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A METHOD FOR REDUCING INTERFERENCE IN A SATELLITE
COMMUNICATIONS NETWORK

Field of the Disclosure

The present disclosure relates to the field of
communications and in particularly to communications being
held between satellites and terminals associated therewith

in a satellite communications network.

Background of the Disclosure

Interference ©occurring due to transmissions sent
from/to neighbor satellites, using the same frequencies as
well as interference occurring due to communications
transmitted along satellites beams using the same

frequencies, tend to degrade the reception performance and

to limit the maximal channel throughput.

Interference to communications exchanged along
satellite links 1is one of the major factors limiting the
capacity of satellite communication. Modern satellites
include numerous transponders transmitting at different
frequencies, different antennas (single beam or multiple
beam), and different polarizations per antenna. Thus, a
ground receiver of a satellite 1link 1s susceptible to
interference that may arise, for example, from co-frequency
transmissions at the same frequency, same beam but different
polarization (co-frequency, co-beam, cross polarization),
same frequency but a different beam (co-frequency, adjacent
beam), and adjacent frequency channel from the same or from
different beams.

As the satellite uplink receiver is also susceptible to
interference, interference on the uplink may leak into the

desired channel as well. Additionally, unwanted interference
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originating from an adjacent satellite may also occur as
well as interfering signals from terrestrial sources.

Interference events may be caused by rules violations
or errors made by operators. However, the effects of these
events might be mitigated due to the newly established
Carrier ID standard, which enables a satellite operator or
regulators  to identify and shut down interfering
transmissions. Nevertheless, even links that operate in
accordance with the operation rules and regulations may
still be a source of interference.

Active interference cancellation means are available.
Such means typically involve building a dedicated receiver
to capture the interfering signal and then cancel it by
subtraction from the wanted signal. Obviously, this
technique is rather costly while perfect cancellation is
never possible. Even when the interfering signal is known
(which is the case when dummy frames are transmitted),
cancellation requires synchronization and channel estimation
of the interference, which might still require installation
of additional circuitry.

A large part of the communication traffic transferred
via satellites, is continuous 1in nature. It includes
broadcast transmissions, distribution and contribution
links, cellular and Internet connection backhaul traffic
etc. The fact that the transmissions are continuous makes it
possible to manufacture relatively simple receivers, which
are not required to re-acquire and re-synchronize to
separate transmission bursts. It also enables the receiver
to track the various transmission parameters relatively in a
straightforward operation. Hence, satellite communications'’
standards, such as DVB-S2 and DVB-S2X define a continuous

transmission mode of operation in the forward link
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(transmissions being sent from the satellite(s) towards the
terminals), and define that whenever the (hub) transmitter
has no data to transmit, “dummy frames” will be transmitted.
These dummy frames contain no information, create
interference to adjacent beams and satellites, and as a
result increase satellite power consumption.

However, not all of the traffic being exchanged,
requires the use of strictly continuous links. Interactive
communications for example, are bursty by nature, and an
assembly of such links forms 1links of non-constant rate.
Depending on the specific statistics of the link, there is
always a difference between the allocated bandwidth of a
link, which 1s  typically determined by the difference .
between the peak information rate for transferring the
information to the average information rate that can be
supported. The dummy frames, used by the DVB-S2 and DVB-S2X
standards, are used 1in order to compensate for this

difference.

Summary of the Disclosure

Therefore, it is an object of the present invention to
provide a method for reducing interference occurring due to
transmissions sent from/to neighbor satellites wusing the
same frequencies and/or interference occurring due to
communications transmitted along satellites beams using the
same frequencies.

It is another object of the present invention to
provide a method that relies on peak to average information
rate difference, e.g. transmission of dummy frames, for
reducing interference to the air interface operation.

Other objects of the present invention will become

apparent as the description of the invention proceeds.
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According to a first embodiment of the disclosure, a
method is provided for reducing interference to
transmissions that occur due to other transmissions sent
from/to neighboring satellites utilizing the same
frequencies and/or interference that occur due to other
communications transmitted along different satellites beams
using the same frequencies, wherein the method comprises the
step of replacing full dummy frames that should be
transmitted in a TDM continuous satellite forward channel,
with dummy frames' headers.

The term “same frequencies” as used herein throughout
the specification and claims is used to denote the exact
same frequencies, or frequencies that are sufficiently close
to the transmission frequencies, thereby causing
interference to the communications transmitted at the
transmission frequencies.

According to another embodiment, the method provided
further comprising a step of inserting at least one pilot
sequence at at least one gap formed when a full dummy frame
associated with the dummy frame's header and comprises a
respective payload, was replaced by a dummy frame's header.

In accordance with another embodiment, dummy frame's
header is transmitted at a reduced power. Also, if at least
one pilot sequence has been inserted at the at least one gap
formed, it will be transmitted at a reduced power.

By yet another embodiment, the method provided further
comprising a step of inserting dummy frames at at least one
of the satellite’s transmission beams, when there is data
available for transmission along that at least one beam.

In accordance with  another embodiment of this
invention, the timing of the dummy frames is optimized so

that the system performance is enhanced (e.g. the system
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throughput i1s increased). To this end, in a multi beam
system, the transmitting timing of dummy frames, dummy
frames headers or dummy frames headers and pilot signals in
each beam, is controlled in such a way that the inter-beam
interferencé is minimized (at the cost of some additional
delays) . That 1is, dummy frames would be inserted in
transmissions conveyed along a beam, even if this beam’s
queue 1is not empty, 1in order to reduce interference to a
certain frame or frames being transmitted along another beam
or beams. The decision on whether to insert a dummy frame,
and thus delaying transmission of a frame, may depend on
that frame time sensitivity or other quality of service
parameters associated therewith.

According to prior art protocols, dummy frames are
transmitted ' only when there is no data to send. 1In
accordance with another embodiment of the present invention,
dummy frames, dummy frame headers or dummy frames headers
and pilot signals are 1inserted at some of the beams
(preferably at those that are less occupied with
communications), also when there is data to send in order to
reduce interference to other beams, at a cost of delaying
the data frames.

According to another aspect of the disclosure, there is
provided a receiver configured for wuse in a satellite
communications network, wherein the receiver is configured
to receive communications wherein full dummy frames that
should have been transmitted in a TDM continuous satellite
forward channel, were replaced with dummy frames' headers.

In accordance with another embodiment of this aspect of
the disclosure, the receiver 1is further configured to
receive communications in which at least one pilot sequence

was inserted at at least one gap formed when a full dummy
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frame associated with that dummy frame's header and
comprises avrespective payload, had been replaced with the

dummy framefs header.

Brief description of the drawings

The pfesent invention will be more fully understood
from the following detailed description of the embodiments
thereof, taken together with the drawings in which:
FIG. 1 - illustrates a prior art transmission sequence of
communications in a satellite network;
FIG. 2 - demonstrates one embodiment of the solution
provided by the present invention whereby only the header of
dummy frames are transmitted together with pilot signals,
instead of full dummy frame's payload;
FIG. 3 - demonstrates another embodiment of the solution
provided by the present invention whereby only the header of
dummy frames are transmitted instead of the full dummy
frames;
FIG. 4A - demonstrates a standard complying system (prior
art) where no dummy frames are inserted at any of the beams
when there i1s data to send along these beams; and
FIG. 4B -~ illustrates yet another embodiment of the solution
provided by the present invention whereby dummy frames are
inserted at some of the beams also at times when there is

data to send along these beams.

Detailed Description of the Disclosure

In the following description, for the purposes of
explanation, numerous specific details are set forth in
order to provide a better understanding of the present

invention by way of examples. It should be apparent,
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however, that the present invention may be practiced without

these specific details.

DVB-32/ DVB-S2X standard (EN 302 307, part I and part ITI)

Dummy frames’ insertion is a common practice for all
modes of operation of the DVB-S2 and DVB-S2X standard,
except for broadcasting with constant coding and modulation
(CCM). The standard foresees that inserting dummy frames for
obtaining a rate matching between the allocated bandwidth
(allocated transmission rate) and the actual transmission
rate, is necessary. Dummy frames are inserted when data is
not availlable at the input of the transmitter. A dummy frame
is a relatively short frame (having a length of between 3330
to 3510 symbols), which comprises a header of 90 or 180
symbols, and 3240 pre-determined symbols instead of data.
It may also include 72 symbols of pilots, which are also
known symbols transmitted within each frame to facilitate
synchronization and channel estimation. A typical DVB-52/S2X
frame varies 1in size Dbetween 3240 to 33720 symbols, and
includes a header, data and pilot symbols. The frame size
depends on the type of modulation selected, while the actual
symbol rate is determined by the allocated bandwidth for the
link.

Calculation of expected improvement of link performance

According to an embodiment of the present disclosure,
dummy frames are transmitted while using a reduced
transmission power.

Let wus consider now the 1link associated with the
interfering signal. The operational signal to noise plus
interference ratio (SINR) of that link, which is required to

decode the data, is higher than that required to acquire and
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decode the header and extract synchronization and channel
parameters needed for the receiver. Thus, reducing the
transmission power for transmitting a dummy frame, and even
reducing the power for transmitting dummy symbols down to
zero, would have no adverse effect on the performance of
that link. Also, it should be appreciated that avoiding
transmission of part of the dummy frame and/or reducing the
power at which the dummy frames' headers, the pilot sequence
(if available) or both, would require a somewhat different
(more complex) receiver for carrying out the present

invention than the typical receiver, commonly used nowadays.

Random Links

Let us now consider a case where a link operates in an

environment of L interfering links, each associated with an
average to peak information rate of ;5(pSILI=L”qL. Assuming
that all links transmit continuously. The SINR experienced

by a link is given by:

SINR = ———

Where § 1is the received signal power, N is the noise
power and I, is the interference power received from the [”
interfering link. The received signal power, S, is in fact
a random variable since the channel may undergo fading, so
SINR, , - the operational SINR, is determined by its
statistics, which is measured or taken from ITU-R
Recommendation No. P.618 entitled “Propagation data and

prediction methods required for the design of Earth-space

telecommunication systems”, 09/2013.
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Now, let us consider a case where power reduction for

transmitting dummy frames is implemented. In such a case, a

fraction p, of the time, link / will be transmitting in full
power and cause interference of I, to the link of interest,

while for 1-p, of the time it will transmit with reduced
power and the interference caused thereby will be reduced to
al,,a<1l. In other words, the power of interference caused by

such a link, may be described as multiplied by a stochastic

variable with binomial distribution.

I, =X/1,
x=1
Pr(X,=x)={ o
l-p x=ca
The total interference is thus given by:
L L L
L= X1<>1
=/ j=1

i i=l/

The total interference is a random variable. Its exact
statistics may depend on a number of parameters such as the
number of interfering signals, their relative strength, the
different average to peak ratio per link, and whether they
are correlated (namely, 1if there is a correlation among
dummy frames transmission times). However, similérly to the
approach taken while considering the signal fluctuations,
one can measure or estimate the margin required, when

considering also the fact that the interference is reduced.

Controlled Links

In case where all 1links are controlled by a central
entity, (e.g. a scheduler), the stochastic process described
hereinabove may be made more deterministic, and in this
case, some maximal interference level may be ensured with

high probability. For that purpose, the scheduler will
9



10

15

20

" 25

30

WO 2015/177779 PCT/IL2015/000025

transmit dummy frames (reduced power, header and pilots
only) instead of frames which, according to their QoS
requirement; can be delayed.

FIG. 1 illustrates a prior art transmission sequence of
communicatidns in a satellite network, where full dummy
frames are transmitted between communication frames, when
data 1is not available at the ingress of the transmitter. The
purpose of inserting these dummy frames is to achieve a rate
matching between the allocated bandwidth for transmission
and the actual transmission rate.

FIG. 2 illustrates a non-limiting example of a
transmission method construed in accordance with the present
invention, whereby only the header of dummy frames are
transmitted’ together with pilot signals instead of the full
dummy frame's payload. In the example illustrated in this
FIG. 2, two pilot signals are inserted during the interval
at which the dummy frame's payload would have been
transmitted if the prior art protocol illustrated in FIG. 1,
were to be followed).

FIG. 3 demonstrates another embodiment of the solution
provided by the present invention whereby only the header of
dummy frames are transmitted, instead of the full dummy
frames.

FIG. 4B illustrates yet another embodiment of the
solution provided by the present invention whereby dummy
frames are inserted at some of the beams also at times when
there 1is déta to send along these beams, as opposed to a
standard complying system illustrated at FIG. 4A, wherein no
dummy frames are inserted at any of the beams at times when
there is data to send along these beams.

The present invention has been described using detailed

descriptions of embodiments thereof that are provided by way
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of example and are not intended to limit the scope of the
invention in any way. The described embodiments comprise
different features, not all of which are required in all
embodiments of the invention. Some embodiments of the
present invention utilize only some of the features or
possible combinations of the features.

Variations of embodiments of the present invention that
are described and embodiments of the present invention
comprising different combinations of features noted in the
described embodimenté will occur to persons of the art. The
scope of the invention is limited only by the following

claims.
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Claims

1. A method for reducing interference to transmissions,
occurring due to other transmissions sent from/to
neighboring satellites using same frequencies and/or
interference that occur due to other communications
transmitted along different satellite’s beams using the same
frequencies, wherein said method comprises the step of
replacing full dummy frames that should be transmitted in a
TDM continuous satellite forward channel, by dummy frames'

headers.

2. The method according to claim 1, further comprising a
step of inserting at least one pilot sequence at at least
one gap formed when a full dummy frame associated with said
dummy frame's header and comprises a respective payload, was

replaced with a dummy frame's header.

3. The method according to claim 1, wherein said dummy

frame's header is transmitted at a reduced power.

4. The method according to claim 2, wherein said at least

one pilot sequence is transmitted at a reduced power.

5. The method according to claim 1, further comprising a
step of inserting dummy frames at at least one of the
satellite’s transmission beams, when there is data available

for transmission along that at least one beam.
6. A receiver configured for use in a satellite

communications network, wherein said receiver is operative

to receive communications wherein full dummy frames that

12
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should have been transmitted in a TDM continuous satellite

forward channel were replaced with dummy frames' headers.

7. The receiver according to claim 6, wherein said
receiver is- further configured to receive communications in
which at least one pilot sequence was inserted at at least
one gap formed when a full dummy frame associated with said
dummy frame's header and comprises a respective payload, had

been replaced with the dummy frame's header.
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