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Predecessors of Mobile Phones

Car telephone system



2 Ké N’ Y20AtS 41XK2ySa

The target area is chopped into small cells such that each cell is covered
cell tower.

cell tower

covered cell

Advantages

A Close proximity to antennas
small batteries

Hexagon celplan A Communication frequencies can %
be reused without disturbance
from other antennas 3




Rooftop cell site
A Coverage up to 40 km

Small cell
A Coverage up to 2 k

Cell tower =B
A 3 antennas, each covering =
120° Indoor cell

A Coverageup to 40 km A Coverage 200 m




Simplified celtLJt | Yy X

o Cellsite (BTS)

* Cellantenna

O Cellcoverage area




I\/Iobile phone generations
s e esctaticion

Mobile radio telephone, used in car telephones. Mdnm@Er n Qa
1G Mobile analog telecommunications. 1981

2G GlobalSystem for Mobile Telecommunications (GSM) standard. 1991
Digitalencryption used. Introduction of SMS and MMS messages.

3G UniversaMobile Telecommunications Service (UMTS) and 2001
CDMAZ2000 standards. Introduction of mobile internet. 10 Mb/s

4G Mobile broadband data, including voice owata. Enabling video 2008
conferencing and cloud computing.
Download rates: el
- 100 Mb/s at high mobility (cars/trains) =
- 1 Gb/s at low mobility (pedestrians)

5G High speed mobile internet. Probably aroub@Gb/s. 2020 6




Signaling data / Call Detall Records
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Mobile phone usage
Signaling data

A 100 variables, e.g. A call(incl. being called) — Call Detail Record

A Antenna id A SMS(send and receive) (CDR) N
(geolocation) A Data(continuous logging) A Used for b|_|||ng

A Time/date _ A Every provider
A Country — should have
A Provider them
A Type of event Events trigged by movements,

A Hundreds of records per | ¢ g ‘handovers from one area =k

device per day (4G) to another. =l




Applications for Official Statistics

. Day Time Populationthe number of people in a certain region at a certain
time. Useful for visitor counts during events, infrastructure planning,
emergency management.

. Tourism statisticswhat places do they visit, where do they overnight, wher
do they come from?

. Commuting patternswhere do people live and work? How and when do th
commute?

. Urban planning / smart citywhat trips do people make in urban areas? By
what mode of transport? o

. Social networkingwho is connected to whom? =
. Natural disasterswhat are the migration flows over time?
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How to determine geolocation?

Voronoitessellation
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Assumptions:

A Allantennasare omnidirectional

A Areas do not overlap
\§ J

Cell tower

Area for which it is the nearest cell tower =
A device using the cell tower is supposed to be
somewhere in this polygon (uniform distribution) 9




Too T Do

Taking overlap into account

Bayesian approach ) )
w0 @Q0 09
0009 —5

wheregis a grid cell and an antenna

0 Q) specifies a prior probability that a device is in grid gell
0 @ serves as a normalization constant
0 @J°Q is the likelihood, which can be defined as:
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where s(g, a) the (relative) signal strength of antenan grid cellg
andd & is the set of grid cells covered Gy

Py
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Radiation plots for a specific antenna:

Angle w.r.t. main direction

Antenna Downtilt Angle  Beam Width

Signal deltadBm)

|

|<7 Distance 44

240X
. J (Hb-Hf)lTan(A) Downtilt 1 Hb -Hr
DISARCe = 5280 oo ( Distance x 5280 ) ‘
(Adt) =
Beam (simplified) for which (b) Cisco AIR-ANT2414S-R (c) Cisco AIR-ANT2414S-R
Azimuth Plane Pattern Elevation Plane Pattern

signal strength is good
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R packagenobloc

A Developed at Statistics Netherlands, as part of B®SneBig Data (WP 5)
A Process:

1. Setup signal strength model (interactive tool)

2. Check celplan data

3. Create coverage area per antenna (polygons)

4

Calculate the relative signal strength and likelihood per grid cell and
antenna.

5. Check results (interactive tool)
A https://qithub.com/MobilePhoneESSnetBigData/mobloc
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https://github.com/MobilePhoneESSnetBigData/mobloc

Signal strength
Setup location model (antenna directed to the east)

mobloc _
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mobloc

elevation
0 to 50
50 to 100
100 to 150
150 to 200
200 to 250
250 to 300
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Elevation data

Dots are antennas
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mobloc

Voronoitessellation

Needed to approximate
coverage area polygon
sizes (see next slide)




mobloc

Coverage area
polygons

Voronoiarea sizes
are used as a proxy

16




