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From the Developers

We have made every effort to create a user-friendly and intuitive application. However, we recommend
that you spend some time reading this User Manual to get the most out of MLinkPlanner.

About MLinkPlanner

MLinkPlanner 2.0 is a powerful and user-friendly tool for planning point-to-point (PtP), point-to-
multipoint (PtMP), and LTE / 5G fixed wireless access (FWA) networks. MLinkPlanner was created by
engineers with many years of experience in designing microwave links, from single-hop access links to
high-power long-haul trunk lines.

MLinkPlanner has demonstrated its effectiveness in designing many links that are operating successfully
in various climate zones and topographical conditions, from plains and marshlands to highlands.

Special focus was placed on devising a convenient user interface, incorporating adaptable and easy-to-
use link path profiles in the design process, and automating all key calculations.

Main Features

Fully automatic path profile generation with terrain elevation, tree height, and building height based on:

- Terrain elevation data with 2-30 m plane resolution (Default DEM). For more details on data
sources, see Appendix 1: “Default DEM”. It is also possible to use custom DEM in GeoTIFF format
with any plane resolution.

- Global Tree Cover data with 1 arc sec (about 30 m) resolution, including information about tree
height. Data sources: High-Resolution Global Maps of 21st-Century Forest Cover Change
Published by Hansen, Potapov, Moore, Hancher et al. Department of Geographical Sciences
University of Maryland and Jet Propulsion Laboratory California Institute of Technology.

- Global 3D building data from the OpenStreetMap project database. Data source: Our buildings
database, which synchronizes with the global OpenStreetMap database.

All of these types of geodata are automatically downloaded to the required area as needed; there is no
need to worry about preloading the geodata. You can also edit the automatically generated path profile
or create a new one manually.

The application allows you to use standard basemaps (such as OpenStreetMap, OpenTopoMap, US Topo
etc.) and custom ones.

MLinkPlanner 2.0 can perform the calculation and optimization of PtP and PtMP microwave link
parameters, including:

- Path profile analysis (evaluate different clearance criteria, obstruction loss, reflection geometry)
- Multipath fade probability prediction (Rec. ITU-R P.530-17 method; Vigants-Barnett method)

- Rain fade estimation (Rec. ITU-R P.530-17 method; Crane method)

- Diversity improvement calculation (frequency, space, and quad diversity)

- Co-channel operation

- Error performance and availability prediction (Rec. ITU-R F.1668, Rec. ITU-R F.1703)

- Reflection analysis (Rec. ITU-R P.530-17)
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- Diffraction loss analysis (Rec. ITU-R P.526-15 Complete Bullington method or Diffraction over
multiple cylinders method; Deygout principle method with correction ITU-R-P.526-11; Epstein-
Peterson method)

- Gaseous attenuation (Rec. ITU-R P.676-11)

- Attenuation in vegetation (Rec. ITU-R P.833-9)

MLinkPlanner 2.0 can perform coverage prediction for PtMP and outdoor Wi-Fi using different area study
methods:

- Received Power Studies at subscriber stations (CPE)
-  Best Server
- Carrier-to-interference + noise ratio C/(1+N) at subscriber stations (CPE)

MLinkPlanner 2.0 allows you to:

- Use the large set of radio equipment specifications that come with the software.

- Save the result of the coverage prediction as an interactive web page, as a PNG image, GeoTIFF
or as a KMZ file.

- Compare the coverage prediction results performed for different conditions

- Automatically link subscriber stations to BS sectors based on the best server prediction

- Flexibly adjust the layers on the base map and show custom vector layers

- Use metric or English measurement systems.

Installation and Activation

MLinkPlanner 2.0 supports Windows 7/8/8.1/10/11.

The minimum computer configuration is 64-bit Windows, Core i3 CPU, 4GB RAM, 200GB HDD, video card,
and monitor with support for 1366x768, although the program can be installed on a less productive
computer.

To use the full version of MLinkPlanner, you should purchase a license. Once you have successfully
purchased MLinkPlanner, you will receive an email within a few seconds containing a link to download
the installation file and the Activation ID for the license. Run the installation file and follow the instructions
that appear on your screen. When the installation is complete, run the application; enter the Activation
ID provided to you in the order email, and click Activate. Once you have done that, you have activated the
fully functional version.

Software Update

Software Update Periodically, we release free current updates in which we improve the functionality and
stability of the software.

MLinkPlanner supports both manual and automatic checking for updates. The software will check for
available updates every time it starts. To check for updates manually, click “Help - Check for updates.” If
there is an available update, a window will open with information about the current and available
versions. You can download the update from the link and install it manually. Exit the MLinkPlanner
software before installing the update.
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User Interface

After starting the program, the main panel will appear with the main menu on the left side and the base
map on the right side. You can change the size of the panels as needed using the separator. At the top is
the main toolbar. When you hover over each of the icons, a hint appears.
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MLinkPlanner 2.0 interface

= MLinkPlanner 2.0 C\Users\user\Downloads\ Test_Project.mlp2 X

— m}
:’ﬂ_' E — = = OpenStrestMap - “]]ﬁ @ 2 & L4 B ??r‘] F'”] F'] = l:l |D ,? N
| “# _ standard tools for working with files: Create, Open, Save
1 - Savethe project.
- Collapse all PtMP base stations in the main menu.
=— - Expand PtMP base stations to the sector level in the main menu.

— Expand PtMP base stations in the main menu to the subscriber station level.

- Show / Hide the left panel for subscriber stations and links. By default, this tool is
deactivated, but it can be activated in Settings.

- Show / Hide the panel with a path profile. By default, this tool is deactivated, but it can be
activated in Settings.

- The current base map zoom
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|T'3'P'3":Tr |"| - The current base map
'{Hj:[ - Antenna height optimization
f_%_ﬂ - Diffraction analysis
E - Reflection analysis
8 perform coverage prediction for PtMP base stations.
- Add the coverage to compare

- The “ruler” tool allows measuring distance and azimuth between any two points. To
perform a measurement, click on the ruler, then click on any two points of the map and you
will see distance between points and azimuth from first to second. To exit, right-click
anywhere on map.

A3

- Save PtMP base station coverage as a webpage.

A

- Save PtMP base station coverage as an image in *.png format.
[mt - Save PtMP base station coverage as a GeoTIFF file in the Web Mercator projection
- Save coverage, sites and links as a KMZ file.

= . Equipment Editor

| | ||> - Search for base stations, subscriber stations, and links by name.

'? ~ -Help

More information about each of tools is described later in relevant sections of manual.

MLinkPlanner uses a multi-level tree interface. When you select one of the menu items, the corresponding
panel opens next to it.

MLinkPlanner also has context menu on base map. You can use them to quickly perform various actions.
Options for this context menu directly depends on selected main menu items. Different layers can be
displayed on base map — sites, microwave PtP links, PtMP base and subscriber stations, PtMP coverage,
various additional custom vector layers etc.

You can choose to display one of pre-installed base maps or customize your base map as described in Base
map Settings section. Map navigation performs with mouse. Use mouse wheel to zoom map in or out.
You can also select required zoom from drop-down list in toolbar.

When map zooms into level 12 or higher application begins to download SRTM elevation data and tree
cover data. Status bar displays pointer’s geographic coordinates and information about elevation above
sea level and height of tree canopy. Usually loading of necessary data sets (terrain elevation and tree
cover) takes place in few seconds.

Quick Start

Point-to-Multipoint Link Availability Prediction

1. Create at least two sites (see Creating Sites).
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2. Usingthe P (add a new product family) button in the Point-to-Multipoint menu, connect the
product family with the PtMP equipment you need to the project (see the PtMP base stations
section). If such equipment was not in the set of specifications supplied with the program, then
first create the equipment specification (see Section Equipment Editor).

3. Using one of the previously created sites, in the Point-to-Multipoint menu, create a new base
station (see the PtMP base stations section). When creating a BS, its first sector is created
automatically.

4. Inthe created BS sector, from the drop-down lists, select the family and product (equipment
model), bandwidth, carrier frequency, and also specify the antenna and feeder parameters, also

choose the antenna pattern file (see the PtMP base stations section).
[
5. Inthe created BS sector, click on the button o, (add a new subscriber station) and select the

site on which this subscriber station will be created.

6. Inthe panel of the created subscriber station, click the — (generate path profile) button to
automatically create the path profile (see Creating Path Profile with GIS section). From drop-
down list, select product (equipment model), and specify antenna and feeder parameters.

7. In panel of subscriber station, click S (Report) to display link availability report.

Point-to-Point Link Performance and Availability Prediction

1. Create at least two sites (see Creating Sites).

2. Using P (add a new product family) button in Point-to-Point menu, connect product family
with PtP equipment you need to project (see PtP links section If such equipment was not in the
set of specifications supplied with the MLinkPlanner, then first create the equipment
specification (see Equipment Editor section).

3. Using previously created sites, in Point-to-Point menu, create new microwave PtP link (see
Creating PtP link section).

4. In panel of created PtP link, click L (generate path profile) button to automatically create
path profile (see Creating Path Profile with GIS section).

5. From drop-down list, select family and product (equipment model), bandwidth, and carrier
frequency.

6. Intable that appears, mark types of modulations and coding for which calculation will be
performed. Next, specify required configuration of microwave link, redundancy and diversity
reception, parameters of antennas and feeders, as well as antenna heights (antenna heights can
also be changed directly on path profile diagram).

7. Click B (Report) to display link performance and availability report.

Coverage Study for Point-to-Multipoint

1. Create at least one site (see Creating Sites).

2. Using P (add a new product family) button in Point-to-Multipoint menu, connect product
family with PtMP equipment you need to project (see PtMP base stations section). If such
equipment was not in the set of specifications supplied with the MLinkPlanner, then first create
the equipment specification (see Equipment Editor section).
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3. Using one the of previously created sites, in Point-to-Multipoint menu, create a new base
station (see PtMP base stations section). When creating BS, its first sector is created
automatically.

4. In created BS sector, from drop-down lists select family and product (equipment model),
bandwidth, carrier frequency, antenna and feeder parameters and also choose antenna pattern
file (see PtMP base stations section).

5. Fillin form Coverage Study Details with calculation parameters (see Coverage Study).

6. Click Calculate Coverage on top toolbar to display coverage map.

Projects

MLinkPlanner project files have a *.mlp2 extension. Each file contains information about the project,
including path profiles and parameters of microwave equipment.

A new project is created automatically each time the application is run. On the lower left panel, enter the
Project Information. The import of projects from the previous version is also provided.

The installation file comes with several test projects from which you can start working in MLinkPlanner.

Sites

Before creating microwave point-to-point links, point-to-multipoint base stations or subscriber stations
links, you must first create sites. Sites are locations that can be connected via point-to-point or point-to-
multipoint links. A site has only three characteristics - name, latitude, and longitude.

Creating Sites

To work with sites, go to the Sites menu item in the left menu.

Sites X
¥ m|m|x|B]| RS Q
Mame Latitude Longitude ~

g

B502_Marcinowice M52 061634° E15.077598°

B503_Sulechow M52 DE363E" E15.614748°

BS04_Mowa Sol M51.807288° E15.707960°

BS05_M. Bobrzanski ME51.799685" E15.245075°

s01001 M51.534075" E15.530415°

201002 M51.935455% E15.528703°

=01003 M51.550653° E15.535598°

s01004 ME1.574413° E15.53217%°

s01005 M51.994183° E15.565567°

201006 M52 DE3008" E15.364538°

Sites menu

Toolbar:
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b - Move this site up.

E} - Move this site down.

[#] - Import sites from *.csv or *.kml files.
M - Export sites to Microsoft Excel.

- Sort sites in alphabetical order.

- Add sites from the clipboard.

- Delete all sites.

@ |3 B

- Position the map with the site at the center of the screen.

- Find and select a site in the table.

jo,

MLinkPlanner provides several ways to create sites:

1. Enter the name and coordinates of the site in the table.
2. Use the context menu when clicking on the base map.
3. Import sites from a CSV or KML file.
4. Copy from spreadsheets via the clipboard.

Table Entry

Enter the site name and its geographic coordinates in the relevant fields. The geographic coordinates are
specified as Point of compass, degrees, minutes, and decimal seconds (e.g., N35 36 23.8). The numbers
should be separated by a space. After pressing ENTER, the coordinates will be automatically converted to
the format specified in the Settings menu. Alternatively, you can enter coordinates as Point of Compass
and Decimal degrees (N12.34567). After pressing ENTER, they will also be converted to selected format.
Site icon will be displayed on base map. If you do not specify hemisphere, then Northern Hemisphere will
be set by default.

Use the Context Menu

You can also create a site by right-clicking on a location on the base map. Being in main menu item Sites,
right-click on location within base map and select Create new site from context menu; you can rename it
later. New site will be added to map and appended to bottom of site table.

Please note that context menu with line “Create new site” appears on base map only when you are in
Sites main menu.

Import Sites from a CSV or KML File

You can import sites into MLinkPlanner from any spreadsheet by exporting sheet as CSV file (separator —
“"). Required fields for each site are Name, Latitude, and Longitude. Geographic coordinates should be
specified as Point of compass, degrees, minutes, and decimal seconds (N35 36 23.8). Numbers must be

separated by space. Point of Compass and Decimal degrees (N12.34567) is also acceptable format. To

Page 10/81



MLinkPlanner 2.0. User Manual 230405

import from CSV: save spreadsheet as CSV file (separator — “;”) and then click id (Import sites from
*.CSV, *.KML).

Program also allows you to import sites from KML files that can be prepared using Google Earth

application. To import sites click button 1 and select * .KML file while all point features from KML file
will be imported as sites. Imported sites are added to existing ones.

[af D\Work\Sites.csv - Notepad++ — O >
File Edit Search View Encoding Language Settings Tools Macro  Run
Plugins  Window 7 A
[ b = A
o = ca@lg” E:l| |lﬂl ﬂ|‘3 g|~—‘.~—‘.|
|=] Sites.cav Iﬂl
i SO.T._ZiEIOﬂa Goras;sN51.9258161 ;E1R. ROEGLE A
= B50Z Marcinowvice;N5Z.061634;E15.077558
3 BEOE_SUIESE}DV.:NEE. OEB638;E1R. 614748
4 BEO4_NDV& S501:;NR1.807288;E1R.707960
2] BEOE_N. Bobrzanski:;N51. 799685 :E15. 245075
& S01001N51.934079,E15.5304189
7 s01002;N51. 938488 E15.528703
g 501003:N51. 9506583 E15.535998
s501004;N51.974413E15.5321789
10 s01008;N51.994183E15.568567
bl S01006NEZ2. 069008 E15. 364938
12 S01007:NEZ2.008740,E15.369143

Ln:1 Col:1 Sel:0]0 Windows (CRLF}  UTF-2 NS

Example of CSV file with sites to be imported

Copy from Spreadsheets via Clipboard
Copy the cells with the names of the sites and their coordinates in the Excel or Word spreadsheet to the

®

clipboard and then click on the toolbar. After that, the corresponding sites will appear in the table.

Working with Sites

To delete one or several sites, select the corresponding rows in the table and press the Delete key.
Deleting a site will not lead to the deletion of PtP microwave links already created based on this site, as
well as the base or subscriber station PtMP. By double-clicking on the row with the site in the table, this
site will be shown on the base map in the center of the screen. You can move a site using the right mouse
button - select a site in the Sites table, then right-click on a location on the base map, and select Move

Q .

Site in the context menu. You can quickly find a site in a table using the tool
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Equipment Editor

MLinkPlanner 2.0 uses special format equipment files with an *.eqt extension. These files contain
specifications of different types of Point-to-Point and Point-to-Multipoint equipment. The software comes
with a set of such files for a wide range of modern Point-to-Point and Point-to-Multipoint equipment.
Therefore, in most cases, users do not need to search for detailed specifications for their main radio
equipment. It is enough to choose equipment from the supplied set.

One such file may contain specifications for an entire family of products. The common parameters for this
Family are modulation and coding parameters, as well as a set of bandwidths. An example of such a family
for Point-to-Multipoint equipment is the popular airMax family by Ubiquiti Networks, which includes
many products of base stations and subscriber stations that are compatible with each other. An example
family for Point-to-Point equipment is FibeAir IP-20N by Ceragon, which includes a set of external
placement modules (RFU) on different frequency bands.

We are constantly updating our files with equipment parameters; you can download our current set from
our website https://www.wireless-planning.com/equipment. These specifications are taken from open
sources and are supplied “as is”; we carefully check them but do not guarantee their reliability. If a file
with necessary equipment was not included in our supplied set, our program provides a tool called

Equipment Editor, which allows users to prepare their own specification file. To start Equipment Editor,

=3
=o

click on its icon on the top toolbar
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E Equipment Editor: D:\Dropbox\MLinkPlanner 2\Equipment\Ceragon FibeAir IP-20A.eqt

Clales [wal=(al+7]

bes

Family name |Cefagon Fibefir IP-204

Family parameters

Family info

Available in North America onby

() Point4o-Multipoint (® Point4o-Point radio

radio Maximum available
branching configuration
+
Products

Awvailable branching types
Hot standby (HSB) MIMO 2¢2
Cochannel (XPIC) [] MIMO 4¢d

Available diversity options

Frequency diversity (FO)
Space diversity (SD)

Adaptive equalizer parameters

() Signature parameters
(® Dispersive Fade Margin (DFM)

Product | RFU-D/RFU-S 11GHz v/ m 8’ 0
Product info 3 ) L
1 g
1
® Extemal () Integrated antenna '
antenna
Antenna ga 16 | dBi s
9 L]
Cross-Polarity |solatio 25 | dB
\ -]
-
———
Radio Parameters
} Channel Tx R
Bandwidth, MHz Modulation & Coding bitraste, ~ Power, threshold, DFM.dB XPIF.dB  Co/l.dB
Mbit/s dBm dBm
[ BF 5K 25 3 -88.5 65 20 30
QPsK 52 pic] 875 65 20 30
BQAM 76 9 825 65 20 30
160AM 107 29 -80.5 65 20 30
120AM 140 29 77 65 20 30
B40AM 173 27 74 65 20 30
1280AM 208 2% 71 60 20 30
2560AM 239 5 68 60 20 30
512GAM 255 25 66 60 20 30
1024QAM Strong 278 24 625 50 20 30
1024QAM Light 295 24 62 50 20 30
20430AM 321 23 58 50 20 30
4036QAM 342 21 -55 50 20 30
W
Equipment Editor

Standard File Tools:

] - New

ll - Open

B - Save

Ei - Save as

Family Name Family Name |
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Family Info

General information about equipment family; information
text field

Family Parameters

Products

List of products (equipment models) included in family

Bandwidth, MHz

List of all bandwidths supported by equipment family

Modulation @ Coding

List of all types of modulations and coding supported by
equipment family

Point-to-Multipoint Radio

Select for PtMP family

Point-to-Point Radio

Select for PtP family

Maximum Available Branching
Configuration

The maximum number of main and standby trunks
available in equipment family (PtP only)

Available Branching Types

Available branching types: Hot Standby (HSB) / Co-channel
(XPIC)/ MIMO 2x2/MIMO 4x4. PtP only.

Available Diversity Options

Diversity reception methods available for equipment
family (PtP only)

Adaptive Equalizer Parameters

Choosing the type of adaptive equalizer parameters:
signature parameters or DFM (Dispersive Fade Margin)
PtP only

Product

Selected product (equipment model)

Product Info

General product information (equipment models);
information text field

External Antenna

Select if an external antenna is used with this product.

Integrated Antenna

Select if only an integrated antenna is used with this
product.

Antenna Gain, dBi

Integrated antenna Gain, dBi

Antenna Pattern (in MSI format)

Antenna pattern of integrated antenna. To download

antenna pattern file in MSI format, click E1 in the upper
left corner.

Product Image

Photo or graphic image of the product. You can upload an
image from a file or via the clipboard using the tools above
the image. If one image is used for all products, indicate
this in the upper right corner; this will significantly reduce
the size of the specification file.

Bandwidth, MHz

Selected bandwidth, MHz

Modulation @ Coding

A list of all types of modulations and coding supported by
equipment family

Channel Bitrate, Mbit/s

Maximum channel speed for corresponding type of
modulation and coding, Reference Information, Mbps

Tx Power, dBm

Transmitter power for the appropriate type of modulation
and coding, dBm

Rx Threshold, dBm

Threshold sensitivity of the receiver for the corresponding
type of modulation and coding, dBm

Signature Width, MHz

Signature width, MHz (PtP only)

Signature Depth min Phase, dB

Signature depth min phase, dB (PtP only)

Signature Depth non min Phase, dB

Signature depth non min phase, dB (PtP only)

DFM, dB

Dispersive Fade Margin, dB (PtP only)

XPIF, dB

Cochannel Improvement Factor, dB (PtP only)

Co/l, dB

Carrier-to-interference ratio for reference BER, dB (PtP
only)
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The procedure for creating a specification file:
1. Fill in the Family field and Family Information field (if necessary; this is just an information field).

2. Go to Family Parameters panel. Fill in all products in Family. Fill in all frequency bands available for
Family. Fill in all Modulation and Coding available for Family. After filling in, click OK; this panel will close,
and entered information will appear in Products, Frequency Bands, as well as Modulation and Coding
table of Equipment Editor’s main panel.

3. Select type of equipment family - Point-to-Multipoint or Point-to-Point. For Point-to-Point family, fill in
information about maximum available branching configuration, available branching types, available
diversity options, and type of adaptive equalizer parameters. All this information will be taken into
account when configuring PtP microwave links based on this product family.

4. Now you can enter information about each product:
4.1 Select your product from drop-down list.
4.2 Fill in Product Information Field (if necessary; this is just a text field).

4.3 If an external antenna is used with this model of equipment, select it. If an antenna is built
into the equipment, as is often the case for PtMP base and subscriber stations, select Integrated
Antenna, enter its gain, and download the antenna pattern file in MSI format.

4.4 Insert a photo or graphic image of the product. You can download the image from a file or
through the clipboard using the tools above the image. If one picture is used for all products,
indicate this using the checkbox in the upper right corner; this will significantly reduce the size of
the file with the specification.

4.5 From the bandwidth drop-down list, select the required product bandwidth. Fill in Channel
bitrate, Tx Power, and Rx threshold columns for each modulation type. For Point-to-Point
equipment, it may be necessary to additionally fill in adaptive equalizer parameters for each
modulation type and if equipment family supports Co-channel mode, then XPIF and Co/I
parameters.

4.6 Repeat steps in clause 4.5 for all bandwidths supported by product
5. After filling in information for each product, save specification file (extension *.eqt).

For convenience and reducing time when filling out specifications, several tools are provided here, and
copying and pasting groups of cells from spreadsheets are also supported.

Toolbar:
Copy all parameters of product modulation table to clipboard (used to create new products
based on existing ones).
IE) Paste modulation table parameters from clipboard (used to create new products based on
existing ones).
e Automatically fill receiver threshold sensitivity values for all bandwidths based on values of

first bandwidth. This tool can be used for approximate assessment of threshold sensitivity
when accurate data is not available for all bandwidths. The tool is based on fact that
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threshold sensitivity of receiver decreases in proportion to increase in bandwidth. For
example, when bandwidth is doubled, threshold sensitivity decreases by 3 dB

] Rename products (replace combination of any letters/numbers/symbols in product name).
Il Apply selected parameters in table for all products with this bandwidth.

B Apply selected parameters in table for all bandwidths for this product.

Display product specifications for selected bandwidth in form of datasheet, which can be

saved in PDF, Word, or Excel formats.

RAF | Load product data from Pathloss RAF file PL50_ASCII_RADIO_SPEC_03/04 with ADMOD

Propagation Models for PtP and PtMP links

In this menu, user can select method which will be used to calculate microwave link performance as well
as some parameters of this method.
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Propagation Models
Multipath Fading

(® Rec.|TU-RP.530-17

Minimum value of the Flat Fade Margin, dB
Max. value of the FD improvement factor for non-selective outage

Max . value of FD improvement factor for selective outage

() Vigants-Bamett

Pd | | —

Max . value of S0 improvement factor for non-selective outage 200

Max . value of S0 improvement factor for selective outage

Max. value of FO and 50 improvement factor for non-selective outage 2000

Max. value of FO and 5D improvement factor for selective outage 2500

Selective fading
(®) Calculate selective fading

Refractivity data source
(® Rec. ITU-R P.4539

Rain Attenuation

(® Rec. ITU-RP.530117

Gaseous Attenuation

(® Rec. ITU-RP.676-11

Diffraction

—_
£3
(=]

() Ignore selective fading

(O Rec. ITU-RP.453-14

() Crane () Mone

() Mone

(@ Rec. ITU-R P 526-15 {Complete Bulington method or Diffraction over muttiple isolated
() Deygout fthe Principal edge method with comection ITU-R P.526-11)

() Epstein-Peterson

Vegetation (according to Rec. ITU-R P.833-9)

Al 115 Affa | 043

Propagation Models

ITU-R P.530-17 Multipath Fading Model

Minimum value of the Flat Fade Margin, dB

Minimum allowable fade margin, dB

If fade margin is less than this value, calculation will
be stopped (dashes will appear in report instead of
calculated values).

Maximum value of the frequency diversity
improvement factor for non-selective outage
probability

Limiting maximum value of frequency diversity
improvement factor for non-selective outage
probability
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Maximum value of the frequency diversity
improvement factor for selective outage
probability

Limiting maximum value of frequency diversity
improvement factor for selective outage probability

Maximum value of the space diversity
improvement factor for selective outage
probability

Limiting maximum value of space diversity
improvement factor for selective outage probability

Maximum value of the space and frequency
diversity (four receivers) improvement factor
for non-selective outage probability

Limiting maximum value of space and frequency
diversity (four receivers) improvement factor for
non-selective outage probability

Maximum value of the space and frequency
diversity (four receivers) improvement factor
for selective outage probability

Limiting maximum value of space and frequency
diversity (four receivers) improvement factor for
selective outage probability

Calculate selective fading

Calculate selective fading

Ignore selective fading

Ignore selective fading

Rec. ITU-R P. 453-9

Use Rec. ITU-R P. 453-9 refractive gradient data

Rec. ITU-R P. 453-14

Use Rec. ITU-R P. 453-14 refractive gradient data

Vigants-Barnett Multipath Fading Model

Minimum value of the Flat Fade Margin, dB

Minimum allowable fade margin, dB

If fade margin is less than this value, calculation will
be stopped (dashes will appear in the report in place
of calculated values).

Rain Attenuation

Rec. ITU-R P.530-17

Rain Attenuation Rain attenuation estimation
according to Recommendation ITU-R P.530-17

Crane Rain attenuation estimation according to Crane
- Select Crane 1996 rain region method, taking into account 1996 rain regions. To
view rain regions for US and World, press I.
None Do not calculate rain attenuation.

Gaseous Attenuation

Rec. ITU-R P.627-11

Calculate of gaseous attenuation according to
recommendation ITU-R P.627-11

None

Do not calculate gaseous attenuation.

Diffraction

Rec. ITU-R P.526-15 (Complete Bullington
method or Diffraction over multiple isolated
cylinders method)

Calculation of diffraction attenuation by Rec. ITU-R
P.526-15 (complete Bullington method or Diffraction
over multiple isolated cylinders method)

Deygout (the principle edge method with
correction Rec. ITU-R P.526-11)

Calculation of diffraction attenuation by Deygout
(principle edge method with correction Rec. ITU-R
P.526-11)

Epstein-Peterson

Calculation of diffraction attenuation by Epstein-
Peterson method

Vegetation (according to Rec. ITU-R P.833-9)

Al and Alfa parameters

Parameters Al and Alfa for calculating attenuation
in vegetation in accordance with ITU-T Rec. ITU-R
P.833-9. Press i for information.
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Planning Point-to-Point Links

Creating PtP Link

When sites have been created, you can create one or several microwave links. To start working with
point-to-point links, open Point-to-Point item on main menu.

Pointto-Point Metwork X
| & | X |

Ohjectives

(@ Total annual time below level

O IUse emor perffomance objectives (ITU-R F.1668) and
availability objectives (ITU-R F.1703)

Product Families

P3| D

Product family name

Ceragon Fibefir IP-20M ETSI

Tx power general limits for all PtP links

@ naot use
() limit Tx power to max level 27 dBm
() limit EIRP to max level 30 dBm

Point-to-Point main menu

First, it is necessary to include specification file of equipment family that is supposed to be involved in
project.

Click on l:"}l Add new product family button in Point-to-Point menu to include product family in your
project. To download product family files from our website, click on Download product family files button
and link will open in browser.

We are continually updating files with equipment parameters, but if such equipment is not on our
website, then first create equipment specification file (see Equipment Editor).

Toolbar for PtP:

ab - Create a new PtP link.

0 - Select / Deselect all PtP links.
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I - Delete all selected PtP links.

3 - Summary report for all active PtP links in Microsoft Excel

Tx power general limits for all PtP links

not use

not use general limits

limit Tx power to max level,
dBm

Maximum Tx power for transmitters of all PtP links in this project,
dBm

From the general limit set in this menu and the limit setin a
particular link, the most stringent limit is selected during calculation.

limit EIRP to max level, dBm

Maximum EIRP for transmitters of all PtP links in this project, dBm
From the general limit set in this menu and the limit setin a
particular link, the most stringent limit is selected during calculation.

To create a PtP link, click on the

P

button at the top of Point-to-Point menu, and program will prompt

you to select link ends, Site A and Site B, from sites created before. Then this link will appear in point-to-
point tree and panel will open with its parameters. So that software can automatically calculate length of
line consisting of several PtP links (necessary to distribute objectives by intervals - see Objectives section),
choose link direction so it is easy to build line. For example, if there are sites A, B, C, D, E, then PtP links
should be named as A-B, B-C, C-D, D-E (and not E-D, for example). Then when specifying beginning and
end of line, for example A-E or B-D, the program will determine its topology and correctly take into
account length of all PtP links in whole line. The same applies to branches of the main line.
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Link

b 4
P I V3|00 | Q|| B|E| BB
Site A Site B
BS02_Marcinowice BS01_Aelona Gora
Lat: MN5Z2.061634° Lat: MN51.525161°
Lon: E15.077598° Lon: E15.506612°
Radio Equipment
Family | Ceragon FibeAir [P-20N ETSI v|
Product | IP-20N RFU-D-HP 11 GHz v|
Bandwidth |-Iﬂ] w | MHz Frequency MHz
Family info: ETS1 Version ) s
Product info: - IS
e
3 b
‘_...'—-—'
i ) Bitrate,  Tx Power, ReTH, ™
Modulation & Coding Mhitis dBm dBm
BPSK k1 36 90
QPSK 67 36 -88
8 PSK 102 6 -33
16 QAM 140 35 -81.5
32 GAM 185 35 T8 v

Configuration [1+0 e Diversity
-

Site A Site B
Artenna type HP&-65 HP&-65
Antenna gain, dBi 15 15
Antenna vertical beamwidth, deq. 1.7 1.7
Antenna height, m 50 50
Feeder length, m 0 0
Feeder specific loss, dB/m 0 0
Branching loss, dB 1 1
Additional loss, dB 0 0
Total loss, dB 1 1
Maximum Tx power limit, dBm &7 Mone
Maximum EIRP limit, dBm Mone Mone

PtP link parameters

PtP Link Toolbar:

P

- Create new PtP link with same parameters
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e
2

B

- Move this link up

- Move this link down

- Delete this link

- Select / deselect all types of modulation and coding
- Change the site A

- Change the site B

- Position map with link at center of screen

- Generate path profile for link

- Link report

- Display product specifications for selected bandwidth in form of datasheet which can be
saved in PDF, Word or Excel formats

- Copy link parameters to clipboard

- Paste link parameters from clipboard

Required link can be selected from list in Point-to-Point menu or by double-clicking on it on base map.

Path Profile

A path profile is a vertical sectional view of terrain created by plane passing through both ends of link.
Path profile includes terrain elevation data, building and tree heights, and boundaries of water bodies.

MLinkPlanner creates path profiles using following GIS data:

Terrain elevation data 2-30 m plane resolution (Default DEM). For more details on data sources
see Appendix 1 “Default DEM”. It is also possible to use custom DEM in GeoTIFF format with any
plane resolution. To use custom DEM specify path to it in Settings menu and check corresponding
box. File format requirements are outlined in Appendix 2 “Custom DEM Format”.

Global Tree Cover 1 arc sec (about 30 m) resolution data with information about tree heights.
Data sources: High-Resolution Global Maps of 21st-Century Forest Cover Change Published by
Hansen, Potapov, Moore, Hancher et al. Department of Geographical Sciences University of
Maryland https://earthenginepartners.appspot.com and Jet Propulsion Laboratory California
Institute of Technology https://landscape.jpl.nasa.gov/

Global 3D buildings data from OpenStreetMap project database. Data sources: Our buildings
database which synchronizes with global OpenStreetMap (OSM) database.

All these types of geodata are downloaded for desired area automatically as needed; there is no need to
worry about preloading geodata.

Creating the Path Profile with GIS
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T 1
In created link click ™ | Generate path profile button. Warning dialog box will appear indicating that path
profile data will be changed. You should specify average building floor height (typically 3 m) in this
window. OSM project database usually contains information about number of floors of buildings rather
than their height in meters. Building height in the path profile will usually be based on the number of
floors and floor height. You will also have to specify the height of the buildings for which the OSM project
database does not have information. Such buildings will be highlighted in red in the path profile.

If a building affects the qualitative characteristics of the path profile as a critical obstruction, check the
building’s height with third-party sources to verify its exact height. The user can override the forest height
information obtained from the Global Forest Change records and set a new value to be used in a path
profile.

Attention! -
All previous temmain. building and forest data for this profile will be erased.
Continue?

Settings of creating the profile

IT Height of the buildings if O5M data does not contain buildings
height and number of floors {m)

IT Height of the buildings floor f O5M data does not contain buildings
height but it has number of floors {m)

[ Mot use the tree height data set

20 Height of the trees if vou do not use tree height data set (m)

| QK Cancel

Path Profile Creating Settings

Click OK, and after a couple of seconds, the information about terrain elevation and clutter characteristics
along the path profile will appear in the table cells. The view of the path profile will be displayed in the
top right panel.

B502 Marcinowice B501 Zielona Gora X

4 13.2m; 105%F1

k-factor=1.33 0 5 10 15 20 25 30 33.098 km

Path Profile
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Clutter:

Green: trees

Orange: buildings whose height or number of floors can be found in the OpenStreetMap database
Red: buildings whose height and number of floors are missing in the OpenStreetMap database

Editing the Path Profile

Terrain elevations can be edited manually in the corresponding cells of the elevation table. To edit
terrain elevations for multiple cells, select the required cells and enter a new value. The new elevation
will be saved to all selected cells, and the information about old elevations will be automatically
removed. Only end values of this range will remain. To delete an entire row in the table, click on the
triangle icon at the beginning of the row to select either a single row or multiple rows (by dragging the
mouse or holding the Shift key and using the up or down arrow keys) and press Delete.

If you highlight a segment on the path profile by clicking and dragging with the left mouse button, that
segment will also be highlighted in the terrain elevation table, clutter table, and on the base map.
Likewise, if you select rows in either elevation or clutter table, it will highlight the corresponding section
in both path profile view and on base map.

- m} x
- ey L
P &8 BBB=C___bl?
Profle Terain Clutters X BS03 Sulechow 803003
; ; 1304 - T 130
D"fﬂ"“‘ HEE“‘ " Start, km  End, km HEE““ Type

125 125 [ 12
1620 | 860 1424 | 1432 10 [Build.. = i
1.650 87.0 1.461 1.467 10 |[Build... 1 120 R 120
1680 | 850 1469 | 1470 0 [Buid.. s s
1710 | 860 1485 | 1508 0 [Buid..
1740 | 860 1688 | 1697 0 |Buid.. o B e
1770 | 880 1740 | 1770 8 |[Trees 108 — }1es
1800 | 89.0 1770 | 1920 15 |Trees [Em; 134%F1]

100 5m; 134% 100
1830 | 900 1920 | 1934 10 [Buld..
1860 | 830 2160 | 2130 15 |Trees 9% 95
1890 | 860 2190 | 2220 10 [Trees w0 l o
1520 | 830 2357 | 2374 10 [Buld.. i P el
1.950 820 2471 | 24m 0 [Buid... 85 A ; Mo 85
2220 | 820 2463 | 2517 10 [Buid.. LSNP o a0
220 | &80 B 2558 | 257 10 8. Y] |y factor=133 0 05 1 15 2 25 3 35  3.842km

& ulica Zwycigstwg

Sulech dw
Sulechpw

je kD
g ) ‘N\e\""op )
£ a1er®

i3 Thacky

&
&
>
8

500 m o @
Mzp data: @ OpenStrestMap contrbutors; map style: ® OpenTopoMap (OC-8Y-54)
= 5

Highlighting path profile segment

The clutter can also be edited manually in corresponding cells of clutter table. To delete an entire row in
table, click on triangle icon at beginning of row to select either single row or multiple rows (by dragging
mouse or holding Shift key and using up or down arrow keys) and press Delete.
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Creating the Path Profile Manually

The application allows you to create a path profile by manually specifying all elevations on path profile.

Information about forests, buildings, and water bodies can be entered based on base maps which you can
open right within application. Many online services allow you to view cartographic materials. They all
differ in such parameters as map scale, coverage, and displayed objects. Depending on specific area where
link is located, you may find one or several services useful. It is also important to select proper scale of
map. More information about using custom base maps can be found within application.

After analyzing basemap along line of path profile, you can enter boundaries of forests, buildings, and
water bodies. To do that, on base map right-click on point on link path where you want to enter start of
clutter object segment. A context menu will open where you can select corresponding types of segment.
When ends of segment are marked, number field will appear that you must fill in to indicate forest or
building height. On path profile forest is highlighted green, building orange, and water area blue. Table
entries for clutter and water information will be created automatically. You can delete any segment by
right-clicking on it and selecting corresponding action in context menu that appears.

Start segment of buildings
Start segment of trees

Start segment of water
End segment
Dielete the nearest segment

Move site 0071
Move site 002

Add elevation point

Start segment of buildings Specify beginning of building segment on path profile

Start segment of trees Specify beginning of tree segment on path profile

Start segment of water Specify beginning of the water segment on the path profile
End Segment Specify the end of any segment

Delete the Nearest Segment Delete any nearest segment

Move Site 001 Move site A to the specified location

Move Site 002 Move site B to the specified location

Add elevation point Specify the elevation at this point of the path profile manually

The following must be observed when creating a path profile manually:

1. The first elevation point must have a zero distance.
2. The path profile must have at least two points.
3. Aclutter object must not extend beyond the last terrain point.

For more information about creating a path profile for microwave links, visit our YouTube channel.
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Entering Parameters of PtP Links

In the drop-down lists, select the product family from those previously connected to the project, then
select the equipment model (product), channel bandwidth, and frequency band. After that, general
information about the selected equipment, its image, channel bitrates, and basic energy parameters for
each type of modulation supported by the equipment will appear below.

Below is a description of all input parameters that may be necessary to specify. The required input
parameters are determined by the application automatically based on the equipment configuration and
calculation requirements.

Frequency, MHz Mean frequency of the microwave link, MHz

Configuration The number of working and reserve trunks

Diversity Diversity configurations (None, Space Diversity, Frequency Diversity,
Comb-4Rx)

Branching Type Hot Standby (HSB) /XPIC (Cochannel)/HSB+XPIC/MIMO 2x2

Polarization Polarization type (Vertical or Horizontal)

Frequency Spacing, MHz The frequency spacing between TX channels for frequency diversity.
Required if frequency or combined diversity is selected.

Antenna, feeder, and branching parameters for the Main and Diversity paths (when using space
diversity):

Antenna Type Antenna model; information only
Antenna Gain, dBi Antenna gain, dBi
Vertical Antenna Beam Width, | Antenna 3 dB beam width in a vertical plane; use only for reflection
Degrees analysis. The default value is 3 degrees.
Antenna Height, m Antenna installation height relative to ground level, m.

You can also change the antenna height in the profile window.
Feeder Length, m Feeder length to the primary antenna; the default value is 0 m
Feeder Specific Loss, dB/m Feeder specific loss; default value is 0 dB/m.
Branching Loss, dB Branching loss at Tx and Rx (if any); the default value is 0 dB
Additional Loss, dB Additional loss; default value is 0 dB
Total loss, dB Total loss, dB. The calculated value.

Maximum Tx power limit, dBm | Maximum Tx power for transmitters of this link, dBm

From the general limit that is set in the PtP menu and the limit that
is set in a particular link, the most stringent limit is selected during

calculation. To remove the maximum limit, highlight the value and

press the Delete key; then “None” will appear.

Maximum EIRP limit, dBm Maximum EIRP for transmitters of this link, dBm

From the general limit that is set in the PtP menu and the limit that
is set in a particular link, the most stringent limit is selected during

calculation. To remove the maximum limit, highlight the value and

press the Delete key; then “None” will appear.

PtP Link Error Performance and Availability Prediction

To do link performance prediction, click on S “Report” button. The calculation will be performed only
for those types of modulation that are marked as active in table.
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You can switch between short report view and full report view. Short report displays only calculation
results while full report displays input parameters, calculation results, path profile drawing and path

profile diagram on map.

You can print report or save it as PDF, Microsoft Word or Excel.
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Full PtP Link Report
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You can also save summary information for all Point-to-Point links in an Excel spreadsheet by clicking on
“Summary Report” button on Point-to-Point main menu.
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Microsoft Excel Summary Report for Point-to-Point links

Objectives

The objectives for PtP links are set in Point-to-Point main menu item. Here you need to specify your
approach to determining reliability of microwave link and if necessary, enter additional link parameters
to calculate performance and availability objectives.
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Pointto-Point Metwork

s ici- 4

Objectives

X

() Total annual time below level

® |se emor perffomance objectives (ITU-R F.1668) and
availability objectives (ITU-R F.1703)

Parameters for calculating performance and availability objectives

Partion type | Short haul {National) W

First site of Line |BSE2_Marcinuwice |
(1]
Last site of Line |BS04_Nowa Sol |
Link Length

BS02_Marcinowice - BS01_Zelona Gora 33.099 km
B501_Fielona Gora - BS04_MNowa Sol 15.072 km
Total Line Length 52171 km

Product Families

| &3] ®

Praduct famity name

Ceragon FibeAir IP-20M ETSI

Tx power general limits for all PP links

(® not use
() limit T« power to max level 27 dBm
() limit EIRP to max level 30 dBm

Objectives

Total Annual Time Below Level

Total Annual Time Below Level refers to the total amount of time in a year that the signal level falls below
a certain threshold. Outage times are reported for the worst month and annually without considering the
fade duration. The annual rain outage is simply added to the annual multipath outage for the total annual
outage. This assumes that the conditions for high-intensity rain and severe multipath fading are different
and the two fading mechanisms do not occur at the same time. Outage probabilities can be expressed as
availability (e.g., 99.95%) or unavailability (in seconds).

Use of Error Performance Objectives (ITU-R F.1668) and Availability Objectives (ITU-R F.1703)

Error Performance Objectives (ITU-R F.1668) and Availability Objectives (ITU-R F.1703) are used to
calculate Severely Errored Seconds for the worst month as a ratio (SESR) and in seconds (SES).
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Availability is reported as a ratio per year, while unavailability is reported in seconds per year. It is
assumed that a rain fade will always last longer than 10 consecutive seconds, and therefore, the rain
outage is always classed as unavailability.

For the objectives calculation, you have to specify if the link is part of an International or National Link
and select among the relevant subcategories—Long Haul, Short Haul, Access. If the line consists of
several links, for the distribution of the objective in accordance with the ratio of the length of the link to
the total length of the line, specify the first and last sites of the line. The program will calculate the total
length of the line, taking into account its topology, and when calculating the objective, will be
distributed among the links in proportion to their length.

Optimizing Antenna Heights

MLinkPlanner can calculate the height of main and diversity antennas using different clearance criteria.

{8

To calculate antenna heights, select the desired link, then click on the icon on the top toolbar.

B 50011 BS0012
H=65m
440
420
400
380
3 380
H=69.8 m 34D
320
300
250
260
240
220
200
T T T T T . 1 SD
] 5 10 15 20 25 28.879 km
Antenna height optimization
Main - Main antennas
Site: A Site B
Antenna height 698 | m I Optimize I Apply Antenna height m Optimize Apply
Planning criteria for path clearance according ITU-R P 530 K4actors and clearances
Climate Temperate climate ~ Standard
Type of obstruction | Obstruction is extended along a porti Standard kfactor | 1.33 | Part of Fresnel radius F1 1
Criteria Standard criteria i Extreme
Less conservative criteria may be necessary for frequencies Edreme kfactor | 0.67 | Part of Fresnel radius F1 03
below 2 GHz (part of Fresnel radius F1is 30°% smaller) Close

Antenna height optimization panel

The general procedure for determining the minimum required antenna heights on a link is to verify the
required clearance of the first Fresnel zone for various expected values of the ratio of the equivalent Earth
radius to the real radius (k-factor). Different methods have different requirements for clearance and k-
factor value.

Optimizing Antenna Heights According to Rec. ITU-R P.530-17
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Climate

Temperate climate
Tropical climate

Type of Obstruction

Obstruction is extended along a portion of the path
Single isolated path obstruction

Criteria

Standard
Less conservative criteria. May be necessary for frequencies less than
about 2 GHz to avoid unacceptably large antenna heights.

Standard k-factor

The median value of the k-factor (equivalent Earth radius factor) for
standard atmosphere. Can be modified by the designer.

Extreme k-factor

The lowest expected (minimum) value of the k-factor, computed from
ITU-R Rec. P.530-17, as a function of path length. Can be modified by the
designer.

Part of Fresnel Radius

Part of the First Fresnel ellipsoid that is required to be free of any
obstruction for the appropriate value of the k-factor. Is automatically
determined depending on the Type of Climate, Type of the Obstruction,
and Criteria from above, but can be modified by the designer.

In a space diversity configuration, the minimum heights of secondary antennas are calculated without
taking into account climate and extreme k-factor, as per Rec. ITU-R P.530-17. Minimum antenna height is
calculated with consideration for clutter (forest and buildings) located on the path profile.

Once the required preferences are selected, click “Optimize” and the minimum antenna height will appear
on the left. The height of the response antenna will be fixed at the current value. The path profile image
will display the criterion used to calculate the antenna height. Click “Apply” to change the antenna height
according to the calculated value. To discard the calculated value, click “Cancel.”

H=479m
1001

¥ H=50m

LI g :

HIH”“H, ! > I||
L l‘F”"lll

|H l ‘ m..“.‘ll

0 29

Reflection Analysis

88 "7 147 176 205 235 264 294 40.445

Path profile showing a triggered criterion

Reflection Analysis allows the user to identify possible specular reflection points on the link path profile
and evaluate the application of various specular reflection reduction methods. To open the Reflection
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A
Analysis window, click on the button = on the main window. The left-hand part of the panel will be
disabled; to exit this mode, use the main menu.

k-factor k-factor, for which the reflection points are searched

It is recommended that reflection points be determined for large k-
factor values (at least 10).

Polarization Vertical

Horizontal

To reduce the effect of the reflected wave, it is recommended to
select vertical polarization.

Reflecting Surface Type Sea water

Fresh water

Wet ground

Very dry ground

Ice

The type of surface from which the reflection occurs. Each of the
above surface types have their own values of Relative dielectric
constant and Electrical conductivity.

Relative Dielectric Constant Relative dielectric constant is a dimensionless parameter. It’s
automatically determined depending on the Reflecting surface type
from above, but can be modified by the designer.

Electrical Conductivity Electrical conductivity [ohm-1 m-1]. It's automatically determined
depending on the Reflecting surface type from above, but can be
modified by the designer.

Consider Clutter on the If this check-box is active, then when the incident or reflected rays
Reflected Paths intersect with ground obstacles (forest or trees), these rays will be
screened.

The path profile will display all possible direct and ground-reflected rays for the Main-Main paths and, in
a space diversity configuration, for the Main-Diversity and Diversity-Main paths. The table below will show
the distances to and clearance at each of the reflection points.

You can view Relative Rx Power vs. k-factor chart for any reflection point and any of the Main-Main, Main-
Diversity, or Diversity-Main paths by clicking on the desired point in the table. Note that you need to
specify the beam width for each of the antennas in Site A and Site B to calculate Relative Rx Power vs. k-
factor chart.

In addition to Relative Rx Power vs. k-factor, you can also display Time Delay vs. k-factor chart. On this
plot, the relative signal delay in nanoseconds between direct and reflected signal is displayed for each of
Main-Main, Main-Diversity or Diversity-Main paths. If reflected signal delay is greater than 10-20
nanoseconds, performance problems on high-capacity systems can occur.
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New site 1 MNew site 2 X
H=31m
H=22.7m 5
160
14[)'I
1207}
1007
807
607
407
207
0 5 10 15 20 25 30 35 40 44883 km
Reflection Analysis
e A Main - Main Main - Diversity Diversity - Main St
Antenna height Antenna height m
Distance, km Clearance, m Distance, km Clearance, m Distance, km Clearance, m

Diiv. antenna height

Div. antenna height 128 m
T wes | m | s

Optimal diversity - Optimal diversity
antenna height 27 Mm 44025 67.5 44.895 33 antenna height 12 ¥im

44855 33

Diversity = 8.3 m < 200k =92m

Reflecting Sea water Relative dielectric m Blectrical conduc- 25 Consider clutters on

e tivity (Ohm~"m~) 1 the reflected paths O

kdfactor |133 ~ Folarization |Vertical surface type T

(®) Relative RX Power () Time Delay
10 dB

-10dB

-20 dB

-30 dB

0.5 1 1.33 2 3 4 B & 7 8 9 0
k-factor

Gioia Tauro

Tauriancva

Siderno
Marina
Map data: ® OpenStrestap contributors; map style: © OpenTopohlap (OC-BY-SA)

50 km

R gl

Reflection analysis

Estimation of Specular Reflection Reduction without Using Space Diversity

If there is specular reflection along path and you are not going to use space diversity, application can
estimate effectiveness of following methods for reducing effect of reflected ray on resulting signal for
systems without space diversity recommended in Rec. ITU-R P.530-17:

- Increase of path inclination

- Shielding of reflection point

- Moving of reflection point to poorer reflecting surface

- Reduction of path clearance

- Choice of vertical polarization
In most cases, these methods (except for last one) are limited to selecting primary antenna height on right
or left.

Page 33/81



MLinkPlanner 2.0. User Manual 230405

Estimation of Specular Reflection Effect with Space Diversity

The most efficient way to eliminate effect of specular reflection is to use space diversity techniques. The
most often used technique is vertical space diversity. MLinkPlanner allows you to determine receive
antenna heights with enough spacing to maintain uncorrelated direct and reflected signal so that when
received signal level for primary antenna is zero (in fade), signal is near peak for diversity antenna and
vice versa. Right-hand part of window displays heights of diversity antennas determined based on
optimum antenna spacing as per Rec. ITU-R P.530-17 i.e., case when received signal levels at primary and
secondary antennas must display maximum difference (maximum and minimum) across full range of k-
factor to minimize effect of specular reflection on received signal level.

To estimate the effect of space diversity, perform the following steps:

1. Select a space diversity configuration for both Site A and Site B.

2. Select a reflection point for each path using the mouse button.

3. Select one of the optimum heights of the secondary antenna from the series in the right section
of the window using the mouse button.

You will then be able to view the received signal level for each antenna on the chart. By changing the
antenna height, you can see how the received signal level will change.

In a space diversity configuration, if the vertical spacing between antennas is less than 200 times the
wavelength (which is a common rule for reducing the effect of multipath propagation on performance
indicators), a warning will appear next to the spacing on the profile and its value in meters (i.e., 200 times
the wavelength) will be displayed.

To determine heights of primary and secondary antennas in a space diversity configuration, the following
conditions must be met:

1. The maximum difference between received signal levels of primary and secondary antennas must
be observed across full range of k-factor to eliminate effect of specular reflection (if any).

2. Primary and secondary antennas must be at least 200 times wavelength to eliminate effect of
multipath propagation.

3. Primary and secondary antennas must satisfy clearance criteria described in Rec. ITU-R P.530-17.

Diffraction Analysis

Diffraction Analysis allows user to estimate diffraction losses due to obstacles on path profile. Strictly
speaking, diffraction losses at link should be avoided, especially in high-frequency ranges where accuracy
of path profile is comparable to size of first Fresnel zone. Diffraction losses may be due to inability to meet
clearance criteria as per Rec. ITU-R P.530-17, especially in relatively low-frequency ranges (up to 2-4 GHz).

In MLinkPlanner 2.0, you can choose one of following diffraction methods:

- Rec. ITU-R P.526-15 (Complete Bullington method or Diffraction over multiple cylinders method)
- Deygout principle method with correction ITU-R-P.526-11
- Epstein-Peterson method
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The method for calculating diffraction losses is selected in the Propagation Model menu.

To begin analysis of diffraction loss on a link, select the required link and click on the button in the upper
toolbar. Enter the heights of antennas, as well as K-factor for which you want to calculate diffraction loss
(after entering, press Enter), after which the result of calculating diffraction loss on path profile and
intermediate parameters will appear in the information window in accordance with the selected method.
In order to take into account obtained results, click “Apply” button. After this, antenna heights in link
parameters will change in accordance with applied values.

Diffraction losses are calculated for a single path (by default, for Main-Main path). If you want to estimate
diffraction losses for other paths (Main-Diversity or Diversity-Main paths), you’ll need to change the
height of corresponding antennas.

When you calculate performance characteristics, diffraction losses are calculated automatically for each
path based on antenna heights and other parameters. These parameters are saved in project file and can
be defined for each path individually.

Parameters of Diffraction Analysis

K-factor k-factor for Diffraction Analysis

Value of K exceeded for 99.9% (k) Value of k-factor exceeded for approximately 99.9% of
the worst month for the path profile according to Figure
2 in Rec. ITU-R P.530-17
Consider vegetation according to Rec. | In this case, the forest on the track profile is excluded
ITU-R P.833-9 from the diffraction calculation and the attenuation in
the forest is calculated in accordance with Rec. ITU-R
P.833-9 "Attenuation of signals by vegetation."
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B50011 BS0012 X
Bullington point
------ Iﬂjbc=_21ss.%sdd55 . S H=80m
401 e . [ 400
330 Gl E \IuL 380
of T T 430
My Py \ 340
H=50 m 3200 320
o0 e b 300

20{ | Aj \ - B 220
| AN ] "ﬁl ek o

2000 | f B il e

1804 . . : : B 180

] 5 10 15 20 25 30.914 km
Diffraction analysis according Rec. ITU-R P.526-15
Site A Site B
Antenna height m Antenna height m

(® Rec. ITU-R P.526-15 Complete Bullington method () Rec. ITU-R P 526-15 Diffraction over muttiple isolated cylinders
Diffraction Analysiz Parameters

Bullington diffraction loss for the actual path Lba = 28.7 dB

k{factor - Bullington diffraction loss for the smooth path Lbs =0 dB
" Spherical-earth diffraction loss Lsph =0 dB
Walue of K exceeded for 55.9% (Ke): 0.69 Diffraction loss for the general path L = 28.7 dB

[ Consider vegetation according Rec. ITU-R P.8339

Apply Close
Bullington Diffraction Loss Analysis Rec. ITU-R P.526-15
Parameters for the Bullington Method of Rec. ITU-R P.526-15
Bullington Point Bullington Point location
Luc, dB Knife-edge loss for the Bullington point, dB
Lb, dB Bullington diffraction loss for the path, dB
Lbs, dB Bullington diffraction loss for the smooth path, dB
Lsph, dB Spherical-earth diffraction loss, dB
L, dB The diffraction loss for the general path, dB
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B50011 ) BS0012 X
Obstruction2 Ly oobban d
Loss 5.4 dB Rabi 3
Radius 0km__ LessdBm H=gQm
Obstruction 1 L S
400 Loss 135.dB n 400
330 Radius Okm """ l 380
380 . 4 "’ﬁl 4 Fas0
e \
340 S 1 Maa
- [ |
H=50m ., i | 320
300 '.I 300
250 . A i .#'| ....... b | fzs0
26071\ \ | | _ | | F280
v \ | " |
201 | P \ [ I ’ A1 v |r2¢0
| J U
220 || | x g .I ‘ I | II 220
2000 | L AR | DR ' 200
18041 . . ] | : 130
0 5 10 15 30.914 km
Diffraction analysis according Rec. ITU-R P.526-15
Site A

Antenna height m

() Rec. ITU-R P 526-15 Complete Bullington method

Site B

Antenna height m

(® Rec. ITU-R P.526-15 Diffraction over multiple isolated cylinders Displayed items
Diffraction Analysis Parameters Obstrucion Ne1_Radi ok L 13548 Ray
struction Mg adius=0km Loss=13. "Siretched string”
kefactor Obstruction Ne2 Radius=0km Loss=8.4 dB Obstruet ¢
Obstruction Ne3  Radius = 10.9 km Loss =105 4B uetions
Value of K exceeded for 33.9% (Ke): 0.63 Sub-path obstruction N21 Loss =4 dB Radiuses of cylinders
- - : Correction factor 10-log{Cn) =-2 dB Sub-path obstructions
Consid etat rding Rec. ITU-R P.833-9
[ Consider vegetation accoring Rec Diffraction loss for the general path Ldif = 38.4 dB %F1 for sub-path
Minimum space between points for one obstruction Projections of rays intersecting
? " above obstacles
. [ Baselines
250m 10km [] 80%F1 for bisslines

Apply

Close

Analysis of diffraction losses by the method of isolated cylinders according to Rec. ITU-R P.526-15

Displayed items for the method of isolated cylinders according to Rec. ITU-R P.526-15

Ray

Show the ray line between antennas.

Stretched String

Show line Stretched string. This identifies the sample
points which would be touched by a string stretched over
the profile from the transmitter to receiver.

Obstructions

Show obstruction identifiers. The obstruction identifier
numbers are shown in figures on a yellow background.

Radiuses of the Cylinders

Show Radius equal to the radius of curvature at the
obstacle top.

Sub-path Obstructions

Show obstruction numbers on the Sub-path. The

obstruction numbers on the Sub-path are shown on a
blue background.

60%F1 for Sub-path

Show 60 % of the first Fresnel zone.

Projections of Rays Intersecting above
Obstacles

Show Projections of rays intersecting above obstacles.

Baselines

Show Baselines.

60%F1 for Baselines

Show 60% of the first Fresnel zone for baselines.

Minimum Space Between Points for
One Obstruction

This parameter can be adjusted within 250 m—10 km for
more accurate approximation of obstruction.

Obstruction No.

Identifier Number of Obstruction

Sub-path Obstruction No.

Identifier Number of Obstruction on the Sub-path

Correction Factor Cn

Correction factor Cn according to Rec. ITU-R P.526-15

Location, km

Location of Obstruction, km

Clearance, m

Clearance at the Obstruction, m
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Vv Single dimensionless parameter according to Rec. ITU-R
P.526-15
Radius, km The radius of the Obstruction, km
Loss, dB Diffraction losses at each obstruction, dB
Total, dB Total Loss, dB
B50011 BS00M2 X
Rx edge
V=043
JVpr) =97 B - H=80m
400 Principal edge _______:_-_—_:-.'-:-_'_‘:_'_- M‘ 400
Vp=1.19 e
380 divpi =181 dB—"" Ny J 380
350 - o L - )\t 360
240 — _ h. Y340
H=50 m —- | rﬁ 320
300 _ | 300
280 r 1 -.'ﬁfll _ .HI o i 280
oM | . |" JJ U ﬂ'l‘u U L | 280
A e ey i,
240 || d {\ IA'F , __'I.hl ! I. | | L.-‘ 240
4 ) v |
220 ) ! p,- S '\’,;lm_.n'lh \ M 220
2004 \I S R 200
1804 ' , , , , 180
0 5 10 15 20 25 30.914 km

Diffraction analysis according with Deygout fthe Principal edge method with comection ITU-R P .526-11)
Site A Site B

Antenna height m

Antenna height m

Diffraction Analysis Parameters

kfactor

Value of K exceeded for 59.9% (Ke): 0.69

133

] Consider vegetation according Rec. ITU-R P.833-9

Principal edge distance Dp = 11.163 km; diffraction loss J(Wp) = 15.1 dB
Right side edge distance Dr = 24 6 km; diffraction loss J(Vpr) = 9.7 dB
Empirical correction C=11.2 dB

Diffraction loss for the general path L = 34.3 dB

Cloze

Apply

Deygout Diffraction Loss Analysis Rec. ITU-R P.526-11

Displayed items for Deygout principle method with correction Rec. ITU-R-P.526-11

Dp, km Distance to the main knife-edge obstacle, km

Dt, km Distance to the knife-edge obstacle from the Tx side, km
Dr, km Distance to the knife-edge obstacle from the Rx side, km
J(Vp), dB Loss on the main knife-edge obstacle, dB

J(Vt), dB Loss on the Tx knife-edge obstacle, dB

J(Vr), dB Loss on the Rx knife-edge obstacle, dB

C, dB Empirical correction, dB

L, dB Diffraction losses, dB
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400
380
360

320

340 ._..;-_-_--_-_'-_-;'_'—"—'-':'.'.._-__;__-P__ ﬁ“‘l -
H=50m | o

2401 |
20f |
200f -1
1804

300
280 il
26011/ N

400

380
380

......... 340
320
| . B 300
I q. - I. S . ' 280
”_ -\U\| IIrI|| o | 260
oy ! | T 240
SURTRIR| 200 PR ! [} e

220

200

180

0 &

Diffraction analysis according with Epstein-Peterson method

Site A
Antenna height m
Diffraction Analysis Parameters

kfactor 133

Value of K exceeded for 99.5% (Ke): 0.65

[] Consider vegetation according Rec. ITU-R P.833-9

30.814 km

Site B

Antenna height m

Obstruction Ne1  Distance = 11.163 km W=05934 Losz=135dB
Obstruction N22  Distance = 24.600 km W=0274 Loss =84 dB
Obstruction N23  Distance = 28.740 km V=0187 Loss=7.7dB
Diffraction loss for the general path Ldif = 29.6 dB
Ppply Close

Epstein-Peterson diffraction method

Displayed items for the Epstein-Peterson diffraction method

Obstruction Ne

Identifier Number of Obstruction

Distance, km

Distance to the knife-edge obstacle, km

Vv The Diffraction Parameter
Loss, dB Diffraction losses at each obstruction, dB
L, dB Diffraction losses, dB

Planning Point-to-Multipoint Networks

When planning a point-to-multipoint network in MLinkPlanner, you can do:

1. Different coverage study types for PtMP Base Stations
2. Availability prediction for Base Station - Subscriber Station links

To calculate radio coverage, it is sufficient to enter the parameters of the base station(s) and the typical
parameters of the subscriber station (CPE) - “subscriber station installation,” which can be located
anywhere in the study area. For the point-to-multipoint link availability prediction, it is also necessary to
specify the location of each of the subscriber stations, specify to which base station each subscriber
station relates, and enter all necessary detailed parameters of base stations and subscriber stations.
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Base Stations

PtMP base stations are created based on previously created sites. To get started, open the Point-to-
Multipoint item on the main menu.

Point+to-Multipoint Metwaork

P @ = %

Point-to-Multipoint perfarmance summary repart

Minimum annual availability required 55.95 7

Product Families

¢ @

Product family name

Airspan Mimoza PtMP

Tx power general limits for the PtMP network

B5 sector

@ not use

) limit Tx power to max level 27 dBm
() limit EIRP to max level 30 dBm
Subsecriber Station

@ not use

() limit Tx power to max level 27 dBm
() limit EIRP to max level 30 dBm

PtMP Network menu

First, it is necessary to include the specification file of the equipment family that is supposed to be involved
in the project.

Click on the P “Add a new product family” button in the Point-to-Multipoint menu to include the
product family in your project. To download product family files from our website, click on “Download
product family files” button, and a link will open in browser. We are continually updating files with
equipment parameters, but if such equipment is not on our website, then first create equipment
specification file (see Equipment Editor).

Toolbar:

-:,'}-' - Create a new PtMP base station

- Sort the base stations in alphabetical order
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¥ (M| ®

&P

- Select / Unselect all BS sectors
- Delete all selected sectors; if all sectors of the BS are selected, that BS will also be deleted.

- Delete subscriber stations in all selected sectors

- Summary Report for all active Point-to-Multipoint links in Microsoft Excel. Click the

"Summary Report" button and an Excel spreadsheet will open. Only active base stations will
be listed in the spreadsheet.

Tx power general limits for the PtMP network

BS Sector

not use

not use general limits for BS sector

limit Tx power to max level,
dBm

Maximum Tx power for all BS Sectors in this project, dBm

From the general limit that is set in this menu and the limit that is
set in a particular BS Sector, the most stringent limit is selected in
the calculations.

limit EIRP to max level, dBm

Maximum EIRP for all BS Sectors in this project, dBm

From the general limit that is set in this menu and the limit that is
set in a particular BS Sector, the most stringent limit is selected in
the calculations.

Subscriber Station

not use

not use general limits for Subscriber Station

limit Tx power to max level,
dBm

Maximum Tx power for all Subscriber Stations in this project, dBm
From the general limit that is set in this menu and the limit that is
set in a particular Subscriber Station, the most stringent limit is
selected during the calculation.

limit EIRP to max level, dBm

Maximum EIRP for all Subscriber Stations in this project, dBm
From the general limit that is set in this menu and the limit that is
set in a particular Subscriber Station, the most stringent limit is
selected during the calculation.

To create a base station, click on

P

“Add” button at top of Point-to-Multipoint menu, then select site

from list that appears. After that, Base Station will appear on map, as well as width of angular sector and
its direction. When creating BS, one BS sector is always automatically created. You can add as many
sectors for BS as you need by clicking on button.
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Base Station
FIF| V(39 || BB

Site linked with that base station

X

Site: BS01_Zelona Goea
Latitude:  N51.925161°

Longitude: E15.506612°

Base station information

PtMP BS Parameters

Toolbar:

db - Add a new base station with the same parameters. You can select any number of sites at
once and thus create any number of BS at once.

bla - Move this BS up.

D - Move this BS down.

&3 - Delete the base station.

@ - Change the site.

i&h - Position the map with the base station at the center of the screen.
- Copy base station parameters to the clipboard

B - Paste base station parameters from the clipboard
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Sector X
W3 BA R P (=103 Y BN S E] =T Y
Radio Equipment

Family | Ubiquiti airfMAX bl

Product | RP-5AC-Gen?2 i
Bandwidth | 20 ~| MHz Frequency MHz
aa:ih' info: Frequency range: 5150-5850

z

2412 - 2472 MHz

Product info: Frequency range: 5150-5850
MHz

R _ Bitrate, Tx Power, Rx TH, ~
Madulation & Cading Mbit/s 4Bm 4Bm
1x BPSK (1/2) L
2 QPSK (1/2) 182 28 52
2 QPSK (3/4) 273 28 -89
Ay 160AM (142) 364 28 -87
4x 160AM (3/4) ME 28 -33
| O T Y e e 1Y e e 10 L]0} >
s (65 e
Feederloss [0 | dB
Artenna beam tilt deg
Antenna height m
Antenna gain dBi
Polarization | Vertical ™

Antennatype | AM-5G15-120-Hpol |
Tx Power Limitation

@ not use
() limit T« power to max level Zi dBm
) limit EIRP to max level 30 dBm

Base Station Sector Parameters

Toolbar for BS Sector:

Y

- Add a new sector with the same parameters.

- Move the sector up.

- Move the sector down.

S| ¢ |

- Delete the sector.

[

- Select / Unselect all modulations and coding rows.

ilh

- Global active sectors parameter change - a feature that allows you to instantly change
parameters of any base station in accordance with parameters of current sector.
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G

- Position the map with the base station at the center of the screen.

- Add a new subscriber station for this sector.

=

- Sort the list of subscriber stations in the sector in alphabetical order.

- Generate the path profiles for all subscriber stations of the sector.

- BS Sector Performance Summary provides a summary of the performance of all the
subscriber stations of the selected base station sector. This includes the maximum usable
modulation modes of all the PtMP Links that meet the required minimum flat fade margin
setting and minimum annual availability setting.

m [k

- Display the product specifications for the selected bandwidth in the form of a datasheet,
which can be saved in PDF, Word, or Excel formats.

i

- Copy sector parameters to the clipboard

B - Paste sector parameters from the clipboard

In the drop-down lists, select the product family from those previously included in your project, then
select the equipment model (product), channel bandwidth, and frequency band. After that, general
information about the selected equipment, its image, channel bitrates, and Tx power and Rx parameters

for each supported modulation type will appear below.

Frequency, MHz

Frequency of the BS sector, MHz

Azimuth, deg

Antenna azimuth, degree

Feeder loss, dB

Feeder loss, default value is 0 dB

Antenna Beam Tilt, deg

Antenna beam tilt, degree. A negative value is a downward beam
tilt, a positive value - upward beam tilt.

Antenna Height, m

Antenna installation height relative to ground level, m. You can also
change the antenna height in the profile window

Antenna Gain, dBi

Antenna gain, dBi

Polarization

Antenna polarization, Vertical/Horizontal. Used for estimating
interference zones C/ (I + N) only.

Antenna Type

Antenna model; information only.

Antenna Pattern

To select antenna pattern, click the button next to the entered
antenna model code and load the file in the *.msi or *.nsma format.

Tx Power Limitation

not use

not use Tx power max limit

Maximum Tx power limit, dBm

Maximum Tx power for this BS sector, dBm

From the general limit that is set in the PtMP menu and the limit
that is set in this BS sector, the most stringent limit is selected
during the calculation.

Maximum EIRP limit, dBm

Maximum EIRP for this BS sector, dBm

From the general limit that is set in the PtMP menu and the limit
that is set in this BS sector, the most stringent limit is selected
during the calculation.
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Global active sectors parameter change - this is a very convenient feature that allows you to instantly
change the parameters of any base station sectors in accordance with the parameters of the current
sector.

The procedure for performing group parameter changes on multiple base station sectors:

Mark as active two or more base station sectors whose parameters need to be changed by clicking on the
checkbox located to the left of the base station sector name.

Set the required parameter values in the current BS sector.

-

Click the button | = | to display the Global active sectors parameter change pop-up menu. Select the
parameters that need to be copied to the previously marked active BS sectors by clicking on the
checkboxes in the sector parameter list. Click the OK button and the selected parameters will be copied
to all base station sectors marked as active.

Global Active Sector parameters change *

[J Family/Product/Bandwidth

[] Frequency

[ Antenna azimuth

[] Feederloss

Antenna beam tilt

] Antenna height

[] Antenna gain (extemal only)

[] Antenna model and pattem (extemal only)

Cancel QK

Global active base station sectors parameter change

Coverage Study

The coverage study calculates the estimated coverage of the base stations — i.e., it approximately
determines the areas where subscriber stations can be located and gives a rough estimate of achievable
link capacity in this location. To ensure correctness when deciding to place a subscriber station in a
particular location, and to determine the exact height and type of subscriber station antenna for required
link capacity, it is necessary to perform a detailed link availability prediction.

Coverage study is performed under the following conditions:

1. The parameters entered for each of the base station sectors are used for coverage prediction.

2. A typical “Subscriber station installation” is used in calculations for predicting coverage in the
entire study area. The typical subscriber station parameters are entered into the Coverage Study
Details menu.
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3. The calculations do not take into account excess path loss due to clutter loss (buildings and trees).

Before starting a coverage area study, you must first specify the parameters of base station sectors that
will be involved in the study and set those base station sectors to Active. Refer to Base Stations section
for information on setting base station parameters. Please note that coverage study for base station
sectors will only be carried out if the checkbox located to the left of base station sector name is active.

To configure Coverage Study options, go to Coverage Study Details menu.

Cowverage Study Details
Propagation model

Free Space + Diffraction

Study type

Received Power at subscriber stations -

Base Station Parameters

Transmit power
{without Tx power limits)

Subscriber Station Installation

dBm Antenna height m

Use maximum TX power of sectors Antenna gain dBi
Study radius km Feeder loss III dB

Margin III dB (O Low resolution (@) High resolution

8 | MNumberof levels

Color Values Description

|:|> dBm |8« 256QAM (5/6) (121.1 Mbit/s) |
B | 56 |to] 62 | dBm [ 256QAM (3/4)(109.2 Mbitss) |
Bl [ 7 o] 6 | dBm [6¢64QAM (5/6) (91 Moiss) |
Bl [ o] 71 ] dBn [664QAM (3/4) (819 Mbit/s) |
B [ 80 [t 74 | dBm [6c64QAM (2/3) (72.8 Mbit/s) |
B | 22 |to] 80 | dBm [ 16QAM (3/4) (54.6 Mbit/s) |
[ ] [ 27 |to] 83 | dBm [ 16QAM (1/2) (36.4 Mbit/s) |
D] [ 29 |to] 87 | dBm [20QPSK(3/4)(27.3 Mbit/s) |

Coverage Study Details for Received Power at subscriber stations study

Coverage study Details

Propagation model

For PtMP Networks: Free Space + Diffraction —
For Outdoor Wi-Fi networks: ITU-R P.1238-11 +
Diffraction

Area Study Type

Received Power at subscriber stations
Strongest (Most likely) Server
C/1+N at subscriber stations

Base Station Parameters

Transmit Power, dBm

One power value for all base stations, dBm

Use BS Transmitter Power Data

Use the power settings for each of the base stations
specified in the Base Station sector menu.

Study Radius, km

Maximum study radius from Base Station, km

Subscriber Station Installation

Antenna Height, m

Antenna installation height relative to ground level, m.

Antenna Gain, dBi

Antenna gain, dBi
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Feeder Loss, dB Feeder loss, default value is 0 dB

Margin, dB Prediction confidence margin of the calculation results
for area study, dB

Low Resolution Low-resolution calculation (less computation time)

High Resolution High-resolution calculation (more computation time)

Received Power at Subscriber Stations
Received power map shows those areas where a given signal power level is present at the subscriber
station’s receiver (downlink).

Number of Levels The number of signal levels from 1 to 8

Color The color of the signal level

Values, dBm * Received power level, dBm

Description The text field as an annotation on each signal level; for
example, 256-QAM 5/6 400 Mbit/s

* You can automatically fill the fields with subscriber station parameters by going to the panel of the

characteristics of the subscriber station and clicking on the otl button. This will copy the threshold levels

to the Levels field and information about the selected modulation modes to the Description field.

To perform the coverage study, click the button.
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€ (45%/5250 MHz): -68.6 dBm; 6.922 km; 67 | BSDZ_Marcinowice (315°/5310 MHz): -71.0 dBm | Online |

Received Power at subscriber stations coverage

Best Server

The Best Server map display is a map that shows the base station supplying the strongest received signal
at all locations on the base map.
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Coverage Study Details

Propagation model

Free Space + Diffraction

Study type
Best Server

Base Station Parameters

Transmit power
(without Tx power limits)

X

Subscriber Station Installation

dBm Antenna height m

Use maximum TX power of sectors Antenna gain dBi
Study radius km Feeder loss IIl dB

Mangin II' dB (O) Low resolution (@) High resalution

Calor

=1
BS sector colors for best server
Freq., MHz
2 5250
5270
5250
5310

Required service threshold dBm

() Apply automatic color assignment
(® lse colors from the table

Fill the table with BS sector frequencies

Coverage Study Details for Best Server study

]

Create sites and subscriber stations using a list of
subscriber locations from a CSV file

Required Service Threshold, dBm

This is the minimum acceptable signal strength
required by the receiver.

Apply Automatic Color Assignment

The program automatically assigns colors to the base
stations in the study and then color fills the map
according to these color assignments.

Use Colors from the Table

The colors for the base stations will be assigned in
accordance with the frequency table.

Fill the Table with Frequencies of BS

Fill the table with the frequencies specified in the
parameters of the base stations.
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[Brn; 17.007 ke 557 | BSD4_Nowa Sal (3157/5310 MHz): -74.0 dBm | Online

Best Server study

To perform the coverage study, click the ‘ button.

Automatic link of subscriber stations to BS sectors based on the best server prediction

MLinkPlanner allows you to automatically link subscribers to the BS sector with the best power level.
Locations of subscriber stations must first be saved in a CSV file. The file format is the same as for site
import (Name;Lat;Long).

File format:

CPE001;34.239621;118.572350
CPE002;34.238628;118.527546
CPE003;34.206692;118.528404

CPE9999;34.187524,;119.520679

The procedure for automatically linking subscribers to the BS sector with the best power level is as
follows:
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1. Perform the Best Server prediction;

2. Load the locations of subscriber stations from the CSV file using the button “Create sites and
subscriber stations using a list of subscriber locations from a CSV file”;

3. MLinkPlanner will create sites for all locations and create subscriber stations with a link to the
best sector according to the best server prediction. If there are locations that are not covered,
then MLinkPlanner will list them.

4. The parameters of the created subscriber stations will correspond to the Subscriber Station
Installation parameters in the Coverage Stage Details menu. If necessary, these parameters can
be changed using the Subscriber Station Global Parameter Change Feature.

C/(1+N) at Subscriber Stations
The carrier-to-interference + noise ratio, C/(1+N) or CIR, is one of the most important quantities used in
assessing system performance. The quantity CIR is more completely written as:

c

CIR=—————
(-1 Ik+NR)

where Cis the power of the signal from the strongest server at a location, I« is the power of each of the
other k signals at that location, Nris the receiver noise power, and K is the total number of transmitters
which cause interference at this location. /i is only computed for transmitters that are using a co-channel
or adjacent channel. If the closest channel in use by the interference sector is an adjacent channel, then
the interference contribution by the sector is reduced in amplitude by the adjacent channel rejection
factor.

Channels are defined as adjacent if the difference between the center frequencies of the channels is less
than or equal to one bandwidth.

Channels are defined as co-channels if the difference between the center frequencies of the channels is
zero.

The receiver noise power is calculated by multiplying the receiver effective noise bandwidth by the power
noise density as represented by the receiver noise figure.

CIR is calculated by first finding the strongest received signal power from any transmitter at each location.
It then calculates the sum of the received signal powers from all of the other transmitters which also have
relevant signal levels at the location. After the sum of the interference is found, the noise power is
calculated and the ratio is found.

Note that once the strongest signal has been identified, the directional received antenna at each location
is assumed to be pointed toward the transmitter from which the strongest signal is received. The received
signal from the other (interference) transmitters is then found using the off-axis gain of the received
antenna, assuming an orientation toward the strongest signal transmitter.
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Coverage Study Details
Propagation model
Free Space + Diffraction

Study type
CA{l+M) at subscriber stations

Base Station Parameters

Transmit power 20
(without Tx power limits)

x

Subscriber Station Installation

dBm Antenna height m

Use maximum TX power of sectors Antenna gain dBi

Mangin II' dB () Low resolution (@) High resolution

4 Mumber of levels

Required service threshold dBm

Colar Values Description

HE | 10 | dB |aPsK |
B [ 0 [ 17 | d8 [160AM |
Bl [ 7 || 2 | [s40mm |
Bl | 2 o 32 | d8 [2560am |

Antenna cross polarity isolation, dB |I|

[ Use adiacent channel inteference

%]
en

Adjacent channel rejection, dB
Channel bandwidth, MHz 5
[] Use recsiver noise power level

Receiver noise figure, dB 5

£n

Equivalent noise bandwidth, MHz

Coverage Study Details for C/(1+N) at subscriber stations study

Required Service Threshold, dBm

This is the minimum acceptable signal strength
required by the receiver.

Browse MSI or NSMA

Choose the antenna pattern file for Subscriber Station
Installation in MSI or NSMA format.

Use Adjacent Channel Interference

If the checkbox is active, the calculation will take into
account the contribution of adjacent channels to
interference.

Adjacent Channel Rejection, dB

Adjacent channel rejection, dB

Channel Bandwidth, MHz

Channel bandwidth, MHz
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Use Receiver Noise Power Level If the checkbox is active, the calculation will take into
account the power of receiver noise.

Receiver Noise Figure, dB Receiver noise figure, dB

Equivalent Noise Bandwidth, MHz Equivalent noise bandwidth, MHz

If the checkboxes "Use adjacent channel interference" and "Use receiver noise power level" are not active,
the calculations will take into account only the co-channel interference.

To perform the coverage study, click the ‘ button.

'é MLinkPlanner 2.0 D:\Work\MlinkPlanner 2\San Francisco.mlp2 — o x
F-8l—== 14+ OpenStreetMap St aey © & @ = ] ‘D N
£ MlnkPlanner Project A | Coverage Study Details x T1mees [CAT
i Project Information Study type s01007
{;e ﬁ:‘p‘;‘z;m edels C/{l=N)at subscrber stations ~
= Coverage Study Details
& Compare Coverage Bese Station Parameters Subscriber Station Instalation
%g:;m Transmitpower | 20 | dBm Antenna height o
«& Pointto-Mutipoint Use maximum TX power of sectors Artenna gain dBi / T
Bms'g Aeimuh 45° (5250 MHz) Study radis fem Fecderloss [ 0| B 8 EAT
[0 Acimuth 135° (5270 MHz) ; &) — 501005
E§ Em: ;f‘;gi?g m:g Margn [ 0 | dB © Low resohtion @) High resolution 1 |
W \ W sk
E§ tmﬂ:&(“;ﬁﬂmﬂ]ﬂ 3 | Numberoflevels Reuired senvice threshold dBm i i i RRCL L
[& 3 Azimuth 225° (5290 MHz) Description 1
()3 Acimuth 315° (5310 Mz}
% BS003

(B Azimuth 457 (5250 MHz)
(B Azimuth 135° (5270 MHz)

[ Adimuth 225° (5290 MHz)
[ Adimuth 315 (5310 MHz)
-8 BSO04

[ Aimuth 45° (5250 MHz)
[ Adimuth 135° (5270 MHz)
()3 Azimuth 225° (5290 MHz}
[ Adimuth 315 (5310 MHz)
-8 BS005

() Azimuth 45° (5250 MHz)
(@3 Azimuth 135° (5270 MHz)
[& 3\ Azimuth 225 (5290 MHz)

505008

13\ Azimuh 315° (5310 MHz) [ Use adjacent channel rterference o
A8 B5006 . X o 508009
03 Adimuth 45° (5250 MHa) Adjacent channel rejection. dB 5 H 2,57“!”%
2 =T 2 L
3 Adimuih 135° (5270 HHz)

(&3 Azimuth 225" (5290 MHz)
[ Azimuth 315° (5310 MHz)
BS007

[ Azimuth 457 (5250 MHz)
[ Azimuth 1357 (5270 MHz)

Channel bandwicth, MHz 5 3|7 i s ) L’
o,

[ Use receiver noise powerlevel

»E

Receiver noise figure. dB 5

Equivalent noise bandwidth, MHz 5

[\ Acimuth 225° (5290 MHz)
[\ Acimuth 3157 (5310 MHz)
BS008

B\ Acimuth 45° (5250 MHz) Jsatbo 1
[ 3\ Azimuth 135° (5270 MHz) N 504005
[ 3 Azimuth 225° (5290 MHz) il iheni \' il

cA
i 507003

»E

[ Azimuth 315 (5310 MHz) s e 07002 |
e
8 8509 v ‘ s L, i e
N37.756737* W122457733° | Ground level: 2680 m | Tree height: 18 m | C/(l+N) at subscriber stations | BS00B (315%/5310 MHz): -62.6 dBrm; 2.089 km; 350° | BS00T (135%/5270 MHz): -65.7 dBm | C/(1N)

C/(1+N) study

Coverage Prediction for Outdoor Wi-Fi Networks

In MLinkPlanner, it is possible to predict the coverage of a city-wide Wi-Fi network, taking into account
the characteristics of the propagation environment along the streets and the parameters of buildings. This
feature allows you to design outdoor Wi-Fi networks with public access on a city scale, large-scale
corporate outdoor Wi-Fi networks, Smart City networks, and so on.
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£ MLinkPlanner 2.0 CAUsers\user\ Downloads\San Francisco Wi-Fi Spots Prediction.mip2 - o x
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Coverage Prediction for Outdoor Wi-Fi Networks

The coverage prediction is based on the combined propagation model ITU-R P.1238-11 + Diffraction. The
Bullington model is adopted as the diffraction model.

This combined propagation model takes into account the following factors:

- Outdoor signal attenuation according to the selected outdoor environment

- Indoor signal attenuation according to indoor propagation environment for buildings
- Power loss when the signal penetrates inside buildings

- Diffraction loss on terrain roughness

- Building heights

The ITU-R P.1238-11 propagation model is based on the use of different distance power loss coefficients
for different propagation environments and signal penetration losses through walls. It is mainly used for
planning indoor radiocommunication systems, but the same approach can also be used for a simplified
simulation of radio wave propagation along streets. The user can customize the propagation model by
selecting different environmental parameters for the street and buildings and taking into account
penetration losses by choosing the material of the outer walls.
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Coverage Study Details

Propagation model

ITU-R P.1238-11 + Diffraction ~
Study type

Received Power at subscriber stations w
Base Station Parameters Subscriber Station Installation

Transmit power = -

(without Tx power limits) dBm e ]

Use maximum TX power of sectors Antenna gain II' dBi

Study radius km Feeder loss |I| dB
Margin |I| dB Low resolution High resolution

Building parameters
3  ~| MNumberof levels -
Height
Color ~ Values Height of the buildings if OSM data does not contain buidi
2ig g buildings a does not contain buildings
| -70 dBm height and number of floors II' m
[ ] [ :
- | -75 | to | -70 | dBm I: Height of the buildings floor f O5SM data does not contain buildings i)
height but it has number of floors m
—AEalEal s ; |
b
Type
Indoor RF Zone | Medium RF environment - 3.5 dB w
Exterior wall type | Aerated concrete wall 100 mm {4") 4 dB/7 dB w ]
[TU-R P.1238-11 parameters — oy
® z
MNumber of imported building polygons: 2651 @ [z i o
hAve- S =
Outdoor RF Zone | Light RF environment - 3.0 dB ~ ,:'é?
\4?}- &
& T
&
o
& {
el
=18
[ 400 m
. Tk Apatments Map data: @
Weyburn [
0Om | Received Power at subscriber stations | APDTD (240°/5785 MHz): -185.1 dBm; 0.309 km; 220° | APDZ9 (120°/5765 MHz

ITU-R P.1238-11 + Diffraction model parameters

The procedure for estimating coverage for outdoor Wi-Fi is basically the same as for estimating PtMP
coverage (see the previous section). Still, it has some differences since the calculation takes into account
the parameters of surrounding buildings:

1. Gotothe “Coverage Study Details” menu and select the ITU-R P.1238-11 + Diffraction propagation
model. For coverage prediction of outdoor Wi-Fi networks, use only this model.
2. Specify the study type you need (Received Power or Best Server)

Page 55/81



MLinkPlanner 2.0. User Manual 230405

3. Set the base stations parameters (the maximum study radius from the BS here is 1 km, the
calculation is performed only with high resolution) and the parameters of the subscriber station
installation. You should not specify too large study radius; this will significantly slow down the
calculation. Specify the actual radius of 200-400 meters.

4. Set the required received power levels.

5. Click on the “Import building polygons from OSM data for active BS” button. Then, in the form
that appears, specify the building’s heights and floor heights for those buildings that do not have
this information in the OpenStreetMap database.

6. Specify the propagation environment type for streets (Outdoor RF Zone)

7. Specify the propagation environment type for buildings (Indoor RF Zone), as well as the building
walls material

8. Click on the “Calculate coverage” button

)| &

The user can import and export building polygons in KML format using the tools

When exporting building polygons to KML format in MLinkPlanner, the name of each building polygon will
contain information about the building height, RF Zone inside the building, and the walls type in the
format: Height, m; Indoor RF Zone Index; Exterior Wall Type Index. The user can change these parameters
in Google Earth individually for each building, then save and import this file into MLinkPlanner. The user
can also change the buildings’ geometry in Google Earth or add new buildings to the plan.

== Google Earth Pro — m} *
File Edit View Tools Add Help

¥ Search

Get Directions History

¥ Places

28, 2;1
- - Height, m; Indoor RF Zone
- g 1521 g b iy Indesx; Exterior Wall Type
Index
-T2
- (v g ag 21
[y R
Q@] [«]+
¥ Lavers

8% Primary Database
B Anncuncements
’ r'P Borders and Labels
Places
b 2 Photos
r'P Roads
3D Buildings
‘n’ Weather
o Gallery

8/ More
Terrain

Gopgle Eartt

0m eye alt: 960 m

KML file in Google Earth Pro

Page 56/81



MLinkPlanner 2.0. User Manual 230405

RF Zone Index

Index Indoor RF Zone

0 Ignore (the same as outdoor)

1 Light RF environment - 3.0 dB

2 Medium RF environment - 3.5 dB

3 Dense RF environment - 4.0 dB

4 High density RF environment - 4.5 dB

Exterior Wall Type Index

Index Exterior Wall Type

0 Ignore 0 dB

1 Brick wall 90 mm

2 Brick wall 120 mm

3 Brick wall 250 mm

4 Brick wall 380 mm

5 Brick wall 510 mm

6 Concrete wall 100 mm

7 Concrete wall 200 mm

8 Concrete wall 300 mm

9 Concrete wall 400 mm

10 Concrete wall 500 mm

11 Aerated concrete wall 100 mm
12 Aerated concrete wall 200 mm
13 Aerated concrete wall 300 mm
14 Aerated concrete wall 400 mm
15 Aerated concrete wall 500 mm

Among the sample project files that can be downloaded along with the MLinkPlanner installation file,
there is a sample project for an outdoor Wi-Fi network based on Ubiquiti Unifi UWB-XG outdoor access
points.

Creating a Coverage Report

Coverage reports can be saved as an interactive web page, an image file, or a KMZ file.

") save the coverage as a webpage — This option saves the coverage as a webpage. It will save the
index.html file (the page script), the bs.png file (the base station icon), and the folder containing the
coverage tile pyramid in the {Z}/{X}/{Y} format to the folder selected by the user. To view the result, the
user can open the index.html file in any web browser. This page can also be placed on a web server for
viewing in any browser and on any operating system (Windows, Mac, iOS, Android, Linux).

The webpage allows you to:
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- Choose a base map from four different options

- Change the map zoom level

- Display the legend

- Display the map zoom level, map scale, and current cursor coordinates (in both decimal and DMS

formats)

To view an interactive webpage, an Internet connection is required.

The folder containing the tile pyramid can be connected to any GIS that supports working with tiles (e.g.,
QGIS, ArcGIS, Maplnfo), allowing you to display the result of the coverage prediction as a layer on any GIS.

@ Coverage area X +

C {} © Oaiin | Di/best%20server/indexhtml

o stchora

+ ® Kiasn
O rzanskis
Stary
Radnszes
11 Sze@mWino
'. Dabie
%}
Best Server I
- 5250 MHz
- 5270 MHz
- 5290 MHz
W -5310 MHz
Required service threshold: -93 dBm
|Lubiataw
|
|
wysoka

Chocicz

Chocimek — — = 7

Tiehola
Zarska

Zablocie

ISkm I

e viog

Bigr i

Nie thowice

Czerwiefsk

Lesmic
3= g lki

Kotowice

DrRgowina

Example of the interactive webpage

) OpenTopoMap
O Falk OSM
O ESRI Sat
@® ESRI Topo

Coverage Area [
Base Stations

Zabor

NE2.07444  E15.46532
| NE2- 428 E15°27'55.1"

Leaflet | RadioPlanner

“" save the coverage as an image — This option saves the result of the coverage prediction as an image
file in *.png format. Before saving the image, the user can select the area of the saved coverage using a
frame that appears on the screen. The frame border and the map itself can both be moved.

When saving an image, the user also selects its resolution. The resolution may correspond to the current
size or be two or four times larger. The higher the resolution, the larger the size of the saved file. The
maximum size of the bitmap image is approximately 5400x4400 pixels, and the file size in *.png format is

about 10 MB. A scale bar appears in the lower-left corner of the saved image.
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20 km |

Ty
[TIFF]

Online

[
1Brm; 9.797 krmy; 33° | BS03_Sulechow (315°/5310 MHz): -106.1 dBm
Save the coverage as an image

Save the coverage as a GeoTIFF file - This option saves the result of the coverage prediction as a
GeoTIFF file in the Web Mercator projection for further work with third-party GIS.

“*/ save coverage, sites, and links as a KMZ file - This option saves the coverage, sites, and Point-to-

Point and Point-to-Multipoint links as a KMZ file, which can be opened in Google Earth.
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View KMZ file in Google Earth

Two Coverage Prediction Comparison

MLinkPlanner allows you to perform a visual comparison of two coverage prediction results. This enables
you to evaluate the effect of changes in various parameters of the base and subscriber stations of the
PtMP network on coverage.

To add a performed prediction to the comparison, click the Add Coverage to Compare button on the
top toolbar. When you go to the Compare coverage menu on the main toolbar, this calculation result will
be displayed on the left side of the screen, while the result of the current coverage will be displayed on
the right side. For example, you can change the height of the sector or sectors of active BSs and, after
performing the coverage prediction, see how these changes are reflected in the result compared to the
previous one.

You can manage maps in the left and right panels (map shift and zoom) independently of each other. This
can be done conveniently with a mouse by dragging and rotating the wheel. By controlling maps in this
way, you can compare two coverage calculation results in detail.
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£ MLinkPlanner 2.0 DAWork\Test Project.mip2
-l — == [0 | n - et Mt a¥|e & BBz b2l
% -

£ MLinkPlanner Project
i Project Information

8% Settings

N\ Propagation Models

o0 Coverage Study Detals

B Compare Coverage

&2 Map Layers

@ Stes

=g Paintto-Multipaint

48" BS01_Zielona Gora

=-[2] [\ Azimuth 45° (5250 MHz)

“y s01001

“y s01005

7y s01002

Ty 501003

Ty 01004

3\ Azimuth 1357 (5270 MHz)

3\ Azimuth 2257 (5290 MHz)

3\ Azimuth 3157 (5310 MHz)
1502_Marcinowice

[=] 3\ Azimuth 45 (5250 MHz)

[=] 3\ Azimuth 1357 (5270 MHz)

[=] 3\ Azimuth 225 (5250 MHz)

[=] 3\ Azimuth 315 (5310 MHz)

3

B EERE

B

8" BSD4_Nowa Sol

8" BS05_N. Bobrzanski

& Point+o-Point

[ BS02_Marcinowice - BS01_Zelona Gora
[ BS01_Zielona Gora - BS03_Sulechow
[ B501_Ziclona Gora - BS04_Nawa Sel
[ B501_Ziclona Gora - BS05_N. Bobrzansh

e e e

Ground level: 350 m | | Received Power at subscriber stations | BS02_Marcinowice (225°/5290 MHz): -61.8 dBm; 3.968 kmy; 257° | BS02_Marcinowice (315%/5310 MHz): -68.7 dBm | online |

Two coverage prediction comparison

PtMP Subscriber Stations (CPE)

For each of the Base Stations, you can set its Subscriber Stations.

To create a subscriber station, click on the rh Add subscriber station button in the sector to which it
will be linked. Then select a site from the list, and the subscriber station panel will open.
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Subscriber Station

X

EAPARIPd = A I EIRIT=1E]
Site linked with that subscriber station 3
s01007
Lat: M37.792857°
Lon: W122 475758°
Radio Equipment
Product | NS-5AC -

Modulation & Coding Shrate, | TePawer. | RH.
1x BPSK (1/2)
2x QPSK (1/2) 18.2 25 52
2x QPSK (3/4) 273 25 -89
4x 16QAM (1/2) 36.4 25 -87
4x 16QAM (3/4) 546 25 -83
Bx B4QAM (2/3) 728 25 -80
Gx B4QAM (3/4) 81.9 24 -4
Bx B4QAM (5/6) 91 23 -7
Bx 256GAM (3/4) 109.2 21 66
8x 256GAM (5/6) 1211 21 £2

Feeder and cther losses ICI dB

Anterna parameters

Antenna height IEI m

Antenna gain 16 dBi

Antennatype  Integrated

Tx Power Limitation

(® not use
() limit Tx power to max level 7 dBm
() limit EIRP to max level 30 dBm

Figure 38. Subscriber station parameters

Toolbar:

qp - Add a new subscriber station with the same parameters.

- Move the subscriber station up.

- Move the subscriber station down.

& |« |

- Delete the subscriber station.

(]

- Select / Unselect all modulations and coding rows.

- Change the site.

- Position the map with the subscriber station at the center of the screen.

- Generate the path profile to the a base station.

m k| @ @

- Link report
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ofll - Copy selected Rx thresholds to Coverage Study Levels.

- Display the product specifications for the selected bandwidth in the form of a datasheet,

which can be saved in PDF, Word, or Excel formats.

il

- Global active subscriber station parameters change. You can replace the parameters of

subscriber stations in selected sectors based on the parameters of the current subscriber

station.

In the drop-down list, select an equipment model (product). The equipment family for the subscriber
station is the same as that specified for the BS sector. Below, you will see general information about the
selected equipment, including its image, channel bitrates, Tx power, and Rx parameters for each

modulation type.

Feeder and Other Losses, dB

Feeder and connector losses; default value is 0 dB.

Antenna Height, m

Antenna installation height relative to ground level, m. You can also
change the antenna height in the profile window.

Antenna Gain, dBi

Antenna gain, dBi

Antenna Type

Antenna model; information only.

Tx Power Limitation

not use

not use Tx power max limit

Maximum Tx power limit, dBm

Maximum Tx power for this Subscriber Station, dBm

From the general limit that is set in the PtMP menu and the limit
that is set in this Subscriber Station, the most stringent limit is
selected during the calculation.

Maximum EIRP limit, dBm

Maximum EIRP for this Subscriber Station, dBm

From the general limit that is set in the PtMP menu and the limit
that is set in this Subscriber Station, the most stringent limit is
selected during the calculation.

The antenna pattern for a subscriber station is not specified since it is always directed strictly towards the

BS sector to which it is linked. The frequency also coincides with the BS sector frequency.

It is also convenient to create subscriber stations using the context menu on the base map. To do this,

follow these steps:

In the main menu, select the BS sector to which the new subscriber station will be linked. You can
also select the BS sector directly on the map by double-clicking on the degree designation of the

Right-click on the site for the subscriber station and select Create Subscriber Station Site Name in

1.

desired BS sector.
2.

the context menu.
3.

If you right-click on a subscriber station that has already been created, an additional line will
appear in the context menu: Delete all subscriber stations associated with Site Name site. This
allows you to delete a subscriber station. Note that only the subscriber station is deleted, not the
site connected to it.
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Point-to-Multipoint Link Availability Prediction

For each Base Station - Subscriber Station link, an availability prediction can be performed with detailed
consideration of all clutters along the path profile. This prediction enables you to choose the parameters
of antennas and equipment for each link.

To generate a report:

1. Create a Base and Subscriber Station (CPE) - see the relevant sections.

T 1
2. Inthe parameters panel of the corresponding subscriber station, use the 8 | hutton to create a
path profile between the base and subscriber stations. All of the possibilities when working with
the path profile for PtMP are the same as when working with the profile for point-to-point links.

3. Usethe B button to create a report; in this case, you can select the required report type - Short
report or Full report.
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Link Report X
1 of 1 e Bl g HE- | 100% - Find | Mext
16.07.2020 17:39:28 MLinkPlanner 2.0 Page 1 of 1
Point-to-Multipoint Performance Summary
Minimum Annual Availability Required 99.95%
BS001 N37.780149° W122.492430°
Ubiquiti airMAX LAP-120 Antenna Integrated/16dBi/66°/40m/45°
Subscriber Latitude Radio Ant Path Diffraction
stations Longitude equipment A lenght loss
MN3T7.788794° Integrated/13dBi/10.7 m
s01001 W22 489233° LocoSAC Azimuth 196° 1.003km 0.0dB
MN37_806970° Integrated/14dBi/14.5 m
s01004 WA22 4T6530° [S-5AC Azimuth 205° 329Tkm 00dB
MN37.827930° Integrated/23dBi/11 m
501006 W122 489995° LBE-AAC-Gen2 Azimuth 182° 5323km 00dB
MN37.792897° Integrated/16dBi/20 m
s01007 WA22 4TET58° NS-5AC Azimuth 226° 2041 km 00dB
MN37.796458° Integrated/14dBif20 m
s01002 WA22 ATEA01° [S-5AC Azimuth 218° 2299 km 00dB
MN37.788353° Integrated/14dBi/12 m
501003 WA22 4739557 IS-5AC Azimuth 241° 1864 km 0.0dB
MN37.781807° Integrated/13dBi/9.6 m
501005 W122 480049° LocosAC Azimuth 260° 1104 km 00dB
Uplink Downlink
" Rx Fade Wax . Rx Fade Max )
Su?sru:rlber pOWEr, margin, usable cﬂ%ﬁ;'w' power, margin, usable El;tgattfe,
stations dBm  dB made WOES - “dBm dB mode vois
s01001 597 6.3 8x 256QAM (3/4) 1092 -A97 6.3 8x 2560QAM (3/4) 109.2
501004 -64.5 A Bx B4QAM (5/6) 91 -6A .5 54 6x B4QAM (5/8) 9
s01006 -64 1 6.9 Bx B4QAM (5/6) 91 -64 1 6.9 Gx B4QAM (5/8) 9
s01007 -60.1 59 Bx 256QAM (3/4) 1082  -60.1 59 8x 2560QAM (3/4) 109.2
s01002 -61.7 9.3 6x B4QAM (5/6) 91 -61.7 9.3 Bx B4QAM (5/6) N
501003 600 1.0 Bx B4QAM (5/6) 91 -60.0 1.0 6x B4QAM (5/6) =)
501005 -61.0 50 8x 26B0QAM (3/4) 109.2 -61.0 50 8x 266QAM (3/4) 109.2

BS Sector Performance Summary

The BS Sector Performance Summary provides a summary of the performance of all the subscriber
stations of the selected base station sector, including the maximum usable modulation modes of all the
PtMP Links that meet the required minimum flat fade margin and minimum annual availability settings.
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A1 - f v
A B C D E F G H J K L M N 8] P Q R s T u v W x Y [&
1 ] MLinkPlanner 2.0
2
o |, 52 | et catprane | 5 (B9 | ency | B8 | o amere | antann | e [aren| e suoscive ss | ss | s | s | s LB
Station Antenna | BS Latitude BS Longitude Family Product dth. Mz Er::llr.!d T = na Beam | r Station 55 Latitude 55 Longitude 55 Product | Antenn El::llr.!d Antenna AM%HHB Antenna Vertical lengtt|
3 Azimuth MHz Elevation 4B Height | 308 Titt & Type | Elevation |Gain. dBi| Height | Azimuth Angle
58 |BS00S a5 N37.770036° W122.452841° Ubiquiti airMAX LAP-120 20 5250 83 Integrated 16 40 66 -3 s05004  N37.777431° W122.440653°  LocoSAC Integra 77 13 135 2325 135 1352
59 |BS00S 135 W122.452841° Ubiquiti airMAX LAP-120 20 5270 83 Integrated 16 40 66 -3 505003 N37.773259% W122.426405° NS-5AC Integra 49 16 20 2612 131 2354
60 |BS00S 135 W122.452841° Ubiquiti airMAX LAP-120 20 5270 83 Integrated 16 40 66 -3 505005 N37.765083" W122.443571%  LocoSAC Integra 144 13 131 3041 198 0.985
61 | BS00S 135 W122.452841° |Ubiquiti airMAX LAP-120 20 5270 83 Integrated 16 40 66 -3 505006 |N37.756058" W122.447348° LocoSAC Integra 225 13 20 3427 43 1629
62 | BS00S 225 W122.452841° |Ubiquiti airMAX LAP-120 20 5250 83 Integrated 16 40 66 -3 505008 |N37.760334" W122.454386° LocoSAC Integra 195 13 164 72 469 1.089
63 | BS00S 225 | N37.770036° W122.452841° Ubiquiti airMAX LAP-120 20 5250 83 Integrated 16 40 66 -3 505007 |N37.758705" W122.470179°  LocoSAC Integra 118 13 03 504 011 198
64 |BS00S 225 | N37.770036° W122.452841° Ubiquiti airMAX LAP-120 20 5290 83 Integrated 16 40 66 -3 s05009  N37.766576" W122.467175° | LocoSAC Integra 78 13 155 RE] 126 1319
65 |BS00S 315 | N37.770036° W122.452841° Ubiquiti airMAX LAP-120 20 5310 83 Integrated 16 40 66 -3 505010  N37.773157% W122.467003° | LocoSAC Integra 75 13 147 1056 146 1294
66 | BS00S 315 | N37.770036° W122.452841° Ubiquiti airMAX LAP-120 20 5310 83 Integrated 16 40 66 -3 505011  N37.776210° W122.464685° | LocoSAC Integra 65 13 20 1234 174 1248
67 | BS006 45 N37.772275°  W122.404776° Ubiquiti airMAX LAP-120 20 5250 10 Integrated 16 40 66 -3 s06001 | N37.790405" W122.397158°  LocoSAC Integra 0 13 200 1984 2405 2127
68 | BS006 45 N37.772275°  W122.404776° Ubiquiti airMAX LAP-120 20 5250 10 Integrated 16 40 66 -3 s06002  N37.782333° W122.380248° | Loco5AC Integra 13 13 60 2288 0.78 1.699
69 | BS006 45 N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5250 10 Integrated 16 40 66 -3 s06003 | N37.776702° W122.393961° Loco5AC Integra 1 13 65 2426 0.86 1.072
70 | BS006 135 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5270 10 Integrated 16 40 66 -3 s06012  N37.754566" W122.240238° LBE-5AC-LR Integra 2 26 24 778 004 14613
71 | BS006 135 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5270 10 Integrated 16 40 66 -3 s06011  N37.729860° W122.230110° LBE-5AC-LR Integra o 26 20 2871 0.05 16.08]
72 | BS006 135 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5270 10 Integrated 16 40 66 -3 s06004  N37.766780° W122.386665°  Loco5AC Integra 1 13 123 291 12 1.707
73 | BS006 135 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5270 10 Integrated 16 40 66 -3 s06005 | N37.751783 W122.378211°  Loco5AC Integra 7 13 20 3143 039 3.266
74 | BS006 135 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5270 10 Integrated 16 40 66 -3 s06006 | N37.758705 W122.397738° Loco5AC Integra 66 13 128 3377 1.02 1.633
75 | BS006 225 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5290 10 Integrated 16 40 66 -3 s06007 | N37.76125(0" W122.425246°  1S-5AC Integra 16 14 153 55.7 047 2.18]
76 |BS006 315 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5310 0 Integrated 16 40 66 -3 s06009 | N37.782909° W122.414925° Loco5AC Integra 31 13 42 143 0.89 1483
77 | BS006 315 | N37.772275° W122.404776° Ubiquiti airMAX LAP-120 20 5310 0 Integrated 16 40 66 -3 s06010 | N37.790388' W122.414989° Loco5AC Integra 84 13 178 156 136 2207,

MS Excel Summary Report for Point-to-Multipoint links

Click the "Summary Report" button on the PtMP menu and an Excel spreadsheet will open. Only active
base stations will be listed in the spreadsheet.

For point-to-multipoint links, the same path profile analysis features are available as for point-to-point
path profiles:

- Antenna minimum height estimation
- Reflection Analysis
- Diffraction Analysis

Map Layers

In the Map Layers menu, you can control which layers are displayed on the map by enabling/disabling
their display and changing their style. The base map is always at the bottom, followed by the DEM layer
and then the coverage layer. The order of other layers can be changed.
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Toolbar:

il

Q153 || |<¢| |

Map Layers X
NRERNERE
Show Layer Name

Base Stations
Subscriber Stations
PTP Links

2 Stes

pipeling kml

Coverage

Show layer Transparency (-10) |5 B

Blevation (defaultt DEM is shown only for zoom 10 and higher)
[ 1 Show layer (-TL" Transparency (-10) |7 =

Min. elevation {m) D Max. elevation {m)

Om H00m
Base map
Show layer
(] Show in grayscale Grayscale level (0-3) |0 =
Map Layers

- Add a new custom layer from KML or CSV file.

- Move the selected layer up.

- Move the selected layer down.

- Change the style of the selected layer (or double click on the selected layer).
- Delete custom layer.

- Show the first point of the selected user layer in the center of the screen.

By default, the following layers are always present: sites, PtP links, PtMP base stations, and subscriber

stations.

them.

You can change their order, turn them on/off, and change their style, but you cannot delete
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Coverage Layer

Show Layer

Show / Hide coverage layer

Transparency

Set layer opacity in the range of 0 (fully transparent) to 10
(not transparent)

Elevation (DEM) Layer

Show Layer Show / Hide the DEM map layer. The Default DEM is
shown only for zoom 10 and higher. Custom DEM is shown
for any zoom.

ey Download and refresh custom DEM data within the screen
. (Only for zoom 10 and higher)
Transparency Set layer opacity in the range of O (fully transparent) to 10

(not transparent)

Min (Max) Elevation

Elevation legend range. All heights below the minimum
(including the minimum) will be fully transparent. All
heights above the maximum will be in maroon.

Base Map Layer

Show Layer

Show / Hide the base map layer

Show in Grayscale

Show base map in grayscale

Grayscale Level

Brightness from the range 0 (darker) - 3 (lighter)

Custom Layers (KML, CSV)

You can also load and display custom layers on the map in KML or CSV format. These may include point
or linear vector objects such as power lines, pipelines, and other infrastructure objects.

Point objects can be downloaded from a CSV file with required fields for each point object being
Parameter, Latitude, and Longitude. The coordinates can be in HEMISPHERE degrees minutes seconds
(N35 23.8 36) or HEMISPHERE decimal degrees format (N12.34567). The parameter can be any text that
appears at the specified coordinates, such as a measurement result or object name.
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Qf “Whlonstergis\RadioPlanner, 702_processed.csv - Notepad++

File Edit
Plugins

Search View Encoding Language
Window 7

cHEHGEGE s hkh o hy @ %|BE

Settings

| Pt

Tools  Macro  Run

X

=

[ 702_processed.cav 9 |

FBB.l ¢ HN57.6465339660645 ;
-88.4 » N57.6462173461%14 ;
-88 N5T7.6458473205566 ;
-87.2 » N57.64548452431e4 ;
-88.9 ; W57.6450725370117
-84.6 ; N57.644T7563171387
-84 N57.6444320678711 ;
-g2 N57.64406%96716309 ;
-T8.7 » H5T7.643699g459%el1 ;
10 -75.9% ; WN57.68433906555176 ;
11 -80.7 » WN5T7.8433753567T285

-TE. r M57.6433868408203 ;
-81.4 ; N57.643138885498
-83.5 ; N57.6428905301758
-79.9 ;» W5T7.6425743103027

{ ¥ T TR Y, (Y BT N S T % I
LT = VIY R o B Y <)

W s s =] D ] v
-

E38.8377532958984 A
E38.8415985107422
E38.8459014852578
E38.8456932983398
E38.8546295166016
E38.85863459487305
E3g8.8626861572266
E38.8667T9327392¢6
E38.8708267211914
E38.874527520752
E38.8752343135%648
E38.8834915161133
E38.88740535955078
E38.891437530517¢6
E38.85956031759531¢6

Col: 1

Sel: 00

Windows (CRLF)  UTF-8

INS

Edit Custom Layer Styles

Site Layer Style

Sample CSV file with measurement results

Site Layer Style

Site markers

Show *

Site name labels

Show

Font style

] White Box

Hide sites used for Base Stations, Subscriber Stations or Links

QK Cancel

Site Layer Style
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Show

Show / hide

Site Markers

Select a marker for sites from the standard set.

Site Name Labels

Choose font type, style, and color for site names.

White Box

Place the label on a white box

Hide Sites used for Base Stations,
Subscriber Stations, or Links

Hide sites that are already used to host Base Stations,
Subscriber Stations, or Links. Only empty sites will be
shown on the base map.

PtP Link Layer Style

Link Layer Style

(® Show only active links

Site markers

Show

Site name labels

Show

Link lines

Show

>
() Show all links
@
B Font style
[] White Box

B Line width | 1|2

QK Cancel

PtP Link Layer Style

Show only Active Links

Show only active links.

Show all Links

Show all links.

Site Markers

Show / hide, as well as select a marker for the ends of the
link from the standard set.

Site Name Labels

Show / hide the name of the ends of the link, as well as
choose the font style and color.

White Box

Place the label on a white box

Link Lines

Show / hide the link, as well as select the color and line
thickness.

PtMP Base Stations Layer Style
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Base Station Layer Style

Site markers

Show

Site name labels

Show

Sector lines

Show

Sector azimuth labels

Show

(® Show only base stations with active sectors

o

() Show &ll base stations

B Font style
[ ] White Box
B Line width | 1 |2
. Font style
Ok Cancel

PtMP Base Stations Layer Style

Show only Base Stations with Active
Sectors

Show only base stations with active sectors.

Show all Base Stations

Show all base stations.

Show / Hide Site Markers

Show / Hide and also select the marker for the base station
from the standard set.

Show / Hide Site Name Labels

Show / Hide base station label, as well as select font style
and color.

White Box

Place the label on a white box

Show / Hide Sector Lines

Show / Hide base station sector designation, as well as
select color and line thickness.

Show / Hide Sector Azimuth Labels

Show / Hide sector labels, as well as select font styles and
colors for them.

Subscriber Station Layer Style

Page 72/81



MLinkPlanner 2.0. User Manual 230405

Subscriber Station Layer Style

Site markers

Show

Site name labels

Show

Point+o-Multipoint link lines

Show

(®) Show only subscriber stations for active sectors
() Show all subscriber stations

et

B Font style

[] White Box

B Line width | 1 |

QK Cancel

Subscriber Station (CPE) Layer Style

Show only Subscriber Stations for Active
Sectors

Show only Subscriber stations for active sectors.

Show all Subscriber Stations

Show all subscriber stations.

Show / Hide Site Markers

Show / Hide and also select the marker for the subscriber
station from the standard set.

Show / Hide Site Name Labels

Show / Hide subscriber station label, as well as select font
style and color.

White Box

Place the label on a white box

Show / Hide Point-to-Multipoint Link
Lines

Show / Hide the point-to-multipoint link lines, as well as
select their colors and line thickness.

Custom Layer Style
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Customn Layer Style >
Poirt markers
Show

Poirt labels
Show . Font style

Paohdines
] Show B Line width | 2 |

QK Cancel

Custom Layer Style

Point Markers Show / Hide and also select the marker of point features
from the standard set.

Point Labels Show / Hide the point features label and also select the
font style and color.

Polylines Show / Hide polylines, as well as select the colors and
thickness of polylines.
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Settings
Settings %
Project Settings Application Settings
Coordinate Format Coondinate System Path to folder with cache files
(® Decimal Dearees ® WGS-34 |C:'-.Users'-user'—-ﬁppData'-.Roaming'-.MIJnkPIannerZ'—-:;ache | =
(C) Degrees, Minutes, Seconds () CK-42
Path to folder with data files
D , Decimal Minut g -
L O rek2om |C:'-.Users'-user'-ﬁppData “Roaming \MLink Flanner2'\data | =
Profile settings Distance and height units
B Proxy settings
Step of temain and obstacles En) )
; y m (@ Metric
points along the profile - [] Use proxy server [ The proxy server requires authentication
Part of the first Fresnel zone ) () English
which will be shown “ Proxy IP | 80.255.145.41 Usemame | |
Median value of kfactor 133 Port 3128 Password | |
Custom elevation GeaTiff file Interface settings
|C:\Users\user\DownIoads\Custom DEM_sample_Los_Angeles_5m tf = 0 Place the base station, subscriber station or link in the map center when you
= = — = click on them
¥ . :
[eerEneEm i [ Enable "Show / Hide panel buttons” at the main toolbar
Baze maps settings
Name URL e
3 I'rrtp:ffa.tile.openstreetmap.orgf[Z]f[X]f[Y].png
OpenTopoMap hitp://a tile opentopomap org/[Z]/[¥]1/[¥].png
il i Wiata Wintal hd
Reset to default Apply base maps settings 2
Settings
Coordinate Format Geographic coordinate format:

- Decimal Degrees (N44.345678 W134.567893)

- Degrees, Minutes, Seconds (N44E 34’ 23.7"” W134E]
29’ 23,4")

- Degrees, Decimal Minutes (N44& 34.2356’ W134R
29.2354’)

Coordinate System Coordinate System:

- WGS-84

- CK-42 (Russia)

- TCK-2011 (Russia)

Step of Terrain and Obstacle Points | The step of terrain and obstacle points along the profile for

along the Profile, m automatic creation of the path profile.

For SRTM-1, the minimum step for creation of the path

profile is 30 m. A lower value makes no sense since it will

not increase the accuracy.

Part of first Fresnel Zone which will A part of the first Fresnel zone which will be shown when

be Shown, % the path profile is displayed.

Median Value of K-factor The median value of the k-factor that will be used to create
the link path profile and determine clearance

Distance and Height Units Distance and Height Units:

- Metric (kilometers, meters)
- English (miles, feet)
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Path to Folder with Cache Files The path to the folder where downloaded base map tiles will
be saved for quick access. This will speed up the application.
The downloaded maps will remain on your computer and
you will be able to view them when you do not have an
Internet connection. This folder is created automatically
when the application is launched for the first time. You can
change this folder.

Path to Folder with Data Files The path to the folder where the downloaded SRTM and
forest data files will be saved for quick access. This will
speed up the application. Moreover, the downloaded files
will remain on your computer and the application will be
able to use them and create a terrain profile when you don’t
have an Internet connection. This folder is created
automatically when the application is launched for the first
time. You can change this folder.

Proxy Settings If you are using a proxy server to access the Internet, enter
its IP-address and port number. If the proxy server requires
authentication, enter the username and password.

Custom elevation GeoTiff file In order to use custom DEM, specify the path to it in the
Settings menu and check the "Use custom elevation Geo Tiff
file" box. File format requirements are outlined in Appendix
2 "Custom DEM Format".

Place the Base Station, Subscriber Place the base station, subscriber station, or link in the map
Station, or Link in the Map Center center when you click on them.

when you Click on them

Enable "Show / Hide Panel Buttons" ' D] El '

in the Main Toolbar Enable "Show / Hide panel buttons" and in the

main toolbar.

Base Map Settings

You can configure your own custom base map in MLinkPlanner by specifying a tile server URL. The
prototype URL encapsulates a request format that is specific to the map provider and varies from provider
to provider. It consists of a text string that begins with http://, has a domain name and possible
parameters, plus some symbols that MLinkPlanner substitutes with real-time tile request information
when actually contacting the server.

The possible symbols that MLinkPlanner accepts in the prototype URL are [X], [Y], and [Z] coordinates and
zoom. To lookup map imagery in their database, most map providers use tile coordinates of x and y, plus
zoom. For example, OpenStreetMap provides map imagery using x, y, and zoom. You can test-fetch a map
tile of a portion of North America by typing the following URL into a web browser:
http://a.tile.openstreetmap.org/3/1/2.png. The numbers at the end of the URL represent zoom, x, and y,
respectively.

In order for MLinkPlanner to properly fetch tiles from a map provider, a generalized prototype URL
scheme must be furnished. This generalized URL scheme will be used by MLinkPlanner to fetch any tile,
at any coordinate, with any zoom. To accomplish this, the symbols [X], [Y], and [Z] are inserted in place of
explicit coordinates. For example, creating custom map types in MLinkPlanner for OpenStreetMap can be
accomplished by mixing the known explicit URLs above with the symbols representing x, y, and zoom to
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form a custom map prototype URL: http://a.tile.openstreetmap.org/[Z]/[X]/[Y].png. When MLinkPlanner
needs a map tile fetched from a provider, it will replace the [X], [Y], and [Z] symbols with the actual
coordinates and zoom for the tile required and then use the resulting URL to contact the map provider’s
server to fetch the map tile.
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Appendix 1. Default DEM

North America

1 Arc-second Digital Elevation Model USGS National Map 3DEP

Coverage: USA, Canada, Mexico.
Source: https://data.usgs.gov/datacatalog/data/USGS:35f9c4d4-b113-4c8d-8691-47c428c29a5b

Europe

We use open digital terrain models (DTM) from national geoservices for the following European
countries:

Austria (DTM 5-10 meters)
Belgium (DTM 5-10 meters)
Czech (DTM 1 meter)
Denmark (DTM 2 meter)
Estonia (DTM 10 meters)
Finland (DTM 10 meters)
France (DTM 5-10 meters)
Germany (DTM 2-10 meters)
Iceland (DTM 10 meters)
Ireland (DTM 2 meter)

Italy (DTM 2-10 meters)
Latvia (DTM 20 meters)
Lithuania (DTM 5 meters)
Liechtenstein (DTM 10 meters)
Luxembourg (DTM 0.5 meter)
Netherlands (DTM 5 meters)
Norway (DTM 10 meters)
Poland (DTM 1 meters)
Portugal (DTM 0.5-10 meters)
Romania (DTM 1 meter)
Slovakia (DTM 1 meter)
Slovenia (DTM 1 meters)
Spain (DTM 2-5 meters)
Sweden (DTM 50 meters)
Switzerland (DTM 2 meters)

United Kingdom (DTM 2 meters)

For the rest of Europe, we use the European Digital Elevation Model (EU-DEM), version 1.1.
Coverage: Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus , Greece, Hungary, Kosovo, Malta,

Montenegro, North Macedonia, Serbia, Turkey.

Source: https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1?tab=metadata

Australia
SRTM-derived 1 Second Digital Elevation Models Version 1.0 (DEM-S).
Coverage: Australia
Source: https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/72759

New Zealand
New Zealand National Digital Elevation Model a 25-meter resolution.
Coverage: New Zealand
Source: https://Iris.scinfo.org.nz/layer/48131-nzdem-north-island-25-metre/
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South America, Africa, Asia, Middle and Far East regions
ALOS World 3D - 30m (AW3D30) by the Japan Aerospace Exploration Agency’s (JAXA).
Source: https://www.eorc.jaxa.jp/ALOS/en/aw3d30/

https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLIII-B4-2020/183/2020/isprs-
archives-XLIII-B4-2020-183-2020.pdf
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Appendix 2. Custom DEM Format

Starting from update 221121, MLinkPlanner 2.0 allows users to use their own Digital Elevation Model
(DEM) in GeoTIFF format. GeoTIFF is a public domain metadata standard that enables georeferencing
information to be embedded within an image filel. Elevation data from a LiDAR survey or any other
DEM can be converted to the GeoTIFF format using specialized GIS applications such as QGIS, Global
Mapper, ArcGis, Maplnfo, and others.

Custom DEM GeoTIFF files(s) must have the following format:
File Type: Int16 (Sixteen-bit signed integer)
Compression: No/LZW/Deflate (ZIP)
Projection: Geographic (Latitude/Longitude)
Datum: WGS84
Planar Units: ARC Degrees
Vertical Units: Meters

Max Width x Height: 100 000 x 100 000 points (for 64 GB RAM and powerful CPU). For comfortable
work on a computer of average performance, we do not recommend making the DEM size larger
than 50,000 by 50,000 points.

Some custom DEM samples in Geo TIFF format can be found in the installation folder.

An example of exporting to a Geo TIFF file in the Global Mapper DEM program with a resolution of 1/5
arc second (0.00005555 arc degree):

Page 80/81



MLinkPlanner 2.0. User Manual 230405

GeoTIFF Export Options X
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