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Spectr‘ocan Modern Radio Network Planning Tools LS telcom

Radio Network Planning Tool __

Data Management

| Data / Result Output

Network Processor

Interference Analysis

Propagation Prediction

Graphical User Interface
Data Management ﬂ

Geo Information System
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Spectrocan Data Management LS /telcom

What is the Minimum Set of Data you need

to perform a Basic Coverage Prediction?

» Coordinates of the

. iy
Transmitter
e Radiated Power Freg. : 9§.0000 MH=z
ERF : 1.0000 kW
* Frequency |ant.H.: 40,00 n
AZM i ID
 Antenna Pattern Long. : O0SE23 33.394

i‘Lat. ¢ SONZ6 53,552

’Fﬂ\(w
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Spectrocan Data Management

LS 7/ telcom

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
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Spectrocan Data Management LS /telcom

.
What other kind of Data have to be managed

and Why?

. . = Libaries
= for Tool Administration

= Antenna Equipment
= User / Role auip

= Transmitter
= Password

Equipment
= System Layout _ _
= Receiver Equipment

=« Result Data Base
=« Coverage Maps
= Interference Relations
= Network Analysis
which have been performed in the past
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Spectrocan Example: Microwave Link LS/ telcom

Data Management

Gain Gain
Pathloss >

—— Antenna _—

Feeder Loss Feeder Loss

Branching Loss Branching Loss

Connector Loss

Connector Loss
Rx

Device -

Tx Power Receive Level

Site 1 — / Site 2
— —— Operator —
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Spectrocan Example: Microwave Link LS/ telcom




Spectrocan Database Concepts LS /telcom

Information Database Data Management

Central DB 7 A X D5l [2] welsa

Cobculsics Teals
=y .
Haypaemend L]
Hagal »
Syien B
eDR '
Eropesci Siaise...
Dowebiaiivnichi 8 ¢y
e ] Biceech Staluis .
(. frea
[t
Update IDB (area or project status) Update your WDB (area or project status)

Client A " Client B

Working Database

www.LStelcom.com

© 2003 by LS telcom AG Supporting Network Planning Tools rgoetz@L Stelcom.com n



Spectrocan Data Management LS /telcom

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)
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Spectrocan Modern Radio Network Planning Tools |_S te|com

Radio Network Planning Tool _ [F——

Graphical User Interface

Data / Result Output

Network Processor
Interference Analysis

Propagation Prediction

Graphical User Interface

Data Management

Geo Information System
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Spectrocan Spreadsheets LS /telcom

Spreadsheets offer a view on database tables. Graphical User Interface

All records of the related database table (e.g all sectors) can be edited:

Network WorkDB:5ector
BTS Name | Azimuth Antenna Height | Downtil| EIRP dBm Antenna Name Sitenam. .

1 Site1 1 0.0 35.0 0.0 L0.0 Omni Demo Sit

2 Site2 1 0.0 35.0 0.0 50.0 Antenna 65" Demo Sit Each row

3 Site? 2 1 3h0 0.0 R0 ] contains

4 Site2_3 2400 350 0.0 0.0 Antenna bb” B’Eﬂlﬂﬁi\\ |nformatlon for

h 5!“33_1 26.0 15.0 h.0 50.0 Antenna 90° S!ttﬂ one object e.g

b Site3d_2 145.8 15.0 0.0 50.0 Antenna 90° Sitel

i Site3_3 255.¢I 15.0 0.0 50.0 Antenna 90° Sitel Antenna type’

8 Sited 1 85.0/ 25.0 0.0 [50.0 Antenna 90° Demo Sit{ antenna height,
] i 2 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
M Query Functions
B Functions to change the layout of the spreadsheet
M Functions for graphical display of the spreadsheet data

B Import / Export Functions
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Spectrocan Editors LS /telcom

Graphical User Interface

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

[Mutuallnterf.T Models
[ Power | CAEData |RastResults| ARFCN | Special Freq. | Neighb. Cells

Description T Manager T Topology TCaI-::. HesultsT Transceiver T Antenna
Site Name Demo Sited F'rl]]:E[:t Status Phas? 1 I-!u!mi Training
) Project Hubei Training System
Sector Name Sitel _1 i
Network China
cl 1 | Lac E |
Cell Type: Partition INnrmaI Cell j
Coverage ISinglﬂ Cell j Range INnrmaI Cell j
Dimension IMacrnceII j Radius ‘I].I]I]I] | km
Cell Class  [URBAN ~| T External Cell
System Technology ™ Border Cell
GSM 900
|VGSM q00 _| = Bepeater

|

First

>

Rezet

»|e

ak Apply Cancel DeTault Arey. Hurt Last

www.LStelcom.com
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Spectrocan Working Window LS /telcom

Graphical User Interface

Menu

Toolbar

Working map

Value display
(status bar)

> R Nl R SRS Il.j
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Spectrocan Task: Creating new Sites LS/ telcom

Graphical User Interface

] @ Activate the site tool
. Graphically on a map = Click on a pixel on the map

g 'IHEtE -
ETHT| -
E +oip. bek ‘& e

T e

Co-ordinates from
selected position on mag

H P e |:I
ESSEM. il L DORF <M GE-
- o | | [—— |
e
Fgre Fopedipd @ -I
2. In the site table: BN Ot PP Soechc ew
A Tl w '
Ly
EGTE Cooy
o Link 3 [Paie
Patie To Clpbasnd- S sdiheest
Libsiastme K Duphcae. .
Dedeie .
Eathatation L —— Enter co-ordinates
Traramitie: eIty eooes manually
Facanms — — ; i ; [
2 o = =) == ®
F-Ddh:.h:ﬂ » = #-‘Hlild teay .
— Lt Cohurmes
L] ] 3 ‘Miﬁ‘m EredSapleca
Ec .

www.LStelcom.com
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Spectrocan LS /telcom

Live
Planning Tool Demonstration

,» MULTIlINk*

Design Tool for Engineering Microwave Links
and PMP /WLL / LMDS Planning
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Spectrocan

Modern Radio Network Planning Tools

LS 7/ telcom

Radio Network Planning Tool

Data / Result Output

Network Processor

Interference Analysis
Propagation Prediction

Graphical User Interface

Data Management

Geo Information System

Supporting Network Planning Tools
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Spectrocan Wave Propagation Effects LS/ telcom

Propagation Prediction

refraction tropospheric effects

Atmospheric Absorption Loss
f>10 GHz

free space ]Ic?ain Attenuation
propagation aElnz

m <.

A 4»-‘\\,

diffraction

scatterlng reflectlo
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Spectrocan Refraction LS /telcom

horizon

The refraction of the VHF/UHF signal in the troposphere causes
an enhancement of the radio horizon compared to the geometric

e Low density
1 I K=1,
n - homogene Atmosphere K= 4/3 Standard
: Atmosphere
2
1

Earth Radius
@ @

4 8 12 16 20 24 28 32 36 40

0
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Spectrocan Diffraction LS /telcom

Diffraction: Propagation Prediction

B a signal 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
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Spectrocan Reflection LS /telcom

. Propagation Prediction
— — /42
d, =d,r + d, =+/d? +(h, —hy)

d, =\d* +(n +h f
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Spectrocan

Scattering

LS 7/ telcom

Propagation Prediction

from point

from rough surface

from volume

E

N

X /

Y\

analytical model for sphere
numerical techniques

© 2003 by LS telcom AG

modified reflection
coefficient

Supporting Network Planning Tools

radiative transfer theory
statistical models
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Spectr’ocan Wave Propagation Models VHF/UHF LS/ 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

© 2003 by LS telcom AG Supporting Network Planning Tools rgoetz@L Stelcom.com
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Spectrocan

LS

Models and Frequency Ranges

telcom

Okumura Hata Model 2

1,5GHz 2 GHz

ITU530 Microwave Model 800MHz ’J 70GHz

ITU452 Microwave Model 800MH2| 70GHz

Walfish Ikegami Model 800MHZ- 2GHz

Okumura Hata Model 1 lSOMHzI:I 1,5GHz

Longley Rice Model 30MHz _ 40GHz

Aeronautical Model 30MHz 30GHz

Flat Earth Model 30MHz 10GHz

Egli Urban Model 30MHz _ 10GHz

HCM Model 30MHz 2GHz

ITU370 Model 30MHz 1GHz

ITU 567 Model 30MHz 1 GHz

CEPT Model 30MHz 250 MHz

ITU533 Shortwave Model 3MHz - 30MHz

Sky Wave Model 150kHz _ 1,7MHz

Ground Wave Model 10 kHz 30 MHz

Free Space Model

| | | | | | | | | | |
30 Hz 300 Hz 3KHz 30KHz 300 KHz 3 MHz 30 MHz 300 MHz 3GHz 30 GHz 300 GHz

VLF LF MF HF VHF UHF SHF EHF

© 2003 by LS telcom AG
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Spectrocan Sight Check LS /telcom

performs line of sight (LOS) check

et (sight [
no sight [l

www. L Stelcom.com
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Spectrocan

Sight Check (Fresnel) LS /telcom

performs extended line of sight (LOS) check

result

© 2003 by LS telcom AG

f'

-~

sight, no obstacles within 15t Fresnel zone

[ ] sight, but obstacle within 15t Fresnel zone

I no sight

www. L Stelcom.com
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Spectrocan Free Space LS /telcom

180 . . .
—ERP=1W Propagation Prediction
160 —ERP=10W ||

140 —ERP =100 W H
—ERP =1 kW

120

E [dBuV/m]
o
o

propagation over a flat earth

60 S

40

20

O 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

© 2003 by LS telcom AG Supporting Network Planning Tools rgoetz@LStelcom.com EE¥S
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Spectrocan Propagation Model ITU-R 370 LS/ telcom

e |atest version 1995 E _ o ::I
_ _ _ _ Propagation Prediction
e coordination model = tends to overestimate fieldstrength

e 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
B 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
B 50 % location probability
® 1%, 5%, 10% and 50% time probability
Used for highest compatibility with international planning procedures

www.LStelcom.com
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Spectrocan

90

80

40

30

20

10

Field strength (dB(LV/m]))

© 2003 by LS

Field strength (dB(1V/m)) for 1 kW e.r.p.

ITU-R 370 — Propagation Curves LS/ telcom

Field strength (dB(1 V/m)) for 1 kW e.r.p. P rO pag ation P red ICtIOn

a0
AN N
D ;\‘ A - = fi
N SN ree space propagation
NS Free spafe ‘@\\\ RN
NN AN 0 NN,
S L ropaga |Io‘n o POONK \\
N N Fr-100m I s NONNANIN LA b-1200m
\\ V/—i“ = 600 m : N N . ‘\ N \/ = h,= 600m
\\ N — k= 300m a0 NN \\ \ }\f* k= 300m
AN SN
N A B b \\
\\ z ‘ L ONNN
| h-150 m [ \ A =z . =150 m 3N
L &= 75 m g \ gﬁ ) = 12 7m 7J/ \Q
o FEZINNNG het = 150 N herr = 150
Y i
N " &
10 \\
N\ N
hN 20
NN . \
Y 40 \\
TR |
10 20 50 100 200 400 600 800 1 000 10 20 50 100 200 400 600 800 1 000
Logarithmie scale Linear scale Logarithmic scale Linear scale
Distance (km) Distance (kim)
Frequency: 30-250 MHz (Bands 1, Il and 1IT): land: 50% of the time: Frequency: 30-250 MHz (Bands I, Tand 11); land: 1% of the time:
500 of the locations; By =10 m: Ah =350 m 50% of the locations: iy = 10 m: Ah =50m

————— — lree space ——=rm=—— Free space

propagation curve 50% time propagation curve 1% time

(steady or continuous) (tropospheric)

telcom AG
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Spectrocan The New Model: ITU-R 1546 LS 7/ telcom

I:Propagation Predictior:zl

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

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

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

= 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

www.LStelcom.com
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Spectrocan Okumura-Hata LS /telcom

I:Propagation Predictior:zl

= 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;  (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)

www.LStelcom.com
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Spectrocan

Micro Cell Model

LS 7/ telcom

— b B

E +
A 4

R+
il T
ALE -
HIE -
BE 1

4%

i -
b T, Y

P Eras 30 & Mo tror 125 10 LN R
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HIGH ACCURACY

Comparison of drive test and

predictions done for
-he city area of Munich

Supporting Network Planning Tools

Propagation Prediction
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Spectrocan Prediction Models LS /telcom

Non-Terrain Based

[dBuV/m]

» Use of "effective antenna height"
* Monotonous decline of field strength with I :
increasing distance to transmitter y

[—-J W L —]
[ Y e e

Example: ITU-R P. 370

DTM Based

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

Examples: "Epstein-Peterson”,
"Longley&Rice", "Okumura-Hata"
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Spectrocan LS @om

Live
Planning Tool Demonstration

,CHIRplus_BC*

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

© 2003 by LS telcom AG Supporting Network Planning Tools rgoetz@LStelcom.com EES
www.LStelcom.com




Spectr‘ocan Modern Radio Network Planning Tools LS telcom

Radio Network Planning Tool __

Interference Analysis

Graphlcal User Interface

Data Management
Geo Information System
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Spectrocan Interference by Noise LS/ telcom

Interference Analysis

field strength F
d Minimum

field strength F

min

Noise level FN

Minimum field strength (C/N):
C/N I 1 | It is a minimum field strength
I I level which is necessary to fulfil
Noise the signal quality for coverage.

1. Criteria for coverage

Wanted Field Str. > Minimum Field Str.

of wanted TX

I
I
I
Location |
I
1

Ed SsEN 1 c/N
—
len

Coverage area
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Spectrocan Interference by one Transmitter LS/ telcom
Wanted

A : Nuisance field F
n Interference Analysis
field strength F

d Protection ratio

/

Interfering
field strength F!

I Nuisance field:

Interference field strength at the
reference point plus the protection
ratio (C/1) required for the

o

Noise considered service.
|
1 | I [ .
Coverage area I I | 2. Criteria for coverage
with noise only : ! { Wanted Field Str. > Nuisance Field Str.
I I
FdSFEh 4+ A
H_/
Fn

Coverage area
with one
interfering Tx

© 2003 by LS telcom AG SUpBBMIG Network Planning Tools rgoetz@L Stelcom.com ST
www. L Stelcom.com

* "




Spectrocan Interference by several Transmitter LS/ telcom

\strength F ! 4 Protection ratio Interference Analysis

Usable field:

Summation of the nusiance fields of
the interfering tansmitters according
to a certain summations algorithm
(maximum, simplified multiplication,
o)

It is the fieldstrength value which is
usable by a possible new site just to
fulfill the condition of coverage (C/1>0)
by the existing interferer situation.

3. Criteria for coverage
Wanted Field Str. > Usable Field Str.

Coverage area
with noise only

]

Coverage area
with several

interfering Tx

© 2003 by LS telcom AG Supporting Network Planning Tools rgoetz@L Stelcom.com B
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Procedures of Summation for Interference LS

Spectrocan calculation telcom

Interference Analysis

In modern Planning Tools, the cumulation of the single
interfering fields can be done in several different ways.

The various procedures differ in the way how simplifications are
used to minimize the calculation effort.

In the following a short overview is given for the procedures
which are most often used in interference calculations.
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Spectrocan Summation Procedures LS/ telcom

. o | Interference Analysisl
Non-statistical methods: Statistical methods

% Maximum procedure = Integration method

= Power-sum method < Log-normal method
= Multiplication method
= Simplified multiplication method
= Simplified Log-normal method

= Trilinear Log-normal method

ﬁ Most use is made of the power-sum method and the
= simplified multiplication method

Reference CCIR Report 945-2: Methods for the Assessment of Multiple Interference
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Spectrocan Interference Analysis — Special Applications |_S te|com

Frequency Scan Interference Analysis

= This function is used to find out gaps in the frequency spectrum where new TV or FM
transmitters could be planned. At a desired transmitter site (transmitter coordinate) a
wanted transmitter calculation based on a frequency range given by the user is done
and the usable field strength calculated for each frequency point.

LZF_TX De087.5_002.txt =10l £ZFrequency Scan, FM Broadcast 10 x|
38.67 Useable Fieldst - Analysis Metheod: Simplified Multiplication =1
Frequency Scan, FM Broadcast
He Frequency Channel  UFE FET N Max.Interferer J 175
1 87.50000 -2 38.7 0.00 &W Slopes/E Riverina 22.30 AU UFS h
H 87.60000 H 40.7 0.00 SW Slopes/E Riverina 86.30 AUS
3 57.70000  +2 4z.7 0.00 SW ZlopessE Riverina 88.30 AUS 150
4 87.80000 -3 43.7 0.00 SV Zlopes/E Riverina 82.30 AU
5 87.950000 3 45.5 0.00 SW Slopes/E Riverina 86.30 AUS
5 55.00000  +3 60.4 0.00 SW ZlopessE Riverina 88.30 AUS
7 22.10000 -4 738 0.00 BW Slopes/E Riverina 28.30 AT 125
] 58.20000 4 87.7 0.00 SW Zlopes/E Riverina 58.30 AUS
=l a8_z0000 +4 9.7 o_oo BW Slopes/E Riwerina a88_30 ATTS d
10 28.40000  -§ 87.7 0.00 SW Zlopes/E Riverina 82.30 AUE B
11 55. 50000 5 0.0 0.00 SW Slopes/E Riverina 58.30 AUS 100 - ! —
1z a8_s0000 +5 5.0 o_oo BW Slopes/E Riwerina a88_30 ATTS u
12 22.70000 -6 74.4 0.00 Walwa/Jingellie 82.70 AUE v
14 58.80000 5 66.8 0.00 SW ZlopessE Riverina 89.10 AUS 75 1]
15 22.90000 46 75.3 0.00 SV Zlopes/E Riverina 89.10 AUg /
16 89.00000 -7 87.7 0.00 SW Slopes/E Riverina 89.10 AUS
17 59.10000 7 23.7 0.00 SW ZlopessE Riverina 89.10 AUS mn
12 29.20000  +7 87.7 0.00 SV Zlopes/E Riverina 89.10 AUg 50 o
19 89.30000 -8 70.3 0.00 SW Slopes/E Riverina 89.10 AUS
Z0 289_4a0000 a8 Bl_8 o_oo BW Slopes/E Riwerina 829_10 ATTS
z1 29.50000  +8 62.9 0.00 Orange 89.50 AUE
zz 89.60000 -9 54.5 0.00 SW ZlopessE Riverina 89.90 AUS 25
3 a89_7o0000 =l 749 o_oo BW Slopes/E Riwerina 29_90 ATTS
24 29.80000  +9 87.7 0.00 SW Zlopes/E Riverina 89.90 AUE
25 59.30000 -10 23,7 0.00 SW Zlopes/E Riverina 89.90 AUS
ZE S0_00000 a0 a7 7 o_oo BW Slopes/E Riwerina 29_90 ATTS D ]
27 50.10000  +10 70.2 0.00 SW Slopes/E Riverina 89.90 AUS
23 30.20000 -11 63.0 0.00 SW ZlopessE Riverina 59.90 AUS 6 88 S50 92 94 96 55 100 10z 104 106 1068 110
za 20.20000 11 71.1 0.00 Bendigo 20.30 AU £ / MHz
30 90.40000 +11 66.1 0.00 SW Slopes/E Riverina 90.70  AUS
31 30.50000  -12 763 0.00 SW SlovessE Riverina s0.70  aus |-|
< ] ol
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