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From the Developers

We have made every effort to create a user-friendly and intuitive application. However, we recommend
taking some time to read this User Manual to fully utilize RadioPlanner’s capabilities. Created by engineers
with over 25 years of experience in designing radio communication and broadcasting networks,
RadioPlanner is a full-featured yet simple and convenient planning tool.

Features

RadioPlanner 3.0 is a planning tool for various types of networks, including:

- Mobile networks: 5G (NR), LTE, UMTS, GSM, GSM-R, WCDMA

- Public safety land mobile networks: P25, TETRA, DMR, dPMR, NXDN

- Wireless loT LPWAN networks: LoRa, SigFox

- Precision agriculture systems

- Terrestrial radio and television broadcast networks: ATSC, DVB-T, DVB-T2, ISDB-T, DTMB, DAB, DAB+

- Air-to-ground communication and radio navigation systems operating in VHF, UHF, and microwave
frequencies: UAV (Drone) Control, Air-to-ground radio, ADS-B, VOR, DME

RadioPlanner 3.0 uses propagation models:

ITU-R P.1812-6

ITU-R P.1546-6

Longley-Rice (ITM) v1.2.2

Okumura-Hata

3GPP TR 38.901

- Combined ITU-R P.528-3 + P.526-14 (for Ground-to-Air Radio only)

RadioPlanner 3.0 performs various types of area studies for mobile networks:

- Received Power

- Best Server (Strongest Server)

- C/(1+N) Ratio

- Maximum Throughput

- Maximum aggregated Throughput

- Area with Signal above Both Base and Mobile Thresholds
- Number of Servers

- Coverage Probability

- RSRP for LTE and 5G

- RSRQ for LTE and 5G

- Simulcast Delay Spread

- Received Power with Simulcast Interference
- TalckOut and TalckBack

- Field Strength

Area studies for terrestrial radio and television broadcast transmitters include:

- Field Strength at Receiver Location
- Best Server

- Simulcast Delay Spread

- FCC contours
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- ITU-R P.1546-6 contours
- Population coverage
- Generation of list of localities covered by broadcasting

Area studies for Air-to-Ground radio communication systems include:

- Received power Air-to-Ground link
- Received power Ground-to-Air link
- Best Server Air-to-Ground link

RadioPlanner offers the following features:

- Work with multiple networks within a single project and view aggregate coverage predictions for
maximum throughput and number of servers.

- Plan radio network frequencies while considering co-channel and adjacent channel interference.

- Display of path profiles with path losses and levels of carrier and interference on the co-channel and
adjacent channels.

- Perform multipoint study of a group of CPE or IoT sensors (end devices), each with their individual
parameters (antenna height, antenna gain, transmitter power, cable loss, and penetration loss)
under varying deployment conditions.

- Import measured signal power level results for comparison with calculated values and adjust
propagation model parameters.

- Compare multiple coverage prediction results.

- Save coverage prediction results as an interactive web page, KMZ file, PNG image, GeoTiff file, CSV
file or as MIF file.

- Flexibly adjust base map layers and display custom vector layers.

GIS features:

- Default digital terrain model (DTM) with 30m plane resolution, automatically loaded worldwide
(see Appendix 2 for data source details).

- Option to use custom DTM in GeoTiff format.

- Default clutter model with nine clutter types, automatically loaded worldwide. Created from
OpenStreetMap (www.openstreetmap.org) and Global Forest Change projects.

- Option to use custom clutter in GeoTiff format.

- Common (e.g., OpenStreetMap, OpenTopoMap, US Topo) and custom base maps.

Installation and Activation

RadioPlanner is compatible with 64-bit Windows 10/11. The minimum computer requirements include a
64-bit Windows operating system, Core i3 CPU, 4GB RAM, 200GB HDD, video card, and monitor with
support for 1366x768 resolution. For optimal performance, it is recommended to use a computer with a
64-bit Windows operating system, Core i5 CPU, 16GB RAM, 256GB SSD, video card, and monitor with
support for 1920x1080 resolution. Additionally, Microsoft Excel must be installed on the computer to use
all RadioPlanner features.

To access the full version of RadioPlanner, a license must be purchased. After successful purchase, an
email will be sent containing a link to download the full version installation file and an Activation ID for
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the license. Follow the instructions in the installation file and enter the Activation ID when prompted to
activate the fully functional version of RadioPlanner.

Software Update

We periodically release free updates to improve the functionality and stability of RadioPlanner. The
software supports both manual and automatic checking for updates and will check for available updates
every time it starts. To check for updates manually, click “Help - Check for updates.” If an update is
available, a window will open with information about the current and available versions. You can
download the update from the provided link and install it manually. Be sure to exit RadioPlanner before
installing the update.

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. The size of the panels can be adjusted using the separator. The base map can display
various layers, including sites, coverage, terrain and clutter layers, base map, and additional vector layers.
You can choose to display one of the pre-installed base maps or customize your own base map as
described in the Base map Settings section.

Navigation on the map is done using the mouse, with the mouse wheel used to zoom in and out. You can
also select the desired zoom level from the drop-down list in the toolbar.
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Toolbar and Main Menu

® RadioPlanner 3.0 ChUsershuser\Downloads\FWA_CBRS_LTE.rp3

:’ﬁ.' EI H OpenStreetMap - 49 g @@ @@ @ﬂ v I:HD ? -

When you hover over each of the icons, a hint appears.

Standard tools for working with files: Create, Open, Save
i Save project
12 - The zoom of the base map

OpenStreetMap The base map

The “ruler” tool allows you to measure the distance and azimuth between any two
points on the map. To use this tool, click on the ruler icon and then click on any two

Q‘? points on the map. The distance between the points and the azimuth from the first
to the second point will be displayed. To exit the tool, right-click anywhere on the
map.

g Repeat previous coverage prediction
Add the coverage to compare

Show / Hide Legend

[

Save the map as WEB page

T
=l
=
=

Save the map as an image in PNG format

B

B

Save the map as KMZ file
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Save the map as GeoTiff file

Save coverage in GIS format

Searh sites by the name

Run Noise-Adjusted Faded Performance Threshold Calculator

Help

For more detailed information about each tool, please refer to the corresponding sections in the User

Manual.

Page 9/137



RadioPlanner 3.0 240920 User Manual

® RadioPlanner 3.0 D\Dropbox’00_RadicPlanner 34WProject Samplesh\3G_

= |
- E 13 = OpenStreetMap M & 3

----- i Project Information

{E} Settings

----- f Geo Data
----- Nn Propagation Model

=-[=] . Networks R

----- (8] /\x LTE Band 12 (700 MHz) .

----- (8] /\r LTE Band 2 (1900 MHz) ! ‘:

----- [\ 5G N78 (3700 MHz)

=-[e] e Sites

=-[w][53 Cluster 1 s
- [a] 8" BS01

=-[=] \n. LTE Band 12 (700 MHz) E

----- [=] =\ Sector 0 -

----- [=] = Sector 1207 Gricallil

----- [=] =y Sector 240° ] 170 m

=[] Apx LTE Band 2 (1500 MHz)

----- [=] =y Sector 0°

----- [=] =y Sector 120°

----- [=] =y Sector 240°

=-[=] An 5G N78 (3700 MHz)

----- [=] =y Sector 0°

----- [=] =y Sector 120°

----- [=] =y Sector 240°

- [= '8 BS02 T
-[=)A\n LTE Band 12 (700 MHz) .
..... E ;‘l“\l Sectur ﬂ: L¥] b - Bl

Tree View interface

Project Information

A new project is automatically created when RadioPlanner is launched. The File menu contains standard
buttons (New, Open, Save, Save As) for performing standard file operations. Project files can be saved
with the *.rp3 extension and contain all information about the project.

General information about the project can be specified in the project information panel.
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Project Infarmation

Project name |New Project 2024.059.20 |

Customer | |

Date [2024.09.20 15:46

LN wireless- plannlng!

Exclude from Legend
[] Metwaors Mame

[ ] Frequency

[] Corfiguration for LTE and 5G)
[] Cell Load

[ ] Propagation Maodel

[] Location and Time Probability

] Logo
Project Information

Project name Text field

Customer Text field

Data Text field - When creating a new project, it records
the date and time of the project creation.

Logo Your company logo. The recommended resolution
is approximately 270 by 60 pixels.

Exclude from Legend Exclude corresponding lines from Legend

Settings

Before starting to work with the software, it is necessary to configure the settings.
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Project Settings
Coordinate Format
(® Decimal Degrees
O Degrees, Minutes, Seconds

() Degrees, Decimal Minutes

Distance and height units
(® Metric
() English

Application Settings
Path to folder with cache files
|C:'-.Users'-user'-ﬁpp Data“Roaming"RadioPlanner3\cache | ,__}: %

Path to folder with data files

|C: \Users'wser'App Data'Roaming RadioPlanner3\data | = %
Proxy settings
[ Use proxy server [] The proxy server requires authentication
Proxy P | 80.255.14541 Usemame | |
Port 3128 Password | |
Base map settings
Name LRL )

OpenTopoMap
05M Relief

Carto Bazemap

3 hﬂp:ff‘a.tile.openstreetmap.orgf[Z]f‘[K]f[Y].png

http://a tile.opentopomap .org/[Z)/ ¥}/ [Y].png

http://a tile thunderforest com /cycle [Z]/[¥]/[Y] png

https://cartodb-basemaps-c global ssl fastly net Aight_nolabels/[Z1/TX)/[Y]@2 png

Download latest base map settings

Apply base map settings

2
Settings
Project Settings
Distance and Height Units - Metric
- English

Coordinate Format

- Decimal Degrees (N44.345678 W134.567893)

- Degrees, Minutes, Seconds (N44° 34' 23.7" W134°
29'23,4")

- Degrees, Decimal Minutes (N44°34.2356' W134°
29.2354')

Application Settings

Path to Folder with Cache Files

The path to the folder where downloaded base map tiles will
be saved for quick access can be specified in the settings.
This folder is created automatically when the application is
launched for the first time and can be changed if desired.
The downloaded maps will remain on your computer and
can be viewed even when you do not have an Internet
connection.

Path to Folder with Data Files

The path to the folder where downloaded default Digital
Terrain Model (DTM) and default clutter model files will be
saved for quick access can be specified in the settings. This
folder is created automatically when the application is
launched for the first time and can be changed if desired.
The downloaded files will remain on your computer and can
be used by the application to create a terrain profile even
when you do not have an Internet connection.

Proxy Settings

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

Base Map Settings
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You can configure your own custom base map by specifying a tile server URL. This URL encapsulates a
request format specific to the map provider and consists of a text string that begins with http:// and
includes a domain name, possible parameters, and symbols that RadioPlanner substitutes with real-time
tile request information when contacting the server.

The symbols that RadioPlanner accepts in the prototype URL are [X], [Y], and [Z] coordinates and zoom.
Most map providers use tile coordinates of x and y, plus zoom to lookup map imagery in their database.
For example, OpenStreetMap provides map imagery using x, y, and zoom. To fetch a map tile of a portion
of North America, you <can enter 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.

To create custom map types in RadioPlanner for OpenStreetMap, you can mix the known specific URLs
with the symbols representing x, y, and zoom to form a custom map prototype URL. For example:
http://a.tile.openstreetmap.org/[Z]/[X]/[Y].png. When RadioPlanner needs to fetch a map tile from a
provider, it will replace the [X], [Y], and [Z] symbols with the actual coordinates and zoom for the required
tile and use the resulting URL to contact the map provider’s server to fetch the map tile.

To use custom maps, enter the Map Server’s URL of the desired map. You can search online for local map
providers” map servers’ URLs. If you have more relevant or detailed cartographic data for the desired
territory in the form of an image or vector map, you can create your own tile server using specialized GIS
software such as Maplinfo, QGIS or Global Mapper.

Download latest base map settings | Update basemap settings from our server. User tile server
addresses will be removed.

Apply base map settings Apply basemap settings after entering custom tile server
address

Geo Data

This menu allows you to specify the geodata (DTM and clutters) that will be used in calculations.
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Diigital Terain Model (DTM) Clutter Data %
(®) Use default (DTM) (") Use custom (DTM) Clutter heights
Custom DTM files Clutter type Clutter height, m
@ Open/ural g
| File name 15
10
15
20
7
5
7
(® Use default clutter data () Use custom clutter data

E16d
|

File name

Geo Data Parameters

Digital Terrain Model (DTM)

The Digital Terrain Model (DTM) is a geographic data file (or files) representing the elevation of the ground
above sea level. In RadioPlanner 3, you can use the default DTM that is automatically downloaded from
our server when predicting coverage. This DTM is compiled from open geodata sources and is available
worldwide. It is sufficient for most use cases.

Page 14 / 137



RadioPlanner 3.0 240920 User Manual

Alternatively, you can use custom DTMs in GeoTiff format. GeoTIFF is an open format that can be used to
convert elevation data from a LiDAR survey or any other DTM. This conversion can be performed using
specialized GIS applications such as QGIS, Global Mapper, ArcGis, MaplInfo, and others.

Use default DTM Use default DTM
Use custom DTM Use custom elevation DTM. Import the DTM file(s) in Geotiff format.

Custom DTM 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

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

GeoTIFF Options  Tiling ~ Export Bounds

File Type TIFF Format Options
8bit Palette Image DPI Value To Save in Image (0 for Mone): EI
24-bit RGB (Full Colar, May Create Large Files) _
Black and White {1 bit per pixe) Compression: ' Deflate (ZIP) w
Multi-Band { 8 ~its per Band) = : Bands Make Background (Void) Pixels Transparent
Ol e B e = 5 L [] ADVANCED: Use Tile Rather than Strip Orentation
() Blevation (32 bit integer samples) Signed » ADVAMNCED: JPEGAn-TIFF Quality:
() Blevation (32 bit floating point samples) ADVANCED: Blevation NoData Value: [0 |
Vertical Units | METERS - []5ave Map Layout {Scale/Margins/Grid/Legend.stc.)
Save Vector Data if Displayed
Resampling | Default (Resample if Needed) w [ Interpolate to Fil Small Gaps in Data
Sample Spacing/Scale []Generate TFW (World) File

[] Generate PRJ File

[[] Generate CziExplorer map File

Y-amis: |D.DDDD5555 | arc degrees [ ] ADVANCED: Don't Write GeoTIFF Header
[] Always Generate Square Pixels

If you wish to change the ground units that the spacing is
specified in, you need to change the cumert projection by
going to Corfig->Projection.

Click Here to Calculate Spacing in Other Units...

[] Export at the Fixed Scale 1: D

X-as: |0.00005555 | arc degrees

Corca | [ Jopy | [ el

An example of configuring DTM export settings to Geotiff

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 DTM samples in GeoTIFF format can be found in the installation folder.

On our YouTube channel, we have posted a video on preparing custom DTM:
https://youtu.be/yS2dQreh3Cs
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Custom DTM

Clutter Data

The clutter data describes land cover or land use and is used by RadioPlanner to calculate signal power
loss on local obstacles surrounding the mobile unit.

In RadioPlanner 3, you can use the default clutter data that is automatically downloaded from our server
when predicting coverage. This data is compiled from open geodata sources (OpenStreetMap and Global

Forest Change projects) and is available worldwide. It is sufficient for most use cases.

The clutter model used in RadioPlanner has 9 types of clutters:

Clutter Type Color Description
Open / Rural Open and rural area
Water Water area
Trees / Forest Forest area
Suburban Suburban area
Urban Urban area

Dense urban area

Forest roads

Highways, wide roads
Highways, avenues, wide roads

Dense urban

Open areas in forest
Open areas in suburban
Open areas in urban

OO |N|O(N[DWIN|F-

For each clutter type, you can specify an average height (used to calculate clutter loss in the ITU-R P. 1812-
6 propagation model) or directly enter the loss value (see the Propagation Model menu).

Clutter heights The typical clutter height. This value is used in the ITU-R P.1812 and
ITU-R P.1546 recommendations to calculate clutter loss.
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Use default clutter data Use default clutter
Use custom clutter data Import the clutter file(s) in Geotiff format.

You can also use custom clutter data in GeoTiff 8-bit Palette Image file format. Each pixel of this file can
contain up to 256 possible clutter classes (commonly used up to 30), representing specific types of land
use or landcover. Custom clutter files can be prepared from a land use database (e.g., NLCD, CORINE, ESA
Global Land Cover) using specialized software (Global Mapper, QGIS, Maplnfo, etc.).

Custom clutter indices Clutter file palette indices to clutter type correspondence table

CLC - CORINE Land Cover https://land.copernicus.eu/pan-
european/corine-land-cover

UA — CORINE Urban Atlas https://land.copernicus.eu/local/urban-
atlas/urban-atlas-2018

NLCD - National Land Cover Database
https://www.usgs.gov/centers/eros/science/national-land-cover-
database

Default - Deafaul clutter indices (0,1,2,3,4,5,6,7,8)

Number of Pal ldx Number of indexes in custom palette

After importing a custom clutter file into RadioPlanner, it is necessary to establish a correspondence
between its palette indexes and the 9 clutter types used in the program. We have made lookup table
presets for some standard land cover types (NLCD, CORINE Land Cover, CORINE Urban Atlas). To use
these presets correctly, you need to use a special standard (for NLCD and CORINE Land Cover) or custom
(for CORINE Urban Atlas) palette when exporting to GeoTiff. Some custom clutter data file samples in
GeoTiff format can be found in the installation folder.

On our YouTube channel, we have posted a video on preparing custom clutter from several common
landcover types:

https://youtu.be/5QWYYGhGEdY How to make custom clutter from National Land Cover Database
(NLCD)

https://youtu.be/pmY6YNy3elo How to make custom clutter from CORINE Land Cover

https://youtu.be/DwBRa2g2VIA How to make custom clutter from Urban Atlas

Custom clutter GeoTIFF file(s) must have the following format:
File Type: 8-bit Pallete Image
Compression: No/LZW/Deflate (ZIP)
Projection: Geographic (Latitude/Longitude)

Datum: WGS84
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Planar Units: ARC Degrees

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 clutter size larger than
50,000 by 50,000 points.

An example of exporting to a clutter Geo TIFF file in the Global Mapper:

GecTIFF Export Options >

GeoTIFF Options  Tiling ~ Export Bounds

File Type TIFF Format Options
{®) 8bit Palette Image DFI Value To Save in Image (0 for Mone): EI
i) 24bit RGB (Full Color, May Create Large Files) _
(O Black and White (1 bi per pixel) o lEzEa v
() Multi-Band { 2 +its perBand) 1 . Bands [] Make Background (Vaid) Pisels Transparent
Elevation (16 bit integer samples) | Signed [ ] ADVANCED: Use Tile Rather than Strip Orientation
! ' . . - 75
Blevation (32 bit integer samples) | Signed e
Blevation (32 bit floating point samples) ADVANCED: Blevation No-Data Value: U
Prelie | NLCD {Nofiond Land Cover Detabase) - [[]5ave Map Layout {Scale/Margine/Grid//Legend/etc )
Save Vector Data if Displayed
Resampling | Default {Resample if Needed) ~ [ Interpolate to Fil Small Gaps in Data
Sample Spacing./Scale [] Generate TFW (World) File

[] Generate PR File
[[] Generate OziExplorer map File
Y -ais: |2_-| 659712974194=-05 | arc degrees [ ] ADVANCED: Dont Write GeoTIFF Header

Xads: |345632592705432e05 | arc degrees

[] Always Generate Square Pixels

if you wish to change the ground units that the spacing is
specified in, you need to change the cumenrt projection by
going to Config-=Projection.

Click Here to Calculate Spacing in Other Units...

[] Export at the Fixed Scale 1: D

Cancel Aoply Help

An example of configuring clutter export settings to Geotiff
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Clutter Data
Clutter heights:

x

Clutter type Clutter height. m

Cpen/rural 0

() Use default clutter data
Custom clutter data files

E1Rd

® Use custom clutter data

File name

Custom clutter indices
[G]cwc| ua [ ne [0 | Numberct Palax [26 |2

Clutter Type

Map Layers

Custom clutter

In the Map Layers menu, you can control which layers are displayed on the map. The order of the layers
in the menu corresponds to their order on the map, with the base map at the bottom and sites at the top

of all layers.
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Sites X
Show layer
Show sites by status:
Show site names Show sector directions
® Site font style B
Customs layers (KML, C5V files)
(|3 @
Line  Line
Mame Show Marker Font width  color
Towers {E{} Font 2 -
b | Pipeline * Font 2 -

Routs for Rout Study
Show layer

CPEs
[ ] Show layer o

Area study boundary
Show layer

Coverage
Show layer

Clutters
[ ] Show layer

Temain

] Show layer

Min. elevation {m)

F0m

[ 1 Show links

1)
4k

Line width

Line width |1 =

Line width |1 =

Transparency (0-10) |5

4k

Transparency (-10) 7 =
Transparency (0-10) 7 =
Max. elevation {m)
300 m

Base map
Show layer
[ ] Show in grayscale

Grayscale level (0-3)

D -

Map Layers
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Sites

Sites are Base Stations or transmitters for TV and radio broadcasting.

Show layer

Show/hide site layer

Show site names

Show site names

Show sector directions

Show sector direction according to antenna azimuth

Site marker

Choose marker for sites

Site font style

Change font type for sites

Custom Layers (KML, CSV)

You can load and display point or linear vector objects in KML format as a layer on the map. This can
include objects such as power lines, piping, and etc. Custom layers are saved in the project file.

] Load a custom layer (KML, CSV file)
M Save points from the selected layer to a CSV file
3 Delete selected custom layer
& Position the map on the first point of the selected layer
The name of the user layer. Initially corresponds to the file name, but can
Name
be changed.
Show Show/hide custom map layer
Marker Select a marker for the item (only for point objects)
Line width Specify the line width in pixels (only for line)
Line color Specify line color (only for line)

Point objects can also be downloaded from a CSV file (text format with a semicolon separator).

Each point object must have the required fields of Parameter, Latitude, and Longitude. Coordinates can
be formatted as HEMISPHERE degrees minutes seconds (N35 23.8 36) or HEMISPHERE decimal degrees
(N12.34567). The parameter can be any text that appears at the specified coordinates, such as a
measurement result or the name of an object.
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File Edit

Window 7

[& C\Users\user\Downloads\Crown Castle Towers.csv - Notepad++ - = X

Search View Encoding Language

cHEHEEGR s mbh| e hig @%|EE

[= Crown Castle Towers.cav E4 |

Tools

Macre  Run  Plugins

X
E? 1 ¥

(0 [ O L R %

-] @

e

19.2:34.
14.6:33.
le.8:34.
17.1;:34.
17.1:33.
10.7:34.
36.9;35.
60.9;36.
60.9;36.
10 TO.1:36.

22305556,-118.
62555556, -117.
17222222:-117.
10805556, -117.
B832TTTE,-117.
13408333:,-117.
43361111;-119.

10122222 -80.
10122222 -80.
255251lee7T;—-80.

3gggg89
B59TI22
4441667
2033333
6l30556
627449494
0763889
45675

45675

36305556

Ln:1 Col:1 Pos:

Windows (CR LF)

UTF-8 INS

Sites
Show layer
Show sites by status:

Show site names

® sitesfontstyle [l

Customs layers (KML, C5V files)

] m]x]o]

[ Show sector directions

Sample CSV file with Antenna Towers

‘ Name

US Towers

Show Marker Fort

Line  Line
width  color

Coverage

Show layer

Clutters
[ Show layer
Temain

o~ ' =

£

Transparency (0-10) 5 &

Transparancy (0-10) [7 il

Custom Layer on the map

L MARKETS

You can also quickly create point objects directly on the map. To do this, right-click on the desired location
and select “Add a new point to the ‘Custom Points’ layer” from the context menu. Then specify the point
name and it will appear on the map and be added to the “Custom Points” layer, which is automatically
created when you create the first point object. You can also delete created point objects by right-clicking
on the point and selecting “Delete the nearest point in the ‘Custom Points’ layer” from the context menu.
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Create a new Base Station

-4 Focuse on the Base Station BS 002

Add a new point in the map layer 'Custom Points' || .

Delete the nearest point in the map layer 'Custom Points’

\

Add a new point in the map layer 'Custom Points' >

Point name  |MNew Point

Adding a point feature to a map

Routs for Route Study

Routs layer control. For more details, see the section on Miscellaneous Studies - Route Study.

Show layer Show/hide Routs layer
Line width Line width
CPEs

CPE map layer control. CPE is customer premises equipment for fixed wireless access (FWA) applications
or Sensors for loT networks such as LoRaWAN, SigFox and others.

Show layer Show/hide CPE layer
Select marker Choose marker for CPEs
Show links Show link to the assigned BS sector
Line width Line width
Area Study Boundary

The area study boundary map layer control.

Show layer Show/hide layer
Line width Line width
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Coverage

The coverage prediction map layer control.

Show layer Show/hide layer
Transparency Set layer opacity in the range from 0 (fully transparent) to 10 (not
transparent)
Clutter

The clutter map layer control.

Show / Hide the clutter map layer. The default clutter is shown only for
Show Layer . .
zoom 11 and higher. A custom clutter is shown for any zoom.
Transparency Set layer opacity in the range of 0 (fully transparent) to 10 (not
transparent)
Terrain

The Terrain map layer control.

Show Layer

Show / Hide the terrain map layer. The default terrain is shown only for
zoom 9 and higher. A custom terrain is shown for any zoom.

Transparency

Set layer opacity in the range of 0 (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.

k=3

Set the minimum and maximum height on the screen. Sets the height
range within the minimum and maximum heights found within the
screen.

Base Map

Base map layer control

Show layer

Show/hide the layer

Show in grayscale

Show base map in grayscale

Grayscale level

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

Page 25 /137



RadioPlanner 3.0 240920 User Manual

RF Planning for Mobile Networks

RadioPlanner 3.0 allows you to work with multiple networks in one project. When creating a new project,
the first network is created by default.

:::}1 -
Area Study Type

MNumber of Metworks (DL) e

Area Study Resolution for all study types
@ Low () Medium () High

(®) Mobile Unit (LUE) Nz1 () Mobile Unit (UE} Nz2
Mumber of netwarks

3w Maximum number of networks

Color p:;tmﬁ:ég Description

1 |
M : | |
B =3 | |

Networks menu

4k Add a new network

Calculate Coverage (See Coverage predictions for multiple networks section)

Area Study Type

Coverage predictions for multiple networks:
- Number of Networks (DL)
- Number of Networks (UL)
- Maximum Aggregated (DL) Throughput
- Maximum Aggregated (UL) Throughput
See Coverage predictions for multiple networks section

Area Study Resolution for all | Coverage prediction resolution. Specifies the details of both

study types

aggregated calculations and calculations for each of the networks.

-  Low

- Medium

- High
The resolution corresponds to one pixel of the screen for zoom =11
(low detail), zoom = 12 (medium), and zoom = 13 (high). For a
geographic latitude of 55 degrees, this is approximately 40, 20, and 10
meters, respectively.
The higher the resolution, the longer the calculation time.

Mobile Unit (UE) Ne1/Ne2 Select the mobile device for which the calculation will be made
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Network

The “Network” menu is used to set all parameters for the selected network, including mobile station
parameters and calculation parameters. You can also perform calculations for the network using this

menu.
Metwaork x
P 3|3 H|®| "% || 1]
Network name |LTE CBRS Band 48 3500 MHz |
System type |LTE w
Metwork parameters
Downlink MHz Uplink MHz
Downlink: R Uplink Rx
treshold E_ dBm treshold m dBm
Study radius kem
ser Equip N21 | User Equip Nz2
Type Portable AtomODOEH
Tx power (W) 02 0.2
Cable and connectors loss (dB) 0 0
Anterna height (m) 15 5
Artenna gain (dBi) 0
lUse directional antenna
pattem for Mobile Unit (LE)
Area study type
RSRP w
RSRP for LE Nz1
4 | MNumberof levels
Color Value Description
[ 5] fom bencs |
0 [ 95 |to 85 |dBm [rp_bars=4 |
| | 105 | to | -95 |dBm |rep_bars=3 |
P [ 115 | to| 105 | dBm [rsp_bars=2 |
RSRP for UE Nz2
/- dBm |rsp_bars=2
Network menu
4F | Add a new network with the same parameters (copy the network)
[=] | Check/Uncheck all sectors for current network
4| Move the Network up
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Move the Network down

¥

¢2 | Delete the network
FH System parameters
e

Calculate Coverage

Calculate FWA Coverage taking into account the parameters of each CPE. See section "Fixed
Wireless Access network"

wiz | Calculate coverage for each active sector and save the map as a KMZ file

[«]| Load network parameters from a template
L]

Save network parameters as a template

Network name

Name of network, text field

System type

System type options:

- Generic TRX

- LTE

- 5G

- Terrestrial Broadcasting

- Air-to-Ground Radio
The selected system type will determine the set of additional system
parameters, as well as the types of coverage predictions available.

Downlink

Average downlink frequency, MHz

Uplink

Average uplink frequency, MHz

Downlink Rx threshold

This threshold value will limit the coverage prediction display based
on whether the signal received at the mobile unit from the base
station is above or below this threshold, dBm

Uplink Rx threshold

This threshold value will limit the coverage prediction display based
on whether the signal received at the base station from the mobile
unit is above or below this threshold, dBm

Study radius

Maximum study radius, km The larger the radius, the longer the
computation time. Do not set an unnecessarily large calculation
radius.

Mobile Units
Type Name (model) of Mobile Unit, text field
Tx Power Transmitter power, W

Cable and Connector Loss

Loss in cable and connectors, dB

Antenna Height

Antenna height relative to ground level, m

Antenna Gain

Antenna gain, dBi

Use directional antenna
pattern for Mobile Unit (UE)

By default, the mobile units' (UE) antenna pattern is assumed to be
isotropic. If you are designing a fixed wireless access (FWA) network
with directional CPE antennas, you should download the antenna
pattern in MSI format. It is assumed that the CPE antennas are aimed
at the BS sector with the strongest signal at the CPE location.

The use of directional antennas on the CPE significantly reduces
interference from neighboring cells and, as a result, increases CPE
throughput.
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RadioPlanner allows you to predict coverage for two types of mobile devices. This is used in professional
mobile radio networks, where portable and mobile stations are often used, since they differ in both power
characteristics and antenna height relative to ground level. Also, coverage prediction for several types of
mobile devices with different antenna heights is often necessary in fixed wireless access (FWA) networks.

LTE System Parameters

System parameters >
LTE Parameters  Network Channel Plan  MIMO Configuration  Moise and Interference
Mode |FDD w R1/R3 FDD Ratic | 25¢xR1+0xR3 (No FFR)
Bandwidth |5 MHz “ TOD R1Ratie 0.5
Cyclic Prefix | 4.7 us NORMAL v FFR SINR Threshald (dB)
TDD UL/DL Ratio 3 - (0.54) Cell Load (%)
Dawnlink LUiplink
3GPP TS Table | 36213 Table 717114 ~ YGPP TS Table | 36213 Table 8613 ~
MCS dulati TBS | Transport | Throughput| SINR | » MCS dulati TBS | Transport |Throughput| SINR | ~
Index | “®'¥°| jndex | block size | (Mbps) {dB) Index | ™% jndex | block size | (Mbps) {dB)
12 |G4GAM | 17 9144 87 122 0 |GPSK | O 680 06 26
13 |G40AM | 18 3912 35 132 1 |aPsk | 2 1096 1 16
14 |G43AM | 19 10680 10.2 142 2 |GPsK | 4 1800 17 0.1
15 |G43AM | 20 11448 10.9 152 3 |@GPSK | B 2600 25 17
16 |G43AM | 2 12576 12 164 4 |GPSK | B 3455 33 15
17 |G4qAM | 22 13536 12.9 17.8 5 | @PSK | 10 4357 42 5.1
18 |G4gAM | 23 14112 135 19.3 5 [183AM | 11 4968 47 6.1
19 |G4cAM | 24 15264 146 e 7 |[1eQAm | 12 5736 55 7.1
20 (7560 | 25 15840 15.1 5 8 [16QAM | 13 5456 62 82
21 |2563.. | 27 16416 15.7 23 g [160AM | 14 7224 (%) 52
72 |2563..| 28 17568 16.8 24 10 |16QAM | 16 7552 76 10.3
23 (2563 | 29 18336 17.5 25 11 |[16QAM | 17 9144 87 11.3
24 (2563 | 30 19848 18.9 7 12 |16QAM | 18 5512 95 12.2
25 (2563 | H 20616 19.7 28 13 |16QAM | 19 10680 10.2 13
26 |2563.. | 32 21384 204 29 14 |B4QAM | 20 11448 10.9 13.8
27 (2560 33 24496 734 30 15 |64QAM | 21 12576 12 146
N 16 |gAnAm | 77 13536 129 153 | ¥
QK Cancel
LTE System Parameters
Mode LTE duplex mode:
- FDD
- TDD
Bandwidth LTE bandwidth: 1.4 MHz; 3 MHz; 5 MHz; 10MHz; 15 MHz; 20 MHz
Cyclic Prefix LTE Cyclic Prefix:

- 4.7 ps (Normal)
- 16.7 ps (Extended)

TDD UL/DL Ratio

TDD configurations in 3GPP LTE specification:
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TDD Configuration# UL/total ratio DL/total ratio

0 0.7 0.3
1 0.5 0.5
2 0.3 0.7
3 0.35 0.65
4 0.25 0.75
5 0.15 0.85
6 0.6 0.4

R1/R3 FDD Ratio

Type of Fractional Frequency Reuse (FFR) plan that is being used in
LTE project in the R1/R3 zone Resource Blocks drop-down list

TDD R1 Ratio

Part (from 0.1 to 1) the R1 zone subcarriers of physical resource
blocks (PRB) for TDD

FFR SINR Threshold

SINR threshold for switching between R1 and R3 zones in FFR, dB

Cell Load

Cell Load, 0-100 % Cell Loading is considered uniform. The possibility
of different cell loading by sectors and the use of subscriber density
maps will be added in the future.

Downlink and Uplink 3GPP
Tables

These tables contain the MCS Index, modulation type, and transport
block size (TBS) specified in the tables of 3GPP TS 36.213. Minimum
C/(1+N) values for 1% SER (dB) can be specified separately for both
uplink and downlink. The theoretical defaults shown in this table are
from published MATLAB simulations of LTE radio link performance.
The throughput for each modulation index is determined from the
3GPP tables, taking into account the transport block size. This
throughput does not take into account the MIMO multiplier.

Network Channel Plan

In the channel table, specify all possible uplink and downlink frequencies (channels) that will be used in

the network. For TDD, enter the same frequency. If the network operates on a single channel, then the

frequencies in the Network Channel Plan may not be specified.

Systern pararneters

LTE Parameters Network Channel Flan - MIMO Corfiguration  Moise and Inteference

» I 7215

= | d | u
Daownlink Uplink
Ch | Ch |
Nu?nnl:::' Frequency, MHz Nuﬁw?:uré?' Frequency, MHz

» I 01 5

* - optional

QK Cancel

LTE Network Channel Plan
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MIMO Configuration

The MIMO table is fully configurable for all downlink and uplink scenarios.

System parameters X
LTE Parameters Network Channel Plan ; MIMO Configuration | Noise and Interference

Al

oL UL DL L DL L

MINO Type Coverage | Coverage | i B0 | e | RCocon | Redoion
Gan(@8) | Gan(@B) | ™poc Eien (dB) (dB)
Diversity R« BS antenna 0 3 1 1 0 0
MIMO-A 2x1 3 3 1 1 0 1]
MIMO-A 2x2 [ & 1 1 0 1]
MIMO-B 2x2 3 3 15 1 1] 1]
MIMO-A, 4x 2 9 9 1 1 0 1]
MIMO-B 4x2 b & 15 1 1] 1]
SDOMASAdaptive (FDD) 4x2 2 9 15 2 10 15
SDMAsAdaptive (TDD) 4x2 ) 9 3 3 15 15
MIMO-A, dxd 12 & 1 1 1]
MIMO-B dx4 & 38 1 1]
MIMO-B 8x2 9 g g 1]
SDMASAdaptive (FDD) 8x1 9 15 2 15 20
SDMASAdaptive (TDD) 8x1 9 3 3 20 20
SDMAsAdaptive (FDD) 8x2 11 12 2 25 15 20
SDMASAdaptive (TDD) 8x2 12 12 4 4 20 20
. 0K || Cancsl
LTE MIMO Configuration

Noise and Interference

The receiver parameters in this tab are used for noise and interference calculations.
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System pararneters >
LTE Parameters  Network Channel Plan  MIMO Corfiguration : Neise and Interference
R parameters
oL L
Fx equivalent noise bandwidth (MHz) | 45 | | 45 |
RenoisefigueidB) | 6 | | 6 |
Rx noise level (dB) | -101.4 | | -1014 |
Adjacent channel rejection (dB) | 25 | | 25 |
OK Cancel

LTE Noise and Interference

Rx equivalent noise bandwidth

Receiver Equivalent Noise Bandwidth, MHz

In LTE systems, when using all resource blocks, the following noise
bandwidths are obtained:

1.08 MHz (1.4 MHz Bandwidth)

2.7 MHz (3 MHz Bandwidth)

4.5 MHz (5 MHz Bandwidth)

9 MHz (10 MHz Bandwidth)

13.5 MHz (15 MHz Bandwidth)

18 MHz (20 MHz Bandwidth)

Rx noise figure

Receiver noise figure, dB Typically 3-4 dB for eNodB and 6 dB for UE

Rx noise level

Receiver noise level, dB This value is used to estimate the noise on
the receiving path when calculating all types of interference.

Adjacent channel rejection

Adjacent channel rejection, dB It is assumed that the receiver has a
rectangular “brick wall” bandpass shape with a width equal to the
equivalent noise bandwidth. Under these conditions, you can set the
amount of attenuation on adjacent channels (one bandwidth above
and below the desired bandwidth) by entering a value here for
adjacent channel rejection.

5G (NR) System Parameters
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Systemn pararmeters x
5G Parameters  Network Channel Plan  MIMO Corfiguration  Moise and Interference
Mode | TDD v DL symbols part in TOD slot {0..1)
Corfiguration | BW=100MHz; SC5=30kHz ~ ~ Cell Load (%)
AGPP TS Table 38214 Table 5.1.3.1-2 V P:_"|
i
MCS Target code oL LIL L]
Index Maodulation Rate R x Throughput DL S5INR (dB) | Throughput UL 5INR (dB)
[1024] (Mbps) (Mbps)
15 G4GAM 666 2155 15.2 58.8 13.8
16 GACAM 719 2326 16.4 106.7 146
17 G40AM 772 2438 17.8 1145 153
18 G4CIAM 822 266.0 159.3 12159 16
19 G4ACAM 873 2825 21 1295 167
20 2560AM 6825 2944 215 135.0 17
21 2560AM 711 306.7 23 140.6 18
22 2560AM 7od 3253 24 149.1 15
23 2560AM 797 3438 25 157.6 20
24 2560AM 841 362.8 7 166.3 21
25 2560AM 885 e 28 175.0 22
26 2560AM 916.5 395.4 29 1813 23
27 2560AM 548 409.0 30 1875 24
W
Ok Cancel

5G Parameters

Mode

Duplex mode:
- FDD
- TDD

Configuration

Choice from bandwidth (BW) and Subcarrier Spacing (SCS)
configurations.

Downlink and Uplink 3GPP
Tables

These tables contain the MCS Index, modulation type, and Target
code rate specified in the tables of 3GPP TS 36.214. Minimum C/(I+N)
values for 1% SER (dB) can be specified separately for both uplink and
downlink. The theoretical defaults shown in this table are from
published MATLAB simulations of 5G radio link performance. The
throughput for each modulation index is determined from the 3GPP
tables. This throughput does not take into account the MIMO
multiplier.

DL symbols part in TDD slot
(0..1)

Part of the TDD resource that is intended for downlink

Cell Load

Cell Load, 0-100 % Cell Loading is considered uniform. The possibility
of different cell loading by sectors and the use of subscriber density
maps will be added in the future.

Network Channel Plan
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In the channel table, specify all possible uplink and downlink frequencies (channels) that will be used in
the network. For TDD, enter the same frequency. If the network operates on a single channel, then the
frequencies in the Network Channel Plan may not be specified.

MIMO Configuration

The MIMO table is fully configurable for all downlink and uplink scenarios.

System parameters *
LTE Parameters  Metwork Channel Plan | MIMO Corfiguration | Maise and Interference

il

oL UL DL L DL L

MINO Type Coversge | Coverage | i Bl | e | Rt | Reducion
Gain {dB) | Gain {dB) | o Factor (dB) dB)
Diversity Rx BS antenna 0 3 1 1 0 0
MIMO-A 2x1 3 3 1 1 0 1]
MIMO-A 2x2 6 6 1 1 1] o
MIMOD-B 2x2 3 3 15 1 0 1]
MIMOD-A, 4x2 9 9 1 1 1] o
MIMO-B 4x2 [ & 15 1 0 1]
SDOMA/Adaptive (FDD) 422 2 9 15 2 10 15
SDMASAdaptive (TDD) 4x2 9 9 3 3 15 15
MIMOD-A, 4x4 12 6 1 1 o
MIMO-B 4x4 & 33 1 1]
MIMO-B 8x2 9 g g o
SDMASAdaptive (FDD) 8«1 9 15 2 15 20
SDMA/Adaptive (TDD) 8x1 9 3 3 20 20
SDMASAdaptive (FDD) 8x2 11 12 2 25 15 20
SDMAsAdaptive (TDD) 8x2 12 12 4 4 20 20
QK Cancel
5G MIMO Configuration

Noise and Interference

The receiver parameters in this tab are used for noise and interference calculations.
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Systemn pararmeters x

MIMO Configuration

Rx parameters
DL uL

Rx equivalent noise bandwidth (MHz) | 98 | | 98 |

Renoisefigue(@B) | 6 | | 6 |

Rxnoiselevel (dB) | -88.1 | | -88.1 |

Adjacert channel rejection (dB) | 25 | | 25 |

OK Cancel

i Noise and Interference | 10

5G Noise and Interference

Rx equivalent noise bandwidth

Receiver Equivalent Noise Bandwidth, MHz

In 5G, the noise band can be obtained from the formula:
Rx equivalent noise BW= 12*SCS*Resource Blocks.

For example, for BW=100 MHz, SCS=30 kHz

Rx equivalent noise BW=12*0.03*273=98.28 MHz

Rx noise figure

Receiver noise figure, dB Typically 3-4 dB for gNodeB and 6 dB for UE

Rx noise level

Receiver noise level, dB This value is used to estimate the noise on
the receiving path when calculating all types of interference.

Adjacent channel rejection

Adjacent channel rejection, dB It is assumed that the receiver has a
rectangular “brick wall” bandpass shape with a width equal to the
equivalent noise bandwidth. Under these conditions, you can set the
amount of attenuation on adjacent channels (one bandwidth above
and below the desired bandwidth) by entering a value here for
adjacent channel rejection.

Generic TRX System Parameters

Generic TRX in RadioPlanner includes all mobile communication systems except for LTE and 5G:

-UMTS / GSM / GSM-R / WCDMA mobile networks

- P25 /TETRA / DMR / dPMR / NXDN land mobile radio networks

- Networks based on wireless loT LPWAN technologies: LoRa, SigFox, and others

Adaptive Modulation Table
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The adaptive modulation table is filled with SINR values and their respective throughput. This table is
used to predict downlink and uplink throughput in Generic TRX. Note that LTE and 5G have separate
adaptive modulation tables tied to 3GPP specifications.

Systern pararmeters

Metwork Channel Plan

o

-

Adaptive Modulation Table  MIMO Configuration  Noise and Interference

Modulation
Type

SF12CR-4/5
SF11CR-4/5
SF10CR-4/5
SF3CR-4/B
SF3CR-4/5
SF7CR-4/5

oL ) uL :
e | R | e | SRR
0.293 21 0.293 21
0.537 18 0.537 -8
0.976 15 0.976 -15
1757 5 1.757 9
3.125 6 3.125 5
5.468 3 5.468 3 v

oK

Cancel

LoRaWAN Adaptive Modulation Table

Modulation Type Modulation Type (text field)
DL Throughput (kbps) Downlink Throughput, kbps
DL SINR (dB) Downlink SINR,dB

UL Throughput (kbps) Uplink Throughput, kbps

UL SINR (dB) Uplink SINR,dB

Network Channel Plan

In the channel table, specify all possible uplink and downlink frequencies (channels) that will be used in
the network. For TDD, enter the same frequency. If the network operates on a single channel, then the
frequencies in the Network Channel Plan may not be specified.

Page 36 / 137



RadioPlanner 3.0 240920 User Manual

Systemn pararmeters x
Metwork Channel Plan  Adaptive Modulation Table  MIMO Configuration  Moise and Inteference
= ([ d || oul
Downlink: Uplink:
Ch | Ch |
Nu?nr;:r:' Frequency, MHz Nu?nr;:r:' Frequency, MHz
201 770.25625 201 800.25625
21 770.31875 21 800.31875
* - optional
Channel bandwidth 0.0125 MHz
QK Cancel

Generic TRX Network Channel Plan

= Sort frequencies in ascending order

dl Autofill downlink frequencies

ul Autofill uplink frequencies

If your network has a large frequency grid, then you can use the autofill feature:

Channel Autofill

First channel frequency
First channel number
Step

Mumber of channels

g

| (=] [ =
=)

Cancel

X

MHz

Channel Autofill

MIMO Configuration

The MIMO table is fully configurable for all downlink and uplink scenarios.
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System parameters X

LTE Parameters  Network Channel Plan | MIMO Configuration | Maise and Interfference

oL UL DL UL DL UL

MIMO T C C Throughput | Throughput | Interference | Inteference
¥pe GQ?EE%? GQ?EE%? Multiplication | Multiplication | Reduction Reduction
ain ain Factor Factor {dE) {dB)
Diversity R« BS antenna 0 3 1 1 0 0
MIMO-4 2x1 3 3 1 1 0 1]
MIMO-A 2x2 6 [ 1 1 0 0
MIMO-B 2¢2 3 3 15 1 0 1]
MIMO-A 452 9 9 1 1 0 0
MIMO-B 4x2 & [ 15 1 0 1]
SDOMASAdaptive (FOD) 4x2 8 9 15 2 10 15
SDMA/Adaptive (TOD) 452 9 9 3 3 15 15
MIMO-A dxd 12 & 1 1 1]
MIMO-B 4x4 [ 38 1 1]
MIMO-B 8x8 9 8 8 1]
SDMA/Adaptive (FOD) Bx1 9 15 2 15 20
SDOMA/Adaptive (TOD) Bx1 9 3 3 20 20
SDMA/Adaptive (FOD) Bx2 11 12 2 25 15 20
SDOMASAdaptive (TDD) B2 12 12 4 4 20 20
. 0K || Cancsl

Generic TRX MIMO Configuration

Noise and Interference

The receiver parameters in this tab are used for noise and interference calculations.
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System pararneters >
Adaptive Modulation Table MIMO Corfiguration | Noise and Interference ;| 4 | +
R parameters
DL UL
Rx equivalent noise bandwidth (MHz) | 0.0125 | | 0.0125 |
RenoisefigueidB) | 6 | | 6 |
Rxnoiselevel (dB) | -127 | | 127 |
Adjacent channel rejection (dB) | 25 | | 25 |
oK Cancel

Generic TRX Noise and Interference

Rx equivalent noise bandwidth

Receiver Equivalent Noise Bandwidth, MHz

Rx noise figure

Receiver noise figure, dB Typically 3-4 dB for base station sector and
6 dB for Mobile Unit

Rx noise level

Receiver noise level, dB This value is used to estimate the noise on
the receiving path when calculating all types of interference.

Adjacent channel rejection

Adjacent channel rejection, dB It is assumed that the receiver has a
rectangular “brick wall” bandpass shape with a width equal to the
equivalent noise bandwidth. Under these conditions, you can set the
amount of attenuation on adjacent channels (one bandwidth above
and below the desired bandwidth) by entering a value here for
adjacent channel rejection.

Sites

Sites

P|F| M| ==

1l
=
~

Site Tree Miew Structure
() Sectors only

(®) Network | Sector
() Networks as nodes

Sites
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Add a new site

0| |<P

Add a new site group

Import a site list from *.csv file

<

Sort sites in alphabetical order

T

Collapse of site nodes

1l

Collapse all network nodes
Epand all site nodes

Delete all selected sites

| (111

Import site parameters from Microsoft Excel spreadsheet

To create a new site, click on Sites in the Tree View interface, then click the l:"}'] button in the panel that
opens.

Import sites from *.CSV file

You can also import sites from CSV files (text format with a semicolon separator). This is a universal format
that can be used to save a spreadsheet from any spreadsheet editor (Excel, LibreOffice Calc, etc.) or
database. Each point object must have required fields including site name, Latitude, and Longitude.
Coordinates can be formatted as HEMISPHERE degrees minutes seconds (N35 23.8 36) or HEMISPHERE
decimal degrees (N12.34567).

To import sites, click on the button id (import sites from *.CSV) and select a CSV file.

[of *D\Dropbox\RadioPlanner\new.csv - Notepad++ — O >
Eile Edit 5earch Miew Encoding Language Settings Tools Macre Bun Plugins  Window X
cEHHB RG] | 2 g @x| BE =1 EEEE=
&= new csv 4 l

1 B5001:M54.5965234;E83.25125%
i B5S002:N54.5913571;E83.253403
3 B5003:N54.5975623;E83.2423€8
B5004:N54.5978536;E83.296584
B5005:N54.555632;E83.2
B5006:N54.584412;E83.2
B5007;N54.556325;E83.2

o

length: 201 lir Ln:7 Col:28 Sel:0|0 Windows (CRLF)  UTF-8 INS

Example of a CSV file with the imported sites
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Site Details

When clicking on a created site in the Tree View interface panel, the Site Details panel will open where
you can edit details such as name, coordinates and additional text information about the site and view
elevation relative to sea level.

Site Details

X
|58 th| S| =
Name |BS01 |
Latitude | N44.952241° |
Longtude | W123.025589" |
Site elevation 420 m
Motes
Group name | Cluster 1 kil
Site Details
-:,'}-' Add a new site as a copy of this site
1D Move this site up or down
o3 Delete the site
] Load sectors of the selected network from a template
i Save the sectors of the selected network as a template
& Position the map with the site at the center of the screen
= Copy Site Parameters to all active sites
Name Site name, text field
Latitude The geographical latitude of the site in the format
specified by the user in Settings
Longitude Geographical longitude of the site in the format
specified by the user in Settings
Site Elevation Site elevation relative to sea level, m
Notes Text box for any additional site information
Group name Select site group. Sites can be combined into groups
(clusters), allowing you to quickly include/exclude
large site groups of from calculations.
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Sector Parameters

When creating a site, at least one sector of this site is automatically created. There is an activity icon next
to each site and sector in the Tree View interface panel. For a sector to be calculated, it must be marked
as active (a dot in the center). Clicking on the site sector will open a panel with the sector parameters.

Sector Parameters X
|23 =|@ B
Metwork |LTE Band 12 (700 MHz) -~ MIMO | MIMO-B 42 w
Mame | | T power W 46 dBm
Radio equipment |MH4—4E-'1‘-. |
Set R antenna and transmission system to be the same as Tx [
Tx transmission loss Rx transmission loss
Cable type | LOF4-50A 1/2" - LDF4-50A 1/2" o
Cable length m m
Cable loss dB dB
Additional loss dB dB
Total loss dB dB
Tx antenna Rx antenna
Artenna Height m m
Antenna gain dBi dBi
Azimth [0 | deg. [0 dea
Beam tilt ICI deq. D deq.
Antennamodel |FFVA-65B-R3-V1_Port 1+45 (| |FFV4-65B-R3-V1_Port 1 45 (|
S
Fwﬂv:enna P_aﬁems “'r'." \
"t [[rfde.
e ASY;
ALY
S
G
EIRP 60 dBm Best Server Color |
Kanane DOL: 7315
Kanane: UL: 701.5
Sector Parameters
Toolbar:
ab Add a new sector with the same parameters
IRY Move the sector up or down. These buttons are active for site Tree view structures

"Sectors Only" and "Network | Sector"
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&3

il

Delete the sector

Global Active Sector parameters change. You can replace the selected parameters for all

active sectors as the current sector.

i lEe,

Position the map with the site at the center of the screen
Advanced sector parameters

Analysis of measurements along the route. See more details in the "Measurement Results

Analysis and Propagation Model Tuning" section.

Q

Calculation of service and interference contours using FCC and ITU-R propagation curves.
For more details, see the TV and Radio Broadcast Networks.

Network The network to which the sector belongs, select from the drop-down list
of networks.

MIMO MIMO type for the sector, selection from a drop-down list of all possible
MIMO configurations specified in the system parameters of this network.

Name The name of the sector, the text field. You can specify the name of the

sector in the text field. If left blank, the name “Sector azimuth” with the
azimuth value specified in the sector parameters panel will be
automatically displayed in the tree view panel on the left. If you specify a
name in this field, it will be displayed in the tree view.

Radio Equipment

Name (model) of Radio equipment, text field

Set Rx Antenna and
Transmission System to
be the Same as Tx

Copying parameters' antenna-feeder transmitter path to the receive path

Tx Power

Transmitter power, W. Same value in dBm for control

Cable Type

Type of the main cable for transmission or reception path. If the required
cable is not in the list, then the user can add it himself - see Appendix 1.1

Cable Length

Main cable length, m

Cable Loss

Loss in cable, dB. Calculated value

Additional Loss

Additional losses, dB - combining losses, losses in jumpers, and
connectors. Any additional losses.

Total Loss

Total loss, dB. The calculated value.

Antenna Height

The antenna radiation center height relative to ground level, m

Antenna Gain

Antenna gain relative to isotropic radiator, dB

Azimuth

The azimuth of the antenna in degrees

Beam Tilt

Tilt the antenna in degrees. Down is negative; up is positive.

Antenna Model

Antenna name, text field. Automatically filled with the antenna pattern file
name when selecting a pattern.

Load MSI antenna pattern file. An antenna pattern file is a standard MSI
file that can be downloaded from the antenna manufacturer's website.
Antenna patterns are integrated into the project file.
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Global Active Sector Pararmeter Changes X

Sector Parameters
[] Channel plan
[ ] Radio equipment
T power
] MIMO type

[] Set Fx antenna and transmission system to be the zame as Tx

Tx parameters Rx parameters

] Cable type ] Cable type

[] Cable length [] Cable length

[] Additional loss [] Additional loss

[] Antenna Height [] Antenna Height
[] Antenna gain [] Antenna gain

[ ] Beamtit [ ] Beamtilt

] i.l:irtﬁzrrll:ua model and ] igﬁeer;:la model and

[ ] 5G/LTE Additional Options
] Color

Select/unselect all

The changes will only apply to the netward:: LTE Band 12 (700 MHz)

Cancel

Global Active Sector parameters change

Global Active Sector parameters change is a feature that allows you to instantly change the parameters
of any active sectors to match those of the current sector. To perform group parameter changes, mark
the sectors whose parameters need to be changed as active, set the required parameter values in the

e
-
e

current sector, click on the button , select the parameters that need to be changed in the previously
marked active sectors from the list, and click on the OK button.

Advanced Sector Parameters

Advanced Sector Parameters include the channel plan and other parameters that differ for different types
of systems.

Sector Channel Plan
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In the Sector Channel Plan, you can select specific frequencies (or channel numbers) from the entire

frequency grid specified in the System Parameters of this network.

Advanced Sector Parameters 0O %
: Sector Channel Plan | | TE Additional Options
Diowenlink: Uplink
Ch | ch I
|ze Nuar:I;-I:r Frequency. MHz |se I'*«Iuanl'n-lllu—l:r Frequency, MHz
> 7315 > 701.5
OK Cancel

Sector Channel Plan

LTE/5G Additional Options

Additional options for LTE and 5G networks include using a special antenna pattern (single column

antenna pattern beam) for calculating RSRP and RSRQ.

Advanced Sector Parameters O >

Sector Channel Plan | 55 Additional Options :

IUse single column beam antenna pattem to calculate RSRP and RSRG

Antenna gain 186 dBi

Antenna pattems
in relative dB:

- NONZorTal
- vertical

QK Cancel

LTE/5G Additional Options
Generic TRX Additional Options (Simulcast parameters)

Advanced parameters for Generic TRX include only entering the Sector simulcast delay
applies only to simulcast systems where multiple transmitters share the same frequency.

offset, which
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Advanced Sector Parameters O X

Sector Channel Plan | Simulcast Parameters |

Simulcast delay offset (us) III

QK Cancel

Sector Simulcast Parameters

| Simulcast delay offset (us) ‘ Sector simulcast delay offset, s

Context menu on the base map

When right-clicking on the base map, a context menu appears with options to create a new site at that
point, move a selected site, or open the parameters of the nearest site by selecting “Select Site.”

Fralrie

Create a copy of Base Station B501
Muowve Base Station B501
5elect Base Station BS01

£
Vi Add a new point in the map layer 'Custom Points'
i Lo .
e Remowve the nearest point in the map layer 'Custom Points' #
= - J-"*. | oy !

Context menu on the base map

Import Sita Data from MS Excel Spreadsheet

In the Sites menu of RadioPlanner 3.0 there is an option to import sites with a full configuration from an
Excel table. This table has the same format as the exported table in the Reports Menu - Base
Stations/Transmitters Report. That is, to get a table in the required format for further filling at your
discretion, you should first export it from the project with the system you need from the Reports Menu -
Base Stations/Transmitters Report.

Rules for importing sites from an Excel table:

1. If a site with such a name already exists in the project, then new imported sectors will be added to this
site, otherwise a new site will be created.
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2. If a group is specified for the site and if the project already has a group with such a name, then the site
will be added to this group. If there is no group, then this group will be created.

3. If the group of sites is not specified, then the site will be created outside the groups.

4. If the folder with the Excel document contains an antenna pattern file *.msi with a name that matches
the name of the antenna of the imported sector, then the antenna pattern from this file will be loaded,
otherwise the antenna pattern will remain OMNI.

A19 v fe
A B c D £ F E H 1 ) K L M N [+] 3 a R g
1| B2 e | Tx andenna
tisbon | OGrowp | Molec |  Laihde Longtute | stevaton, | 2% | Ract squipement | Daomniink = o . |, Anionna | Boam i, | Amfonna Came
=] e e | - - T e [ | o [ [
3 [BsD1 Cluster 1 N44.5582241° | W123.025589° 135 MR44EA 7315 T01.5 MIMO-B 42 40 0 FFV4-858-R3-VT 25 [ 14.5  LDF4-50A 5
4 MR44EA TIE T01.5 MIMO-B 4x2 40 120 FFV4BEB-RIV. 25 1] 145 | LDF4-50A ]
5 MR44EA TIE T01.5 MIMO-B 4x2 40 240 |FFV4-BEB-RIV 25 1] 145 | LDF4-50A ]
6 |Bsi2 Cluster 1 N44 968442° 'W122.582380° 135 MR44EA 7315 701.5 MIMO-B 4x2 40 0 FFV4-858-R3-V: 25 0 145  LDF4-50A 5
7 MR44EA T35 T01.5 MIMO-B 4x2 40 120 |FFV4BEB-RIV 25 1] 145 | LDF4-50A ]
] MR44EA TIE T01.5 MIMO-B 4x2 40 240 | FFV4-BEB-RIV 25 [ 145 |LDF4-50A ]
9 (BS3 Cluster 1 N44.940801° ' W1232.017883° 136 MR44EA 7315 701.5 MIMO-B 42 40 0 FFV48EB-R2-V' 25 0 145 LDF4-E0A 5
10 MR44EA TIE T01.5 MIMO-B 4x2 40 120 |FFV4BEB-RIV 25 1] 145 | LDF4-50A ]
11 MR44EA TIE T01.5 MIMO-B 4x2 40 240 |FFV4-BEB-RIV 28 [1] 45 |LDF4-50A ]
12 |BSD4 Cluster 2 N44 853500° W123.084485° 135 MR44EA 7315 701.5 MIMO-B 4x2 40 [ FFV485B-R3I-V° 25 1] 145  LDF4-50A 5
13 MR44EA TIE T01.5 MIMO-B 4x2 40 120 |FFV4BEB-RIV 25 1] 145 | LDF4-50A ]
14 MR44EA 7315 T01.5 MIMO-B 42 40 240 | FFV4-85B-R3-vT 25 0 14.5  LDF4-50A 5
15 |BSDS Cluster 2 MNd4 488107 | W123.067474° 135 MR44EA TIE T01.5 MIMO-B 4x2 40 0 FFV4B658-RI-V| 25 1] 145 | LDF4-50A ]
16 MR44EA TIE T01.5 MIMO-B 4x2 40 120 |FFV4BEB-RIV 25 1] 145 | LDF4-50A ]
17 MR44EA 7315 701.5 MIMO-B 4x2 40 240 FFV4-85B-R3-V® 25 0 145  LDF4-50A 5
15
= —
LTE Band 12 (700 MHz) ® 4 »

Excel spreadsheet with site parameters

Propagation models

In RadioPlanner 3.0, you can select from several propagation models to perform coverage predictions.
You can also specify time and location variability statistics and prediction confidence margin for most
models.

Available propagation models:

- ITU-R P.1812 model

- Longley-Rice (ITM) model v 1.2.2

- Okumura-Hata

-  3GPPTR38.901

- ITU-R P.1546-6 model

- Combined ITU-R P.528-3 + P.526-14 model (for air-to-ground radio only)

The main parameters for each of the propagation models are shown in the table below.

Propagation model Frequency Range Use DTM Use Clutter
ITU-R P.1812-6 30 MHz to 6 GHz + +
Longley-Rice (ITM) v 1.2.2 20 MHz to 20 GHz + +
Okumura-Hata 100 MHz to 1.5 GHz - +
3GPP TR 38.901 500 MHz to 100 GHz +1 -
ITU-R P.1546-6 30 MHz to 3 GHz + +
ITU-R P.528-3 + P.526-14 125 MHz to 15.5 GHz + +

1Used to determine LOS/NLOS path status only
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ITU-R P.1812-6 Propagation Model

The ITU-R P.1812-6 Propagation Model is described in detail in Recommendation ITU-R P.1812-6
(09/2021) “A path-specific propagation prediction method for point-to-area terrestrial services in the
frequency range 30 MHz to 6 000 MHz.”

This model takes into account factors such as diffraction loss on path profile obtained from DTM data;
impact of local surrounding obstacles determined by clutter model; and local and time variability of
received radio signal.

Propagation Model

*
Rec. ITU-R P.1812-6 w
Location and Time Variahility
Location % O dB
tme [0 |% o, [15 ]
Confidence mangin EI dB Ty dB
Fade mangin dB
Clutter Loss
Add clutter loss Network type | LTE Band 12 (700 ~
lUse clutter attenuation according with Rec. ITU-R P.1812
Maobile Unit Maobile Unit
e Netloss, dB | Ne2loss, dB
Open/rural 0 0
0 0
21.7 21.7
17.9 17.9
217 217
242 242
143 143
Open areas in suburban 10.7 10.7
143 143
[ ] Exclude water areas from coverage
ITU-R P.1812-6 Propagation Model
Location, % Location percentage (50%-99%, typically 50%, 90% or 95%) indicates that a

given power level will be exceeded in at least that percentage of locations for
similar propagation paths. Set 50% if you want to completely exclude the
influence of Location variability.

Time, % By choosing a time percentage (50%-99%, typically 50%, 90% or 95%), the
calculated received power values are the power levels that will be exceeded
at least that percentage of time. Set 50% if you want to completely exclude
the influence of Time variability.

Confidence margin, dB | Since the received power level calculations are estimates, the prediction
margin lets you specify a safety margin in dB so that you can be more
confident your signal level estimate is indeed above the specified signal level.
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own, dB Lognormal large-scale (shadow) fading standard deviation, dB. This value
depends on the digital terrain model (DTM) resolution and carrier frequency.
Typical value 2-5 dB for modern DTMs.

Og, dB Small-scale fading (Rayleigh) standard deviation, dB. Typically 7.5 dB

o, dB Time variability standard deviation, dB. At distances up to 50 km, the c:usually
varies for between 2-3 dB (Land), and up to 9 dB for the Sea. See Table 3 in
Recommendation ITU-R P.1406-2 "Propagation effects relating to terrestrial
land mobile and broadcasting services in the VHF and UHF bands"

Fade margin, dB Fade margin, dB. Calculated total fade margin depending on location and time
variability, as well as the confidence margin.

Clutter loss

Clutter loss is calculated according to Recommendation ITU-R P.1812-6 and depends on factors such as
antenna height of the mobile unit, frequency, typical width of streets, average height of clutter, and
clutter type.

The frequency and antenna height for each of the two types of mobile units (portable and mobile) are set
in the Network menu. The typical width of streets is 27m (in accordance with ITU-R P.1812-6). The clutter
model determines the type of obstacles at each point.

Add clutter loss Add clutter loss to path loss

Network type Select the network for which the clutter loss applies
Use clutter attenuation according whith Rec. | Calculate losses in clutter using Rec. ITU-R P.1812-6
ITU-R P.1812 formulas

Average heights for different types of clutter are set in the Geo Data menu. The default clutter height in
Rec. ITU-R P.1812-6:

Clutter Type Color Clutter height (m)
1 | Open /Rural 7
2 | Water 0
3 | Trees/ Forest 15
4 | Suburban 10
5 | Urban 15
6 | Dense urban 20
7 | Open areas in forest 7
8 | Open areas in suburban 5
9 | Open areas in urban 7

You can also manually set clutter loss for each clutter type based on your own data by entering the losses
into the table.

ITU-R P.1546-6 Model
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The model is based on recommendation ITU-R P.1546-6 (08/2019): "Method for point-to-area predictions
for terrestrial services in the frequency range 30 MHz to 4000 MHz"

Model ITU-R P.1546-6 is empirical because it is based on experimentally obtained field strength curves
versus distance for different frequencies, antenna heights, path types, and time probability. In
Recommendation ITU-R P.1546-6, in addition to these curves, losses are also determined by the terrain
clearance angle correction from the receiver side and the correction for the height of the clutter
surrounding the receiver.

Propagation Model

*
Rec. ITU-R P.1546-6 w
Location and Time Variahility
Location [50 | % O dB
Time |50 ~| % g, |75 dB
Confidence mangin EI dB Path type | Land ~
Fade mangin EI dB
Apply terrain clearance angle comection
Clutter Loss
Add clutter loss Network type | LTE Band 12 (700 ~
LIse clutter attenuation according with Rec. ITU-R P.1546
Mabile Linit Mabile Linit
s Netloss, dB | N=2 loss, dB
Open/rural 0 0
0 0
216 216
178 178
216 216
242 242
142 142
106 106
142 142

[] Exclude water areas from coverage

ITU-R P.1546-6 Propagation Model

The approach to fade margin calculation, taking into account location and time variability as well as
large/small-scale and time fading standard deviations, is the same as described in the ITU-R P.1812
Propagation Model.

Path Type - Land
- Cold Sea
- Warm Sea
Apply Terrain Clearance Angle This uses the terrain profile to adjust the field strength at
Correction the receive point for terrain blockage on non-line-of-sight
paths.
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Add Clutter Loss

Add clutter loss to path loss

Use Clutter Attenuation According to
Rec. ITU-R P.1546-6

Calculation of clutter losses in accordance with Rec. ITU-R
P.1546-6, depending on the height of clutter.

You can also manually set clutter loss for each clutter type
based on your own data by entering the losses into the
table.

Longley-Rice (ITM) Propagation Model v 1.2.2

The Longley-Rice propagation model, also known as the Irregular Terrain Model (ITM), is considered the
industry standard for coverage prediction in North America. RadioPlanner 3.0 uses version 1.2.2 of the

Irregular Terrain Model in PTP-mode.

Propagation Model

Longley-Rice

Situation and Time Variability

Situation IEI A

Time IEI‘JL

Margin EI dB

Path Parameters

Refractivity b M-units

Conductivity 2 5/m

Dielectric Constant 2

Climate fone

Antenna Polarization

Clutter Loss

Add clutter loss

Cortinental Temperate e

Vertical e

MNetwork type | Simulcast P25 7 ~

Clter type N1 Toss, 4B | 12 0ss, B
Qpensrural 0 0
0 1]
18 16
12 10
18 16
20 18
14 14
10 10
10 10

[ Exclude water areas from coverage
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Longley-Rice Propagation Model Parameters

Situation, %

Situation (location) percentage, (50%-99%, typically 50%, 90% or 95%)
indicates that a given power level will be exceeded in at least that
percentage of locations for similar propagation paths. Set 50% if you want to
completely exclude the influence of Situation variability.

Time, %

Time percentage, %. By choosing a time percentage (50%-99%, typically
50%, 90% or 95%), the calculated received power values are the power
levels that will be exceeded at least that percentage of time. Set 50% if you
want to completely exclude the influence of Time variability.

Margin

Confidence margin. Since the received power level calculations are
estimates, the prediction margin lets you specify a safety margin in dB so
that you can be more confident your signal level estimate is indeed above
the specified signal level.

Refractivity

Atmospheric refractivity, measured in N-Units

Conductivity (S/m)

Conductivity of the ground over which the signal propagates (Siemens per
meter)

Dielectric Constant

The dielectric constant (relative ground permittivity)

Climate Zone

The following Radio Climates can be selected:

- Equatorial (Congo)

- Continental Subtropical (Sudan)

- Maritime Subtropical (West Coast of Africa)

- Desert (Sahara)

- Continental Temperate, common to large landmasses in the
Temperate Zone

- Maritime Temperate, over Land (United Kingdom and Continental
West Coasts)

- Maritime Temperate, over Sea

Antenna Polarization

Antenna Polarization: Horizontal / Vertical

Clutter Loss

In the Longley-Rice propagation model, clutter loss for are entered manually directly into the table for

each network.

Add clutter loss

Add clutter loss to path loss

Network type

Select the network for which the clutter loss applies

Okumura-Hata Propagation Model

This empirical model was developed by Hata and is based on Okumura’s experimental data taken in the

Tokyo urban and suburban area. When calculating coverage using this model, you must determine which

category the site location area belongs to: Urban Area, Suburban Area, or Open Area. Path loss is

calculated using different formulas depending on the type of area.
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- Urban Area: Built up city or large town including buildings and houses with two or more stories,
or large villages and tall trees, green lands.

- Suburban Area: Small town, village or highway scattered with trees and houses, some obstacles
near the mobile set but not very congested and scattered industrial plants.

- Open Area: No tall trees or buildings in the radiowaves path, open fields, land cleared for 300—
400m ahead, very low congested area, no factories such as farm lands and rice fields.

Path loss is calculated using different formulas, depending on the type of area.

Propagation Maodel

Okumura-Hata e

Location and Time Variahility

Location n
Time L
Corfidence mangin EI dB

Areatype | By Clutter Data
Additional Clutter Loss
Metwork type
Maobile Unit | Mobile Unit
Cltter type Ne1 loss, dB | Ne2loss, dB
Open/ural 0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Fade margin dB

[] Exclude water areas from coverage

Okumura-Hata Propagation Model

The approach to fade margin calculation, taking into account location and time variability as well as

large/small-scale and time fading standard deviations, is the same as described in the ITU-R P.1812-6

Propagation Model.

Area Type

Select the area type:
- By Clutter Data
- Open
- Suburban
- Urban

Network type

Select the network for which the additional clutter loss applies

Page 53 /137



RadioPlanner 3.0 240920 User Manual

In RadioPlanner 3.0, you can select one of these standard Okumura-Hata area types or choose “By Clutter
Data” for automatic detection of Okumura-Hata area type based on clutter type. The correspondence
table between clutter type and Okumura-Hata area type is shown below. When choosing this option, you
can also use additional attenuation for different types of clutter.

RadioPlanner Clutter Type Color Okumura-Hata Area Type
1 | Open /Rural Open
2 | Water Open
3 | Trees/ Forest Open
4 | Suburban Suburban
5 | Urban Urban
6 | Dense urban Urban
7 | Open areas in forest Open
8 | Open areas in suburban Suburban
9 | Open areas in urban Urban

3GPP TR 38.901 Propagation Model

This model is described in detail in 3GPP Tecnical Report 5G; Study on channel model for frequencies
from 0.5 to 100 GHz (3GPP TR 38.901 version 17.0.0 Release 17; 2022-04)

Propagation Model X

3AGPF TR 38.901 e

Location and Time Variahility

Location % 0. dB

Time % o, dB

Confidence margin [0 | dB oy dE
Fade margin dB

Areatype | Urban Macro o

Rural Macro
[] Exclude water areas from ol Bl =lwg)
IUrban Micro - Street Caryon

3GPP TR 38.901 Propagation Model

The approach to fade margin calculation, taking into account location and time variability also large/small-
scale and time fading standard deviations, the same as described in the ITU-R P.1812 Propagation Model.

Area Type Select the area type:

- Rural Macro

- Urban Macro

- Urban Micro-Street Canyon
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Area Study (Coverage Prediction) types

RadioPlanner 3.0 performs various types of area studies:

- Received Power Uplink/Downlink

- Best Server Uplink/Downlink

- Area with Signal above Both the Base and Mobile Thresholds
- C/(I+N) Ratio Uplink/Downlink

- Maximum Throughput Uplink/Downlink

- Maximum aggregated Throughput Downlink
- Number of Servers Uplink/Downlink

- Coverage Probability Uplink/Downlink

- RSRP for LTE and 5G

- RSRQfor LTE and 5G

- Simulcast Delay Spread

- Received Power with Simulcast Interference
- Field Strength Downlink

The availability of a particular area study type is determined by the type of system chosen.

Received power Downlink/Uplink

Received power maps show those areas where a given signal power level is present at the receiver.
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Mobile Unit M21 | Mobile Unit Nz2

Type Tait TPS461 Tait TM3400
T power (W) 5 50
Cable and connectors loss (dB) 0 0.5
Antenna height (m) 15 3
Artenna gain (dBi) 0 3

Use directional antenna ] ]

pattem for Mobile Unit (LE)

Area study type
Received Power (DL) w

Levels for Mobile Unit (LIE) N21

B

Colar

Mumber of levels

Walue Description

70 |to| 60 |dBm |

90 |to| 80 |dBm |

W
JH
=8
m
E|

|
|
80 |to| 70 |dBm | |
|
|

103 | to| 30 |dBm |

[] Use co-channel inteference

[] Use adichannel interference

—

Level for Maobile Unit (UE) N22

B dBm [Mobile

Received Power Downlink Study Type Parameters

Number of Levels

The number of levels (1-8)

Color Color level
Values Received power level, dBm
Description Text field to describe signal level

Use co-channel interference

Perform coverage calculation taking into account co-channel
interference using frequency assignments for each sector.

Use adj-channel interference

Perform coverage calculation taking into account adjacent channel
interference using parameters in network settings (Channel
bandwidth and Adjacent Channel rejection) as well as frequency
assignments for each sector.

Required Service C/(I+N) Ratio

Requred service C/(I1+N) ratio, dB This is the minimum acceptable
C/(1+N) ratio required by the receiver for “acceptable” performance.
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“Acceptable” can mean a variety of things in terms of subjective
signal quality, so this number can be adjusted to represent systems
of varying quality or marginal quality. An area with a C/(I+N) below
the Required Service C/(I+N) ratio will be shown on the map as an
interference zone.

For Mobile Unit No. 1 (portable), you can set from one to eight different levels of received signal to
simulate different reception conditions (e.g., on street, inside a car, indoors).

For Mobile Unit No. 2 (mobile radio with an antenna on the roof of a car), only one signal level can be set.

The interference calculation always takes into account the noise component, which depends on the noise
bandwidth and receiver noise figure. These settings are entered in Noise and Interference in the Network
system settings.

. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\LMR_P25_700 MHz_Uplink_Longley-Rice model.rp3 - O *

=& ¢ @O HE BEEE D ?-

12 ~ USTopo (Zoom 3-16)

RadioPlanner project Netwark .
Project Information 4}' @ ﬁ Q} E:g E NEIEE RadicPlanner » Legend 4
% Settings | " " " " " " ez | 1 " | | Project: Mew Project 2023/07/07 B
" Geo Data Metwark: P25
Propagation Mode! Netwaork name |P25 | Uplink Erequency: 800 MHz
Compare Coverage Rx Service Threshold: -110 dBm
M P System type |GenericTHX V| Prop. model: Longley-Rice
2 Map Layers Location: 85%; Time: 95%
% Eep":t; - Network parameters Study: Received Power (UL} -
- 'oint Analysis 2 = Mob. Unit ket (Height: 1.5 m; Gain: 0dBi) &
A Networks Yamis i RER R M -85 dBm Portable Indaar
. P25 i Rix service W -88 dBm ¥
oo threshold UL | 110__] dBm -96 dEm orthale
= Eﬁ Stes M -100 dBm Portable Qutd q
- - m Portable oor ;
EE‘% 5 ZDEL o Study radius km Mob. Unit Ne2 (Height: 2.2 m; Gain: 3 dBi) 31
b or -100 dBm Mobil = ;
o BS 002 Mobile Unit N1 | Moble Ut 2 | | ™ m ohte _
L[ 3 Sector 0°| | Type Tat TP9461 | Tait TM3400 gi;zf?:miiﬂgﬂz‘m km | 269.2
- BS 003 Tx power (W) 2 5 MIMO: None
E‘E’E M Sector 07 | Cable and connectors loss (dB) 0 0 Reosiving level MUT: 91 dBim
= BS 004 - eceiving lev 175,
© T3]3 Sector 0| | enna height (m) 15 22 Channels UL: (17130006875 MHz
M Antenna gain (dBi) 0 3
=-[=]“8" BS 005
- [m] 3y Sector 07| Area study type
R BS006 | [Recaived Power (UL) vl
- E% Sectar 0
& E% 5 ';”;t 5| Levelsfor Mobie Unt N
T R ar
MNumber of levels
Color Value Description
- > dBm Portable Indoor
P [ [t 85 |dn| |
| [ 95 |wo[ 88 |dam | |
[P [ 100 | to[ 95 | dBm [Fortable Outdoor |

[ Use cochannel interference
[] Use adi-channel interference

Interference zone color (white for transparent)

I Required service C/(l+N)ratio | 16.2 | dB

[ Level for Mobile Unit Nz2
I > [0 don

N39.824095° W105.000458° | 1596.0 | Suburban | 77 |

Uplink Received Power Coverage Prediction for P25 700 MHz Network
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Best Server Uplink/Downlink

The Best Server map shows the identity of the sector supplying the strongest received signal at each
location. The minimum received signal level for calculating the Best Server is downlink/uplink Rx
threshold. The sector color is defined in the sector parameters or can be assigned automatically.

Area study type
‘Best Server DL v

Color assignment for Mobile Unit N1

(®) Apply automatic color assignment

() Use colors from sectors

Best Server Study Type Parameters

Apply Automatic Color Assignment

Assign colors to sectors in random order

Use Colors from sectors

Assigning colors to sectors from the sector parameters

. RadioPlanner 3.0 C:\Users\user\Desktop\RadioPlanner3\3G_N78+LTE_Band12+LTE_Band2.rp3

(- & | 13 - openstestMap

----- i Project Information
Settings

..... @ Geo Data

----- A\ Propagation Model

=[] /\n Networks

----- [=] \x LTE Band 12 (700 MHz)

----- [=1/\r. LTE Band 2 (1900 MHz)

----- [=] \x 5G N78 (3700 MHz)

-[E e Sites

[ [ Cluster 1

=-[E% 8501

E| Dful LTE Band 12 (700 MHz)

P =] \ Sector 240°

E| -[a] f\n. BG N78 (3700 MHz)

..... E \ Sectar 07

----- [=] = Sector 1207

----- [=] = Sector 240°
=-[=]'8 BS02

E| Elful LTE Band 12 (700 MHz)

----- [=] = Sector 1207
P [=] = Sector 240°
E| Dful LTE Band 2 (1300 MHz)

----- [=] = Sector 240°
=.-[wl'8" RSN3

il

N44.949006° W123.024216° | 500 |

Suburban | /27

I-@@I-I-II:HDI ?-

-
----- £2 Map Layers Location: 80%:; Time: 90% 4
..... B Reports Study: Best Server (DL)

..... % Point Analysis UE Height 1.5 m Gain 0 dBi

0| Sector azimuth: 0°

| Receiving level: -51.4 dBm

RadicPlanner » Legend * F

Project: Test project

Metwork: LTE Band 12 (700 MHz)
Downlink Frequency: 731.5 MHz
Rx Service Threshold: -101 dBm
Prop. model: Longley-Rice

Site Name: BS03 1 1.077 km | 331.5° 3
MIMO: MIMO-B 4x2
Channels DL: 731.5 MHz

2.5km

Best Server
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Areas with Signal Levels Above Both the Base and Mobile Thresholds

This area study type displays a map showing locations where both the signal received by the mobile unit
is above the downlink Rx threshold and where the signal received by the base station sector from the
mobile is above the uplink Rx threshold. This calculation can be performed for different conditions of use
of Mobile Unit No. 1 (portable radio or UE), such as indoors, outdoors, and inside a car. Each condition of
use has its own color and value of loss (margin) for signal penetration indicated in this form. For Mobile
Unit No. 2, only outdoor calculation is performed.

Mobile Units

Mobile Unit N=1 | Mobile Unit N=2
Type Portable Tait T... | Mobile Tait TM...
Tx power (W) 2 25
Cable and connectors loss (dB) 0 0.5
Antenna height (m) 15 3
Antenna gain (dBi) 0 3
Area study type

Areas with Signal Levels above Both the Base And Mabile Threst -

Areas for Maobile Lnit H21

3w MNumber of levels

Color  Penetration loss Description

- dB ||nu:|-:u:urs |
I_ dB |Insi|:|e a Vehicle |
I [ o |dB [outdoors |

Area for Mobile Unit N=2

Calculate this area

Color  Penetration loss Description

Bl [ o | [oudoos

Areas with Signal Levels Above Both the Base and Mobile Thresholds Study Type Parameters

Number of Levels The number of levels
Color Color level
Penetration Loss Penetration loss, dB
Description Text field
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® RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner \LMR_P25_700 MHz_Uplink_Longley-Rice madel.rp3 — O b4
(@ 1 - usToozomze - | | @ Ba@n Bl [ D ?-
) RadoPlanner poject Netwark | X & Aﬂt:ﬁuu%;_u R
B [Fle]sv[R[E[e]=]m]n] ¥ “33 4
+ Geo Data Network name [P25 | g :

Propagation Model

Compare Coverage System type | Generic TRX it
&2 Map Layers | |

-0 Reports Metwork parameters

+® Point Analysis Downlink MHz Uplink MHz
Fix service Fix service

threshold DL 10| dBm  yoeegoddtyr [110 | dBm

Study radius kem

Mabile Unit N1 | Mobile Unit N2
! L[®] 3y Sector 0° Type Tait TP3461 Tait TM3400
£ =il ne nna T power (W) 2 25
RadicPlanner » Legend > Cable and connectors loss (dB) 0 0
Project: New Project 2023/07/07 Antenna height {m) 15 22
Metwork: P25 Anterina gain (dBi) 0 3

DL/UL Frequency: 770 MHz / 800 MHz
DLIJL Rx Service Threshold: -110 dBm /-110 dBm|  Area study type

Prop. model: Longley-Rice = p
Loc:l;tion: 05%: Ti?ne: 95% |}\reas with Signal Levels above Both the Base And Mobile Thresho ~ |

Study: Areas with Signal Levels above Both the Bas

Mob. Unit M21 (Height: 1.5 m; Gain: 0 dBi) Areas for Mobile Unit N=1
M Indoors {18 dB penetration loss
M Inside avehicle/ 10 dB penetration loss [hesietds
OLrh.ioorsa’Dd.Bpenetratlon _|°5‘5 X Color  Penetration loss Description
Mob. Unit Me2 (Height: 2.2 m; Gain: 3 dBi}
W Indoors /0 dB penetration loss - | 18 | dB |Indoor5 |
Site Name DL: BS 00116173 km | 29.4° - -
e e DL+ [ [ 10 ]| dB [insideavehide |
MIMO: None
DL Recsiving level MU1: -81.9 dBim | [ 0 [dB [oudoors |

DL Receiving level MU2: -78.5 dBm
Channels DL (161)770.00625 MHz e
Site Name UL: BS 00116.173 km | 29.4° Bl Ui

Sector azimuth UL: 0 Calculate this area

MIMO: None
UL Receiving level MU1: -56.2 dBm . -
UL Recsiving level MUZ: -82.3 dBm Color  Penetration loss Description
Channels UL: (161)800.00625 MHz - | 0 | 4B |O|.rtdoors
| 10 km |
N39.750490° W105.112381° | 1705.0 | Suburban | 7 |

Areas with Signal Levels Above Both the Base and Mobile Thresholds for P25 700 MHz network

C/(I+N) Ratio Downlink/Uplink

The carrier-to-interference+noise ratio (C/(I+N)) is an essential quantity used in assessing system
performance and affecting frequency planning. RadioPlanner allows you to calculate and display areas
with different downlink/uplink C/(1+N) values for interference on co-channel and adjacent channels.

Carrier-to-interference+noise ratio is calculated by first finding the strongest received signal power at
each location, then calculating the sum of received signal powers from all other co-channel and adjacent
sectors (taking into account adjacent channel rejection) that also have relevant signal levels at that
location. After finding the sum of interference, the carrier-to-interference+noise ratio is calculated.

The interference calculation always takes into account the noise component, which depends on noise
bandwidth and receiver noise figure entered in Noise and Interference in Network system settings. The
calculation of adjacent channel interference can be disabled to only take into account co-channel
interference.
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Area study type
C/(l+M) Ratio (DL) w

(®) Mobile Unit {LIE) N=1 () Mohile Unit {UE) Nz2
C/(l+M) Ratio

7 | MNumberof levels

Color Value Description
K | 1 |dB

1 [to| 5 |dB

5 |to| 10 |dB

| |
| | |
| | |
| 10 [t 15 |dB | |
| | |
| | |
| | |

15 |to| 20 |dB

2 [to| 25 |dB

25 |to| 45 |dB

|Use cochannel inteference
[] Use adichannel interference

C/(I+N) Downlink Ratio Study Type Parameters

Mobile Unit (UE) Ne1/Ne2 Select the mobile device for which the calculation will be made
Number of Levels The number of levels

Color Color level

Value Carrier-to-interference+noise ratio C/(I+N), dB

Description Text field
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r 1005 MIMO: None
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C/(I+N) Downlink ratio for LoRaWAN network

Maximum Downlink / Uplink Throughput

This prediction type shows maximum cell throughput.

For LTE/5G System Types, this study calculates MCS Index for each point based on predicted C/(I+N) from
LTE/5G system parameters tab of Network. Throughput associated with MCS is determined using 3GPP
specified formulas and tables.

For Generic TRX System Type, this study calculates Throughput for each point based on predicted C/(I+N)
from Adaptive Modulation Table in system parameters tab of Network.
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Area study type
Maximum Throughput (DL) w

(® Mobile Unit (UE) Nz1 () Mobile Unit (UE) Nz2
Maximum Throughput
g8 ~ | MNumberof levels

Colar Walue Description

B [0 ] |

|
PN [ 0 |t 80 | Mops| |
| | 60 [to| 70 | Mbps | |
B [0 o[ o0 e |
B [0 o[ 50w |
B [ o[ 0w |
—EEapEar |
B | 0 || 20 | Mbps| |

Maximum Downlink Throughput Study Type Parameters

Mobile Unit (UE) Ne1/Ne2 Select the mobile device for which the calculation will be made
Number of Levels The number of levels (1-8)

Color Color level

Values Maximum Throughput, Mbps

Description Text field
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. RadioPlanner project
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L treshold iy treshold iy
=] g Sies Study radius - km
=-[=]*&" BSO1
L [E 3y Sector 0 User Equip N=1 | User Equip N=2
----- [x] =y Sector 120° | | Type Portable CPE
- =[a] R\ Sector 240° | | T power (W) 02 02
=-[1'8 BS02 Cable and connectors loss (dB) 0 0
..... Sector 0
_____ %i\\ Sect::‘IZD" Antenna height (m) 15 35 RadioPlanner » Legend
(- [®) 3\ Sector 240° Artenna gain (dBi) 0 15 : - |Project: TestProject
E|L'—_| 131 BS03 Area study type ) ¢ ' |Metwork: 5G CBRS N 438 3500 MHz
..... Sector 0 . » Downlink Frequency: 3560 MHz
_____ % 2 P Maimum Throughput (DL) v] ﬁt onfiguration: BW=20MHz; SC3=30kHz; Mod
z ] ell Load: 75%
""" IRy Sector 240° | yyimum Throughput for Mobile Unit (UE) Nel “{Prop. model: Longley-Rice
Location: 30%; Time: 90%
Number of levels Study: Maximum Throughput (DL}
Calar Value Description UE Height 1.5 m Gain 0 dBi

W 220 Mbps
W 200 Mbps

180 Mby
B [0 o [0 oo | oo
| [ 160 | to | 200 | Mops | | W 120 Mbps
I [ 190 ] to[ 160 ] ops | | s; ﬁ::::nassmln.mmlzn&.a'
B [ 20 | o[ 140 | Mops | | Sector azimuth: 240°
| MIMO: SDMA/Adaptive (TDD) 4x2

- | 50 | to | 120 | Mbps | | | Receiving level: -66 dBm

C/l+N): 26.6 dB
[ [40 |to[ 50 | Mbps | | _ M:fd;l;tion:m:\h'l
- | 0 | to | 20 | Mbps | | ,q Maximum Throughput: 152 6 Mbps

N44 945483 W123.010483° | 610 | Suburban | 39

} 25km

Maximum Downlink Throughput Coverage Prediction for 5G CBRS N48 (3500 MHz) Network

Number of Servers Uplink/Downlink

This study indicates total number of sectors that provide a signal above Rx threshold at each location.
This study type is often required when planning networks based on wireless loT technologies such as

LoRaWAN.

Area study type

' Number of Servers (DL)

(®) Mobile Unit {LIE) N=1

() Mobile Unit (UE) N=2

Color ! amber of

[ ] 1 [es
e 2 [es
[ 3 s
B 4 [Bs
= =25 [s

Number of Servers Above Downlink Study Type Parameters
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Mobile Unit (UE) Ne1/Ne2

Select the mobile device for which the calculation will be made

Maximum Number of Sectors

Maximum number of displayed servers above uplink

Color

Color indicating the appropriate number of sectors

Description

Text field

. RadicPlanner 3.0 C:\Users\user\Desktop'\RadicPlanner3LoRa EU 868 MHz.rp3

S = MY

~  OpenStreetMap

¢ @@ EH BB EE D

RadioPlanner project Netwark
Project Information
; Scungs [lals3]R][E[e]m=]w]n]
: Geo Data
Propagation Model Network name |LoRa EU 868 MHz |
Compare Coverage System type | Generic TRX -
-2 Map Layers | |
B HE_P"‘“ _ Metwork parameters
) Downink 8683 | MHz Uplink {8683 | MHz
5 e s
..... LoRa EU 868 MHz R service R service
H " threshol threshol
_ Eﬁs L I R S ETCR
E'E‘ [ Cluster 1 Study radius : km
=[] BS 001
(@] 3 Sector 0 Mobile Unit N=1 | Mobile Unit N=2
Type Portable Mobile
Tx power (W) 0.03 0.03
Cable and connectors loss (dB) 0 0
Antenna height {m) 2 10
Antenna gain (dBi) 0 3
Area study type
| Number of Servers (DL) |
Number of servers for Mobile Uinit N21
Maximum number of sectors
=[5 Cluster 2
-] BS 008 Color N:en:;’:::f Description
. M 1 [ |
[ 2 [Bs
G |
N45.025495° EO7.608719° | 256.0 | Suburban | 5/5 |

RadicPlanner » Legend

| Project: Test Project

Metwork: LoRa EU 868 MHz

Downlink Frequency: 868.3 MHz

¥| R Service Threshold: -140 dBm

Prop. model: Rec. ITU-RP.1812-8

jLocation: 90%; Time: 20%

e Study: Mumber of Servers (DOL)

S Mob. Unit M21 (Height: 2 m; Gain: 0 dBi}
m1EBs

vl 2 BS

W3 ES

Site Name: BS 004 14.786 km | 245.3°
Sector azimuth: 0°

Receiving level: -123.1 dBm

Number of Servers: 2

10 km

wireless-planning.com

Number of Servers Above Downlink for LoraWAN Network

Coverage Probability Uplink/Downlink

This area study shows the availability of service based on a Gaussian (“normal”) distribution in dB. The
calculation determines the “fade margin” at each study location based on the received signal strength
with respect to a receiver threshold. The percent reliability is then a lognormal distribution of the fade
margin in dB. Interference and noise are not taken into account in the calculation. The values of standard
deviations in the calculation are taken from the “Coverage Probability” parameters, while standard

deviation values in propagation model parameters are ignored.
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Area study type
Coverage Probability (DL) w

{® Mobile Unit (UE) Nz1 () Mobile Unit (UE} Nz2
Coverage Probability

4 MNumber of levels

Calor Walue Description

[ | |
[ | |
B[ ] | |
W = [ ] | |

Coverage Probability Study Type Parameters

Mobile Unit (UE) Ne1/Ne2 | Select the mobile device for which the calculation will be made

ow, dB Lognormal large-scale (shadow) fading standard deviation, dB. This value
depends on the digital terrain model (DTM) resolution and carrier
frequency. Typical value 2-5 dB for modern DTMs.

OR, dB Small-scale fading (Rayleigh) standard deviation, dB. Typically 7.5 dB

o, dB Time variability standard deviation, dB. At distances up to 50 km, the o
usually varies for between 2-3 dB (Land), and up to 9 dB for the Sea. See
Table 3 in Recommendation ITU-R P.1406-2 "Propagation effects relating
to terrestrial land mobile and broadcasting services in the VHF and UHF

bands"
Number of Levels The number of levels
Color Color level
Value Probability, %
Description Text field
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. RadicPlanner 3.0 D:\Dropbox'00_RadioPlanner 3\LMR_P23_700 MHz_Uplink_Longley-Rice model.rp3

10 - US Topo (Zoom 3-16)

A\ Propagation Model
Compare Coverage
£ Map Layers
5 Reports
@ Point Analysis

N39.763452° W104.650265°

¢ @ D [E] Bl B
b .

1 Rat.iioPIannerplfoject Network
¥l BB RS P IO
{1 Geo Data

Network name | P25

System type | Generic TRX

MNetwork parameters

Downlink MHz
Rx service
thveshoid DL | -110__| dBm

Uplink MHz
Fix service
threshold UL |-110__| dBm

Study radius km
Mobile Unit N=1 | Mobile Unit N2

Type Tait TP5461 Tait TM3400
Tx power (W) 2 25
Cable and connectors loss (dB) 0 0
Antenna height {m) 15 22
Antenna gain (dBi) 0 3

Area study type
Coverage Probatilty (OL) |
Coverage Probability for Mobile Unit N1

on[55 |8 o, [75 | o dB
Number of levels

Color Value Description

| ERIEEE |
NI |
2% | |
e[ 50 ]| |

&

| 16840 | | 77 |

I— | i
e

RadioPlanner » Legend

Project: Mew Project 2023/07/07
Metwork: P25

Downlink Frequency: 770 MHz
Rx Service Threshold:-110 dBm
& Prop. model: Longley-Rice
Location: 95%; Time: 85%
Study: Coverage Probability (OL)
aglLM=55 dB; oR=7.5 dB; ot=2 dB
Mob. Unit Ne1 (Height: 1.5 m; Gain: 0 dBi)

Site Name: BS 004 | 26.611 km | 81.5°
Sector azimuth: 0%
Receiving level: -109.7 dBm

Coverage Probability Coverage Prediction for P25 700 MHz Network

Reference Signal Received Power (RSRP)

This study calculates the Reference Signal Received Power (RSRP) from all resource elements of a cell at

the remote UE receiver using system parameters of LTE and 5G networks (bandwidth, subcarrier

spacing). The calculation can use a single-column antenna pattern for a sector if selected in LTE/5G
sector Additional Options.

Page 67 / 137



RadioPlanner 3.0_240920 User Manual

Area study type

RSRP w
RSRF for UE N1

4 ~| Numberof levels

Colar Walue Description

| IR Irsrp_bars=5
N

105 | to | 5 |dBm |rsip_bars=3
115 | to | -105 | dBm |rsip_bars=2

|
| dBm |rsrp_bars=4 |
|
|

RSRP for LUE N=2

>[5 | am

|rsrp_bars=3

RSRP Study Type Parameters

Number of Levels The number of levels (1-8)

Color Color level

Values Reference Signal Received Power (RSRP), dBm

Description Text field to describe RSRP level

. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\Project Samples\CBRS_5G.rp3 - O X

- &

14 ~ OpenStreetMap

‘ RadioPlanner project
..... i Project Information

4.' Settings

Downink MHz Uplink MHz
Downlink R Lplink Fix
treshold iy treshold iy
Study radius km
User Equip N21 | User Equip N=2
Type Portable CPE 50 1|
----- (=] \ Sector 2407 | T power (W) 02 02 . &

E‘ L—-I % E\SDZ Cable and connectors loss (dB) 0 0 i e = Netwark: 56 CERS N 45 H
..... 2\ Sector 0 2 ; - ork: 3500 MHz
..... (=] 3y Sector 120° xaxiah=gxdin] 15 35 | Downlink Frequency: 3560 MHz

. |3 | Antenna gain (dBi) 0 15 " | Configuration: BW=20MHz; SCS=30kHz; Mod
""" [E] 3y Sector 240 —r Cell Load: 75%
E‘ D‘g’ Bs03 a study type Prop. model: Longley-Rice
""" [=] 3y Sector 0 RSRP v Location: 80%; Time: 30%
..... [=] 3\ Sector 120° Study: RSRP
..... 13 Sector 240° . UE Height 1.5m Gain 0 dBi
el M -35 dBm rsrp_bars=5
4 ~ | Number of levels | M -%5 dBmrsrp_bars=4
. -105 dBm rsrp_bars=3
Color Value Description I -115 dBm rsrp_bars=2
| B dBm UE Height 35 m Gain 16 dEi
M -105 dBm rsrp_bars=3
B [(55  o[ 55 ] dom [zpomes |
I Rt — il
P [ 115 | to [ 105 | dBm [p_bars=2 | Recsiving level: -79.6 dBm
RSRP: -107.4 dBm
Receiving level UE Nz2: 64 6 dBm
RSRP for UE N=2
B s ] oo

Network

& o@z-zlb ?-

EICIFARIPIL=I

(|
KMZ

th | o]

Network name [5G CBRS N 48 3500 MHz |

System type | 5G

Metwork parameters

N44.9473852° W123.001471°

| &30 | Suburban

| 39 |

r'—

p— 4o L L L .ur'.uw %

RSRP coverage prediction for 5G CBRS N48 (3500 MHz) Network
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Reference Signal Received Quality (RSRQ)

This study calculates the Reference Signal Received Quality (RSRQ) from all resource elements at the
remote UE receiver using system parameters of LTE and 5G networks (bandwidth, subcarrier spacing, cell
load, and C/(I+N) ratio). The calculation can use a single-column antenna pattern for a sector if selected
in LTE/5G sector Additional Options.

Area study type
RSRQ w

(®) Mobile Unit {LIE) N=1 () Mobile Unit (UE) N=2

RSRQ for UE Nzt

&~ MNumberof levels

Colar Walue Description

L E dB | |
| | 12 [to| -11 |dB | |
| | 13 |[to| 12 |dB | |
| 4 || 13 [dB | |
B | 2 |t 14 |[dB | |

RSRQ Study Type Parameters

Mobile Unit (UE) Ne1/Ne2 Select the mobile device for which the calculation will be made
Number of Levels The number of levels (1-8)

Color Color level

Values Reference Signal Received Quality (RSRQ), dB

Description Text field to describe RSRQ level
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i Project Information

Settings

----- N\ Propagation Model
-[7]] Compare Coverage

. L-[Z]dY5G CBRS N 483
E-[=] e Sttes
=[x % BS01

[ [=] 3y Sector 120°
I [=] 3y Sector 240°
=-[E4% Bs02

[ [=] 3y Sector 120°
I [=] 3y Sector 240°
=-[=] ' B503

----- [=] 3y Sector 120°
----- [=] 3\ Sector 240°

N44.955809° W123.012199° | 525 |

Network

. RadicPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\Project Samples\CBRS_3G.rp3

[T~ 14 - Opensuestvap

T
KMZ

] ]

Network name [5G CBRS N 48 3500 MHz |

¢ @ BE] BB R

EICIEARIPY[EID

System type | 5G v
MNetwork parameters
Downink MHz Upiink MHz
Downlink Rx Uplink Rx
treshold iy treshold iy
Study radius km
L ip N=1 | L. ip N=2
ser Equip ser Equip RadicPlanner » Legend
Type Portable CPE
Tx power (W) 02 02 Project: Test Project
Metwork: 5G CBRS M 43 3500 MHz
Cable and connectors loss (dB) 0 0 Downlink Frequency: 3560 MHz
Antenna height (m) 15 35 Configuration: BW=20MHz; SCS=30kHz; Mod
Antenna gain (dBi) 0 15 { Cell Load: 75%
= Prop. model: Longley-Rice
Area study type Location: 80%; Time: 90%
| RSRQ v | .Ib Study: RSRQ
i UE Height 1.5 m Gain 0 dBi
- MW -10dBm
RSRQ for UE Ne1 m -11dBm
Number of levels = 'E :gm
- m
Caolor Value Description [ -15 dBm
| B dB L 1] ite Name: BSO1 | 0.665 km | 316.2°
- | ET | to | ET) | dB | | 1 Sector azimuth: 0°
Receiving level: -79.5 dBm
I [ 12 Jto| a1 |aB | | - RSRQ:-10.1dB
PN [ 3 ]w] 12 |dB | | —1km——
P[5 e[ 13 [a | |

Open areas in urban |

[ E— b

: wireless-planning.com

RSRQ coverage prediction for 5G CBRS N48 (3500 MHz) Network

Simulcast Delay Spread

This prediction is used for simulcast systems that transmit signals from multiple locations simultaneously
on the same channel. Interference in the receiver will occur under certain conditions related to delay time
between signals arriving at a given location and their relative power. The simulcast delay spread is
calculated as follows:

T, Multipath Spread (twice the RMS delay spread)
£, Power arriving al a lerminal anlenna lrom ransmiller i

d, Time of flight from transmitter i to antenna terminal
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The simulcast delay spread is calculated by considering only the six strongest signals at any grid analysis
location. The results of the calculation are displayed in ps on the map.

Area study type
Simulcast Delay Spread w

(@) Mobile Unit N1 () Mobile Unit W22
Simulcast Delay Spread

3

Color

Receiver Simulcast Capture Ratio dB

e Mumber of levels

Walue Description

- > s |Ir|terference |

| 25 |[to| 55 |ps [LSMonly |

I | 0 |to| 25 | [C4FMandLSM |

Simulcast Delay Spread Study Type Parameters

Mobile Unit (UE) Ne1/Ne2

Select the mobile device for which the calculation will be made

Receiver Simulcast Capture Ratio For delay spread studies, the delay is calculated and displayed

only when the power of the strongest received signal and the
power of the second strongest received signal are within the
capture ratio of each other. Typical value 7-15 dB.

Number of Levels

The number of levels (1-8)

Color Color level
Values Simulcast Delay Spread, us
Description Text field to describe Simulcast Delay Spread value

To reduce interference between simulcast transmitters, it can be useful to artificially delay the signal
transmitted from a given location using Simultaneous Delay Offset entered in Advanced Sector
Parameters. By carefully assigning offsets to different sectors, some control can be exercised over where
interference occurs in simulcast system.
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. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\Project Samples\Simulcast_P25

Settings

-1 Geo Data

Propagation Model

Compare Coverage

Map Layers

1 Miscellaneous Studies

. Reports

----- B Point Analysis
Nn Networks

(=18 Simulcast P25

[« Stes

= EE] Group 1

E-O[5 Group 2
E| ' B508
O3y Sector
= 1% BS0S
...... D \ Sectar

700MHz.rp3 — O b
[T EH - wsTozeemzn - [0 | @ & [E] B [Ba B [ B | |D|ﬁ|‘?'
.8 RadioPlanner project |  Network RadioPlanner » Legend » T~
""" i Project Information Project: New Project 2023.04.28 =

]

Network name |Simulcast P25 700 MHz

System type | Generic TRX

> |

Network: Simulcast P25 700 MHz
Downlink Frequency: 770 MHz

Rx Threshold:-108 dBm

Prop. model: Longley-Rice
Location: 85%; Time: 95%

Study: Simulcast Delay Spread

Mob UnltN°1 Height 1.5 m Gain 0 dBi

tCapture Ratio: 10dB

Site Name: B50612.71 km | 100°

d level MU N=1: -55.8 dBm

N39.870223° W104.866562"

Metwork parameters
Downiirk MHz Upink [800 [ MHz | e e en
Downlink Rx Uplink R 26 ps LSM only
treshold dBm treshold dBm 0 ps C4FMand LSM
St i ke
udy radius IEI " Sector azimuth: 0
Mobie Urit Ne1 | Mobile Uit N=2 || MIMO: None

Type Tait TP9461 Tait TM3400 Slmulcast delay spread: 0 s
Tx power (W) 5 50

Cable and connectors loss (dB) 0 05

Antenna height {m) 15 3

Antenna gain (dBi) 0 3

Use directional antenna O
pattem for Mobile Unit (LIE)

Area study type
| Simulcast Delay Spread |

(® Mabile Unit N21 (O Mabile Unit Nz2 ~

Simulcast Delay Spread

Receiver Simulcast Capture Ratio dB

Number of levels

Color Value Description

- > =3 Interference

I | | to | | =3 |LSM only

B [ 0 ] | s [C4FMand LSM

v
| 1565.0 | Open/mural | 77 |

Simulcast Delay Spread Prediction for P25 700 MHz Simulcast Network

Received Power Downlink with Simulcast Interference

Received power maps show areas where a given signal power level is present at mobile unit receiver. This
prediction also takes into account interference due to simulcast.
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Area study type

Received Power with Simulcast Inteference (DL) W

(®) Mobile Unit N1

Received Power

() Mobile Unit N=2

Receiver Simulcast Capture Ratio dB

L

Walue

MNumber of levels

Description

~ HEals |
[

|

| 80 [to| 70 |dBm | |

| | 90 [to| -80 |dBm | |
I | 100 |to| 50 |dBm | |
| | 110 | to | -100 | dBm | |

Interference zone color (white for transparent)

Acceptable Simulcast Delay Spread s

Received Power with Simulcast Interference Downlink Study Type Parameters

Mobile Unit (UE) Ne1/Ne2

Select the mobile device for which the calculation will be
made

Receiver Simulcast Capture Ratio

For delay spread studies, the delay is calculated and
displayed only when the power of the strongest received
signal and the power of the second strongest received signal
are within the capture ratio of each other. Typical value 7-15
dB.

Number of Levels

The number of levels (1-8)

Color

Color level

Values

Received power level, dBm

Acceptable Simulcast Delay Spread, pus

An area with a Simulcast Delay Spread higher of the
acceptable one will be shown on the map as an interference
zone. The interference zone can be painted with any color
on the map, or made transparent by selecting white for it.

Description

Text field
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. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\Project Samples\Simulcast_P23 700MHz.rp3 — O x
(T-H 1 vsToezemate - 0 @ E[E BB BB [ D & ?-
[ ~® RadoPlamerproject | Network < [ == Do o W
i i R S
St RERNEEDEER 7y

: Geo Data

Propagation Model
Compare Coverage
-2 Map Layers

“" Miscellaneous Studies

Network name |Simulcast P25 700 MHz |

Systemtype |Generic TRX v

MNetwork parameters

Downlirk MHz Uplink MHz
o 05 Jaon k% [T o
Study radius IEI km

(=3

E

EIE|E| Group 1
= e Bs01 Mobile Unit N=1 | Mobile Unit N=2
Type Tait TP9461 Tait TM3400

Tx power (W) 5 50
Cable and connectors loss (dB) 0 05
Antenna height {m) 15 3
Antenna gain (dBi) 0 3
Use directional antenna O O

pattem for Mobile Unit {UE)

Area study type

|Received Power with Simulcast Interference (DL) v
O Mobile Uit Net @ Mobie Unit N=2

Received Power

Receiver Simulcast Capture Ratio dB

L3y Sector 07 Number of levels

Color Value Description

B[ 7 | dem [ ] w%
Ml [ % o[ 70 |dn] | B .
[ [%0 ][ 20 Jabm | |
|
|

RadicPlanner - Legend

Project: Mew Project 2023.04.28

Metwork: Simulcast P25 700 MHz

Rx Threshold:-108 dBm

Prop. model: Longley-Rice

Location: 25%; Time: 85%

| study: Received Power with Simulcast Interference (DL}
Mob. UnitMNe2 Height 3 m Gain 3 dBi

N Receiver Simulcast Capture Ratio: 10dB

P [0 ]t 90 |dBm | ?ﬁ“ =-;g:gm
- m
[ [0 ] o[ 00 | dBm | o sodem

W -100 dBm
W -110 dBm
Simulcast delay spread

W50 ps
Site Name: B506 | 8.328 km | 168.4°
Sector azimuth: 0°
MIMO: None

4 Received level MU N22: -81.7 dBm

- Acceptable Simulcast Delay Spread E s Simulcast delay spread: 31.8 ps

| 15 km |

i

Interference zone color (white for transparent)

N39.801151° W104.878235° | 1597.0 | Open areas in suburban | 77 |

Received Power with Simulcast Interference Prediction for P25 700 MHz Simulcast Network

Field Strength Downlink

Field Strength maps show areas where a given field strength level is present at receiver point. Note that
field strength is not a function of receive antenna parameters.
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Area study type
Field strength DL v

Field strength for Mobile Unit N1

Description

Field Strength Study Type Parameters

Number of Levels The number of levels (1-8)

Color Color level

Values Downlink Received Field Strength, dBuV/m
Description Text field

. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\POCSAG.rp3

to [ 20 ] dByiV/m

N47720849° E0B.731384° | 4570 | |

: . RadioPlanner project Network
i Project Information = | [
& Seteas EICIBARY PIEEI L =1 T IG]
i1 Geo Data
/. Propagaton Modd Network name [POCSAG |
Compare Coverage System type | Generic TRX -
52 Map Layers | |
& Repoits Network parameters
Paint Analysi
k. ﬂ:' N awi':‘: Downiink MHz Upiink MHz
0| POCSAG Downlink Rx Uplink Ry [~
E|E|°§ ﬁs - treshold dBm treshold dBm
- E“g’ BS001 Study radius m km
______ et ]
Mobile Unit N=1 | Mobile Unit N=2
Type Portable Mobile
Tx power (W) 1 2
Cable and connectors loss (dB) 0 0
Antenna height {m) 15 2
Antenna gain (dBi) 0 3
Area study type
| Field strength (DL)
Field strength for Mobile Unit N1
Number of levels
Color Value Description
I [ 50 | dBuvim
Al —
[ [30 ] to [ 40 ] dBuivsm
A — -
|

141 |

nm
Dietikon
"mlSchhere ;

(F-E o - ] & | @ @ [E] s E b e :ID ?-
X N

| Project: New Project 2023/07/123
Metwork: POCSAG

Prop. model: Longley-Rice
Location:BD%; Time: 50%

2 i Mob Unit Ne1 (Antenna Height: 1.5 m)
W 50 dBuVim

¢ W 40 dBpVim

. 30 dBy\im

i W 20 dBuVim

10 dBpVim

5 Ste Name: BS0O1 110.4km | 115.7°
Opfiko

&ﬂl\?

“_\_ o

f 25 km f

Field Strength Prediction for POCSAG Pager Network

TalckOut and TalckBack

This area study type displays a map with the talk-out and talck-back (two-way) locations, talk-out only
(downlink), talk-back only (uplink), and no coverage locations for mobile unit Ne1.
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Area study type
TalkOut and TalkBack v

@ Mobile Unit {UE) Net
Areas TalkOut and TalkBack
Color

B 75Ot and TalkBack |

B o |
B TeiBack |
I_ Mo Coverage |

{white for transparent)

() Mobile Unit (UE) Ne2

Description

TalckOut and TalckBack Study Type Parameters

Mobile Unit (UE) Ne1/Ne2

Select the mobile device for which the calculation will be made

Color

Color

TalkOut and TalckBack

Downlink and uplink coverage

TalkOut Downlink coverage only
TalckBack Uplink coverage only
No Coverage No Coverage (white color for transparent)
Description Text field
@ RadioPlanner 3.0 C:\Users\user\Downloads\TOTB test.rp3 - O x
(=~ 10 - opensweemap ¢ @OE BB E [ D ?-
. RadioPlanner project Netwark Lakewor ""ih-# FEBLT
i Project Information
& Satngs [Flals>[R[E[e]=]w]n]
Geo Dat
{@j C::erag: rea Network name |TOTE Test |
N\ Propagation Model Generi o
Compare Coverage e | TRX |
""" £ Map Layers Network parameters
""" % E:i’::r;am Downiirk MHz Uplink MHz
Downlink R link Fix
o e P L (e
-l Stes Studyradis [0 |mi
£1-[=] "8 Castle Rock e (N
L[®] 3y Sector 135° Mobile Unit N=1 | Mobile Unit N=2
Type Portable Mobile
Tx power (W) 1 2
Cable and connectors loss (dB) 0 0
Antenna height fft) [ 66
Antenna gain (dBi) 215 3
Area study type
| TalkOut and TalkBack v
Areas for Mobile Unit N=1
Color Description
[P Takout and TalkBack | |
I raiou | |
[T TakBack | |
- Mo Coverage | |
(white for transparent)

3.66 cex.

| | 141 |

TalckOut and TalckBack Coverage Prediction
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Coverage predictions for multiple networks

Number of Networks Downlink / Uplink

This prediction shows number of networks providing service at each calculation point for downlink or
uplink. Calculation is performed for respective thresholds Rx of each network taken into account in

calculation.

Area Study Type

MNumber of Metworks (OL)

Area Study Resolution for all study types

@ Low () Medium () High
(®) Mobile Unit (LUE) Nz1 () Mobile Unit (UE} Nz2
Mumber of netwarks
3w Maximum number of networks
Color ﬂl;mﬁ:;{:;f Description
L] LI |
2| |
B =3 | |

Number of Networks Downlink Study Type Parameters

Mobile Unit (UE) Ne1/Ne2

Select the mobile device for which the calculation will be made

Maximum Number of Networks

Maximum number networks

Color

Color indicating the number of networks

Description

Text field
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[T~ 11 - OpensteetMap

. RadioPlanner 3.0 C:\Users\user\Desktop'\RadioPlanner3\5G_N78+LTE_Band12+LTE_Band2.rp3 — [m} >

----- i1 Geo Data
Propagation Model
(7] Compare Caverage

..... £ Map Layers

----- B Point Analysis

EILI—_I’ Networks

----- [=] A\ LTE Band 12 (700 MHz)

----- [=] \x LTE Band 2 {1900 MHz)

----- A 5G N78 (3700 MHz)

B[« Stes

B[] [ Cluster 1

=-[E%’ 8501

E| DﬂJ‘L LTE Band 12 (700 MHz)

----- [=] =y Sector 1207
P [=] =\ Sector 240°
E| DﬂJ‘L LTE Band 2 (1500 MHz)}

----- [=] =y Sector 1207
P [=] =\ Sector 240°
E| DﬂJ‘L 5G N78 (3700 MHz)

----- [=] 3\ Sector 1207

----- [=] =\ Sector 240°
=-[=]'4 BS02

E| Dm LTE Band 12 (700 MHz)

----- [=] =y Sector 1207

P [=] =\ Sector 240°

E| & A\n LTE Band 2 (1900 MHz)
I E‘ \ Sector 0°

----- [=] =y Sector 1207

P [=] =\ Sector 240°

E| DﬂJ‘L 5G N78 (3700 MHz)

----- =1 Sector‘IZD

N44.935155° W123.002930° | 570 |

I&IQ-II-@EI-I-ISIDI‘%
+|®]

Area Study Type

| Number of Networks (DL) |

Area Study Resolution for all study types

O Low O Medium ® High
Number of networks for Mabile Unit N21
Maximum number of networks
Number of -
Color networks Description
| L
|
-, e |
RadioPlanner » Legend *

Project: Test project
Prop. model: Longley-Rice
Location: 80%; Time: 90%
Study: Mumber of Metworks (DL}
1
m:
K

Metwork: LTE Band 12 {700 MHz)
-B503 | 120° | -56.2 dBm
Metwork: LTE Band 2 (1500 MHz)
-B503 | 120° | -63.8 dBm

| 10 km |

wireless-planning.com
Suburban 1/

Number of Networks Downlink Coverage Prediction for LTE Band 12 and Band 2

Maximum Aggregated Downlink / Uplink Throughput

This prediction type shows the total throughput at each point for all networks involved in the calculation.
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Area Study Type

Maximum Agaregated Throughput (DL) o

Area Study Resalution for all study types

) Low

(®) Mobile Unit {UE) N1

® Medium

() High

(C) Mobile Unit (UE) N2

Maximum Aggregated Throughput

8 +~ |  MNumberof levels

Color Walue Description

[ > Mbps | |
B | 500 | to| 1000 | Mbps | |
Bl | 50 |to| 800 | Mbps | |
Bl | 00 |to| 150 | Mbps | |
Bl | s0 |to] 100 | Mbps | |
Bl [ 40 o] 80 |Mops| |
| | 20 [to 40 | Mbops| |
| | 5 Jto] 20 |Mbps| |

Maximum Aggregated Downlink Throughput Study Type Parameters

Mobile Unit (UE) Ne1/Ne2

Select the mobile device for which the calculation will be made

Number of Levels

The number of levels (1-8)

Color Color level
Values Maximum Aggregated Throughput, Mbps
Description Text field
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-[8] 3 Sector 120° : e 1Y ..1 Mbps
3 Sector 240° 17 et I'[;lﬂammﬁ(m ﬁgrggatdeqlghmﬂﬁghqﬂm: 274 Mbps
(8)/ln LTE Band 21500 1 B ] e o e ap e
B3\ Sector 07 ; L 1-7.9dB | 163AM | 6.7 Mbps | R1
-[8] 3 Sector 120° rrcs Network: LTE Band 2 (1900 MHz)
: - Sector 240° T e -B503 | 120° | -73.7 dBm
é_._mgi N;Sfar—m WMHz) i -‘| -8.8dB | 16QAM | 20.7 Mbps | R1
..... = Sector 0° 2 L ¥ | 5 km |
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..... [®] 3\ Sector 240° ' ~ i E -
—e 20 hd ——— . wireless-planning.com
N44 940258° W122 979584° 65.0 Open areas in suburban 27

Maximum Aggregated Downlink Throughput Coverage Prediction for LTE Band 12 and Band 2

Point Analysis

In this panel, you can see detailed results of received signal power downlink and uplink calculation at any
point as well as interference levels on co-channel and adjacent channels. The path profile is a vertical
section of terrain between site and mobile unit with elevations and clutter information. Clutter height in
path profile is determined by height for each clutter type set in Geo Data menu.

Click on “Point Analysis” and then find the required sector in the interface tree and click on it (do not
confuse it with the activity tag). A path profile from the sector to the current point on the map will appear.
You can change the current point on the map by clicking on the desired location.

The path profile shows the height of the antenna radiation center of the selected sector and mobile unit,
as well as the Fresnel zone for the radio beam, loss in free space, diffraction loss due to terrain, and loss
on clutter surrounding mobile unit.
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® RadioPlanner 3.0 Ch\Users\user\Downloads\5G_N78+LTE_Band12+LTE_Band2.rp3 — O =
- L, Ly
[T+ | 14 - Opensvectan ¢ @ DE] BeE_ DI ?-
..... @ RadioPlanner project | Point Calculations x 'Fg
""" i Project Information Selected site and sector -
- =
{E} Settings Site: BS01; Sector: azimuth 0° =3
{1 Geo Data Propagain model: Longley-Rice: Network: LTE Band 12 (700 MHz) 5
..... N\ Propagation Madel Point coordinates: N45.012536° W123.018551° wig——= C

Path azimuth: 13.5%; Path inclination: -0.52°
""" Compare Coverage Downlink : 731.5 MHz; Channels: 7315 MHz
----- 2 Map Layers Uplirk : 731.5 MHz; Channels: 701.5 MHz

..... ﬁ Reports

l# Foint ﬁnah.'sism Mobile unit: |1
=-[=] N Metworks

----- [®) \n LTE Band 12 (700 MHz)

----- [=] A\n. LTE Band 2 (1500 MHz)

----- [=] An 5G N78 {3700 MHz)
C--[Eeg Sites

E-[a] (5 Cluster 1

=-[=% B50M

E| Ll—_| Ap LTE Band 12 (700 b

Freespaceloss 87.2 dE; Longly-Rice attenuation 14.4 dB; clutter loss 18 dB

orth.

: ary
----- =3\ Sector 120° petioo!.
----- [=] 3\ Sector 240° .
E| |_7_|I‘Lrt LTE Band 2{1900 w\

----- [=] =y Sector 0° ] : : ’ : .
----- [=] 3\ Sector 120° 0 0.31 0.62 0.93 1.24 1.55 1.85 2.360 km
Pohe [=] =\ Sector 240°

. 78 (37 . Rx power | Repower | CAl+N) | CAl+N
= D% ES A CrerileaTEnE DL 6B | Ot i | BLE) | UL €8)

River Road North

ad North.— Kajzar

=
=
il

bicarn, Avenue Mortheast -

BS01

----- [=E] 3y Sector 120° BS01; Sector: azimuth 0° £4.4 875 175 175
s ‘:g.?mamsn? Sector 240° BS02; Sector: azimuth 0° 787 999 | 64 | 65

E| EU'U‘ LTE Band 12 (700 1 BS01; Sector: azimuth 1207 -87.1 -109.1 ST -159 g5 Lane North

T E3) Sector 0° BS01; Sector: azimuth 240° 899 1146 | 198 | 214 !
_____ 13\ Sector 120° BS03; Sector: azimuth 0° -91.0 1142 | 209 | 21

§OLER Sector260” BS02; Sector: azimuth 240° 4912 -116.6 -21.1 234

N45.005411% W123.025675° 330 Open areas in suburban LYy
Point Analysis

You can select a mobile unit (No. 1 or No. 2) whose parameters will be taken into account in calculations.

Under the path profile, a table appears with results of calculating power levels of downlink and uplink
channels for selected sector (highlighted in color in table) and other sectors. Only sectors marked as active
are included in calculation. For a sector to appear in table, received signal level must be greater than
corresponding downlink or uplink Rx Threshold (see Network menu). Values in table can be sorted in
ascending or descending order by clicking on corresponding field in table header.

The selected sector is considered to have a useful signal; signals from sectors with same frequency are
considered co-channel interference, and signals from sectors whose frequencies are adjacent to selected
sector are considered interference from adjacent channels. With this in mind, the table shows the
calculated values of the interference level, taking into account noise and interference in the co-channel
and adjacent channel.

Fixed Wireless Access

RadioPlanner 3.0 allows you to plan Fixed Wireless Access (FWA) and Internet of Things (loT) networks
such as LoRa, SigFox, and others.

Users can perform calculations for multiple Customer Premises Equipment (CPEs) or loT sensors, each
with their own individual parameters (antenna height, antenna gain, antenna pattern, transmitter power,
cable loss, and penetration loss). For ease of use and display on the screen, users can create separate CPE
groups.

In the Fixed Wireless Access panel, users can:

Page 81 /137



RadioPlanner 3.0_240920 User Manual

1. Import CPEs/Sensors from a CSV file or manually create new CPEs/Sensors on the map.

2. Use multiple types of CPE/Sensor equipment.

3. Adjust the antenna height for an individual CPE/Sensor or multiple CPEs in the table.

4. Manually or automatically assign CPEs/Sensors to Base Station (BS) sectors based on various
criteria.

5. View path profiles from the selected CPEs/Sensors to nearby base stations.

6. Generate a single network report or an aggregate throughput summary report for CPEs/Sensors
in Excel.

To display the CPE and the link to the assigned BS on the base map, a separate layer has been created in
‘Map Layers’. Here, users can modify the CPE icon and line width. This layer can be saved in HTML, PNG,
and KMZ coverage files.

| @ RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\Project Samples\5G_N78+LTE_Band12+1TE_Band2+FWA.rp3 — [m) x
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A Propagation Model ' -
Compare Coverage CPE Group 2 Lattude [N44.928592 | Tk on
< Map Layers Longtude [W123.040005° \ o
| %7 Miscellaneous Studies ) . CPEDIZ
& s saman e 3 |
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8 Ficed Wirsless Access [N © levaan " B min] oPE

[} Networks EIPIEE Assigned BS Sectors
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----- [=] /A LTE Band 2 (1500 MHz) oo | Atemna | e et 0f £
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|| =E custert CPE 0 XPOL-24ou.. | € LTE Band 12 (700 MHz) _|BS03 (Sector 240
| -8 BS01 CPE 002 XPOL-24ou | 5 LTE Band 2 (1500 MHz) | BS03 (Sector 240°)
|

=-[=] A\ LTE Band 12 (70( CPE 003 XPOL-24 ou 5 |EnG N78 (3700 MHz) | BS03 (Sector 240°) | CPEO14

| ! kel FDCAnd DAL 24 2 I |
|
|

Sector Assignment for CPE: CPE 015, Network: LTE Band 12 (700 MHz)

BS503 (Sector 240°) - CPE 015

RadioPlanner « Legend X
43 Project: Test project
iE Metwork: LTE Band 12 (700 MHz)
T . Downlink Frequency: 731.5MHz
; 9 o 2 03T O R i 05T i 112 1irzkm Bandwidth: BMHz; Mode: FDD; FFR: 16xR1+3xR3
Base Maximum | Maximum ~ Gell Load: 76%
: CPE  Distance | Rxpower | Fxpower | C/(+N) | C/lsN) Modulstion | Modulation
aation | ,C Throughput | Throughput Assign Sector Prop. model Rec. ITU-RP12-6
and | Azimuth | (km) | DL (dBm) | UL{dBm) | DL(dB) | UL (dB) DL UL Type DL Type UL Location: 30%; Time: 80%
; Study: Maximum Throughput (DL}
BSO 0 0
fesomd UENe2 HeightSm Gain 8.5 dBi
BSOS(. | 84 | 3048 | 528 | 755 | 02 | 03 |534Mbps® | 3.02Mbps” | 27-2560AM | 28-2560AM Assign W17 Mbps
BSO2(. | 52 | 387 | 529 | 757 | 06 | D7 | 534Mbps | 3.02Mbps' | 27-2560AM | 25-2560AM Assign e
BSO4(. | 124" | 1753 | 535 | 755 | 29 | 35 |534Mbps” | 3.02Mbps” | 27-256GAM | 26-2560AM Assign i 6 Mbps
i 4 Mbps
BSO4(. | 124" | 17583 | 557 | 776 | 01 07 | 534Mbps* | 3.02Mops® | 27-256QAM | 28-2560AM fssign o E Epes
2 Mbps
* -this LTE network uses Fractional Frequency Reuse (FFR) technology when C/(l+N) < 4 B 05 Mbps
oK Cancel
I T T I —25km—+
5745

Fixed Wireless Access panel

Add a new CPE group

Delete current CPE group

= (k|

Edit CPE Equipment

Excel reports:
- Full report on the selected network in Excel
- Aggregate Bandwidth Summary Report in Excel (LTE/5G only)

£J

4}= Add a CPE site as a copy of selected one
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$2 | Remove selected CPE site (full row has to be selected)
[*] || Import a list of CPE sites from CSV file
& Position the map with CPE site at the center of the screen
“="| | Automatic BS assignment for all CPEs. The selection criterion is defined in the
lower right part of the panel.
CPE Name CPE (End-device) name or ID
Latitude CPE latitude in any of the formats that RadioPlanner allows (see the Setup menu)
Longitude CPE longitude in any of the formats that RadioPlanner allows (see the Setup
menu)
Azimuth CPE antenna direction azimuth
Site elevation Site elevation

CSV file format with CPE input data:
CPE/Sensor;Lat;Lon; Ant. height, m

for example:
CPE 001;44.96965602;-123.0091095;1.5

CPE 007;44.93005057;-123.0273056;3
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CPE Equipment Editor

1| 23

Radio Equipment

XPOL-24 outdoor

Photon 1D63M indoor

>

CPE Parameters

Radio equipment |KPDL—24 altdoaor

Metwork | 5G M78 (3700 MHz) et

Use this netwark

TX Power W
Artenna Gain dB
Cableloss [0 |dB
Penetration Loss [0 | dB

Antenna pattems
in relative dB:

- horzontal
- vertical

OK

Cancel

CPE Equipment Editor

Add a new CPE type with the same parameters as selected CPE

Remove the CPE

P
&3

Radio equipment CPE Type (model)

Network Network

Use this network Select the checkbox if the CPE supports the selected network
Tx power, W CPE transmitter power, W

Ant. gain, dBi CPE antenna gain, dBi

Cable loss, dB CPE cable loss, dB

Penetration loss, dB

Penetration loss into the building where the CPE is installed, dB

i Load MSI antenna pattern file

@
R F.1336-5

Create antenna pattern using a reference model in accordance with Rec. ITU-

The CPE equipment editor allows you to synthesize an antenna pattern using a reference model in

accordance with Rec. ITU-R F.1336-5.
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Antenna patterns according Rec. ITU-R F1336-3 >

3 dB beamwidth in the azimuth plane (dearees)

3 dB beamwidth in the elevation plane (degrees)

Pattem type

Antenna type

Peak sidedobe e

Typical antenna e

Beam tilt (degrees) D

Cancel

Creation of antenna pattern using a reference model in accordance with Rec. ITU-R F.1336-5

3 dB beamwidth in the azimuth plane (degree)

3 dB beamwidth in the azimuth plane (degree)

3 dB beamwidth in the elevation plane (degree)

3 dB beamwidth in the elevation plane (degree)

Beam tilt (degree)

Beam tilt (degree)

Pattern Type:
- Peak sside-lobe
- Average side-lobe

Type of antenna pattern approximation:
- onthe peaks (maximums) of the side lobes
- the average level of the side lobes

Antenna Type
- Typical antenna

Antenna Type
- Typical antenna

o

- Improved side-lobe performance - Improved side-lobe performance antenna
antenna
q: Assign BS sector manually
o Automatic BS assignment for selected CPE in below selected network. The
selection criterion is defined in the lower right part of the panel.
a” Reset sector assignments

Assignment BS
sectors by Best
Server

Assignment of BS sectors according to the Best Server criterion

Assignment BS
sectors by best
SINR

Assignment of BS sectors based on the best SINR criterion

The calculation of CPE - BS links is carried out according to the parameters specified in the “Propagation

Model” menu.

If you use the ITU-R P.1812/1546 propagation model for FWA calculations, then the clutter loss will
always take into account the clutter height; these losses are determined for each end device taking into
account the height of its antenna above ground level.

The calculation can also take into account building penetration losses for each CPE/end device. The output
report for each CPE or end device will display the received downlink/uplink power, C/(I1+N) ratio,
modulation type, maximum throughput, and other parameters.
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General Procedure for Working in the Fixed Wireless Access Menu:

1. Load a list of CPEs from a CSV file or create a CPE manually using the right mouse button in the context
menu. The CSV file format is described above. If you already have CPEs in your table, then when importing
from a CSV file, new ones will appear at the end of the table.

2. Create one or more types of CPE equipment in the "Edit CPE Equipment" menu. Please note that for
one type of CPE equipment, parameters for different networks can be specified.

3. Specify the type of equipment for each CPE in the table. To do this, point to the desired cell with the
equipment and select the required equipment from the list that appears. You can select several cells in
the table at once and set one type of equipment for them.

4. If your CSV file did not include data on antenna heights, or you created the CPE manually on the map,
then indicate the antenna heights in the appropriate cells of the table. Here, it is also possible to select
several cells at once and enter the same height for these cells.

5. If you want to assign BS sectors for all CPEs at once automatically, then select the criterion by which
the assignment will be made - best server or best SINR - and click on the "Assign BS sectors for all CPE"
button. After this, you will be asked to select a network for which the calculation and assignment of BS
sectors will be carried out, and then automatic assignment will be performed. If there is only one network
in the project, then automatic assignment will occur immediately. Please note that even if the CPE
operates in different networks, it can be assigned and directed only to one BS site (the sectors are, of
course, different). CPEs that do not have an assigned BS sector are displayed in the table in faded font.

6. If you want to view the path profile from the CPE to the BS sector or manually assign/reassign the BS
sector, then first select the CPE you need in the main table, then select the desired network on the right
and click on the "Assign BS Sector Manually" tool. In the window that opens with the path profile, you can
select the sector you need, view the main calculation results, and assign/reassign the selected BS sector.

7. After the sector assignments have been completed for all CPEs, you can obtain the calculation results
in Excel "Full report on the selected network in Excel" for one network or for several networks "Aggregate
Bandwidth Summary Report in Excel (LTE/5G only)" . Only those networks that are marked in the main left
menu “Networks” will be taken into account.

8. If the calculation results do not satisfy you, then change the parameters of the CPE (antenna height,
equipment type, etc.) and perform the calculation again, and so on, until you get the desired result.

A3 M X « f | creoog =
A B C o E F G H I 1 K L M N 0 P Q R 5 T u Y
. Tx | Ant | Ant |cabie|T=mF Clutter | Assig X Distance | | Received | Received | cii=h) | cii=N) | Maximum | Maximum
GPE Lat Lon = =D o | power [neigh| gain | 1 a‘““" C'T‘"“E' loss | ned Aiﬂ'e‘j +0 site Dt"eg"“" power DL | power UL | Ratic DL | Ratio UL | T T
1 auiement | oy | timy | ey | @E) ;’f ype @B) | Site o0 oSt | dBm) (dBm) (dg) @8) | DL {Mbps) | UL {Mbps)
2 |CPE 001 |N44.9696568° W123.009110° XPOL-24 outd 0.2 5 85 o 0 Suburban 13.5 BS02 Sector 0° 2244 185.0° 437 -T1.8 142 138 11.552 8528 1
5 [CPEnDz |Ne4958482° W122988510° XPOL-240utd 02 5 85 O 0 Openarecas 69 BS02 Sector0* 1379  2280°  -434 554 9.4 98 75392 4416 0
4 |CPE D03 |N44.945482° W122.974777° XPOL-24 outd 0.2 6 85 0 0 | Openareas 37 BS02 Sector120° 2111 27207 -40.3 832 130 128 10.5792 5.08 1
5 |CPE 004 |N44.947548° W123.02352%° Photon IDS3M 0.2 9 [ [} 10 Urban 15 BS03 Sector 0° 0.920 179.0° -543 -7 109 108 8.9934 4384 1
6 |CPE00S |N4£937585° W123.003273° PhotonIDE3M 02 7 6 0 10 Urban 17.4 BS0S Sector0* 0690  169.0°  -545 774 129 126 | 105792 608 1
7 |CPE006 |N44.528881° W122.988510° XPOL-24 outd 0.2 3 85 o 0 Urban 207 BS05 Sector 120° 1150  287.0° -85.1 887 142 1.5 11.552 5568 |1
8 |CPE 007 |N44930051° W123.027306° XPOL-240utd 02 5 85 0 0 Openareas 0 BS04 Sector0® 1234  159.0°  -307 539 187 168 | 14592 9344 |
9 |CPE00G |N44.5914006° W123.0073%3° Photon IDS3M 0.2 6 [ 0 10 Suburban 11.7 BS04 Sector 120° 1291 300.0° -539 -76.7 132 128 10.5792 5.08 1
10 |CPE 009 |N44.520813° W123.040695° XPOL-24 outd 0.2 9 8.5 [} 0 Openargas 0 B504 Sector 2407 1.507 95.0° -35.0 -57.5 77 79 5715199 3.52 a
11 |CPE 010 |N44.905496° W123.026619° XPOL-24outd 02 8 85 O 0 | Suburban = 69 BS04 Sector240° 1631  140° 445 666 a9 9.1 6688 3968 g
12 |CPE 011 |N44.955566° W123.028447° XPOL-24 outd 0.2 7 85 o 0 Openareas 0 B501 Sector 240°  0.69% 15.0° -30.0 -522 143 14.4 12.4032 6976 1
13 |CPE 012 |N44962855° W123001213° XPOL-24outd 02 4 85 0 0 Suburban 15 BS02 Sector0® 1407  1810° 455 532 191 192 | 156854 10752 1
14 |CPE 013 |N44.938856° W122.981300° XPOL-24 outd 0.2 3 85 0 0 Suburban 162 BS02 Sector 120° 2182 3MAF -51.8 -747 124 1.7 9.24158% 5568 |1
15 |CPE 014 |N44.941716° W122.984734° XPOL-24 outd 0.2 5 8.5 [} 0 Urban 19.2 BS02 Sector 120° 1629 306.0° -51.1 -137 15.0 149 12.4032 7658 1
16 |CPE 015 |N44.928592° W123.040009° XPOL-24outd 02 9 85 O 0 Treesiorest 15 BS03 Sector240° 1772 48.0° 479 708 126 123 | 105792 608 1
17 |CPE 016 |N44.988255° W123.034172° XPOL-24 outd 0.2 10 85 o 0 Suburban 0 BS01 Sector 0° 0.938 123.0° -349 -56.8 78 77 5715199 3.52 a
18 |CPE D17 |N44944875° W123012543° XPOL-240utd 02 4 85 0 0 Openarecas 37 BS02 Sector240° 1050 550°  -316 544 222 226 | 183816 13056 2
19 |CPE 018 |N44.527620° W123.011513° XPOL-24 cutd 0.2 8 85 0 0 Suburban 6.9 BS05 Sector240° 0.8396 61.0° -335 -56.2 204 202 16.416 1.2 1
20 |CPE 019 |N44.910845° W123.040009° XPOL-24 cutd 0.2 6 8.5 [} 0 Suburban 11.7 BS04 Sector 240° 1733 55.0° -52.0 -7439 10.7 10.7 8.9934 4384 1
21 |CPE020 |N44.952408° W123.017693° XPOL-24outd 02 9 85 O 0 Openareas 0 | BS03 Sector(* | 1527 | 197.0° -323 549 1.4 113 | 89984 4884 1
22 |CPE 021 |N44.823731° W123.006708° XPOL-24 outd 0.2 5 85 o 0 Suburban 13.5 BS05 Sector 240° 0958 25.0° -445 871 128 128 10.5792 5.08 1
23 |CPE022 |N44948763° W123034859° XPOL-24outd 02 7 85 0 0 Suburban = 96 BS01 Sector240° 1651  300°  -444 574 152 153 | 124032 768 1
24 |CPE 023 |N44.937585° W122.988853° XPOL-24 outd 0.2 10 85 0 0 Openareas 0 BS02 Sector 120°  1.726 325.0° -345 -57.2 93 82 7.5392 3868 @
25 |CPE 024 |N44.8935276° W123.012028° XPOL-24 outd 0.2 10 85 [} 0 Suburban 0 BS03 Sector 120° 0998 | 297.0° -27.5 -50.2 218 220 18.3616 12608 2
26 |CPE025 |N48.971113° W123.020096° XPOL-24outd 02 10 85 O 0 Suburban 0 BS01 Sector0* 1103  197.0°  -295 520 134 133 | 105792 6528 1
27 |CPE 026 |N44.529443° W123.013744° XPOL-24 outd 0.2 10 85 [} 0 Suburban 0 BS05 Sector 240°  0.988 7 -285 -51.1 181 18.0 15.6854 96684 1
28 |CPE 027 |N44924703° W123.014603° XPOL-24outd 02 10 85 0 0 Suburban 0 BSOS Sector240° 1277 540° 296 525 187 164 | 14592 8639999 1
29 |CPE 028 |N44.950304° W123.011684° XPOL-24 cutd 0.2 10 85 0 0 Openareas 0 BS01 Sector 120° 0998 | 279.0° -289 -52.0 18.5 200 16.416 1.2 1
30 |CPE 029 |N44.922830° W122.996407° XPOL-24 outd 0.2 10 85 [} 0 Urban 13.5 BS05 Sector 120°  1.043 370 457 -58.1 99 10.0 7.5392 4416 0
31 |CPE030 |N44.905131° W123.010826° XPOL-24outd 02 10 85 O 0 Urban 135 BS04 Sector120° 1834 3320° 497 723 187 140 | 124032 6976 1
32 |CPE 031 |N44.988741° W122.987995° XPOL-24 outd 0.2 10 85 [} 0 Urban 13.5 BS02 Sector 0° 2127 210 -50.7 -73.3 10.0 10.0 7.5382 4416 0=
LTE Band 12 (700 MHz) ® 1 r
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Full report on the selected network in Excel

AB - i v
A B C ] E F G H 1 J K L M N o] P Q |~
ant. |assign| L Distance Received | Received | C/+N) | Cfi+N} | Maximum | Maximum
CPE Lat Lon Radio Equipment Height | ed 1o Site to site. Network Assigned Sector | power DL | power UL | Ratio DL | Ratic UL Tt T
1 m) | site (em) (dBm) (dBm) (dB) (dB) DL (Mbps) | UL (Mbps)
2 |CPEOD1 |N44969658° W123.009110° XPOL-24 outdoor 5 |BS02 | 185.0° 2244 | TE Band 12 (700 MHz)  Sector 0° -487 718 142 138 11.552 6528
3 LTE Band 2 (1800 MHz)  Sector 0° -57.8 -85.8 10.2 87 25,650 5.500
4 5G N78 (3700 MHz) Sector 07 -75.7 -88.8 12.4 12 669.200 60.800
5 Max Aggregated Throughput (Mbps) 706.402 76.828
6 [CPE 002 |N44.958482° W122.883510° XPOL-24 outdoor 5 | BS02 2280° 1.37% LTE Band 12 (700 MHz)  Seclor 0 434 854 9.4 8.8 7.539 4.416
7 LTE Band 2 (1900 MHz)}  Sector 0° -54.1 -782 62 58 15960 8.400
g |! 5G NTE (3700 MHz) Sector 0° 653 -78.5 226 1.6 1177.600 | 276.400
9 Max Aggregated Throughput (Mbps) 1201.099  289.216
10 |CPE 003 |N44545492° W122.974777° XPOL-24 outdoor 6 BS02 27200 2111 LTE Band 12 (700 MHz)  Sector 120° -403 832 13.0 128 10579 6.080
11 LTE Band 2 (1800 MHz)  Sector 1207 -46.7 -76.1 128 56 33.250 2.400
12 5G N78 (3700 MHz) Sector 1207 626 75T 253 143 1375.200 | 395.200
13 Max Aggregated Throughput (Mbps) 1419.029  409.680
14 |CPE 004 |N44.947548° W123.023528° Photon IDE3M indoor 9 BS03 178.0° 0.820 LTE Band 12(700 MHz)  Sector 0° 543 -77.0 108 108 8898 4.864
15 LTE Band 2 (1900 MHz)  Sector 0° 859 -941 120 34 25.830 4900
16 SG N78 (3700 MHz) Sector 07
17 Max Aggregated Throughput (Mbps) 38.828 9.764
18 |CPE 005 |N44537585° W123.003273" Photon IDS3M indoor 7 |BS05 | 189.0° 085%0 LTE Band 12 (700 MHz)  Sector 0° -545 774 129 126 10579 6.080
198 LTE Band 2 (1800 MHz)  Sector 0F 858 -94.1 133 48 35510 6.600
20 5G NTE (3700 MHz) Sector 0°
21 Max Aggregated Throughput (Mbps) 46.489 12.680
22 |CPE 006 |N44.526891° W122.988510° XPOL-24 outdoor 3 BSOS 287.0° 1150 LTEBand 12(700 MHz)  Sector 120° -66.1 -88.7 14.2 11.5 11.552 5.568
23 LTE Band 2 (1900 MHz)  Sector 120°
24 SG N78 (3700 MHz) Sector 120°
25 Max Aggregated Throughput (Mbps) 11.552 5.568
26 |CPE 007 |N44530051° W123.027306° XPOL-24 outdoor 5 |BS04 | 159.0° 1234 LTE Band 12 (700 MHz)  Sector 0° -307 -538 167 16.8 14 592 9344
27 LTE Band 2 (1800 MHz)  Sector 0F =355 £3.0 2186 166 57.380 27.000
28 5G NTE (3700 MHz) Sector 0° -49.6 6238 3T 272 1636.000  750.000
29 Max Aggregated Throughput (Mbps) 1707.972 786.344
30 |CPE 008 |N44.914008° W123.007383° Photon IDE3M indoor 6 BS04 300.0° 1281 LTEBand 12 (700 MHz)  Sector 120° -53.9 -76.7 132 126 10.579 8.080
31 LTE Band 2 (1900 MHz)  Sector 120° -85.4 -936 133 42 35910 5500
27 503 NTA (700 MHTY Qertar 170° -
AggregatedReport (O] [l 3

Aggregate Bandwidth Summary Report in Excel (LTE/5G only)

Coverage prediction for Fixed Wireless Access network

RadioPlanner 3.0 enables the display of coverage predictions for a Fixed Wireless Access (FWA) network
or an loT network (such as LoRaWAN) on a map. The algorithm used to calculate coverage for CPEs or loT
sensors differs from the one used for mobile units. This difference stems from the fact that while
calculating mobile network coverage, the characteristics of one of two typical mobile units (UE1 or UE2)
are considered. However, when calculating FWA coverage, the individual characteristics of each CPE or
sensor are taken into account. These include antenna height, antenna gain, antenna pattern, transmitter
power, losses in the cable, and building penetration losses. As a result, coverage prediction results are
more accurate.

Upon calculation, a small circle will appear at the location of each CPE or sensor. The color of this circle
will correspond to the result of the selected study type. The study type can be chosen from the menu of
the corresponding network, and the calculation can be initiated there using a special tool ‘Calculate FWA
Coverage’.

If a CPE/Sensor has an assigned BS sector, then the coverage calculation will be performed for this BS
sector. If the CPE/Sensor does not have an assigned BS sector, then the coverage calculation will be
performed for the sector with the best power at the receiver (Best Server).

When you hover your mouse over the CPE circle, the equipment parameters and calculation results will
be displayed on the Legend.
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, RadioPlanner 3.0 C:\Users\user\Downloads\5G_N78+LTE_Band12+LTE_BandZ2+FWA.rp3 — O x
[Z- | 13+ catoBasemap ¢ @ AE BEEEEB D ?
----- , RadioPlanner project W -
----- i Project Information
{g} Settings
{1 Geo Data
N\ Propagation Model
Compare Coverage
=-[=] Nn Networks =
..... [=] A\x LTE Band 12 (700 MHz) RadicPlanner = Legend *
""" (=] /\n. LTE Band 2 (1500 MHz) Project: Test project
""" (=] /. 5G N78 (3700 MHz) Metwork: 5G NT§ (3700 MHz)
BE“@ Sites Downlink Frequency: 3750 MHz
E-[2[5 Cluster 1 CPE 014 Configuration: BW=100MHz; SCS=30kHz;
EIEl‘E? BSO1 | Cell Load: 75%
[ Prop. model: Rec. [TU-RP.1812-8
- DJE i\TESBe::rL% oo g [EZ%CPE o8 :Locition: 80%; Time: 50% _
Z . = Study: Maximum Throughput (DL}
----- [=] =y Sector 120 W 1200 Mbps
----- [=] = Sector 2407 1 1000 Mbps
=-[®] \n LTE Band 2 (19001 500 Mbps
----- [=] = Sector O =1 | M 400 Mbps
..... =3\ Sector 120° . i 200 Mbps
----- [=] 3y Sector 240° | ;gDMNgEES
..... o =) CPE Name: CPE 030 1.834 km | 332°
_____ % 2 g:zg: ;ﬂ “‘?’ 'g' 4 CPE Type: XPOL-24 olutdoor; H l &m
it Assigned BS name: BS04
=-[=] A" BS02 —)CPE 008 Assigned BS sector azimuth: 120°
E-[=] A\n LTE Band 12 (700 1 L | Received level DL: -78.5 dBm
..... @3 Sector 0" ~grEoig C/l-1: 558
_____ . — annels DL:
_____ E 2 g::ttz:: ;ﬂ, < Number_of Servers: 3
- A cPEnio CPE 030 1 Modulation: 08-16QAM
E--[=] A\n LTE Band 2 (1300 § L_) Maximum Throughput: 477.2 Mbps
..... [=] =\ Sector 0° RSRP:-113.6 dBm
..... =13y Sector 1207 RSRQ: -10.2 dBm
A2 Cordne 340NV | I 25 km I |
N44.505010° W123.010135%° 63.0 Urban 5/45

Coverage prediction for Fixed Wireless Access network

Miscellaneous Studies

Area study boundary

You can specify the area on which the coverage area will be cropped. The boundaries of a rectangular

area can be set manually, or you can upload an arbitrary area in KML format.

U.S. community and county boundary in KML format is available on FCC website
https://www.fcc.gov/media/radio/us-community-boundary-overlays-kml

Coverage Area
Area study boundary

| O] &3

Polygon name |Sen.rice Area kml

Use for calculation

Area study boundary
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3| Import polygon from KML file
] Define area as a rectangle
2 Delete polygon
Use for calculation Crop the coverage at the area boundary
. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\Project Samples\5G_N78+LTE_Band12+LTE_Band2.rp3 - O X

'r“f-vE 12 -~ OpenStreetMap - & . @@' I:HD ?-
- @ HadicF‘Iannerpmject— A T\ N P I y

! CR52

----- i Project Information ! ‘l_
483 Settings [ — fjf}b'?"ﬁ_.ll.l'
i1 Geo Data \ : % : .
A Propagation Model . Keizer- - ¥ RadioPlanner - Legend *

Compare Coverage 1 =
£ Map Layers

-1 Miscellaneous Studies

(= Reports

----- B Point Analysis

=[] /\n Networks

----- [=] A\ LTE Band 12 (700 MHz)
----- [=] A\ LTE Band 2 {1900 MHz)
----- = A\r 5G N78 (3700 MHz)

Project: Test project

Metwork: LTE Band 12 (700 MHz)

Downlink Frequency: 731.5 MHz

Bandwidth: 5MHz; Mode: FDD; FFR: 16xR1+3

|Cell Load: 75%

Prop. model: Longley-Rice

Location: 30%; Time: 90%

Study: RSRP

UE Height 1.5 m Gain 0 dBi
W -85 dBm rsrp_bars=5

= Sit I -85 dBm rsrp_bars=4
= %‘ol% Eef]uster 1 -105 dBm rsrp_bars=3
B W -115 dBm rsrp_bars=2
=-[=]'&! BS01
BL-—_I An LTE Band 12 (700 Site Name: BS03 | 0.588 km | 2037

-[=] 3y Sector 0°

~[a] =\ Sector 1207

-[=] 3y Sector 240°

[=] An LTE Band 2 (1500

-[=] 3y Sector 0°

-[=] 3y Sector 120°
-[a] =\ Sector 240°

=-[=] An 5G N78 (3700 MHz

Sector azimuth: 240°
Receiving level: -57.5 dBm
RSRP: -82.3 dBm

----- [=] = Sector 1207
----- [=] = Sector 2407
=-[=] '8 B502

E--[®]/\n LTE Band 12 (700
-[=] 3y Sector 0°
-[=] 3y Sector 120°
-[=] 3y Sector 240°
[=] \n LTE Band 2 {1300
-[a] =\ Sector 07
-[=] 3y Sector 120°
: -[=] 3y Sector 240°
=-[2] An. 5G N78 (3700 MH:

s Woido
Eifls

----- [=] 3y Sector 120°
----- =13\ Sector 2400 ¥

N44.934426° W123.026276° | 510 | Suburban | 5/45 |

Coverage prediction based on area study boundaries

Route Study

The Route Study feature allows you to construct graphs of received power levels, C/(1+N), or a throughput
graph along any extended object such as a pipeline, railway, or highway, etc.
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® RadioPlanner 3.0 ChUsers\user\Downloads\Railway_DMR_130 MHz_Uplink_ITU-R 1812.rp3

pre—
|| 1

~ Carto Basemap

Ll

N\ Propagation Model
----- Compare Coverage
..... < Map Layers
8 d Viscelanzous Studies |
..... B Reports
----- B Point Analysis
iy Fixed Wireless Access
[=]\n Networks
“[E/\» DMR
=[] «] Stes
=-[=]%" BS 001
o Le[m] 3y Sector 07
1% BS 002

Lo lal SN Carkar N°

¢ @ FHE BoEeE

- [m} =

B - [ 1D ?-

Miscellaneous Studies
Area study boundary

M O3

X

Polygon name |

[] Use for calculation

Route Study

M | E3| @<

First point
Route Name )

Novosibirsk-Bolotnoe:

Bolotnoe-Anjerskaya 61

1212

| & 3| E

Route Study menu

Import route from KML file

Delete Route

Display Route Graph

Position the map with the route first point at the center of the screen

The route for which the calculation will be performed is loaded from a KML file. This file can be prepared
in any third-party software, for example, Google Earth. There can be multiple routes. You can specify any
desired value as the marker for the first point of a linear section. The remaining kilometer markers will be
placed on the map along the route automatically. To construct graphs, double-click on the desired route
or use the ‘Display Route Graph’ tool.
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Graph for Route Novosibirsk-Bolotnoe, Network DMR

(I
PHG

-30

Received Power (DL)
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-T0
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=
q’

N

e
—==
—

-90 1 ¥
-5 dEm

Y
Y

N

-100

gl

110
3343 3344 3345
BS 003 Sector 0°

BS 002 Sector 0°

3346 3347

km

3348 3348 3350 3351 3352 3353 3354 3365 3356 3357

Calculation parameters Display options

Start Point km | = Calculation Type | Received Power (DL) ~ Received Fower CAl+N) Ratio Maximum Throughput
End Point km [= Horzontal scale [60 2] pxkn Max [30 [2]dBm  Max 50 |2 dB  Max [100 |2 kbps
Calculation Step km @ (o ey Min 110 3| dBm Min -50 | dB
Mobile Unit | 1 w (®) Graphs forindividual sectors Horizontal Line [] Horizontal Line [] Horizantal Line
e Number of sectors |2 v 95 |2 dBm 15 [£]dB 55 |2 kbps
Close
Route Graph
e Save the graph in PNG format. The original size will remain
Start Point Starting point of the graph
End Point End point of the graph

Determine the point with the minimum distance from the selected BS
to the route

Calculation Step

Calculation step. Minimum step 20m.

Mobile unit

Mobile unit (UE)

Calculate

Perform calculation

Calculation Type

Calculation Type

Horizontal scale

Horizontal scale of the graph in pixels per kilometer

Maximum value graph

Maximum value graph

Graphs for individual sectors

Display a graph for individual sectors. This feature allows you to
display a graph for individual sectors. The sectors displayed on the
graph are determined automatically based on the maximum level of
the integral reception Rx power on a given section of the route. If the
algorithm for automatically determining sectors does not function
(which happens very rarely), it is recommended to manually select
the necessary BS sectors for calculation in the main left menu.

Number of sectors

Number of displayed sectors. Maximum 5 BS sectors.

Received Power

Set the maximum and minimum reception level values on the graph

C/(1+N) Ratio

Set the maximum and minimum values of C/(1+N) on the graph

Maximum Throughhput

Set maximum and minimum throughput values on the graph

Horizontal Line

Display a horizontal line with the specified value on the graph
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Measurement Results Analysis and Propagation Model Tuning

RadioPlanner 3.0 allows you to tune clutter loss for a propagation model by comparing measurements
with predicted Rx power values. Loading, preprocessing and analysis of measurement file for each sector
is performed in Sector parameters panel.

Measurement Analysis Along Route O X
-B0
-80
. s ¥
= LA ol W
- L T CHOE
= ‘.?J".‘: o R ™
5 o ;h‘:':‘f —t - *
30 £ AT . L
e e Y
:sa ZdBm 5‘ pabd
. nee el B
v e o N)-50.08573dEm
ot el L -
=] o et [ =
e
>
-120
-130
D £=53dB
d=3.148km
Open areas in forest
< >
Measurement data
o M >3 Measurement name [ 145MHz osv | Apply Tuned Clutter Losses to Propagation Modsl Moble urit: [1 w
Distance to TX Signal level
A
R L:;:' : Bm) Minimum distance km Maximum level dBm ngg:i:;d Meag BE"W‘ Da%i;r:gﬁrddﬁ TuEDegsCiljuéter
b 0007 - . -
0002 1087 Maximum distance km | Process Minimum level dBm | Process 357 0 43 17
0 0 0 o
0003 -108.9
00 2089 Gap Reverse table 205 0 38 173
88 0 35 116
0005 -105.8 Minimum gap W0 | m | Progess Process 7
0006 1093 6 0 25 147
0007 -108 Sector from TX. Add new map layer with measurement points 1BD54 g E WDH
0008 -109.9 7
ooos | 093 Satange [ 0] deg Open areas in suburban 1342 0 41 16
A Add
0010 2036 " End angle deg | Process 51 0 42 144
Cance

Measurement Analysis Along Route

] Import of measurement data from a CSV file
il Export of measurement data to a CSV file
(8 Delete all measurement points

First prepare a file of received power levels for required site sector. The measurement file is a CSV format
file with each line containing three parameters: level of measured signal from one sector in dBm;
geographical latitude; geographic longitude. The separator of parameter values is semicolon. Formats for

representation of geographic coordinates are Hemisphere Degrees SECOND MINUTES (N35 36 23.8) or
HEM DECIMAL DEGREES (N12.34567).
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Q{ Whilonster\gis\RadioPlannet\ 7T03_processed.csv - Motepad++ - O >
File Edit Search View Encoding Language S5ettings Tools Macre Run
Plugins  Window 7 A
o a 1 1 | =

o = cchH D| |lﬂi;ﬁ£|"§ >|~_'_-__| ¢
|=| 703_processed.csv E3 l

1 -88.2 ; N57.6761283874512 ; E38.613208770752 ~

2 -85.2 ; W57.6€757431030273 ; E38.6l1T72218322754

2 g6.4 ; NST.6755828857422 ; E38.62157449018555

;. -85.7 ; W57.67500686064551 ; E38.6251831054688

n

; N5T7.6754493713375 ; E38.62597550744629

; N5T7.6752128601074 ; E38.6337528771973

; N5T7.6T748466491655 ; E38.63775067535316

; N5T7.674373626708 ; E38.642673492431¢

; N5T7.6738243103027 ; E38.6467018127441

; N5T7.6T73435211181¢6 ; E38.6508445735746 b

Ln:1 Col:1 Sel:0]0 Windows (CRLF)  UTF-8 IMNS

1
|
[1s]
L]
La FRY R a]
-

L

|
[1s]
L]
oo
-

Sample Measurement File

Upload measurement file to appropriate sector and perform preliminary processing if necessary:

Signal level Limit the measurement points by received power level from the
Minimum/Maximum Level site

Distance to TX Limit the measurement points by distance from the site
Minimum/Maximum Distance

Sector from Site Limit the measurement points by azimuth from the site
Minimum/Maximum Angle

Gap Perform measurement points power level averaging within a
Minimum Gap given distance

Reverse table Change the order of measurement points in the route (the last

point becomes the first, the penultimate point becomes the
second, and so on)

Add New Layer with Measurement Add a custom measurement layer to the map. The resulting
Points layer will appear among the user layers; the layer name will
determinate to the site name and sector direction.

On the results scatter-plot, measurement levels are indicated in black, while predicted values are
indicated in a color corresponding to the clutter type at a given point (e.g., yellow for open space). The x-
axis displays the waypoint numbers. When hovering the cursor over the graph, calculated and measured
levels, level difference, distance to the site (in kilometers), and clutter type are displayed. When you click
on the plot, a context menu appears, in which you can delete a point with the measurement result.

Below the plot is a table that displays the number of points, mean error, standard deviation of error, and
recommended loss values for different clutter types that will result in an average error of zero. Clicking
the “Apply Tuned Clutter Losses to Propagation Model” button changes the clutter loss values in the
“Propagation Model” menu and recalculates the plot point values based on the tuned loss values. To
assess the impact of the new clutter loss values on coverage calculation results, coverage must be
recalculated.

A decision is made regarding the need to tune previously used clutter loss values in the propagation model
based on an analysis of results obtained for different clutter types and sectors.
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Saving the Coverage Calculation Result

Coverage prediction result can be saved as:

- Image file in PNG format

- Interactive web page in HTML format
- KMZ file

- Image file in GeoTiff format

- Text CSV file - a set of points with coordinates and a received power / a field strength
- Exchange file MapInfo (MIF + MID) - a set of squares with the attribute as received power / a field

strength

Save the map as a PNG image - Save result of coverage calculation as image file in *.png format.
Before saving image, you can select area of saved coverage using frame (you can move both border of
frame and map itself). When saving image, you also select its resolution. Resolution may correspond with
current size or be two or four times larger. The better resolution, larger size of saved file.

Maximum size of bitmap image is approximately 5400x4400 pixels; file size in *.png format is about 10
MB. If Legend is active, it will appear in upper left corner of saved image. Save coordinates (*.txt file):
Saves text file with same name as image file. Coordinates of corners of image are written into text file.

In the exported PNG image, the Legend will be relative to the coverage in the same place as on the screen.
In addition, when exporting to a PNG file, you can change the size of the Legend.

12 ~||OpenStreetMap =

Il

----- #% RadioPlanner pmjectw - Ly

Project Information
5% Settings

Geo Data
Propagation Mode!
Compare Coverage
Map Layers
Miscellaneous Studies
Reports

Point An

CR 21 {

5/45

L[] [IJ /
i
RadioPlanner » Legend *
Project: Test project
Metwork: LTE Band 12 (700 MHz)
Downlink Frequency: 731.5 MHz
1 Bandwidth: 5MHz; Mode: FDD; FFR: 16xR1+3xR3
Cell Load: 75%
Prop. model: Rec. ITU-RP.1812-8
Location: 80%; Time: 80%
Study: Maximum Throughput (DL}
S UE Me1 Height 1.5m Gain 0 dBi
Liberty pY W 17 Mbps
Sk 12 Mbps
8 Mbps
B - & Mbps
[ 4 Mbps
[ M 2 Mbps
Screen resolution Legend size 2 Mbps
! 0.5 Mbps
; ®x1 Ox2 O« ®x1 Ox2 Oxd
N | 5 km |
| o ~—— -
| [] Save coordinates (" txt file) \__‘
| >
CR 843 I —— Aums
E\ Ew.or?n, y - . - 1 CR28

Selecting the area and resolution of the saved image
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Save the map as a WEB page - Save result of calculation as interactive webpage. Application allows
user to select location and name of directory where result is saved. The index.html file (page script),
bs.png file (site icon), and folder with radio coverage tile pyramid {ZOOM}/{X}/{Y} will be saved to specified
directory. To open webpage, open index.html file using browser (Google Chrome, Mozilla Firefox, Internet
Explorer, etc.). Specified folder with script and tile pyramid can be archived and forwarded to customer.

Resulting webpage can also be placed on web server for viewing in any browser and operating system
(Windows, Mac, 10S, Android, Linux). This webpage allows you to choose base map from different base
maps; change zoom; view basic data from legend; display scale and current coordinates of cursor.

For the webpage to function, you'll need access to the internet as base maps are downloaded from
corresponding resources. A folder with a tiles pyramid can be connected to any GIS that supports working
with tiles, allowing you to demonstrate coverage as a layer on any GIS (QGIS, Maplinfo, ArcGIS, SAS.Planet,

etc.).
= m| %4
@ Simulcast P25 TOOMHz - Areas . X -+ ¥
C Y @ oaiin | CyfUsers/user/Downloads/Simulcast%20P25%20700%20MHz/index.html 2w 9 % 4 0O @ :
| i Slgemepaiin: ' . R o U

-r—‘ﬂporf it : ) g 4 O OpenStrestMap _Lr

=N X i s O OpenTopoMap  fu
O ESRI Sat g
| O ESRITopo
4 @ US Topo i
1 O usImagery Topo [

Coverage
A Sites
#  Project New Project 2023.04.25 i Custon: |-ayers
Metwork: Simulcast P25 700 MHz
DL/UL Frequency: 770 MHz / 800 MHz
DUUL Rx Threshold: -107 dBm / -107 dBm
Prop. model: Longley-Rice
Location: 85%; Time: 95%
Study: Areas with Signal Levels above Both the Base And Mobile Threshold
Mob. Unit Me1 (Height: 1.5 m; Gain: 0 dBi)

8
j M Indoors /18 dB penetration loss

M Inside aVehicle /10 dB penetration loss
QOutdoors /0 dB penetration loss
Mob. Unit Ne2 (Height: 3 m; Gain: 3 dBi)
M Mobile /0 dB penetration loss

N39.89973  W104.76082
N39°53'58"  W104°4538.9° |

Calculation result in the form of HTML page

Iﬁ@ Save the map as a KMZ file - Save calculation result as structured KMZ file for Google Earth. If Legend
is active, it will appear in upper left corner of Google Earth.
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- Google Earth Pro

File Edit View Tools Add Help

| T T Tt
¥ Search | E |42 | 2| & | @ | =] (D |
1 [Project: Test Project
| | | |Metwork: LTE CBRS Band 43 3500 MHz
Downlink Frequency: 3660 MHz

Bandwidth: 20MHz; Mode: TDD; FFR: 1xR1+0xR3
Get Directions History |Cell Load: 75%
\Prop. model: Longley-Rice
¥ Places \Location: 0%; Time: $0%
Y Study: Maximum Throughput (DL}
- IS MyPlaces UE Height & m Gain 14 dBi
v _a Temporary Places M 30 Mbps
v [¥/ < LTE CBRS Band 42 3500 MHz W 70 Mbps
UG Legn
s 0 Area Study Boandary | M 40 Mbps
i £ Maximum Throughput (DL) | EEMIUA-E]
} v 3 Bsot | I 20 Mbps
} 7| B3 Bsoz W 10 Mbps
b ¥/ ED Bs03
. : . ; 1501 4m
(< ||| + || [l '
> Lavers | 3 1985 Imagery, Date:

Calculation result in the form of KMZ

Save the map as a GeoTIFF file - Save calculation result without a base map as a georeferenced file
in geotiff format

Save the coverage in GIS format — Save the coverage in Text CSV file or Exchange file Mapinfo (MIF
+ MID). Coverage export to these vector formats is necessary for those users who use the coverage for
further analysis in various GIS applications.

When saving the file, you will need to specify the space grid with which the result will be saved.

CSV file format

Each line contains three parameters: geographical latitude; geographic longitude; strongest signal level
(Rx power level or field strength); site name; sector azimuth. The separator of parameter values is a
semicolon. Formats for geographic coordinates: Degrees Minutes Second (35 36 23.8) or Decimal Degrees
(12.34567).
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File

[ C:\Users\user\Downloads\LTE band12.csv - Notepad-++

Edit

Search View Enceding Language
cEHEHERLE| s Mk oy @ x| BEE

[=| LTE band12 csv 4 |

O x
Plugins  Window 7 X

=1 E@EDBE

Settings Toels Macro  Run

>

AA

length

45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
44.
44.
44.

02T05124;-123.
02732073;-123.
02758023 -1235.
02785973 -1235.
04025655;-123.
04052604;-123.
040789554 -123.
04106504;-123.
12838178;-123.
12865127;-123.
12852077:-123.
12919026;-123.
12945976;-123.
853Te524;-123.
§5403473;-123.
§5430423;-123.

OCCACT2TDa.

1496605 Ln: 1

172

Col:1

16457035;-67.
18457035;-67.
16457035;-73.4:B501;240°
16457035;-73.4;B501;240"°
16457035;-96.3:B503;0°
16457035;-96.3:B503;0°
16457035;-88.2:B503;0°
16457035;-88.2;B503;0°
16457035;-99.1:B501;0°
16457035;-99.1:B501;0°
16457035;-96.7;B501;0°
16457035;-94.2;B501;0°
16457035;-94.2:B501;0°
16418%946;-100.7;B501;240°
16418%46;-100.7;B501;240°
164189%46;-100,1;B501;240°

Al aTal 1

5;B501;240° ~
S5:B501;240°

wEAN S

Windows (CRLF)  ANS|

TEANTDNLALS -

Paos:1

R =X=Tathl

INS

CSV file sample

MIF Maplnfo file

MIF coverage file is a standard Maplnfo exchange file that can be opened in any GIS application.

(2 *Untitled Project — QGIS —
Project Edit View Layer 5ettings Plugins Vector Raster Database Web Mesh Processing Help

DNEERRY U2 RBPPD "L HatmO
BRQVLAZAWMBWA /. - = g g o »
H-8-0G-50 - B R AR NR O

B8
DRTHO

- Favorites

T, [T]~

0 =0

Browser

b [[7 Spatial Bockmal
b [c] Home

P[] C\ (Windows 10~
1 »
B
« @ ® T »

Layers

B EPSGi43

oordinat| 45.07168%,-123,1256% % zal | 1:13955 =

Q, Type tolocate (Ctrl4+K) & aonifie] 100% +| otatio [0.0° | V| Render

MIF Mapinfo Coverage file as a layer in QGIS
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Attribute Editor (test.mif)

(& 7 ¥

X (5|

Hal=l RXi=

Sort: Text

<Feature Name>  <Feature Type> STROMGEST_SIGMNAL BS NAME SECTOR_MAME
<UNNAMED FE... Unknown Are... -87.90 BSD3 240°
<UNMNAMED FE... Unknown Are... -89.10 BS03 240°
<UNMAMED FE... Unknown Are... -30.10 B503 2400
<UNMAMED FE... Unknown Are... -90.50 BSD3 240°
<UNMAMED FE... Unknown Are... -90.90 BS03 240°
<UNNAMED FE... Unknown Are... -90.20 BSD3 240°
<UNMAMED FE... Unknown Are... -83.60 BS03 240°
<UNMAMED FE... Unknown Are... -89.10 B503 2407

<

- 0O x
<Feature Description>  <Feature Layer Name>  <Index ir ®
Unknown Area Type test.mif 12143
Unknown Area Type test.mif 12144
Unknown Area Type test.mif 12145
Unknown Area Type test.mif 12146
Unknown Area Type test.mif 12147
Unknown Area Type test.mif 12148
Unknown Area Type test.mif 12149
Unknown Area Type test.mif 2130,
- — . L

Selected: 0

MIF Attribute Table

Coverage Prediction Comparison

RadioPlanner 3.0 allows you to compare results of current coverage prediction with previously performed
predictions. This allows you to evaluate the impact on coverage by changing various site parameters,
propagation model, etc.

To add a performed calculation to comparison, click on the Add Coverage to Compare button on top
toolbar. When you go to Compare Coverage menu of main toolbar, this calculation result will be located
on left side of screen while result of current coverage calculation will be displayed on right side. If Legend
is enabled, it will display calculation parameters that mouse pointer is currently over.

. RadioPlanner 3.0 C:\Users\user\Desktop\RadioPlanner3\5G_N78+LTE_Band12+LTE_Band2.rp3

=-d

12 ~ OpenStreetMap

® RadioPlanner project
i Project Information
483 Settings
1 Geo Data
A Propagation Model
=1 (zJ] Compare Coverage
Hp RSRP (LTE Band 12 (700 MHz) Jil
RSRP (LTE Band 2 {1900 MHz}}
RSRP (5G N78 {3700 MHz))
£ Map Layers
& Reports
@ Point Analysis
=-[E Ax Networks
[=/\» LTE Band 12 (700 MHz)
[E/\ LTE Band 2(1900 MHz)
[E/\ 5G N78 (3700 MHz)
- [E af Base Stations
E-E(E5 Cluster 1
o@D Bs0
& [8An LTE Band 12 (700 MHz)
[=] 3\ Sector0°
[=13y Sector 120°
~[@ 3\ Sector 240°
-[@ /\x LTE Band 2 (1900 MHz)
~[@ 3\ Sector 0°
~[@ 3\ Sector 120°
~[@ 3\ Sector 240°
=@ A 56 N78 {3700 MHz)
~[@ 3\ Sector 0°
~[@ 3\ Sector 120°
~[@ J\ Sector 240°
[ Bsoz
&[5 Ap LTE Band 12 (700 MHz)
~[@ 3\ Sector 0°
~[@ 3\ Sector 120°
~[=] 3\ Sector 240°
-[= A\ LTE Band 2 (1300 MHz)
~[=] 3\ Sector 0°
~[=] 3\ Sector 120°
~[2] 3\ Sector 240°
(2] A\ 5G N78 (3700 MHz)

¢ @ ODE|BBEE D

Saved Coverage

4
Spring |
¢ valley/

b ! ~

OR 221

&7

e = g1
s = A s R

N44.967470° W123.032455° | 440 |

Open areas in urban

| 327

;

RadioPlanner - Legend x

" | Project: Testproject

Network: LTE Band 2 (1900 MHz)

Downlink Frequency: 1936 MHz.

Bandwidth: 10MHz; Mode: FOD; FFR: B0xR1+0xR3

UE Height 1.5 m Gain 0 dBi
M -35 dBm rsrp_bars=5

| M -25dBmrsrp_bars=4
105 dBm rsrp_bars=3

I -115 dBm rsrp_bars=2

" BS Name: BSD3|3.22km | 338.8°
Sector azimuth: 0°

Receiving level: -78.4 dBm
RSRP:-106.2dBm
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Coverage Prediction Comparison

You can add multiple calculations to comparison and their names will appear in tree-view interface under
Compare Coverage. When adding a calculation to comparison, RadioPlanner saves all calculation matrices
so for large calculations it can take a long time and take up a lot of hard disk space. Manage maps in left
and right panels (map shift and zoom) independently of each other. This allows you to compare two
results of coverage calculation in detail. To rename a calculation in tree-view interface, double-click on it
and rename it. To delete an unnecessary calculation, click on it and press Delete button on keyboard.
When closing RadioPlanner, calculations added to comparison are not saved.
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Reports

In the "Reports" menu, you can create different types of project reports - network configuration report,
propagation model report, area survey type, and active sites configuration report.

You can also create a report on population coverage (currently only for broadcasting - see the
corresponding section of this User Manual).

All types of reports open directly in Excel.

Reports
Propagation Model, Network, Area Study Report

(-

XLa

Base station/Transmitter Report

™
bilE]

Population Coverage
[
e | 11 &3

(®) Use OpenStreetMap databaze
() Us=e custom CSV file

Population data contains 1] points

Reports menu

Propagation Model, Network, Area Study Report

- Open report in Microsoft Excel
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A B [ C [ Do | E [ F [ & [ F
4 |Project Name Test project
5 |Customer
& |Data
_Ilr —
8 |Metwork
3 |Name LTE Band 12 (700 MHz)
10 | System Type LTE
11 |Downlink 7315 MHz
12 |Uplink 701.5 MHz
13 |Downlink Rx treshold -101 dBm
14 |Uplink Rx treshold -1035 dBm
15 |Study radius 20 km
16 |
17 | User Equipment (UE)
18 | UE M2l UE Mz2
19 |Type Portable Mobile
20 | Tx Power 02w 02w
21 |Cable and connector loss 0 dB 0 dB
22 |Antenna height 15m 1.5m
23 |Antena gain 0 dBi 0 dBi
24 |
25 | Propagation Model
26 (Type Longley-Rice
27 |Situation 90%
28 |Time S0%
29 |Margin 0 dB
30 | Refractivity 301 N-units
31 | Conductivity 0.02 5/m
32 | Dielectric Constant 15
33 |Climate Zone Continental Temperate
34 |Antenna Polarization Vertical
35 |Add Clutter Loss Yes
36 |
37 |Area St
38 [Type RESRP
39 |UE Nzl Description
40 -85 dBm rsrp_bars=5
41 -85 dBm rarp_bars=4
42 -105 dBm rsrp_bars=3
-115 dBm rarp_bars=2

43

LTE Band 12 (700 MHz)

®

Report in Microsoft Excel

Base station/Transmitter report

T
xLa

Open active site configuration in Microsoft Excel
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Al9 - Je
A F I ] K L M N o P a R 5
1| B2 e | Tx andenna
Mabon | Grow | Moiss [ Laihis Lomgttuzs | ssevation, | 2 | macta scuenent | Daomniink R P kil e e =
2 o - ‘ name | MH; L MHZ w | ) Antenna mode! — — ——= | Cable type | sy
3 |BsD1 Cluster 1 N44.5522417 |W123 0255857 135 MR44EA 7315 K] MIMO-B 4x2 49 Q FFVaGEE-R3-V 25 [] 145 LDF4-B0A 5
4 MR44EA T35 T01.5 MIMO-BE &2 40 120 FFV4BEB-RIV. 25 1] 145 | LDF4-50A ]
5 MR44EA T35 T01.5 MIMO-BE &2 40 240 |FFV4-BEB-RIV 25 1] 145 | LDF4-50A ]
6 |BSi2Z Cluster 1 N44. 5584427 | W122 5823607 135 MR44EA 7315 1.5 MIMC-B 4x2 40 Q FFv4-558-R3-v 25 o 145  LDF4-50A 5
7 MR44EA T35 T01.5 MIMO-BE &2 40 120 FFV4BEB-RIV. 25 1] 145 | LDF4-50A ]
] MR44EA T35 T01.5 MIMO-BE &2 40 240 |FFV4-BEB-RIV 25 1] 145 | LDF4-50A ]
2 |BSD3 Cluster 1 M44.240501° | 'W123.017883° 136 MR44EA 7315 1.5 MIMC-B 4x2 40 Q FFv4858-RIV 25 o 145  LDF4-EDA &
10 MR44EA T35 T01.5 MIMO-BE &2 40 120 |FFV4BEB-RIV 25 1] 145 | LDF4-50A ]
11 MR44EA THE T01.5 MIMO-BE &2 40 240 | FFV4-BEB-RIV 25 [ 45 |LDF4-50A ]
13 |BSD4 Clustar 2 M44. 8530007 | W123 0844657 138 MR44EA 7315 T01.5 MIMO-B 4x2 40 0 FFV4-EEE-RI-V 25 o 145 LDF4-80A 5
13 MR44EA T35 T01.5 MIMO-BE &2 40 120 |FFV4BEB-RIV 25 1] 145 | LDF4-50A ]
14 MR44EA 7315 m.s MIMO-B 4x2 49 240  FFVa-gEE-R3-V 25 o 145  LDF4-B0A 5
15 |BSDS Cluster 2 N44. B4BB1D° |'W122.067474°| 135 MR44EA T35 T01.5 MIMO-BE &2 40 ] FFV4B658-RI-V| 25 1] 145 | LDF4-50A ]
16 MR44EA T35 T01.5 MIMO-BE &2 40 120 |FFV4BEB-RIV 25 1] 145 | LDF4-50A ]
17 MR44EA 7315 1.5 MIMC-B 4x2 40 240 FFV4-8EE-R3-V 25 o 145  LDF4-50A 5
18
-
LTE Band 12 (700 MHz) () 1 3

Sites report sample in Microsoft Excel

Population Coverage

. Open population coverage report in Microsoft Excel
=] Import population data from CSV file
&3 Delete population data

Noise-Adjusted Faded Performance Threshold Calculator

The influence of man-made noise cannot be ignored in the VHF and UHF frequency bands where most
professional mobile radio communication systems operate.

The calculator built into the software determines the Noise-Adjusted Faded Performance Threshold for
various environmental conditions and frequencies.

The calculations take into account Delivered Audio Quality (DAQ) according to the methodology described
in the TIA TSB-88.1 recommendation. The typical parameters of the receiver-demodulator of all land
mobile radio systems are built into the calculator - data is taken from Table Al “Projected VCPC
Parameters for Different DAQs” TIA TSB-88.1-D. Next, a Noise-Adjusted Faded Performance Threshold is
calculated, taking into account one of the three research reports for different categories of land cover:

1. Recommendation ITU-R P.372-13 "Radio noise" (50-250 MHz)
2. OFCOM MMN measurement (AY4119) 2003 (50-1000 MHz)
3. Data from TIA TSB-88.2-D Part 2: Propagation and Noise (162 MHz)
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E Moise-Adjusted Faded Performance Thresheld Calculator >

Receiver parameters

I

Reference Sensitivity

o

ETSI DMR 2 slot TOMA (AMBE +2) (12.5kHz)

I

Reference Sensitivity

=3

Receiver Type

Delivered Audio Qualty = |DAR-3.4 e

Static Camierto Moise Ratio Cs/M = 5.3 dB BER =5%

I=a
—

Faded Camier to Moise Ratio Cf/M 56 dB BER =2 %

I
]

Equivalent Moise Bandwidth

Receiver Moise Figure dB

Faded Peformance Threshold -108.7 dBm

Man-mnade noise

() Rec. ITU-R P.372-13 Radio noize (50 - 250 MHz)
() OFCOM MMN measurement (4Y4115) 2003 (50 - 1000 MHz)
(@ TIA TSE-88.2-D Part 2 Propagation and Moise (162 MHz)

Frequency 162 MHz

Category Major Metro - Developed, Medium Intensity (23) -
7
Man-made Moise (Fam or Nrj) = dB

Result

Moise-Adjusted Faded Peformance Threshaold  [-102.6 dBm

Noise-Adjusted Faded Performance Threshold Calculation

To calculate the Noise-Adjusted Faded Performance Threshold, the user must specify:

1. Reference receiver sensitivity in dBm or uV - This is usually given in the technical specification as
receiver sensitivity with 12 dB SINAD for analog systems or with BER = 5% for digital systems.

2. Type of land mobile radio
3. DAQrequired, usually DAQ=3.00r 3.4
4. Select the research report on which the calculation will be based and the environmental category

5. Specify the carrier frequency.
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After changing any field of source data, the calculation is performed automatically. If an empty field
appears as a result of the calculation, this means that incorrect data has been entered on receiving

equipment (not physically feasible) or man-made noise graphs are beyond the frequencies at which the
studies were performed.
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TV and Radio Broadcast Networks Planning

RadioPlanner 3.0 performs broadcast coverage prediction and determines the population in the
coverage area based on the OpenStreetMap project database or user data in CSV format. Based on the
results of the prediction, a list of settlements covered by broadcasting is formed, indicating the
population in each settlement and the total population in the coverage area.

RadioPlanner 3.0 allows you to work with multiple TV or Radio networks in one project. When creating a
new project, the first network is created by default.

l:i‘}._, B
Area Study Type

Mumber of Metwarks DL w

Area Study Resolution for all study types
® Low () Medium () High

Mumber of netwarks for Mabile Unit N21

3 Maximum number of netwaorks

Color r:itmﬁf&f Description

Networks menu

ab | Add a new network

® | Calculate Coverage (See Coverage predictions for multiple networks section)

Area Study Type Coverage predictions for multiple networks:

- Number of Networks (DL)
See Coverage predictions for multiple networks section
Area Study Resolution for all | Coverage prediction resolution. Specifies the details of both
study types aggregated calculations and calculations for each of the networks.

-  Low

- Medium

- High
The resolution corresponds to one pixel of the screen for zoom =11
(low detail), zoom = 12 (medium), and zoom = 13 (high). For a
geographic latitude of 55 degrees, this is approximately 40, 20, and 10
meters, respectively.
The higher the resolution, the longer the calculation time.
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Network

The “Network” menu is used to set all parameters for the selected network and calculation parameters.
To design television and radio broadcasting networks, you must select the system type "Terrestrial
Broadcasting".

Metwark
PO 5] Y| E3E|® ||t

Metwork name |HTHS Multiplex | |

System type | Temestrial Broadcasting ~

Metwork parameters

Band MHz
Study radius km
Rx antenna height m

Area study type
Field strength (DL} w

Field strength for Mobile Unit N21
4 s~ MNumberof levels

Color Description

> | 58 | dBuW/m | 256 GAM 4/5 PP4 64800 |
to | 58 | dBuV/m [64 QAM 4/5 PP4 64300

|
to [ 53 | dBuV/m [16QAM 4/5 PP4 64800 |
|

41 | to | 47 | dBpV/m |QF‘SK4!5F‘F‘4I348DD

o Bl
BREEH

Network menu

Add a new network with the same parameters (copy the network)
Check/Uncheck all sectors for current network

Move the Network up

Move the Network down

Delete the network

Calculate Coverage

1 @3 |@]dp

Calculate coverage for each active transmitter and save the map as a KMZ file

=
=
]

Load network parameters from a template

[ |[s

Save network parameters as a template
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Network name Name of network, text field
System type System type options:

- Generic TRX

- LTE

- 5G

- Terrestrial Broadcasting

- Air-to-Ground Radio
The selected system type will determine the set of additional system
parameters, as well as the types of coverage predictions available.

Band Average network frequency, MHz Used only to calculate clutter loss
in the ITU-R P.1812 and ITU-R P.1546 propagation models
Rx antenna height Rx antenna height, m
Study radius Maximum study radius, km The larger the radius, the longer the
computation time. Do not set an unnecessarily large calculation
radius.
Sites
Sites X
| & &= =¥ | & | &
Site Tree View Structure
() Sectors orly
(® MNetwork | Sector
() Metworks as nodes
Sites

Add a new site

)|

Add a new site group

] Import a site list from *.csv file

= Sort sites in alphabetical order

— Collapse of site nodes

= Collapse all network nodes

o Epand all site nodes

x Delete all selected sites

E Import sites parameters from Microsoft Excel document
T Export active sites to Microsoft Excel
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To create a new site, click on Sites in the Tree View interface, then click the l:"}-l button in the panel that
opens.

Import sites from *.CSV file

You can also import sites from CSV files (text format with a semicolon separator). This is a universal format
that can be used to save a spreadsheet from any spreadsheet editor (Excel, LibreOffice Calc, etc.) or
database. Each point object must have required fields including site name, Latitude, and Longitude.
Coordinates can be formatted as HEMISPHERE degrees minutes seconds (N35 23.8 36) or HEMISPHERE
decimal degrees (N12.34567).

To import sites, click on the button id (import sites from *.CSV) and select a CSV file.

[of D:\Dropbox\RadioPlanner\new.csv - Notepad++ — O X
File Edit Search View Encoding Language Settings Tools Macre Run  Pluging Window 7 X

o B s s & | |2 | 2| BEE| =1 EEREELE
|=| new.csv E3 l

1 Txl;HN54.965234;E83.25125%9
2 Tx2;ME55.913571;E83.253403
Tx3;M56.975623;E83.242368

length: 81 line Ln:4 Col:1 Sel:0|0 Windows (CRLF)  UTF-2 INS

CSV file sample

Site Details

When clicking on a created site in the Tree View interface panel, the Site Details panel will open where
you can edit details such as name, coordinates and additional text information about the site and view
elevation relative to sea level.
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Site Details X
L PARI PG
Mame |F‘al.rt|:n.fsk'_.' |
Latitude | N55.565467° |
Longitude |E82.758433" |
Site elevation 138.0 m Get elevation
Motes
Group name | Group 1 b
Site Details
ab Add a new site as a copy of this site
#1D Move this site up or down
&3 Delete the site
] Load site sectors of the selected netwirk from a template
M Save the sectors of the selected netwirk as a template
e Position the map with the site at the center of the screen
— Copy Site Parameters to all active Sites
Name Site name, text field
Latitude The geographical latitude of the site in the format
specified by the user in Settings
Longitude Geographical longitude of the site in the format
specified by the user in Settings
Site Elevation Site elevation relative to sea level, m
Notes Text box for any additional site information
Group name Select site group. Sites can be combined into groups
(clusters), allowing you to quickly include/exclude
large groups of site from calculations.
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Transmitter Parameters

When creating a site, one transmitter of this site is automatically created. There is an activity icon next to
each site and sector in the Tree View interface panel. For a transmitter to be calculated, it must be marked
as active (a dot in the center). Clicking on the transmitter will open a panel with its parameters.

i (E3]|||ap

Qb @

Transmitter Parameters

| 7|V =|@|a|O

Metwork | RTRS Muttiplex | w

Mame |F‘al_rtn:|'-.-'sk'_.' Imu 25ch |

Radio equipment |H&S THUS UHF Transmitter |

Tx antenna

Frequency |538 MHz Artenna Height m
Tx power (300 W Antenna gain dBi

Minimurm figld
math [524 | dBuV/m Azmith [0 | deg.
Best Server Color - Beam il EI deq.
Txpower: 57 dBm Artenna model |Kathrein 75010067 |
T transmission loss
Cabletype LDF12-50 2-1/4" ~ Antenna
pattems in

Cable length m relative dB:
- horizontal

Cable loss dB Sl
027 |

Additional loss B

d
Total loss |1.47 dB

EIRP: 65.5 dBm

Simulcast parameters
Simulcast
delay offset ICI Hs

Transmitter Parameters

Add a new transmitter with te same parameters to selected site
Move the transmitter up or down

Delete the transmitter

Global Active Transmitter parameters change. You can replace the selected parameters
for all active transmitters as the current transmitter.

Position the map with the transmitter at the center of the screen

Analysis of measurements along the route. See more details in the " Import Measurement
Results and Propagation Model Tuning for TV and Radio Broadcasting Projects" section.

Calculation of service and interference contours using FCC and ITU-R propagation curves.
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Network The network to which the transmitter belongs, select from the drop-
down list of networks.
Name The name of the transmitter, the text field. If left blank, the name

“Sector azimuth” with the azimuth value specified in the transmitter
parameters panel will be automatically displayed in the tree view panel
on the left. If you specify a name in this field, it will be displayed in the
tree view.

Radio Equipment

Name (model) of Radio equipment, text field

Frequency

Transmitter carrier frequency, MHz

Tx Power

Transmitter power, W. Same value in dBm for control

Min. field strength, dBuV/m

Minimum field strength required for reception, dBuV/m. An area with
a field strength less than the specified value will be excluded from
transmitter coverage. This feature is useful for displaying the total
coverage area for a network of transmitters operating in different
frequency bands or with different modulation levels. Since such
transmitters have different minimum field strength required for
reliable reception. This value is also used in FCC and ITU-R 1546
contours calculations.

Best Server Color

The color that will be used to indicate the coverage for this transmitter
when calculating the Best Server coverage prediction

Cable Length

Main cable length, m

Cable Loss

Loss in cable, dB. Calculated value

Additional Loss

Additional losses, dB - combining losses, losses in jumpers, and
connectors. Any additional losses.

Total Loss

Total loss, dB. The calculated value.

Antenna Height

The antenna radiation center height relative to ground level, m

Antenna Gain

Antenna gain relative to isotropic radiator, dBi

Azimuth

The azimuth of the antenna in degrees

Beam Tilt

Tilt the antenna in degrees. Down is negative; up is positive.

Antenna Model

Antenna name, text field. Automatically filled with the antenna pattern
file name when selecting a pattern.

]

Load MSI antenna pattern file. An antenna pattern file is a standard MSI
file that can be downloaded from the antenna manufacturer's website.
Antenna patterns are integrated into the project file.

Simulcast delay offset (ps)

Transmitter simulcast delay offset, us
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Global Active Transmitter Parameter Changes >

Sector Parameters

[] Radio equipment

[ ] Freguency

] T= power

[] Minimum field strength

[] Best server color

[ ] Cable type

] Cable length

[] Additional loss

[ ] Antenna Height

[] Antenna gain

] Beamtit

[] Antenna model and pattem

[ ] FCC Curve

[] ITU-R P. 1546 Percentage Of Time
] ITU-R P. 1546 Percentage Of Location
(] ITU-R P. 1546 Path Type

Select/unselect all

The changes will only apply to the netwaords: RTRS Multiplex |

Cancel

Global Active Transmitter Parameter Changes

Global Active Transmitter parameters change is a feature that allows you to instantly change the
parameters of any active transmitters to match those of the current transmitter. To perform group
parameter changes, mark the transmitters whose parameters need to be changed as active, set the

e
=

required parameter values in the current transmitter, click on the button , select the parameters that
need to be changed in the previously marked active transmitters from the list, and click on the OK button.

Propagation Models for Radio and TV Broadcasting

When working with television and radio broadcasting projects, one of the following propagation models
is usually used:

- ITU-RP.1812-4
- ITU-R P.1546-6
- Longley-Rice (ITM)v 1.2.2

For more information about these models, see the Propagation Models for mobile section.
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Area Study Types

For terrestrial broadcasting systems, you can choose the following types of coverage prediction:

-  Field Strength
- Best Server

Field Strength (DL)

The base map displays areas with different colors, where the corresponding level of radio signal strength
is present at the reception point.

Area study type
Field strength (DL} w

Field strength for Mobile Unit N21
4 s~ MNumberof levels

Color Walue Description
> | 58 | dBuWim |256 GAM 4/5 PP4 64800 |

to | 58 | dBpVs/m |E~4 GAM 4/5 PP4 64300

d |
to [ 53 | dBuV/m [16 QAM 4/5PP4 64800 |
to | 47 |dBuVsm |QPSK4/5PP464800 |

|
2][#][=][#]

Field Strength (DL) menu

Number of Levels The number of field strength levels (1-8)
Color Color level

Values Field strength, dBuV/m

Description Text field to describe signal level

Page 113 /137



RadioPlanner 3.0_240920 User Manual

. RadicPlanner 3.0 D:\Dropbox\00_RadicPlanner 3\TV and FM_Field strength_Longley-Rice model.rp3

E" E| & ~ OpenStreetMap

RadioPlanner project
Project Information
- Settings

- Geo Data

N\ Propagation Model
Compare Coverage | —

v

O @@ [E|BeBEE P2

&2 Map Layers % KCRBFM F(50,10) 41dBp\/m
-0 Reports = B Hainy, WLV
-8 Point Analysis e » o lake
"B Netwas o ’j.,-\__/\f
» 48 ]
[=] /\n Network 1 o - (i ||s° .
- =g Sites e
=[] KO3IY-D - Denver - v %
o -3\ KO3IY-D - Denver & be . B Flet50) 41 ﬂ‘ Quetico
=-[]"%" Arab Emirates b ) eag T Provincial
: (R, Park
3 N
G ,
iy 7
ball,_r v F:iimdi_l':.. 2
. ; RadicPlanner » Legend *
I M | Project: Mew Project 2023/07/08
E| s [ |Metwork: Network 1
L3y Japan f /| Downlink Frequency:ﬁ.il\cﬂz
5 O et [ oo Longn
- LIR\ Prince Edward sl 7 =y Study: Field strength (DL}
E‘E"ﬁ' Qatar 3 e Mob. UnitNeq (Antenna Height: 10 m)
L-[E3)\ Qatar ! | ; ot W 81 dEpvim
-1 CIMFFM L M 71 dByvim
: % 3 CIMFFM % t P, -_{{:”‘* 3 | &1dBuvim
E‘D'ﬁ' WUVI-LD - Chicago g L c = . 3 | W 51 dBpVim
O3 WUVHLD - Chica, g H A g v [ 41 dByvim
=00 KMMCLD o SER R
03y KMMC-LD ¥ by %
=18 K35IND P 7
b K35JN-D ;
O 521 4 | 100 km |
=y .4 - S
| | 22 |
FM Transmitter Field Strength Coverage
Best Server (DL)

The Best Server map shows the identity of the transmitter supplying the strongest received signal at each
location. The required service threshold for calculating the Best Server is Min. field strength, dBuV/m.

Area study type

‘Best Server DL

Best Server Study Type Parameters

Color assignment for Mobile Unit N1
(®) Apply automatic color assignment
() Use colors from sectors

Apply Automatic Color Assignment

Assign colors to transmitters in random order

Use Colors from sectors

Assigning colors from the transmitters parameters

Page 114 / 137



RadioPlanner 3.0_240920 User Manual

® RadioPlanner 3.0 Ci\Users\user\Desktop\RadioPlanner TV Nsk.rp3 — O X
[T~ | 9 - opensueemap ¢ @ BE BEEEL_ D ?-
RadioPlanner project _ 4 o

Project Information _I;"u\.
Settings 9
..... @ Geo Data

----- N\ Propagation Model
----- Compare Coverage
..... g Map Layers

----- B Point Analysis

=[] /\n Networks Peuiouy

[=] An RTRS Multiplex 11
-[=] e Sites

B[ Group 1
E|E|'§;' Pautovsky

2-[=] 8" Sosnovka

~[E 3\ RTRS Multiplex | | Sosnovke

[=] = RTRS Multiplex Il | Sosnovk

[=]8" Movomihailovka

[=] = RTRS Multiplex | | Novomihz &5 | Project: TV Test

[=] = RTRS Multiplex Il | Novomihi Z =k Metwork: RTRS Multiplex |

CER Raduce ‘ RiSeice Thvenald: 100dEm

[\ RTAS Muliplex || Raduga i sy ~|Prop. model:Rec. ITU-RP.1545-5
bl Location: 50%; Time: 50%

| Study: Best Server (DL)

] UE Height 10 m Gain 0 dBi

RadicPlanner » Legend

=

=-[=] &) Sokur

| Site Name: Raduga | 23.067km | 114.5"
Sector azimuth: 0%
| Field strength MU1: 56.8 dByV/m

| —25 km—

=-[2]"8" Chilino
: [=] 3y RTRS Multiplex | | Chilina Imi

] ] Koneuoso
KnarHnnfck 1

N55.407189° E84.059143° | 2030 | | 612 |

wireless-planning.com

Best Server for TV DVB-T2 network

Simulcast Delay Spread

This prediction is used for single-frequency network (SFN). Inter symbol interference in the receiver will
occur under certain conditions related to delay time between signals arriving at a given location and
their relative power. The simulcast delay spread is calculated as follows:

P, Power arriving al a lerminal anlenna from transmiller i

d; Time of flight from transmitter i to antenna terminal

2
S (3a]
g T, Multipath Spread (twice the RMS delay spread)

Page 115/ 137



RadioPlanner 3.0 240920 User Manual

The simulcast delay spread is calculated by considering only the six strongest signals at any grid analysis
location. The results of the calculation are displayed in ps on the map.

Area study type
Simulcast Delay Spread w

Simulcast Delay Spread
Receiver Simulcast Capture Ratio dB

L Mumber of levels

Colar Walue Description

| BECEE | |
| | 24 [to] 266 [1s | |
| | 133 [to| 224 | s | |
| | 112 [to| 133 |5 | |
| | 56 [to| 112 |s | |
Bl [ 3 o] % [s | |
Bl [ ¢ o] 28 [ | |
| L 7 o 14 s | |

Simulcast Delay Spread Parameters

Receiver Simulcast Capture Ratio For delay spread studies, the delay is calculated and displayed
only when the power of the strongest received signal and the
power of the second strongest received signal are within the
capture ratio of each other.

Number of Levels The number of levels (1-8)

Color Color level

Values Simulcast Delay Spread, s

Description Text field to describe Simulcast Delay Spread value

To reduce interference between simulcast transmitters, it can be useful to artificially delay the signal
transmitted from a given location using Simultaneous Delay Offset entered in Transmitter Parameters.
By carefully assigning offsets to different transmitters, some control can be exercised over where
interference occurs.

FCC Contours

RadioPlanner 3.0 allows you to calculate service and interference contours using FCC propagation curves.
These contours are used in North America in accordance with FCC rules and are also recommended for
use when planning television and FM broadcast stations in some countries.
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FCC and [TU-R Contours >

Minimum field strength 52 4 dBuVsm

FCC contour parameters

Curve | F(50,50) w

ITU-R P.1546-6 contour parameters

Percentage of location %

Percentage of time |50 =~ | %
Path type | Land o

Add map layer

Close

FCC and ITU-R Contours

FCC contour parameters See the section FCC contours

Curve FCC curve from set F (50.50); F (50.10); F (50.90).

Add Map Layer Adding a contour with selected parameters to the map as a layer

ITU-R P.1546-6 contour | See the section ITU-R P.1546-6 Contours

parameters

Percentage of time Percentage of time for which the contour will be calculated (50%, 10%
or 1%)

Percentage of location Percentage of location (receivers) for which the contour will be
calculated (50% -99%)

Path type Land, Cold sea or Warm sea

Add Map Layer Adding a contour with selected parameters to the map as a layer

To calculate an FCC contour, go to the parameters menu of the transmitter for which you want to calculate
the contour. Enter the required value for the electromagnetic field strength (Minimum field strength) and
select the type of FCC propagation curve:

- F(50,50) - Service contour curve for FM broadcasting and analog television
- F(50,10) - Interference contour curve
- F(50,90) - Service contour curve for digital television

After clicking the “Add map layer” button, the FCC contour will appear on the base map as a vector layer.
The name of this layer displays information about the transmitter’s name, the type of curve, and the field
strength level. By default, service contours are displayed in black and interference contours in red. You

can change the display settings of this layer as desired; working with it is no different from working with
other vector layers on the map.

The calculation uses the frequency specified in the “Band” item in the “Network” menu.
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For more information on designing broadcast stations using FCC curves, see https://recnet.com/fag-
contours or https://www.fcc.gov/media/radio/fm-and-tv-propagation-curves-graphs.

. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\TV and FM_Field strength_Longley-Rice model.rp3
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"I'..N""n Z e

.| RadioPlanner - Legend *

i /| Project: New Project 2023/07/06

Vel ¥ Metwork: Netwaork 1
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Prop. model: Longley-Rice

Location: 50%; Time: 50%

| Study: Field strength (DL}

Mob. Unit M21 (Antenna Height: 10 m)
W 50 dBy\im

- D'ﬂ' F‘nnce Edward lsland
-] =\ Prince Edward Island
= O Qatar

H L3 Site Name: KCRBFM | 37.761 km | 356.8°
E I CIMFFM = Sector azimuth: 0°

© 03 CIMFRM | Field strength MU1: 82.3 dBuV/m

E| -[1"8" WUVI-LD - Chicago v

- 95 km —
N4g.039529° W94515381° | 3760 | | 141 | m

FCC Contours + Longley-Rice coverage

ITU-R P.1546-6 Contours

To calculate an ITU-R P.1546-6 contour, go to the parameters menu of the transmitter for which you
want to calculate the contour. Set the value of the electromagnetic field strength (Minimum field

strength), select the type of path, and enter the percentage of locations and times for which you want
to perform the calculation.

The following contours are commonly used (percentage of locations, percentage of time):

- (50.50) - Service contour for FM broadcasting and television
- (50.10) and (50.1) - Interference contours

After clicking the “Add map layer” button, the ITU-R P.1546-6 contour will appear on the base map as a
vector layer. The name of this layer displays information about the transmitter’s name, the type of
curve, and the field strength level. By default, all contours are displayed in black. You can change the

display settings of this layer as desired; working with it is no different from working with other vector
layers on the map.
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Point Analysis in Terrestrial Broadcasting

In this panel, you can see results of field strength calculations at any point on the map.

You can change the current point on the map by clicking on a new location with your mouse. The path
profile is a vertical section of terrain between transmitter and receiver that shows information about
elevations and clutter. The colors that mark various obstacles on the profile correspond to those used in
the clutter model.

The path profile shows antenna radiation center heights for both transmitter and receiver as well as
Fresnel zone for radio beam, free space loss, diffraction loss due to terrain and clutter surrounding the
receiver.

Find the required transmitter and click on it with your mouse (not to be confused with activity tag).
Information about selected sector will appear above path profile.

Below path profile is a table displaying results of field strength calculations.

Point Calculations

Selected site and sectaor

Site: Sosnovka; Sector: Sosnovka Imux 25ch Mahile unit- |1
Propagain model: Rec. ITU-R P.1812-6; Netwars: RTRS Multiplex |

Point coordinates: N55.101155° E82 583856

Path azimuth: 173.7°; Path inclination: 0.05°

Freespaceloss 1105 dB; diffraction loss 15.6 dB; clutter loss 12 dB

2244

0 1.7 3.5 5.2 8.9 8.8 1E:.4 121 14.784 km

Site and sector name ETJ?;&TG?:HI-]:
Sosnovka; Sector: Sosnovka Imux 25ch 437
Pautovsky; Sector: Pautovsky Imux 25ch 315
Sokur; Sector: Sokur Imux 25ch 285
Movomihailovka; Sector: Movomihailovka Imux Z5ch 255
Raduga; Sector: Raduga Imux 26ch 103

Point Analysis
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Calculation of the Population Covered by Television and Radio Broadcasting

RadioPlanner allows you to determine the population in the coverage area. Based on the calculation
results, a list of localities covered by broadcasting is formed, indicating the population in each locality and
the total population in the coverage area.

To calculate population covered, you first need to calculate the downlink field strength coverage for the
transmitter (or several transmitters). The population covered will be made for the lowest field strength
level used in the calculation.

The population and list of localities covered by the broadcast can be obtained from the OpenStreetMap
project data or a local dataset (CSV file). In both cases, the population covered is counted according to
the following algorithm. In the center of each settlement, there is a point, the entry of which into the
coverage area with a given field strength is the basis for including the entire population of this settlement
into the coverage area. If the OpenStreetMap database is used for the calculation (in this case, a copy of
the database located on our server is accessed), then these points are point objects - settlements with
the tag place = city; town; village; hamlet, and the corresponding population tag.

To calculate the population covered, go to the "Report" menu and select the calculation method - using
OpenStreetMap database or a custom CSV file. If you have selected the OpenStreetMap database, then
click on the "Open Report" tool and a spreadsheet will appear with the population and the list of
settlements covered by the broadcast. This spreadsheet will also show the total area of coverage in square
kilometers, as well as the average coverage radius (only when calculating coverage from a single
transmitter).

Reports x

Population coverage
T
| th || &3

(® Use Open Street Mape database
() Use custom CSV file

Population data contains 0 points

Base station/Transmitter repart

—
'y

Reports panel
Ty Open population coverage report in Microsoft Excel
=] Import population data from CSV file
(4 Delete population data
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H1 A § 2 R
A B C D E F G -

q Locality Population Coverage area, km* A\r:orjegrea;c?l::naf |_

2 |Québec 530168 16809.8 731 ]

3 |Lévis 143414

4 | Trois-Riviéres 134413

3 |Saint-Augustin-de-Desmaures 18820

6 |L'Ancienne-Lorette 16543

7 |Saint-Boniface 4532

& |Boischatel 4751

9 |Chateau-Richer 3527

10 | Saint-Maurice 3286

11 |Saint-Isidore 3017

12 | "Ange-Gardien 2946

13 |Sainte-Anne-de-Beaupre 2775

14 Wendake 2134

15 | Sainte-Anne-de-la-Pérade 2072

16 |Vallée-Jonction 1972

17 |Champlain 1742

13 | Saint-Joachim 1439

13 | Sainte-Agathe-de-Lotbiniére 1200

20 | Saint-Morbert-DrArthabaska 1166

21 |Saint-Rosaire 843

22 | Saint-Séverin 281

23 |TOTAL 8813, -
Population coverage [ 1 »

Population Coverage Report

If you want to use custom population data to calculate population coverage, prepare a text CSV file in the
format described below.

|=] Population csv E3 |

1 preysk:ﬂ].293839:113.21?222:90? LY
2 Dorozhnoye;50.314722;113.176667; 168
Dlacha;50.403333;113.272778;365
Mogoty:50.352500;113.832500,802
Tokhtor;50.079167;113.354444;411
Harasun;50.088611;112.5879722;1013
Karulgas50.118056;112.761944;418 W

Sample CSV text file with population data

Required data for each locality: The name of the settlement; Latitude; Longitude; Population
The data separator is the semicolon character.

Coordinate presentation formats - HEMISPHERE DEGREES MINUTES SECOND (N35 36 23.8) or
HEMISPHERE DECimal DEGREES (N12.34567).

To import data on population from a CSV file, click on the button "Import population data from CSV file"
and select file, after which the program will show the total number of settlements with data on the
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population. Click on the "Open Report" tool and a spreadsheet will appear with the population and the
list of settlements covered by the broadcast.

Import Measurement Results and Propagation Model Tuning for TV and Radio
Broadcasting Projects

RadioPlanner 3.0 allows you to tune clutter loss for a propagation model by comparing measurements
with predicted Rx power values. Loading, preprocessing and analysis of measurement file is performed in
transmitter panel.

Analysis along route O *
-20
-30
.
B AT P P P
SRR ST 3
PN GAOTENH Uy
= e % AR LI N ]
w ¥ e TR
. "L
. .
-80 2
.
-70
-80
-80
100 L=42dB
d=5.941km
Open areas in suburban
< >
Measurement receiver parameters Signal Value Units
R Artenna Gain dBi Feederloss [0 | dB sm® 700 @® dBm O dBuV/m O dev
Measurement data
M m[E3 Measurement name |TDE2 MHz 50k-19.csv | Apply Tuned Clutter Losses to Propagation Model
Distance to TX Signal level
~
Minimum distance 1 km Maximum level 30 | dBm i i it
TR Mot "G Doveton B towdd
0002 _44.39652 Maximum distance km | FProcess Minimum level dBm | Frocess 1820 0 59 135
0 0 0 o
0003 -47.60277
0004 38.94488 Gap Reverse table 7 0 7 199
E - 110 0.2 6.4 15.2
0005 | -33.13978 Miimumgap | 100 | m | Process Process 17 0 5 12
0006 -42 89682 !
0007 | 4243666 Sector from TX. Add new map layer with measurement poirtts 13’31 3 ,55 E;
0008 -48.45772 - -
oots | 286785 Setage [ 0 ] deg A Open areas in suburban 517 02 65 148
0010 45.97038 - End angle deg | Frocess 194 4.5 7 15.7
OK Cancel

Measurement Analysis Along Route for FM

Import of measurement data from a CSV file

=

il Export of measurement data to a CSV file

83 Delete measurement data

Rx Antenna Gain dsi  Measurement receiver antenna gain, dBi
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50 @

Feeder loss EI dB

Signal Value Units

(®) dBm () dBuV/m () dBuv

Tools for preliminary processing:

750 O

System type, Ohm

Antenna cable loss, dB

Select signal units to display

Distance to TX
Minimum/Maximum Distance

Limit the points that will be included in the comparison
by distance from the transmitter

Minimum Gap

Signal level Limit the points that will be included in the comparison
Minimum/Maximum Level by received power level from the transmitter
Gap Perform averaging of the power level within a given

segment

Sector from TX
Minimum/Maximum Angle

Limit the points that will be included in the comparison
by azimuth from the transmitter

Reverse table

Change the order of points in the route (the last point
becomes the first, the penultimate point becomes the
second, and so on)

Add New Layer with Measurement Points

Add a custom measurement layer to the map. The
resulting layer will appear among the user layers; the
layer name will correspond to the transmitter and
antenna direction.

Measurement file in CSV format

Each of the lines in this file contains three parameters: the level of the measured signal from transmitter

in dBm; geographical latitude; geographic longitude

The separator of parameter values is a semicolon.

Formats for the representation of geographic coordinates are Hemisphere Degrees SECOND MINUTES

(N35 36 23.8) or HEM DECIMAL DEGREES (N12.34567).

Q{ YWMonster\gis\RadioPlanner\ 703_processed.csv - Motepad++  — O >
File Edit Search View Encoding Language Settings Tocls Macro  Run
Plugins  Window 7 X
_- h 15| =
o & 2 s & | i | |8 By | & & | BE| =
|=] 703 _processed.csv E3 l
1 —-88.2 ; HS7.6T7T61283874512 ; E38.6132087707352 ~
2 -85.2 ; NST.6T757431030273 ; E38.6172218322754
-86.4 ; HN57.eTL55828857422 ; E38.6215744018555
4 -85.7 ; H57.6750068664551 ; E38.6251831054688
= —-88.8 ; N5S7.6754493713379 ; E38.6297950744629
& -91.9 ; NS7.6752128€01074 ; E38.6337928771573
T -93.4 ; HN57.6748466491699 ; E35.637790875931¢c
-891.6 ; HS7.674373626705 ; E38.642673452431¢6
-91.8 ; NS5T7.6T738243103027 ; E38.6467018127441
1 -93.5 ; WN57.6734352111816 ; E35.650844573974¢ b
Ln:1 Col:1 5el:0]0 Windows (CR LF) UTF-2 IMNS

Measurement file in CSV format

Page 123 /137



RadioPlanner 3.0 240920 User Manual

Operating procedure:
1. Based on the results of field measurements, prepare a file with the measurements results.

2. Specify the antenna gain, cable loss and impedance for the measuring receiver path. The height of the
receiving antenna is set in the network parameters.

3. Upload measurement files to the transmitter. The results of the measured and calculated receiving
levels along the route will appear. Measurement levels are indicated in black, calculated levels - in a color
that corresponds to the clutter type at a given point (yellow - open space). The abscissa shows the route
point numbers. Hovering over the plot displays the calculated and measured levels, the difference in
levels, the distance to the site in kilometers, and the clutter type. If necessary, perform the preliminary
processing. When you click on the plot, a context menu appears, in which you can delete a point with the
measurement result.

The table below the plot will indicate the number of points, the average error, the standard deviation of
the error, as well as the recommended loss values for different clutter types, at which the average error
will be zero. When you click on the button "Apply Tuned Clutter Losses to Propagation Model", the values
for the points of the plot will be recalculated taking into account the tuned values, as well as the loss
values in the "Propagation Model" menu will be changed. To assess how the new obstacle loss values will
affect the coverage calculation result, you need to re-calculate the coverage.

4. Now, based on the analysis of the results obtained for different clutter types and for different
transmitters, a decision is made regarding the need to tune the values of the previously used clutter losses
in the propagation model.
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Air-to-Ground Communication Coverage Prediction

RadioPlanner 3.0 can predict coverage for Air-to-ground communication and radio navigation systems
operating in VHF, UHF, and microwave frequencies: UAV (Drone) Control, Air-to-ground radio, ADS-B,

VOR, DME.

The system type must be set to Air-to-Ground Radio. The set of parameters for the Site and Mobile Unit

is similar to that of the mobile communication network.

Network

The “Network” menu is used to set all parameters for the selected network, including mobile station
parameters and calculation parameters. You can also perform calculations for the network using this

menu.

Metwork

*| O] F]| ¥R H|®| k| |t

MNetwork name |.F'|.ir-to-Ground |

System type | Airto-Ground Radio e

Metwork parameters

Ground-4o-air MHz Airto-ground MHz
Aircraft R G d Rx
threshold e "reshold dBm
Study radius kem

Mabile Unit M21
Type loom 1C-AZ20
T power (W) a8
Cable and connectors loss (dB) 0
Artenna height (m) 1500
feerna ain ) 0
Area study type
Received Power Airto-Ground Link o

Mabile antenna height reference
() Sealevel (@ Ground level

Mabile antenna heights
B oW MNumber of levels

Color Height Description

[

m |

E]

|Hnbinsun R44 cruise alttude

m |

AN NN
Wl

m |Hubinsun R44 max atttude

Network menu for Air-to-Ground Radio

4F | Add a new network with the same parameters (copy the network)
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Delete the network
System parameters

Calculate Coverage

J|@|H 3¢ =@

=
I
]

[=|[&

Move the Network up

Move the Network down

Check/Uncheck all sectors for current network

Calculate coverage for each active sector and save the map as a KMZ file
Load network parameters from a template

Save network parameters as a template

Network name

Name of network, text field

System type

System type options:

- Generic TRX

- LTE

- 5G

- Terrestrial Broadcasting

- Air-to-Ground Radio
The selected system type will determine the set of additional system
parameters, as well as the types of coverage predictions available.

Ground-to-Air

Carrier frequency towards aircraft, MHz

Air-to-Ground

Carrier frequency to ground, MHz

Aircraft Rx threshold

This threshold value will limit the coverage prediction display based
on whether the signal received at the aircraft from the ground base
station is above or below this threshold, dBm

Ground Rx threshold

This threshold value will limit the coverage prediction display based
on whether the signal received at the ground base station from the
aircraft is above or below this threshold, dBm

Study radius

Maximum study radius, km The larger the radius, the longer the
computation time. Do not set an unnecessarily large calculation
radius.

Mobile Units
Type Name (model) of Mobile Unit, text field
Tx Power Transmitter power, W

Cable and Connector Loss

Loss in cable and connectors, dB

Antenna Height

Antenna height relative to ground level, m

Antenna Gain

Antenna gain, dBi

Propagation Model for Air-to-Ground Radio

The propagation model is a combined model based on the recommendation ITU-R P.528-3 (02/2012),
“Propagation curves for aeronautical mobile and radio navigation services using the VHF, UHF, and SHF
bands” and the recommendation ITU-R P. 526-14 “Propagation by Diffraction.”
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The hybrid model takes into account the following factors affecting the propagation of radio waves
along the air-to-ground path:

- Free space loss

- Diffraction loss along the path taking into account the curvature of the Earth and the terrain
profile extracted from the DTM

- Variation of the received radio signal due to multipath fading

Propagation Model

Rec. ITU-R P.528-5 + [TU-R P.526-15 w

Madel parameters

Time availability A
Confidence mangin EI dB

Propagation model for Air-to-Ground Communication

Time Availability, % By choosing a particular time percentage, the calculated received
power values are the power levels that will be exceeded at least
that percentage of time.

Margin, dB Prediction confidence margin. Since the received power level
calculations are estimates, the prediction margin lets you specify
a safety margin in dB so that you can be more confident that your
signal level estimate is indeed above the specified signal level.

Area Study Types for Air-to-Ground Communication

For the Air-to-Ground Communication project, you can choose one of the following area study types:

- Received power Air-to-Ground link
- Received power Ground-to-Air link
- Best Server Air-to-Ground link

The area study resolution for air-to-ground calculations corresponds to one screen pixel for
magnification = 7 (Low), magnification = 8 (Medium), and magnification = 9 (High). For a geographic
latitude of 55 degrees, this is approximately 720, 360 and 180 meters, respectively. The higher the
resolution, the longer it takes to calculate.

Received Power Air-to-Ground/Ground-to-Air Link
In these types of calculations, the map displays different colors of coverage areas for different heights of
the Mobile Unit (aircraft). You can set from one to eight different altitude levels.
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Area study type

|Fiec:eived Power Airto-Ground Link

Maobile artenna height reference

() Sealevel

Mabile antenna heights

Mumber of levels

[0 |m |
[ 50 |m |

|Hubinsun R44 cruise alttude

2000 | m |

|Hobinsnn Fid4 max altitude

Description

(® Ground level

Received power Air-to-ground link

Mobile Antenna Height Reference

- Sea level
- Ground level

Number of Levels

Number of altitude levels

Color Color level

Height The value of the height of the mobile unit for which coverage
area is displayed in meters.

Description Text field
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Best Server Air-to-Ground Link

The Best Server map is a map showing the identity of the sector supplying the strongest received signal

at each grid location.

Area study type

| Best Server Airto-Ground Link

Mabile antenna height reference

() Sealevel (® Ground level

Color assignment
(® Apply automatic color assignment
() Use colors from sectors

Best Server menu

Sea level
Ground level

Mobile Antenna Height Reference

Apply Automatic Color Assignment

Assign colors to sectors in random order

Use Colors from sectors

Assigning colors to sectors from the sector parameters

. RadioPlanner 3.0 D:\Dropbox\00_RadioPlanner 3\Air-to-Ground Radio.rp3

6 = OpenStreetMap

=-d O @ OE BB [

N\ Propagation Model
Compare Coverage
£ Map Layers

& Reports

B Point Analysis
[=]\n Networks

Ay

RadioPlanner » Legend

Project: Mew Project 2023/07/20

Metwork: Air-to-Ground

Air-to-Ground Link Frequency: 118 MHz

Rx Service Threshold: -88 dBm

Prop. model: Rec. [TU-R P.528-5 +ITU-R P.526-15
Time availability: 95%

Study: Best Server Air-to-Ground Link

Mob. Unit (Height: 1500 m; Gain: 0 dBi)

} 250 km

-[*] A Airto-Ground

-[=] e Sites

= 2! Tolmachevo aeroport
-~ [®] 3y Sector 0°

M8 Kemerovo aeroport

-~ [®] 3y Sector 0°

[@]"8" Bamaul aeroport

[=] =y Sector 0%

'ﬂ' Gomo-Altaysk aeroport
- [m] &y Sector 0°

(M8 Abakan aeroport
L[®] 3y Sector 0

[=]*&" Novokuznezk aeroport

socuBUpCKa,
ofaacme

D: Go'm’t:)'—AItaysk aeroport

PySuoBck

o

bakan aeroport

PecnyBauxa

Keizbin o LN

v

J

Cemeil

Pecnyfaukn
Anmadl

lm..h/'“r_\.\
Y

| e

Best Server Air-to-Ground Radio Coverage

Page 129 /137



RadioPlanner 3.0_240920 User Manual

Point Analysis for Air-to-Ground Communication

This menu displays the terrain profile from the selected site to any point at the height of the mobile
unit. The current point on the map can be changed with a mouse click.

The terrain profile shows the heights of the radiation centers of the antennas of the site and mobile
unit, as well as the 60% Fresnel zone for the radio beam, free space loss, and diffraction loss due to the
terrain. The site for which the profile will be shown is selected in the left part of the panel in the general
sites tree. Click on the required site sector (not to be confused with the activity icon), after which
information on this sector will appear above the terrain profile.

The height of the mobile unit is selected in the drop-down list on the right above the terrain profile from
the set of heights specified for calculating coverage areas in Area Study Details - Received Power Air-to-
Ground link. The maximum path profile length is limited by the Study Radius parameter in the Network
menu.
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Path azimuth: 48.1%; Path inclination: 0.16”

Mobile unit antenna height:
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N53.852527" E84.473877° | | 6/6 | ;
Point Analysis

Some Features of Coverage Calculating for Air-to-Ground Radio

For a certain combination of data (heights of the site and mobile unit, frequency, power, service threshold,
and time availability), a band may appear on the radio coverage area indicating lack of communication (in
the example below, such a band is present at a distance of 107-134 km in the radial direction from the
base station).
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This means that in this zone, the mobile unit (aircraft) will be in the area of strong influence of multipath
due to reflection from the Earth’s surface and time availability will decrease. Model ITU-R P.528-3
(02/2012), which is based on the IF-77 Electromagnetic Wave Propagation Model by M.E. Johnson and
G.D. Gierhart, specially designed for aeronautical radio communications, takes this effect into account. A
plot of received power versus distance for the example in question is shown below. It shows that at a time
availability of 95% for the level of -88 dBm (-118 dBW), the curve has a bend, which determines the dip in
received power and the corresponding band in the coverage area.
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In fact, the appearance of such a band in the coverage area does not mean a significant reduction (within

5-7 percent) in time availability in this area. In practice, such a decrease in time availability in a small area

within the coverage area can be considered acceptable.

In order to take this assumption into account, a calculation should be made for the average power of the

received signal (time availability 50%), taking into account an additional margin for fading within 5-7 dB.

Propagation Model

Propagation Model Type
(@ ITU-R P 528-3 +ITU-R P 526-14

Parameters

Time availability (A
Margin dB

After which, the calculation result for the example considered above will look like this:
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Appendix 1. File formats

1.1 Cable attenuation file

A text file named feeders.txt, containing information about frequency-dependent attenuation in cables,
is included in the RadioPlanner installation folder. Users can add information about required cables to
this file.

The feeders.txt file has the simple format:

FSJ1-50A 1/4"

30 3.22
100 5.94
450 12.9
1000 19.7
2000 28.6
6000 53.2
10000 71.5

LCF12-50) D=1/2"

0.5 0.15
100 2.16
200 3.1
300 3.8
450 4.71
900 6.8
1500 8.97
1800 9.91
2300 11.35
3000 13.2
4000 15.5
8800 24.6
where:

FSJ1-50A 1/4" —the cable name that will appear in the cable list box.
30 — frequency in MHz.
3.22 — attenuation in dB per 100 meters at this frequency.

The number of frequency/attenuation pairs for each line in the feeders.txt file does not need to be the
same. A TAB character should be used as a separator between frequency and attenuation values.
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Appendix 2. Default Digital Terrain Model (DTM)

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 3. Project Samples for Various Wireless Networks and
Broadcasting Networks

The software package includes several project samples for various wireless and broadcast networks.

These projects are fully prepared for calculation; simply open the project and click the “Calculate
coverage” button.
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