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Very High Throughput Satellites

Ka-Sat
coverage

The next generation of satellites for internet access
plans to serve hundredth of thousands users, with Tb/s
throughputs. In order to reach such a capacity, the link
between the gateways and the satellite (“feeder link”) will
use a frequency band higher than Ka-band in order to
reserve the full Ka-band to user links.

Feeder links have
demanding requirements
in terms of availability
(99.99%) and throughput
(around 500 Gb/s).

To cope with the severe
rain attenuation at high
frequency bands, gateway

diversity is necessary.
Impact of the frequency on the

rain attenuation
The latency of gateway switching being higher than the
dynamics of rain, it is necessary to forecast the
attenuation in a near future

Frequency Scaling

The feeder link is the
critical link, as it covers
thousands of users. As a
consequence, it is
essential to be able to
predict the attenuation
on the feeder link.
Satellite beacons
provide a stable and
controlled RF power
source, which is
necessary to accurately
measure tropospheric
attenuation.
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Schematic diagram of the
system
Satellite downlink beacons emit at a frequency lower
than the uplink frequency, which is the most affected by
tropospheric effects.
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The study of frequency scaling is
therefore essential to accurately predict
the propagation conditions

Rain attenuation is due to two
effects: absorption and

scattering of the radio waves.
Specific Attenuation for a Range of
Water Drops Diameters

Paired with models of the _
complex refraction index

of water, Mie theory is a
way to compute
numerically the

interaction of the EM

waves with a population

of spherical drops.
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Attenuation Measurement Instrument

In non-rainy conditions,
the attenuation can be
accurately determined
using a radiometer, by
measuring  the  sky
brightness temperature.

Radiometer
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A= loglo <7mr >
Tmr - Tsky
Equation linking attenuation to sky brightness
temperature

Beacon receiver

Data Processing

Nevertheless, rain is the most
impactful atmospheric effect
at millimeter wavelengths.
During rain events, downlink
attenuation is measured by a
beacon receiver with an
antenna pointing towards a
satellite, and measuring the
power received from one of
its beacons.

Validated attenuation time series are obtained with the

following

e 1
Beacon data processing
procedure (Astra 3B)

Datasets

Attenuation data from
several sites across
Europe are used to
study the performance
of the models for
various climates and
systems.

ltalsat data (Ka, Q
and V bands)
Alphasat (Ka and Q
bands)

Astra 3B (Ka band)
Ka-Sat (Ka band)

Marking rain events
and erroneous data
(e.g. loss of lock)

Removing low
frequency effects
from the power
measurements:
* Instabilities of
the satellite
» Drifts on the RF
receiver

Low-pass filtering of
scintillation effects

Sites with at least two
frequencies to test frequency
scaling models

Ancillary Measurements

Additional

data can be helpful to

improve our

understanding of the physical phenomena.

Drop size distribution:

Disdrometer

Micro-rain-radar
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ERAS5: Globally available data
(Temperature profiles, wind
speeds...)

Wind speed map at the 700 mb isobar,
South-west of France

Empirical Models

Empirical models range from simple ones with a constant
frequency scaling ratio, to more elaborate ones, which
give the variability of the frequency scaling ratio:

ITU-R P.618 Long Term

DSD Inversion

Variations of the rain drop size distribution (DSD) are
responsible for the fluctuations of the frequency scaling
ratio.

Rain DSD is usually approximated by a 3-parameter
gamma distribution:

N(D) = N,DFe=AP
Consequently, attenuation measurements at a single
frequency is not sufficient to characterize the DSD. When
available, attenuation at several frequencies can be used
to retrieve a parametric effective rain DSD along the link.

Attenuation at Parametric DSD

frequency 2

Attenuation at
frequency 1

Mie theory

Mie theory

Attent at
frequency 3

DSD inversion procedure to scale
attenuation at 2 frequencies to a third one

Effects Separation

Because all effects
do not have the
same frequency
response, it is
necessary to
separate them
before scaling them
in frequency.

Zenith attenuation [dB]

Frequency [GHz]
Frequency response of the
tropospheric effects

Results & Future Work

The different scaling methods were compared with respect
to Italsat beacon data collected in Spino d'Adda by
Politecnico di Milano. On a limited set of events, the DSD
inversion technique performed slightly better than the
empirical method of Recommendation ITU-R P.618-13.

16

Comparison of frequency scaling models on
attenuation time series (Italsat, Spino d’Adda)

Future work includes an automation of the procedure to
perform the comparison over a statistically significant
amount of data: several years of measurements
collected on various European sites.
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