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DESCRIPTION

Field of the invention

[0001] The present invention is generally related to the field of satellite communication
systems.

Background of the invention

[0002] Satellite communication services are important in various fields since many decades.
Consider for example Internet over satellite for consumers, but also for enterprises (e.g. oil
rigs) and government and defense applications.

[0003] One-way and two-way communication services are considered. In two-way satellite
communication services there is a link from a hub to a terminal, called the forward (FWD) link,
and a link from the terminal to the hub, called the return (RTN) link. In a one-way service, only
the FWD link is used. A typical satellite two-way communication network is illustrated in Fig.1. A
hub or gateway (1) communicates with a terminal (3) via at least one satellite (2). In such a
system, multiple terminals may be covered through a single hub, in which case we refer to the
network as a star network. A satellite communication service may contain several hubs. A hub
may contain several transmitters and/or receivers, e.g. if the bandwidth needed in the forward
link is larger than the bandwidth that can be transmitted from a single transmitter.

[0004] The receive terminals to which the traffic can potentially be combined in a single frame,
are grouped in a satellite network or satnet. These terminals decode a same carrier at the
same time in a same contour. A satnet controller running on a processor or on an ASIC or
FPGA is responsible for handling forward and return (also referred to as inbound and
outbound) traffic associated to a satnet. Summarizing, the modulator sends frames serially in a
physical carrier, which are demodulated by multiple terminals, each requiring a part of or the
entire content of the frames.

[0005] A satellite communication system is considered wherein in the forward link a satnet
controller (e.g. running on a processor on a blade server or running on an FPGA or ASIC)
multiplexes data (also referred to as traffic) to a group of terminals in a frame which is then
sent to the modulator (e.g. over an Ethernet cable in the case the satnet controller runs on a
processor on a blade server, or over physical lanes on an FPGA in the case the controller runs
on the FPGA). Such a frame is for example a baseband frame. The two essential components
of the satnet processor are referred to as a shaper and an encapsulator. The average speed
or rate at which said frame is sent to the modulator, depends on the average rate at which
data for this satnet is transmitted over the air (typically equal to a symbol rate of a transmitted
carrier or a fraction of that in the case of time slicing, see DVB-S2 Annex M).
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[0006] In this description reference is made to a symbol rate of the transmitted carrier. That
carrier can possibly also be provided with a sharing mechanism, like e.g. time slicing, whereby
the symbol rate of a carrier is shared (sliced) in multiple pieces and each of the pieces is used
for different satnets.

[0007] Data for multiple satellite networks can be transmitted over the air from a single
modulator in a serial way (e.g. via time slicing in a single large physical carrier, see DVB-S2
Annex M), in a parallel way (e.g. by transmitting multiple carriers over orthogonal frequencies,
whereby those multiple carriers can be present in a single beam or contour illumination), or as
a combination of both. Hence, the satnet processor or multiple satnet processors send one or
more data streams, belonging to multiple satellite networks, in a serial or parallel way to the
modulator.

[0008] These baseband frames are then buffered in storage means in the modulator (e.g. in
the case of time slicing, to guarantee a minimum time between frames with a same slice
number), for example on a field programmable gate array (FPGA) or an application-specific
integrated circuit (ASIC or chip). Subsequently each frame is encoded by the modulator to a
forward error corrected (FEC) frame (called coding), mapped to a frame of symbols (called
modulation), referred to as an XFEC frame. The physical layer framing process inserts known
symbols (a header and potentially PLFRAME related pilot symbols) to XFEC frames or inserts
dummy frames if no XFEC frames are available at the moment that the baseband shaping and
quadrature modulation asks for symbols. The frames at the output of the physical layer framing
process are referred to as PLFRAMEs. The PLFRAMEs are then pulse shaped to a baseband
waveform by the baseband shaping and converted to an RF signal via the quadrature
modulation. Hence, each baseband frame is associated to a modulation and coding (also
referred to as modcod). In DVB-S2 and DVB-S2X, the number of coded bits of "normal” frames
equals 64800 bits. Thus, the number of bits in a baseband frame, before encoding, depends
on the encoding rate, e.g. 2/3. Also, the number of symbols in an encoded mapped baseband
frame depends on the number of bits mapped to a single symbol (e.g., 2 bits for QPSK, 3 bits
for 8-PSK, 4 bits for 16-APSK constellations, etc.).

[0009] As mentioned above, the physical layer framing inserts header and optionally
PLFRAME related pilot symbols, which are known symbols and can be used for
synchronization at the receiver side. In addition, the header symbols signal the type of frame
that follows (e.g. the modulation and coding used).

[0010] The satellite can be a bent-pipe satellite, a digital transparent payload satellite, or a
regenerative satellite. It can also be any of the previous in combination with a beam hopping
satellite. In a bent-pipe satellite the received signal is processed in an analogue way (e.g.
filtering, frequency conversion, amplification) with the main purpose to amplify the signal for
transmission in the downlink. In a regenerative satellite the received signal is processed in a
digital way. More specifically, the received signal is down-converted to baseband, carrier
synchronization is performed and the waveform is matched filtered yielding a sequence of
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digital symbols. Mostly, the symbols are demapped to coded bits which are decoded to yield (in
case of successful decoding) a baseband frame.

[0011] In static communication satellite payloads, a coverage area is constantly illuminated,
even at times when less communication traffic is requested, thereby not efficiently exploiting
the available physical resources. Instead, beam hopping satellite payloads (see the papers
"Challenges of a flexible satellite payload on the payload and operational software tools", S.
Amos et al.,, 3rd ESA Workshop on Advanced Flexible Telecom Payloads. March 2016,
ESA/ESTEC, Noordwijk (NL), and "Eutelsat QUANTUM-class satellite: beam hopping", E.
Feltrin et al., 3rd ESA Workshop on Advanced Flexible Telecom Payloads, March 20186,
ESA/ESTEC, Noordwijk (NL)) offer the flexibility to dynamically redirect during operation
payload resources (i.e. power, frequency, time) to the geographic locations, where receivers
are requesting communication traffic at a certain moment in time. Beam hopping in satellite
communications aims to increase the flexibility to direct communication traffic to the receivers
(i.e. to the contours on earth where the receivers are located) where needed. A single beam
hopper in a beam hopping satellite illuminates multiple contours on earth one after another.
For example, assume there are three contours C1, C2 and C3. A possible sequence of
illumination then is e.g. C1 C1 C2 C3 C2 C1 C3 C3 C1 C2. The sequence is periodically
repeated. In this example, receivers in contour C1 get access to more satellite resources than
those in contours C2 or C3. This way, flexible satellite resource allocation to contours is
possible, which opens a whole range of market opportunities (e.g. sending more traffic to hot
spots).

[0012] The satellite communication FWD link parameters experienced at the terminal side are
variable, for example due to changing weather conditions. Therefore, a particular modcod may
not be decodable anymore, for example in case it is raining. In that case a lower encoding rate
can be more optimal, as it allows decoding more errors. Based on the inferred link parameters
by the receiving earth station (referred to as ACM monitoring), an adaptive coding and
modulation (ACM) controller proposes a modcod for the later frames to be sent to said
receiving earth station. The new modcod can be different from the previous modcod if the link
parameters have changed. The ACM controller can be located in the receiving earth station or
near the transmitting earth station and receives as input inferred link parameters from the
receiving earth station (e.g. via the return link of a satellite communication network). In fact, the
ACM controller output is a series of modcods, one for each receiving earth station. This list of
modcods is an input to the shaper and encapsulator. When transmitting over regenerative
satellites, the modcod for the uplink is different from the modcod for the downlink, as there is
also a demodulator on-board the satellite. The link seen by the satellite receiver, i.e. the uplink,
is different from the link seen by the downlink receiver, the receiving earth station.

[0013] The physical layer frames sent by the modulator can be of various types, including
normal DVB-S2 or DVB-S2X frames or DVB-S2X super-frames (cfr. DVB-S2X Annex E and the
description below). In the case of a beam hopping satellite, several prior art documents (see
e.g. EP18176340 and references therein) explain that super-frames must be used in the case
of beam hopping, such that receivers can lock immediately on the preamble sent when using
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super-frames.

[0014] The DVB-S2X super-frames contain a constant number of transmitted symbols, more
specifically 612540 symbols. It is a larger container than a DVB-S2 and DVB-S2X PLFRAME. A
PLFRAME consists of an integer number of capacity units (CUs), each containing 90 symbols.
A DVB-S2X super-frame also carries an integer multiple of CUs, but many more than a
PLFRAME. A super-frame also prepends a pre-amble and inserts super-frame pilots. The
DVB-S2X super-frame (SF) has been proposed for the following purposes:

= increase resilience to co-channel interference via super-frame-wide scrambling;

« support of VL-SNR synchronization algorithms by the regular insertion of reference data
fields;

« Synchronize transmission across multiple beams thus enabling amongst others beam
hopping and precoding.

[0015] Different super-frame (SF) flavours have been envisaged to cover different
applications. These flavours are called SF formats. Five different formats (referred to in the
DVB-S2X standard as format 0, 1, 2, 3 and 4, respectively) have already been defined. Note
that it is not possible to have both PLFRAME related pilot symbols and super-frame pilot
symbols present in a super-frame. This disclosure is limited to the case where super-frame
pilot symbols are inserted, thus no PLFRAME related pilot symbols are inserted.

[0016] The five SF formats can briefly be acknowledged as follows :

« Format 0 : DVB-S2X but with SF-aligned pilots and including the new VLSNR frame for
VL-SNR burst-mode reception

« Format 1 : legacy support of DVB-S2 but with SF-aligned pilots

« Format 2 and 3 : bundled PLFRAME formats suitable for precoding and beam-hopping
applications

« Format 4 : flexible multi-purpose format optimized for wideband transmission and large
SNR range

[0017] Format 4 in the DVB-S2X standard supports four different physical layer header
protection levels which enable the support of scenarios for very low SNR applications but also
high efficiency signalling for the high SNR and high throughput case. The protection level can
change on a per super-frame basis. For example, for a terminal experiencing a very low SNR
link, the PL header in the PLFRAMES can be spread five times, corresponding to the highest
protection level, resulting in a PL header spanning 10 slots of 90 symbols. As the protection
level can only be specified on a per super-frame basis, all PLFRAMES in the super-frame need
to send a PL header spanning 10 slots in the case of the highest protection level. The
protection levels are :
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» Level 0 : Standard protection (size 2 slots) using BPSK modulation and overall code rate
1/10

+ Level 1 : Robust protection (size 4 slots) using BPSK modulation and spreading 2
leading to an overall code rate 1/20

« Level 2 : Very robust protection (size 10 slots) using BPSK modulation and spreading 5
leading to an overall code rate 1/50

* Level 3 : High efficiency mode (size 1 slot) using QPSK modulation and overall code rate
1/8.75 due to puncturing

[0018] In some use cases, there is an interest to shorten the DVB-S2X super-frames. For
example, when transmitting a forward carrier to serve multiple terminals in a satnet, in which at
least one terminal requires, as it experiences harsh link conditions, very low SNR modcods
(such terminal is referred to as a very low SNR terminal) and at least one other terminal has
better link conditions. Hence, using the DVB-S2X standard, an entire super-frame with the
highest protection level is needed to send data to at least said very low SNR terminal, even if
only few bits are requested from this terminal, and even if all other terminals experience an
excellent link with the capability to demodulate very efficient modcods. The drawback is that all
PL frames will have a 10 slot spanning PL header, which results in too large a overhead for the
other terminals with better link conditions. Shortening the super-frame to a shortened super-
frame in order to only address the very low SNR terminals in said shortened super-frame
would avoid this too large overhead for the other terminals, which can be serviced through a
new super-frame with a lower protection level. However, it is not specified in the prior art how
this shortening should be done.

[0019] As a second example in which super-frame shortening is needed, transmission over a
beam hopping satellite is considered. The transmission for the illuminated beam must be sent
to the satellite at the time the satellite illuminates this beam. The timing duration of an
illumination of a particular beam is referred to as the dwell time. There are two options. In one
case the dwell time is shorter than a super-frame duration (e.g. for small symbol rates,
whereby it takes a longer time to send 612540 symbols) in which case the need for shortening
the super-frame is clear. Alternatively, the dwell time is longer than a super-frame duration.
The dwell time is then very likely not an integer multiple of the super-frame duration. More
specifically, an example as follows can be considered. Assuming a minimum of one super-
frame per hopping slot (HS) and a minimum of four contours per hopper and two slots per
contour for resource allocation granularity as explained above, the minimum scheduling frame
shall be eight slots long. To guarantee a maximum delay jitter one beam needs to appear in

every frame. The worst case distance of reappearance for a beam is therefore 2*8 - 2 = 14
slots. Assuming a HS = 1.25msec and aiming at maintaining the delay jitter below 20msec, the
symbol rate needs to equal 490Mbaud (= 612540symbols/1.25msec) which is possible using a
500MHz transponder and a receiver that can cope with such symbol rate. However, some use
cases might not be compatible with such bandwidth (e.g. current aero modems operate at
125MHz)). Also, satellite operators might wish to lease to customers smaller chunks of
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bandwidth (e.g. 2560MHz). Hence, there is a need for a solution for such cases.

[0020] In FR3049792 A1 a satellite is disclosed configured to provide a first plurality of spot
beams adapted for communication with subscriber terminals using time domain beam hopping
and a second plurality of spot beams adapted for communication with gateways. A spectrum
routing network can time multiplex spot beams of the second plurality of spot beams with spot
beams of the first plurality so that a spot beam that is implementing beam hopping for
communication to subscriber terminals communicates with different feeder beams (and,
therefore, different gateways) at different times during a hopping period.

[0021] The current DVB-S2X standard does not foresee a description how to shorten a super-
frame. The only shortening methods described in the DVB-S2X standard are the shortening of
VL-SNR modcods in section 5.5.2.6: When an LDPC block is shortened, the first Xg information

bits shall be set to 0 before encoding, and they will not be transmitted. In W02014/091271
both DVB-S2 and shortening are mentioned, but the shortening is applied on the receiver
during the waveform demodulation.

[0022] In summary, there is thus a clear need for shortened super-frames, while maintaining
the advantage of super-frames, e.g. for applying precoding and for robust synchronization.

Summary of the invention

[0023] It is an object of embodiments of the present invention to provide for an earth station
transmitter device capable of generating shortened super-frames. It is also an object to provide
for a satellite communication system comprising such an earth station transmitter device.

[0024] The above objective is accomplished by the solution according to the present invention.

[0025] In a first aspect the invention relates to an earth station transmitter device arranged for
generating a set of data to be transmitted to an earth station receiver device of a satellite
communication system. The earth station transmitter device comprises :

» encoding and modulation means for mapping a plurality of baseband frames, each
associated with a modulation and coding type, to a plurality of frames of encoded and
modulated symbols,

= physical layer framing means arranged for inserting in front of each frame of encoded
and modulated symbols, a physical layer frame header, so obtaining a plurality of
physical layer frames,

= converter means for converting a super-frame preamble, said super-frame preamble
comprising a start of super-frame and a super-frame format indicator, and that plurality
of physical layer frames into a plurality of capacity units, each capacity unit having a
length of 90 symbols,

e super-frame generator means arranged to prepend a first subset of capacity units



DK/EP 3830978 T3

corresponding to said super-frame preamble to a second subset of consecutive capacity
units of said plurality corresponding to said plurality of physical layer frames, and to
insert a pilot field of 36 super-frame pilot symbols type A in between each pair of
consecutive blocks of 16 capacity units of said first and second subsets, thereby
obtaining a pilot segment, and arranged to generate a super-frame by collecting a
number of said pilot segment, said number being smaller than 415.

[0026] The proposed solution indeed allows for shortening of the super-frame length in a way
that pilot fields are spread regularly, both within a single super-frame and between consecutive
super-frames. Both the super-frame preamble and the physical layer frames are converted into
a set of capacity units, which are each 90 symbols long. A pilot field of 36 symbols is then
inserted between each two consecutive groups of 16 capacity units. In this way one obtains a

concatenation of sets of 16¥90+36 = 1476 symbols forming a pilot segment, wherein one pilot
field is present. A super-frame having a length as defined in DVB-S2X contains 612540
symbols, i.e. 415 pilot segments of 1476 symbols. By taking less than 415 pilot segments in a
super-frame, a super-frame of shortened length is realized. Using shortened super-frames
allows among other things a more efficient use of the protection levels available in super-frame
format 4.

[0027] In a preferred embodiment the super-frame preamble comprises a super-frame header
containing a pointer to the complete first physical layer frame counted in capacity units and a
protection level selector. Advantageously the super-frame header further comprises a super-
frame pilot ON/OFF selector.

[0028] In one embodiment the earth station transmitter device is arranged for adding at most
16 capacity units of the second subset at the end of the super-frame if the super-frame is the
last to be transmitted in a dwell time.

[0029] Advantageously, the number of pilot fields in the super-frame is a multiple of 5. This
allows avoiding the need of symbol padding to maintain constant super-frame size.

[0030] In embodiments the earth station transmitter device comprises encapsulation means for
generating the plurality of baseband frames.

[0031] In embodiments the earth station transmitter device comprises baseband shaping and
quadrature modulation means arranged for receiving the super-frame and for modulating
symbols of the super-frame on a waveform at a symbol rate, thereby obtaining the signal to be
transmitted.

[0032] In another aspect the invention relates to a satellite communication system comprising
an earth station transmitter device as previously described and a plurality of earth station
receiver devices.
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[0033] Preferably the earth station receiver devices are arranged for detecting said pilot fields
in said super-frame and for performing pilot tracking based on said detected pilot fields.

[0034] The earth station receiver devices are preferably arranged for detecting the start of
super-frame based on the detected pilot fields.

[0035] For purposes of summarizing the invention and the advantages achieved over the prior
art, certain objects and advantages of the invention have been described herein above. Of
course, it is to be understood that not necessarily all such objects or advantages may be
achieved in accordance with any particular embodiment of the invention. Thus, for example,
those skilled in the art will recognize that the invention may be embodied or carried out in a
manner that achieves or optimizes one advantage or group of advantages as taught herein
without necessarily achieving other objects or advantages as may be taught or suggested
herein.

[0036] The above and other aspects of the invention will be apparent from and elucidated with
reference to the embodiment(s) described hereinafter.

Brief description of the drawings

[0037] The invention will now be described further, by way of example, with reference to the
accompanying drawings, wherein like reference numerals refer to like elements in the various
figures.

Fig.1 illustrates a satellite communication system where a hub or gateway (1) communicates
with multiple terminals (3) via a satellite (2).

Fig.2 illustrates a sequence of capacity units CU with one pilot field P.

Fig.3 illustrates the structure of a (shortened) super-frame built with pilot segments and the
placement of the SOSF and SFFI fields.

Fig.4 illustrates the continued grid of pilots.

Fig.5 illustrates the higher resource allocation flexibility obtained for the format 4 flavour by
modifications to the DVB-S2X super-frame structure.

Fig.6 illustrates a high-level block scheme of an embodiment of the earth station transmitter
device according to the present invention.

Detailed description of illustrative embodiments
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[0038] The present invention will be described with respect to particular embodiments and with
reference to certain drawings but the invention is not limited thereto but only by the claims.

[0039] Furthermore, the terms first, second and the like in the description and in the claims,
are used for distinguishing between similar elements and not necessarily for describing a
sequence, either temporally, spatially, in ranking or in any other manner. It is to be understood
that the terms so used are interchangeable under appropriate circumstances and that the
embodiments of the invention described herein are capable of operation in other sequences
than described or illustrated herein.

[0040] It is to be noticed that the term "comprising”, used in the claims, should not be
interpreted as being restricted to the means listed thereafter; it does not exclude other
elements or steps. It is thus to be interpreted as specifying the presence of the stated features,
integers, steps or components as referred to, but does not preclude the presence or addition
of one or more other features, integers, steps or components, or groups thereof. Thus, the
scope of the expression "a device comprising means A and B" should not be limited to devices
consisting only of components A and B. It means that with respect to the present invention, the
only relevant components of the device are A and B.

[0041] Reference throughout this specification to "one embodiment” or "an embodiment"
means that a particular feature, structure or characteristic described in connection with the
embodiment is included in at least one embodiment of the present invention. Thus,
appearances of the phrases "in one embodiment” or "in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment, but may.
Furthermore, the particular features, structures or characteristics may be combined in any
suitable manner, as would be apparent to one of ordinary skill in the art from this disclosure, in
one or more embodiments.

[0042] Similarly it should be appreciated that in the description of exemplary embodiments of
the invention, various features of the invention are sometimes grouped together in a single
embodiment, figure, or description thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various inventive aspects. This method of
disclosure, however, is not to be interpreted as reflecting an intention that the claimed
invention requires more features than are expressly recited in each claim. Rather, as the
following claims reflect, inventive aspects lie in less than all features of a single foregoing
disclosed embodiment. Thus, the claims following the detailed description are hereby expressly
incorporated into this detailed description, with each claim standing on its own as a separate
embodiment of this invention.

[0043] Furthermore, while some embodiments described herein include some but not other
features included in other embodiments, combinations of features of different embodiments
are meant to be within the scope of the invention, and form different embodiments, as would
be understood by those in the art. For example, in the following claims, any of the claimed
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embodiments can be used in any combination.

[0044] It should be noted that the use of particular terminology when describing certain
features or aspects of the invention should not be taken to imply that the terminology is being
re-defined herein to be restricted to include any specific characteristics of the features or
aspects of the invention with which that terminology is associated.

[0045] In the description provided herein, numerous specific details are set forth. However, it is
understood that embodiments of the invention may be practiced without these specific details.
In other instances, well-known methods, structures and techniques have not been shown in
detail in order not to obscure an understanding of this description.

[0046] DVB-S2X standardization aims at achieving higher efficiencies with the legacy physical
layer framing structure (PLFRAME) without introducing fundamental changes to the complexity
and structure of DVB-S2. In more detail, the PLFRAME consists of a PLHEADER of 90 symbols
(or 180 in case timeslicing is applied) intended for receiver synchronization and physical layer
signalling, optionally multiple 36 PLFRAME related pilot blocks and a single FEC. By fixing the
number of coded bits to 64800 for normal frames, 32400 for medium frames and 16200 bits
for short frames, the PLFRAME is characterized by a time duration which depends on the
presence of PLFRAME related pilots, on the selected modulation format and on the symbol
rate. Since the transmission of PLFRAME related pilot symbols is not regular in time over
different PLFRAMEs, the receiver needs to keep continuous frame processing (i.e.
continuously decoding each PL header (PLH), discovering the number of symbols carried by
the present frame and then looking for the next header after the recovered number of
symbols) in order to maintain framing lock. Practically, this means that by decoding one
PLFRAME header, the receiver looks for the next PL frame header after a number of symbols
determined by the symbol length of the current frame. Despite the efficiency of such an
approach in a continuous operation mode, complications arise once a frame is lost and
reacquisition is to be performed. As already mentioned in the background section, such
conditions arise for example in very low SNR conditions (e.g. small aperture terminals such as
mobile terminals etc.) and in beam hopping satellites, where the beams are not constantly
illuminated.

[0047] The need for low-cost burst receivers that manage to lock on a single frame on the one
hand, and on the other hand the introduction of beam hopping, where a receiver is not always
illuminated and where it is required to lock on the first frame once illumination starts, has led to
the definition of a more rigid transmission structure. Such a more rigid transmission structure
aims at mitigating the implementation complexity burden of a noncontinuous lock system to the
transmit side. In order to lock on just one frame, even in low SNR conditions, a header with a
longer length was needed. In order not to jeopardize the PHY layer efficiency, one needs to
make sure these long headers are not transmitted in a too frequent manner (in order not to
create too much overhead). As a result, a larger container, namely the super-frame (SF), was
defined.
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[0048] In short, the super-framing structure brings along the following enhancements. The
super-frames consist of a constant number of transmitted symbols, more specifically 612540
symbols, which improves synchronization and tracking. This for example allows "aligning"
different super-frames and consequently also pilot sequences over multiple carriers with the
same symbol rate, which can be useful for example for precoding. More specifically, this
alignment allows for interference management either by correlating at the receiver side with
orthogonal sequences included as super-frame pilot symbols, e.g. Walsh Hadamard
sequences, or via precoding at the transmitter side.

[0049] The SF has a long (720 symbols) header, which greatly facilitates reacquisition if a SF
is lost. There is also a regular super-frame pilot field distribution. More precisely, each SF
consists of exactly 612540 physical layer symbols that are split among the following fields :

e Start of SF (SOSF) composed of 270 symbols containing a known sequence, chosen
from a set of orthogonal Walsh-Hadamard sequences, to be used to detect the SF and
to mark the start of the SF; the SOSF is the equivalent of the Start-of-Frame (SOF) for
the PL frame

« SF format indicator (SFFI) that consists of 450 symbols, embedding four bits of
signalling information (heavily encoded and spread to 450 symbols in total) that is used
to identify 16 distinct SF formats;

A common data/signalling field of 611820 data and super-frame pilot symbols that can
be allocated in several different ways to the actual DVB-S2(X) PL frames according to
the SFFI;

[0050] The SOSF and SFFI for the SF represent the equivalent of the PL frame header for the
PL frame. In format 4 a format specific SF header reveals the position of the first PL header
inside the SF. The remaining PLHs need to be calculated. So constant tracking inside the SF is
necessary. The SOSF and SFFI| are always decoded. However, based on the SOSF or/and
SFFI, a receiver may choose to decode or not the rest of the SF. When discarding SFs which
were not selected to be decoded, a receiver can still stay in lock without spending valuable
resources on decoding unnecessary information.

[0051] DVB-S2X explains how, given the fixed super-frame length of in total 612540 symbols,
Super-Frame-aligned Pilots (SF-Pilots) can be defined that are placed in reference to the
super-frame structure, whereas in e.g. DVB-S2, PLFRAME related pilots are defined in
reference to the PLFrame. The SF pilot patterns and positions can be chosen such that the
following condition 1 and condition 2 are met:

+ Condition1 : super-frame pilots are inserted in a regular way in the super-frame. This
also holds between consecutive super-frames, i.e. super-frame pilot fields will be
repeated periodically across all super-frames (more specifically, there is a constant
distance in symbols between two consecutive pilot fields across the entire carrier)

« Condition2 : no symbol padding is required to maintain constant super-frame size,
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irrespective of the presence or absence of SF-pilots (ON or OFF).

[0052] Several suggestions are provided in the standard to fulfil these conditions with as
parameters a SF-Pilot field distance dgr and a SF-Pilot field length Pgg, where a SF-Pilot field

is a sequence of pilot symbols. The SF-Pilot field distance dgg is the amount of non-pilot

symbols between

« the start of the superframe and the start of the first SF pilot field
¢ the end of a SF pilot field and the start of the following SF pilot field.

[0053] The SF-Pilot field length Pgg is the number of SF pilot symbols in a SF-Pilot field.

[0054] DVB-S2X defines a specific instance of the Super-Frame-aligned Pilots (SF-Pilots)
called SF-Pilots Type A. More specifically, the following aspects of SF-Pilots Type A are
important in the context of the present invention. A unit with a length of 90 symbols is called a
"capacity unit" (CU). The DVB-S2X standard defines the SF Pilot field distance dgg as 16 CU,

which thus equals 1440 symbols. Further, the SF-Pilots of type A have a Pilot field size Pgf =

36 symbols. Thus, the SF pilot fields of a length equal to 36 symbols are regularly inserted in
between two blocks of 16 CUs comprising other symbols, counting from the start of super-
frame including the subset of CUs, formed by the CUs for SOSF/SFFI (8 CUs in total). The
regularity of the SF pilot grid also holds from super-frame to super-frame in case pilots remain
switched ON by format selection or format-related signalling. Fig.2 shows a sequence of such
16CU and one pilot field P forming a so-called Pilot Segment. Fig.3 then shows how the Pilot
Segments are combined to a super-frame and how the SOSF/SFFI are placed in this super-
frame. The other CU are to be filled in according to the super-frame format specification.

[0055] In DVB-S2X, depending on the super-frame format specification several ways are used
to signal whether SF-Pilots are in use. For super-frame format specification 0, 1, and 4 the SF-
Pilots Type Ais in use when it is signalled that SF-Pilots are in use.

[0056] In the present invention an alternative way to shorten the super-frame is proposed. A
super-frame is thereby selected such that the insertion of SF Pilots Type A still meets
Condition1 and, optionally, also meets Condition2.

[0057] In order to meet Condition1, the shortening is done by generating a super-frame with a

super-frame length in symbols equal to N*(16*90+36), whereby N is an integer number in the
range 1 < N < 415. When N is 415, the super-frame length matches with the super-frame
length in the DVB-S2X standard, hence it does not involve shortening. It is recalled that the
idea behind Condition 1 is to insert a SF pilot field in between two blocks of 16 CUs in order to
keep well synchronized to improve the detection of the payload symbols of the second block of
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16 CUs. In the special case of beam hopping, the illumination of a receiver stops at the end of
the dwell time. Hence, after the last block of 16 CUs, no SF pilot field is required, as there is no
need to improve the detection of the coming payload symbols, as there are no payload
symbols coming. Instead, as mentioned in EP18176340 for example, a smart pattern of known
symbols can be chosen to facilitate the detection of the end of illumination by the receiver.
Even stronger, the last payload block does not need to be 16 CUs long, it can be any integer
number of CUs smaller than or equal to 16 CUs. Hence, the length of the super-frame sent last

in the dwell time can be equal to M*(90) + floor(M/16)*36, with M an integer 1<M<6640, or
M*(90) + floor((M-1)/16)*36.

[0058] In order to meet not only Condition1 but also Condition2, the shortening is done by

choosing the super-frame length in symbols to be 5*N*(16*90+36) with N an integer number in
the range 1<N<83, except for the last sent super-frame in a dwell time, which can have a

length equal to M*(90) + floor(M/16)*36, with M an integer 1<M<6640, or M*(90) + floor((M-

1)/16)*36. This is because the smallest integer multiple of 36 which is also an integer multiple
of 90 equals 180, hence, five pilot fields of 36 symbols are needed to get 180 pilot symbols
equivalent to two CUs. As such, a super-frame can be an integer multiple of CUs without
padding. Fig.4 shows how the pilots grid is continued from the shortened super-frame to the
next (shortened) super-frame if Condition1 is respected.

[0059] Now is illustrated that the use of super-frames with shortened length as proposed in the
present invention is beneficial for the symbol rate granularity in the beam hopping example
provided at the end of the background section. With the shortened super-frames, a beam
hopping satellite with hopping slot HS = 1.25msec can choose a shortening integer N = 98 and
set the super-frame pilots ON (DVB-S2X related PLFRAME pilots OFF). Then the short SF has

a length of N*(16*90+36)=144.648 symbols, leading to lower required Symbol rate = 144.648
symbols /1.25msec = 115.718 Mbaud. The finer carrier granularity is achieved as shown in
Fig.5 for a format 4 flavour of the SF.

[0060] Fig.5 illustrates the use of a super-frame header (SFH) and a SFH-trailer (ST)
appended to the SOSF and SFFI blocks. Also the SFH and ST are split into CUs. The SFH
comprises 7 CUs with a pointer for the framing, a super-frame pilot ON/OFF selector and a
protection level selector. The ST has a length of one CU. The eight CUs of the SOSF and SFFI
and the eight CUs of the SFH and ST are then followed by a pilot field. Note that at the end of
the super-frame there is a pilot field.

[0061] The current DVB-S2X standard already explains what can be done in case there is no
integer number of PLFRAMES that fits in a super-frame. More specifically, the last PLFRAME
can then be split over two super-frames, where the first part (an integer number of CU) is
included at the end of the first super-frame and the second part (also an integer number of
CU) is included at the start of the next super-frame for the satnet.

[0062] In addition to the proposed structured way of shortening, a system is proposed where
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the satnet controller maximizes the efficiency by minimizing the overhead. For example, when
having terminals in a satnet which require a different protection level, it is of interest to shorten
the super-frame with the highest protection level such that the payload of the terminal requiring
this protection level is included, but not more. The payload for the other terminals can then be
sent by other super-frames with another protection level.

[0063] As another example, the beam hopping satellite context is considered. In that case the
controller, which is in synch with the beam hopping switching times (e.g. see EP18176340 for
explanations how to achieve such synch), can shorten the super-frames such that they fit
optimally in the dwell time, in combination with any known symbol pattern transmitted
afterwards, required to detect the end of illumination in order to remain in synch.

[0064] Fig.6 illustrates an embodiment of a transmitter according to this invention. The earth
station transmitter device comprises :

« encoding and modulation means (10) wherein a set of baseband frames, each
associated with a modulation and coding type, are mapped frames of encoded and
modulated symbols,

= physical layer framing means (20) to insert in front of each frame of encoded and
modulated symbols, a physical layer frame header, whereby a multitude of physical layer
frames is obtained,

« converter means (30) to convert a super-frame preamble, which comprises a start of
super-frame (SOSF) and a super-frame format indicator (SFFI), and that multitude of
physical layer frames into a plurality of capacity units each having a length of 90
symbols,

» super-frame generator means (40) to prepend a first subset of capacity units
corresponding to the super-frame preamble to a second subset of capacity units of said
plurality corresponding to the physical layer frames, and to insert a pilot field of 36
super-frame pilot symbols type A in between each pair of consecutive blocks of 16
capacity units of the subsets, thereby obtaining a pilot segment, and to generate a
super-frame by collecting a number of pilot segments, whereby said number is smaller
than 415.

[0065] In another aspect the invention discloses a satellite communication system comprising
an earth station transmitting device and a plurality of earth station receiver devices. The
receiver device need to be adapted to process the shortened super-frames transmitted by the
earth station transmitting device.

[0066] The receiver device first needs to detect a super-frame has been transmitted. This can
be achieved by identifying the SOSF. Next, an indication of the super-frame length needs to be
found. A receiver device then checks after each detected pilot field whether or not there is a
start of super-frame (SOSF) indication. If so, the start of the next super-frame has indeed been
found or the end of the preceding super-frame has been reached, if not the SF starting point
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should occur later in the stream. Once 415 pilot segments have been found the receiver knows
the current super-frame has a length as specified in the DVB-S2X standard (see e.g. ETSI EN
302 307-2 v1.1.1). If less than 415 pilot segments are found before a next SOSF is
encountered, a shortened super-frame as proposed in this invention is used.

[0067] If beam hopping is active, the last CUs of the super-frame at the end of an illumination
are filled up with dummy frames of type B, until the end of illumination is reached. The
illumination is allowed to stop after the PLH of the dummy frame type B. If several dummy
frames of type B are sent, the illumination is allowed to stop after the PLH of the first dummy
frame type B.

[0068] If beam hopping is active, the receiver device checks at each CU whether there is a PL
header of a type B dummy frame. If so, the end of the super-frame is assumed after the PL
header of the first dummy frame type B and the length of the super-frame is then known.

[0069] In certain embodiments of the receiver device of the satellite communication system,
the receiver exploits knowledge of the grid of pilot fields to improve synchronization. A periodic
grid of pilot fields allows for a less complex pilot tracking.

[0070] While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive. The foregoing description details certain embodiments of the
invention. It will be appreciated, however, that no matter how detailed the foregoing appears in
text, the invention may be practiced in many ways. The invention is not limited to the disclosed
embodiments.

[0071] In the claims, the word "comprising" does not exclude other elements or steps, and the
indefinite article "a" or "an” does not exclude a plurality. A single processor or other unit may
fulfil the functions of several items recited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does not indicate that a combination of these
measures cannot be used to advantage. A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a solid-state medium supplied together
with or as part of other hardware, but may also be distributed in other forms, such as via the
Internet or other wired or wireless telecommunication systems. Any reference signs in the
claims should not be construed as limiting the scope.
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TRANSMITTER TIL SATELLITKOMMUNIKATION
Patentkrav

1. Jordstations-transmitteranordning (1), der er indrettet til at generere et saet data, som
skal transmitteres til en jordstations-modtageranordning 3) i et
satellitkommunikationssystem, hvilken jordstations-transmitteranordninger omfatter:

- kodnings- o0g modulationsorgan (10) til kortleegning af en flerhed af
basisbandsrammer, der hver er tilknyttet en modulations- og kodningstype, til en flerhed
af rammer af kodede og modulerede symboler,

- indramningsorgan til fysiske lag (20), der er indrettet til indsaetning af et rammehoved
til fysiske lag foran hver ramme af kodede og modulerede symboler, , s& der opnas en
flerhed af fysiske lagrammer,

- konverteringsorgan (30) til konvertering af en superrammeindledning, hvilken
superrammeindledningen omfatter en begyndelse pé& superrammen (eng. Start Of
Super-Frame, SOSF), og en superrammeformatindikator (eng. Super-Frame Format
Indicator, SFFI), og flerheden af fysiske lagrammer til en flerhed af kapacitetsenheder,
idet hver kapacitetsenhed har en laangde pa 90 symboler,

- superrammegeneratororgan (40), der er indrettet til at foranstille et ferste underseet af
kapacitetsenheder, der svarer til superrammeindledningen, til et andet undersaet af
kapacitetsenheder i den flerhed, der svarer til flerheden af fysiske lagrammer, og
kendetegnet ved, at superrammegeneratororganet (40) endvidere er indrettet til at
indseette et pilotfelt af 36 superrammepilotsymboler type A som defineret i DVB-S2X-
standarden mellem hvert par af pa hinanden felgende blokke af 16 kapacitetsenheder,
hvorved der opnas et pilotsegment, og indrettet til at generere en superramme ved at

indsamle et antal af pilotsegmentet, hvilket antal er mindre end 415.
2. Jordstations-transmitteranordning ifelge krav 1, hvor superrammeindledningen
omfatter et superrammehoved, der indeholder en pointer til den komplette farste fysiske

lagramme talt i kapacitetsenheder samt en beskyttelsesniveauveasiger.

3. Jordstations-transmitteranordning ifelge krav 2, hvor superrammehovedet yderligere

omfatter en TIL/FRA-valger for superrammepilot.

4. Jordstations-transmitteranordning ifelge et hvilket som helst af de foregaende krav 1
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2
til 3, der er indrettet til at tilfeje hejst 16 kapacitetsenheder af det andet underseet i
slutningen af superrammen, hvis superrammen er den sidste, der skal transmitteres i en

hvilefase (eng. dwell time).

5. Jordstations-transmitteranordning ifelge et hvilket som helst af de foregdende krav,

hvor antallet af pilotfelter i superrammen er et multiplum af 5.

6. Jordstations-transmitteranordning ifalge et hvilket som helst af de foregaende krav,

der omfatter et indkapslingsorgan til generering af flerheden af basisbandsrammer.

7. Jordstations-transmitteranordning ifelge et hvilket som helst af de foregdende krav,
der omfatter basisbandsprofilerings- og kvadraturmodulationsorgan, der er indrettet til at
modtage superrammen og til at modulere symboler af superrammen pa en bglgeform

ved en symbolfrekvens, hvorved det opnas, at signalet transmitteres.

8. Satellitkommunikationssystem, der omfatter en jordstations-transmitteranordning,
ifalge et hvilket som helst af de foregéende krav og en flerhed af

jordstationsmodtageranordninger.

9. Satellitkommunikationssystem ifslge krav 8, hvor jordstationsmodtageranordningerne
er indrettet til at detektere pilotfelterne i superrammen og til at udfere pilotsporing pa

grundlag af de detekterede pilotfelter.

10. Satellitkommunikationssystem ifalge krav 9, hvor
jordstationsmodtageranordningerne er indrettet til at detektere begyndelsen af

superrammen, SOSF, pa grundlag af de detekterede pilotfelter.
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