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NovelSat FreeBand — Overview

The NovelSat FreeBand modem gives broadcasters free satellite bandwidth for video
contribution. With NovelSat FreeBand, broadcasters use the same bandwidth,
transmitting at the same frequency, both to send video to the point to multipoint
distribution network and to receive video or data from DSNGs, flyaways, remote studios
and other remote data and video contribution units.

In essence, with NovelSat FreeBand, broadcasters no longer have to pay for satellite
bandwidth every time they deploy a remote contribution unit within the footprint of
their satellite distribution network. This translates into huge savings in operational
costs. If you consider that satellite bandwidth for a DSNG can cost $500 per hour,
NovelSat FreeBand can pay for itself in a matter of weeks.

Another benefit of NovelSat FreeBand is unique to setting up a contribution site with a
flyaway in a remote location. With NovelSat FreeBand, not only is the contribution
bandwidth available at no additional cost, it is available without the hassle of having to
coordinate satellite time and configuration details. That lets the remote team get up
and running more quickly.

NovelSat FreeBand can work with both DVB-S2 and NovelSat NS3 technologies at the
hub and remote terminals and is powered by NovelSat DUET band-reuse technology. By
transmitting video below the noise floor of the distribution hub, the remote
transmissions can be received by the NovelSat modem without interfering with
outbound video transmission to the distribution network.

NovelSat AUPC (Automatic Uplink Power Control) at the Hub automatically adjusts
power to compensate for uplink fade, effectively adding around 2dB to the link margin.
NovelSat AUPC can also be implemented as an option at the remote terminals to
further improve the ink margin there, as well.

NovelSat FreeBand causes no significant signal degradation and no additional delay to
either downlink or uplink signals. In fact, when NovelSat NS3 satellite transmission
technology is implemented in the NovelSat FreeBand modems, the signals benefit
additionally from superior resilience to interference and jamming, weather fluctuations
and phase noise.

A prerequisite for NovelSat FreeBand is that the antenna at the distribution hub be
larger than the antennas at the remote sites. For example, a 7m hub antenna with 2.4m
remote antennas are supported along with wider antenna ratios.

The NovelSat FreeBand modem offers the world’s most bandwidth efficient and fastest
satellite transmission technology, capable of delivering from 100Kbps up to 425Mbps in
each direction on a single modem.
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NovelSat FreeBand — Preview and parameters

The NovelSat FreeBand modem provides frequency re-use of broadcasters’ existing
(unidirectional) broadcast space segment for use by return channels, such as DSNGs.

NovelSat unique software-based algorithms and implementation of Echo cancellation
provide the following advantages:

e Low implementation loss (<0.01dB)

e SW based - Built in (no external HW — only license)
e No additional delay.

e No jitter

e Large dynamic range (for asymmetric links)

e Carrier cancellation of 29dB

e Support Outbound/Inbound ratio of > 20dB

NovelSat FreeBand utilizes the transponder as shown below:
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The figure schematically illustrates the spectral density of the signals at each receiver —
at the Hub side and the remote side (denoted as SNG, as the DSNG itself can have a
receiver, as well).

A Hub Noise floor

In the NovelSat FreeBand scenario we assume an asymmetrical link. That is, the Hub has
a larger antenna than the remote sites, different bit rates, or both. We assume that the
SNR difference between the Hub and remote SNG is over 7dB, which can be achieved
with a 9 meter antenna at the Hub and a 3.8 meter antenna at the DSNG. With smaller
SNG antennas the conditions are even more favorable.

In the illustration above, the upper plot shows the spectral densities at the receivers
where there are different spectral allocations for the Hub transmission and the SNG
transmission. The signal transmitted by the Hub itself is strong (amplified in both
directions by the large antenna gain), while the SNG signal is weaker. This fact is
depicted in the figure by a raised noise floor for the SNG signal. A similar situation can
be seen at a remote station as well.
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With NovelSat FreeBand, the SNG can transmit as low as possible within the same
bandwidth occupied by the Hub carrier. The Hub signal uses NovelSat DUET echo
cancellation technology to cancel its own signal and receive the SNG signal which is
above the noise floor of the Hub antenna.

The signals at the remote receiver are schematically described in the second plot. The
hub signal is strong, well above the equivalent SNG noise floor. As long as the SNG
signal is received at other remotes below the SNG noise floor, there would be a very
minimal link margin degradation for the remote receiver and the signal transmitted by
the Hub can be decoded by the remotes.
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Operational Demonstration

In this section we present some test results of NovelSat FreeBand operation over a
36MHz transponder. In the following scenarios, the same rationale of dividing the total
transponder power between two earth stations applies. In other words, the desired
SNR should be maintained at each earth station, while not violating the transponder's
total power limitation. An additional Automatic Uplink Power Control (AUPC)
mechanism, available in the NovelSat FreeBand modem at the Hub, enables control and
levelling of the total transmitted power.

Asymmetric data-rate and antenna diameters

It is assumed that the diameter difference in antenna size yields an antenna gain
difference of 20*LOG10(%) 7.5dB. In case of antennas smaller than 3.8M the ratio is
even higher. A 2.4M antenna yields 11.5 dB and 1.2M yields 17.5 dB.

It is assumed that when transmitting only from the Hub, the SNR at the remote is 13dB
while the SNR at the Hub is 20.5dB.

Assuming we aim at a link margin of 3dB at the remote, we need to transmit at 16APSK
3/4 — which gives us 99.35Mbps of the hub.

Demodulator Line status Demodulator Line status
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3.1.1

The following screen shows the spectrum as seen at the Hub side:
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Now, assuming we also want to transmit on the same band from the SNG to the Hub,

there are two options:

Option 1: Using the entire bandwidth for one SNG

If we use the entire bandwidth to transmit from the SNG to the Hub, the transmission
should be weak enough in order to achieve minimal link margin degradation at the

remote receiver side.

If we transmit at -20.5dB under the Hub carrier, the SNR at the Hub using NovelSat
DUET echo cancellation should be around 0dB (20.5dB — 20.5dB) and the SNR at the
remote would be around: 10*LOG10(107(-13/10)+10%(-20.5/10)) = 12.3dB.
(Degradation of 0.7dB). It should be noted that the use of AUPC more than

compensates for this degradation.

At the link from the DSNG to the Hub we achieve 16.4Mbps with >2dB link margin,

using QPSK % ModCods.
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And the spectrum as seen at the Hub side:
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Option 2: Use % of the bandwidth for one DSNG

Use only 1/4 of the entire bandwidth to transmit from the DSNG to the Hub (leaving the
other 3/4 for other SNGs). The transmission should be weak enough to achieve minimal
link margin degradation at the SNG side.

If we transmit at -21.5dB under the Hub carrier, the SNR at the Hub using NovelSat
DUET should be around (20.5dB — 21.5dB) + 10LOG10(4) =~ 5dB and the SNR at the SNG
should be around: 10¥*LOG10(10%(-13/10)+107(-21.5/10)) = 12.5dB. (Degradation of
0.5dB). It should be noted that the use of AUPC more than compensates for this
degradation.

At the link from the SNG to the Hub we achieve 8.83Mbps with 3dB link margin, using
QPSK 8/15 ModCod or 9.94Mbps at 2dB Link margin, using QPSK 3/5 ModCod.
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And the spectrum as seen at the Hub side looks as follows:
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4 Mathematical Appendix

When adding two logarithmic power variables, the following guidelines need to be
applied:

Piotal = 10¥LOG10(107(P1/10)+107(P2/10))

When calculating the gain difference caused by antenna diameter differences:

Gain difference = 20*LOG1o(—;)

Shannon's law of channel capacity:

C=BW *log (1 + P/N).

NovelSat FreeBand Solution Application Note

10 www.novelsat.com



NovelSat

5 About NovelSat

NovelSat is a technology company dedicated to providing the next-generation
modulation standard for satellite communications. NovelSat NS3™ technology —
encompassing ultra-high end modulators, demodulators, modems and ASICs —
essentially replaces DVB-S2 as the industry standard. NovelSat delivers the fastest data
rates, the widest pipe and the most compelling ROI. That means you get the best
performance at the lowest costs, resulting in the highest profits.

5.1 Contact Information

Support Hot Line

Boston, MA: +1.617.658.1419
Milan, Italy:  +39.023.631.1980
Zurich, Switzerland: +41.435.081.067

Or via our support email at: support@novelsat.com

You can also contact us at: info@novelsat.com
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