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Spectrocan LS /telcom
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Dipl.-Ing. Roland G6étz,

member of the board of management of LS telcom AG, studied electrical
engineering and received his Dipl.-Ing. (M.S.E.E.) degree from the Technical
University Karlsruhe/Germany.

From 1993 to 1998 he was with L&S Hochfrequenztechnik GmbH in various
positions including that of head of Radio Network Planning Department. During this
period he worked on the specification of radio network planning software, technical
trainings, costumer support and RF planning projects.

From 1998 to 2000 he was managing director of the new founded L&S Radio
Communications GmbH performing radio network planning and consultancy services
in the field of wireless communications.

Since 2000 he has been a member of the board of management of the LS telcom

AG, responsible for the divisions consulting & engineering services as well as the
strategic business development.
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© LS telcom AG 2002



Spectrocan Lines of Business — Spectrum Management Systems LS /telcom

Software for Regulatory Authorities:

LICENSING

RADIO
REVENUE EQUIPMENT
TRACKING r DEALER
FREQUENCY
PLANNING J‘ * ‘ >
SpectrumDataBase

TECHNICAL |Q *

RADIO
STATION

TYPE
APPROVAL
CERTIFICATION

ANALYSIS

> SYSTEM
ADMINISTRATION

INTERNATIONAL

COORDINATION

RADIO
OPERATOR
CERTIFICATION

INSPECTIONS J

Interference-Free Frequency Bands for all Services and Operators

License Issuance and Monitoring of Licensing Conditions to Guarantee -
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Spectrocan Lines of Business — Radio Engineering Software Tools LS /telcom

Software for Network Operators

By use of LS telcom‘s comprehensive software solutions, clients
can perform all essential planning and management tasks, which
there are:

B Network calculations, dimensioning and analysis

B Coverage, frequency and traffic planning as well as market
opportunity simulations
B Site planning for base stations; database for existing radio
sites
B Management of sites and network elements " b1 1111100 4010

B Acquisition and maintenance of geo-data X !

fEJ LS “arcem CHIRplus_UMTS
I Brazid 4. 1.0%
1

| ) 1 1011 T TO0 T D10
& =S 00110 1 0] rnn‘m_f 0

B Terrain and field-strength profiles
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#

FPAID Limdanausarmat
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Spectrocan Lines of Business — Consulting Services LS 7/ telcom
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Our Consulting Team includes Spectrum Managers and RF Specialists, who have
managed Spectrum of various countries and assisted regulators worldwide.

Several hundred person years of experience and capability in:

B Radio Policy

B Frequency Planning
B Spectrum Operations
B Automated Tools

B Radio Monitoring

M Preparation of Tender Documents
B Feasibility Studies / Expert Surveys
M Process / Workflow Development
M Technical Concepts
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Spectrocan Lines of Business — Planning&Design of Radio Networks LS /telcom
-]

This comprises all sorts of planning services relevant to network
operators, regulatory organisations and system suppliers, including:

M coverage analysis

M license application support
M network planning and design
B network implementation and radio site qualification

W network optimisation: interferences analysis and
frequency plan optimisation

M geo data: consulting, generation, conversion and acquisition

Planning services are offered for all types of wireless communication systems.
Mobile networks (GSM900, UMTS), Trunking networks (Tetra, analog), Microwave
links, PMP, Air traffic control, Maritime services, Analogue broadcast (FM), Digital
audio broadcast (T-DAB), Digital video broadcast(DVB-T)
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Spectrocan Lines of Business — Trainings LS 7/ telcom

Trainings and Seminars

This comprises a wide variety of trainings in the whole field of
telecommunications, including:

M Basic- and Expert-seminars for our Software Solutions

M Expert trainings for Radio Network Planning (mobile,
microwave and broadcast services)

M Expert Trainings on Spectrum Management Tasks
B Seminars on radio site qualification and EMC

B Seminars on ,New technologies*

LS Training Center,

AIBD - Asia-Pacific
{i! Institute for Broadcasting
Germany a

- Development, Malaysia
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Supporting Network Planning Tools
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Spectrocan Modern Radio Network Planning Tools LS 7/ telcom

One fits All? for:

= basic coverage maps?

= interference calculations?

- network analysis?
—> ¢ <+ —»
< l > > T —

Mobile Communication Fixed Communication

= analog = Microwave (PtP) « FM = Satellite

« GSM = Point to Multipoint (PMP) = TV = Air Traffic Control
« 3G/ UMTS = Wireless Local Loop =« T-DAB = Maritime Services
= Trunking « DVB-T

= TETRA

= Land Mobile Systems 11
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Spectrocan Modern Radio Network Planning Tools LS 7/ telcom

Radio Network Planning Tool

[

Data / Result Output II
. T ——
= Terrain Data [
« ERP Network Processor
T —— =« Coverage Maps
= Antenna Pattern (W .
; s = Interference Analysis
= Transmitter Data Base jglerierence ANV . .
T — = Compatibility Calculations
=« Equipment Data | [ —_ L :
Frequency Plans Propagation Prediction = Coordination Calculations
y = = Channel/Frequency Assigments
« Traffic Data
Graphical User Interface = Frequency Plans
= Measurement Data T — :
P — = Network Analysis
. Data Management = Network Simulations
T ssssss—— :
”|:| In [ = Network Quality Maps
Geo Information System ...
m.
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Spectrocan Modern Radio Network Planning Tools LS 7/ telcom
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Radio Network Planning Tool

Data / Result Output

Network Processor

Interference Analysis

|

Propagation Prediction

Graphical User Interface

Data Management

Geo Information System
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Data Formats
Spectrocan LS /telcom

Modern Planning Tools typically use two basic Data Formats | Geo Information System

Vector Format Raster Format

Geographical features described as: Geographical region divided in
® Points equally spaced areas (pixel)
W Lines Only 1 valued information for each
M Polylines Lake pixel

e.g. B Elevation

B Names B Clutter
®m Contours
M Borders
B Roads
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Spectrocan bata Types LS /telcom

Geo Information System

Modern Radio Network Planning Tools are using Digital Terrain and Mapping Data for:

= Display, Visualisation and Overlay Functionalities

= Comprehensive Calculations and Analysis (Coverage, Availability...)

15
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Spectrocan Data Types LS /telcom

Overview Maps, Road Maps
Sources
National Ordnance Survey
Local Map Suppliers
International Flight Maps
Scales
1:10,000
1:50,000
1:200,000 / 1:250,000
1:500,000
>1: 1,000,000
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Spectrocan Data Types LS /telcom

...only used for Display, Visualisation and Overlay Functionalities Geo Information System

Satellite Images

Sources:
SAR - Satellite Airborne Radar
Optical Satellite Images
Aerial Photography

Resolutions:
0.2m
Im
10 m
35m
100 m
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Spectrocan Data Types LS /telcom

... also used for Calculations and Analysis Geo Information System

Topographical Data < Elevation Data A
DTM — Digital Terrain Model DTM
Elevation of earth surface
~
A
DEM - Digital Elevation Model A ri DEM
Elevation of earth surface
+ building height
-
L A -
Building BUIIdlng

Elevation of earth surface i
+ building height
Only at building areas >
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Spectrocan Data Types LS /telcom

]
DTM — Digital Terrain Model

Source
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Spectrocan Data Types LS /telcom
DEM - Digital Elevation Model Geo Information System
Source
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Spectrocan

Data Types

LS 7/ telcom

Source
>
A
clglgle
2| | 2| <
T|E| 2| @
+— = (&)
c| QI a|lwv
nlE| =| <
x|T| S|
<| | 0| ©
nlunl<|a
1000m
500m
c
o 200m
g 100m
— 50m
o)
wn 25m| x
& tom| [x[x
5m x | x
Im x | x

© LS telcom AG 2002

Building Data

Geo Information System




Spectrocan Data Types LS /telcom

.. also used for Calculations and Analysis Geo Information System

D B Ge% L

Clutter Data

T . | L i, '
3 gur‘* Wi PELE LA "f Source
o g T 7 i
Also called: Sl o e B L Tk ob . >
A AR o i =
©
Morpho i S| ¢ g 2
Land-Use ol £ B 2| <
2| T| E| |
Land-Coverage -~ § e 5 &
Slo| T| 8| B
: : s|<| 5| T| &
Stores information about the Slal Sl <! S8
coverage of the earths 1000m| x
surface, like: 500m| x
=  Water S_ 200m| x
- Agricultural land =, L e ]
o 50m| x | x
= Forest O eml x [ x | x
= Village F__10m] x x | x
= Industrial smj x x | X
= Urban Im| x x | x
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Spectrocan Data Types LS /telcom

... for special Calculations and Analysis Geo Information System

=« Radio Climatic Zones

= Rain Rates

= Sea Level Surface Refractivity NO
= Electrical ground Conductivity

= Population Density
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Live
Planning Tool Demonstration
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Design Tool for Planning & Optimizing
Mobile Networks



Spectrocan Turn Key Data Services LS /telcom
- 7

= The Quality of the Planning results are strongly dependend on the the type
and quality of the used data.
«The best data for the planning job have to be found considering the costs.

Turn Key Data Services

Generation of Digital Terrain Data Software Tool

DTM, Clutter,Population, Traffic, Conductivity
Conversion of Customer Data
Conversion between different file formats

CATCHit

Transformation between different Coordinate Systems
Integration into LS telcom tools

Terrain data

Local Coordinate Systems
Independent Evaluation of

Available data on the market

Best quality < price relation
Consulting

& < T
4 25
© LS telcom AG 2002




Spectrocan

Modern Radio Network Planning Tools LS 7/ telcom

© LS telcom AG 2002

Radio Network Planning Tool %—
Data Management

Data / Result Output

Network Processor

Interference Analysis

|

Propagation Prediction
T essss—
[
Graphical User Interface

Data Management

Geo Information System




Spectrocan Data Management LS /telcom

. . .
What is the Minimum Set of Data you need to perform a ———

Basic Coverage Prediction?

e Coordinates of the Transmitter

. e, Tw No.l
* Radiated Power
° Frequency Freg. : 93.0000 MH=z
}_ERP : l.0000 kW
 Antenna Pattern Ant.H.: 40.00 m
4rM : ND
Long. : 0O0SEZ3 33.394
OoMZa 53.552
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What other kind of Data have to be managed and Why?

= Data describing the Transmitter

« Antenna

= all technical parameters (power range, frequency range, sensitivity...)
=« Data describing the Network

= Sites

= Cells, Sectors, links

= Neighbouring relations

= frequency plans, frequency rasters
= Data describing Interfering Networks

= Same service other operators

= Other services

= iN other countries

28
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Spectrocan Data Management LS /telcom

What other kind of Data have to be managed and Why? E——

= for Tool Administration

= Libaries
= User / Role

= Antenna Equipment
= Password

= Transmitter Equipment
= System Layout _ _
= Recelver Equipment

= Result Data Base
» Coverage Maps
= Interference Relations
= Network Analysis
which have been performed in the past

29
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Spectrocan Example: Microwave Link LS /telcom

Data Management

Gain Gain
Pathloss >
< >
— Antenna /"
EIRP
Feeder Loss Feeder Loss

Branching Loss Branching Loss
Connector Loss

Connector Loss

T - ~ ]}
Tx Power L U U Device I Receive Level

Site 1 4-\ / Site 2
— —— Operator —

30
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Spectrocan Example: Microwave Link LS /telcom

Data Management
Microwave Link

— ) /\( —
Operator A Operator B

% ;415??,'/« Raster %

Antenna ( Device (DIVEI‘SIty Antenna ) Antenna ( Device (DIVGFSIW Antenna )

/N / N\

Receiver Transmitter Receiver Transmitter I
1
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Spectrocan

Database Concepts

LS 7/ telcom

Information Database

Data Management

Central DB
Hmmm I':H B roian 10w
Pt a i : | Hetwesii :
= =
T 0 e |

=

T irda D8 »
Elmchup ]
et

i

Update IDB (area or project status)

1 st b D' 1 ¥

Client A

i
i

|

Client B

I
:
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Spectrocan LS /telcom

Data Management

Detailed Data Information
= are necessary to perform comprehensive network analysis / optimisations

An comprehensive Data Management

= allows keeping all network data in one central data base
= makes daily work easier (Libraries)

33
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Spectrocan Modern Radio Network Planning Tools LS 7/ telcom
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Radio Network Planning Tool %—

Graphical User Interface

e

Data / Result Output

Network Processor

Interference Analysis

Propagation Prediction

Graphical User Interface

[P
Data Management

Geo Information System
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Spectrocan

Spreadsheets

LS 7/ telcom

Spreadsheets offer a view on database tables.
All records of the related database table (e.g all sectors) can be edited:

Network WorkDB:Sector

BTS Name | Azimuth Antenna Height | Downtil| EIRP dBm Antenna Name Sitenam.~.
1 Site1_1 0.0 35.0 0.0 50.0 Omni Demo Sit
2 SiteZ_1 8.0 35.0 0.0 50.0 Antenna 65" Demo Sit
3 SiteZ 7 iZEE 35,8 8.8 54,0 Antengs bE Demo Sity
4 Site2 3 2400 35.0 0.0 50.0 Antenna 6b" DemoLitd |
5 Site3d 1 258 15.0 5.0 50.0 Antenna 90° Sitel
b Site3_2 45 15.0 0.0 50.0 Antenna 90° Sitel
7 Site3_3 Laﬁ{. 15.0 0.0 50.0 Antenna 90° Sitel
] Sited 1 85 ;/ 25.0 0.0 50.0 Antenna 90° Demo Sit{=

/ sl '

Graphical User Interface

Each row contains
information for one
object e.g Antenna
type, antenna
height, azimuth etc.
for a specific sector

Each column stands for one specific database field e.g Antenna Height

The following options are available to work with spreadsheets
M Edit functions

B Query Functions
B Functions to change the layout of the spreadsheet

B Functions for graphical display of the spreadsheet data

B Import / Export Functions
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Spectrocan

Editors

LS 7/ telcom

Editor views allow to edit all data related to a specific object

© LS telcom AG 2002

[ Mutual Interf. T Models

]

[ Power | CAEData |Rast Results| ARFCN | Special Freq. | Neighb. Cells

escription anaqger opolo alc. Hesults ransceiver ntenna
D ipti L | q Topology Calc. R | T i A

Site Name Demo Sitel

Project Status Phase 1 Hubei Training

Sector Name  Sitel 1 53{:;:‘( 2:::: Training System
cl K LAC E |
Cell Type: Partition INurmaI Cell j
Coverage ISingIe cell j Range INurmaI Cell j

] Radius  [0.000 | km

Dimension IMacrncell

Cell Class IUHBAN

j [T External Cell

GSM 900

System Technology
|VGSM 900

" Border Cell

_l I} Repeater

P

Refel

v‘\w

ok Fpply

Cance|

*|e

Detault

First Prey. Next

Last

Graphical User Interface
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Spectrocan Working Window LS /telcom

Graphical User Interface

B GE st
Men P 2T
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Spectrocan Task: Creating new Sites LS /telcom

Graphical User Interface

) _ < Activate the site tool
1. Graphically on a map: = Click on a pixel on the map

L U#_:Tllm[s‘tﬁ!fﬁ

Co-ordinates from
selected position on map

2. In the site table:

Microwawve Link 3 [
Librarie= 3 .
Diedede: .
E arthstation - — Enter co-ordinates
Tranzmitter ool ELt Lk e [k manually
Receiver [Aoe 3
Fazziv Deflection Makasd Aimai k
. Cighsrrera k
Interferer-ictim
Eat U
IDE ¢ Frableplace
.

38
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Live
Planning Tool Demonstration

Zo N

-\
5

/

» MULTIlink"

Design Tool for Engineering Microwave Links
and PMP /WLL / LMDS Planning
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Modern Radio Network Planning Tools LS 7/ telcom
-

Radio Network Planning Tool

Data / Result Output

Network Processor

Interference Analysis

Propagation Prediction
T essss—
[
Graphical User Interface

Data Management

Geo Information System

L

Propagation Prediction




Spectrocan Wave Propagation Effects LS /telcom

Propagation Prediction

refraction tropospheric effects

Atmospheric Absorption Loss
f>10 GHz

free space propagation Rain Attenuation
f>5GHz

diffraction
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Spectrocan Refraction LS /telcom

The refraction of the VHF/UHF signal in the troposphere causes an

enhancement of the radio horizon compared to the geometric horizon

Low density
K=1,
homogene Atmosphere K= 4/3 Standard

Atmosphere

— —
— —
— — _——

Earth Radius
@

0 4 8 12 16 20 24 28 32 36 40

Distance in km 42
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Spectrocan Diffraction LS /telcom

Diffraction;

B asignal could be received even if there is no line of sight

B diffraction means also an attenuation of the wave.

B higher frequency -> higher diffraction attenuation.

= replace obstacles by Knife-edges

43
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Spectrocan Reflection LS /telcom

2
d2:d2T+d2R dl:\/d2+(hR_hT)

_ !fi 1 ;
9 :

; 0 o\
Lo
|
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Spectrocan Scattering LS /telcom

Propagation Prediction

from point from rough surface from volume

\

E
vl | A

analytical model for sphere modified reflection coefficient radiative transfer theory
numerical techniques statistical models

45
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Spectrocan Wave Propagation Models VHF/UHF LS 7/ telcom

Modern Radio Network Planning Tools offer a wide range of
Propagation Models |_Propagation Prediction |

Information models
Sight Check
Sight Check (Fresnel)

Physical models
Free space
Epstein-Peterson

Empirical models
Okumura-Hata

Mixed models
Longley-Rice
ITU-R P.370
ITU-R P.1546
GEG

L&S VHF/UHF
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Spectrocan

Models and Frequency Ranges LS
]

telcom

Okumura Hata Model 2 1,56ﬂ 2GHz
ITUS30 Microwave Model 800MHz 70GHz
ITU452 Microwave Model 800MHz 70GHz
Walfish Ikegami Model 800MHz 2GHz
Okumura Hata Model 1 150MHz
Longley Rice Model 30MHz 40GHz
Aeronautical Model 30MHz 30GHz
Flat Earth Model 30MHz
Egli Urban Model 30MHz 10GHz
HCM Model 30MHz
ITU370 Model 30MHz 1GHz
ITU 567 Model 30MHz 1GHz
CEPT Model 30MHz
ITUS33 Shortwave Model sz [ somz
Sky Wave Model 150kHz ﬁ 1,7MHz
Ground Wave Model 10 kHz 30 MHz
Free Space Model
| | | | | I | I | I |
30 Hz 300 Hz 3KHz 30KHz 300 KHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GHz
VLF LF | MF HF VHF UHF SHF EHF

© LS telcom AG 2002
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Spectrocan Sight Check LS /telcom

performs line of sight (LOS) check

result sight [
no sight [
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Spectrocan

Sight Check (Fresnel) LS /telcom

performs extended line of sight (LOS) check

result

© LS telcom AG 2002
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sight, no obstacles within 15t Fresnel zone

[ ] sight, but obstacle within 15t Fresnel zone




Spectrocan Free Space LS /telcom

. . Propagation Prediction
—ERP=1W ——

180 .
160 —ERP=10 W
140 ERP =100 W ||
—ERP = 1 kW
_. 120
£
S 100
NS
o, 80 S\k propagation over a flat earth
60 ~—
40 =
20
0

0 10 20 30 40 50 60 70 80 90 100
d [km]

% Determines the field strength value purely on the basis of the loss due to the
distance d from the transmitter

% Selected calculation mode affects the k-factor for the calculation (see sight check)

< Additionally the consideration of morphological classes is possible if available; the
clutter heights of the urban and rural morphologic classes are added to the

topological heights
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Spectrocan Propagation Model ITU-R 370 LS /telcom

e |atest version 1995

¢ coordination model = tends to overestimate fieldstrength

¢ basis:
measured data from North America, Europe, North Sea (cold) and Mediterranean
Sea (warm)
condensed to a set of curves: fieldstrength E over a homogenous terrain as a
function of distance d (10 km ... 1 000 km) for ...
M frequency ranges VHF (30 ... 250 MHz) and UHF (450 ... 1 000 MHz)
® power of 1kW ERP
W effective transmitter antenna height 37.5m ... 1 200 m (3 km < d < 15 km)
M terrain roughness Ah =50 m (10 km < d < 50 km)
M receiver location over land, cold sea or warm sea
B receiver antenna height hy =10 m
M 50 % location probability
® 1%, 5%, 10% and 50% time probability

Used for highest compatibility with international planning procedures o1
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Spectrocan ITU-R 370 — Propagation Curves LS /telcom

Field strength (dB{ L V/m)) for 1 KW e.r.p. Field strength (dB(1 Vim)) for 1 kW e.r,
90 0
M ™
AN RN E t]
h! . N M
IS RN Free space propagation o RN ree space propagation
\‘ N N \\ \\ \ Ny, |
o \\:\\ NN N \ 0 \\\\ I N !
\\\ NI _ .q * \\\‘ | \ ) [ S
50 h —F,=1200m 50 \\ . \‘ \ o = 1200m
\\ V/,— k= 600m NN \\\‘ \f;,-—— hy= 60D m
40 \\ N N\ g hi= 300m 40 Y \\\ )\/—— hy= 300m
z NN NN
= ‘\,N \
Z 30 N \\\ 0 NN
=1 ‘ || NN
Z 0| merso m D \\\\ o k=15 m --'/ \\i\\
o L b= 75 m ] = b=75 m M,
2 |4 = 375 T4 —_
’é o b Sm |=r—t] \\ heff - 150 m —z 10 = 375m \Q‘ heff - 150 m
= \\ / 5 \\\\ /
(o N (i
0 0
NN N
NN
10 10 N
N N
20 AN 2
N,
0 \\\ < 0 \‘\
\‘\\ :_‘:._
40 \\ 40 \bﬁ
50 | h _s50 |
10 20 50 100 200 400 GO0 R00 1 000 10 20 50 100 200 400 600 800 1000
Logarithmic scale Linear scale Logarithmic scale Linear scale
Distance (km) Distance (km)
Frequency: 30-250 MHz (Bands 1, Il and 11}: land: 50% of the time: Frequency: 30-250 MHz (Bands L 1T and [} land: 1% of the time:
30% of the locations: fiz = 10 m: A =50 m 50% of the locations: Ay = 10 m: Al =50 m
e — [ree space ——e Free space
propagation curve 50% time propagation curve 1%time
(steady or continuous) (tropospheric) 52
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Spectrocan The New Model: ITU-R 1546 LS /telcom

Propagation Prediction

= Interpolation and extension in frequency (between 3 curves from 30 MHz ... 3
000 MH2)

= Extension to distances below 10 km from transmitter (1 km)

Major changes between ITU-R 370 and ITU-R 1546

= Terrain roughness is no longer a parameter

= More complex calculation near the transmitter

= calculation procedure for negative h_, curves extended to 10 m
= Interpolation for time variability (between curves)

= Location's standard deviation as a function of frequency

= More complex land sea path calculation

53
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Spectrocan Okumura-Hata LS /telcom
- 7

Propagation Prediction

= empirical model for propagation along flat and homogenous urban terrain
= based on measurements for vertical polarization by Okumura and ...
= interpolated formulas by Hata

Extensions to Okumura-Hata

= calculation of effective transmitter antenna height
h: - h; o (different options)

= additional diffraction term for paths without sight
= consideration of morphological heights in diffraction term

= Subdivision of the 4 morphological classes of Okumura-Hata into 16 classes
(morphological gain with respect to urban areas)

= correction for non flat earth (terrain slope)

54
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Spectrocan

Micro Cell Model

LS 7/ telcom

— bl g sy

40 T

WaeErr 30 Mea froe 12548 570 47548
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HIGH ACCURACY

Comparison of drive test and
predictions done for

e city area of Munich

Propagation Prediction




Spectrocan Prediction Models

LS 7/ telcom

Non-Terrain Based

» Use of "effective antenna height"
« Monotonous decline of field strength with
increasing distance to transmitter

Example: ITU-R P. 370

DTM Based

« Diffraction, shading, reflection
» Terrain elevation and land use (morphology)
« 2D and 3D models

Examples: "Epstein-Peterson”, "Longley&Rice",
"Okumura-Hata"

© LS telcom AG 2002

Propagation Prediction
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Live
Planning Tool Demonstration

,CHIRplus BC*

Planning and Coordination of Broadcast Services
(FM, TV, DAB, DVB)



