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Summary

The goal of this project was to evaluate the electromagnetic field distribution due to
the exposure to radio frequency fields in the vicinity of mobile communication base
stations !. During various indoor measurement campaigns restricted volumes and
areas were examined regarding the levels of the BCCH-channels from GSM 900,
DCS 1800, a pilot channel of UMTS, VHF (radio channel) and UHF (television
channel). The spatial variation as well as the variation in time were evaluated. Due
to the results of the measurements, statements about the distribution of the measured
electromagnetic field strength were made.

The examination performed during this project showed that in all investigated
volumes and areas field strength levels around the global mean appear more of-
ten than field strength levels near the maximum value. The examination showed
therefore that field strength levels around the mean value can be detected more of-
ten compared to field strength levels close to the maximum. It seems that the mean
value might be better reproducible compared to the maximum. The factor maximum
field strength value to global mean field strength value (%) varies between 2.0
and 5.0.

Based on the examined measurement data it can be stated that the electromag-
netic field strengths in the investigated volumes and areas are not symmetric dis-
tributed.

It can be stated that the electromagnetic field levels in rooms near mobile com-
munication base stations have a large variance in time and space. Although the
available measurement data do not allow any sound conclusion about laws of field
distribution in certain exposure scenarios like indoor with line of sight, it can be
said that the mean value of the field strength is more reliable then the maximum
value and could therefore be taken as basis of estimations. The global electromag-
netic field strength mean value of all examined measurement campaigns in the GSM
900, DCS 1800 and UMTS frequency bands is in the range between 13.8mV and
956.4mV.

Simulations helped to gain knowledge about the electromagnetic field distribu-
tion in indoor scenarios. With this help, a variance of different investigations were
made and comparisons with performed measurements were done. A simulation of
a scenario similar to one which was measured, offered valuable clues which can be
seen in some of the results. By changing the position of a cube within the simulated
area, different distribution functions were found. Even by varying the position of a
volume in the range of its size different distribution functions were observed. The
simulation of a indoor scenario at the GSM 900 frequency band proofed to be a
good approach for the measurement. Performed measurements delivered factors of
the maximum field strength value to the mean value in the range of 1.8 to 3.2 and
the simulations delivered values between 2.0 and 3.5.

Tat UMTS base stations are called Node B



Zusammenfassung

Ziel dieser Untersuchungen war es, die Feldverteilung infolge der Exposition gegen-
tiber den elektromagnetischen Feldern von GSM Basisstationen zu bestimmen. In
eingeschrinkten Volumen in geschlossenen Rdumen wurden die Pegel von BCCH
- Kanilen von GSM 900 und DCS 1800 Basisstationen, sowie der Pilot Channel
einer UMTS Basisstation®, bestimmt. Ebenso wurde ein Radio Kanal (VHF) und
ein Fernsehkanal (UHF) untersucht. Dabei wurden sowohl die rdumlichen als auch
die zeitlichen Variationen der Pegel erhoben. Aufgrund der Ergebnisse der Mes-
sungen wurden Aussagen iiber die Wahrscheinlichkeitsverteilungen der erhobenen
Feldstédrken getroffen.

Die vorliegenden Untersuchungen zeigen, dafl in den untersuchten Bereichen in
Raumen Feldstirkewerte um den Mittelwert wesentlich hiufiger sind, als Feldstirke-
werte nahe dem gefundenen Maximum. Die Untersuchungen zeigen daher, da
Feldstirken um den Mittelwert wesentlich besser reproduzierbar sind als Maximal-
werte. Der Faktor zwischen der maximal auftretenden Feldstidrke und dem globalen
Mittelwert aller Messwerte eines untersuchten Bereichs (%), ergaben Werte
zwischen 2.0 und 5.0.

Aus den durchgefiihrten Messungen geht hervor, daB3 die Feldstirkewerte in den
untersuchten Volumen keiner symmetrischen Verteilung unterliegen.

Insgesamt zeigt sich, daf} die elektromagnetischen Felder in Rdumen in deren
Umgebung von GSM - Basisstationen sowohl zeitlich wie auch ridumlich stark
schwanken. Wenn auch die vorliegenden Ergebnisse keine endgiiltigen Aussagen
iiber die GesetzmiBigkeiten der Feldstirkeverteilung in bestimmten Exposition-
sszenarien, wie zum Beispiel Innenrdume mit direkter Sicht auf die Sendeanlage,
erlauben, kann jedoch aus den vorliegenden Ergebnissen geschlossen werden, da3
die lokalen Maximalwerte der Feldstirke nur bedingt geeignet sind um als Basis
fiir Beurteilungen der Exposition herangezogen zu werden, da Feldstirken nahe
dem Maximalwert selten auftreten. Der globale Mittelwert der elektromagnetis-
chen Feldstirke des GSM 900, DCS 1800 und des UMTS Frequenzbandes liegt im
Bereich zwischen 13.8mV und 956.4mV.

Eine umfangreiche Simulation eines Messszenarios wurde ebenso durchgefiihrt.
Ein weitaus grosserer Feldbereich als der, der in den unterschiedlichen Messkam-
pagnen untersucht wurde, wurde mittles Simulation berechnet und diente als Grund-
lage fiir verschiedene weitere Auswertungen. Diese Simulation half Aussagen iiber
die Feldverteilung in abgeschlossenen Riumen in der Nihe einer Basistation zu
treffen. So wurde zum Beispiel festgestellt, dass die Lage eines zu untersuchen-
den Volumens in einem Raum nicht trivial ist, da bei unterschiedlichen Positionen
der Volumen ganz unterschiedliche Feldverteilungen auftreten konnen. Schon die
Verschiebung eines Volumen in der Grossenordnung seiner Abmessungen geniigt
schon, dass eine ganz andere Feldverteilung auftritt.

bei UMTS werden die Basisstationen Node B genannt
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Introduction

This thesis is a relevant part of the international EUREKA project BASEXPO. This
project was endorsed in 2003 and is performed under the leadership of the ARC
Seibersdorf research GmbH together with France Telekom, Chalmers University,
University of Thesaloniki, University of Ghent, ITIS (Foundation for Research on
Information Technologies in Society) and OFCOM (Office of Communication). It
is dedicated to develop reproducible and reliable methods to determine the electro-
magnetic field distribution in the vicinity of mobile communication base stations,
taking the influence of the environment into account.

Ongoing investigations in this project are supported by the Austrian Mobile
Communication Industry, namely Mobilkom Austria, Hutchison, T-Mobile and One.
The investigations of the field homogeneity performed by the ARC Seibersdorf re-
search GmbH were presented at several international conferences and workshops.

Currently the workgroup 1 of the technical committee TC 106x from CENELEC
(European Committee for Electrotechnical Standardization) is creating standards,
which will include methods to evaluate the exposure of the population in the vicinity
of mobile communication base stations. These standards are based on a mandate of
the European Union to standards committees for the implementation of the R&TTE
guidelines from 1999. It can be assumed that this standards will be harmonized
in near future. The technical committee TC 106x realized, that for future mea-
surement campaigns, the knowledge of laws of electromagnetic field distribution is
essential. The result of the available measurement data is an important contribution
for the development of comprehensible and therefore creditable methods of expo-
sure assessment. Further investigations are necessary to ensure the development of
harmonized standards. In this way, a reproducible and for the population creditable
implementation realization of the safety guidelines of the European Committee can
be assured.

Entirety and Purpose

The purpose of the following examination was the evaluation of the electromagnetic
field distribution near mobile communication base stations. In indoor measure-
ment campaigns in constricted volumes, the levels of Broadcast Control Channels
(BCCH) from GSM 900, DCS 1800, a VHF radio channel and a UHF television
channel[17] as well as the pilot channel of UMTS were evaluated. The time vari-
ance, as well as the spatial variance were taken under consideration. Based on
measurement campaigns, also simulations were performed. A model of a measured
scenario was created and simulations with a variance of analysis were evaluated and
compared with the measurements.

An approach for reliable measurements of the electromagnetic field strength,
which deliver a representative statement about the field distribution, was made by

3



creating averaging procedures. Averaging methods were created to allow a repre-
sentative statement about the field distribution using only a few examined positions.
Some templates (1-dimensional, 2-dimensional and 3-dimensional) were produced
and applied to all measured volumes. The deviations of each mean field strength
value of a template to the global mean value of each measured volume were calcu-
lated and compared to each other.
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1 Problem Definition

There is a significant increase in the mobile communication in the last few years.
From 1996 to 2002 the number of cell phone user in Austria has changed from
0.6 to 6.8 million, thus increased tenfold. The area-wide maintenance in Austria is
warranted by about 18,100 mobile communication base stations of 4 GSM and 5
UMTS networks [14]. The radio frequency electromagnetic fields, transmitted by
the base stations, are subject of public and private interests.

For the realization of the safety guidelines of the European directive, the Euro-
pean Committee has mandated international standardization institutions for creating
harmonized standards. In this context, product standards for mobile communication
base stations are under preparation at this time. These standards should guarantee
human public health protection in respect of electromagnetic field emission from
mobile communication base stations. The exposure in the vicinity of base stations,
under consideration of emission from other sources in the area of a base station has
to be evaluated using reliable methods. But there are problems in the progression
of such methods due to the variation of the field strength in time and space. The
variance in time might be in the range of 40 dB [26]. Figure 1 shows the signal
behavior of a BCCH (Broadcast Control Channel) - GSM 900 base station in a time
frame of 1.5 milliseconds as an example.

One of the major reasons for the variance are changes in the environment of the
mobile communication base stations due to movements of object like cars which
changes their position on the street and thus influences the multipath propagation.
But also changes in indoor environments, for example opening and closing of doors
and windows or the presence of human beings influences the electromagnetic field
distribution. The weather is also a matter of fact, due to the change of humidity,
the reflection coefficient may vary and affect the exposure[25]. For example the
reflection coefficient on dry grass is different to the reflection coefficient on wet
grass[25]. These variances in the propagation path causes variable multipath prop-
agation which is a typical characteristic of a mobile communication channels.

The variance in such a case can be approximately 30 dB, as Figure 1 shows.
Also the trace gaps (Tastliicken) between the time slots can be seen. Attention
should also be paid to the slow-term fading [26]. An example of slow-term fading
of a GSM 900 base station can be seen in Figure 2. The level varies within a time
frame of 18 hours between 60.2dBxV/m and 70.7dBuV/m in this particular case,
which is approximately 10dB.

If time extensive measurements (e.g. evaluation of bigger field volumes) are
performed, these field level variances must be taken into account. To compensate
variations in time, field levels can be normalized by a reference signal measured
with an additional antenna.
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Figure 1: Time dependent characteristics of the field strength of a mobile communi-
cation channel (GSM 900), measured at the ARC Seibersdorf research GmbH office
building (distance to the antenna approximately 60m)[3].
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Figure 2: Variance of the signal level of a GSM 900 base station over a period of
more than 18 hours (5819 measured samples), measured in Room CC2-12 at the
ARC Seibersdorf research GmbH office building (distance to the antenna approxi-
mately 60m).



The variation in time was already under investigation, but there is a lack on ex-
aminations about the spatial variance of mobile communication base stations. To
develop reliable methods of the evaluation of exposure assessment with a pass-
able number of measurements, it is necessary to increase the knowledge of the
spatial field distribution in complex environments. Already existing exposure as-
sessment methods take the complexity of exposure scenarios only partially into
account. Therefore different exposure scenarios were under investigation in this
evaluation (e.g. GSM 900, DCS 1800, UMTS, a VHF radio channel and a UHF
television channel with LOS or NLOS to the antenna), to gain information about
laws of spatial electromagnetic field distribution, which should provide a basis for
reliable measurement methods in future.
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2 Methods and Measurements

This section describes the measurement set-up as well as the investigated one-
dimensional, two-dimensional and three-dimensional figures and in which frequency
bands measurements were performed. Each investigated geometrical figure is de-
scribed in detail. A description of the Add3D measurement method, used for all
measurement campaigns, can be found in this chapter as well as the evaluation of
the measurement data.

2.1 Measurement Set-Up

The measurement set-up (see Figure 3) was the same in every measurement cam-
paign performed during this project. Each spectrum analyzers was connected to an
antenna, the first analyzer was used to record the time varying reference signal and
the other was used to measure the field strength with the Add3D method described
later in this chapter. The measurement antenna was moved within the area of in-
vestigation while the reference antenna was placed at a fixed position in the room.
This signal was only used to normalize the measurement signal to take the vari-
ance in time of the transmitted signal into account. Both spectrum analyzers were
connected to one PC. Each measured position had a time stamp, which means that
the time of the measurement was also stored in a file, as well as a reference signal
therefore the variance in time could be eliminated.

BEE

A HP 8591
Measurement Antenna

e L) a
) i
S X femieCanie. . N,

(UMTS)

Reference Antenna

o—}

FerriteCable

AgilentE4405B

Figure 3: Schematic of the measurement set up including the measurement antenna
(PCD 8250), which was moved in the investigated area and the reference antenna
(PCD 8250), which was placed on a fixed position. The antenna in brackets was
only used for the UMTS measurement with a higher sensitivity (PBA 10200). All
antennas were connected to the spectrum analyzers via ferrite cables.

A problem during the measurement was the variation in time of the electromag-
netic field strength. Therefore only the BCCH (Broadcast Control Channel) was
measured and not the TCH (Traffic Channel), because the TCH has a variable trans-
mission power depending on the volume of traffic. Due to the fading effects, the
field level of the BCCH varies within time, see Figure 1. The outcome of this are
problems for the investigation of spatial distributions of the field strength because
of the measurements on different positions at different times. This yields to over-

12



Figure 4: Picture of the conference room and the anteroom with the measurement
antenna, the reference antenna can not be seen, it is far left behind the wooden wall.
The two spectrum analyzers and the Notebook were in the conference room (for the
measurements of GSM 900, DCS 1800, UMTS and UHF - ORF2).

lapping of variations in time and space. Within the scope of those measurements,
only the spatial variation was of interest.

For a better imagination some pictures were taken from the conference room,
the anteroom and the whole building. Figure 4 shows the conference room where
the measurement equipment (spectrum analyzers and PC) was set up and a view
to the anteroom with the measurement antenna (the reference antenna can not be
seen in this picture, it is in the far left corner, covered from the wooden wall). The
measurement antenna, mounted on the tripod, with the base station antenna mast in
the background can be seen in Figure 5.

The measurement set up of a measurement campaign in Room A07A011 in an
office building of the Mobilkom Austria can be seen in Figure 6. The grid was
painted on a thin plexiglass plate which was taped to the floor to avoid displace-
ment. In the foreground the measurement antenna with the rotating device and
the tripod can be seen. The reference antenna is mounted on a tripod and wasn’t
changed in its orientation and polarization. Figure 7 shows the antenna mast with
the GSM 900, the DCS 1800 and the UMTS antennas. This picture was shot from
the open window of the anteroom. A whole outside view of the building’s top with
the Room AO7A011 (conference room and anteroom) on the upper left corner and
the base station antenna mast in the background can be seen in Figure 8. Figure 9
and Figure 10 are showing the whole office building of the Mobilkom Austria from

13
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Figure 5: Picture of the measurement antenna with view to the basestation antenna
mast.
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Figure 6: The measurement set up in a Room A07AO011 in an office building of the
Mobilkom Austria with the grid taped to the floor, the measurement antenna with
the rotating device mounted on a tripod and the reference antenna also mounted on
a tripod can be seen. The reference antenna wasn’t changed in its orientation an
positions.

far away, these two pictures should give an idea of the vicinity of the base station
and the room under investigation.

Parallel to every measurement of the field strength, performed in max-hold
mode, a reference signal was measured, too. The position of the reference an-
tenna was unchanged during the whole measurement campaign. The average of all
measured levels obtained with the reference antenna was calculated and further the
deviation of every measurement from this mean value was derived. In a next step
the measurement data of the measurement antenna was revised with the calculated
deviation of the reference data. This was an approach to derive only the spatial
variation of the signal level.

Not every measured area had Line-Of-Sight (LOS) to the transmitting antenna,

15



Figure 7: Picture of the basestation antenna mast, shot from one window of the
anteroom.

Figure 8: Picture of the Mobilkom Austria office building with the basestation an-
tenna mast. The conference room is located on the top of the building.
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Figure 9: Picture of the Mobilkom Austria office building and the basestation an-
tenna mast.

i Basesiation Antennas
(GSM900,DCS | R00,LIMTS)

ConferenecRoom AOTADI]

Figure 10: Wide area picture of the Mobilkom Austria office building and the bases-
tation antenna mast.
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Name Frequency | Wavelength \
GSM 900 944.6 MHz 0.3176m
GSM 900 946.0 MHz 0.3171m
GSM 900 946.6 MHz 0.3169m
DCS 1800 1812.4 MHz 0.1655m

UMTS 2154.7 MHz 0.1392m

UHF -FS ORF2 | 575.25 MHz 0.5215m
VHF - RF 105.8 MHz 2.8355m

Table 1: Measured frequencies and their wavelength A.

also Non-Line-Of-Sight (NLOS) measurements were performed.

2.1.1 Frequencies

Table 1 shows the evaluated frequencies. Measurements in the GSM 900 frequency
band were performed at three different frequencies, 946.0MHz were measured at the
Mobilkom Austria office building and 944.6MHz, as well as 946.6MHz were mea-
sured at the ARC Seibersdorf research GmbH office building. Due to a optimization
process of the network operator a frequency of the base station in Seibersdorf was
changed from 944.6MHz to 946.6MHz but not during a measurement campaign.
The wavelength X can be derived by Equation 1, with light speed ¢ and frequency f:

m]  with c¢=3-10°" (1)

C
A=
f s

2.1.2  Volumes

The ICNIRP (International Commission on Non-lonizing Radiation Protection) di-
rective requires averaging procedures over a volume corresponding the body of a
human being, therefore the volume under investigation should be approximately
equal to this size. A cube with an edge length of 90cm was chosen because it is a
good compromise between the size of an human being and a easy to measure ge-
ometrical Figure with a volume of 0.73m3. The distance between each examined
position (grid step) is 15cm in each of the three orthogonal directions?.

One level, build by the x-axis and the y-axis, contains 49 measurement posi-
tions, a cube consists of 7 horizontal levels which gives a total of 343 measurement
positions in the whole cube. The first level is 90cm above the floor and is called

3The grid step of 15cm was chosen because it is short on one half of a wavelength to avoid possi-
ble standing wave measurements of e.g. the maximum and therefore generate a wrong impression of
constant field strength. On the other hand a relatively big area can be investigated with little expense.
With an antenna size of 13cm no overlapping of the integration volume should occur.
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Figure 11: Schematic of the examined positions building the volume under inves-
tigation ("CUBE”). The investigated "SMALL CUBE” has its origin at the same
position than the cube but is only one eight of the size of the cube.

“Level z90” with a distance of 15cm to the next level called ”Level z105” and so
on until "Level z180”. Therefore the last level is located 180cm above ground.
This is similar to the volume occupied by the human body covering the region from
the femoral to the head. In every measurement position, three field strength values
were measured according to the Add3D method described later. Figure 11 shows a
schematic of the examined positions building the three-dimensional Figure which
was called a "CUBE”.

A cube with edge length of 45cm, which is half of the size of the cube described
before, was examined, too. This so called "SMALL CUBE” can be seen in Fig-
ure 11. No reduction in the number of measured positions were done but the grid
step was half of the grid step of the large cube as described before. With a grid step
of 7.5cm the volume of the cube is one eights of the volume of the cube. The first
level is located at a height of 90cm above the floor ending in a height of 135cm
above the floor with a distance of 7.5cm between each level. This makes again a
total of 343 measurement positions. The first measurement position is equal to the
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Figure 12: Schematic of the examined positions of the investigated area with a grid
step of 25cm and an area size of 250cm times 300cm.

first measurement position of the cube, also the direction in which the measurement
antenna was moved is the same as at the cube measurements.

2.1.3 Areas

Not only volumes were under investigation, also areas were measured but only in
one room at the ARC Seibersdorf research GmbH office building. With an area size
of 250cm times 300cm and a grid step of 25cm between each examined position,
this makes a total of 143 examined positions. The location of this area was in the
middle of a conference room (Room CC2-17) in a height of 150cm above the floor.
Figure 12 shows the schematic of the measured area and its examined positions.

2.1.4 Axis

Measurements along a line were also performed but only at the Mobilkom Austria
office building. Two axis orthogonal to each other crossing in the center of the cube
with a grid step of lcm were investigated. The center of the cube is 135cm above
the floor. In each direction of the x-axis and the y-axis 91 positions were examined,
leading to a total of 182 measured positions for each cube measurement. Such axis-
measurements of two cubes in the frequency band GSM 900 and DCS 1800 were
examined. Figure 13 shows the schematic of the measurement.
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Figure 13: Schematic of the examined positions of the investigated lines along the
x-axis and the y-axis with a grid step of lcm.

2.2  Frequency Selective Measurement Methods - Add3D

A detailed description of the Add3D* measurement method can be found in [11].
The principle of this method is the measurement of the electromagnetic field strength
in three axis orthogonal to each other. The antenna is rotated in 120 degree steps
around a circle normal to the z-axis. This is shown in Figure 14. A picture of the
three positions of the antenna can be seen in Figure 15

It is a frequency selective measurement method with a receiver or a spectrum
analyzer and it uses a broadband omnidirectional receive antenna. The directional
characteristic of this antenna can be obtained from three voltage measurements with
orthogonal orientation of the antenna (PCD 8250) [9].

The physically measured value of this method are the three voltages Uy, Us and
Us. The field strengths E; are calculated in linear quantities derived be following
Equation 2:

E,=U;-AF with +=1,2,3 2)

Whereas AF is the antenna factor in the quantity of [ﬁz—]which depends on the
frequency and can be read off Figure 16 which is delivered from the manufacturer.

*hitp | Jwww.ares.ac.at/gesch/IT/IT R/ Productin fodownload/ R fsield.pdf
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Figure 14: Spherical field volume with the three orthogonal measurement axis.

Figure 15: Picture of the three positions build by rotating the antenna around the
vertical axis (z-axis).
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Figure 16: Typical antenna factor diagram of the PCD 8250 antenna which was used
as measurement antenna for all frequencies except for UMTS. A more sensitive
antenna was used for the UMTS measurements.

For the calculation procedure the cable attenuation, which can be measured for cer-
tain frequencies, was included in the antenna factor (see Appendix B). The effective
electromagnetic field strength E.f; in the unit of [¥] is calculated by Equation 3:

o= /B + B3 + B} = \JUR + U} + U} - AF 3)

All contributions (U, AF) and therefore also E., are frequency dependent [9].
Figure 16 shows a typical diagram of the antenna factor of a PCD 8250 antenna
which was used as measurement antenna for all frequencies, except UMTS. For the
UMTS measurements a more sensitive antenna, the PBA 10200, was used because
the signal level was near the noise level.

The antenna factor AF is decreasing with increasing frequency until a minimum
is reached (around 600MHz, as can be seen in Figure 16) and is then increasing with
increasing frequency. The value of the antenna factor is given by the calibration
process of the manufacturer.

To avoid measurement errors due to rapidly changing signals of the transmitter
and the time difference between the reading of each direction of the Add3D method
all measurements were done in the max-hold mode of the spectrum analyzer within
a time period of 10 seconds.

The two spectrum analyzer were measuring the received signal in [@75—‘/]. Each
measured position of the Add3D method was recorded and stored in a file. This file
contains six values, one for each of the three direction of the measurement antenna
and three values for the reference antenna as well as the time and date of each
measured value.
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2.3 Evaluation of the Measurement Data

This chapter describes the evaluation of the huge amount of measurement data.
Since June 2002 more than 4000 examined positions in defined volumes and areas
were measured and in addition over 90000 examined samples in continuous mea-
surement campaigns. The way from the row measurement data to the total electro-
magnetic field strength values, which were used for all calculations, is shown in this
chapter.

The first step of the evaluation was the compilation of the field strength, the
correction with the antenna factor and the attenuation factor of the cable and the
conversion in linear values because the data delivered from the two spectrum ana-
Iyzers were in the unit of [“24Y],

After the correction of the measured field strength values, described earlier
in this section, with the antenna factor and the cable attenuation factor (see Ap-
pendix B) all electromagnetic field strength values were converted into linear val-
ues. Generally the voltage ratio (A,,) in the unit of [@n’j—‘/] is defined by following
Equation 4:

uv

™ .

A, =20 log if Up=1

U dBuV
() == @

Uo

And after converting Equation 4, the linear value can be derived by Equation 5:

m %
Upn = 1075107 with Uy = 122 (5)
m

The measured field strength value was then converted into linear values by using
Equation 5. Now the mean value of all linear field strength values of the reference
antenna was build, see Equation 6:

o — ey Brprri + S Erpra i+ S Erers 6
REF = TN (6)

Whereas N is the maximum amount of examined positions per investigated area.
For example for the cube: N=343 or the line measurements: N=91.

This global mean value was used to determine the deviation of each measured
reference signal value from the global mean value of all reference signals by divid-
ing those two values. Each measured position consists of three values, one for each
direction (due to the Add3D method). The calculation of the deviations is shown in
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Equation 7). All deviation are in the unity [1] and can be converted into the unity
[%] by multiplication with the factor 100.

E .
Deviationy; = —REFL:
EReF
Deviationy; = —REFZ: for 1=1,2,...,.N @)
ERer
E )
Deviations; = REFS:
ERrer

We assume that the measured signal varies to the same extent than the reference
signal. By dividing the measurement value by its deviation we can normalize the
measurement data and the variation in time won’t matter anymore. This procedure
was used for all measurement data.

The measured signal from the measurement antenna was then corrected with
those derived deviation by dividing the measured signal of the measurement an-
tenna with the deviation (see Equation 8). The measured signal of the measurement
antenna is so normalized to a constant value.

. E;
feorr s Deviation, ;
E,
Escorr i — 21 for i=12..,N (8)
Deviation, ;
Es;
E3corr 1 .

Deviations i

For the field strength (F ;, F»; and FEj3 ;) the linearized values were used for
deriving the corrected values. These corrected values were then taken for deriving
the total field strength in one examined position. Equation 9 shows the calculation
of the total field strength value:

Ez' = \/E2 J +E2260’r7"i + E.%corri fOT i=12.,N ©)

lcorr ¢

Those procedures were performed for every measurement data. For each mea-
surement campaign tables were filled with all data described in this section for fu-
ture calculations.
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2.4 Uncertainty Considerations

The presence of objects in the scanned area are influencing the measurement. Due
to the fact that the measurement antenna is mounted on a tripod with a few metal
parts the measurement is influenced. To reduce the risk of false or incorrect mea-
surements the person who performed all measurements wasn’t in the vicinity of the
antennas. The distance between the measurement equipment (spectrum analyzers,
PC) and the person who performed the measurement was approximately Sm.

2.5 Fading Effects

Scattering and multipath cause fading effects. Signal strength can change rapidly as
a function of the location, because the received signal is the sum of potentially nu-
merous signal scattered from nearby objects. As the transmitter, or other objects in
the environment move, the scattered signals sometimes add together and sometimes
cancel each other. Fading can change significantly over distances of a wavelength
or S0.

The received signals at the receiver have different phases due to the differences
in the propagation path, this means that the distance of the received signals differs,
as can be seen in Figure 17. Constructive and destructive interference occurs at
the receiver and leads to changes in the signal amplitude with time (because the
location of the mobile station changes). The changes in the amplitude, caused by the
interference effects, is called small-scale fading. For example at 900MHz changes
of the location within a distance of 15cm can lead to a change from constructive
interference to destructive interference or vice versa. This means that a small change
in the location of the mobile station might lead to a tremendous change in the signal
amplitude[5][6]. The change of the amplitude due to some shadowing effects is
called large-scale fading.

Fading also occurs over time as well as location. Even small changes in the
environment (for example, people or objects moving) can affect the fading pattern.
This means that the received signal strength can also change quite quickly over time,
even when the receiver and transmitter are fixed.

Scattering and multipath results in delay spread. The received signal contains
several slightly delayed copies of the transmitted signal, as the scatterers signals
travel via different physical paths of different lengths.
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3 Measurement Campaign - Mobilkom Austria Room
A07A011

This chapter shows the results of all measurement campaigns performed in Room
AO7AO11 at the Mobilkom office building. In the GSM 900, DCS 1800, UMTS,
UHF and VHF frequency bands, several cubes, as well as small cubes and axis
measurements were performed. The evaluation of the measured data is displayed for
each frequency band. It could be seen, that there are no particular field distribution
function for a specific scenario.

3.1 Overview

In the course of this project several measurement campaigns were performed at two
different locations. First at an office building of the Mobilkom Austria in Vienna
and second at the ARC Seibersdorf research GmbH office building. The latter is
surrounded by a large rural area, therefore two typical scenarios were under investi-
gation. Based on the COST 259 scenarios, we categorized them as General Typical
Urban (GTU) for the measurements at the Mobilkom Office building and General
Rural Area (GRA) for the ARC Seibersdorf research GmbH. A more detailed de-
scription of the COST 259 model can be found in Appendix C. Various frequencies
were scanned for each location, these frequencies are described later on.

The Mobilkom Austria provided a large conference room in an office building
in Vienna. The district where the office building is located is closed to the inner
city but has no obvious bigger buildings in the vicinity which could have a deep
impact on the propagation path. The room where all measurements were performed,
consisted of a small anteroom with an area of 15.6m? and the conference room itself
with an area of 42m?. A schematic of the conference room (Room A07A011) can
be seen in Figure 18. The room is located at the seventh floor close to the mobile
communication base station. The distances to each transmitting antenna for each
frequency can be found in Table 2. GSM 900, DCS 1800 and UMTS antennas
were mounted on one mast on the opposite side of the building front. The antennas
were mounted one upon the other, were the GSM 900 antenna was mounted on the
bottom, the one on top was the UMTS antenna and the one in the middle was the
DCS 1800 antenna.

Concrete walls covered with wood builded the structure of the room. Four win-
dows were on the side which was in direction of the transmitting antenna as well
as on the opposite side of the room (see Figure 18). Figure 19 shows the posi-
tion of the transmitting antennas and the location of the Room A07A011 where all
measurements were performed.

During the whole measurement campaign, which started on the 11th of March
2003 and ended on the 23rd of March 2003, the room was closed for anybody
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Frequency Band | Distance
GSM 900 33m
DCS 1800 35m

UMTS 37m

UHF -FSORF2 | few km

VHF - RF few km

Table 2: Distances to the transmitting antenna for each frequency band at the Mo-
bilkom Austria office building.

Measurement giid {30cm ):
VHF - UKW RF

Ref. Ant.
UHF - FS OHF(
Antenna b

Moasurement grid { tScm, 7, 5cm ):
GSM 900
| DCS 1800
1 uMTS
UHF - FS ORF2

Figure 18: Schematic of the Conference Room AO7AO011 at the Mobilkom Austria.
The smaller room on the right side is the anteroom with an area of 15.6m? and the
bigger room on the left side is the conference room with an area of 42m?. The
measurement grid can be seen in each part of the room with the reference antenna
placed on a fixed position in the room and the measurement antenna placed on the
first examined position at the investigated area (cube, small cube). The height of the

room is 2.5m.
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Figure 19: Schematic of the whole building including the conference room and the
transmitting antenna.

except for the person who performed the measurements. Other offices were on one
side of the conference room where people worked during the week and sometimes
on Saturday.

3.2 GSM 900 - Cube Measurements

Measurements at a frequency of 946.0MHz were performed in the anteroom. The
investigated areas were a cube, a small cube and line measurements along the x-
axis and y-axis through the center of the cube. Continuous measurements during
the nighttime delivered also a large amount of data.

In the beginning, global considerations of the measurement data were performed
as described in the following section.

3.2.1 Mean, Standard Deviation and Amplitude Distribution

The whole evaluation process will be described in detail starting with the measure-
ment data of the cube. The field measurements were done as described in Section 2.

In a first examination the analysis of the field strength distribution is generally
and globally, without considering the spatial positions of the measured field strength
in the investigated area.

A statistical description of the measurement data can be found in Table 3. De-
viations from the global mean value of the whole examined cube were found from
-75% to +218%. This means that the smallest value is 25% and the highest value is
318% of the global mean value. Regarding this, the distribution of the measurement
data is not a symmetric distribution and therefore not a Gaussian distribution.

Figure 20 shows the Gaussian distribution function. The standard deviation =s
for the gaussian distribution function is in a range which contains 68.3% of all
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Examined Positions 343
Maximum Value [mV/m] | 66.2
Minimum Value [mV/m] 5.2

Global Mean Value [mV/m] | 20.8
Standard Deviation [ImV/m] | 8.9

Table 3: Mean value, minimum and maximum value and standard deviation - GSM
900, Mobilkom Austria Room AQ7A011.

AZMD)

99.7% |
- : \_> MD—MDmean

Figure 20: Gaussian distribution density function g(MD); measurement data MD;
mean value of the measurement data M D,,,.qn.

-38-2s -s0s2s3s

measurement data. The standard deviation, included in Table 3, is not equal with
the gaussian standard deviation and has therefore to be interpreted in a different
way.

In Figure 21 the amplitude distribution of the field strength values is displayed.
It confirms what was stated earlier considering the positions of the mean value: the
distribution is not uniform nor symmetric distributed over the field strength range.
Lower field strength values were found more often than higher values. For many
figures, the global mean value is indicated by fy,con.

3.2.2 Cumulative Distribution Function and Probability Density Function

The electromagnetic field strength values can be sorted by increasing amplitude.
The generated graphical Figure is equal to the cumulative distribution function (see
Figure 22). It describes the undershooting or overshooting of the level and if nor-
malized to the maximum value, its numerical value is between 0 and 1 (according to
0% and 100% of the electromagnetic field strength). The mathematical description
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Figure 21: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room A07AO011 at the Mobilkom Austria
office building at a frequency of 944.6MHz, the investigated area was a cube.
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of those level rates are:

¢ undershooting of the field strength rate:

Funder(E) = P(E < Eboundary) (10)

Fynder 18 the probability that the field strength value E is smaller or equal to the
boundary value Ejyoundary- The level overshooting definition is equal to:

e overshooting of the field strength rate:

Fover(E) = P(E > Eboundary) (11)

with Fl,..,(E) as the probability that the field strength value E is bigger than the
boundary value Eyoundary-

Due to the level undershooting value F,,, 4. ( E') the cumulative distribution func-
tion shows that 59.5% of the measured electromagnetic field strength values are
lower than the global mean value.

The first differentiation of the cumulative distribution function delivers the prob-
ability density function (pdf). It describes the density or how common field strength
values are appearing in a specific range. Differentiations of functions can only
be derived from continuous functions so that the measured distribution functions
(which are discrete functions) must be approximated by a polynomial approxima-
tion. The red line in Figure 22 shows the approximation of the measured field
strength values. Due to this approximation procedure, it is possible that values
higher than 1 (which is equal to 100%) can occur, therefore the cumulative dis-
tribution functions (cdf) are not plotted in the range between 0 and 1 (as usual),
because if so, it could be possible, that the approximated curve would disappear
and reappear after reaching the regions with values around 1.

Using the percentiles for the characterization of the distribution function is
helpful. The most commonly used percentiles are the lower and higher quantile
(Eas9%, Ers% ), lower and higher decile (Eyoy, Eooy) as well as the quintile (Esqy)
with the variable E as the probability. The percentiles can directly be read off the cu-
mulative distribution function (see Figure 22). Table 4 shows the percentiles of the
distribution function, measured in the GSM 900 frequency band, in the Mobilkom
Austria office building (Room A07A011).

The percentiles are values in a physical unit [Z]. To make them comparable to
others measurement results the right column of Table 4 shows the normalized value
(normalized to the maximum electromagnetic field strength). This identification
number builds an easily comparable value in the range of 0 to 1. The normalized
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Figure 22: Cumulative distribution function (cdf) of the global field distribution
(GSM 900 - Room A07A011 Mobilkom Austria).

Percentiles | Description | Value [2“] | Normalized to the Maximum [%]
Eon lower decile 11.6 17.5
Eos lower quantile 14.8 223
Eso quintile 18.9 28.5
Eosy higher quartile 24.6 37.2
Egox, higher decile 32.7 49.5

Table 4: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(Mobilkom Austria Room A07A011 at GSM 900).

34



percentiles show the information about the partition of the values compared to the
maximum value of the field strength. For example Table 4 shows percentile Esqy,
which means that 50% of all field strength values are smaller than the field strength
value at 28.54% of the maximum.

The probability density function can be derived as follows:

dF,(x
fz= d( ) (12)
T
with the characteristics:
f2>0 for —oo<z< 400 (13)

and

+00

[ fitwriz =1 (14)

which means that the sum of the probability over the full range must be equal to
1 or 100%. The probability that a field strength value E is within two boundaries a
and b, can be derived by following Equation:

b
Pla < E <b) = F,(b) — Fy(a) = /fz(x)dx (15)

The requirement for the application of this Equation 15 is that the function f,(xr)
(which is stated as known) must be integrable and continuous within the boundaries
a and b. The probability density function (see Figure 23) can be derived by differ-
entiating the cumulative distribution function according to Equation 12.

The maximum value of the probability density function does not match the arith-
metic mean (this would only be the case if the distribution would be a Gaussian-
distribution), the maximum is located on the left side of the global mean value. The
expressiveness of the cumulative distribution function (cdf) and the probability den-
sity function (pdf) is equal but the advantage of the pdf is that the inflection point of
the cdf is equal to the maximum at the pdf and is therefor obvious. Considering the
maximum, it shows the field strength levels which appears most and are therefore
most likely.
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Figure 23: Probability Density function (pdf) of the global field distribution (GSM
900 - Room A07A011 Mobilkom Austria).
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3.2.3 Identification of the Probability Density Function

For statistical forecasts and general statements of the field distribution in arbitrary
situations it is necessary to have information about the principle structure of the
distribution function.

A possible mathematical approximation, of the measured probability density
function for the Room A07AQ11 at GSM 900, could be the LogNormal distribution
shown in Figure 24. The LogNormal distribution is described by the following
Equation:

]_ —(In(z)—p)?
= (16)

ToN 2T

y=f($|,u,0)=

where y is an independent and x is a dependent variable as well as the two
variables o and p as characteristic location parameter. With this two variables,
which have to be fitted to the particular curve progression, the positions of the curve
along the field strength can be adjusted.

Figure 24 shows the LogNormal distribution which is fitted to match the poly-
nomial approximated pdf.

3.2.4 Local Distribution of the Measurement Data

After the global examination of the flied strength values this chapter considers the
spatial variations. For the spatial variations, no coherence could be found, consid-
ering recurrent distributions patterns. But there are differences of the field strength
values in the different levels, as can be seen in Figure 25.

3.24.1 Local Means

The local mean value is defined as the arithmetic mean over the 49 examined
positions in one level. The description of a level takes place after the position of
the perpendicular axis. For example Level ”z180” is the level in direction of the
z-axis, which is build by two straight lines, parallel to the x-axis and parallel to the
y-axis spanning an area and crossing the point (0/0/180cm). Figure 26 shows this
by means of the z-axis.

Figure 27 shows the trend of the local mean increasing in the x, y and z direction.
Table 6 shows the mean values of each level in z direction. The arithmetic mean of
each level doesn’t show a big deviation regarding the global mean with exception
of the z-Level. Starting at Level 1, with a value of 152.9% of the global mean
(see Figure 27, the global mean value is indicated by the horizontal line f,,cqn),
the mean value is tremendous decreasing. In the next level the value decreases
to approximately 95.7% of the global mean. The minimum is reached at Level
4 with an value of only 59.1%. After the minimum, the value is increasing till
approximately the global mean value and is then nearly constant around this value.
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Level (Index) | x-axis | y-axis | z-axis
1 x0 y0 290
2 x15 yl5 2105
3 x30 y30 2120
4 x45 y45 | z135
5 x60 y60 2150
6 x75 y75 z165
7 x90 y90 | z180

Table 5: Index and description of each level.
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Figure 24: Approximation of the Probability Density function (pdf) with a LogNor-
mal distribution (GSM 900 - Room A07A011 Mobilkom Austria).
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Figure 25: Distribution of the field strength values normalized to the maximum
value (GSM 900 - Room A07A011 Mobilkom Austria).
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Level “z180”

Figure 26: Nomenclature of the z-Level parallel to the area built by the x-axis and
the y-axis. The Level z180 is displayed as an example. Analog to this nomenclature
the x- and y-Level can be built.

The relative deviations of all local means according to the global mean value
can be seen in the right diagram of Figure 27. The level with the minor deviation
around the global mean is the x-Level where all deviations are below 10%.

3.24.2 Local Minima and Maxima

The variation of the minima and maxima is interesting, too. How is the behavior
of the local field strength distribution of each level and can laws be deduced? A par-
tial answer gives Figure 28 where minimum, maximum and the arithmetic mean of
the three levels in each direction are displayed - normalized to the global mean. Be-

Level | mean [77] | Locamean 7]
290 31.8 152.9
z105 19.9 95.7
z120 16.6 79.8
z135 12.3 59.1
z150 19.2 92.3
z165 18.6 89.4
z180 20.0 96.2

Table 6: Local mean of each level (GSM 900 - Room A0O7A011 Mobilkom Austria).
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Figure 27: Arithmetic mean of the single levels (GSM 900 - Room A07A011 Mo-
bilkom Austria).
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cause of the reference to the global mean, the factor how high or low the minimum
and maximum are, can directly be read out of the ordinate.

It can be seen that between the maximum, found in the z-Level, and the global
mean lies a factor of 3.2. The minimum, found in the x-Level, is by a factor of 0.25
smaller than the global mean value.

The z-Level shows a negative gradient with increasing level index, which means
a decreasing of the field strength starting at Level 1 until Level 4. At Level 5, Level
6 and Level 7 the value is nearly constant. This is equal at the minima, maxima and
the mean in this level. Level x and Level y doesn’t show a similar behavior.

3.3 DCS 1800 - Cube Measurements

Measurements at a frequency of 1812.4MHz were also performed in the same room
(Room AO07A011 at the Mobilkom Austria Office Building). The measurement set-
up was the same as for the measurements described earlier in Section 3.2. Figure 18
shows the room as well as the measurement grid in the anteroom. The mobile
communication base station with the transmitting antenna is 35m away from the
investigated area. The direction of the antenna can also be seen in Figure 18.
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Examined Positions 343
Maximum Value [mV/m)] 140.6
Minimum Value [mV/m)] 8.7

Global Mean Value [mV/m] | 29.0
Standard Deviation [mV/m] | 13.4

Table 7: Mean value, minimum and maximum value and standard deviation - DCS
1800, Mobilkom Austria Room A07AQ11,

Due to the fact that the transmitting antenna is located 2m higher than the GSM
900 antenna the Line Of Sight condition is only partially valid.

As done in the previous measurement campaign (GSM 900), first of all the
global considerations were taken into account. The distribution patterns didn’t show
any regularity.

3.3.1 Mean, Standard Deviation and Amplitude Distribution

The field strength values are statistically described by the values of Table 11. By
comparing the maximum value with the maximum value of the GSM 900 cube
measurements, it can be seen, that the maximum field strength in the DCS 1800
frequency band is by a factor of 2.12 higher.

Deviations from the global mean value from -70% to +384% were found for the
whole examined cube. This means that the smallest value is 30% and the highest
value is 484% regarding the global mean value. Regarding this the distribution of
the measurement data is not a symmetric distribution and therefore not a Gaussian-
distribution. This behavior was already found in the previous measurement cam-
paign (see Section 3.2).

The maximum value is 16.2 times higher then the minimum value. The ampli-
tude distribution is not symmetric because the arithmetic mean is located far left
of the center between minimum (8.7 2¥) and maximum (140.0 ™), as Figure 29
shows.

The amplitude distribution is focused on a very small range between 10.0 ’”V
and 80.0 mV The maximum is located on the left side of the global mean. The
d1str1but10n (1n Figure 29) shows a fast rise at the beginning and decreases smoother
after reaching the maximum.

3.3.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 30) can be build by arranging the
field strength with increasing values, as described in Section 3.2.2. Due to the
level undershooting value the cumulative distribution function shows that 60% of
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Figure 29: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room AQ7AQ11 at the Mobilkom Austria
office building at a frequency of 1812.4MHz, the investigated area was a cube.
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Figure 30: Cumulative distribution function (cdf) of the global field distribution
(DCS 1800 - Room A07A011 Mobilkom Austria).

the measured electromagnetic field strength values are lower then the global mean
value.

In the range between 40 ¥ and 70 X a small deviation from the polynomial
approximation can be seen. The percentiles of the cumulative distribution function
are shown in Table 8, these are values in the physical unit of [%] To make them
comparable to other distributions the right column of Table 8 shows the normal-
ized value (normalized to the maximum electromagnetic field strength). This value
builds an easily comparable value in the range of 0 to 1.

For example Table 8 shows percentile E’5y, which means that 50% of all field
strength values are smaller than the field strength value at 18.8% of the maximum.

The probability density function (see Figure 31) can be derived by differenti-
ating the cumulative distribution function (see Equation 12). As described in the
section before, the probability density function (pdf) describes how common field
distribution values appear in a specific range. A polynomial approximation has to
be made otherwise the pdf can’t be derived. A differentiation is only possible when
the function is a continuous function. The red line in Figure 31 shows the approxi-
mation of the measured field strength values.
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Percentiles | Description | Value [ ] | Normalized to the Maximum [%]
Ex lower decile 15.6 11.1
Eosy lower quantile 20.5 14.6
Erson quintile 26.4 18.8
Eso higher quartile 34.1 243
Ego higher decile 443 315

Table 8: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(Mobilkom Austria Room A07A011 at DCS 1800).
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Figure 31: Probability density function (pdf) of the global field distribution (DCS
1800 - Room A07A011 Mobilkom Austria).
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Figure 32: Approximation of the probability density function (pdf) with a LogNor-
mal distribution (DCS 1800 - Room A07A011 Mobilkom Austria).

3.3.3 Identification of the Probability Density Function

A possible approximation for the probability density function is displayed in Fig-
ure 32. It is characterized as a LogNormal distribution described by Equation 16 in
the section before.

The validity of the polynomial approximation is in the range between minimum
and maximum of the electromagnetic field strength.

3.3.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution the local demeanor
was investigated. The field strength values are very homogenous distributed over
the whole cube with only a small maxima in Level z135 (see Table 5 for the nomen-
clature). Figure 33 shows the spatial variation of the electromagnetic field strength.

3.3.4.1 Local Means

As described at the GSM 900 measurement campaign the local mean value is
defined as the arithmetic mean over the 49 examined positions of one level. The
description of a level takes place by the direction of the axis which is perpendicular
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Figure 33: Distribution of the field strength values normalized to the maximum
value (DCS 1800 - Room AQ7A011 Mobilkom Austria).
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Figure 34: Arithmetic mean of each level and deviations from the global mean in
[%] (DCS 1800 - Room A07A011 Mobilkom Austria).

to the plane spanned by the two other axis. Figure 26 shows this by means of the
Z-axis.

Figure 34 shows the arithmetic mean of each level. The arithmetic mean of
the x-Levels doesn’t show a big deviation from the global mean, the values in the
y-Levels are increasing until Level 3 is reached and are then decreasing starting
at Level 3 until Level 7. The maximum deviation occurs in the z-Level, with a
minimum at Level 2 and a maximum at Level 4 with values of 20.5 %V for the
minimum and 44.7 ¥ for the maximum.

3.3.4.2 Local Minimum and Maximum

Figure 35 shows the variation of the local minimum and maximum of each level
normalized to the global mean value. Because of the normalization regarding the
global mean global, the factor showing how high or low the minima and maxima
are compared to the global mean value, can directly be read off the ordinate. It can
be seen that the global maximum is by a factor of 4.7 higher than the global mean
value and the global minima is by a factor of 3.1 smaller than the global mean value.
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Examined Positions 343
Maximum Value [mV/m} | 85.7
Minimum Value [mV/m] 26.8

Global Mean Value [mV/m] | 48.0
Standard Deviation [mV/m] | 10.1

Table 9: Mean value, minimum and maximum value and standard deviation (Gaul})
UMTS, Mobilkom Austria room A07A011.

3.4 UMTS - Cube Measurements

The electromagnetic field distribution of a Universal Mobile Telecommunication
System (UMTS) was also under investigation. In order to make measurements
possible, the Mobilkom Austria shut an indoor supply unit down so that only the
transmitting signal from the antenna mast could be measured. To be able to mea-
sure a constant signal, only the pilot channel was transmitted via the antenna. The
measurements were performed at a frequency of 2154.7MHz in the same way as
described in Section 2.

The received signal was near the noise level so the windows were opened up
a bit which raised the signal level for proper measurements. The investigated area
was a cube described in Section 2.1.2, which was placed at the same location than
in the measurements described before, with a distance between investigated volume
and transmitting antenna of 37m. The investigated volume had only partly Line-
Of-Sight (LOS) regarding the transmitting antenna due to a small roof above the
windows (see Figure 5.

In the following sections the global aspects of this measurement data were taken
under consideration.

3.4.1 Mean, Standard Deviation and Amplitude Distribution

Compared to the previous measurement (DCS 1800) the maximum value is only 3.2
times higher then the minimum value. The amplitude distribution is more symmet-
ric than at the previous measurement (DCS 1800) which can be seen in Figure 36.

Deviations from the mean value of the whole examined cube from -79.0% to
+78.5% were found. This means that the smallest value is 21.0% and the highest
value is 178.5% of the global mean value. Regarding this, the distribution of the
measurement data is not a symmetric distribution and therefore not a Gaussian dis-
tribution. This behavior was already found in the previous measurement campaigns
(see Section 3.2 and Section 3.3).
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Figure 36: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room A07AO011 at the Mobilkom Austria
office building at a frequency of 2154.7MHz, the investigated area was a cube.
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Figure 37: Cumulative distribution function (cdf) of the global field distribution
(UMTS - Room A07A011 Mobilkom Austria).

3.4.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 37) can be build by arranging the
field strength by increasing values as described in Section 3.2.2.

The percentiles of the cumulative distribution function are shown in Table 10.
The probability density function (see Figure 38) can be derived by differentiating
the cumulative distribution function (see Equation 12).

3.4.3 Identification of the Probability Density Function

A possible approximation for the function is displayed in Figure 39. This approxi-
mation is characterized as a Rayleigh distribution described by the following Equa-
tion 17.

v S in =L o an)

The variable b characterizes the location of the maximum and is therefore char-
acterized as the location parameter. Compared to the LogNormal distribution (de-
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Percentiles | Description | Value [2Y] | Normalized to the Maximum [%)
Eioy lower decile 35.5 41.4
Eose lower quantile 41.1 479
Exon quintile 47.1 55.0
Erse higher quartile 54.2 63.2
Eog higher decile 60.9 71.0

Table 10: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile refereing to the maximum of the electromagnetic field strength
(Mobilkom Austria Room A07A011 at UMTS).
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Figure 39: Approximation of the Probability Density function (pdf) with a Rayleigh
distribution (UMTS - Room A07A011 Mobilkom Austria).

scribed by Equation 16) the Rayleigh distribution has only one location parameter.
The mathematical significance of the Rayleigh distribution for describing a statis-
tical dependency is much stronger as those of the LogNormal distribution because
the Rayleigh distribution has only one parameter.

The validity of the polynomial approximation is in the range between minimum
and maximum of the electromagnetic field strength.

3.4.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution the local behavior
was investigated. The field strength values are very homogenous distributed over
the whole cube with no particular maxima, as can be seen in Figure 40.

3.4.4.1 Local Means
Figure 41 shows the distribution of the local mean values in each single level.
The maximum deviation from the global mean value occurs in the z-axis. The
maximum is reached in Level 7 with an value of 5.5 % whereas the minimum is
reached in Level 3 with an value of 4.4 V.
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value (UMTS - Room A07A011 Mobilkom Austria).
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Figure 42: Relative local minima, maxima and arithmetic mean normalized to the
global mean (UMTS - Room A07A011 Mobilkom Austria).

3.4.4.2 Local Minimum and Maximum

Figure 42 shows the local minimum and maximum of each level normalized to
the global mean. It can bee seen, that the minimum, maximum and the mean of
each level are nearly in the same range. A reason for this might be, that there are no
significant maximums in a single level nor a specific minimum in a single level.

3.5 Ultra High Frequency (UHF) - FS ORF2 - Cube Measure-
ments

Also measurements at a frequency of 575.25MHz, being a television channel (FS
ORF2) were performed in the Room A07A011 at the Mobilkom Austria. The trans-
mitting antenna is a few kilometers away from the investigated area. In the north-
west direction the transmitting station is located on the Kahlenberg, a small hill in
the north west region of Vienna.

The measurement method used was the same like in the other measurement cam-
paigns described in the sections before. A description can be found in Section 2. A
cube was examined at the same positions in the anteroom of the conference Room
AO07A011 as mentioned earlier described in Section 2.1.2. This scenario is catego-
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Examined Positions 343
Maximum Value [mV/m] 355
Minimum Value [mV/m] 5.0

Global Mean Value [mV/m] | 18.3
Standard Deviation [mV/m] | 6.1

Table 11; Mean value, minimum and maximum value and standard deviation
(GauB) DCS 1800, Mobilkom Austria Room A07A011.

Percentiles | Description | Value [2Y] | Normalized to the Maximum [%]
FEho% lower decile 10.8 304
Eoso, lower quantile 13.5 38.2
Esq, quintile 17.5 494
Eso higher quartile 22.8 64.3
Eqqo higher decile 264 74.7

Table 12: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(Mobilkom Austria Room A07A011 at UHF).

rized as Non-Line-Of-Sight (NLOS).
Now the global aspects of this measurement were taken under consideration in
the following sections.

3.5.1 Mean, Standard Deviation and Amplitude Distribution

Compared to the previous measurement the maximum value is 7.1 times higher then
the minimum value which is much more then in the UMTS measurement campaign.
The amplitude distribution has a high peak on the left side of the mean which can
be seen in Figure 43.

3.5.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 44) can be build by arranging the
field strengths by increasing values, as described in Section 3.2.2. The percentiles
of the cumulative distribution function are shown in Table 12. By differentiating
the cumulative distribution function, the probability density function can be derived
which is displayed in Figure 45).

59




Histogram

Number n

0.04

0.015 0.02 0.025 0.03 0.035
Field Strength E[V/m]

0
0.005 0.01

Figure 43: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room A07AO011 at the Mobilkom Austria

office building at a frequency of 575.25MHz, the investigated area was a cube.
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Figure 44: Cumulative distribution function (cdf) of the global field distribution
(UHF - Room A07A011 Mobilkom Austria).

61



Probability Density Function pdf[1]
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Figure 46: Approximation of the Probability Density function (pdf) with a Rayleigh
distribution (UHF - Room A07A011 Mobilkom Austria).

3.5.3 Identification of the Probability Density Function

A possible approximation for the function is displayed in Figure 46. This approx-
imation is characterized as a Rayleigh distribution described by Equation 17. The
mathematical significance of the Rayleigh distribution for describing a statistical
dependency is much stronger as those of the LogNormal distribution because the
Rayleigh distribution has only one parameter.

The validity of the polynomial approximation is in the range between minimum
and maximum of the electromagnetic field strength.

3.5.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution the local demeanor
was investigated. Several higher field strength values were measured in the Levels
2135, z150 and z165, as can be seen in Figure 47.

3.54.1 Local Means
Figure 48 shows the distribution of the local means in each single level. The
maximum deviation from the global mean value occurs in the z-axis. The maximum
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Figure 48: Arithmetic mean of the single levels (UHF - Room A07A011 Mobilkom
Austria).

is reached at Level 2 with an value of 21.6 %V whereas the minimum is reached at
Level 5 with an value of 14.5 2.

3.54.2 Local Minimum and Maximum
Figure 49 shows the local minimum and maximum of each level normalized to
the global mean value.

3.6 Very High Frequency (VHF) - Cube Measurements

A radio channel at a frequency of 105.8MHz was also measured in the Room
AO07AO011 at the Mobilkom Office Building in Vienna but with a few differences
compared to the former measurements. The grid space of the measurement grid
was no longer 15cm but 30cm - twice as the grid space in the other measurements.
Also the investigated area was no longer a cube. A cuboid with a length of 3.9m and
a width of 1.5m, which is equal to 14 x 6 examined positions, this gives a sum of
84 examined positions for each level. Four levels were investigated each separated
30cm, which gives a total of 336 examined positions in this volume. The first level
was 90cm above the floor, the last level is 180cm above the floor.
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Examined Positions 343
Maximum Value [mV/m] 8.2
Minimum Value [mV/m] 2.6

Global Mean Value [mV/m] | 5.0
Standard Deviation [ mV/m] | 0.9

Table 13: Mean value, minimum and maximum value and standard deviation
(GauB3) VHE, Mobilkom Austria Room A07A011.

The position of the volume was also changed from the anteroom in the confer-
ence room, which is in the middle of the whole room. The transmitting antenna was
a few kilometers away and the characterization was therefore Non-Line-Of-Sight
(NLOS). A schematic of the investigated area shows Figure 18.

Only the measurement method itself was not changed, it was the same like in
the other measurement campaigns, described in the sections before. A detailed
description can be found in Section 2.

Now the global aspects of this measurement were taken under consideration in
the following sections.

3.6.1 Mean, Standard Deviation and Amplitude Distribution

Compared to the previous measurement the ratio between maximum value and min-
imum value is much smaller, only 1.6. Table 13 shows the minimum value, the
maximum value, the mean value and the standard deviation. The amplitude distri-
bution has a smooth rise and a more abrupt decrease after reaching the maximum,
this can be seen in Figure 50.

3.6.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 51) can be build by arranging the
field strength values by increasing values, as described in Section 3.2.2. The per-
centiles of the cumulative distribution function are shown in Table 14. The probabil-
ity density function (see Figure 52) can be derived by differentiating the cumulative
distribution function (refereing to Equation 12).

3.6.3 Identification of the Probability Density Function

A possible approximation for the function is displayed in Figure 53. This approx-
imation is characterized as a Normal distribution described by following Equa-
tion 18.
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Figure 50: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room A07AO11 at the Mobilkom Austria
office building at a frequency of 105.8MHz, the investigated area was a cuboid with
a size of 3.9m x 1.5m x 0.9m, which gives a total of 336 examined positions.

Percentiles | Description | Value [2Y] | Normalized to the Maximum [%]
Eioy lower decile 3.9 47.4
Eosg lower quantile 4.4 54.1
Esoy quintile 5.0 60.5
E759 higher quartile 5.5 66.4
Eqoy, higher decile 6.0 73.3

Table 14: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile refereing to the maximum of the electromagnetic field strength

(Mobilkom Austria Room A07A011 at VHF).
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Figure 51: Cumulative distribution function (cdf) of the global field distribution
(VHF - Room A07A011 Mobilkom Austria).
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Figure 52: Probability Density function (pdf) of the global field distribution (VHF
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The variable p characterizes the expectation, o describes the standard deviation.

The validity of the polynomial approximation is in the range between the mini-
mum and the maximum of the electromagnetic field strength.

3.6.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution the local demeanor
was investigated. Figure 54 shows a clear maximum of the field strength in the high-
est level, Level z180. The maximum is concentrated over a spot of a few examined

positions .

3.6.4.1 Local Means

Figure 55 shows the distribution of the local means in each single level.
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Figure 54: Distribution of the field strength values normalized to the maximum
value (VHF - Room A07A011 Mobilkom Austria).

72



x 107

5'5 - . N : . N P 8 ‘ ' T T T T ' , T T T T T
: -3~ X~level b | I x-level
: y-level | S o o 3 y-level
54k S8 z-level | : | W z-level
: : - 6F o T —
53f
52 L. .
E 4
% 5L &
2 8 _
g 8
& L >
o ° ¢ a
@ mean
w -
49+
L -4~ b
47F V4 . / B T
46 i i j —8 i i i i R I i i i i i
0 5 10 15 1234567 8910111213
Level Level

Figure 55: Arithmetic mean of the single levels (VHF - Room A07A011 Mobilkom
Austria).

73



o
«©
T

Relative Field Strength [1]
T

o
»
T

=
'S
T

Level

Figure 56: Relative local minima, maxima and arithmetic mean normalized to the
global mean (VHF - Room A07A011 Mobilkom Austria).

The maximum deviation from the global mean value occurs in the x-axis. The
maximum is reached at x-Level 8 with an value of 5.41'—:nK and the minimum 1is
reached at x-Level 11 with an value of 4.6

3.6.4.2 Local Minimum and Maximum
Figure 56 shows the local minimum and maximum of each level normalized to
the global mean.

3.7 GSM 900 - Small Cube Measurements

After finishing the measurement of the cube volumes the same measurement method
(refereing to Section 2) was performed within a cube with half of the edge length
(45cm), already described in Section 2.1.2. The grid steps were no longer 15cm but
7.5cm in each of the three directions. Like before, 49 examined positions per level
were measured over 7 levels, which gives a total of 343 examined positions for each
small cube. These measurements were performed in the GSM 900, DCS 1800 and
UHF frequency band. The position of the small cube was the same than of the cube
starting at position O which means [x=0cm, y=0Ocm and z=90cm] in a hight of 90cm
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Level (Index) | x-axis | y-axis | z-axis
1 x0 y0 790
x7.5 y7.5 | z97.5
x15 yl5 z105
Xx22.5 | y22.5 | z112.5
x30 y30 z120
x37.5 | y37.5 | z127.5
x45 y45 z135

N AN DN R W N

Table 15: Index and description of each level of the small cube with a grid step of
7.5cm instead of a grid step of 15cm.

Examined Positions 343
Maximum Value [mV/m] | 45.8
Minimum Value [mV/m] 4.6

Global Mean Value [mV/m] | 19.6
Standard Deviation [mV/m] | 5.9

Table 16: Mean value, minimum and maximum value and standard deviation
(GauB) at GSM 900 - small cube, Mobilkom Austria Room A07AO0I11.

above the floor. The nomenclature of the small cube is shown in Table 15. Like
in all previous measurement campaigns, the global considerations were examined
first.

3.7.1 Mean, Standard Deviation and Amplitude Distribution

The field strength values can statistically be described by the values of Table 16.
Comparing the maximum value of the small cube with the maximum value of the
cube, the cube shows a much higher value. The factor between the maximum of
the cube measurement and the maximum of the small cube measurement is 1.4,
whereas the maximum value of the small cube is by this factor lower then the max-
imum of the cube. The global mean value and the minimum value are nearly in
the same range, the differences are not so high. The maximum value is 16.2 times
higher compared to the minimum value. The amplitude distribution is not symmet-
ric because the arithmetic mean is located on the left side of half of the range, as
Figure 57 shows.

The amplitude distribution is nearly uniformly distributed around the mean value
with a smooth rise in the beginning and a smooth rise while decreasing on the right
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Figure 57: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room AQ7AQ011 at the Mobilkom Austria
office building at a frequency of 944.6MHz, the investigated area was a small cube.
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Figure 58: Cumulative distribution function (cdf) of the global field distribution
(GSM 900 - small cube - Room A07A011 Mobilkom Austria).

side of the mean value. This could be described as a Rayleigh distribution which
was already introduced in a former section (see Equation 17).

3.7.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 22) can be derived by arranging the
field strength by increasing values, as described in Section 3.2.2. The percentiles of
the cumulative distribution function are shown in Table 17.

The probability density function (see Figure 59) can be derived by differentiat-
ing the cumulative distribution function (see Equation 12).

3.7.3 Identification of the Probability Density Function

A possible approximation for the function is displayed in Figure 60. It is charac-
terized as a Rayleigh distribution described by Equation 17. The validity of the
polynomial approximation is in the range between minimum and maximum of the
electromagnetic field strength values.
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Percentiles | Description | Value [2Y] | Normalized to the Maximum %]
Eo lower decile 12.7 27.8
Eose lower quantile 15.6 34.0
Esov quintile 19.3 42.0
Ese higher quartile 23.0 50.3
Ego% higher decile 26.2 57.2

Table 17: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(Mobilkom Austria Room A07A011 at GSM 900 - small cube).
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Figure 59: Probability Density function (pdf) of the global field distribution (GSM
900 - small cube - Room A07A011 Mobilkom Austria).
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Figure 60: Approximation of the Probability Density function (pdf) with a Rayleigh
distribution (GSM 900 - small cube - Room A07A011 Mobilkom Austria).
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Figure 61: Distribution of the field strength values normalized to the maximum
value (GSM 900 - small cube - Room AO7A011 Mobilkom Austria).

3.7.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution the local behavior
was investigated. The field strength values are very homogenous distributed over
the whole cube which can be seen in Figure 61 with a little bit higher field strengths
values in the lower levels.

3.74.1 Local Means

Figure 62 shows the distribution of the local mean value in each single level. The
maximum deviation from the global mean value occurs in the z-axis. The maximum
is reached in Level | with a value of 23.3 %V while the minimum is reached in the
y-Level 1 with a value of 16.7 2

3.74.2 Local Minimum and Maximum
Figure 63 shows the local minimum and maximum of each level normalized to
the global mean.
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Examined Positions 343
Maximum Value [mV/m] | 61.6
Minimum Value [mV/m] 8.6

Global Mean Value [mV/m] | 27.1
Standard Deviation [mV/m] | 9.3

Table 18: Mean value, minimum and maximum value and standard deviation
(GauB) at DCS 1800 - small cube, Mobilkom Austria Room A07AO011.

3.8 DCS 1800 - Small Cube Measurements

As mentioned before, also a small cube was examined in the DCS 1800 frequency
band, using the same measurement set up than in all other measurements (except
for UMTS, a more sensitive antenna was used to measure the field strength values).
First of all the global considerations were evaluated like in all previous measurement
campaigns before.

3.8.1 Mean, Standard Deviation and Amplitude Distribution

The field strength values can statistically be described by the values of Table 18.
The maximum value of the small cube shows higher values compared to the mea-
surement of the cube in the DCS 1800 frequency band. The difference between the
maximum value of the cube measurement and the maximum value of the small cube
measurement is a factor 2.3, whereas the maximum value of the cube measurement
is higher than the small cube measurement. Mean value and minimum value are
nearly in the same range, the differences compared to the cube measurement are not
so high.

The maximum value is 7.2 times higher than the minimum value. The amplitude
distribution is not symmetric because the arithmetic mean is located on the left side
of the center between minimum value and maximum value, as Figure 64 shows.

The fast rise in the beginning and the more smoother fall while decreasing on the
right side of the mean value could be characterized by a LogNormal-distribution.
This was already introduced in a former section (see Equation 16).

3.8.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 65) can be build by arranging the
field strength values with increasing amplitude, as described in Section 3.2.2. The
percentiles of the cumulative distribution function are shown in Table 19.

The probability density function (see Figure 66) can be derived by differentiat-
ing the cumulative distribution function (see Equation 12).
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Figure 64: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room A07AO11 at the Mobilkom Austria
office building at a frequency of 1812.4MHz, the investigated area was a small

cube.

Percentiles | Description | Value [2Y] | Normalized to the Maximum [%]
FEigy lower decile 16.6 27.0
Eoso lower quantile 20.1 32.7
Eson quintile 259 42.0
Erse higher quartile 32.7 53.1
Eqq higher decile 40.3 65.5

Table 19: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile refereing to the maximum of the electromagnetic field strength
(Mobilkom Austria Room AQ07A011 at DCS 1800 - small cube).
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Figure 65: Cumulative distribution function (cdf) of the global field distribution
(DCS 1800 - Room AO07A011 Mobilkom Austria).
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Figure 66: Probability Density function (pdf) of the global field distribution (DCS

1800 - Room A07A011 Mobilkom Austria).
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Figure 67: Approximation of the Probability Density function (pdf) with a LogNor-
mal distribution (DCS 1800 - small cube - Room A07A011 Mobilkom Austria).

3.8.3 Identification of the Probability Density Function

A possible approximation for the function is displayed in Figure 67. It is char-
acterized as a LogNormal distribution described by Equation 16. The polynomial
approximation is valid in the range from minimum to maximum of the electromag-
netic field strength.

3.8.4 Local Distribution of the Measurement Data

After the global considerations of the field distribution the local demeanor was
investigated. The field strength values are very homogenous distributed over the
whole cube with only a small maxima at Level z120 and z135, as Figure 68 shows
(see Table 5 for the nomenclature).

3.8.4.1 Local Means
Figure 69 shows the distribution of the local mean values in each single level.
The maximum deviation from the global mean value occurs in the z-axis. The
maximum is reached in Level 7 with an value of 31.9 m?l‘f and the minimum is
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Figure 68: Distribution of the field strength values normalized to the maximum

value (DCS 1800 - small cube - Room A07A011 Mobilkom Austria).
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Figure 70: Relative local minima, maxima and arithmetic mean normalized to the
global mean (DCS 1800 - small cube - Room A07A011 Mobilkom Austria).

reached at the z-Level 1 with an value of 22.0 %V which is equivalent to a factor of
14.5 between minimum and maximum.

3.8.4.2 Local Minimum and Maximum
Figure 70 shows the local minimum and maximum of each level normalized to
the global mean value.

3.9 Ultra High Frequency - Small Cube Measurements

The last small cube measurement campaign was performed at a frequency of 575.25MHz,
in the so called Ultra High Frequency (UHF) band. Like in all previous measure-
ment campaigns first of all the global considerations were evaluated.

3.9.1 Mean, Standard Deviation and Amplitude Distribution

The field strength values can statistically be described by the values of Table 20.
Comparing the maximum value with the maximum value of the UHF (cube mea-
surement) measurement campaign, it shows values nearly in the same range.
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Examined Positions 343
Maximum Value [mV/m] | 35.8
Minimum Value [mV/m] 54

Global Mean Value [mV/m] | 17.0
Standard Deviation [mV/m] | 5.1

Table 20: Mean value, minimum and maximum value and standard deviation
(GauB) at UHF - small cube, Mobilkom Austria Room A07AO011.

Percentiles | Description | Value [*] | Normalized to the Maximum [%]
Eioo, lower decile 11.0 30.6
Eoso, lower quantile 13.3 37.0
Ersoq quintile 16.4 45.7
Ersq higher quartile 19.8 55.2
Egqo, higher decile 23.7 66.1

Table 21: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(Mobilkom Austria Room A0O7A011 at UHF - small cube).

The maximum value is 6.6 times higher than the minimum value. The amplitude
distribution is not symmetric because the arithmetic mean is located on the left side
of the center between minimum and maximum of the field strength, as Figure 71
shows.

A smooth rise in the beginning and a smooth fall while decreasing on the right
side of the global mean value can be observed. This could be described by a
Rayleigh distribution which was already introduced in a former section (see Equa-
tion 17).

3.9.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 72) can be build by arranging the
field strength values by increasing amplitudes, as described in Section 3.2.2. The
percentiles of the cumulative distribution function are shown in Table 21.

The probability density function (see Figure 73) can be derived by differentiat-
ing the cumulative distribution function (see Equation 12).
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Figure 71: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room AO7AO011 at the Mobilkom Austria
office building at a frequency of 575.25MHz, the investigated area was a small

cube.
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Figure 72: Cumulative distribution function (cdf) of the global field distribution
(UHF - small cube - Room A07A011 Mobilkom Austria).
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Figure 74: Approximation of the Probability Density function (pdf) by a Rayleigh
distribution (UHF - small cube - Room A07A011 Mobilkom Austria).

3.9.3 Identification of the Probability Density Function

A possible approximation for the pdf is displayed in Figure 74. It is characterized as
a Rayleigh distribution described by Equation 17. The polynomial approximation is
valid in the range from minimum to maximum of the electromagnetic field strength.

3.9.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution the local demeanor
was investigated. The field strength values are not very homogenous distributed
over the whole cube, with maximum spots distributed in Level z135, z150 and z165
as can be seen in Figure 75 (see Table 5 for the nomenclature).

3.9.4.1 Local Means

Figure 76 shows the distribution of the local mean values in each single level. The
maximum deviation from the global mean value occurs in the z-axis. The maximum
is reached in z-Level 7 with an value of 41.9 ’—%:i, the minimum is reached in the
z-Level 4 with an value of 24.8 2.
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Figure 75: Distribution of the field strength values normalized to the maximum

value (UHF - small cube - Room A07A011 Mobilkom Austria).
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Figure 76: Arithmetic mean of the single levels (UHF - small cube - Room
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Figure 77: Relative local minima, maxima and arithmetic mean normalized to the
global mean (UHF - small cube - Room A07A011 Mobilkom Austria).

3.9.4.2 Local Minimum and Maximum
Figure 77 shows the local minimum and maximum of each level normalized to

the global mean.

3.10 GSM 900 - Axis Measurements

In addition to the cube and the small cube measurements, in the office building of the
Mobilkom Austria, axis measurements in two different frequency bands (GSM 900
and DCS 1800) were performed, too. The axis measurement is described in Sec-
tion 2.1.4 and the measurement method is the same as described in Section 2. Mea-
surements along the x-axis and y-axis, which are orthogonal to each other, crossing
the center of a cube were performed in the anteroom of the Mobilkom Austria office
building (Room A07AO011). In each axis 91 positions were examined which gives a
total of 182 examined positions for GSM 900 and 182 examined positions for DCS
1800.

Like in all previous measurement campaigns first of all the global considerations
were evaluated.
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X - axis | y - axis

Examined Positions 91 91
Maximum Value [mV/m] 41.7 339
Minimum Value [mV/m] 14.5 8.6

Global Mean Value [mV/m] 23.6 18.0
Standard Deviation [mV/m] 7.3 6.2

Table 22: Mean value, minimum and maximum value and standard deviation
(GauB) at GSM 900 - axis, Mobilkom Austria office building.

3.10.1 Mean, Standard Deviation and Amplitude Distribution

The field strength values can statistically be described with the values of Table 22.

The values measured along the y-axis are smaller, this can be observed at the
maximum value, the minimum value, the global mean value and the standard de-
viation. The factor between maximum of the x-axis and maximum of the y-axis is
1.2, the factor between minimum value of the x-axis and minimum of the y-axis is
1.7 and the factor between the global mean value of the x-axis and the global mean
value of the y-axis is 1.3.

The factor between the maximum value and minimum value of the x-axis is 2.9
and the factor between maximum value and minimum value of the y-axis is 3.9.
The amplitude distribution is not symmetric because the arithmetic mean is located
on the left side of the center between minimum and maximum of the field strength,
which can be seen in Figure 78 for the x-axis and in Figure 79 for the y-axis.

The global distribution of the electromagnetic field strength values doesn’t show
a clear LogNormal-distribution nor a Rayleigh distribution, a possible reason for
this could be the amount of measured positions which is much smaller (91 positions)
compared to the cube measurement (343 positions).

3.10.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 80 and Figure 81) can be build by
arranging the field strength with increasing values, as described in Section 3.2.2.
The percentiles of the cumulative distribution function are shown in Table 23. The
probability density function (see Figure 82 and Figure 83) can be derived by differ-
entiating the cumulative distribution function (see Equation 12).

3.10.3 Identification of the Probability Density Function

Unless stated earlier in this section, a possible approximation for the probability
density function could be a LogNormal-distribution, described by Equation 16. This
approximated LogNormal-distribution is displayed in Figure 84 and Figure 85. The
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Figure 78: Global distribution of the electromagnetic field strength values disposed
in 10 amplitude grades. Measured in Room A07AO11 at the Mobilkom Austria
office building at a frequency of 944.6MHz, the investigated area was a line along
the x-axis.
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Figure 79: Global distribution of the electromagnetic field strength values disposed
in 10 amplitude grades. Measured in Room A07AQ11 at the Mobilkom Austria
office building at a frequency of 944.6MHz, the investigated area was a line along
the y-axis.
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Figure 80: Cumulative distribution function (cdf) of the global field distribution
(GSM 900 - x-axis, Room A07A011 Mobilkom Austria).
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Figure 81: Cumulative distribution function (cdf) of the global field distribution
(GSM 900 - y-axis, Room A07A011 Mobilkom Austria).
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Percentiles | Value [2Y] | Norm. to Max. | Value [2Y] | Norm. to Max.
X - axis (%] y - axis %]
Eion 15.9 38.1 10.9 322
Eose, 17.4 41.7 13.1 38.6
Eso 20.7 49.6 16.6 49.0
Ersg 29.0 69.5 213 62.8
Ego 35.2 84.4 26.8 79.1

Table 23: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength

(Mobilkom Austria Room A07A011 at GSM 900 - x-axis and y-axis).
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Figure 83: Probability Density function (pdf) of the global field distribution (GSM
900 - y-axis, Room A07A011 Mobilkom Austria).

polynomial approximation is valid in the range from the minimum value to the
maximum value of the electromagnetic field strength.

Because the investigated area is only one dimensional local considerations do
not make any sense and were therefore not evaluated.

3.11 DCS 1800 - Axis Measurements

As mentioned in the section before, also the DCS 1800 frequency band was under
investigation. Like described earlier 91 examined positions along the x-axis and 91
examined positions along the y-axis, which are orthogonal to each other crossing in
the center of the cube, were measured. Like in all previous measurement campaigns,
first of all the global considerations were evaluated.

3.11.1 Mean, Standard Deviation and Amplitude Distribution

The field strength values can statistically be described by the values of Table 24.

The maximum value, the minimum value, the mean value and the standard de-
viations are nearly in the same range in both measurements (along the x-axis and
along the y-axis). The factor between maximum of the x-axis and maximum of the
y-axis is 1.1, the factor between minimum value of the x-axis and minimum of the
y-axis is 0.6 and the factor between mean value of the x-axis and mean value of the
y-axis is 1.4.
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Figure 84: Approximation of the Probability Density function (pdf) by a LogNor-
mal distribution (GSM 900 - x-axis, Room A07A011 Mobilkom Austria).
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Figure 85: Approximation of the Probability Density function (pdf) by a LogNor-
mal distribution (GSM 900 - y-axis, Room A07A011 Mobilkom Austria).
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X - axis | y - axis

Examined Positions 91 91
Maximum Value [2Y] 41.2 36.7
Minimum Value [Y] 8.3 13.6

Global Mean Value [2V] | 272 26.6
Standard Deviation [2Y] | 7.0 5.1

Table 24: Mean value, minimum and maximum value and standard deviation
(GauB) at DCS 1800 - axis, Mobilkom Austria office building.

Percentiles | Value [2] | Norm. to Max. | Value [Y] | Norm. to Max.
X - axis (%] y - axis [%]
E\qy, 18.9 459 19.7 53.8
Eosy, 222 539 23.0 62.7
Exoo, 26.7 64.8 26.7 72.8
Ersy 32.0 77.7 30.3 82.6
Ego% 36.7 89.1 332 90.5

Table 25: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(Mobilkom Austria Room A0O7AQ011 at DCS 1800 - x-axis and y-axis).

The factor between the maximum value and minimum value of the x-axis is 4.9
and the factor between maximum value and minimum value of the y-axis is 2.7.
The amplitude distribution is not symmetric because the arithmetic mean is located
on the left side of the center between minimum and maximum of the field strength,
which can be seen in Figure 86 for the x-axis and in Figure 87 for the y-axis.

The global distribution of the electromagnetic field strength doesn’t show a clear
LogNormal distribution nor a Rayleigh distribution, because the examined positions
are only one forth of the examined positions of a cube and therefore not so repre-
sentative (91 positions vs. 343 positions).

3.11.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 88 and Figure 89) can be build by
arranging the field strength with increasing values, as described in Section 3.2. The
percentiles of the cumulative distribution function are shown in Table 25.

The probability density function (see Figure 82 and Figure 83) can be derived
by differentiating the cumulative distribution function (see Equation 12).
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Figure 86: Global distribution of the electromagnetic field strength values disposed
in 10 amplitude grades. Measured in Room AQ7AQ11 at the Mobilkom Austria
office building at a frequency of 944.6MHz, the investigated area was a line along
the x-axis.
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Figure 87: Global distribution of the electromagnetic field strength values disposed
in 10 amplitude grades. Measured in Room A07AO011 at the Mobilkom Austria
office building at a frequency of 944.6MHz, the investigated area was a line along
the y-axis.
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Figure 88: Cumulative distribution function (cdf) of the global field distribution
(DCS 1800 - x-axis, Room A07A011 Mobilkom Austria).
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Figure 89: Cumulative distribution function (cdf) of the global field distribution
(DCS 1800 - y-axis, Room A07A011 Mobilkom Austria).
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Figure 90: Probability Density function (pdf) of the global field distribution (DCS
1800 - x-axis, Room A0O7AQ1 1 Mobilkom Austria).
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Figure 91: Probability Density function (pdf) of the global field distribution (DCS
1800 - y-axis, Room A07A0! | Mobilkom Austria).
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Figure 92: Approximation of the Probability Density function (pdf) by a LogNor-
mal distribution (DCS 1800 - x-axis, Room A07A011 Mobilkom Austria).

3.11.3 Identification of the Probability Density Function

Unless stated earlier in this section a possible approximation for the probability
density function could be a LogNormal distribution, described by Equation 16. This
approximated LogNormal distribution is displayed in Figure 92 and Figure 93. The
polynomial approximation is valid in the range from minimum value to maximum
value of the electromagnetic field strength.

Because the investigated area is only one dimensional local considerations do
not make any sense and were therefore not evaluated.
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Figure 93: Approximation of the Probability Density function (pdf) by a LogNor-
mal distribution (DCS 1800 - y-axis, Room A07A011 Mobilkom Austria).
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4 Measurement Campaign - ARC Seibersdorfresearch
GmbH office building

With the same measurement method (described in Section 2), volumes and areas
were examined at the ARC Seibersdorf research GmbH office building. On the
premises a GSM 900 Base Station is located as shown in Figure 94. Two different
rooms were under investigation with different characteristics. The Room TOX 7
had Non-Line-Of-Sight (NLOS) to the transmitting antenna while Room CC2-17
had Line-Of-Sight (LOS), only a tree is partly in the direction to the transmitting
antenna.
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Figure 94: Map of the two rooms - Room TOX 7 and Room CC2-17, as well as the
location of the mobile communication base station.

4.1 GSM 900 - Room TOX 7 - Cube Measurements

At a frequency of 946.6MHz measurements were performed in Room TOX 7 in
the ARC Seibersdorf research GmbH office building. This room had no windows
and therefore represented a typical Non-Line-Of-Sight scenario. The transmitting
antenna was 200m away from the examined volume. A map of the area around
the room and the transmitting antennas is shown in Figure 94. The measurement
method used was the same than at the Mobilkom Austria measurement campaign
described in Section 2, also the set-up and the used equipment was the same.

Now the global aspects of this measurement were taken under consideration in
the following sections.
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Examined Positions 343
Maximum Value [mV/m] 4.6
Minimum Value [mV/m] 1.0

Global Mean Value [mV/m] | 2.3
Standard Deviation [mV/m] | 0.6

Table 26: Mean value, minimum and maximum value and standard deviation
(Gauf}) at GSM 900 - cube, ARC Seibersdorf research GmbH Room TOX 7.

4.1.1 Mean, Standard Deviation and Amplitude Distribution

Compared to the former measurement campaign (GSM 900) of the cube in the Mo-
bilkom Austria office building the maximum value is tremendously lower. The
factor between the maximum of the cube measurement in the Mobilkom Austria
and the maximum of the cube measurement in Room TOX 7 in Seibersdorf is 14.4,
whereas the measured value in Seibersdorf is by this factor lower. Comparing the
behavior of the global mean and minimum of those two measurements, it doesn’t
show any differences. The minimum value in Room TOX 7 is by a factor of 5.4
smaller and the global mean value is by the factor of 9.0 smaller than the value
measured in the Mobilkom Austria office building (Room A07A011). The reason
are the circumstances were the measurement was performed, the room had Non-
Line-Of-Sight, no windows, thick walls and was located in the middle of a building
complex, also the distance to the transmitting antenna was with 200m much higher
than at the Mobilkom Austria. The amplitude distribution can be seen in Figure 95.

4.1.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 96) can be build by arranging the
field strength with increasing values, as described in Section 3.2.2. The percentiles
of the cumulative distribution function are shown in Table 27. The probability den-
sity function (see Figure 97) can be derived by differentiating the cumulative distri-
bution function (see Equation 12).

4.1.3 Identification of the Probability Density Function

A possible approximation for the function is displayed in Figure 98. This approx-
imation is characterized as a Rayleigh distribution described by Equation 17. The
validity of the polynomial approximation is in the range between minimum and
maximum of the electromagnetic field strength.
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Figure 95: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Measured in Room TOX 7 at the ARC Seibersdorf research
GmbH office building at a frequency of 944.6MHz, the investigated area was a cube.

Percentiles | Description | Value [] | Normalized to the Maximum [%]
Eoo, lower decile 15.0 32.6
Eoso, lower quantile 18.0 39.1
Esqy, quintile 22.0 47.8
Eqxe, higher quartile 27.0 58.7
Egoy higher decile 31.0 67.4

Table 27: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(ARC Seibersdorf research GmbH at GSM 900 - cube, Room TOX 7).

114




Cumulative Distribution Function (cdf)

T T T T i T
: ~—— measured cdf
—-~_gpproximation
120k R R A R EERREEE ..................... e ]
f : f : f
min . mean N max
; 1+ R
g
<
L
*g : 5 : ‘
o . X . .
K=} . y . . .
*5' . { i X
o : : :
BOBF / ......... R e P
a : : :
[o] . .
=
5
>
%0.4_ ,,,,,,,,,,,,,,,,,,,,,, i
[&]
0.2r- -
O I ] |
0 3 4 5
Field Strength E[V/m] K107

Figure 96: Cumulative distribution function (cdf) of the global field distribution
(GSM 900 - Room TOX 7 ARC Seibersdorf research GmbH office building).

115



800~ R R e

700—?min" ........ e . e S e
600 ________ \\\\\ N
soofl I\
400—5

300H: ’/’ R \\_\,.

Probability Density Function pdf{1]

0l o

100l ; . ; . i : ; ;
1 1.5 2 2.5 3 35 4 45 5 5.5
Field Strength [V/m] %107

Figure 97: Probability Density function (pdf) of the global field distribution (GSM
900 - Room TOX 7 ARC Seibersdorf research GmbH office building).
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Figure 98: Approximation of the Probability Density function (pdf) by a Rayleigh

distribution (GSM 900 - Room TOX 7 ARC Seibersdorf research GmbH office
building).
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Figure 99: Distribution of the field strength values normalized to the maximum
value (GSM 900 - Room TOX 7 ARC Seibersdorf research GmbH office building).

4.1.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution, the local demeanor
was investigated. The field strength values are very homogenously distributed over
the whole cube with no particular maxima, as can be seen in Figure 99.

4.1.4.1 Local Means

Figure 100 shows the distribution of the local means in each single level. The
maximum deviation from the global mean value occurs in the z-axis. The maximum
is reached in x-Level 4 with an value of 2.7 %V whereas the minimum is reached in
z-Level 4 with an value of 2.0 %V

4.14.2 Local Minimum and Maximum
Figure 101 shows the local minimum and maximum of each level normalized to
the global mean value.
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Figure 100: Arithmetic mean of the single levels (GSM 900 - cube - Room TOX 7
ARC Seibersdorf research GmbH office building).
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global mean (GSM 900 - Room TOX 7 ARC Seibersdorf research GmbH office
building).
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Figure 102: Schematic of the conference Room CC2-17 at the ARC Seibersdorf
research GmbH office building. The grey area shows the area which was under
investigation with the origin in the lower left corner. The height of the room is 3m.

4.2 GSM 900 - Room CC2-17 - Area Measurements

The Room CC2-17 is a conference room with 4 windows on one side, which are fac-
ing the transmitting antenna. A schematic of this room can be found in Figure 102.
The base station antenna is 60m away from the room under investigation. At a
frequency of 946.6MHz measurements within an area (described in Section 2.1.3)
were performed. A map of the area around the room and the transmitting antennas
is shown in Figure 94. To generate a better imagination of the measurement sce-
nario, some picture were shot from the Room CC2-17 as well as from outside the
building. Figure 103 shows the Room CC2-17 with the measurement antenna, the
reference antenna, the measurement equipment and the grid taped to the floor. The
green arrow shows the direction to the base station antenna. The base station an-
tenna, partly hidden by the leaves of the tree can be seen in Figure 104. An outside
view of the base station antenna, mounted on the building, shows Figure 105. A
view of the whole area between base station antenna and Room CC2-17, which was
under investigation, can be seen in Figure 106. A front view of the four windows
of Room CC2-17 and the direction to the base station antenna can be seen in Fig-
ure 107. Figure 108 shows the view of the base station antenna through the open
window of Room CC2-17. It can be seen, that the antenna is partly hidden behind
the leaves of the tree.

This measurement was repeated two days after the first measurement took place.
The first measurement was on a Saturday afternoon (in this context called “day
I’y and the second on a Monday afternoon (called ’day 2”). So the exact same
measurement was performed on two different days.

The measurement method used, was the same than in the Mobilkom Austria
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Measurement A ngennae

Figure 103: Picture of the measurement antenna, the reference antenna, the mea-
surement equipment (spectrum analyzers and Notebook) and the grid. The grid
steps of 25cm was taped on the floor.
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Figure 104: A view of the Room CC2-17 with the measurement antenna and the
base station antenna hidden behind the leaves of the tree marked with the red cycle.
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Figure 105: Outside view of the base station antenna mounted on the front of the
building (marked with a red cycle) and the direction to the Room CC2-17 which

was under investigation.

Figure 106: Outside view of the base station antenna and the opposite building were
the Room CC2-17 was under investigation. The distance between the base station

antenna and the Room CC2-17 is 60m.
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Figure 107: A view of the building front and the four windows of Room CC2-17.
The direction to the base station antenna is marked by the green arrow.

BaseS tation Antcnna
(Hiddenbehindtheleavesof

Figure 108: A view through the open window to the base station antenna (marked
with a red cycle) which was partly hidden behind the leaves of the tree.
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Area (day 1) | Area (day 2) | Factor %Z—; [%]
Examined Positions 143 143
Maximum Value [V/m] 0.82 0.89 7.5
Minimum Value [V/m] 0.14 0.12 -15.5
Global Mean Value [V/m] 0.39 0.33 -15.1
Standard Deviation [V/m] 0.16 0.15 -8.4

Table 28: Mean value, minimum and maximum value and standard deviation
(GauB}) at GSM 900 - area, ARC Seibersdorf research GmbH Room CC2-17 on two
different days. The first area was measured on a Saturday afternoon and the second
measurement was on a Monday afternoon. The last row shows the differences of
those two measurements in %.

measurement campaign, described in Section 2. The set-up and the used equipment
was also the same, only the examined area is different to the previous measurements.
A 2.5m x 3m area with a grid step of 25cm was examined which gives a total
of 143 positions, this are 200 measurement positions less compared to the cube
measurements. The area was located in a height of 150cm above the floor in the
middle of the room (see Figure 102).

The global aspects of this measurement were taken under consideration in the
following sections. In the following, both measurement results are compared in
each section, this gives a better overview of the measurement data.

4.2.1 Maean, Standard Deviation and Amplitude Distribution

Comparing the two measurements, performed on two different days, is interesting.
The differences between the measured values is very low. Comparing the global
mean value, which is more representative than the minimum or maximum because
the global mean value contains all measured positions of both measurements, shows
a difference of -15.1%, which means that the global mean value on day 2 is 15.1%
lower than the global mean value on day 1. The difference of the maximum of day
| and day 2 is 7.9%, whereas the maximum on day 2 is 7.9% higher than on day 1.
The difference of the minimum is -15.5%, whereas the minimum on day 2 is 15.5%
lower than on day | and the difference of the standard deviation is -8.4%, whereas
the standard deviation on day 2 is 8.4% lower than on day 1. Table 28 shows the
values and the factor between the two measurements. The amplitude distribution of
the area measured on two different days can be seen in Figure 109 and Figure 110.

Due to the fact, that only 143 positions were examined, both histograms (the
histogram of day 1 - Figure 109 and the histogram of day 2 - Figure 109) doesn’t
show the same characteristics. Only 15 amplitude grades were disposed, which
do not allow any conclusions regarding distribution functions like the LogNormal-
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Figure 109: Global distribution of the electromagnetic field strength values disposed
in 15 amplitude grades. Measured in Room TOX 7 at the ARC Seibersdorf research
GmbH office building at a frequency of 946.6MHz, the investigated area was a
plane. This diagram shows the measurement on Saturday afternoon.

distribution or the Rayleigh-distribution.

4.2.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function (see Figure 111 and Figure 112) can be build
by arranging the field strength values by increasing amplitudes, as described in
Section 3.2.2. The percentiles of the cumulative distribution function are shown in
Table 29 and can be compared to each other.

The probability density function (see Figure 113 and Figure 114) can be derived
by differentiating the cumulative distribution function (see Equation 12).

4.2.3 Identification of the Probability Density Function

A possible approximation for both functions is displayed in Figure 115 and Fig-
ure 116. This approximation is characterized as a Rayleigh distribution, described
by Equation 17. The polynomial approximation is valid in the range between mini-
mum and maximum of the electromagnetic field strength.
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in 15 amplitude grades. Measured in Room TOX 7 at the ARC Seibersdorf research
GmbH office building at a frequency of 946.6MHz, the investigated area was a
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Figure 112: Cumulative distribution function (cdf) of the global field distribution
(GSM 900 - Room CC2-17 ARC Seibersdorf research GmbH office building, area

measured on day 2).

Percentiles | Value [27] | =£— [%] | Value [2¥] | =£— [%]
Area (day 1) Area (day 2)
Eoy 0.21 25.0 0.16 17.7
Eosy 0.26 319 0.21 24.2
Eso 0.36 43.8 0.31 34.7
Eoxo 0.49 59.9 0.42 47.2
Ego 0.60 72.6 0.52 58.6

Table 29: Lower and higher quartile, lower and higher decile, quintile as well as the
relative percentile referring to the maximum of the electromagnetic field strength
(ARC Seibersdorf research GmbH at GSM 900 - area on day 1 and day 2, Room

CC2-17).
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Figure 113: Probability Density function (pdf) of the global field distribution (GSM
900 - Room CC2-17 ARC Seibersdorf research GmbH office building, area mea-

sured on day 1).
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Figure 114: Probability Density function (pdf) of the global field distribution (GSM
900 - Room CC2-17 ARC Seibersdorf research GmbH office building, area mea-

sured on day 2).
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Figure 116: Approximation of the Probability Density function (pdf) with a
Rayleigh distribution (GSM 900 - Room CC2-17 ARC Seibersdorf research GmbH
office building, area measured on day 2).
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Normalized Field Strength
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Figure 117: Distribution of the field strength values normalized to the maximum
value (GSM 900 - Room CC2-17 ARC Seibersdorf research GmbH office building,
area measured on day 1).

4.2.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distribution, the local demeanor
was investigated. The field strength distribution shows higher field strength values
in the center of the area in Figure 117 , which was the first measurement, performed
on day 1. Figure 118, the area which was measured on day 2, shows a more ho-
mogeneous distribution of the field strength with only a small spot with higher field
strength values in the far left corner.
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Figure 118: Distribution of the field strength values normalized to the maximum
value (GSM 900 - Room CC2-17 ARC Seibersdorf research GmbH office building,
area measured on day 2).
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5 Variation in Time

Continuous measurements were performed at several locations. The measurement
set up was the same like the set up used for the measurements of volumes and areas
(described in Section 2) but with one difference: the variations in time was exam-
ined. For this purpose the measurement antenna was not moved within a restricted
area like in the measurements described in the previous sections. Both antennas, the
reference antenna and the measurement antenna, were mounted at the same height
but with different polarization because the reference antenna was mounted on a dif-
ferent holder which didn’t allow the same orientation as the measurement antenna.
The polarization of the reference antenna was horizontal, whereas the measurement
antenna was still mounted on the Add3D antenna holder and had therefore a differ-
ent polarization as the reference antenna.

The measurement process was the same as described earlier, the BCCH (Broad-
cast Control Channel) was scanned over 20 sweeps in max-hold mode of the spec-
trum analyzers and stored in files. The time and date was also recorded and stored
in the same files so statements regarding the time of a measurement could be made.
This could be useful for investigations of the relation between the changing of the
weather condition (if the weather was recorded for the time of the measurement)
and the field levels for example.

A large amount of data was measured in different scenarios like the office build-
ing of the Mobilkom Austria (but only during nighttime) as well as the ARC Seibers-
dorf research GmbH office building (in two different rooms). The largest measure-
ment campaign was performed in a conference room (Room CC2-17) at the ARC
Seibersdorf research GmbH office building. Over a period of 6 days a continuous
measurement delivered over 45000 measured samples. Table 30 gives an overview
of the performed measurements and the amount of measurement data.

In the following sections, the electromagnetic field strength is displayed in fig-
ures, where the x-axis shows the number of the measured samples and the y-axis
shows the electromagnetic field strengths. The maximum value, global mean value,
minimum value and the standard deviation were also derived and displayed in tables
for comparison with the volume, area and axis measurements.

5.1 Continuous Measurements at the Mobilkom Austria Office
Building

5.1.1 GSM 900

Figure 119 and Figure 120 are showing the field strength values for each measured
sample of two continuous measurements, performed during the night time. Starting
at 20:24 on the 12" of March and ending on the 13" at 8:28 the first measurement
delivered 4031 samples. The second measurement started at 22:31 on the 19th
of March and ended at 8:34 on the 20'" of March and delivered 3391 examined
positions.
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Description Date Time Samples (N)
from to from to min,
Room A07A011
GSM 900 11.03.2003 | 12.03.2003 | 20:24 | 08:28 | 724 4031
946.0MHz 19.03.2003 | 20.03.2003 | 22:31 | 08:34 | 603 3391
DCS 1800 12.03.2003 | 13.03.2003 | 17:23 | 08:47 | 924 5091
1812.4MHz 13.03.2003 | 14.03.2003 | 22:54 | 08:54 | 600 3390
20.03.2003 | 21.03.2003 | 20:01 | 08:44 | 763 4711
UHF - FS ORF2 | 21.03.2003 | 22.03.2003 | 21:42 | 08:20 | 638 794
575.25MHz
VHF - UKW RF | 17.03.2003 | 18.03.2003 | 20:50 | 08:33 | 703 3878
105.8MHz
UMTS 22.03.2003 | 23.03.2003 | 19:26 | 09:30 | 844 4637
2154.7MHz
Room CC2-17
GSM 900
944 6MHz 26.05.2003 | 27.05.2003 | 16:12 | 10:19 5815
946.6MHz 15.07.2003 | 21.07.2003 | 14:00 | 12:40 | 10000 46410
Room TOX 7
GMS 900 09.07.2003 | 10.07.2003 | 14:50 | 15:40 | 1490 8200
946.6MHz

Table 30: Overview of the measurement data and the investigated frequency bands.

This gives a total of more than 90000 examined samples.
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Globale Distribution of the Measurement Data [dB]

100 T T T T T T T T
~—— arranged by index N
standard deviation {+/=) |
951 T g
a0 ~
E
S
3
@
=
£
k=)
=
2
7] : : : :
w . :
651 P PETS SR PR R
60 N
55 B
50 | H 1 1 i 1 I 1
0 500 1000 1500 2000 2500 3000 3500 4000

Index i

Figure 119: Distribution of the field strength amplitude (GSM 900 - Room
AO07A011 Mobilkom Austria, measured on the 11th of March 2003).

In each figure a singularity can be observed. At the end of the two Figures
the level varies in a larger range than at the beginning. At approximately position
3400, in Figure 119, the level varies in a much larger range, in Figure 120 this
behavior can be observed, starting with examined position number 2400. The time
for those particular positions can be calculated with the help of the time stamp which
were recorded as well. For Figure 119 it is approximately 6:30 in the moming, for
Figure 120 it is approximately 5:45 in the moming. This effect can also be seen at
the continuous measurement of the DCS 1800 frequency band and in a more smaller
impact at the measurement of the UHF and VHF frequency band, as described in
the following sections.

Table 31 shows the maximum value, the minimum value, the global mean value
as well as the standard deviation (Gaul}) of each continuous measurement. It can
be observed, that the values between those two measurements do not vary in a large
range. The difference between the measurement on day 1 and day 2 is very low. The
global mean value of day 2 is by a factor of 1.39 higher than the global mean value
on day 1, as can be seen in Table 31.With this measurements, an interesting aspect
can be examined: the variance between the measurement antenna and the reference
antenna. Comparing the measurement data of the measurement antenna with the
measurement data of the reference antenna could verify, if the chosen normalization
method is valid.
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Figure 120: Distribution of the field strength amplitude (GSM 900 - Room
AO07A011 Mobilkom Austria, measured on the 19th of March 2003).

11.3.2003 | 19.3.2003
Examined Positions 4031 3391
Maximum Value [mV/m]| 13.6 5.1
Minimum Value [mV/m] 4.0 5.9
Global Mean Value [mV/m] 9.5 13.2
Standard Deviation [mV/m] 0.7 0.8

Table 31: Mean value, minimum and maximum value and standard deviation at
GSM 900 - continuous measurements, Mobilkom Austria Office Building Room
AO07AO011 on two different days. All measurements were performed during the
night time.

137



The first window in Figure 121 displays the absolute electromagnetic field strength
values, measured with the measurement antenna (red curve) and the absolute field
strength values of the reference antenna (green curve). The second window shows
the deviations of the field strengths values to the global mean value of the measure-
ment data of the reference antenna while the third window shows the same diagram
but with the measurement data of the measurement antenna. The fourth and last
window shows the difference between the deviation of the measurement data of the
measurement antenna to its global mean value and the deviation of the measurement
data of the reference antenna to its global mean value. The following equations are
showing how the fourth curve can be derived. With Equation 19 and Equation 20
the global mean value of the measurement data of the measurement antenna and
the global mean value of the measurement data of the reference antenna was built.
The index "M” indicates that all values were measured with the measurement an-
tenna and the index “R” indicates that all values were measured with the reference
antenna.

N .

Meany = w (19)
N .
Do

Meangp = M (20)

The deviation of the field strength of each measured sample to the global mean
value of the measurement data of the measurement antenna was derived by Equa-
tion 21 and is displayed in window 2. With Equation 22 the deviations of the field
strength of each measured sample to the global mean value of the measurement data
of the reference antenna was derived and is displayed in window 3.

Deviationy (i) = M“(l) 21)
eanyy
Epli

Deviation (i) = 5 [R(l) (22)
Jeang

Deriving the difference of the results of Equation 21 and the results of Equa-
tion 22 delivers the values for building the curve in the fourth window (see Equa-
tion 23).
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Globale Distribution Of The Measurement Data - "Mobilkom Austria” (Room AG7A011})
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Figure 121: Comparison of the measurement data of the measurement antenna and
the reference antenna. The first window shows both, the distribution of the field
strength amplitude of the measurement antenna and the reference antenna. The sec-
ond window shows the deviation of the filed strength values to the mean value of the
measurement data measured with the reference antenna. The third window shows
the same deviation but with the measurement data of the measurement antenna. The
fourth and last window shows the deviation between the measurement data of the
measurement antenna and the measurement data of the reference antenna. (GSM
900 - Room A07A011 Mobilkom Austria, measured on the 11th of March 2003).

Dif ferencep r(i) = Deviationy (i) — Deviationg(i) (23)

Whereas i is the number of a sample and is in the range from 1 up to N. N is
the number of examined positions, E(i) is the electromagnetic field strength of one
examined sample.

Figure 122 shows the same comparison of the measurement antenna and the
reference antenna from the continuous measurement on the 19** of March 2003.

Both Figures (Figure 121 and Figure 122) show very little deviations between
the measurement data of the measurement antenna to its global mean value and the
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Globale Distribution Of The Measurement Data - "Mobilkom Austria" (Room AQG7A011)
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Figure 122: Comparison of the measurement data of the measurement antenna and
the reference antenna. (GSM 900 - Room A07A011 Mobilkom Austria, measured
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on the 19th of March 2003).
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GSM 900

Date: 11.3.2003 | 19.3.2003
MAX dev. (pos.) [%] 149.7 89.0
MAX dev. (neg.) [%] -35.2 -14,7

MEAN dev. (abs.) [%] 53 4.4
MAX dev. (abs.) [%] 149.7 89.0
MIN dev. (abs.) [%] 0.004 0.001

Table 32: Comparison of the measurement data of the measurement antenna with
the measurement data of the reference antenna at GSM 900. Maximum deviation in
positive direction of the y-axis, maximum deviation in the negative direction of the
y-axis, mean value of the absolute values of the deviations, maximum and minimum
of the absolute values of the deviations.

measurement data of the reference antenna to its global mean value, only a few
peaks occur over the whole measurement period. Higher deviation occur at the end
of both figures which is equal to the region described earlier were irregularities in
the distribution of the amplitudes occur. Table 32 shows the maximum deviation in
the positive direction of the y-axis, the maximum deviation in the negative direction
of the y-axis. The global mean value of the absolute values of the deviations is
derived as well as the minimum value of the absolute values of the deviations.

The maximum deviation occurs at both measurements in the positive direction
of the y-axis, which means that the measured sample of the measurement antenna
is higher than the measured sample of the reference antenna. As Table 32 shows,
nearly 150% deviation between the measurement data of the measurement antenna
and the measurement data of the reference antenna on the 11* of March and with
nearly 90% on the 19" of March 2003.

5.1.2 DCS 1800

The same measurements were performed in the DCS 1800 frequency band. Table 33
shows the maximum value, the minimum value, the global mean value and the
standard deviation from measurements in three different nights. A comparison of
the three global mean values shows, that those three values are nearly in the same
range. Comparing the three global mean values, it can be seen that the variation of
those three values isn’t high. The global mean value of the measurement on day
2 shows the highest value, by a factor of 1.6 higher than the global mean value
of day 1 and by a factor of 1.7 higher than the global mean value on day 3. The
continuous measurement of the 13t of March has also the highest maximum of
those three measurements. The maximum value is by a factor of 2.0 higher than
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12.3.2003 | 13.3.2003 | 20.3.2003
Examined Positions 5091 3390 4711
Maximum Value [mV/m] 242 473 23.8
Minimum Value [mV/m] 44 5.7 7.5
Global Mean Value [mV/m] 12.0 18.8 11.0
Standard Deviation [mV/m]| 2.6 39 1.7

Table 33: Mean value, minimum and maximum value and standard deviation at
DCS 1800 - continuous measurements, Mobilkom Austria Office Building Room
AQ7AO!1 on three different days. All measurements were performed during the
night time.

the measurement on the 12" of March (day 1) an by a factor of 2.0 higher than the
measurement on the 20" of March (day 3).

As described in the section before the figures of the global distribution of the
measurement data of each continuous measurement are showing the same behav-
ior at the end of the curves. The deviations of each measured sample compared to
the global mean value at the end of each curve is much higher than at the begin-
ning. Figure 123 shows this behavior at sample number 1800 (approximately), first,
which is equal to about 23:00 in the evening and at the end at sample number 3900
(approximately) which is equal to about 5:30 in the morning. Figure 124 shows the
same behavior starting at sample number 2300, which is equal to about 6:00 in the
morning but after more than half an hour later the disruption seems to disappear.
The third figure, Figure 125, also shows this behavior starting at sample 3500 (ap-
proximately) which is equal to 5:30 in the morning. At this point of the project no
sound conclusion of this phenomena can be made.

The deviation between the measurement data of the measurement antenna and
the measurement data of the reference antenna was investigated and displayed in
figures as well. Figure 126, Figure 127 and Figure 128 are showing those deviations.
At the end of each figure the deviations between the field strength of each sample to
the global mean value of the measurement data are higher than in the region before,
which was already observed in the GSM 900 frequency band.

Refereing to Table 34, the continuous measurements on the 12 and 13*" of
March shows, that the highest deviations occur in direction of the positive y-axis
with 155.5% and 141.8%. The third measurement shows a lower deviation with
only 56% in direction of the negative y-axis, which means that the value of the
measured sample of the measurement antenna is lower than the measured sample
of the reference antenna. The global mean value of the absolute values of the mea-
surement data shows the highest deviation at the first measurement performed, the
second and third measurement have very similar values, below 10%.
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Globale Distribution of the Measurement Data [dB)
100 T T T T T T T

T T
— arranged by index
standard deviation (+/-)

951

fmax

fmean

fmin

Field Strength [dBuV/m])

7oL , : k. 4
65|- Rt L ~ > . . ! 4
60 ) : §

55 2 , . y PR 5 . '

50 i t i 1 I 1 L 4 L I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Index |

Figure 123: Distribution of the field strength amplitude (DCS 1800 - Room
AQ7A011 Mobilkom Austria, measured on the 12th of March 2003).
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Figure 124: Distribution of the field strength amplitude (DCS 1800 - Room
AO07A011 Mobilkom Austria, measured on the 13th of March 2003).
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Figure 125: Distribution of the field strength amplitude (DCS 1800 - Room
AO07A011 Mobilkom Austria, measured on the 20th of March 2003).
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Figure 126: Comparison of the measurement data of the measurement antenna and
the reference antenna. (DCS 1800 - Room A07A011 Mobilkom Austria, measured
on the 12th of March 2003).
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Globale Distribution Of The Measurement Data - "Mobilkom Austria™ (Room A07A011)
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Figure 127: Comparison of the measurement data of the measurement antenna and
the reference antenna. (DCS 1800 - Room A07A011 Mobilkom Austria, measured
on the 13th of March 2003).

DCS 1800
Date: 12.3.2003 | 13.3.2003 | 20.3.2003
MAX dev. (pos.) [%] 155.5 141.8 29.1
MAX dev. (neg.) [%] -62.7 -57.7 -56.0
MEAN dev. (abs.) [%] 20.4 9.2 8.1
MAX dev. (abs.) [%] 155.5 141.8 56.0
MIN dev. (abs.) [%] 0.009 0.009 0.005

Table 34: DCS 1800: maximum deviation in positive direction of the y-axis, max-
imum deviation in the negative direction of the y-axis, mean value of the absolute
values of the deviations, maximum and minimum of the absolute values of the de-
viations.
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Globale Distribution Of The Measurement Data — "Mobilkom Austria” (Room A07A011)
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Figure 128: Comparison of the measurement data of the measurement antenna and
the reference antenna. (DCS 1800 - Room A07A011 Mobilkom Austria, measured
on the 20th of March 2003).
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22.3.2003

Examined Positions 4637
Maximum Value [V /m] 332.0
Minimum Value [pV/m] 19.9

Global Mean Value [pV/m] 26.3
Standard Deviation [uV/m] 1.6

Table 35: Mean value, minimum and maximum value and standard deviation
at UMTS - continuous measurements, Mobilkom Austria Office Building Room
AO07AO011. The measurement was performed during the night time.

513 UMTS

At UMTS only one continuous measurement was performed during the night. This
measurement was done from Saturday evening (22" of March) to Sunday morning.
As described in Section 3.4, only the pilot channel was measured and the UMTS in-
door supply unit was shut down from the Mobilkom Austria, so that measurements
with the spectrum analyzer could be performed. Table 35 shows the maximum
value, the minimum value, the mean value and the standard deviation.

Figure 129 shows a much smaller deviation at the end of the curve compared to
the previous measurements (GSM 900 and DCS 1800). The disturbance also begins
early in the morning at about 6:30.

Comparing the measurement data of the measurement antenna with the mea-
surement data of the reference antenna shows the deviation of both measured sig-
nals and gives an idea how accurate the normalization is. Figure 130 shows the
comparison of those two measurements. It can be seen, that the deviation between
the two measured signals is very low in the whole range. The highest deviation
is below 30% and occurs in the positive direction of the y-axis, as can be seen in
Table 36. Compared to the previous continuous measurements in the GSM 900 and
DCS 1800 frequency band, the deviation at UMTS shows the lowest deviation from
them all.

5.14 UHF - FS ORF2

In the night from 215 of March to 22"¢ of March, a continuous measurement in
the UHF frequency band was performed, delivering only 794 measured samples
because the interval between two measured samples was increased. This means,
that the measurement was also performed from the evening until the morning of the
next day. Table 37 shows the maximum value, the minimum value, the global mean
value and the standard deviation.
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Globale Distribution of the Measurement Data [dB]
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Figure 129: Distribution of the field strength amplitude (UMTS - Room A07A011
Mobilkom Austria, measured on the 22nd of March 2003).

UMTS
Date: 22.3.2003
MAX dev. (pos.) [%] 26.7
MAX dev. (neg.) [%] -24.2
MEAN dev. (abs.) [%] 4.8
MAX dev. (abs.) [%] 26.7
MIN dev. (abs.) [%] 0.0010

Table 36: UMTS: maximum deviation in positive direction of the y-axis, maximum
deviation in the negative direction of the y-axis, mean value of the absolute values
of the deviations, maximum and minimum of the absolute values of the deviations.
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Figure 130: Comparison of the measurement data of the measurement antenna and
the reference antenna. (UMTS - Room AO7A011 Mobilkom Austria, measured on
the 22nd of March 2003).

21.3.2003
Examined Positions 794
Maximum Value [mV/m] 18.7
Minimum Value [mV/m] 6.3
Global Mean Value [mV/m] 16.1
Standard Deviation [mV/m] 1.2

Table 37: Mean value, minimum and maximum value and standard deviation
at UHF - continuous measurements, Mobilkom Austria Office Building Room
AO07AO011. The measurement was performed during the night time.
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Globale Distribution ot the Measurement Data {dB}
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Figure 131: Distribution of the field strength amplitude (UHF - FS ORF2 - Room
A07A011 Mobilkom Austria, measured on the 21st of March 2003.

Only a small deviation at the end of the curve can be observed in Figure 131,
starting at approximately sample 700, which is equal to about 7:00 in the morning.
The measurement was performed during the week. Figure 132 shows the compar-
ison of the measurement data of the measurement antenna with the measurement
data of the reference antenna. Table 38 displays the deviations between the mea-
surement data of the measurement antenna and the measurement data of the refer-
ence antenna. The maximum deviation occurs in the positive direction with a value
of nearly 20%. The global mean value of the absolute values of the measurement
data shows a deviation of 5% between the measurement data of the measurement
antenna and the measurement data of the reference antenna.

5.1.5 VHF - UKW

One continuous measurement was performed at the VHF frequency band. This
measurement was performed during the week and delivered 3928 measured sam-
ples. Table 39 shows the maximum value, the minimum value, the global mean
value and the standard deviation.

Figure 133 shows only a very small deviation from each measured sample com-
pared to the global mean value at the end of the curve. At about sample number
3700, which is equal to about 8:00 in the morning, the disturbance starts. Like
mentioned earlier no sound conclusion for this effect could be found.

Again the measurement data from the measurement antenna and from the ref-
erence antenna was compared to each other and the deviation between them was
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Globale Distribution Of The Measurement Data ~ "Mobilkom Austria” (Room A07A011)
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Figure 132: Comparison of the measurement data of the measurement antenna and
the reference antenna. (UHF - Room A07A011 Mobilkom Austria, measured on
the 21st of March 2003).

UHF

Date: 21.3.2003
MAX dev. (pos.) [%] 19.7
MAX dev. (neg.) [%] -13.9

MEAN dev. (abs.) [%] 5.0
MAX dev. (abs.) [%] 19.7
MIN dev. (abs.) [%] 0.026

Table 38: UHF: maximum deviation in positive direction of the y-axis, maximum
deviation in the negative direction of the y-axis, mean value of the absolute values
of the deviations, maximum and minimum of the absolute values of the deviations.
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17.3.2003

Examined Positions 3878
Maximum Value [mV/m] 4.8
Minimum Value [mV/m] 1.8

Global Mean Value [mV/m)] 2.7
Standard Deviation [mV/m] 0.3

Table 39: Mean value, minimum and maximum value and standard deviation in the
VHF frequency band - continuous measurements, Mobilkom Austria Office Build-
ing Room AO7A011. The measurement was performed during the night time.
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Figure 133: Distribution of the field strength amplitude (VHF - RF UKW - Room
A07A011 Mobilkom Austria, measured on the 17th of March 2003).
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Figure 134: Comparison of the measurement data of the measurement antenna and
the reference antenna. (VHF - Room A07A011 Mobilkom Austria, measured on
the 17th of March 2003).

evaluated. Figure 134 shows the result. In the end, starting at about measured sam-
ple 3150, higher deviations occur, this is equal to the region described where the
amplitude values are also starting to vary in a wider range. Table 40 shows the max-
imum deviation of 34.8% in the positive direction and a mean value of the deviation
between the absolute values of the measurement data of the measurement antenna
and the absolute values of the measurement data of the reference antenna of 10.7%.

5.2 Continuous Measurements at the ARC Seibersdorf research
GmbH office building

Continuous measurements were also performed at the ARC Seibersdorf research
GmbH office building in two different rooms. One room is the conference Room
CC2-17 with Line-Of-Sight to the transmitting antenna and the other one, Room
TOX 7, is a room characterized as Non-Line-Of-Sight. At the GSM 900 frequency
band measurements were performed and are described in the following sections.
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VHF

Date: 17.3.2003
MAX dev. (pos.) [%] 34.8
MAX dev. (neg.) [%] -29.8
MEAN dev. (abs.) [%] 10.7
MAX dev. (abs.) [%] 348
MIN dev. (abs.) [%] 0.002

Table 40: VHF: maximum deviation in positive direction of the y-axis, maximum
deviation in the negative direction of the y-axis, mean value of the absolute values
of the deviations, maximum and minimum of the absolute values of the deviations.

5.2.1 GSM 900 - Room CC2-17

As mentioned before, the biggest measurement campaign of continuous measure-
ments was performed in a conference room (Room CC2-17) at the ARC Seibersdorf
research GmbH office building. Over a period of 6 days, measurement data was
recorded and delivered more than 45000 single field strength values. The mea-
surement started on a Tuesday afternoon and ended the following Monday at mid-
day. This means, that both, weekdays where employees were working as well as a
weekend was included in the measurement data. At a frequency of 946.6MHz the
measurement was performed. Figure 135 shows the amplitude distribution.

Tremendous variations of the amplitude values occur over the whole measure-
ment period. Although the days are marked specifically with lines in Figure 135, no
recurrent behavior could be reported. The variations seems to occur more randomly
than with a specific behavior. Table 41 shows the maximum value, the minimum
value, the global mean value and the standard deviation of the 46410 examined sam-
ples during this 6 day measurement campaign. As described in an earlier section the
transmitting antenna is about 60m away from the investigated Room CC2-17. This
room can be characterized as Line-Of-Sight only a tree is partly in the propagation
path. This room has 4 windows on one side and a corridor on the opposite, office
rooms are located on the two other sides. A schematic of this room can be seen in
Figure 102.

This large amount of measurement data was also investigated separately, which
means that the measurement data of the measurement antenna was plotted in a di-
agram as well as the measurement data of the reference antenna. In a next step
a comparison of those two data was made which is shown in Figure 136. In the
range of measured sample 17500 up to about sample 25000 large deviations occur
between the measurement data of the measurement antenna and the measurement
data of the reference antenna, reaching approximately 300% and again in the range
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Figure 135: Distribution of the field strength amplitude (GSM 900 - Room CC2-17
ARC Seibersdorf research GmbH office building, measured on 15th to 21st of July

2003).

15.7. - 21.7.2003

Examined Positions

46410

Maximum Value [V/m]

1.2

Minimum Value [mV/m]

41.1

Global Mean Value [mV/m]

299.6

Standard Deviation [mV/m]

162.4

Table 41; Mean value, minimum and maximum value and standard deviation at
GSM 900 - continuous measurements, ARC Seibersdorf research GmbH Room

CC2-17 from the 15th to the 21st of July 2003.
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Globale Distribution Of The Measurement Data — "Mobilkom Austria" (Room A07A011)
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Figure 136: Comparison of the measurement data of the measurement antenna and
the reference antenna. (GSM 900 - Room CC2-17 ARC Seibersdorf research GmbH
office building, measured on the 15th to the 21st of July 2003).

of sample 29000 up to approximately sample 33500, crossing the 200% level.

A smaller measurement campaign was performed two month earlier in the same
room. At a frequency of 944.6MHz the measurement was performed. The differ-
ence of the frequency between the former measurement might came from a network
optimization process of the network organization. Figure 137 shows the amplitude
distribution. The maximum value, the minimum value, the mean value and the
standard deviation of this continuous measurement can be seen in Table 42.

The deviation between the measurement data of the measurement antenna and
the measurement data of the reference antenna was compared to each other which
can be seen in Figure 138. The deviation is nearly constant over the whole range,
no particular higher deviations occur. Table 43 shows the values of the deviations
between the measurement data of the measurement antenna and the measurement
data of the reference antenna. It can be seen, that the highest deviation from the
continuous measurement on the 26" of May 2003 occurs in the negative direction
of the y-axis with a little over 100%. The highest deviation of all continuous mea-
surements occurs at the 6 day measurement from the 15th to the 21 of July with a
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Figure 137: Distribution of the field strength amplitude (GSM 900 - Room CC2-

17 ARC Seibersdorf research GmbH office building, measured on the 26th of May
2003).

26.5.2003
Examined Positions 5815
Maximum Value [mV/m] 299.1
Minimum Value [mV/m] 61.0

Global Mean Value [mV/m] 145.4
Standard Deviation [mV/m] 27.7

Table 42: Mean value, minimum and maximum value and standard deviation at
GSM 900 - continuous measurements, ARC Seibersdorf research GmbH Room
CC2-17 from the 26th of May 2003.
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Globale Distribution Of The Measurement Data - "Austrian Research Center Seibersdorf” (Room CC2-17)
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Figure 138: Comparison of the measurement data of the measurement antenna and
the reference antenna. (GSM 900 - Room CC2-17 ARC Seibersdorf research GmbH
office building, measured on the 26th of May 2003).

value of over 320%. The global mean value of the absolute values of the measure-
ment data is also the highest one compared to all other continuous measurements
with a value of 46.1%.

5.2.2 GSM 900 - Room TOX 7

In another room of the ARC Seibersdorf research GmbH office building continuous
measurements were performed in the GSM 900 frequency band (946.6MHz). As
described earlier, this room was characterized as Non-Line-Of-Sight, because it had
no windows and the location of the room was in the center of a building complex,
with other rooms at all four sides.

The amplitude distribution of the 8200 examined samples is displayed in Fig-
ure 139. The maximum value, the minimum value, the global mean value and the
standard deviation of this continuous measurement can be seen in Table 44. All
field strength values are significant lower compared to the previous measurement
campaign because of the Non-Line-Of-Sight scenario.

The evaluation of the measurement data of the measurement antenna and the
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GSM 900
Date: 26.5.2003 | 15.-21.7.2003
MAX dev. (pos.) [%] 74.2 324.9
MAX dev. (neg.) [%] -101.9 -87.3
MEAN dev. (abs.) [%] 14.1 46.1
MAX dev. (abs.) [%] 102.0 3249
MIN dev. (abs.) [%] 0.007 0.003

Table 43: GSM 900: Maximum deviation in positive direction of the y-axis, max-
imum deviation in the negative direction of the y-axis, mean value of the absolute
values of the deviations, maximum and minimum of the absolute values of the de-

viations.
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Figure 139: Distribution of the field strength amplitude (GSM 900 - Room TOX
7 ARC Seibersdorf research GmbH office building, measured on the 10th of July

2003).
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10.7.2003

Examined Positions 8200
Maximum Value [mV/m] 6.0
Minimum Value [mV/m] 0.8

Global Mean Value [mV/m] 2.5
Standard Deviation [mV/m] 0.7

Table 44: Mean value, minimum and maximum value and standard deviation at
GSM 900 - continuous measurements, Austrian Research Center Seibersdorf Room
TOX 7 from the 10th of July 2003.

GSM 900
Date: 10.7.2003
MAX dev. (pos.) [%] 134.6
MAX dev. (neg.) [%] -118.6
MEAN dev. (abs.) [%] 23.1
MAX dev. (abs.) [%] 134.6
MIN dev. (abs.) [%] 0.02

Table 45: GSM 900: Maximum deviation in positive direction of the y-axis, max-
imum deviation in the negative direction of the y-axis, mean value of the absolute
values of the deviations, maximum and minimum of the absolute values of the de-
viations.

measurement data of the reference antenna is shown in Figure 140. Higher devia-
tions occur in the beginning until approximately measurement sample 1500 and in
the end starting at about measurement sample 5800 until the end. Table 45 shows
the maximum deviation between the measurement data of the measurement antenna
and the measurement data of the reference antenna with a value of more than 130%
in the negative direction of the y-axis and a mean value of the deviation of more
than 20%.
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Figure 140: Comparison of the measurement data of the measurement antenna and
the reference antenna. (GSM 900 - Room TOX 7 ARC Seibersdorf research GmbH
office building, measured on the 10th of July 2003).
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6 Simulation

To gain additional knowledge about the electromagnetic field distribution a simu-
lation of the Mobilkom Austria measurement scenario was performed. With the
help of the simulation tool Wirelessinsite[27] from REMCOM the simulation was
performed. WirelessInsite is a simulation tool working with optical ray tracing.
Figure 141 shows the scenario designed for simulations. The original dimensions
couldn’t be realized due to the limited memory of the PC, therefore the height of the
building was reduced which shouldn’t have any significant effect to the simulation
results.

6.1 Simulation of the ’Mobilkom Austria - Scenario”

Table 46 gives a short overview of o few significant parameter used in the sim-
ulation. The distance to the transmitting antenna was equal to the measurement
campaign. The red region in Figure 141 shows the investigated area with a grid step
of 15cm. This figure shows only one level, the Level 290, in a height of 90cm above
the floor. Six additional levels with a distance of 15cm between each other were
calculated but not displayed. The transmitting antenna is in a distance of 33m away
from the investigated area. It’s antenna pattern was imported from a Kathrein prod-
uct CD, the frequency for the simulation was 946.0MHz, similar to the antenna on
the Mobilkom Austria office building rooftop. To have insight the room which was
under investigation, the ceiling of the building was not displayed but was included
in the simulation procedure.

The field pattern at different locations within the investigated area can easily
be calculated and so various situations can be observed. In the following sections
results from six cubes at different positions within the investigated area were calcu-
lated and the histogram, the cumulative distribution function, the probability den-
sity function as well as the local distribution of the electromagnetic field strength
were displayed. The locations of those six cubes are shown in Figure 142. Seven
measured positions in each direction of the three axis were used to calculate the rep-
resentative values of a cube. The 7 levels in direction of the z-axis are *z90’ (90cm
above the floor), *z105” (105cm above the floor), ’z120° (120cm above the floor),
2135 (135¢cm above the floor), 'z150° (150cm above the floor), 2165 (165¢cm
above the floor) and 2180’ (180cm above the floor). Table 47 shows the location of
the six cubes with the first positions in direction of the x-axis and the y-axis of each
simulated cube.

In the following sections the global aspects of this simulation and the six cubes
on certain locations were taken under consideration.
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Figure 141: Scenario of the simulated Mobilkom Austria measurement campaign
in the GSM 900 frequency band (946MHz) . The red area is the investigated area
with a grid step of 15cm equal to the grid step of the measured cubes. Seven layers
were measured with a distance of 15cm to each other starting at Level *z90” which
is 90cm above the ground. 60 times 60 examined positions in each level were
calculated which gives a total of 3600 positions per level. The small green cube is
the transmitting antenna. The yellow cuboid around the whole building is the study

area, which represents the area under investigation.

Frequency

GSM 900 - 944.6MHz

Grid Step

15¢cm

Examined Positions per level 3600 (60 x 60)

Levels 7 (290, 2105, ..., z180)
Examined Positions total 25200
Distance 33m

Table 46: Parameters of the Mobilkom Austria simulation.
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Figure 142: This is a schematic of the six cubes and their locations within the sim-
ulated area. The cube with the number 1 (SIM 1) is approximately the positions of
the cube measured in the Room A0O7AO011 at the Mobilkom Austria office building.
Seven positions in each direction of the three axis were used to calculate the repre-
sentative values of each cube. In direction of the z-axis the first level is level *z90’,
located 90cm above the floor the last level is *z180°, located 180cm above the floor.

Cube | Location
Sim 1 | (35/27)
Sim2 | (35/10)
Sim 3 | (35/43)
Sim4 | (15/27)
SimS5 | (15/10)
Sim6 | (15/43)

Table 47: Positions of the cubes within the simulated area. The numbers in brackets
show the coordinates in direction of the x-axis and y-axis. The first level in direction
of the z-axis was z90, which is located 90cm above the floor.
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Exam. Pos. | Max. Min. Mean | Std. Dev.

[mV/m] | [mV/m] | [mV/m] | [mV/m]
Total 25200 52 0.01 0.99 0.87
Sim 1 343 4.4 0.16 0.25 0.75
Sim 2 343 33 0.23 0.93 0.52
Sim 3 343 2.5 0.09 0.95 0.54
Sim 4 343 4.5 0.02 0.22 0.08
Sim 5 343 3.2 0.01 1.90 0.66
Sim 6 343 1.6 0.03 0.59 0.38

Table 48: Mean value, minimum and maximum value and standard deviation - GSM
900, simulation of the Mobilkom Austria Room AO7AOQ!l. The first row shows the
results for the whole measurement data and the other rows are showing the results
for 6 cubes on different locations within the whole area.

6.1.1 Mean, Standard Deviation and Amplitude Distribution

Table 48 shows the maximum value, the minimum value, the global mean value as
well as the standard deviation of the whole investigated area as well as for each of
the six cubes at different locations within the area of interest. Figure 143 shows the
histogram of the whole measurement data.

For each of the six cubes the histogram was derived and can be seen in the
following figures. Figure 144 was the first evaluation and the location of this
cube should be approximately equal to the location of the cube measured in Room
AOQ7AOQ!11 at the Mobilkom Austria office building. For the comparison of differ-
ent simulation results five more cubes were evaluated on different locations within
the simulated volume. Figure 145 shows the histogram of a second cube (SIM 2),
Figure 146 shows the histogram of a third cube (SIM 3), Figure 147 shows the his-
togram of a fourth cube (SIM 4), Figure 148 shows the histogram of a fifth cube
(SIM 5) and Figure 149 shows the histogram of the last cube (SIM 6).

6.1.2 Cumulative Distribution Function and Probability Density Function

The cumulative distribution function can be build by arranging the field strength
values by increasing amplitudes, as described in Section 3.2.2. Figure 150 shows
the cumulative distribution function of the whole simulated area. Figure 151 shows
the cumulative distribution function of the first simulated cube (SIM 1) which is
approximately at the same location than the cube measured in Room AO7AO011 at
the Mobilkom Austria, further Figure 152, Figure 153, Figure 154, Figure 155,
Figure 156 are showing the cumulative distribution function of the other evaluated
cubes (SIM 2, SIM 3, SIM 4, SIM 5, SIM 6).
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Figure 143: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of the Mobilkom Austria office building Room
A07AO11 at a frequency of 946MHz.
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Figure 144: Global distribution of the electromagnetic field strength values dis-
posed in 30 amplitude grades. Simulation of a cube at approximately the same
positions (SIM 1) than a cube measured at the Mobilkom Austria office building
Room AO07AO011 at a frequency of 946MHz.
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Figure 145: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of a second cube (SIM 2) at a frequency of

946MHz.
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Figure 146: Global distribution of the electromagnetic field strength values dis-
posed in 30 amplitude grades. Simulation of a third cube (SIM 3) at a frequency of

946MHz.
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Figure 147: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of a fourth cube (SIM 4) at a frequency of

946MHz.
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Figure 148: Global distribution of the electromagnetic field strength values dis-
posed in 30 amplitude grades. Simulation of a fifth cube (SIM 5) at a frequency of

946MHz.
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Figure 149: Global distribution of the electromagnetic field strength values dis-
posed in 30 amplitude grades. Simulation of a sixth cube (SIM 6) at a frequency of
946MHz.
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Figure 150: Cumulative distribution function (cdf) of the global field distribution
of the whole simulated area (GSM 900 - Simulation of Room A07A011 Mobilkom
Austria).
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Figure 151: Cumulative distribution function (cdf) of the global field distribution
of the first cube (SIM 1 - GSM 900 - Simulation of Room A07A011 Mobilkom

Austria).

Figure 152: Cumulative distribution function (cdf) of the global field distribution
of the second cube (SIM 2 - GSM 900 - Simulation of Room A07A011 Mobilkom

Austria).
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Figure 153: Cumulative distribution function (cdf) of the global field distribution
of the third cube (SIM 3 - GSM 900 - Simulation of Room A07A011 Mobilkom
Austria).
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Figure 154: Cumulative distribution function (cdf) of the global field distribution
of the fourth cube (SIM 4 - GSM 900 - Simulation of Room A07A011 Mobilkom
Austria).
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Figure 155: Cumulative distribution function (cdf) of the global field distribution
of the fifth cube (SIM 5 - GSM 900 - Simulation of Room A07A011 Mobilkom
Austria).
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Figure 156: Cumulative distribution function (cdf) of the global field distribution
of the sixth cube (SIM 6 - GSM 900 - Simulation of Room A07A011 Mobilkom
Austria).
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Eww | Eosw | Eson | Ersw | Eoow

) | e B | (| (]

Total | 0.1 0.3 0.8 1.5 2.2
Siml | 1.5 20 2.6 3.0 34
Sim2 | 04 0.6 0.8 1.1 1.3
Sim3 | 0.3 0.5 0.8 1.2 1.8
Sim4 | 0.1 0.2 0.2 0.3 0.3
Sim5 | 0.7 1.6 1.9 23 2.6
Simé6 | 0.1 0.3 0.8 1.5 2.2

Table 49: Lower and higher quartile, lower and higher decile, quintile of the whole
simulated area as well es for each of the six cubes (Simulation of the Mobilkom
Austria Room A07A011 at GSM 900).

The percentiles of the cumulative distribution function of the whole simulated
area as well as of each of the six cubes are shown in Table 49, while the percentiles
normalized to the maximum electromagnetic field strength are shown in Table 50.

6.1.3 Identification of the Probability Density Function

The probability density function can be derived by differentiating the cumulative
distribution function. For each of the six cubes, the probability function was derived
and for all of them, a possible approximated distribution function (like LogNormal
or Rayleigh) was found.

Figure 157 shows the probability density function of the first cube (SIM 1). A
possible approximation for the function might be a Normal distribution. The Nor-
mal distribution can be derived by Equation 18. The probability density function of
the second cube (SIM 2) is displayed in Figure 158, this pdf could be approximated
by a LogNormal distribution. The LogNormal distribution, which can be derived
by Equation 18, could also be a approximation for the probability density function
of the third cube (SIM 3), which is displayed in Figure 159. Figure 160 shows the
probability density function of the fourth cube (SIM 4) with a Normal distribution
as approximation. The Normal distribution seems to be a good approximation for
the fifth cube (SIM 5), which is shown in Figure 161. For the sixth cube (SIM 6),
displayed in Figure 162 the Rayleigh distribution seems to fit best which can be
derived by Equation 18. The validity of all polynomial approximations is in the
range between minimum and maximum of the electromagnetic field strength values
of each investigated area.
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Eae | g | gH& | gt | puf | ook
200 % | % | % | % | %
Total 5.2 1.9 5.8 154 | 28.8 | 42.3
Sim 1 4.4 341 | 455 | 59.1 | 682 | 773
Sim 2 3.3 12.1 182 | 242 | 33.3 | 394
Sim 3 3.3 13.5 | 21.3 | 32.2 | 498 | 70.3
Sim 4 2.5 224 | 344 | 492 | 62.2 | 72.1
Sim5 | 45 219 | 500 | 594 | 719 | 81.3
Sim 6 3.2 6.3 188 | 31.3 | 56.3 | 75.0

Table 50: Lower and higher quartile, lower and higher decile, quintile normalized
to the maximum electromagnetic field strength of each investigated area. For the
whole simulation data the maximum value and for each cube the maximum value is
listed. (Simulation of the Mobilkom Austria Room A07A011 at GSM 900).
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Figure 157: Probability Density function (pdf) of the first cube (SIM 1) and a pos-
sible approximation with a Normal distribution (GSM 900 - Simulation of Room
A07AO011 Mobilkom Austria).
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Figure 158: Probability Density function (pdf) of the second cube (SIM 2) and a
possible approximation with a LogNormal distribution (GSM 900 - Simulation of
Room AO7A011 Mobilkom Austria).
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Figure 159: Probability Density function (pdf) of the third cube (SIM 3) and a
possible approximation with a LogNormal distribution (GSM 900 - Simulation of
Room A07A011 Mobilkom Austria).

175



4500

4000

3500k f . - -

3000

Prabability Density Function{1]

Probability Density Function (pdf)

-~ measured distribution | :

— Normal distribution

\7{\’;5_\?_* i

b

3
Field Strength [V/m]

5 6
x10™

Figure 160: Probability Density function (pdf) of the fourth cube (SIM 4) and a
possible approximation with a Normal distribution (GSM 900 - Simulation of Room

AO07A011 Mobilkom Austria).
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Figure 161: Probability Density function (pdf) of the fifth cube (SIM 5) and a pos-
sible approximation with a Normal distribution (GSM 900 - Simulation of Room

AO07A011 Mobilkom Austria).
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Figure 162: Probability Density function (pdf) of the sixth cube (SIM 6) and a pos-
sible approximation with a Rayleigh distribution (GSM 900 - Simulation of Room

AO07A011 Mobilkom Austria).

6.1.4 Local Distribution of the Measurement Data

After the global considerations of the field strength distributions the local demeanor
was investigated. Therefore the electromagnetic field strength normalized to the
global maximum for the seven levels is displayed for each cube.

Figure 163 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube SIM 1. It can be seen that in the middle of each
level the field strength is higher than in the border of each level. Level 'z120° shows
an area with lower field strength values.

Figure 164 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube SIM 2. This Figure shows very low field strength
values in all seven levels with an exception in Level z105 and Level z120. In this
two levels higher field strength values occur in the front left corner of the levels.
Whereas Level 2105 shows the widest area with higher field strength values.

Figure 165 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube SIM 3. Maximum field strength values can be
observed in the front right corner of four levels (Level z90, 2150, z165 and z180).
The rest of the areas are showing lower field strength values with a minimum in
Level z105.

Figure 166 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube SIM 4. This Figure shows higher field strength
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normalized field strength

X-axis

Figure 163: Distribution of the field strength values normalized to the maximum
value of the investigated volume for SIM | (GSM 900 - Simulation of Room
A07A011 Mobilkom Austria).
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Figure 164: Distribution of the field strength values normalized to the maximum
value of the investigated volume for SIM 2 (GSM 900 - Simulation of Room
AO07A011 Mobilkom Austria).
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Figure 165: Distribution of the field strength values normalized to the maximum
value of the investigated volume for SIM 3 (GSM 900 - Simulation of Room
AO07A011 Mobilkom Austria).

values in the middle of each level and lower field strength values on two opposite
corners in each level

Figure 167 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube SIM 5 . Higher field strength values occur in
every level with just a very small area in one corner of each level. In this corner the
field strength is very low.

Figure 168 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube SIM 6. This Figure shows a distinctive low
field strength value in each level on one side of the diagonal. On the opposite side,
higher field strength values occur.

The results of the six cubes, evaluated from the simulation, might lead to the
following preliminary conclusions. It seems that the approximated probability den-
sity functions doesn’t show any significance for different locations within the sim-
ulated volumes, because different distribution functions were found. This may lead
to one conclusion which would say that a specific scenario can’t be characterized
with a specific distribution function. Comparing the percentiles of each simulated
cube might be more expressiveness. It might also be obvious that higher field
strength values occur near the windows which are in direction of the transmitted
field strength but the simulation and the results of those six cubes show a differ-
ence. Comparing the maximum field strengths values and also the global mean
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normalized field strength
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Figure 166: Distribution of the field strength values normalized to the maximum
value of the investigated volume for SIM 4 (GSM 900 - Simulation of Room
AO07A011 Mobilkom Austria).
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Figure 167: Distribution of the field strength values normalized to the maximum
value of the investigated volume for SIM 5(GSM 900 - Simulation of Room
A07A011 Mobilkom Austria).
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Figure 168: Distribution of the field strength values normalized to the maximum
value of the investigated volume for SIM 6 (GSM 900 - Simulation of Room
A07A011 Mobilkom Austria).

value of the field strengths (referring to Table 48) shows, that not SIM 1 and SIM 4
(which are in the main direction of the transmitted field strength) have the highest
values, but SIM 2 and SIM 3 have the highest global mean values while SIM 1 and
SIM 4 have lower global mean values compared to the results of the other cubes.
Trying to understand the behavior of the field strength within a certain area was the
next goal. Therefore three characteristic scenarios were investigated.

A first idea was, that the location of the investigated area (e.g. cube) plays a re-
markable role. Therefore three characteristic scenarios were chosen and cubes were
moved through the simulated area to find appropriate results. These characteristic
scenarios were three cubes with specific field strength values: the first cube with
field strength values in nearly the same range with only a little variance of the field
strength values, called Stmconst, a second cube with a small region with higher
field strength values ("Hot Spot”) compared to the rest of the field strength values
building the investigated area, called Sim ys and a third cube with a mixture of the
two mentioned cubes with an area of lower field strength values and an area with
higher field strength values, called Simasrx.

Like in the sections before, the global and local aspects of the measurement were
taken under consideration. A schematic of the location of those three examined
cubes is shown in Figure 169, the location regarding the x-axis and y-axis of those
three examined cubes is shown in Table 51. Table 52 shows the maximum value,
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Cube Location
Simconst (7/1)
Simys (1/40)
Simarrx (15/15)

Table 51: Positions of the three cubes located at specific places with higher field
strength values (Simconst), With lower field strength values (Simyg) and with
both, higher and lower field strength values (Sim ;;x) within the simulated area.
The numbers in brackets show the coordinates in direction of the x-axis and y-axis.
The first level in direction of the z-axis was z90, which is located 90cm above the
floor.

Exam. Pos. | Max. Min. Mean | Std. Dev.
[mV/m] | [mV/m] | [mV/m] | [mV/m]
SimconsT 343 2.81 0.03 1.73 0.45
Simpys 343 1.00 0.04 0.22 0.16
Simarrx 343 2.75 0.01 0.87 0.92

Table 52: Mean value, minimum and maximum value and standard deviation - GSM
900, simulation of the Mobilkom Austria Room A07AO01]l. Three different but
significant scenarios were evaluated. The first cube was positioned in an area with
higher electromagnetic field strength values (Simconsr), the second was placed
in an area with lower field strength values and a small area with high field strength
values ("Hot Spot” - Sim ) and the third was placed in an area were both, higher
and lower field strength values occur (Sim prrx).

the minimum value, the global mean value as well as the standard deviation of the
three different cubes at three certain locations within the simulated volume which
were evaluated to probably answer some questions and confirm some ideas.

Figure 170 shows the histogram of a cube (Simconsr) which was placed in
an area with field strength values in nearly the same range. Figure 171 shows the
histogram of a cube (S7m y¢) which was placed in an area with lower field strength
values and a "Hot Spot” with higher field strength values and Figure 172 shows
the histogram of a cube (Stm s;x) which was placed in an area with both, higher
and lower field strength values. Comparing the amplitude distribution of the three
cubes, it can be seen that Figure 170 shows amplitude values focused on higher field
strength values, while Figure 171 shows a amplitude distribution which is focused
on low field strength values. Figure 172 is a combination of both which can easily
be seen in the amplitude distribution which is focused in a region with lower field
strength values and a region with higher field strength values.

182



T MR e b

Bl BEDUE e ey g rmon T [ | WA
Figure 169: Schematic of the three cubes on specific locations within the simulated
volume. Cube Simcongsr 18 located in a region with field strength values in nearly
the same range, Cube Simyg is located in a region with lower field strength values
and a small region with higher field strength values ("Hot Spot”) and cube Sim psrx
is located in a region with both, higher and lower field strength values.

For those three cubes the cumulative distribution functions were evaluated, too.
The cumulative distribution function (cdf) can be derived as described in Section 3.2.2.
Figure 173 shows the cumulative distribution function of the cube (Simconsr) in
an area of higher field strength values, Figure 174 shows the cumulative distribu-
tion function of the cube (Stmpgg) in an area of lower field strength values with a
small region with higher field strength values and Figure 175 shows the cumulative
distribution function of the cube (S7mj;;x) in an area with both, higher and lower
field strength values.

The percentiles can be derived from the cumulative distribution functions of
each cube . Table 53 shows the percentiles of all three cubes. Due to the approx-
imation process, the approximated cdf can have values higher than 1 which can be
seen in Figure 173, Figure 174 and Figure 175. By differentiating the cumulative
distribution function the probability density function can be derived. The proba-
bility density functions of the three cubes are displayed in Figure 176 for the cube
(Simconst) placed in an area with field strength values in nearly the same range,
Figure 177 for the cube (Simgg) placed in an area with lower field strength values
and an area with higher field strength values and Figure 178 for the cube (Sim p7x)
placed in an area with both, higher and lower field strength values. A probable
approximation for the first probability density function might be a Normal distribu-
tion, for the second probability density function the LogNormal distribution might
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Figure 170: Global distribution of the electromagnetic field strength values of a
cube located in an area with electromagnetic field strength values in nearly the same
range disposed in 30 amplitude grades. Simulation of the Mobilkom Austria office
building Room AQ7A011 at a frequency of 946MHz - SimconsT.

be a good approximation and for the last probability density function no distribution
function could be found which would fit.

After the global consideration also the local behavior of the three cubes was
investigated. Figure 179 shows the local distribution of the electromagnetic field
strength for each of the seven levels of a cube placed in an area with field strength
values in nearly the same range (Simconsr)- It can be seen, that no specific areas
with a minima of the field strength occurs.

Figure 180 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube placed in an area with lower field strength
values and a region with higher field strength values. With only one exception in
Level z180 ("Hot Spot™), the field strength values are very low in each level. It can
be stated, that the field strength values in the whole cube are very low and therefore
this cube seems to be a good model for a cube with low field strength values.

Figure 181 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube placed in an area with higher and lower field
strength values. It can be seen, that the cube is placed in an area where a strong
propagation path with high field strength values is on the border to an area were
the propagation path is strongly attenuated. According to the diagonal, one side
consists of higher field strength values and the other side consists of lower field
strength values. This phenomena can be seen in each of the seven levels.
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Figure 171: Global distribution of the electromagnetic field strength values of a
cube located in an area with lower electromagnetic field strength values and an area
with higher field strength values disposed in 30 amplitude grades. Simulation of
the Mobilkom Austria office building Room A07A011 at a frequency of 946MHz -

SimHg.
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=90 % | % | % | % | %
Sim MB 2.8 429 | 536 | 60.7 | 71.4 | 82.1
Sim nMB 1.0 10 113 | 164 | 240 | 52.6
Sim MIX 2.8 1.3 3.3 80 | 63.7 | 79.3

Table 53: Lower and higher quartile, lower and higher decile, quintile normalized to
the maximum electromagnetic field strength of each investigated cube. MB stands
for main beam and this is the cube positioned in an area with high field strength
values, nMB stands for not main beam and this is the cube positioned in an area
with low field strength values and MIX means the cube positioned in an area with
both, high and low field strength values. (Simulation of the Mobilkom Austria

Room A07A011 at GSM 900).
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Figure 172: Global distribution of the electromagnetic field strength values of a
cube located in an area with both, higher and lower electromagnetic field strength
values disposed in 30 amplitude grades. Simulation of the Mobilkom Austria office
building Room AO7AO011 at a frequency of 946MHz - Sim g x.
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Figure 173: Cumulative distribution function (cdf) of the global field distribution of
the cube (Simeconsr) which was placed in an area with higher field strength values
(GSM 900 - Simulation of Room A07A011 Mobilkom Austria).
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Figure 174: Cumulative distribution function (cdf) of the global field distribution
of the cube (Simyg) which was placed in an area with lower field strength values
(GSM 900 - Simulation of Room A07A011 Mobilkom Austria).
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Figure 175: Cumulative distribution function (cdf) of the global field distribution
of the cube (Simysrx) which was placed in an area with both, high and low field
strength values (GSM 900 - Simulation of Room A07A011 Mobilkom Austria).
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Figure 176: Probability density function (pdf) of the cube which was placed in an
area with field strength values in nearly the same range (Simconysr) and a pos-
sible approximation with a Normal distribution (GSM 900 - Simulation of Room
AO07A011 Mobilkom Austria).

Comparing the evaluated data it might seem that scenarios like the cube which
was located in an area with field strength values in nearly the same range (Simconst)
has a ratio between the maximum field strength and the global mean value of little
less than 2.0 with a percentile E;oy normalized to the maximum field strength start-
ing at an higher value (e.g. around 40%). The percentile Eqg% normalized to the
maximum has also higher values around 80%. An other behavior can be observed
at the scenario with a cube located in an area with lower field strength values and
a small region with higher field strength values - Simpyg. The ratio between the
maximum field strength and the global mean value is around 4.0 or more, whereas
the lower percentile normalized to the maximum has an value of around 10%. The
percentile Eqgy normalized to the maximum has a lower value of around 50%.
Comparing the behavior of Simconsr and Simpyg shows therefore a significant
difference.

The measured scenarios can now be compared to the simulation and it can be
evaluated if those behavior can also be observed in different scenarios which were
measured in the different measurement campaigns. Also the cubes on different
locations in the simulated volume (SIM 1, SIM 2, SIM 3, SIM 4, SIM 5 and SIM 6)
can be compared to this behavior which might confirm the observations.
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Figure 177: Probability density function (pdf) of the cube which was placed in an
area with lower field strength values (Simpg) and a possible approximation with

a LogNormal distribution (GSM 900 - Simulation of Room A07A011 Mobilkom
Austria).

6.2 Comparison of Simulations and Measurements

The cube of SIM 1 (see Figure 163) and the cube of SIM 5 (see Figure 167) are
showing field strength values in the same range in most levels, thus would be com-
parable to case 1: a cube located in an area with field strength values in nearly the
same range. A measured cube with the same behavior could be the cube measured
in UHF frequency band as well as the small cube measured in this frequency band.
Therefore the ratio between the maximum field strength and the global mean value
as well as the ratio between the percentiles and the maximum field strength value
are compared to each other. Table 54 shows the results. It can be observed that the
ratio between the maximum field strength value and the global mean value is in the

range of 1.7 up to 1.8. The percentiles normalized to the maximum are in the range
of 21.9% up to 82.1%

Comparing cubes located in areas with lower field strength values and a small
region with higher field strength values is the next step. The cube of SIM 2 (see
Figure 164) might fit this description. A measured cube with the same character-
istics could be the cube measured in the GSM 900 frequency band (see Figure 25)
but also the small cube, measured at GSM 900, would fit this model (see Figure 61.
Both cubes, the cube and the small cube of the DCS 1800 frequency band could
also be characterized in this context by comparing Figure 33 and Figure 68 with the
evaluated cube Simyg. Therefore the ratio between the maximum field strength

189



Probability Density Function (pdf}
1000 . g R

[ measured distribution |

mHiry :meen max

Probability Density Function{1)
£
o
T

o
T

_500 I | 1 ] 1 ]
Q 1 2 3 4 5 [
Field Strength [V/m] x 1072

Figure 178: Probability density function (pdf) of the cube which was placed in an
area with both, high and low field strength values (Sim;rx). No function could
be found to fit this probability density function (GSM 900 - Simulation of Room
AO07A011 Mobilkom Austria).
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Figure 179: Distribution of the field strength values normalized to the maximum
value for a cube placed in an area with field strength values in nearly the same range
- Simconsr (GSM 900 - Simulation of Room A07A01 1 Mobilkom Austria).
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Figure 180: Distribution of the field strength values normalized to the maximum
value for a cube placed in an area with lower field strength values and a region with
higher field strength values - Simygs (GSM 900 - Simulation of Room A07A011
Mobilkom Austria).

Btnan Ero% Easo Esom, Erso Eoo%
E'meﬂn Em{ll’ EmﬂE Emﬂ.m EmﬂI Emﬂ.T

= b % % | % | %

Simconst | 1.7 | 429 | 53.6 | 60.7 | 71.4 | 82.1
Sim 1 1.8 | 341 [ 455 | 59.1 | 682 | 77.3
Sim 5 1.7 | 219 | 50.0 | 594 | 719 | 81.3

Table 54: Comparison of the ratio between the maximum field strength and the
mean fleld strength value and the percentiles normalized to the maximum field
strength value of the simulation data and the measurement data. Only cubes with
high field strength values in nearly every level were compared to each other. The
table shows, that the values are approximately in the same range.
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Figure 181: Distribution of the field strength values normalized to the maximum
value for a cube placed in an area with both, higher and lower field strength values
- Stmasrx (GSM 900 - Simulation of Room AO7A011 Mobilkom Austria).

and the global mean value as well as the ratio between the percentiles and the maxi-
mum field strength value are compared to each other. Table 55 shows the results. As
Table 55 shows, the maximum field strength normalized to the global mean value is
in the range of 2.3 up to 4.9. Compared to the values of cubes located in areas with
nearly constant field strength values in the whole volume the values of the maxi-
mum field strength values normalized to the global mean value is concentrated at
higher values between 3.0 and 4.0, with a few exceptions. The percentiles are in the
range of 7.0% up to 64.0%. Compared to the values shown in the previous table,
Table 55, the percentiles are located at lower ranges.

After all those comparisons it might seem, that cubes which are located in ar-
eas with field strength values in nearly the same range distributed over all levels,
have less deviation between the maximum value and the global mean value and the
percentiles are reaching higher values, whereas cubes which are located in areas
with lower field strength values with a region of higher field strength values seem
to have higher deviations between the maximum value and the global mean value
of the field strength and the percentiles are in a lower range and do not reach higher
values of the 90% percentiles.

The rest of the measurements could be characterized as cubes with mixed field
strength values because regions with higher field strength values occur more or less
as often as regions with lower field strength values. The range of the ratio between
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Fuar | Ewxn | Eunx | Eson | Enun | Leon
Emean | Ewmor | Bmas | Fmar | Emar | Emas

2w T w % | % | %
Sitmpys 4.6 10,0 | 11.3 | 164 | 240 | 52.6
Sim 2 35 12.1 | 182 | 242 | 33.3 | 394

Mobilkom Austria

GSM 900 32 17.5 | 223 | 285 | 37.2 | 494
GSM 900 small cube | 2.3 | 27.8 | 34.0 | 42.1 | 50.3 | 57.2
DCS 1800 49 72 {146 | 188 | 242 | 319
DCS 1800 small cube | 2.3 | 26.6 | 32.8 | 41.9 | 53.6 | 644

Table 55: Comparison of the ratio between the maximum field strength and the
mean field strength value and the percentiles normalized to the maximum field
strength value of the simulation data and the measurement data. Only cubes with
low field strength values in nearly every level were compared to each other. The
table shows, that the values are approximately in the same range.

the maximum value and the global mean value of the field strength lies between the
range of the cubes which are located in areas with field strength values in nearly the
same range and cubes located in areas with lower field strength values and a small
region with higher field strength values. But there is no sharp border between those
three categories, rough values of each category also appear in the other category,
this might only be an idea of categorizing different regions within the simulated
area and therefore within a room but doesn’t represent any kind of strict behavior.

Table 56 shows the rest of the evaluated data which could be characterized as
cubes with higher and lower field strength values. It can easily be seen, that the
ratios of the maximum field strength values and the global mean values as well as
the percentiles normalized to the maximum field strength values vary in a wider
range than the ratios in Table 54 and Table 55.

6.3 Additional Evaluations of Cubes within the Simulated Area

To proof some conclusions right or wrong, additional cubes with more specific lo-
cations within the simulated volume were examined. Therefore five more cubes
were located around the cube of SIM 1 which is equal to the area which was under
investigation at the Mobilkom Austria office building. Those cubes were chosen to
investigate the variance of the evaluated data (ratio between maximum and global
mean value of the field strength and the percentiles normalized to the maximum
field strength value) when a cube was positioned in a different location but near to
another one. The area of interest was of course the area where the measurements
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Emaz | Fion | Fasa | Esow | Ersn | Foun
Emeon | Fmar | Bumag | Emas | Emar | Fmas

=90 % | % | % | % | %
Simarrx 3.2 1.3 33 80 | 63.7 | 793
Sim 3 264 | 12.0 | 20.1 | 32.1 | 480 | 72.0
Sim 4 21 | 222 | 444 | 445 | 66.7 | 66.8
Sim 6 2.7 63 | 188 | 31.3 | 563 | 750

Mobilkom Austria
VHF 3.1 | 473 | 541 | 605 | 664 | 733
ARCS TOX 7

GSM 900 20 | 326 | 39.1 | 47.8 | 587 | 674

Table 56: Comparison of the ratio between the maximum field strength and the
mean field strength value and the percentiles normalized to the maximum field
strength value of the simulation data and the measurement data. Cubes with high
and low field strength values were compared to each other. The table shows, that
the values are approximately in the same range but vary more then the ratios of
cubes located in areas with higher field strength values and cubes located in area
with lower field strength values.

were performed. Around the location of SIM 1 some additional cubes were eval-
uated where a specific behavior would be expected, as shown in Figure 182. In
Table 57 the locations of these cubes can be found.

The global behavior was taken under consideration first, therefore the distri-
bution of the field strength disposed in 30 amplitude grades of the five additional
cubes were evaluated. Figure 183 and Figure 187 are showing a distribution similar
to distributions of the measured cubes in the GSM 900 frequency band, whereas
Figure 184, Figure 185 and Figure 186 are showing a different distribution with
field strength values concentrated in a lower range and in a higher range. The maxi-
mum, minimum and global mean value of the electromagnetic field strength of each
cube can be found in Table 58.

The cumulative function an be derived by arranging the field strength by increas-
ing values, as described in Section 3.2.2. It can be seen in Figure 189, Figure 190
and Figure 191 that each diagram has a flat rise in the middle which is caused by the
leak of field strength values in this particular range. The percentiles of each cube
are shown in Table 59. The percentiles normalized to the global mean value of each
cube are shown in Table 60. SIM 7 and SIM 10 are showing a very similar behavior
as well as SIM 8 and SIM 9.

The probability density function (pdf) can be derived by differentiating the cu-
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Cube | Location
Sim7 | (35/20)
Sim 8 (35/34)
Sim 9 (28/27)
Sim 10 | (21/23)
Sim 11 | (38/27)

Table 57: Positions within the simulated area of the additional cubes which were
located near the position of the cube which was measured at the Mobilkom Austria
office building. The numbers in brackets show the coordinates in direction of the
x-axis and y-axis. The first level in direction of the z-axis was z90, which is 90cm

above the floor.
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Figure 182: Schematic of the cubes located approximately at the same positions as
the investigated area at the Mobilkom Austria office building.
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Figure 183: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of a cube (SIM 7) at a frequency of 946MHz.
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Figure 184: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of a cube (SIM 8) at a frequency of 946MHz.
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Figure 185: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of a cube (SIM 9) at a frequency of 946MHz.
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Figure 186: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of a cube (SIM 10) at a frequency of 946MHz.
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Figure 187: Global distribution of the electromagnetic field strength values disposed
in 30 amplitude grades. Simulation of a cube (SIM 11) at a frequency of 946MHz.

Exam. Pos. | Max. Min. Mean | Std. Dev.

[mV/m] | [mV/m] | [mV/m] | [mV/m]
Sim 7 343 4.0 0.05 1.1 0.9
Sim 8 343 4.1 0.04 1.8 1.1
Sim 9 343 3.8 0.03 1.4 1.1
Sim 10 343 3.1 0.02 0.6 0.8
Sim 11 343 4.0 0.16 2.0 0.9

Table 58: Mean value, minimum and maximum value and standard deviation - GSM
900, simulation of the Mobilkom Austria Room A07AO01 1. Additional 5 cubes were
calculated from the simulated area.
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Figure 188: Cumulative distribution function (cdf) of the global field distribution of
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SIM 7 (GSM 900 - Simulation of Room A07A(011 Mobilkom Austria).
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Figure 189: Cumulative distribution function (cdf) of the global field distribution of

SIM 8 (GSM 900 - Simulation of Room A07A011 Mobilkom Austria).
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Figure 190: Cumulative distribution function (cdf) of the global field distribution of
SIM 9 (GSM 900 - Simulation of Room A07AQ011 Mobilkom Austria).
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Figure 191: Cumulative distribution function (cdf) of the global field distribution of
SIM 10 (GSM 900 - Simulation of Room A07AO0I1 1 Mobilkom Austria).
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Figure 192: Cumulative distribution function (cdf) of the global field distribution of
SIM 11 (GSM 900 - Simulation of Room A07A011 Mobilkom Austria).

Ervow | Eosy | Esow | Ersw | Eoon

Pl |l | ) | ] (]

Sim7 | 0.2 0.5 0.8 1.5 24
Sim8 | 0.3 0.6 1.9 2.7 32
Sim9 | 0.1 0.3 1.5 24 2.8
Sim10 | 0.1 0.1 0.3 0.7 2.1
Sim11 | 0.7 1.4 2.0 2.7 32

Table 59: Lower and higher quartile, lower and higher decile, quintile of each of the
five cubes (Simulation of the Mobilkom Austria Room A07A011 at GSM 900).
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2 % | % | % | % | %
Sim 7 4.0 5.0 12.5 | 20.0 | 37.5 | 60.0
Sim 8 4.1 7.3 14.6 | 46.3 | 659 | 78.1
Sim 9 3.8 2.6 7.9 | 395 | 632 | 737
Sim 10 | 3.1 32 33 9.7 | 22,6 | 61.7
Sim11 | 4.0 17.5 | 35.0 | 50.0 | 67.5 | 80.0

Table 60: Lower and higher quartile, lower and higher decile, quintile normalized
to the maximum electromagnetic field strength of each investigated area. For each
cube the maximum value is also listed. (Simulation of the Mobilkom Austria Room
A07A011 at GSM 900).

mulative distribution function. Figure 193 shows the probability density function
of SIM 7. A possible approximation for this function might be a Rayleigh distribu-
tion. The Rayleigh distribution can be derived by Equation 17. Figure 197 shows
the probability density function of SIM 11. A possible approximation for this func-
tion might be a Normal distribution. The Normal distribution can be derived by
Equation 18. For all other probability density functions no functions were found

which could be fitted to the measured one.
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Figure 193: Probability Density function (pdf) of SIM 7 and a possible approx-
imation with a Rayleigh distribution (GSM 900 - Simulation of Room A07A011
Mobilkom Austria).

After the global considerations, the local behavior of the electromagnetic field
strength values was investigated. Therefore the local field strength values, normal-
ized to the global mean value of the cube, were displayed for each level.

Figure 198 shows the local distribution of the electromagnetic field strength for
each of the seven levels of the cube SIM 7. This figure shows higher field strength
values concentrated in one corner of all seven levels. This cube was placed on the
top side of the cube of SIM I, which is approximately equal to the location of the
measured cube. On the first sight it could be suggested that this cube should have a
equal behavior than the cube of SIM 1 but it is completely different. This led to a
very important conclusion: the location of such a cube within a room plays a very
important role because the whole environment can change tremendously within a
small region.

The cube placed on the bottom side of the cube of SIM 1 shows a similar be-
havior than the cube of SIM 7 (see Figure 199). As Figure 199 shows, higher field
strength values occurs on one half of the cube. Regarding the three local field dis-
tributions (Figure 163, Figure 198 and Figure 199) it can be seen that there is a
path of higher field strength values in the anteroom of the conference room in the
direction of the main beam of the transmitting antenna. The same behavior can be
observed by viewing Figure 200 and Figure 201. All those cubes located around
the cube of SIM 1, which is similar to the area which was under investigation at the
Mobilkom Austria office building, are showing this behavior and it can be stated,
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Figure 194: Probability Density function (pdf) of SIM 8. No approximated function
was found fitting this one (GSM 900 - Simulation of Room A07A011 Mobilkom

Austria).
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Figure 195: Probability Density function (pdf) of SIM 9. No approximated function
was found fitting this one (GSM 900 - Simulation of Room A07A011 Mobilkom

Austria).
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Figure 196: Probability Density function (pdf) of SIM 10. No approximated func-
tion was found fitting this one (GSM 900 - Simulation of Room A07A011 Mo-

bilkom Austria).
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Figure 197: Probability Density function (pdf) of SIM 11 and a possible approx-
imation with a Normal distribution (GSM 900 - Simulation of Room A07A011

Mobilkom Austria).
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Figure 198: Distribution of the field strength values normalized to the maximum
value for SIM 7 (GSM 900 - Simulation of Room A07A011 Mobilkom Austria).

that the location of the area which should be evaluated plays a very important role.

A good example for the former statement is the local distribution of the field
strength values evaluated in SIM 11, where the location of the cube was only
changed a bit in direction of the x-axis. Half of this cube covers the region of
SIM 1 and the rest is located nearer to the windows. It can be observed that the
distribution of the field strength isn’t continuous, a region with lower field strength
values can be seen in one corner of each level.
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Figure 199: Distribution of the field strength values normalized to the maximum
value for SIM 8 (GSM 900 - Simulation of Room A07A011 Mobilkom Austria).

normalized field strength
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Figure 200: Distribution of the field strength values normalized to the maximum
value for SIM 9 (GSM 900 - Simulation of Room AQ07A011 Mobilkom Austria).
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Figure 201: Distribution of the field strength values normalized to the maximum
value for SIM 10 (GSM 900 - Simulation of Room A07A011 Mobilkom Austria).
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Figure 202: Distribution of the field strength values normalized to the maximum
value for SIM 11 (GSM 900 - Simulation of Room A07A011 Mobilkom Austria).
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7 Averaging Methods

Measurements like the measurement of a cube or an other geometrical Figure dis-
cussed in this thesis takes a very long time (approximately 14 hours for a cube
with 343 measurement positions). To reduce the time of a measurement campaign
the amount of examined positions must be reduced, but with every reduction the
accuracy of statements according the electromagnetic field strength reduces, too.

This section discusses methods to reduce the amount of time by measuring
only a few positions which should allow a representative statement about the global
mean value of the electromagnetic field strength. Deriving the mean value of posi-
tions building a template and comparing them to the global mean value of a whole
cube should deliver statements about the accuracy of different templates. With this
knowledge measurements could be made more simpler and conclusions according
the global mean value can be estimated. The investigation of the deviations be-
tween the mean value of the electromagnetic field strength of a template and the
global mean value of a cube were subject of this section.

The amount of positions building a template were changed as well as the ge-
ometrical Figure which was built by arranging the positions in a one-dimensional,
two-dimensional or three-dimensional array. However, the simplicity of templates
was in the foreground because with their help measurement campaigns should be
made more practical.

7.1 Different Templates

Ten different templates were created and moved through nearly all measured cubes.
Some possible combinations of one-dimensional, two-dimensional or three-dimens-
ional geometrical figures were defined. According to a simple measurement setup
and faster measurement procedure very simple templates were generated which
could be measured in a fraction of the amount of time compared to a measure-
ment of a whole cube. Positions along a vertical line are much easier to measure
because the measurement antenna must only be changed in its height. Vertical areas
are easy to measure, too, because the measurement antenna must only be changed
in its height and in one other direction (regarding to the coordinate system used
in this thesis: in direction of the x-axis and y-axis). The templates were created
according to fit the human body, which means, that measurements along a vertical
area, for example, makes more sense than measuring a horizontal area. Much more
templates could be created fitting the size of a human body but those ten templates
should be a good approach for some important geometrical figures and should be
representative for the deviations of the mean value of a template compared to the
global mean value.

One-dimensional, two-dimensional and three dimensional templates are shown
in Figure 203. Figure 204 shows for example only one-dimensional templates,
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15cm | .1

Figure 203: A one-dimensional, a two-dimensional and a three-dimensional tem-
plate which were moved through some measured cubes. 15cm grid step.
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Figure 204: Line templates (One-dimensional) with a different number of positions
and different grid steps (15cm, 30cm and 45cm).

which were called "line templates” with different grid steps (15cm, 30cm and 45¢m)
as well as a different number of positions. Two-dimensional templates, which were
called "area templates” with a ditferent number of positions as well as different grid
steps (15cm and 45cm) can be seen in Figure 205. The former described templates
have a grid step between two positions of 15cm but the impact of the variance of the
grid step was also investigated be creating one-dimensional templates consisting of
three positions with a grid step of 15cm, 30cm and 45cm displayed in Figure 204.
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Figure 205: Area templates (two-dimensional) with a different number of positions
and different grid steps (15cm and 45¢m).
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Figure 206: Moving a template (in this case a one-dimensional template consisting
of three vertical positions building the template) through a cube means changing the
position within the cube. The grey dots are showing positions already calculated.
The position of the templates can be changed in all three directions (x-, y- and
z-direction),

7.2 Deviations of the Mean Value: Templates - Measured Cubes

The templates described in the section before were moved through the measured
cubes. This means that the mean value of the field strength of the positions building
a template was calculated and was then compared to the global mean value of a
whole cube. Moving a template through a cube means building the mean value
of the positions representing the template and then changing the location of the
template within the cube in direction of, for example the x-axis, the y-axis or the
z-axis, as can be seen in Figure 206. In this way all templates were moved through
the measurement data of an examined cube.

The deviations between each mean value of a template on a certain position and
the global mean value were derived. Moving such a template through a whole cube
delivers a large number of deviations, the maximum deviation and the minimum de-
viation for each template and for each investigated cube was written in tables. For
the GSM 900 frequency band Table 61 displays the maximum and minimum devi-
ations, for the DCS 1800 frequency band, Table 62 shows the derived deviations.
For all other frequencies investigated in the measurement campaigns, the deviations
between the global mean value and the mean values of a templates were derived,
too and displayed in Table 63

The calculation procedure is described in detail now. The mean value of a tem-
plate can be derived by Equation 24:

n, EZ
Zz:l (24)

E template —
Uz
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Figure 207: This figure should make the evaluation procedure visible. The global
mean value Fgloba,mean and the mean values build by s template on certain positions
within the cube F; are marked on the x-axis. In this case the maximum deviation is
located on the right side of the global mean value.

With n; as the number of the examined positions building the template and E;
as the electromagnetic field strength value for each positions.

The global mean value is derived by following Equation 25:

" F.
—-——ZFT / (25)

Egiobal =
n;

With n; as the number of examined positions in a cube (n;=343) and E; as the
field strength value (measured with the Add3D method) for each positions.

The deviation between the mean value of a template and the global mean can be
derived by Equation 26:

B YL E
. Eiemptate — Eglobatl T T a
Deviation = —— om0 = — (26)
Egiobate )

n;

This evaluation procedure should be made visible by Figure 207, it shows the
global mean value (Egloablmean) as well as the mean values (Ej) build by a template
on certain positions within the cube. In this figure the maximum deviation occurs
in the positive direction regarding the global mean value.

Table 61, Table 62 and Table 63 should show the maximum deviations in both
directions (positive and negative direction). It might seem, that templates with a
higher number of positions show less deviations from the global mean value and
might deliver a more accurate statement regarding the global mean value of a cube
(for example the area template consisting of eight positions are delivering smaller
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GSM 900 A0A011 | AOAO11 | Roof | TOX7 | CC2-17

Templates 15¢m 7.5¢em | 15cm | 15em | 15cm
Area (12) MAX [%] 27.0 52.6 49.7 | 28.0 59.2
MIN [%] -32.2 -346 | -28.6 | -229 -39.7

Area (9) MAX [%)] 59.4 39.0 38.1 28.3 55.9
MIN [%] -18.4 -269 | -289 | -23.7 -33.5

Cube (8) MAX [%] 53.5 68.4 71.0 | 445 384

MIN [%] -48.3 -47.3 -60.5 | -29.6 -36.5
Area (8) MAX [%] 29.8 67.7 542 | 335 70.6

MIN [%] -37.6 -37.7 -32.7 | -30.6 -41.1
Line (7) MAX [%] 38.5 50.7 303 | 46.1 72.6
MIN [%] -26.3 -32.9 -28.6 | -23.6 -39.5
Area (4) MAX [%] 72.4 86.0 970 | 494 74.4
MIN [%] -52.2 -52.7 -64.6 | -39.8 -46.4
Line (4) MAX [%] 433 69.5 62.0 | 553 79.9
MIN [%] -40.9 -45.1 -47.1 | -41.5 -43.8
Line (3) MAX [%] 63.8 78.2 81.1 62.5 2.0

MIN [%] -48.7 -54.4 -574 | 413 -49.5
Linemedium (3) | MAX [%] 77.0 60.3 56.1 55.5 91.7
MIN [%] -52.5 -40.0 -63.4 | -36.3 -42.5
Lineyy (3) MAX [%] 91.3 61.2 68.0 | 555 79.2
MIN [%] -36.2 -32.6 -43.1 | 329 -40.5

Table 61: Comparison of the ten templates which were operated through measured
cubes in the GSM 900 frequency band. The number in brackets is the amount of
positions building the template.
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DCS 1800 A0A011 | AOAO11 | CC2-17

Templates 15cm 7.5cm 15cm
Area (12) MAX [%] 47.6 517 36.8
MIN [%] -30.3 -35.0 -41.1

Area (9) MAX [%] 80.9 25.0 19.9
MIN [%] -25.1 -35.0 -23.1

Cube (8) MAX [%] 81.0 57.1 40.6
MIN [%] -46.5 -41.5 -44.5

Area (8) MAX [%] 59.9 54.4 41.7
MIN [%] -343 -39.6 -42.5

Line (7) MAX [%] 47.6 43.0 25.6
MIN [%] -38.5 -31.7 -24.8

Area (4) MAX [%] | 106.8 70.5 526
MIN [%] | -53.0 484 | 514
Line (4) MAX [%] | 101.9 76.1 53.7
MIN [%] | -453 43.1 445
Line (3) MAX [%] | 1375 78.5 58.7
MIN [%] | -475 487 | -487
Linemegium (3) | MAX [%] | 1225 76.2 55.7
MIN [%] | -434 428 -36.8
Lineyy, 3) | MAX [%] | 107.9 472 40.2
MIN [%] | -35.0 369 | 294

Table 62: Comparison of the ten templates which were operated through measured
cubes in the DCS 1800 frequency band. The number in brackets is the amount of
positions building the template.
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UMTS UHF UHF
(AOAO11) | (AOAO11) | (AOAO11)

Templates 15cm 15¢cm 7.5cm
Area (12) MAX [%] 235 28.6 20.7
MIN [%] -17.7 -34.6 -32.0

Area (9) MAX [%] 24.6 94 23.0
MIN [%] -14.6 -23.7 -12.7

Cube (8) MAX [%] 31.3 422 53.0
MIN [%] -26.1 -26.8 38.1

Area (8) MAX [%] 32.0 35.7 28.6
MIN [%] -21.4 34.1 -40.3

Line (7) MAX [%] 26.5 425 27.8
MIN [%] -22.6 -37.6 -30.5

Area (4) MAX [%] 45.0 45.3 56.8
MIN [%] -31.3 -42.5 -41.1

Line (4) MAX [%] 40.0 70.2 353
MIN [%] -34.5 -44.1 -47.9

Line (3) MAX [%] 424 78.0 48.8
MIN [%] -36.2 -50.1 -50.1

Linepmedivm (3) | MAX [%] 39.3 60.7 44.6
MIN [%] -28.1 -50.2 -42.3

Lineyy (3) MAX [%] 42.8 31.7 45.5
MIN [%] -31.2 -29.7 -28.4

Table 63: Comparison of the ten templates which were operated through measured
cubes in the UMTS frequency band and the UHF frequency band. The number in

brackets is the amount of positions building the template.
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deviations regarding the global mean than an area template with only 4 positions
- referring to Table 61, Table 62 and Table 63). But this statement is only valid
in combination with the size of the area (in case of two-dimensional and three-
dimensional templates) covered by a template. For example the area template con-
sisting of nine Positions covers a much bigger area than the template consisting of
12 positions (see Figure 205) and therefore delivers mean values with less deviation
to the global mean value than the template with 12 positions. This means, that tem-
plates with a smaller number of positions which are covering a bigger area might
deliver field strength values closer to the global mean value. It might be obvious
when viewing the figures of the local distribution of the measurement data in Sec-
tion 3, Section 4 and Section 6. If a template covers a bigger area the probability
that spots with higher field strength values are included in the positions building the
template is higher and delivers therefore mean values closer to the global mean.

Two-dimensional templates seems to deliver smaller deviations between the
mean value of the template and global mean value compared to three-dimensional
templates with an equal number of positions. This could also be manifested with the
argument that the size of the area covered by a template is important for statements
of the accuracy regarding the global mean value.

Now the behavior of the deviations of each template on certain positions should
be tested more exactly. When applying a template in a measurement campaign it is
very important to know what the measured field strength values are compared to the
global mean. This means that there must be the knowledge of what the measured
values are representing. The maximum and minimum deviations of the different
templates are known but when a measurement procedure delivers a mean value of
a template it doesn’t say if this value is higher or lower regarding the global mean,
therefore the deviations must be well investigated. In a next step the directions of the
deviations (in positive and negative direction regarding the global mean value which
means that the mean values build by templates on different positions within the cube
are higher or lower regarding the global mean value) of the different templates were
examined for the different frequency bands. The results are displayed in Table 64
and Table 65.

It can be seen, that in most cases the maximum deviation occurs in the positive
direction which would be an overestimation of the global mean value. In the GSM
900 frequency band 94% of the mean values of different templates are higher than
the global mean value, in the DCS 1800 frequency band 83% of the mean values of
the templates are higher than the global mean. Only one cube was measured in the
UMTS frequency band and therefore only one maximum and minimum deviation
for each template could be derived. Table 65 shows that all mean values of the
templates are higher than the global mean value of the UMTS cube which would
be an overestimation. The TV channel (UHF) delivers values which differ from
this trend because only 65% of the mean values from templates are higher than the
global mean value.
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Templates GSM 900 DCS1800
above | below | [%] | above | below | [%]
Area (12pt) 4 1 80 2 | 67
Area (9pt) 5 0 100 | 2 33
Cube (8pt) 5 0 100 2 | 67
Area (8pt) 4 | 80 2 1 67
Line (7pt) 5 0 100 3 0 100
Area (4pt) 5 0 100 3 0 100
Line (4pt) 5 0 100 3 0 100
Line (3pt) 5 0 100 3 0 100
Linemedivm (3pt) 4 1 80 3 0 100
Lineggrge (3pt) 5 0 100 3 0 100
TOTAL 47 3 94 25 5 83

Table 64: This table shows how many percent of the deviations are above the global
mean value, which is important for measurement campaigns to estimate the prob-
ability if the measured value delivered from the template is above or below the
global mean value. Most of the deviations to the global mean value are below the
measured value of the template. The percentage shows how many measured values
of the different templates are above the global mean value of a whole cube.
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Templates UMTS UHF - FS ORF2

above | below | [%] | above | below | [%]

Area (12pt) 1 0 100 0 2 0
Area (9pt) 1 0 100 1 50
Cube (8pt) 1 0 100 2 0 100
Area (8pt) 1 0 100 1 50
Line (7pt) 1 0 100 1 50
Area (4pt) 1 0 100 2 0 100
Line (4pt) 1 0 100 1 1 50
Line (3pt) 1 0 100 1 1 50
Linemedium (3pt) 1 0 100 2 0 100
Lineyyrge (3pt) 1 0 100 2 0 100
TOTAL 10 0 100 13 7 65

Table 65: This table shows how many percent of the deviations are above the global
mean value, which is important for measurement campaigns to estimate the prob-
ability if the measured value delivered from the template is above or below the
global mean value. Most of the deviations to the global mean value are below the
measured value of the template. The percentage shows how many measured values
of the different templates are above the global mean value of a whole cube.
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But before we make any further conclusions those results should be investigated
more detailed. Not only the maximum deviations of the mean value of a template
compared to the global mean value of a cube should be evaluated but every mean
value of a template should be tested regarding the global mean value.

Therefore the positive and negative deviations for the templates should deliver
a better overview of the behavior of the mean value of templates compared to the
global mean. For each template moved through a cube the positive deviation (which
means that the mean value of a template on a certain positions within the cube is
higher compared to the global mean value) or the negative deviation (which means
that the mean value of a template is lower compared to the global mean value) was
counted to estimate if there is a trend that mean values derived from templates tend
to be lower or higher than the global mean value. This should give an idea of how
the mean value of templates are compared to the global mean value. The results
are displayed in tables. The deviations of templates moved through cubes which
were evaluated in the GSM 900 frequency band are displayed in Table 66, for the
deviations of templates moved through cubes examined in the DCS 1800 frequency
band Table 67 shows the results, for UMTS Table 68 and for the TV channel (UHF)
refer to Table 69.

Those four Tables (Table 66, Table 67, Table 68 and Table 69) are showing
how many mean values of templates are lower or higher compared to the global
mean value of a cube (second column and third column), the average deviation of
all mean values of templates which are lower compared to the global mean value
(fourth column) as well as the average deviation of all mean values of templates
which are higher than the global mean value (fifth column) is derived as well. The
last column shows how many percent of the templates deliver values higher than the
global mean value. If those values are below the 50 % border, more mean values of
a specific template are lower than the global mean value and the other way around.
The bold values in column two and three should highlight the amount of values
which are higher.

By visual inspection of those Tables (Table 66, Table 67, Table 68 and Table 69)
it can be seen that templates with lower mean values compared to the global mean
value are dominating in the GSM 900 frequency band and also at UMTS. Table 67
shows that the domination of lower values is not as high as in Table 66 and Table 68
but it still can be seen that more mean values of templates are lower than the global
mean value for each cube. The evaluation of the UHF TV channel shows, that there
is a balance of the amount of mean values which are lower or higher compared to
the global mean value.

Scenario lower | higher | neg. deviation | pos. deviation | % higher
[%0] [%] [%]
Line (3)
TOX 7 144 101 -14.43 17.75 41.2
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Scenario lower | higher | neg. deviation | pos. deviation | % higher
[%) (%] (%)
AO7AO011 (15cm) | 167 78 -17.9 13.71 31.8
AO07A011 (7,5cm) | 130 115 -16.64 27.1 46.9

CcC2-17 120 125 -17.8 20.83 51
Line (3 medium)

TOX 7 75 72 -14.26 10.54 49
AO7AO011 (15cm) | 92 55 -16.59 19.86 374
AO07AO011 (7,5cm) | 83 64 -14.16 29.73 43.5

CC2-17 79 68 -16.05 20.65 46.2

Line (3 large)

TOX 7 35 14 -13.33 17.75 28.6
AO07AO011 (15cm) 19 30 -15.3 22.67 61.2
AO7AO011 (7,5cm) | 25 24 -12.63 16.43 49

CC2-17 29 20 -19.2 22.62 40.8

Line (4)

TOX 7 116 80 -12.83 14.53 40.8
AO7AO011 (15cm) | 145 51 -17.07 11.99 26
AO07AO011 (7,5cm) | 106 90 -15.51 20.21 459

CC2-17 99 97 -16.29 20.65 49.5

Line (7)

TOX 7 25 24 -10.96 11.42 49
AO07A011 (15¢cm) 28 21 -10.68 14.24 429
AO7AO011 (7,5cm) | 27 22 -13.68 16.78 449

CcC2-17 27 22 -15.72 19.3 449

Area (4)

TOX 7 134 118 -12.6 13.46 46.8
AO07AO011 (15cm) | 159 93 -16.36 12.64 36.9
AO7AO011 (7,5cm) | 151 101 -16.53 20.07 40.1

CcC2-17 120 132 -17.77 17.86 52.4

Area (8)

TOX 7 92 76 -10.99 9.16 45.2

AO7AO011 (15¢cm) | 114 26 -12.1 4.27 15.5
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Scenario lower | higher | neg. deviation | pos. deviation | % higher
[%) [%] [V%]
AO7AO0I11 (7,5cm) | 95 73 -14.25 17.89 43.5
CC2-17 78 90 -15.93 17.17 53.57
Area (9)

TOX 7 23 12 -11.56 8.96 343
AO07AO0I1 (15cm) 14 21 -12.42 4.27 60
AO7AO0I1 (7,5cm) | 21 14 -9.64 15.77 40

CC2-17 23 12 -15.93 21.56 343

Area (12)

TOX 7 82 58 -1.7 7.7 41.4
AO07AO011 (15cm) | 114 26 -14.2 7.7 18.6
AO7AO011 (7,5cm) | 80 60 -13.6 16.1 429

CC2-17 65 75 -15.8 16.2 53.6

Cube (8)

TOX 7 111 105 -11.23 11.47 48.6
AO7A011 (15cm) | 139 77 -13.05 9.78 35.7
AO07AO0I1 (7,5cm) | 115 101 -14.6 18.68 46.8

CC2-17 106 110 -12.85 14.94 50.9

Table 66: GSM 900 - detailed overview of the deviations of
different templates in different scenarios. This table shows
how many mean values of a template are lower or higher than
the global mean value
Scenario lower | higher | neg. deviation | pos. deviation | % higher
[7%] [%] [%]

Line (3)

AO7AOI1 (15cm) | 126 119 -16.7 22.8 48.6
AO07AOI1 (7,5cm) | 118 127 -16.4 19.8 51.8

CC2-17 137 108 -124 18.3 44
Line (3 medium)

AOQ7AOI11 (15¢cm) 95 52 -15.1 229 354
AOQ7AOI1 (7,5cm) | 71 76 -15.6 16.8 51.7
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Scenario lower | higher | neg. deviation | pos. deviation | % higher
[7%] [%]) [7%)
CC2-17 83 64 -11.8 9.8 43.5
Line (3 large)

AOQ7AO011 (15cm) 14 35 -12.7 30.5 71.4

AO07AO011 (7,5¢cm) 31 18 -16.4 10.3 36.7
cC2-17 29 20 -11.6 11 40.8
Line (4)

AO07A011 (15¢cm) 91 105 -13.5 22.1 53.6

AO07AO011 (7,5cm) | 84 112 -16.9 17.1 57.1
CC2-17 99 48 -15.1 13.3 32.7
Line (7)

AOQ7AO011 (15¢cm) 30 19 -12.2 19.3 38.8

AO07AO011 (7,5cm) | 22 27 -14.9 12.1 55.1
cC2-17 25 24 9.3 10 49
Area (4)

AO07AO011 (15cm) | 136 116 -20.25 204 46

AO07A011 (7,5cm) | 129 123 -16.3 21.5 48.8
CcC2-17 138 114 -14 16 45.2
Area (8)

AO07AO011 (15cm) 75 93 -12.2 20 55.4

AOQ7AO011 (7,5cm) | 68 100 -14.5 13.5 59.5
CcC2-17 85 83 -12.9 10.9 494
Area (9)

AOQ7AO011 (15cm) 10 25 -8 274 71.4

AO07AO011 (7,5cm) | 22 13 -13.3 9.6 37.1
CC2-17 21 14 -9 8.1 40
Area (12)

AO07AO011 (15cm) 62 78 -11.1 18.5 55.7

AOQ7A011 (7,5cm) | 56 84 -12 12.63 60
cC2-17 71 69 -11.5 9.5 49.3
Cube (8)

AOQ7AO011 (15cm) | 122 94 -14.7 19 43.5
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Scenario lower | higher | neg. deviation | pos. deviation | % higher
[%] [%] [7]
AO07AO11 (7,5cm) | 108 108 -14.2 16.4 50
CC2-17 113 103 -11.9 12.3 47.7
Table 67: DCS 1800 - detailed overview of the deviations of
different templates in different scenarios. This table shows
how many mean values of a template are lower or higher than
the global mean value.
Scenario lower | higher | neg. deviation | pos. deviation | 7 higher
[%] [%] [%]
Line (3)
AO7AO011 (15cm) | 140 105 -10.9 11.11 429
Line (3 medium)
AO07A011 (15cm) | 83 64 -10.34 11.44 43.5
Line (3 large)
AO07AO011 (15cm) | 20 29 9.4 13.08 59.2
Line (4)
AO07AO011 (15cm) | 110 86 -10.48 10.19 43.9
Line (7)
AO7AO011 (15cm) | 22 27 -10.45 8.51 55.1
Area (4)
AO07AO011 (15cm) | 143 109 -9.64 10.2 43.3
Area (8)
AO7AO11 (15cm) | 90 78 -8.99 7.79 46.4
Area (9)
AO7AO11 (15cm) | 12 23 -5.94 8.69 65.7
Area (12)
AO07AO011 (15cm) | 77 63 -7.68 6.38 45
Cube (8)
AO07A011 (15cm) | 117 99 -8.43 8.6 45.83
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Scenario lower | higher | neg. deviation | pos. deviation

% higher

[%] [76]

[7]

Table 68: UMTS - detailed overview of the deviations of
different templates in different scenarios. This table shows
how many mean values of a template are lower or higher than

the global mean value.

Scenario lower | higher | neg. deviation | pos. deviation | % higher
[76] [7%0] [%0]

Line (3)

AQ07AO011 (15cm) | 117 128 -19.3 243 52.2

AO07AO0I11 (7,5cm) | 148 97 -16.9 14.7 39.6

Line (3 medium)

AQ7AO011 (15¢m) 74 73 -18.6 20.4 49.7

AO07AO011 (7,5cm) | 82 65 -15.5 15.7 44.2

Line (3 large)

AQ7AO011 (15cm) 30 19 -13.9 10.2 38.8

AO07AO011 (7,5cm) | 21 28 -13.4 17.9 57.1
Line (4)

AOQ7AO011 (15¢m) 93 103 -17.8 24.8 52.6

AQ7AO011 (7,5cm) | 116 80 -17.2 12.5 40.8
Line (7)

AQ7AO011 (15¢cm) 24 25 -17.2 16.5 51

AOQ7AO011 (7,5cm) | 25 24 -14.3 14.8 49
Area (4)

AO07AO011 (15cm) | 106 146 -11.7 14.2 57.9

AQ7A011 (7,5cm) | 147 105 -15.8 114 41.7
Area (8)

AQ7AO011 (15¢m) 47 121 -10.6 11.3 72

A07A011 (7,5cm) | 105 63 -13.6 7.7 37.5
Area (9)

AQ7A011 (15¢cm) 25 10 -7.8 4.5 28.6

AQ07A011 (7,5cm) 9 26 -5.9 8.7 74.3
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Scenario lower | higher | neg. deviation | pos. deviation | % higher
[%] [%] [%]
Area (12)
AOQ7AOIL1 (15cm) | 48 92 -9.1 10.6 65.7
AO07AO011 (7,5cm) | 90 50 -9.7 5.7 35.7
Cube (8)
AOQ7AO011 (15cm) | 79 137 -8.4 11.9 63.4
AO07AO011 (7,5cm) | 131 85 -13.3 10.5 394

Table 69: UHF - detailed overview of the deviations of dif-
ferent templates in different scenarios. This table shows how
many mean values of a template are lower or higher than the
global mean value.

7.3 Statements Regarding the Deviations of the Mean Value:
Templates - Measured Cubes

Statements regarding the ten templates are made in this chapter. Those statements
should lead to useful averaging procedures and estimations regarding the global
mean value by only measuring a few positions.

Table 64 and Table 65 are displaying the behavior of the maximum and mini-
mum deviations. Table 64 shows, that 94 % of the deviations are values higher than
the global mean value of templates moved through the measured cubes in the GSM
900 frequency band. This means that the measured values are an over estimation.
83% of the deviations of templates operated through the measured cubes in the DCS
1800 frequency band are higher than the global mean value, again this would be an
over estimation.

Due to the fact that only one cube was investigated in the UMTS frequency band,
the result might be not so representable but are showing a similar trend than the
maximum and minimum deviations of the templates moved through cubes measured
in the GSM 900 and DCS 1800 frequency band. Again, all deviations are showing a
maximum which is higher than the global mean (see Table 65), which results in an
over estimation. A more balanced result can be found in Table 65 in the UHF - FS
OREF2 frequency band. Only 63% of the deviations are higher than the global mean
value. But not only the maximum and minimum deviations should be taken into
account every single deviation of a mean value build by a template and compared
to the global mean value should be observed. As the previous section showed,
this might give a more detailed insight into the behavior of templates. Regarding
Table 66, Table 67, Table 68 and Table 69 more deviations of the mean value of
templates compared to the global mean value are lower which results in an under
estimation.
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The following Tables (Table 70, Table 71, Table 72 and Table 73) should give an
overview of the deviations of the different templates for each frequency band. Those
Tables show the probability of failures made by measuring only a few positions
instead of a whole cube.

These Tables should provide a good overview of the probability of failure for
each of the different templates. For example by using the line template consisting
of 7 positions (Line (7)) for a measurement in the GSM 900 frequency band the
probability that the mean value derived by the 7 measured positions is lower than
the global mean value is 54.6%. The average deviation is -12.8% regarding the
global mean. The probability that the derived mean value is higher than the global
mean value is 45.4% with an average deviation of 15.4%. The knowledge of the
probability as well as the average deviation in both directions (negative and posi-
tive) is very important because during a measurement procedure you do not have
any information of the global mean value you only have a value derived by the
positions building the template. The global mean value might by lower or higher
than the measured value, therefore we need the information of the probability that a
measured value is lower or higher compared to the global mean value.

With the help of those four Tables (Table 70, Table 71, Table 72 and Table 73)
estimations about the uncertainty of measurements with only a few measurement
positions can be made. It might seem that using such templates is a good approach
for estimations of the global mean value because Table 70, Table 71, Table 72 and
Table 73 are showing, that the average deviations of the templates regarding the
global mean value are in a very small range. For example in the GSM 900 frequency
band the deviations vary from -16.7% to 20.2%, in the DCS 1800 frequency band
from -16.9% to 20.3%, in the UMTS frequency band from -10.9% to 13.1% and in
the UHF frequency band from -18.1% to 19.5% regarding the global mean. This
means that the maximum deviations are in the range of only approximately 20%
regarding the global mean value.

227



GSM 900 lower | higher | neg. dev. | % lower | pos. dev. | % higher
[%] [%] [%] [7]
Line (3) 561 419 -16.7 57.2 19.9 42.8
Line (3 medium) | 329 259 -15.3 56.0 20.2 44.0
Line (3 large) 108 88 -15.1 55.1 19.9 44.9
Line (4) 466 318 -15.4 594 16.9 40.6
Line (7) 107 89 -12.8 54.6 154 454
Area (4) 564 444 -15.8 56.0 16.0 44.0
Area (8) 379 265 -13.3 58.9 12.1 41.1
Area (9) 81 59 -12.4 57.9 12.6 42.1
Area (12) 341 219 -12.8 60.9 11.9 39.1
Cube (8) 471 393 -12.9 54.5 13.7 45.5

Table 70: This tables shows the probability of failures made by measuring only a
few positions instead of measuring a whole cube. For the GSM 900 Frequency band
the probability of measuring a value lower or higher than the global mean with the
average deviation regarding the global mean value is shown here.

DCS 1800 lower | higher | neg. dev. | % lower | pos. dev. | % higher
[%] [%] [%] [%]
Line (3) 381 354 -15.2 51.8 20.3 48.2
Line (3 medium) | 249 192 -14.2 56.5 16.5 43.5
Line (3 large) 74 73 -13.6 50.3 17.3 49.7
Line (4) 274 265 -15.2 50.8 17.5 49.2
Line (7) 77 70 -12.1 524 13.8 47.6
Area (4) 403 353 -16.9 533 19.3 46.7
Area (8) 228 276 -13.2 45.2 14.8 54.8
Area (9) 53 52 -10.1 50.5 15.0 49.5
Area (12) 189 231 -11.5 45.0 13.5 55.0
Cube (8) 343 305 -13.6 52.9 159 47.1

Table 71: This tables shows the probability of failures made by measuring only
a few positions instead of measuring a whole cube. For the DCS 1800 Frequency
band the probability of measuring a value lower or higher than the global mean with
the average deviation regarding the global mean value is shown here.
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UMTS lower | higher | neg. dev. | % lower | pos. dev. | % higher
[%] [%] [%] [%]
Line (3) 140 105 -10.9 57.1 1.1 429
Line (3 medium) | 83 64 -10.3 56.5 114 435
Line (3 large) 20 29 94 40.8 13.1 59.2
Line (4) 110 86 -10.5 56.1 10.2 43.9
Line (7) 22 27 -10.5 449 8.5 55.1
Area (4) 143 109 -9.6 56.7 10.2 43.3
Area (8) 90 78 -9.0 53.6 7.8 46.4
Area (9) 12 23 -5.9 343 8.7 65.7
Area (12) 77 63 -1.7 55.0 6.4 45.0
Cube (8) 117 99 -8.4 54.2 8.6 45.8

Table 72: This tables shows the probability of failures made by measuring only a
few positions instead of measuring a whole cube. For the UMTS Frequency band
the probability of measuring a value lower or higher than the global mean with the
average deviation regarding the global mean value is shown here.

UHF (FS ORF2) | lower | higher | neg. dev. | % lower | pos. dev. | % higher
[%] [%] [%] [%]
Line (3) 265 225 -18.1 54.1 19.5 45.9
Line (3 medium) 156 138 -17.1 53.1 18.1 46.9
Line (3 large) 51 47 -13.7 520 14.1 48.0
Line (4) 209 183 -17.5 533 18.7 46.7
Line (7) 49 49 -15.8 50.0 15.7 50.0
Area (4) 253 251 -13.8 50.2 12.8 49.8
Area (8) 152 184 -12.1 45.2 9.5 54.8
Area (9) 34 36 -6.9 48.6 6.6 514
Area (12) 138 142 9.4 493 8.2 50.7
Cube (8) 210 222 -10.9 48.6 11.2 514

Table 73: This tables shows the probability of failures made by measuring only a
few positions instead of measuring a whole cube. For the UHF Frequency band
the probability of measuring a value lower or higher than the global mean with the
average deviation regarding the global mean value is shown here.
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8 Discussion and Conclusion

In the frame of this project 20 measurement campaigns and one simulation were
performed. This means more than 3900 measured positions, as well as 3600 sim-
ulated positions. In addition, over 90000 measured samples were delivered from
10 continuous measurement campaigns. The measurements were performed in the
frequency band of VHF, UHF, GSM 900, DCS 1800 and UMTS.

No reproducible relation between descriptors of scenarios and laws of field dis-
tribution could be found. The measurement campaigns showed, that the variation
between the maximum value and the mean value varies between 887.0%Z (mea-
sured in Room CC2-17 at GSM 900 in an area measurement campaign) and 4.6 T?n‘l
(measured in Room TOX 7 at GSM 900 in a cube measurement campaign).

Assignments of functions to the field distributions like Normal, LogNormal
or Rayleigh were found only for some measurement campaigns. The simulation
showed, that numerous distributions are possible within one single room which
means, that a distribution function might not be representative for one specific sce-
nario.

The averaging methods showed that different templates are delivering differ-
ent results. Following conclusions about templates are referring to templates with
approximately similar amount of measuring positions. It might seem that one-
dimensional templates with a bigger distance between the measuring positions are
more suitable for statements regarding the global mean value. The investigations
showed, that line templates with a bigger distance between the three measuring po-
sitions are delivering mean values with smaller deviations regarding the global mean
value. Two-dimensional templates might be better suited than three-dimensional
templates because two-dimensional templates are comprising a bigger area than
three-dimensional templates with an equal number of measuring positions and equal
distances between the measuring positions. Geometrical figures with a smaller num-
ber of measuring positions which comprise a bigger area are better suited than tem-
plates with more measuring positions comprising a smaller area.

Templates used in this project delivered deviations between -16.9% (DCS 1800)
and 20.3% (DCS 1800) regarding the global mean value. It might seem that such
templates are a good approach for statements regarding the global mean value. The
reduction in the amount of time needed for measuring only a few positions than
measuring 343 positions is tremendous, while the results of the different templates
showed only smaller (in the range of approximately 20%) deviations regarding the
global mean value.
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Appendix
A Far Field Calculation

For the Mobilkom Austria measurement campaign the far field was calculated for
the GSM 900, DCS 1800 and the UMTS frequency bands. Following Equation 27
was used to calculate the power density Sy ax:

P.-(AG-CF
Syax = El'ﬂ-dQ ) 27)

P is the input power in the unity of [W], AG is the antenna power gain in the
unity of [1] and d is the distance in the unity of [m] to the antenna. Sj;4x 1S in the
unity of [W/m?]. A correction factor (CF) must be evaluated from each antenna
pattern and has to be subtracted from the antenna power gain. The antenna power
gain must be in the unity of [1] instead of [dB] which is displayed in the antenna
pattern. The value can be calculated by following Equation 28:

AG1ap)~CFHy o ~CFV gy

AG-CF =10 10 (28)

C’FH[ 45 18 the correction factor in the horizontal direction and C’Fv[ 45 18 the
correction factor in the vertical direction. Those two factors can be read off the
antenna pattern for each antenna.

Table 74 shows the values and the derived power Sy;4x. The seventh column
is derived by Equation 28 and the last column is derived by Equation 27. Column
three and four shows the angle in the horizontal («vg) direction and in (o) vertical
direction.



Frequency | AG | oy | ay | CFy | CFy | AG-CF P d Sirax

[dB] | [°] | [°] | [dB] | [dB] (1] (W] | [m] | [35]

A07A011

GSM900 | 18 | 30 | 22 | -2.7 |-21.5 0.24 5.01 | 33 | 8.78E-05

DCS 1800 | 18 | 30 | 22 | -27 | -19 0.43 15.85 | 35 | 4.39E-04

UMTS 175130 |22 -3 -20 0.28 10.3 | 37 | 1.69E-04

CC2-17

GSM 900 | 10.5 | - 6 0 -1 891 1 60 | 1.97E-04
TOX 7
GSM 900 | 105 - | 13 0 -2 7.08 1 200 | 1.41E-05

Table 74: Far field calculation for each frequency band. The last column shows the
power density Syrax.

B Antenna Factor and Cable Attenuation Factor

Table 75 shows the measured antenna factors for each frequency. The antenna fac-
tors are including the cable attenuations. After the measurement campaigns were
finished, the attenuation factors of the measurement antenna with the cable used for
all measurements as well as for the reference antenna with the cable used for all
measurements were tested.
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Frequency | Ref. Ant. | Measurement Ant.
incl. Cable incl. Cable
[MHz] [42] [42]
105.8 46.25 46.45
575.25 32.59 32.38
946.0 36.57 38.14
1812.4 45.75 44.88
21547 48.51 44.88

Table 75: Antenna Factors including the cable attenuation factors for all measure-
ments at the Mobilkom Austria for both, the reference antenna set up and the mea-
surement antenna set up.

'C COST 259

The European COST (Cooperation in Science and Technology) action 259[13],
named "Wireless Flexible Personalized Communications”, has developed a new
spatial channel model that describes the radio channel in both the delay and the an-
gular dimensions (azimuth and elevation). Many measurements have established,
that the multipath components show a clustered structure in delay and angular do-
main and references therein. The COST 259 directional channel model (DCM) is
highly accurate, because - in contrast to earlier models - it takes into account both
the inter- and the intra-cluster properties in delay and angular domains. Further-
more, it also includes microcellular environments, which are of increasing impor-
tance in today’s interference-limited networks. The COST 259 - DCM distinguishes
between different “radio environments” (e.g. typical urban macrocellular), each of
which is characterized by a set of 10-15 parameters[21].

The COST 259 - DCM consists of several layers in order to facilitate the distinc-
tion between large-scale and small-scale effects. On the top of this structure, there
is a subdivision into different radio environments, which describe a "canonical” ge-
ographical and morphological environment in which the base station and the mobile
station can be. It covers a total of 13 environments in macrocells (general typical
urban - GTU, general bad urban - GBU, general rural area - GRA and general hilly
terrain - GHT), as well as microcells and picocells[21].

The classification by means of morphology of sites is driven by a more subjec-
tive view on the channel - the human’s. Instead of the parameters observed by a
system - the delay, Doppler shift, spatial correlation - the parameters observed by
human beings - distance, building height, and room size - are taken as input to the
classification[29].

For the measurements performed during this project the characterization of only

1



two environments were used to characterize the investigated scenarios - GRA and
GTU.
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