with the same terminals as the statistical analysis. Standard GSM
and UMTS terminals were used to the DL direction and Viola Systems’ VPC module to the UL
direction. The storm simulations were run with and without battery backup. As mentioned earlier,
information pertaining to masts’ battery backups was not available. Therefore, requirements set by
the Finnish Communications Regulator Authority (Ficora) [15],[16] were utilized. For simulations,
12 hours battery backup was chosen.
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6.2.1 Raasepori case
The effects of the Tapani storm to the power distribution and telecommunication networks were
assessed with the analysis tool. The red line in Figure 98 shows the percentage of operational
secondary substations, light blue line operational masts and dark blue the estimated area without
GSM coverage. In the beginning of the simulation, about 90 % of the secondary substations are
within GSM-900 coverage. The remaining portion without coverage is located next to the coastline
outside the range of Nemo measurements. The figure shows snapshot locations that were
analysed more closely. The red symbols illustrate snapshots taken during the storm and green
ones during the clearance work.

Figure 98. Percentages of operational secondary substations, active masts, and the area
without coverage based on the fault reports during the Tapani storm.
From the figure, we can see that Tapani storm had two phases. After the first phase, approximately
40 % of secondary substations were de-energized. A significant part of those were recovered
within a few hours with the aid of power distribution network automation. Over 75 % of secondary
substations were kept operational after the first phase of the storm. The second phase was more
severe and caused a power outage to over 75 % of the secondary substations. The rightmost red
symbol in Figure 98 shows the situation just after the storm had passed the area. After the storm,
the clearance work started instantly, and within 12 hours approximately 20 % of the de-energized
secondary substations were repaired. After that the clearance work gradually got slower as the
length of the feeder segments got longer. The number of operational secondary substations
increased approximately 15 - 20 % each day.
The light blue line shows the percentage of operational masts. The masts went down at the same
pace as the secondary substations. Approximately 65 % of the GSM-900 masts got de-energized.
Since the clearance work progressed from primary substations outwards, starting from areas
having high base station density, the percentage of operational masts grew faster than the
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percentage of the secondary substations. The slope started to decrease as the clearance work
moved to areas further away from towns and main roads. As a result, the coverage loss was not as
extensive as the power loss. The coverage loss increased from 25 % and was almost fully
recovered within 4 days. The recovery of secondary substations took significantly longer.
Figure 99 shows the storm’s effects in the power distribution and telecommunication networks. The
first snapshot shows the situation before the storm. The second snapshot indicates that the storm’s
first phase swept over the middle of Raasepori. The masts located next to towns were providing
coverage support to the outage areas. The GSM-900 network was almost fully recovered with the
aid of the power distribution network automation. After the second phase of the storm, the loss of
secondary substations was so extensive that GSM-900 coverage remained only in Hanko and
Karjaa regions. Tammisaari area was without communication capabilities for a short period of time.
From the snapshot 6 we can see that after Tammisaari, the coverage was recovered around
Tenhola region. The clearance work progressed outwards from towns and the last areas to recover
coverage were in Bromarv, which has only summer cottages. The simulation shows that the GSM900 network was tolerating the Tapani storm relatively well. However, we must remember that the
simulation does not include capacity assessment. There was no data available regarding data
traffic amounts during or after the storm, or possible congestion reports from the GSM-900
network.

Secondary substations
Snapshot 1 (25.12.2011 23:28)

GSM-900 redundancy raster
Snapshot 1 (25.12.2011 23:28)

Secondary substations
Snapshot 2 (26.12.2011 04:36)

GSM-900 redundancy raster
Snapshot 2 (26.12.2011 04:36)
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Secondary substations
Snapshot 3 (26.12.2011 07:18)

GSM-900 redundancy raster
Snapshot 3 (26.12.2011 07:18)

Secondary substations
Snapshot 4 (26.12.2011 11:35)

GSM-900 redundancy raster
Snapshot 4 (26.12.2011 11:35)

Secondary substations
Snapshot 5 (26.12.2011 23:28)

GSM-900 redundancy raster
Snapshot 5 (26.12.2011 23:28)
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Secondary substations
Snapshot 6 (27.12.2011 23:28)

GSM-900 redundancy raster
Snapshot 6 (27.12.2011 23:28)

Secondary substations
Snapshot 7 (28.12.2011 23:28)

GSM-900 redundancy raster
Snapshot 7 (28.12.2011 23:28)

Secondary substations
Snapshot 8 (29.12.2011 23:28)

GSM-900 redundancy raster
Snapshot 8 (29.12.2011 23:28)
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Secondary substations
Snapshot 9 (30.12.2011 23:28)

GSM-900 redundancy raster
Snapshot 9 (30.12.2011 23:28)

Figure 99. Status snapshots of power distribution and GSM-900 network during the storm.
If we simulate the same storm scenario with 12 hours battery backups on masts, we can observe
that those 12 extra hours would have increased the coverage significantly. Approximately 25 % of
the masts would have obtained their power back before the battery backup would have ended. As
a result, the coverage loss would have stayed under 30 % whereas in the case of the 0 h battery
backup the percentage was over 35 %. The advantage of exploiting battery backup decreases over
the time as the clearance work gradually starts to slow down.

Figure 100. Percentages of operational secondary substations, active masts, and the area
without coverage based on the fault reports with 12 h battery backup.
Next, we briefly look at the Tapani storm’s impacts on UMTS-900 network (DL) and Viola Systems’
VPC (UL). From the figures, we can see that both terminals are less tolerant to the storm’s effects
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than a GSM-900 terminal to the DL direction. The UMTS coverage suffers the most, because there
are less base stations providing coverage support and base stations’ radii are smaller. Figure 101
shows that UMTS-900 connections would have worked in Hanko, Karjaa, Tammisaari and Mustio.

Figure 101. Worst case snapshots of UMTS-900 DL (left) and Viola Systems’ VPC UL (right).

6.2.2 Koillismaa case
Koillismaa case was analysed with the data from a storm that swept over Koillismaa in the end of
May 2009. Figure 102 shows that the power distribution network automation was making recovery
actions during the storm e.g. by isolating fault areas. The effect of corrective actions can be seen
as localized peaks in the red curve showing the percentage of operational secondary substations.
In the beginning of the simulation, approximately 65 % of secondary substations were within GSM900 DL coverage. Those secondary substations without coverage were located in the North-West
of Koillismaa and around Syöte National Park. In both areas, the base stations were too far from
the measurement route and were not detected.
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Figure 102. Percentages of operational secondary substations, active masts, and the area
without coverage based on the fault reports during the Koillismaa storm.
After the storm, 40 % of the secondary substations remained operational. The estimated
percentage of operational mast was approximately 50 %. As a result, the coverage loss increased
from 35 % to 50 %. From the figure, we can see that the clearance work progressed very fast. The
slope of secondary substations is significantly steeper than in the Raasepori case. After 3 hours,
almost 20 % of de-energized secondary substations were again operational. The clearance work
did not have so significant effect on the coverage, because it was carried out first in areas where
the coverage already existed. Therefore, the recovery slope of the coverage is more gradual. The
coverage of the GSM-900 was fully recovered within 24 hours. The last secondary substations
were repaired after 48 hours. The impact on the GSM-900 coverage was smaller than in Raasepori
case, because the base stations’ average radius in Koillismaa is larger, and thus the coverage
support is obtained from the wider area. Moreover, the clearance work progressed faster in
Koillismaa area. This may be due to the fact that there were less trees fallen on the power lines in
Koillismaa area.
When we analyse snapshots in Figure 103, we can see that the first power outages were between
Pudasjärvi and Ranua. The outage was such extensive that it would have an effect on the GSM900 network. Next, outages were experienced between Kiiminki and Pudasjärvi area, and the
coverage loss increased in those areas. From snapshot 4, we can see that outages were occurring
all over Koillismaa. Based on the simulation results, Kiiminki, Pudasjärvi, Ranua, Poisio,
Taivalkoski, and Kuusamo did not suffer from communication breaks. Moreover, those towns were
providing coverage support to the surrounding areas. The first outage was repaired near Posio. It
improved the GSM-900 coverage in that area. Next, the feeder lines between Kiiminki and
Pudasjärvi were cleared. As a result, the coverage gap between the towns got removed. Although
a significant number of secondary substations were fixed between snapshots 4 and 6, the impact
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on the coverage was not so significant, because the clearance work concentrated on areas where
coverage already existed. The last coverage loss areas were found next to the east border, where
the number of inhabitants is small. The figures show that the GSM-900 network was able to
tolerate the storm reasonably well.

Secondary substations
Snapshot 1 (28.05.2009 03:33)

GSM-900 redundancy raster
Snapshot 1 (28.05.2009 03:33)

Secondary substations
Snapshot 2 (28.05.2009 09:57)

GSM-900 redundancy raster
Snapshot 2 (28.05.2009 09:57)
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Secondary substations
Snapshot 3 (28.05.2009 11:13)

GSM-900 redundancy raster
Snapshot 3 (28.05.2009 11:13)

Secondary substations
Snapshot 4 (28.05.2009 12:22)

GSM-900 redundancy raster
Snapshot 4 (28.05.2009 12:22)
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Secondary substations
Snapshot 5 (28.05.2009 13:58)

GSM-900 redundancy raster
Snapshot 5 (28.05.2009 13:58)

Secondary substations
Snapshot 6 (28.05.2009 16:53)

GSM-900 redundancy raster
Snapshot 6 (28.05.2009 16:53)
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Secondary substations
Snapshot 7 (28.05.2009 23:16)

GSM-900 redundancy raster
Snapshot 7 (28.05.2009 23:16)

Secondary substations
Snapshot 8 (30.05.2009 3:33)

GSM-900 redundancy raster
Snapshot 8 (30.05.2009 3:33)

Figure 103. Status snapshots of power distribution and GSM-900 network during the storm.
If we run the storm simulation again with 12 hours battery backup on masts, then we see from
Figure 105 that the coverage would be fully recovered. Already 6 hours battery backup would have
provided a significant improvement (shown in Figure 105). The graphs illustrate that the speed of
the clearance work, battery backup time of critical base stations, and the radius of a base station
are key factors when securing telecommunication network is planned. For example in the
Raasepori case, 12 hours battery backup on masts would not have secured the coverage.
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Figure 104. Percentages of operational secondary substations, active masts, and the area
without coverage in the case of 12 h battery backup.

Figure 105. Percentages of operational secondary substations, active masts, and the area
without coverage in the case of 6 h battery backup.
Next, we briefly look at the storm’s impacts on the UMTS-900 network (DL) and Viola Systems’
VPC (UL). From the figures, we can see that both terminals are less tolerant to the storm’s effects
than the GSM-900 terminal. The UMTS terminal suffers more, because there are less masts
providing inherent redundancy, and the radius of the base station’s coverage is smaller. The figure
indicates that UMTS-900 connections would have worked near Kiiminki, Ranua, Pudasjärvi,
Taivalkoski, Kuusamo, and Posio.
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Figure 106. Worst-case snapshots of UMTS-900 DL (left) and Viola Systems’ VPC UL (right).

7 Conclusions
This technical report described the implemented tool for redundancy analysis of commercial 2G
and 3G networks in rural and suburban areas. In addition, the report showed the results of
statistical and storm based analysis in Koillismaa and Raasepori areas. The accuracy of the model
depends greatly on the available modeling data. Exact knowledge of the structure of mediumvoltage power distribution and telecommunication networks would have definitely provided the best
outcome. However, due to confidentiality reasons, all information was not available, and therefore
alternative data sources were used to overcome the lacking information. Measurement results
combined with MML mast data and information from Cell-ID repositories turned out to be a
potential solution for creating a sufficiently accurate structure of GSM-900 and UMTS-900
networks. The main challenge was to set radio parameters for each base station. They typically
tend to vary according to operator’s preferences and the base station’s location. An attempt was
made to solve this by fine-tuning the propagation model’s parameters to get good correlation
between predicted and measured values. The fine-tuning proved to be rather successful at least
for large-scale analysis, where exact RxLev or RSCP values are not required.
The coverage calculations showed that the GSM network has highest inherent redundancy in
suburban and rural areas. The calculation results were validated with field measurements. The
UMTS-900 network is still being deployed, so the number of base stations was roughly half of the
GSM-900 base stations in Raasepori and Koillismaa areas. Moreover, their coverage tends to be
smaller, which may be due to the fact that they are used to provide additional capacity rather than
coverage. The redundancy level depends greatly on the used terminal type, the direction of the
communication link, and used applications. The UL direction is typically more limited due to
terminal’s lower transmission power. That difference is partly compensated with base station’s
higher Rx sensitivity level. The measurements are typically done to the DL direction. Some
additional margin is required to the UL direction, if dual communication is used. The best coverage
was obtained with Viola Systems’ NC module. It has better antenna RX and TX gains than a
standard GSM terminal. Its 3 m installation height provides better LOS conditions between the
terminal and a base station. Qosmet measurements indicated that delays are significantly greater
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in the GSM-900 network than in the UMTS-900 network. If the remote control is time critical, then
also the delays need to be considered. The redundancy figures in Raasepori and Koillismaa were
similar. There are two main reasons for that. Firstly, in Koillismaa, higher transmission powers and
antenna heights were used, so a smaller number of base stations were able to provide same
redundancy. Secondly, the communication masts and distribution network entities are typically
located in the same areas along roads and inhabited areas. Therefore, the coverage and
redundancy around medium-voltage power distribution network entities in both cases remain high.
The fault analysis showed that the UMTS-900 and GSM-900 networks can tolerate one feeder and
one primary substation down fault cases as long as the radius of the failure area is smaller than the
average radius of a base station (GSM < 15 km and UMTS < 8 km). In those cases, neighboring
base stations are complementing the coverage. Areas next to coastlines, large lakes, and borders
are the most vulnerable, because the coverage support is limited from few directions. Ensuring the
power supply to a few critical base stations could significantly help to secure coverage in large
areas. The key factors of telecommunication networks’ recovery are the speed of the clearance
work, the duration of battery backups, and base stations’ radii. Having battery backup on masts
would speed up the recovery by ensuring e.g. voice or data connections to the field groups during
the clearance work. We must remember that all masts having similar battery backup are likely to
go down at the same time, and the clearance work tends to slow down over time. Moreover,
worried citizens are likely to make more data and voice calls after the storm. This typically
increases the traffic and causes congestions in the partly operational telecommunication network.
The capacity aspects were not analyzed, although they have an impact on the recovery. This
would have required fault and call information from operators. The history reports from storms were
found very valuable, because they gave a possibility to understand how a storm affected both
networks and how the recovery progressed. The only shortcoming concerning the storm
simulations was that the results could not be validated with real fault data from GSM-900 and
UMTS-900 networks.
The next step is to improve the simulation tool to include the use of disconnectors. This would
enable the running of different switching scenarios and analyzing how different fault isolation
strategies affect the power distribution and telecommunication networks. The objective is also to
model different kinds of storms enabling the analysis of forthcoming storms. This would require
additional information and expert knowledge e.g. from Finnish Meteorological Institute.
The development of the tool continues in FP4 and the following topics are being planned to be
taken into consideration:
Automation of the construction of the simulation environment including medium-voltage
distribution and telecommunication networks.
Improvements to the propagation model tuning to take also differences between base
stations into account.
Modelling of disconnectors to enable different switching scenarios.
Support for LTE network and including it to the fault analysis, and making some trials with
other SGEM partners.
Improving the interface to read information from power distribution maintenance system
(involvement of ABB and Fortum).

CLEEN OY

Eteläranta 10, P.O. BOX 10, FI-00131 HELSINKI, FINLAND www.cleen.fi

- 99 D6.1.4 Survey report on interference sources in smart grid

8 Abbreviations
2G

Second Generation

3D

Three Dimensional

3G

Third Generation

3GPP

Third Generation Partnership Program

4G

Fourth Generation

API

Application Programming Interface

ARFCN
AT

Absolute Radio Frequency Channel Number
Attention commands to control modems

BCCH

Broadcast Control Channel

BSIC

Base Station Identity Code

BTS

Base station

CLC

Corine Land Cover

CLC2006

Corine Land Cover classes 2006

CORINE

Coordinate Information on the Environment

DA

Device Application

dB

Decibel

dBi

Decibel Isotropic

dBm

Power ratio in decibels (dB) of the measured power referenced to one
milliwatt

DL

Downlink

EIRP

Effective Isotropic Radiated Power

FICORA

Finnish Communications Regulatory Authority

FP2,3,4
GIS

Funding Periods 2, 3 and 4
Geographic Information System

GMES

Global Monitoring for Environment and Security

GPRS

General Packet Radio Service

GPS

Global Positioning System

GSM

Global System for Mobile Communications

GSM-900

Global System for Mobile Communications at 900 MHz

GSMA

GSM (Groupe Spéciale Mobile) Association

IP

Internet Protocol

LAC

Location Area Code

LOS

Line-Of-Sight

LTE

Long Term Evolution

M2M

Machine-to-Machine
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MML

Maanmittauslaitos

NC

Normal Case (Viola Systems’ module)

NPT

Network Planning Tool

NTP

Network Time Protocol

QoS

Quality of Service

RSCP

Received Signal Code Power

RTU

Remote Terminal Unit

RX

Receiver

SCADA

Supervisory Control And Data Acquisition

SGEM

Smart Grids and Energy Markets

SNR

Signal-to-Noise Ratio

SYKE

Suomen ympäristökeskus

TCP

Transmission Control Protocol

TDMA

Time Division Multiple Access

TX

Transmitter

UL
UMTS

Uplink
Universal Mobile Telecommunications System

UMTS-900

Universal Mobile Telecommunications System at 900 MHz

USB

Universal Serial Bus

VHF

Extensible Markup Language

VPC

Vandal Proof Case

ZTE

Chinese mobile provider
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