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Computerised Spectrum Management

Olov Carlsson
Head, Spectrum Management
AerotechTelub
SE-351 80 Vaxjo
Sweden
olov.carlsson@aerotechtelub.se
Tel +46-470-42149
Fax +46-470-42042

Spectrum Management is a very complex process, involving many steps and considera-
tions that need to be observed to allow interference-free services and an efficient utili-
sation of the radio spectrum. This process can no longer be handled by manual means
with the large number of users of the spectrum and the high economical and political
value of radio frequencies. Efficient computer support is needed. Some functions that
should be part of computerised spectrum management systems are described in this
presentation, with AerotechTelub’s commercial system WRAP serving as the example.
The text is aimed at systems for spectrum management at a national level, which are
typically characterised by multi-service capabilities including support for international
coordination.

BASIC REQUIREMENTS

To fully support the spectrum management process there is a need for an integrated sys-
tem, where multiple users can access information, perform technical analyses, perform
administrative processes, share work, pass on work tasks and store results and docu-
ments. The basic requirement arising out of this is that there is a common database of
information on radio stations that can be accessed by all users. The normal configuration
would be to have a central database on a server, which can also conveniently be used for
storing results from calculations, documents etc. that form part of the spectrum
management process. Access rights for changing data in the database should be con-
trolled, while there should be read-only access for all users. Data integrity should be
maintained by scheduled automatic back-ups and preferably non-interruptible power

supply.

The ability to handle various station databases is extremely important. These can be
available from the ITU, such as the International Frequency List (now superseded by the
ITU BR IFIC - International Frequency Information Circular). National station data held
by the licensing authority should ideally comprise all radio emitters in a country, how-
ever military frequency utilisation is often based on specific allocations, where the civil
authorities do not have information on the detailed frequency assignments and allot-
ments. In any case there is an advantage if the spectrum management system can handle

©AerotechTelub 3 WRAP 0833
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all these three sources of spectrum data: International, national civil and national mili-
tary data.

The various station databases may be for read-only or read/write, depending on their
application and the role of a particular user. The BR IFIC is obviously read-only, the
civil national station database read-only if used by a military spectrum management
agency and parts of the data in the national station database may be read-only for differ-
ent categories of personnel or for particular applications.

Much of the work with radiocommunication systems is geographically related, where it
1s most convenient to have presentations of stations on a map background on screens and
printouts. Accurate calculations of field strengths and signal levels require methods for
propagation calculations that account for detailed terrain features, that can be stored in
terrain databases. The typical set of geographical databases needed for these purposes
are

e  Map images, typically derived from the scanning of paper maps (or by using digital
sources directly, if available)

e Elevation data
e  Terrain classification (“clutter” codes)

e Sometimes there may be an interest in using aerial photographs and/or satellite
images.

Geographical databases often are a cost-driving factor for a spectrum management sys-
tem, and reduced functionality modes should be available, for instance by implementing
propagation models that do not require detailed terrain information.

The IDWM (ITU Digitized World Map) provides coastal contours and national borders.
This data is useful for presentation of large areas, to provide some geographical orienta-
tion for the user. Another important information capability of the IDWM is when
implementing certain calculation models to utilise the land/sea information and rain cli-
mate zones available in the IDWM. The propagation model ITU-R P.370 and the ITU
Radio Regulations Appendix S7 (Earth station coordination contours) can make use of
the IDWM.

An integrated spectrum management system should support the following types of work:

e  Technical analyses of radiocommunication systems, including performance within
the systems and the interference between systems

e Licensing
e  Coordination and notification

e Various administrative tasks (searches, listings, statistics etc. of contents in data-
base).

©AerotechTelub 4 WRAP 0833
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EXAMPLE OF AN INTEGRATED
SPECTRUM MANAGEMENT SYSTEM

WRAP - AerotechTelub’s system for spectrum management - is fully integrated as
described before. Within a single main screen interface it provides the following func-
tions.

The Map Viewer constitutes the main Presentation Tool and performs all presentations
using geographical data, either as a profile viewer, a common 2-D map or as a full 3-D
map. The Map Viewer works with any combination of geographical data, results and
scanned map images.

The Calculation Tools are capable of performing a large number of different tasks, sup-
porting different radio services:

1. Coverage
To calculate signal levels, field strengths, radio-optical visibility, signal-to-interfer-
ence ratio, required antenna height, clearance, terrain clearance angle, best server
and number of servers for single or multiple transmitters/receivers. This is used for
the analysis of area coverage.

2. Interference
To calculate interference between stations located some distance apart.

3. Radio Link Performance
To calculate the performance of radio links, fading margins and unavailable time.

4. Spectrum Viewer
To provide a visual overview of the spectrum occupancy at a selected geographical
point, based on the contents of the station databases.

5. Collocation Interference
To calculate the interference situation in confined locations where many stations
may interfere within a small area.

6. Frequency Assignment
To perform automatic and manual frequency assignment.

7. Radar Coverage
To calculate the coverage for radar stations, based on radio-optical visibility or the
two-way radar propagation path.

8. Coverage Comparison
To perform comparisons and statistical analysis between measured coverage data
and predicted coverage. To perform comparisons between coverage data that have
been predicted with different propagation models or with different parameters.

©AerotechTelub 5 WRAP 0833
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9. Earth Station Coordination
To calculate the coordination contours around earth stations operating in bands
shared with terrestrial services.

10. Traffic Capacity
To calculate and design the traffic capacity of cellular networks.

11. Broadcast
For interference analysis and frequency assignment for sound and television broad-
cast networks, implementing the specific recommendations, protection ratios etc. in
common use for these services.

12. Interference between satellite networks
To calculate the interference between satellite networks. Can also be used to calcu-
late the interference between terrestrial stations and satellites.

Many of the calculations involve the prediction of radio wave propagation, and there are
several selectable models available to fit the desired applications.

Models based on detailed terrain information:

e ITU-R P.526: Propagation by diffraction

e ITU-R P.452: Prediction procedure for the evaluation of microwave interference
between stations on the surface of the earth at frequencies above about 0.7 GHz.

e DETVAG 90/FOA (The Swedish Defence Research Agency), implementing sev-
eral different diffraction methods, spherical earth methods and weighting/selection
methods between these.

Models based on coarse terrain and land cover information:

e DETVAG 90/FOA for low-frequency calculations of ground wave propagation,
based on the GRWAVE model with Millington and other extensions

e ITU-R P.370: VHF and UHF propagation curves for the frequency range from 30
MHz to 1000 MHz (uses the ITU Digitized World Map for land/sea determination)

Statistical models:

e Longley-Rice: Prediction of Tropospheric Radio Transmission Loss Over Irregular
Terrain

e (COST-231 —Hata

e COST-231 — Walfish-Ikegami

In addition to all these models the attenuation due to atmospheric gases can be added in
accordance with the ITU Rec. P.676 Attenuation of atmospheric gases. Rain attenuation
and hydro-meteor scatter are also handled. For earth-to-space paths the ITU Radio
Regulations Appendix S8 "Method of calculation for determining if coordination is
required between geostationary-satellite networks sharing the same frequency bands" is
implemented, extended with the ability to select a more accurate propagation model as
defined in ITU-R Recommendation P.619-1, items “Basic transmission loss”,
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“Tropospheric scintillation” (from ITU-R Rec. P.618-6), “Ray bending” and
“Precipitation scatter” (from ITU-R Rec. P.452-9.

The Administrative Tools consist of two different parts, both operating on the same sta-
tion database as the technical system:

1. Integrated Administrative Functions. These functions form an integrated part of the
WRAP system and provide access for reading and writing of data in the station data-
base.

2. Extended Administrative Functions.
- Licence Manager, to handle licensing. The generation and handling of notification
forms such as the ITU BR T-series forms are included in this function.
- Other specific administrative function can be developed, operating on the open
common station database.

WORK PROCEDURE

An example will be used to illustrate the benefits with an integrated system, based on a
licence application for a microwave radio link network. This is based on an anticipated
work-flow starting with a licence application and ending with issuing the licence, and if
required, the notification to the ITU BR of the new stations.

APPLICATION DATA

The applicant should have listed basic facts about the stations for which a licence is
sought. This typically includes geographical locations, antenna height above ground,
transmitter power, antenna gains, required received signal level, required signal-to-inter-
ference ratio etc. The applicant may already have a preferred frequency band of opera-
tion and even suggestions of frequency assignment. Each licensing authority may have
different requirements for the submission of data in the application, some requiring also
a specification of which equipment that will be used to check for compliance with type
approval standards. For this example it is sufficient with the parameters that constitute
important data for the analysis of link performance and interference.

Make project for calculations etc.

Data for the stations are entered into the spectrum management system in a temporary
workspace. The purpose for this is to have all relevant data under control to support the
subsequent stages in the process. But this is still an on-going process, so the data should
not yet be stored in the national station database.

©AerotechTelub 7 WRAP 0833
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“iProject - [Linkdemo. WPR]
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1= | ER=NGRE Link Station 51 Link Station 21 5620 25,00
Bl||# & FLBCKHz Rea 1 Link Station 10 Link Station 20 B840 2500
=523 R Test Link Station 20 Link Station 10 8500 25,00
|22 1FL kHz Souther Afica Link Station 40 Link Statian 31 5320 25,00
€3 IFL MHz Southem Africa Link Station 11 Link Station 30 5800 25,00
— |dE3 IFL MHz CHN Link Station 30 Link Station 11 B460 2500
2|6 1P ke o Link Station 31 Link Station 40 £530 25,00
&||F D This Project Link Station 51 Link Statian 41 5800 25,00
? {Er Statians in Project Link Station 41 Link Station 51 6450 25,00
02 Sites in Project
K2[|  #-C1 Resubs |
[ [ri]
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130 130
110 e 110
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L]
70 U\/j[\ ¥ 70
50

| 6430956,2

['v: 14328380 |z 85

| Forest, coniferous young

PERFORM “SANITY CHECK”, CALCULATE LINK PERFORMANCE

The applicant should have performed basic link budget calculations and designed the
links for the appropriate quality and availability. The licensing authority should never-
theless check the link performance for suitable design, for instance to make sure that the
radiated power is reasonable so as not to create larger interference regions than neces-

sary.

Link Performance Analysis

Frint. .. I Setting

Caleulate | Edit Link..

Path:

Link Station 11 - Link Station 30

Ok |

Frequency [MHz]: £200,0000
Distance [krn]: 15,782
Capacity [MBit/z]: 140,00
Prafile: <TemainD B>
— Propagation — Perfarmance
ITU-R P.525 T/ [BER [ Threshaid
[dE: 133.0 200 0.001 -75.0
Atmozpheric [dB]: 01 20,0 1e-00F 700
— Power budget
EIRP [dBm]: |55
Propagatian [dB]: 133126 Flat fading margin [dB]: 304
_ . Met fading margin [dB]: 304
Antenna Gain [dBi]: |34 F: ayleigh, wiarst month; 1,53=-007
. : Rain, worst month: 8.00e-009
Add. attenuation [dB]: 0 Total probabilty: 1 51007
. _ Dh: 3.31e-007
Received power [dBm]:  -44.1 SEs: 1530007
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SEARCH THE NATIONAL STATION DATABASE
(AND OTHER DATABASES)

To provide basis for the continued process for frequency assignment and interference
analysis there is a need to examine the frequency utilisation in the geographical area and
frequency band of interest. This is done by searching the available station databases with
geographically limited and frequency-limited criteria. Stations that are found, which are
suspected to be subjected to interference from the new stations, or that may interfere
with the new stations should be entered into the calculation project for further analysis.
This is done automatically (if selected) in WRAP.

¥ Project - [LinkdemoWithF TR WPR]

m File Edit “iew Seftings Eguipment Station Site  Terain Profile  Traffic Map  Tools Resub WRAF Licence  Window  Help _|5'|5|
M08 g B e e e e =) _I_I | )=

my([ £ rep Database = [Statian_[ Link Ta | Site FMHz]__ EIRP dBw | Comment |
—[=-EFTR Link ... Link 5... E540 2500 -
=4 Ba 23 IFL MHz | L\nk... Link 5... £330 2500

= E 1 IFLBCkHz Rea 1 Link. Link 5 E460 2500

— E £ RAN Test Link. Link 5 EBO0 2600

|| IFL kHz Southern Afiica U L s E500 2500

- €3 IFL MHz Southem atica (| Ui Link 5. 5480 25,00 -
= = T 7 E|
&

il

»

= S
| I \\ xﬁ‘(‘f I /
. &

S 2N

(0]

50

w 3

30
0,0 30
Link Station 4fn—

< el : T |

ez s pEEslFl [ 64976175 [r 14135327 [Z110 " [Forest, coniferous dense [1:1000000 Tz

PERFORM FREQUENCY ASSIGNMENT

The frequency assignment function is used to assign frequencies to the new stations.
Account is taken automatically to the interference from the new stations to the existing
stations and the interference from the existing stations to the new stations. The fre-
quency raster should naturally be compliant with the frequency plan for the band of
operation. An appropriate propagation model should be selected to provide protection
for the desired percentage of time.
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Frequency Assignment

Azzign  Automatic  Blocking  Baster

Station Mame Freq Tx[MHz] I Freq Rx[MHz] I
Link Station 27 - Link Station 50 E460 6300

Link Station 10 - Link Skation 20
Link Station 40 - Link Station 31
Link Station 17 - Link Station 30
Link Station 57 - Link Station 41

| Freq TuMHz] [ FregRxfMHz] [ Status | - Wwiorst interfering statians:
B4E0 5800 Jsed Link Station 40 I -B0.2 dBw
6240 Blocked Link Station 40 S 138 dB
B540 6280 Blocked
6550 6320 — Worst interfered stations:
EB20 £960 Link Station 40 I 602 dBw
BEED 7000 hd| Link Station 40 S/ 125 dB
b argin [dE]
30
20
10
0
-10
-20
-30

6500 6600 6700 6800 6900

[tHz]

PERFORM INTERFERENCE CHECK

The automatic assignment process accounts properly for the interference contributions
from new and existing stations, but there may be an interest to analyse and quantify the
resulting interference margins by a specific interference check. In this process it is easy
to find the most contributing interferer and to judge whether its contribution is accept-
able.

Interference Analysis M= E
Piint.. [ Settings.. | Caleulate | EditLink.. |
Station Link Station 21
Link Ta Link Station 50

Wianted 5 [dBm]  -41.37

f[MHz] | Maxl[dBm]]  MinSa (48] s Interfered |
E540.0000 107 54 62,16
I Az Interferer
v List Al
Iterfered | f [MHZ] | Bl | 54 (d8]| |
Lirk Station 20 £450,0000 109,14 62,16 —
FTR_TELIAAB_..  E540,0000 10754 £3.11
FTR_TELIAAB_..  E540,0000 11001 £3.44
Link Station 41 £460,0000 12913 85,19
FTR_TELIAAE_.. §540,0000 13518 343
FTR_TELIAAB ..  E540,0000 133,40 90,30
FTR_TELIAAB ..  E540,0000 134,55 91 65 =l
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Perform Collocation Interference check

The specific locations for the new stations would normally have been selected by the
applicant to be suitable from a linking point of view. The applicant may or may not have
the capabilities to judge whether the local interference situation at the intended site for
installation may pose a problem. The licensing authority probably has a better
knowledge about at least the already licensed stations at the sites, and should have the
capability to examine the frequency assignment for local interference such as inter-
modulation, harmonics, transmitter spectrum mask and receiver selectivity. For really
detailed and accurate collocation interference analysis there is a need for quite detailed
performance data of receivers and transmitters, as well as very detailed information on
the exact locations of antennas at the site. This level of detail normally goes beyond the
responsibility of the licensing authority, but it may anyway perform some calculations
and provide guidance to the applicant or express concern that more detailed investiga-
tions should be performed.

®

i Collocation Interference Result BEE
Recsiver |__fMHzl[  B{kHz)[ Mamblock|  Total|  Gtepi|  Step2| Antilum| Hamonics|  IF[ RecBlocking | Co/ddi[ Image| IM [ oK |
Lirk Station 41 546000, 30000 0,00 2 1 1 0 0 0 1 1 0 0
Lirk Station 40 £240.00. 30000 000 2 1 1 i i 0 1 1 0 0
Lirk Station 51 5800,00. 30000 0,00 1 1 0 i i 0 1 0 0 0
Lirk Station 31 E500,00. 30000 0,00 1 1 0 i i 0 1 0 0 0
Lirk Station 30 G460.00.. 30000 0.00 1 1 0 0 0 0 1 0 0 0 it |
Lirk Station 11 £800,00. 30000 0,00 13 19 0 18 i 0 1 0 0 0
Lirk Station 20 6460.00. 30000 000 1 1 0 i i 0 1 0 0 0
Lirk Station 10 200,00 30000 .00 1 1 0 i i 0 1 0 0 i Settings... |
Lirk Station 50 654000, 30000 0,00 1 1 0 i i 0 1 0 0 0
Lirk Station 21 £280,00. 20000 0,00 1 1 0 0 0 0 1 0 0 0

Wamings... |
PFrint selected. |
Frint all... |

Receivers Transmitters |

=J- Link. Station 41 (5460,0000 MHz) Traremitter | {MHz) | B [kHz) [ EIRF [d... [ Margin [dB) ] Distm] [ Lb{B) [ Duty eycle |
B Riec Blocking (1) Link Station 40 500,000 36000 250 293 0 767 1.00

i b Link Station 40 [E500,0000 kHz]

B- CosAdjacent Channel Interference (1)

‘... Link Station 40 [E500,0000 MHz)

Perform checks for potential international interference

The BR International Frequency Information Circular should be consulted for potential
interference to or from stations in countries within a typical coordination distance. Bi-
lateral or multi-lateral coordination agreements may already have been established
incorporating coordination zones, in which case the search can be limited to within the
zone along the border. Otherwise interference calculations should be performed, with

©AerotechTelub 11 WRAP 0833
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station characteristics determined from the BR IFIC and complemented with appropriate
additional data if needed.

Earth stations in frequency bands shared with the terrestrial services can be found in the
BR IFIC/Space Radiocommunications Stations database. Data for these stations can be
extracted and entered as characteristic earth station data for generation of the coordina-
tion contours using the Earth Station Coordination tool. Terrestrial stations falling within
the coordination contour, with over-lapping frequency bands, should be examined fur-
ther for interference potential by using the Interference tool.

21 Project - [LinkdemoWithE arthStation. WPR]

m File Edit “iew Settings Eguipment GStation Sjte Terain Profile  Traffic Map Todls Besul WRAP Licence Window Help -|5' ﬂ
e s Y= N e 425 o e T N T _|
0 E ¢ EathStca] [ Station [ Link Ta [ sie [ F... EI... [ Comment [ -]
— H & Earth St Link Station 21 Lirk Station 50 J
E 2@ Earth St Link Station 50 Link Station 21 E 25
[=] R Lirk Skation 10 Link Station 20 B
— - Radar Caver = Link Station 20 Link. Station 10 [
& L Link Station 401 Link Station 31
2
=
2
|

PR Link]

1 o

ez press [ 73229175 [r125363a7 [z [Freshwater [1:10000000 el

COORDINATE WITH NEIGHBOURS

The investigations of potential interference or location of the new stations within pre-
determined coordination areas as agreed with neighbouring countries may necessitate
coordination with authorities of neighbouring countries. This should be performed in
accordance with coordination agreements (if they exist). The generation of the appropri-
ate ITU T-series notification form can be done to support the coordination.

ISSUE LICENCE

Pending the outcome of the coordination (if needed), a temporary licence may be issued.
In many cases it will be obvious for the licensing authority whether the coordination
process will have a positive outcome, so that the licence can be issued before the coordi-
nation is completed.

©AerotechTelub 12 WRAP 0833
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PERFORM NOTIFICATION TO THE ITU

The appropriate notification form can be completed and sent to the ITU BR (if needed).
In this example it would be the T11 form. The system provides tracking of the notifica-
tion process and allows for the suppression and modification of the notifications.

CONCLUSIONS

Great advantages can be gained by implementing an integrated, computerised spectrum
management system through the convenient and rational handling of the complete
pro??cess, including technical analysis, licensing and coordination. The foundation for
such a system is a common station database, that holds all relevant data and that is
accessible for all personnel working with various parts of the spectrum management
process.

The system should incorporate suitable functions to allow technical analysis of the wide
variety of radiocommunication systems that are the responsibility of the spectrum man-
agement authority. This calls for the implementation of a number of radio wave propa-
gation models as well as analysis methods that have a general applicability. In some
cases service-specific methods need to be utilised due to international agreements and
recommendations, or for systems that have unique features that need to be accounted for
in detail.

©AerotechTelub 13 WRAP 0833
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INTRODUCTION TO USING WRAP

Welcome to WRAP!

WRAP provides all necessary computation and analysis support for frequency manage-
ment and planning for a number of different radio services. Calculations are carried out
with the aid of frequency and equipment databases or by manually entered station data.
The results are presented geographically, facilitating planning and decision making.
Administrative tasks such as licensing and coordination/notification are performed in the
WRAP Licence Manager.

WRAP makes it easy to perform advanced tasks in one dedicated piece of software. The
user interface has been carefully designed, taking full advantage of the features provided
by the Win32 environment. The result is a user interface that is very powerful, yet intui-
tive and easy to understand. Therefore, operating WRAP requires only a minimum of
computer skills.

Since there are so many possibilities when working with WRAP there are some exer-
cises to make it easier to exploit the software. These exercises will give a guidance of
how to work with WRAP. The exercises are fully described in the User’s Manual, Part
1.

STARTING WRAP

The WRAP standard installation creates entries in Windows Start menu — Programs.
Perform the following to start WRAP:

e Select Start - Programs - WRAP - WRAP. The Licence Man-
ager is started by selecting Start - Programs - WRAP
Licence Manager - WRAPLicMan.

e A log-in window appears (not for the Licence Manager) .
Select User Guest (no password required) or WRAP User
(password wrap). Guest can be used for most exercises.

The following main window appears (note that the database and project folders have

been expanded by clicking once on the + sign in front of some of the folders and trhat
the search query Query Qstation has been executed).

©AerotechTelub 14 WRAP 0833
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iProject - [Project1] o 2 =131 x|
P Fie Edt View Settings Equipment Station Site Terrain Profls TrafficMap Tools Resut WRAPLlicsncs iWindo _1&] x|
il x| &) ol Bla] ¥ _l!ﬂglwl“i” ti| = &1
o £ Wirap Database Station [ Long [ Latitude [ Class [ Eip [ TxFqMin - RxFq_ | TxAGL [RxaGL =
€3 Stations in Database AARHUS 10E1300.00 56h0600.00 BC 47,8 95.0-0 177 50
= L My Stations ABRIAENG 12€0700.00 59N2400.00 BC 20 95.8-0 70 50
[=] 8 Query Gstation ALAFORS 12E0600.00 S7HS600.00 BC 24,8 35.4-0 75 50
------ §4 Circle Search Base 15€3307.07 5813313.51 F8 3 440 - 440 24 24
% 4 search Engine.. Base Station 0L 15E2517.62 5aN3442.04 F8 19 235 - 890 £l 20
5 Sites in Database Base Station 02 16E0141.93 58N2125.85 F8 19 235 - 590 A 20
£3 Equipment Base Station 03 15E5536.72 S6hA014.44 FB 19 335 - 890 20 20
B B3 Anterinas Base Station 04 14E5149.43 58N1623.06 F8 19 235 - 590 A 20
= 3 Transmitters Base Station 05 15E0608.99 58h0028.51 FB 19 335 - 890 20 20
£ Receivers Base Station 0 15E4733.76 58N0054,94 F8 19 235 - 590 A 20
% B Filkers Base Station 07 15E2515.73 5BH1630.28 FB 19 935 - 890 20 20
[ 1 Mobiles Base Station 08 16E1501.58 531294305 F8 19 235 - 500 20 20
= €3 Space Stations Base Station 09 16E044.08 58N1101.37 FB 19 935 - 890 El 20
1 Frequency Raster Base Station 10 15E0415.56 58N2809.43 F8 19 235 - 890 £l 20
5 TFL MHz M. Europs Base Skation 11 15E4237.05 SBH2ZT15.51 F8 19 235 - 590 A 20
£ IFL kHz M, Europe Base Station 12 15E0000.34 5611046.85 FB 19 335 - 890 20 20
=Tart Base Station 13 15E2737.46 58N0502.15 F8 19 235 - 590 A 20
£ IFL MHz Southern Africa Base Station 14 15E4751.85 S8h1109.13 FB 19 335 - 890 20 20
5 TFL ke Southern Afric Base Station 15 15E4012.76 5aN3739.22 F8 19 235 - 590 A 20
3 AN Test Base Station 16 15E4644.17 5811825.51 FB 19 935 - 890 20 20
€1 This Projert BERLIN 13E2500.00 52N3100.00 BC 50 95.8-0 ES 50
-3 Stations i Project BREMERHAVEN BE3700.00 53N3200.00 BC 4 %5.4-0 108 50
123 sites in Project A cays 15E3840,18 5aN2354.24 F8 10 235 - 890 43 45
Bi £3 Resulks (AR - 15F3R4M0.18. ERNZ354 .74 Fix 35 20N4.5 - 21795 3R 3R _I;I
£ Caloulations == 2
;I -
= e,
bat f/ [ [ J/ / f/ ! \l \ \ \l 1] T
JEH _’I_I 4] | Ll_l
B

Far Help, press FL [ I [ | | Fl

The main window is divided into four major parts:

1. Upper left: Folder view with available station databases and the Project folder. The
number of available databases depends on the installation.

2. Upper right: List view showing station information and equipment information
(Query Qstation has been executed by double-clicking on the corresponding line in
the upper left folder view).

3. Lower right: Geographical viewer that can be set to display a terrain profile, a two-
dimensional map or a three-dimensional map.

4. Lower left: Geographical viewer that can be set to display a terrain profile, a two-
dimensional map or a three-dimensional map.

At the top there is a text-based menu bar and just below you can see a icons for various
tools and functions. Only those icons that are applicable to the particular view and
selection of stations are highlighted and therefore available. The others are dimmed.

HELP FUNCTION AND DOCUMENTATION

WRAP includes a Help Function, including a description of every window in the sys-
tem. This is activated by pressing F1. The Help function opens automatically at the part
that describes the window that was active when pressing F1.
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The complete documentation for WRAP is normally available (if copied to the hard-
disk) in the folder ...\WRAP\UsersGuide according to the following folder view:

R = scuide
= {:I AdobefcrobatReader
EI {:l English
e Install version 4.05c
----- {:l SecurityUpdateZ_ver 4,05 ko 4,05c_All Languages
EI {:I Svensk,
----- {7 Installera version 4,05¢
= {:l PowerPoinktd7
EI {:I PawerPaintd7 _WRAPFilesWithInternalviewer

----- {:| PowerPointa7yiewer_Installer
{27 ProductErochure
-2 ProductSpecification
-] References
= D UsarsManual

----- {7 Binder

Documents are provided in Adobe Acrobat 4.0 format. The Acrobat reader is available
in the folder for installation if this program is not already installed on the computer.

The ...\UsersManual\Binder folder contains the complete User’s Manual.

The ...\PowerPoint97\... folder contains Microsoft PowerPoint presentations of
WRAP, both an overview and specific presentations of each major tool. They can be
shown without a PowerPoint installation on the computer.

OPENING A PROJECT

A good way of quickly getting started with WRAP is to open some of the project files
that are available in the ...\WRAP\Samples folder. A project file includes information
on stations, equipment and map settings that were used when saving the project file.
Many results that were calculated can also be saved in the project file.

Perform the following to open a saved WRAP project:

e At the upper left corner: Select File - Open... Go to the
..\WRAP\Samples folder, select the Link Performance.WPR
file. The main window will now display a map view in the
lower right geographical viewer.

e (Click on the + sign in front of This Project folder in
the upper left area of the main window. Click on the
Stations in Project line. Now a list of stations will
appear in the list view, upper right area.

e Position the cursor in the lower left area. Right-click
and select Profile. This sets the left geographical

INTRODUCTION TO USING WRAP D‘AP
AerotechTelub WaAr
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viewer to display the terrain profile and other informa-
tion on a selected link.

e Mark the station name Link Station 21 in the upper right
list view. Notice that several of the tool icons now be-
come active, indicated by highlighting instead of being
dimmed.

e Select the icon Eﬂ. A window Select a profile or terrain
database appears, since this particular link has two
terrain profiles that were generated previously and
stored in the station database. Select the <TerrainDB>
option. This will display the terrain profile in the
lower left area, including colour information on terrain
classifications, 1°° Fresnel zone and ray path, station
names etc.

e Right-click in the profile view. Select Properties.. to
bring up a window where several options for the display
may be selected.

e Mark all stations in the list view and select Show In
Map. Four nodes, each containing two link stations, will
appear on the map. The nodes are connected with lines,
where the green colour indicates which end of the link
that is transmitting on the high duplex frequency and
the red colour indicates which end that is transmitting
on the low frequency.

EXERCISE 1: PLANNING A MICROWAVE LINK
NETWORK

INPUT DATA

The objective in this exercise is to plan and design a small 16 Mbit/s microwave link
network in the 4 GHz band. Standard stations and equipment data available in the demo
version of WRAP’s station database should be used. Assume the following:

e Maximum height above ground for antenna towers is 60 metres

e Maximum single-hop distance is 40 km

©AerotechTelub 17 WRAP 0833
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e The network shall link the following towns in the county of Ostergdtland in Sweden:
— Motala
— Mjolby
— Link6ping
— Norrkdping
— Finsping
— and back to Motala.

e Towers can be placed at the highest points within or near the urban areas of the
towns

e The fixed service band 3810.0 — 4182.5 MHz, channel separation 14.5 MHz, duplex
distance 213.0 MHz shall be used.

e The non-availability requirement is an SESR (Severely Errored Seconds Ratio) in
accordance with ITU-R Recommendation F.697-2, which is less than 1.5x10%,

ENTRY OF STATIONS

The Samples folder contains a project file that sets the map view to suit this exercise.
Perform the following after starting WRAP as described on page 14:

e Open the project OstergotlandMap.WPR. Save it again
(change the name), using Save as.. to allow saving under
a new name. Saving now and then is wise if errors are
made and a saved, correct version of the project needs
to be retrieved.

e Right-click in the map, select Scale - 1:500 000 (or
user-defined 1:300 000). Select Properties... The first
tab of the window that opens shows the available geo-
graphical vector themes. Check the theme Text, town
10000-99999. Accept and close the window by selecting
OK.

The map now displays the names of the towns to be linked. The centre position of the
map can be adjusted by right-clicking at the desired new centre position and selecting
Centre position in the menu.

e Right-click in the left geographical viewer and select
Profile. This will later conveniently allow the display
of the terrain profiles along the path. Take the oppor-
tunity now to set the earth radius factor to 0.6 instead
of the nominal 1.33. This is done by right-clicking,
selecting Properties and entry of 0.6.

Note: An earth radius factor of 0.6 is commonly used when planning radio links for high
time availability.

©AerotechTelub 18 WRAP 0833
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e Right-click in the map and select Snap to highest. This
will cause the selected station positions to automati-
cally be placed at the highest point within a certain
area around the cursor (scale-dependent size of the
area) .

e Position the cursor within the urban (red) area of
Motala. Right-click without moving the cursor and select
Tx Position. Notice that a cross and circle appears near
the cursor position.

e Then position the cursor within the urban area of
Mj&lby. Right-click and select Rx Position. Notice that
the Profile Viewer now displays the terrain profile
between the two selected points.

The end points of the link have now been set. The next step is to create stations at these
points. This is performed as follows:

e Select Station - New.. in the top text menu bar. A window
with a number of selectable folders appears. Choose
Fixed service, digital links. Select Wrap Fixed station
1-19 GHz/1l6 Mbit/s.

e The Edit Station window opens. Give a name to the first
station in the link hop (Motala). To allow easy identi-
fication of the individual links you may use the follow-
ing naming convention: Motala-to-Mjolby.

e Select the Frequencies tab. Enter 4110 in the TX Fqg
(MHz) box and 3897 in the RX Fq (MHz) box. The TX and RX
equipment have been selected automatically as defined by
the template for this type of station. Press OK, which
closes the window and automatically opens the Edit Sta-
tion window again, this time for entry of data for the
opposite station in Mjélby.

e Enter the station name, for example as Mjolby-to-Motala.
The frequencies have been set automatically to match
those that were assigned to the Motala station, i. e. TX
and RX frequencies are reversed. Press OK to accept the
entries.

A feature that allows automatic entry of existing station coordinates to a new station
should be used for the continued definition of the link network. This is done by right-
clicking on an existing station in the upper right list view and selecting Set As Tx. Then
the cursor is placed at the appropriate location in the map for the selection of Rx Posi-
tion. This is a convenient way of building a chain of link hops.
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Continue as follows:

e Right-click on station Mjolby-to-Motala in the list
view. Select Set As Tx.

e Position the cursor within the urban area of Linkdping.
Right-click and select Rx Position. You may need to try
this a few times to find a suitable high spot.

Hint: The map display can be changed in many respects. One way to allow quick identi-
fication of high spots is to right-click in the map and select Properties — Raster Data —
Type — Terrain heights, Floating colours. This sets the map to display a grey-scale with
the lighter shades being higher in elevation. Also make sure that the Info boxes are
checked to display height and terrain codes in the status bar at the bottom of the main
window. The z-value gives the height above sea level.

e After selection of the new Tx position and Rx position:
Again perform the Station - New commands and enter sta-
tion names with the same naming convention. Observe that
frequencies should be reversed!

It is common practice to make sure that each link point transmits in the same frequency
band. Otherwise interference may become severe from a transmitter operating in the
same band as a receiver. So ensure that frequencies are reversed. This can be checked by
showing the links on the map. Correct frequency distribution is indicated when each
node shows the same colour (green or red) in each of its two directions.

Continue in this manner until only the final link between Finspdng and Motala remains.
Perform the following:

e Mark Finspang-to-Norrkoping, Set As Tx. Mark Motala-to-
Mjolby, Set As Rx. Continue to assign frequencies as
before.

Now the complete network can be shown on the map and each link can be analysed for
the proper clearance above the terrain. Perform the following to do this:

e Right-click in the bottom left viewer, select Profile.
Set the earth radius factor to 0.6 by right-clicking and
selecting Properties...

e Mark all stations in the list view, select Show In Map.
Check the frequency information (red/green) for consis-
tency. Depending on the number of link stations there
may be mismatch (odd number OK, even number there will
be one mismatch). Mismatches may need to be taken care
of later by proper frequency assignment or other means.
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e Mark one station at the time. Click on the icon Eﬂ to
display the terrain profile. Attempt to achieve full
clearance of the first Fresnel zone by editing the
antenna heights. This is done simply by double-clicking
in the Profile Viewer near the end points of the path.
This opens the Edit Station window. Select the Tx Equip-
ment and Rx Equipment tabs and edit the antenna heights
(up to a maximum of 60 metres). The profile view is up-
dated when the window is closed with OK.

This procedure should work fine for all links except for the one between Finspang and
Motala. A much higher antenna height would be required here. Even with 60 metre high
antennas at both ends you will probably not achieve full clearance.

Here a relay site is required. A convenient way of finding a suitable location is by using
an area-coverage calculation called Minimum Required Antenna Height. This will
show the areas that have coverage to both Motala and Finspadng with a certain antenna
height above ground at the relay site. Perform the following:

e Mark the stations Finspang-to-Motala and Motala-to-
Finspang in the list view (any number of stations can be
selected by standard Windows procedure: Press Ctrl and
click on the station to select).

e First an area of interest, within which an appropriate
site would be located, should be marked in the map. This
is done by right-clicking in the map and selecting Cal-
culation/Search Area - Circle. Place the cursor at the
centre of the circular area to be drawn. Press the right
mouse button and move the cursor until a circle of suit-
able size has been drawn. The circle will be defined as
a purple colour when releasing the mouse button.

e (Click in the icon !!I(Coverage). Make the following set-
tings:
- Calculation: Minimum Reqg Antenna Hieght
— Above Sea Level: Unchecked
- Clearance: 100%
- Calculation Area: Circle, Defined in Map Viewer
- Resolution: High
- Effective Earth Radius Factor: 0.6
- Description: A suitable name for the calculation.

Click on OK to start the calculation and close the win-
dow.
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The calculation may take up to a few minutes if you are using a slow computer. The
progress of the calculation can be seen in the upper left view. Perform the following to
see this and set the subsequent map presentation:

e Double-click on the Calculations folder. The progress in
percent can be seen. The result can be seen in the Re-
sults - Coverage Results Area folder when the calcula-
tion has finished. Open this and double-click on the
result name that now has appeared.

e The Edit Result window appears. The Information tab con-
tains some statistics on the result, such as maximum and
minimum values (that is the minimum antenna height at
the relay site to have 100% first Fresnel zone clearance
to both Motala and Finspang). The Presentation tab de-
fines the number of levels to present, their colours,
patterns and line style. Press the + sign to display for
instance three levels. Mark each level and set a suit-
able value. A selection of 30 m, 45 m and 60 m may be
appropriate. Press OK to close the window.

e Now right-click on the result name and select Show Cur-
sor Value and Visible. The map will now display the ar-
eas within which a relay site should be placed. Move the
cursor within these areas and read the result value in
the status line. Select a suitable point, right-click
and select Tx Position.

Now two link hops need to be created to divide the original Motala — Finspang link. This
can be performed conveniently by first using the Duplicate function to create a com-
plete copy of the original link. Then the respective end points can be moved to thye new
site defined by the Tx Position. The station names should obviously be changed to
reflect the new locations., and the frequencies need to be checked for the proper fre-
quency arrangement at each location.

Perform the following:
e Mark the link Motala-to-Finspang/Finspang-to-Motala.

Right-click and select Duplicate. This results in a new
link hop named Copy of.. etc.

e Mark the link station Copy of Motala-to-Finspang. Right-
click and select Move To Tx Position.

e Mark the link station Copy of Finspang-to-Motala. Right-
click and select Move to Tx Position.
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e Mark all stations in the list view and select Show in
Map. Check the frequency indicators such that all link
sites only have either red or green colours in both of
their link directions. Double-click on station names
that have the wrong frequency complement and edit
(change Tx frequency and Rx frequency). This is done by
marking the frequency, clicking on the right arrow to
move the frequencies into the edit boxes and editing the
frequencies there. Don’t forget to click on the left ar-
row to move the changed frequencies back.

e Also take the opportunity to edit the station names to
for instance:

Relay-to-Motala

Motala-to-Relay

Relay-to-Finspang

Finspang-to-Relay

e Mark the Motala-to-Finspang link, right-click and select
Delete.

e As a final measure you should check the antenna heights
for the new stations. They can probably reduced signifi-
cantly from the 60 metres maximum height.

CALCULATE LINK PERFORMANCE

Now all links should have a reasonable free line-of-sight. The next step is to calculate
the link performance. Do as follows:

e Mark a link to be analysed for link budget and avail-

ability. Select the icon F Radio Link Performance. The
initial calculation is always performed with the Free-
space propagation model, complemented with attenuation
due to the atmosphere. Since all links now should have a
free line-of-sight this is a wvalid propagation model.
This opens a window as shown below.
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Link Performance Analysis x|
Brint.. | Settings...| Caloulate | Edi Link..
Path: Lirkoping-to-Morkdping - Marrtkoping-to-Linkoping
Frequency [MHz]: 4110,0000
Diigtance [km]: 39,047
Capacity [MEit/s]: 16,00
Profile: <TerainDB:

— Propagation — Perfarmance
Free Spacs T/ [BER | Threshold |
[dB. 1365 20.0 1006 790
Atmospheric [dB]: 0.3 i 0,001 830
r— Power budget
EIRF [dEm]: IE?
Propagation [dB]: 136,787 Flat fading margin [dE]: 46,2
_ ) Met fading margin [dB]: 4E.2
Antenna Gain [dBil |33 R ayleigh, worst month: 2 56e-007
. . Fiair, warst manth; 8.00e-003
Add, sttenuation [48] 0 Tatal probability 2 de-007
. Cikd: 3.87e-007
Received power [dBm]:  -36.8 SES: 2 EGe. 007

Note that the line for T/ 20.0 — BER 0.001 — Threshold —83.0 has been marked. This is
necessary to show the result for DM — Degraded Minutes and SES — Severely Errored
Seconds. The SES value constitutes the most important result, and in this case probabil-
ity of unavailability due to too high bit error rate is only 2.56x107, to be compared with
the design objective of 1.5x10™*. This means that the link budget can be reduced by for
instance selecting antennas with lower gain or reducing the transmitter power. In this
particular case it seems to be sufficient with about 40 dBm EIRP (Eftective Isotropically
Radiated Power). All links can be checked for availability.

Under Settings... you can find selections of various methods, propagation models and
atmospheric conditions and you may experiment with other settings.

INTERFERENCE ANALYSIS
Interference within the network

The new network should be checked for potential interference within the network and
against other use of the assigned frequencies. First you may check within the network by
using the Interference tool. Perform the following:

e Mark the first station to be checked for interference.
Select the El Interference tool.

e Select Settings.. Propagation Model - Wanted - ITU-R
P.526 and ..Interferer - ITU-R P.452. Use the default
settings for other options. Press OK to start the
calculation and close the window. A result screen
similar to the following appears:
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Interference Analysis : o ] |
Prirt.. | Seffings... | Caleulate | EditLink...
Station b atala-to-tdjalby
Lirk Ta Mjolby-to-tatala
‘Wanted S [dBrm] 30,94

| Totidemi| Tor 54 [de]] | & Inteifered
-B5.08 34.14

Ag Interferer |

[ Listal
Iiterferer | f [MHz] | Ifdem]| 548
Mjolby-to-Linkoping 3897,0000 -66.94 36.00
Matalarto-Relay 4110,0000 11480 53,86
Relay-to-Motala 3897.0000 BAET 3873
Fielay-ta-Finspang 3857.0000 107 67 673

Note that the frequency entry in the top list view has been marked to display the individ-
ual interference contributions as listed in the lower box. The total interference as
received by the Motala-to-Mjolby station is —65 dBm and the signal-to-interference ratio
is 34 dB. These values are quite acceptable. Selecting the As Interferer function will
show the interference that the transmitter of Motala-to-Mjolby causes in the other
receivers in the network.

You may continue and check the remaining stations for interference.

Interference from other stations

Interference to and from other users of the assigned frequencies should be checked. This
requires knowledge of the overall frequency utilisation, such as a national master station
database. WRAP supports this, but the demonstration version is limited in functionality.
To demonstrate some of this it is possible to search the IFL (ITU’s International Fre-
quency List, to be replaced with the BR IFIC — International Frequency Information
Circular). This requires that the IFL in WRAP format is installed, which will show up as
an additional station database named IFL in the upper left database folder view.

In this particular case it is of little interest, since Sweden does not have any entries in the
IFL for this frequency. Norway, Denmark and Germany have entries at both 3897 MHz
and 4110 MHz, but the distance is so large that there is no potential of interference.

Anyway, the procedure is to perform a geographically limited search on the frequencies
of interest. Any matching station entries in the database can then be added to the WRAP
project and the interference contribution can be calculated.
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CHECKING FOR COLLOCATION INTERFERENCE

There may be a risk for interference if the new stations are located near existing radio
installations. This may give rise to interference such as intermodulation, harmonics etc.

upa
Analysis of this can be performed with the i Collocation Interference tool. The nor-
mal procedure would be to search for other stations in the vicinity of each of the new
installations and add these to the project.

Run the Collocation Interference tool just to illustrate the procedure. Perform the fol-
lowing:

e Mark all stations in the project. Start the
i
M Collocation Interference tool.

¢ The main window opens. Press Calculate (you may natu-
rally study the settings).

e Maximise the window after the calculation has been per-
formed. Mark the second receiver in the top list box.
Then expand the view in the bottom left list box by
clicking on the + sign. Mark the line as shown below.
The “Margin” value indicates the sensitivity degrada-
tion, in this case due to interference from the other
transmitter at the same location. Since the wanted sig-
nal level is high this degradation is negligible.

i Collocation Interference Result o =[S
Receiver [ (MHz)[_ B (kHz)| Maxblock | Total| Step1[ Step2] Antilum| Hamonics| IF [ FecEBlocking [ Codi[  Image | It | Ok I
Motala-to-Miclby 38970000 10000 0.00 1 1 0 0 [T 1 0 0 0
Miolby-to-Motala 41100000 10000 0.00 2 1 1 i [N 1 1 i i
Miolby-to-Linkaping 4100000 10000 0.00 2 1 1 i 0o 1 1 i i
Linkoping-to-Miclby 38970000 10000 0,00 2 1 1 i [ 1 1 i 0 -
Linkopingto-Narrkoping  3997,0000 10000 0.00 2 1 1 i [N 1 1 i 0 dzEE |
Marrkoping-to-Linkoping  4170,0000 10000 0.00 2 1 1 1] 1] 1] 1 1 1] n]

MNorrkoping-te-Finspang - 4110.0000 10000 0.00 2 1 1 o o o 1 1 1} 1} "
Finzpang-to-Monkoping  3897,0000 10000 0.00 1 1 1} 1} 1} 1} 1 a a 0 Setlings |
Motala-to-Fielay 3397,0000 10000 0,00 1 1 i i [N 1 0 i 0
Felayto-Motala 41100000 10000 0.00 2 1 1 0 [ 1 1 0 0
Felay-to-Finspang 4100000 10000 0.00 2 1 1 i 0o 1 1 i i warnings.. |
Finspang-to-Relay 33970000 10000 0.00 1 1 i i o0 1 0 i 0
Print selected... |

Receivers Tranzsmitters | Frint all |
= Miclbyto-botala (4110,0000 MHz) Transmitter | tiMHz) | BkHz)[ EIRP(dEw) | Magin(de)[ Distim)[  Lb(dB)[ Duty cycke|

E- Fles Blocking (1) Miclby-to-Linkoping  3897.0000 12000 Egi] 374 1 219 1.00

: Mialby-to-Linkoping (3897.0000 M|
El- Coltdiacent Channel Interterence (1)
o ijolby-to-Linkop 000 kM

4] | &
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FREQUENCY ASSIGNMENT

The interference check showed that every link in the network operates satisfactorily with
the first attempt to assign frequencies. This was such a simple case, requiring little or no
support in the selection of frequencies. An automated method of frequency assignment
should be used when it is difficult to find suitable frequencies. This is done with the

ﬂ Frequency Assignment tool. This tool also gives a convenient graphic display of
the interference situation for each station to support manual frequency assignment. You
can try this out in the following way:

e Mark all stations that should have transmitter frequency
in the low band (for automatic assignment). To study the
interference situation, just mark all stations. Start

the Eﬂ

Frequency Assignment tool.

e First an appropriate channelling plan must be selected.
Click on Raster - Select Raster. Choose the 4 GHz, 14,5
MHz, 213 MHz raster and click on OK.

e Now select Blocking - Settings. Select the ITU-R P.526
propagation model. Click on OK and then OK in the Block-
ing Settings window.

e Select Blocking - Calculate. The list views become white
when the calculation is ready. Mark the Station Name for
each station in the upper left list view. This will dis-
play the margin diagram that gives information on the
assignment margins.

e The assignment can be changed manually by clicking on
the vertical lines. The colours indicate the following:
- Blue: Already in use by the marked station
- Yellow: Assignable
- Red: Not assignable (due to non-fulfilment of signal-
to-interference criteria).

e Frequencies can be removed by right-clicking and select-
ing whether to delete just this frequency or all fre-
quencies. Before performing a complete automatic assign-
ment it is common practice to delete all frequencies.

e Automatic assignment can be performed by selecting Auto-
matic - Start. There are several settings to control the
assignment algorithm in the Automatic - Settings menu.

Finally: Save the link stations to the station database. This is done by
marking all stations, right-clicking and selecting Save.
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EXERCISE 2: EARTH STATION COORDINATION

Many frequency bands in the microwave range are shared between fixed services and
various satellite and space services. The ITU prescribes that a specific coordination pro-
cedure shall be performed to secure the compatibility between space and fixed services.
The procedure is illustrated in the following.

The ITU publishes the Space Radiocommunication Stations on CD-ROM and regular
updates through one of the BR IFIC CD-ROMs. There is associated software to search
for earth stations and satellites to allow analysis of interference and to initiate, if needed,
a coordination procedure.

A search was made to find a receiving earth station with which there may be a need to
coordinate since its frequency use is overlapping with the 3897 MHz frequency of the
link network that we just planned. The earth station NIT 5 is located in Norway, receiv-
ing the satellite Intelsat 5 Indo C1 at 63 degrees east in the geostationary orbit.

After establishing that a frequency overlap exists the particular data for this earth station
was entered in WRAP and stored in a project. The satellite was created and stored under
the name Intelsat 5 Indo C1. Now perform the following to calculate the coordination
area around earth station NIT 5:

e Open the project NIT5.WPR in the ..\WRAP\Samples folder.
(You should close the previous link project first).

This project uses another geographical database, the GTOPO30. This is a world-wide
database having height information in a raster with 30 seconds resolution (about 900
metres in north-south direction, 900 m or less in east-west direction) and a terrain classi-
fication of “land” and “sea”. The link network that was created in the previous exercise
has been included in this project.

e Show the stations in the project in the list view. Show
NIT 5 on the map. Mark NIT 5 and select the

@l Earth Station Coordination tool.

e Make the following settings:
- Exceed time RX: 0.01 %
- Radiation pattern: 6
- Rx Ant Gain: 54 dBi (data from the SRS CD-ROM)
— Climate zone: Use IDWM (ITU Digitized World Map)
- Geometry: Calculate (means that the terrain mask will
be derived from the GTOPO30 database.
- Effective earth radius factor: 1.33
— Maximum terrain height: 1000 m
— Number of auxiliary contours: 0
- Description: A suitable name for the calculation.

©AerotechTelub 28 WRAP 0833



:;:::"ACTOteChTe]ub EXERCISE 2: EARTH STATION COORDINATION wr‘AP

®

T\

EED FOR SPECTRUM MANAGEMENT

Click OK to start the calculation and close the window.

The result will appear in the folder This
Project\Results\Earth Station Coordination Results.
Double-click on the result name to open the Edit result
window.

Select the Results tab. Check all three contours for
display. Select thicker lines and nice colours to
display well on the map. Press OK.

Right-click on the result name and select Visible. The

map now shows three contours.

- Circle: Propagation mode 2 (rain scatter)

- Irregular: Propagation mode 1 (tropospheric)

- Circle + Irregular: The maximum distance of the two
above.

The coordination contour is given by the maximum

distance from the earth station, so the separate

displays of Mode 1 and Mode 2 can be removed.

Show all the stations on the map and notice that all the links are within the contour, thus
requiring the coordination procedure to be performed. The next step is to calculate the
interference contribution in the earth station from the link transmitters that operate
within the frequency band of the earth station. This is done with the Interference tool.

Perform the following:

Mark the NIT 5 station. Start the !ﬂ Interference tool.

Make the following settings:

- Propagation model, Interferer: ITU-R P.452

- Propagation model, Wanted: Not applicable. Use
Free-space

- Interference level: I [dBm] Above -170 dBm

- Interference level: S/I Below 50 dB

- ITU-R P.452 settings: Clear air, 0.01 %, Worst month.
Default for other settings.

Close the windows with OK to start the calculation.
Notice that the interference level is very low (about
-156 dBm). You may also try with the hydrometor.scatter
model.

The resulting interference level is very low, far below the sensitivity of the earth station.
This should mean that the links would pass the coordination procedure with Norway
without problems.
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EXERCISE 3: LICENSING

Licences are handled in a separate application, the WRAP Licence Manager. This appli-
cation operates on the same station database as the technical system, meaning that it can
retrieve required technical data from the database and add various administrative data
associated with the station(s) to be licensed.

Perform the following to start the Licence Manager:

e Select (Windows start menu) Start - Programs - WRAP
Licence Manager - WRAPLicMan. This opens a main menu,
where several selections can be made. Some of the avail-
able functions are shown in the collection below:

&, Microsolt Access [_]7]
” Arkiv Redigera Visa Infoga Format Poster Werkbyg Fonster Hjalp ‘

B/ Licence manager main menu _ 1ol =] I

= New/E dit licence _ O] x=|

Select by licence 0OR [5elect by compary
Add new licence | \H = [&

C L f il Licenceld | [tnnualfee ] _1 E56 939 _Calculate fee
ompany -> Licences->Fee->Billing = =
Ko of nobies

Company -> Name->Licences->Fee [ pplic1 23456 Comrnent
933020
Add/Edit Licence-»Address

Add/Edit Country Start date 998-01-2 :
Biing aaiess | Eq J| A
Slop date 999-01-2 - -
Add/Edit Region

Biling address=Pastal
Add/Edit Licance status Note: Double-click the record Commercial/Fized radio Wl PiivatedAmateur radio

selector to view station details

|

i

=

I

=
=
=

Fosilsaicss Ea

Add/Edit Commercial radio class StationlD [Name [FaMax  [FaMin Licence type [
100015 [AALEH = %= [
Add/Edit Private/amateur radio class EE e 3 i Comment
H Licence billing H=] 3.4 0
957 1)
Losrce —[Date__ Janpfos | :
E:ﬂ:eeg:te 1999-01-20 199907131 | Commercial radio classes =0 =

Nate: Click the record selector and press the print preview button Add/Edit commercial Add
radio class
Licence Shatus Start date  |Stop date Fee
Pk ||[FREDRIKE Application 1995-02-02 362 7HI » m
INGVARET Rejectad 1935-01-01 20000
D&VIDA Reiected | 1995.01-20]_ 19250120 1 655 999
FILIPG Licensed 1933-01-27 )| 27394 276 | and mobile radio
HESJUL Licensed 1933-01-28 851 B33
550 000
Fooperchael J| 233
Feepeimcbic J 700 |
Posti 1| I[ 1 v [bi]os] av 16 Aoy

Total Sumi 5 385 697 '
t 1
[Formular —rrr T T

-

]

e (Click on the box left of Add/Edit Licence -> Address.
This opens a window, which is used to generate a new
licence and, if needed, a new licensee address.

e Click on Add new licence. This clears the entry fields
and allows new data. Fill in reasonable data (details
are not important for this exercise). Note that an entry
first has to be made in the Licence no field. Otherwise
it is not possible to enter data in the other fields.
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All of the stations in the new network generated in the
first exercise can be licensed in one form. Selection of
stations is done by clicking on the drop-down arrow just
This opens a list of
Selection of

[}
right of the entry field “Name”.
all non-licensed stations in the database.
station is easily performed either by scrolling the list
or by entering the first few characters of the station
This caused automatic search for these first char-

name.
acters.
Select all of the station in the new network.
Licensee addresses that already exist can be selected by
clicking on the drop-down arrow just right of the Postal

[ ]
Address/Billing Address fields. New addresses can be
entered by clicking on Add.
When all stations have been entered you can click on
This will calculate the total licence fee
based on the fee structure that has

[ ]
Calculate fee.

for this licence,

Edit commercial radio class function that can be

=101.x]

been defined. The fee structure can be edited in the

I OB [Select by compary

=
7]
Comment |
nk Metwork Ostergotland Karl Kar =

selected from the main menu.
Having entered complete data into the form gives (for example) the following view:

Select by licence

B New/Edit licence

Add new licence

|

icence |d
icence no 23456
pplication no
pplication date
-
- ink. Metwork, Dstergotland Karl Kar_=

zzue date
tart date 2001-03-M
2005-03-M

Postal address Li
Billing addrezs L
top date
Biling addrezz=Postal
tatus
Hote: Double-click the record ammercial/Fised radio Privatelbmateur radio
zelector bo view station detailz
|StationlD [Mame IFQMa:-: IFQMin ‘I
tatala-to-rdjolby
Miolby-to-Motala
jalby-to-Linkoping
101090 B8 Link.oping-to-kjolby
101091 B Linkoping-to-Morrkoping
Marrkoping-to-Linkoping

hlmrel: mmiinm ks Dimm —amm

WRAP 0833

Posk: Hl 4 || 12k |>I|H&| av 13
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e Now click on the Print Preview button in the upper right
part of the form. This opens a preview window, where the
licence information as it may be printed appears.

There are several functions available for editing basic data that then can be selected from
drop-down lists. These are available in the first window — the Main Menu.

Data generated in the licensing process are stored in the station database and can be
retrieved later.

EXERCISE 4: COORDINATION AND NOTIFICATION

This exercise deals with the coordination and notification process that is necessary in
many instances. The rules for when coordination and notification are required can be
found in the ITU Radio Regulations.

A result of the first exercise was that the coordination contour (receiving) around the
Norwegian earth station NIT 5 extended to include all the radio link stations that were
planned in the exercise. Some of them transmit on an overlapping frequency assignment.
This means that coordination should be performed with the Norwegian telecommunica-
tions administration. After successful coordination a notification on the coordinated link
stations should be sent to the ITU BR (Bureau of Radiocommunications) for entry in the
master international frequency register.

The handling of the notification process is supported by the WRAP Licence Manager.
Perform the following to illustrate how this is done.

e Start the Licence Manager. Select the item Coordination
on the main menu.

e Study the form that opens. There is a fly-by information
that appears when the cursor is positioned on each of
the available T-series notification forms (as they are
defined by the ITU). Click on the drop-down arrow for
the Not coordinated stations. This opens a list of sta-
tions in the database. Enter the first letter of the
station to be coordinated (in this case one of the sta-
tions that operate on 3897 MHz). Select that station.

e The proper form is T1ll. Select this one to open the
form. Data that were already available in the database
are filled automatically in the form. Other data must be
entered manually.
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e Some notes referring to the form that now is displayed:

- Shaded fields are only applicable in certain cases

- Fields that are automatically filled from the database
are read-only. Data in these can only be changed from
the technical WRAP system.

- Fields with a drop-down button are filled from
selections that are made from the drop-down list.

— The T11 form can only handle the notification of one
station with one frequency

- The Administration Unique Identifier is an important
field. The format here is obviously defined by the
administration submitting the notification.

- Field 7b takes wvalues A, B and C but is only mandatory
for the fixed service in the HF frequency range.

- Field 9ea is not filled automatically in the current
version. The altitude above sea level can be found in
the technical system by placing the cursor at the
station and reading the altitude in the status bar.

- 86.7 should be entered in Field 11 should for this
particular case. NOR (Norway) should be selected from
the drop-down list, since we assume that the station
was successfully coordinated with the Norwegian
administration.

- Field 9c¢ is not filled automatically in the current
version. The correct value can be found by opening the
Edit Station window, select Antenna - Edit and reading
the 3 dB-beamwidth from the table of values. It is in
this case about 2 degrees.

- Data for fields 12a and 12b may be a little
complicated to find. Information is available in for
instance ITU documents and software. Enter A in field
12b and for instance 660 in field 12a.

- Field 5g is not entered automatically in the current
version. This is the distance between the transmitter
and its associated receiver at the other end. Can be
found by using the Calculation/Search area - Line in
the technical system. Position the start of the line
at the transmitter and the end at the receiver. Read
the distance in the status bar.

Detailed information on the fields in the notification forms can be found in Ref 27 in the
WRAP References document in the UsersGuide\References folder.

e Click on Save when all desirable information has been
entered. This will save the entry for later retrieval
for printing or continued work in the notification
process.
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The Coordination form now should display a line for the just completed T11 notifica-
tion. Marking this line and clicking on Show will display the stored form for viewing
and printing.

A change to a notification that has been submitted as and Addition (i. e. for a new entry
to the ITU BR) is notified by using the MOD (Modification) function.

Deletion of an existing entry in the master international frequency register is performed
by the SUP (Suppress) function.

Withdrawal of a notification (ADD or SUP) is done with the WITHDRAW function.

The history of submissions for a particular station can be viewed by selecting a station
of interest from the drop-down list that is seen when selecting that station in the list Pre-

viously coordinated stations.

The just completed T11 notification may look as follows when viewed with the SHOW

function:
Dt of notil cation B: Motifying, Nmiﬁmiqnimended fr A00 MoD SUP FORM OF NOTICE
Day Month  Year Administration ofan assignment ¥ OO TERREST RIAL TRANSMITTING STATION (T IN THE F{ED SERWICE
dokleblohld [ ] [Freme===m
(AFPENDK 54 ANMEXES1AANDIEY | 7 s

RR S112 5931
(5]

SADmES KN Vader the prou ks ke of

ezl
rolclon

Re-
sam ks don

W

Administrati on Unique |dentifier

aranlie

EEENEEEEN

I LT

PredousTrecordeden‘inisﬂa‘ﬁon Lhiruelden‘ti er| | | | |

Cither identi fng inforration (or WMOD £ SUP onl - previousthy recorded data (f changed )

2c: Date of bringing into
Oy Mol

“fear
0|1

22101

ED

2]

0-1a: Assigned frequency 0 -E clans O-ta: pesgralan o 0-7h Class of 0-100: Hours o7 cperalan 0 -42: Coniraes (Langl e/ Lalikde)
Y el Embzsion opemion From (UTG)  Te(UTS) deg i o e i .
IR AR NN | oo TTOTTOETITOOCTTIITI
Particulars ofth e assignment
13: Azsigned frequency 1b: Refenence (camer frequancy fa:Clazz  fib: Maturz [Fa: Diesignation o femizsion [Fb: Clas= of 10b: Hours of operation [Fe: Fregquenoy
i f station  fof sarvice eration From (UT ) To (LT [eu Bt l!»"ﬂ:l |s ergl Hz
LS ERlEn
BEEED W LTTITTTT ) B GE [ ARMOIE O] [ e, |[0000[21400
uze [3a: Call Sign or  Station identification (RR 519)

4a: Mame ofthe location ofthe transmitting station

b Geographic
area

fehe: - Coon:llna‘hes (Longrtude.l’Lartudej .

Mooy -lepMpleplL ] [ [ [ [TI[[[]]]]

B3 o EE[E B

B0

flea: Akitud e of site
pbove s2alewel

«H T,

11 Sumessi.lllv complened ooor\:llnauon u.ln:h otherﬁdmlnlsnatlons

12a: Operating

12b: Address code
of Administration

BI@'I B

bk

EEEENEN

Otther information
(suppied on a
separate sheet)

[l

Sa: Power to the antenna

of gﬁler +£1_[dB
Eim:- ﬁ

8b: Radiated pourer
+-) [dB

fab: aximum powe rdenszity

1 B

+ J 317
9: Directivity da: feimuth | 9ab: Aeimuthal seaorformmngamenna Qe: Beamwidth 99 :Max. gain | 9j: Reference antenna 9b: Elevation angle | 9d: Polanzation | He : Height abowe ground
ofthe antenra | (deg.] (R (deg.fom) [deg.to (deg) ] +.¢) de. code lewel
NDV
o e e (T 2 SN [[]] H] LA,

5a: Mame ofthe location of the recel\rlngsiatlon(s) gll_Je:aGeogmphlc Ao Coordlnates (Longrlude.-’Lahmde ﬁglsﬁgﬁg?immn Fg:ghgaxirn;.lm
ngh ofthe

HCRE MR T[T T T TTTE ]  [oRElonlos el [T |~
L[] 2P
Riate: Shaded
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