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RNSS Updates to Visualyse Tools

Abstract: Recent updates to Visualyse Professional and Visualyse Interplanetary have included a number of features that could be
used to undertake studies of Radionavigation Satellite Service (RNSS) systems. This includes the ability to undertake analysis using
the methodology in Recommendation ITU-R M.1642 to calculate the equivalent power flux density into Aeronautical Radionavigation
Service (ARNS) receivers. In addition, the update includes the ability to calculate the geometric dilution of precision (GDOP), a useful
metric for RNSS systems. These updates are described further in this Technical Note.

Introduction

RNSS systems such as GPS, Galileo, Glonass and Compass that provide positioning, navigation and timing (PNT)
services have become an essential part of the national and global infrastructure. These systems rely on the receivers
having ubiquitous and continual access to their radio signals without suffering harmful interference. This has required
studies, at the ITU and regional organisations such as CEPT, of the potential for harmful interference into RNSS victim
receivers from interfering systems. For example:

o Within CEPT, there were studies of the potential for interference from program making and special events
(PMSE) transmitters in the 960 — 1 164 MHz band into RNSS receivers operating above 1 164 MHz

o Within the ITU-R, there was WRC-23 Agenda Item 9.1b, which considered a review of the amateur service and
amateur-satellite service operating in 1 240 — 1 300 MHz to protect RNSS in this band.

These types of studies have already been undertaken using the Visualyse tools Visualyse Professional or Visualyse
Interplanetary. However, there are additional types of studies related to RNSS that can now be undertaken using recent
updates to the Visualyse tools following the inclusion of some new features. In particular, recent updates now allow the
following types of analysis to be undertaken:

e Resolution 609 studies using the methodology in Recommendation ITU-R M.1642
e Analysis of the geometric dilution of precision (GDOP) as part of constellation design.
These are discussed further in this Technical Note (TN).

Resolution 609 Studies

One of the key frequency ranges used by RNSS systems is the 1 164 — 1 215 MHz band, but this is shared with the
Aeronautical Radionavigation Service (ARNS). In order to protect the ARNS from harmful interference, an equivalent
power flux density (epfd) threshold has been defined:

Aggregate epfd <-121 dBW/m”2 in any 1 MHz

This is an aggregate epfd threshold over all RNSS systems, calculated at any location in (latitude, longitude) and in any
1 MHz bandwidth within that frequency range. Relevant ITU-R documents that are available to check whether this limit
is complied with include:

1) Recommendation ITU-R M.1642 contains a methodology to calculate the epfd at an ARNS receiver from any
single RNSS system

2) Resolution 609 defines a consultation meeting process by which the epfd values from each RNSS system are
aggregated and where steps are taken, if necessary, to ensure that the aggregate epfd threshold is not
exceeded.

Each RNSS system planning to operate within the frequency bands covered by Resolution 609 must submit information
about their system, including:

e Satellite orbit parameters (longitude for GSO systems, constellation orbital elements for non-GSO systems)
e Maximum PFD vs. elevation angle

e Spectrum adjustment factor for the system

e Aggregate EPFD calculation for the worst 1 MHz by latitude and longitude.

This requires the RNSS operator to undertake analysis, such as:
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e To derive the maximum PFD vs. elevation angle

e Touse the PFD vs. elevation angle and orbit parameters to determine the maximum aggregate epfd and how it
varies across the surface of the Earth, using the methodology in Recommendation ITU-R M.1642.

The next section describes how these studies can be undertaken using Visualyse tools.
Analysis in Visualyse Tools
Calculation of PFD vs Elevation Angle

Visualyse can be used to calculate PFD vs. the elevation angle at which it is being received. One way to do this is shown
in the simulation file shown in the figure below:
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The PFD is measured at a test point that is located at the height of the ARNS receiver, namely 12.192 km. It is moved
from the sub-satellite point to the edge of visibility, which for this height means the minimum elevation angle goes down
to -4°. The satellite is modelled via the following parameters:

e Altitude (km)
e (Gain pattern
e Maximum power in 1 MHz (dBW).

The plot shows the resulting PFD vs elevation angle. This data can also be logged to a text file and then converted into
the format required for a Resolution 609 input.

Calculation of EPFD using Recommendation ITU-R M.1642 Methodology

The methodology in Recommendation ITU-R M.1642 involves calculating the maximum epfd into an ARNS receiver
over:

e Time: to model the variation in epfd at any specific location as the satellites moves through their orbit
e Location: to model the variation in epfd in latitude and longitude using a 1° grid of test points.

For non-GSO constellations with non-repeating orbits, after sufficient samples in time, the maximum epfd should be
invariant in longitude and only vary in latitude, and be symmetric north and south of the equator. With a sufficiently long
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run and fine time steps, it can, therefore, be acceptable to calculate the maximum epfd for a set of latitudes = {0°, 1°,
2°...90°}.

As well as time dynamic methodologies, it can also be helpful to undertake a Monte Carlo simulation, in which the non-
GSO satellite constellation is randomized in a way that is consistent with long-term orbit shell density. Note that in
Visualyse the orbit parameters can be read in directly from the ITU’'s SRS database.

The ARNS receiver is modelled at a height of 12.192 km and gain pattern as per the table in Recommendation ITU-R
M.1641 as shown below:

5

-10

ARNS receiver gain (dBi)

-15
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-25
-10 0 10 20 30 40 50 60 70 80 90
Elevation angle (deg)

A new feature in Visualyse tools allows the PFD mask to be defined at the ARNS height as shown in the figure below:

Antenna Type Properties ? >

Galileo PFD —r
Table size: Ha.l

Elevation (deqg) -4.0 -3.0 -2.0 -1.0 0.0
PFD (dBW/m*2 / Ref.BW) -1359 135.89 135.86 135.83 13
| €
When using PFD mask antennas remember to: Copy | | Paste
a) In the link, ensure the power is set from the antenna
b) In the carrier, ensure the bandwidth is equal to the PFD bandwidth
c) In the station, ensure the antenna points directly downwards
PFD Mask for RNSS into ARNS studies || I Close

Example Analysis using Galileo

An example analysis was undertaken using the PFD mask provided to the Resolution 609 process for the Galileo satellite
network as shown in the figure below:
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The satellite orbit parameters were read from the SRS for system GALILEO-2 and with a grid of test points the simulation
was as shown in the figure below:

boet z . £

L GERRE N T . ~

The simulation was run in Monte Carlo mode for 1,000,000 samples and the maximum epfd at each latitude calculated.
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It was then compared with the input to the Resolution 609 process, as shown in the figure below.
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It can be seen that there is very good agreement, with maximum delta of 0.012 dB.
Calculation of GDOP
A metric that is of interest to RNSS systems is the geometric dilution of precision (GDOP), as described in this reference:

https://en.wikipedia.org/wiki/Dilution of precision (navigation)

This metric has been added to the options in Visualyse tools in the Link Group, as shown in the figure below.
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Link Group X

System Link Group Wizard...

Links Advanced Calculation

Select a method for calculating the result for the link group.
The method is applied individually for each interference parameter.
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{_)Maximum Power Combining

(®) Take the value of the worst link

I:Determineﬁlewnrstlinkb',.rl:unsil:leringtl'le C/(N+I)
in  both dredions

Stay with this link until the C/{N+I) falls below | 0.0

/| Calculate the GDOP ]

When selected, the GDOP is calculated over all the Links in the Link Group. For example, in this case, it would be
calculated for 5 Links:

Link Group >

System Link Group Wizard...

Links Advanced Calculation

In the Simulation: In the Link Group: Al
{Li'r'lk' T - link 1
Link 2 Link 2
Link 3 Link 3
Link 4 » Link 4
Link 5 Link 5
<
<«
+
4
il
x
Filter:

The GDOP is then available as a derived parameter under the Link Path and can be plotted, as in the figure below:
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Visualyse (+64) V7.10.7.4 - Calculate GDOP example SIM
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Use in Visualyse Interplanetary

Note that these features are available in both Visualyse Professional or Visualyse Interplanetary and hence could be
used to analyse RNSS features around other celestial bodies, for example to assist in the design of a communications
and navigation network around the Moon or Mars.

Consultancy Support

We can also use our Visualyse tools to undertake studies relating to RNSS including generation of the inputs required
by Resolution 609 and representation at Resolution 609 meetings.
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About Transfinite

We are one of the leading consultancy and simulation software companies in the field of radiocommunications. We
develop and market the leading Visualyse products:

e Visualyse Professional

e Visualyse Interplanetary

e Visualyse GSO

e Visualyse EPFD

These are described further below.

Visualyse Professional

Visualyse Professional is a flexible study tool able to model a very wide range of radiocommunications systems, that
can be used to analyse system performance including the impact of interference. Visualyse Professional can model
transmit and receive stations located at fixed positions, mobile stations, aircraft, ships and also satellite systems including
Earth stations, geostationary orbit, GSO satellites, non-GSO satellites and highly eccentric orbit (HEO) satellites.

It can be configured to analyse spectrum sharing scenarios using a wide range of methodologies, including static, input
parameter variation, area, dynamic, Monte Caro and combinations such as area Monte Carlo.

Visualyse Professional includes a wide range of advanced features to enable it to analyse both co-frequency and non-
co-frequency scenarios, the impact of terrain or clutter, the impact of traffic and complex handover strategies between
satellites. These features allow it to model anything from a 5G network to a hon-GSO mega-constellations such as
SpaceX’s Starlink or OneWeb. An example screenshot of Visualyse Professional is shown below:

5G TN baseline

20 15 10 50 5 10 15 20 25 30 35 4 45 S0 S5 60 65 70 75 80 85
C/N(dB)

Visualyse Interplanetary
The objective of Visualyse Interplanetary is to extend the simulation ability of Visualyse Professional to allow:

1. Modelling of stations around other celestial bodies including the Moon and Mars
2. Enhance the geometric framework with a more detailed description of the Earth’s shape and rotation characteristics.

An example screenshot of Visualyse Interplanetary is shown below:
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Visualyse GSO

We have developed Visualyse GSO to support satellite coordination tasks, in particular for GSO satellites. It includes
IFIC checking, detailed C/I calculations and integrates with ITU databases such as the SRS/IFIC and GIMS. It can be
also used to identify coordination requirements of non-GSO satellites.
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The figure above shows the coordination trigger tool while the figure below shows the detailed coordination tool.
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Visualyse EPFD

Our Visualyse EPFD software is the leading implementation of the algorithm in Rec. ITU-R S.1503. It has been verified
during testing with the ITU BR and can calculate:

e EPFD (Up)
e EPFD (Down)
e EPFD (IS)

It can also analyse both the Article 22 and Articles 9.7A and 9.7B cases.

It is available in two versions, one the ITU’s “black-box” for pass/fail decisions and the other a product with graphical
user interface that provides feedback on the calculation process and allows additional options to be modified.
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The Visualyse EPFD software is also capable of undertaking analysis using the methodology in Resolution 770 and
includes methods being proposed for inclusion in a revision to Recommendation ITU-R S.1503, such as the Alpha Table

Methodology.
An additional tool is available to assist in the generation of PFD masks:

m-220--210 m-210--200 m-200--190 -190--180

m-180--170 m-170--160 m-160--150 m-150--140
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Training Courses

We also provide training courses in the use of our products including advanced training that can cover modelling of
specific systems and scenarios.

Consultancy Services

We can provide a wide range of consultancy services using our world-leading experts and software tools to rapidly
generate solutions, including:

o Interference analysis and spectrum sharing studies

e Coordination support and meeting representation

e |TU-R and CEPT meeting representation and support

e Strategic consultancy to achieve regulatory goals.

Contact us

More information about these products and services is available at our web site:

https://www.transfinite.com

If you have any questions or comments about this Technical Note or would like more information, please do not hesitate
to contact us at:

info@transfinite.com
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