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1 INTRODUCTION
1.1 Background
In recent years there has been an ever-growing demand for high data rates in multimedia communications and earth observation satellites. This demand increase comes in part from the use of high resolution sensors with a large field of view which generate a great amount of data. Additionally, the data is usually transmitted in a short period of time and using a very limited number of ground stations. In order to satisfy these higher data rates innovative modulation and coding schemes, with high spectral and energy efficiency, are required to match the bandwidth and/or power limited conditions of satellite channels. 

The possible ITU allocated bands for near Earth Exploration Satellites Systems (EESS) remain the same within 8.025/8.4 GHz and 25.5/27 GHz bands. The use of Ka band imposes stringent dish surface requirements for ground stations as well as the reception susceptibility to meteorological conditions, especially at low elevations (under 10 degrees). Therefore, a more efficient use of the X band, less affected by these requirements and phenomena, is becoming attractive. In parallel, new link margin management considerations are also needed for Ka band to avoid tremendous increase of power only for low probability cases. It is also liked for the small quantity of equipments (on-board and ground) needs to use the same transmission scheme for those two bands.
Further improvements in the average system throughput are envisaged by using adaptive Physical Layer techniques that allow for reconfiguration of the coding and modulation scheme. This change of coding and modulation scheme is envisaged based on either estimates of channel condition or a pre-determined schedule (for example, as a function of variation in the elevation angle for Low Earth Orbit satellites). Such improvements require more flexibility in the physical and MAC layers of the transmitter and receiver architecture.  

The high demand in TV broadcasting has pushed the DVB and ETSI organizations to a new telecom standard called DVB-S2. This has been adapted to the Ku and Ka bands and offers Variable or Adaptive Coding and Modulation with high power and bandwidth efficiencies. 
This document describes the interface between the CCSDS Space Links Protocols and the ETSI DVB‑S2 standard with the recommended options that can be considered as a Very High Rate Telemetry profile. Given that the DVB-S2 standard is owned by the DVB organization it is prohibited to reproduce elements from it within this recommendation. Therefore, all the reference documents are required for complete comprehension of the low layers of the transmission link.
1.2 Purpose and Scope

The purpose of this document is to define a recommended interface to the CCSDS Space Link Protocols with an efficient and comprehensive coding and modulation solution able to support a wide range of spectral efficiency values and data rates. The main driver is given by requirement of high data rate telemetry applications, i.e. EESS telemetry payload, where the increase of the system throughput, by means of advanced adaptive techniques, is deemed essential in order to fulfil the requirements imposed by future missions.

The DVB-S2 standard is using advanced modulations techniques (including QPSK, 8PSK, 16APSK and 32 APSK) and a wide range of coding rates (from 1/4 to 8/9) with the most recent near Shannon coding schemes (LDPC codes). The number of different modulation schemes available, combined with a properly selected coding rate, allows the overall system to make efficient use of the available bandwidth, adapting itself to the variable conditions of the link. The DVB-S2 standard can implement Variable Coding and Modulation mode (VCM), which adapts the transmission scheme to the channel conditions following a predetermined schedule (for example, as a function of the received elevation angle).If a Telecommand channel is available, the transmission scheme can be dynamically adjusted using the Adaptive Coding and Modulation mode (ACM) in real time.
A major advantage of the DVB-S2 scheme is the possibility to use generic Intellectual Property (IP) for the on-board development, while employing a standard DVB-S2 receiver on the ground side without custom modifications. Hardware, i.e. ASICs, developed for the commercial broadcast market may then be used to implement an EESS system in a timely and efficient manner. This hardware implements a wide range of modulation schemes combined with the most recent near Shannon coding schemes (LDPC codes). Conversely the use of equipment developed for commercial telecommunications applications imposes some limitations such as the case of when very high symbol rate is required. In this example, the complexity and the speed of the receiver becomes a key issue, with a custom designed solution preferable. For example, adapting the size of the Frame to a fixed one and avoiding the use of BaseBand signalling. 
1.3 conventions and Definitions

1.3.1 definitions

1.3.1.1 Definitions from the Open Systems Interconnection (OSI) Basic Reference Model

This document makes use of a number of terms defined in reference ‎[1].  The use of those terms in this document shall be understood in a generic sense; i.e., in the sense that those terms are generally applicable to any of a variety of technologies that provide for the exchange of information between real systems.  Those terms are:

a) blocking;

b) connection;

c) Data Link Layer;

d) protocol data unit;

1.3.1.2 Terms Defined in This Recommended Practice

For the purposes of this document, the following definitions also apply.  Many other terms that pertain to specific items are defined in the appropriate sections.

asynchronous:  not synchronous (see below).

delimited:  having a known (and finite) length; applies to data in the context of data handling.

Mission Phase:  a period of a mission during which specified communications characteristics are fixed.  The transition between two consecutive Mission Phases may cause an interruption of the communications services.

periodic:  of or pertaining to a sequence of events in which each event occurs at a fixed time interval (within specified tolerance) after the previous event in the sequence.

Physical Channel:  a stream of bits transferred over a space link in a single direction.
space link:  a communications link between a spacecraft and its associated ground system or between two spacecraft.  A space link consists of one or more Physical Channels in one or both directions.

synchronous:  of or pertaining to a sequence of events occurring in a fixed time relationship (within specified tolerance) to another sequence of events.  Note that ‘synchronous’ does not necessarily imply ‘periodic’ or ‘constant rate’.

1.3.2 Nomenclature

The following conventions apply throughout this document:

a) the words ‘shall’ and ‘must’ imply a binding and verifiable specification;

b) the word ‘should’ implies an optional, but desirable, specification;

c) the word ‘may’ implies an optional specification;

d) the words ‘is’, ‘are’, and ‘will’ imply statements of fact.

1.3.3 Conventions

In this document, the following convention is used to identify each bit in an N-bit field.  The first bit in the field to be transmitted (i.e., the most left justified when drawing a figure) is defined to be ‘Bit 0’;  the following bit is defined to be ‘Bit 1’ and so on up to ‘Bit N–1’.  When the field is used to express a binary value (such as a counter), the Most Significant Bit (MSB) shall be the first transmitted bit of the field, i.e., ‘Bit 0’ (see figure 1-1).
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In accordance with standard data-communications practice, data fields are often grouped into eight-bit ‘words’ which conform to the above convention.  Throughout this Recommended Practice, such an eight-bit word is called an ‘octet’.

The numbering for octets within a data structure starts with zero.  By CCSDS convention, all ‘spare’ bits shall be permanently set to ‘0’.
1.4 Reference Documents

The following documents contain provisions which, through reference in this text, constitute provisions of this Recommended Practice.  At the time of publication, the editions indicated were valid.  All documents are subject to revision, and users of this Recommended Practice are encouraged to investigate the possibility of applying the most recent editions of the documents indicated below.  The CCSDS Secretariat maintains a register of currently valid CCSDS Documents.
[1] Information Technology—Open Systems Interconnection—Basic Reference Model: The Basic Model.  International Standard, ISO/IEC 7498-1:1994.  2nd ed.  Geneva:  ISO, 1994.
[2] Digital Video Broadcasting (DVB); Second Generation Framing Structure, Channel Coding and Modulation Systems for Broadcasting, Interactive Services, News Gathering and other Broadband Satellite Applications.  ETSI EN 302 307 V1.2.1 (2009-08).  Sophia-Antipolis: ETSI, 2009.

[3] TM Synchronization and Channel Coding, Recommendation for Space Data System Standards, CCSDS 131.0-B-1.  Blue Book.  Issue 1. September 2003. 
[4] TM Space Data Link Protocol.  Recommendation for Space Data System Standards, CCSDS 132.0-B-1.  Blue Book.  Issue 1.  Washington, D.C.: CCSDS, September 2003.

[5] AOS Space Data Link Protocol.  Recommendation for Space Data System Standards, CCSDS 732.0-B-2.  Blue Book.  Issue 2.  Washington, D.C.: CCSDS, July 2006.
2 Overview of transferring ccsds Frames over DVB-s2 physical link

2.1 DVB-S2 recommended subset for EESS
DVB-S2 is the second-generation specification for satellite broadcasting developed by the DVB (Digital Video Broadcasting) Project in 2004 with small corrections in 2006. It benefits from more recent developments in channel coding (LDPC codes) combined with a variety of phase and amplitude/phase shift keying modulation formats (QPSK, 8PSK, 16APSK). When used for interactive applications, it may implement Adaptive Coding and Modulation (ACM), thus optimizing the transmission parameters dependant on path conditions. When a Telecommand channel (return channel in DVB) is not available, it may implement Variable Coding and Modulation (VCM).

DVB-S2 is typically focused and used for television/broadcasting and Internet access by satellite, but it can be used with practically any type of high data rate transmission. DVB-S2 can be also used to transmit a continuous bit stream as packetized data (MPEG stream essentially).

The aim of this recommendation is to utilize generic IP (Intellectual Property) Cores for the on-board development, while using a standard DVB-S2 receiver without modifications within the ground stations. This is the reason that the recommendation in his full compliance mode might appears to be inefficient and over layered. However, when very high Frame rate efficiency is required, a mode allowing the mapping directly of a CCSDS Transfer Frame within the DVB-S2 physical framing is also detailed. This has the disadvantage of being unable to utilize the DVB-S2 MODE/STREAM adaptation and consequently requires the use of a modified DVB-S2 receiver within the ground station. But as no standard DVB-S2 receivers are on the shelf for very high constellation symbol rates (over 70 MBauds), this modification is not a drawback. 
2.2 Architecture
The functional block diagram of the DVB-S2 standard for a packet stream transmission is given by Figure ‎2‑1 derived from §4.2, Figure 1 of reference ‎[2]. This scheme can be divided into three main blocks:

· mode and stream adaptation;

· forward error control encoding;

· Physical Layer Frame and modulation.

The mode and stream adaptation block provides buffering, signalling, and scrambling functions for transferring data using the protocol data unit called the BaseBand Frame (BBFRAME). The BB (Base Band) signalling corresponds to a BB header insertion so as to delimit physical containers. The padder is for adaptation of the data packet to the Data Field Length (DFL). The BB scrambler is for independence of the data contents ensuring sufficient transitions (‘0’ to ‘1’ and reverse) and bit equiprobability, but also to avoid a periodicity within the data sequence. This block belongs to the Data Link layer of the OSI. Its function is equivalent to the CCSDS transfer framing with buffering preceded by the ASM concatenation and also the scrambling of the CCSDS actual TM Synchronization and Channel Coding Blue Book (reference ‎[3]), but is mapped to the specific DVB-S2 Frame size. DVB-S2 also allows  a continuous Generic Stream transmission, which is the recommended mode within this document. This option of the ETSI standard can work efficiently with CCSDS non-coded Transfer Frame transmission. When a higher Frame efficiency is required, this mode and stream adaptation can be simplified through a CCSDS Transfer Frame splitting without using the BBFRAME at the expense of a non-compliance to the “full DVB-S2” (specific transmitter and receiver).
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Figure ‎2‑1 : Functional Block Diagram of the DVB-S2 System
The Forward Error Control (FEC) encoding provides near Shannon limit error protection when associated with Belief Propagation iterative decoding. The combined use of Irregular Repeat and Accumulate Low Density Parity Check code (IRA-LDPC) as inner code and Bose-Chaudhuri-Hocquenghem (BCH) block code as outer code is for compensation of short cycles in the Tanner graph of the LDPC leading to small errors blocks and permits avoidance of error rate flattening. A wide range of coding rates is possible in the ETSI standard, but it is suggested that the number of possibilities be limited. In DVB-S2 ETSI standard, two sizes of coded bits BBFRAME called ‘FECFRAME’ are possible: 64800 bits (normal FECFRAME) or 16200 bits (short FECFRAME). For CCSDS use, only the short one (equivalent in size to the actual possible coded Transfer Frame size, especially the one with CCSDS interleaver size I = 8) may be used. In fact, use of the short FECFRAME allows limiting the buffer size and thus limiting the need of additional memory on board and permits more speed efficient parallel decoding at the receiver side. The VCM command allows the selection, in real time, a specific modulation and coding and permits a proper slicing for continuous transmission of a data stream. It should be noted that for very high data rate telemetry, because of the limited size of Frame, specific attention should be paid when transmitting null-content Frames, in order to comply with the ITU regulations. This block belongs to the Data Link layer.

The Physical Layer Frame (PLFRAME) is obtained when mapping the coded bits of the FECFRAME with a specific header (PLHEADER) and optional pilot symbols distributed along the Frame, resulting in a XFECFRAME. For robustness purpose, this PLHEADER and those pilot symbols are scrambled and modulated with a very robust scheme (BPSK for PLHeader and 1PSK for pilot symbols) so as to help the demodulator for low SNR. This physical scrambling is for energy dispersal and avoiding repetitive contents. Obtained by a set of Gold sequences, this scrambling lasts all the PLFRAME. The content of the PLHEADER allows identification of not only the start of PLFRAME, but also the chosen coding and modulation (defined at the Frame level), the length of the Frame (normal or short), and whether or not pilot symbols are used. Given its importance, this PLHEADER is strongly protected by a Reed-Muller derived bi-orthogonal (64,7) code. Finally, a bit interleaver (for modulations above QPSK) and a shaped (SRC) modulation transforms the message in order to be transmitted by the medium. Additionally, at this level, when no data is present at the interface, the equipment maintains synchronization by inserting DUMMY FRAMES. These Dummy Frames are easily suppressed at the receiver side without any ambiguity. All these processes belong to the Physical Layer.

3 INTERFACE description
3.1 Introduction

This section describes both the recommended options for transferring CCSDS Frames over DVB-S2 Physical Layer at the interface between the two protocols and the recommended profile for configuring the DVB-S2 protocol. 
DVB-S2 and the two CCSDS downlink protocols (TM ‎[4] & AOS ‎[5]) are all synchronous Data Link Protocols. This results in mechanisms within all three to maintain the Physical Layer link when no user data is available.  For DVB-S2 it is the generation of DUMMY FRAMES and for CCSDS it is the generation of OID Frames. It is recommended that all CCSDS Frames (Active and OID) are transferred of the DVB-S2 link. It is therefore the responsibility for maintaining the synchronous physical link is with the CCSDS Frame generation. If the mission implementation requires the DVB-S2 Physical Layer to maintain the link, then this is specified in §‎3.5.
The CCSDS Frame stream is asynchronous to the DVB-S2 PLFRAME stream. As a result the CCSDS Frame stream has to be split into smaller BBFRAMES for transfer over the DVB-S2 Physical Layer. The CCSDS Frame and the BBFRAME streams shall remain octet aligned. This can be achieved using either:
Method 1: BBHEADER insertion (CCSDS and DVB-S2 compatible). This requires the CCSDS Frame stream to be split into smaller blocks and transferred by preceding these blocks with a DVB-S2 BBHEADER. This method is described in §‎3.2.

Method 2: Raw Bitstream. (CCSDS compatible). This requires the CCSDS Frame stream to be spilt into smaller blocks and transferred without preceding these blocks with a DVB-S2 BBHEADER. This method is described in §‎3.4.
The two methods use the Generic Stream transmission mode as specified by DVB-S2 ‎[2].

As far as Variable Coding and Modulation (VCM) is proposed by DVB-S2 and offers attractive properties for effective bandwidth use, the interface must also cope with the bit or byte rate change induced by the VCM at both CCSDS and DVB-S2 sides while still keeping the maximum useful CCSDS frame synchronous transfer. 
3.2 Recommended DVB-S2 profile

Table ‎3‑1 specifics the required Mandatory, Optional and Not Applicable settings required for the configuration of the DVB-S2 protocol for this recommendation. 
	System configurations

	EESS VHDR TM

	QPSK
	1/4,1/3, 2/5
	O

	
	1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9, 9/10
	M

	8PSK
	3/5, 2/3, 3/4, 5/6, 8/9, 9/10
	M

	16APSK
	2/3, 3/4, 4/5, 5/6, 8/9, 9/10
	M

	32APSK
	3/4, 4/5, 5/6, 8/9, 9/10
	O

	CCM
	
	M

	VCM
	
	O

	ACM
	
	O

	FECFRAME (normal)
	64 800 (bits)
	O

	FECFRAME (short)
	16 200 (bits)
	M

	Single Transport Stream
	
	NA

	Multiple Transport Streams
	
	NA

	Single Generic Stream
	
	M

	Multiple Generic Streams
	
	NA

	Roll-off 0.35, 0.25 and 0.2
	
	M

	Input Stream Synchronizer
	
	O

	Null Packet Deletion
	
	NA

	Dummy Frame insertion
	
	M

	M = Mandatory, O = Optional, NA = Not Applicable


Table ‎3‑1: Recommended DVB-S2 Profile
Configurations and mechanisms explicitly indicated as "Optional" within Table ‎3‑1 need not be implemented, in the DVB-S2 implementation to comply with this recommendation. “Not Applicable” configurations are not supported by this interface.
If an "Optional" mode or mechanism is implemented, it shall comply with the recommendation as given in this specification.
3.2.1 Pilot use

As far as the mission profile for this interface is on LEO missions, the DVB-S2 side will have to cope with noticeable Doppler shifts and Doppler rates especially for medium constellations symbol rates. 
The pilots insertion PLFRAME configuration (LSB of the TYPE field of the PLHEADER set to “1”, see ‎[2] §5.5.2.3) should be then the preferred way especially if the link signal to noise ratio force the use of low code rates associated with high order modulations. 
3.2.2 VCM

If VCM is implemented, the required input CCSDS Frame rate shall be variable. DVB-S2 will only vary the coding or modulation once a complete PLFrame has been transmitted.

The CCSDS Frame stream is asynchronous to the DVB-S2 PLFrame, resulting in the coding and modulation switch performed within a CCSDS Frame transfer. The implementation shall ensure that either:

a. The receiving (ground station) CCSDS Frame synchronization system or the DVB-S2 to CCSDS interface subsystem can accommodate a change of data rate within a CCSDS Frame.

b. The management function (spacecraft) initiating the VCM switch ensures that the CCSDS Frame transfer is either stopped if the CCSDS to DVB-S2 interface is only transferring active frames (§‎3.5) or an OID Frame for the CCSDS All Frames case. 

3.3 BBHEADER Insertion (CCSDS & DVB-S2 COMPATIBLE)
DVB-S2 allows a continuous Generic Stream input allowing the transmission of CCSDS Transfer Frames over DVB-S2 with only the need for an additional BBHEADER (BaseBand Header), see Figure ‎3‑1.
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Figure ‎3‑1: Format required for DVB-S2 Generic Stream Mode 
The CCSDS Frames will be asynchronous to the DVB-S2 BBFRAME given that the length of this BBFRAME is a function of the FEC code rate and the FECFRAME size, see ‎[2], §5.3.

As the CCSDS Frames are asynchronous to the DVB-S2 PLFRAME, then Synchronization of the CCSDS Transfer Frame is required and achieved by using the Attached Sync Marker (ASM) between them, the concatenation being called a CADU (Channel Access Data Unit). The ASM will be inserted as described in reference for an uncoded CCSDS Transfer Frame (non–Reed-Solomon coded or non-turbo coded Transfer Frame). The use of the CCSDS optional Frame Error Control Field of 2 octets (CRC16) inside this CADU still remains optional, as the DVB-S2 BCH outer code is used with a limited-to-12-bit error correction and detection capability on more than 1.62 kbits. The reach of the maximum iterations value at the LDPC decoder is also a way to get Frame Error Control Field information if this information can be passed through the interface to the CCSDS parts.
A fixed length BBHEADER of 10 octets shall be inserted in front of the DATAFIELD, as shown in Figure ‎3‑1. The BBHEADER contains additional information, not required for the continuous Generic Stream mode; for precise information, see ‎[2], pages 16-20. The descriptors, required for this recommendation, are the following:

First octet (MATYPE-1):

· TS/GS field (2 bits): Transport Stream Input or Generic Stream Input (packetized  or continuous);

· SIS/MIS field (1 bit): Single Input Stream or Multiple Input Stream;

· CCM/ACM field (1 bit): Constant Coding and Modulation or Adaptive Coding and Modulation (VCM is signalled as ACM). This flag is configured by ground and controlled by Telecommand (CCSDS) or DVB-RCS.
· ISSYI (1 bit), (Input Stream Synchronization Indicator): not active in this case;

· NPD (1 bit): null-packet deletion active/not active; always non-active in this case;

· RO (2 bits): Transmission Roll-Off factor (α). Three values are possible among 0.35, 0.25 and 0.2. As a compromise between crest factor and length of impulse response and also spectral sharpness, use of a 0.25 roll-off factor value is proposed.

Second octet (MATYPE-2):

· If SIS/MIS = Multiple Input Stream, then second octet=Input Stream Identifier (ISI); else second octet reserved.

UPL (2 octets): User Packet Length in bits, in the range [0, 65535], Set to 0 for this recommendation.

DFL (2 octets): Data Field Length in bits, in the range [0, 58112]. The Data Field Length is a function of the chosen code rate. For example, use of the 2/5 code implies a DFL = 6312 (decimal) or 18A8 (hexadecimal), see §‎3.3.1
SYNC (1 octet): copy of the User Packet Sync-octet, not used in continuous Generic Stream mode.

SYNCD (2 octets): distance in bits from the beginning of the DATAFIELD and the first UserPacket from this Frame (first bit of the CRC-8). SYNCD=65535 (decimal) means that no UserPacket starts in the DATA FIELD. Even if there remains some ambiguity; use of this value in the continuous Generic Stream mode is suggested.

CRC-8 (1 octet): not used for continuous Generic Stream.

The BBHEADER transmission order is octet by octet from the MSB of the TS/GS field.

So for the continuous Generic Stream mode, this BBHEADER becomes (in hexadecimal, Most Significant Value first, X representing an undefined content and Y a specific variable content):

                     61 XX 00 00 YY YY XX  FF FF XX

The combination of the BBHEADER and the DFL DATAFIELD is called a BBFRAME

3.3.1 BBFrame generator 

The number of octets required in the DVB-S2 DATAFIELD is defined by the following equation: 

kbch - (10 octets) ≥ DFL ≥ 0 

A DATAFIELD shall be composed of bits taken from the continuous octet stream and shall be transmitted in a homogeneous transmission mode (FEC code and modulation).
The CCSDS Frame stream and the BBFRAME stream shall remain octet aligned.
The BBFRAME generator shall allocate a number of input bits equal to the maximum DATAFIELD capacity (DFL= kbch -80) in a buffer, breaking the continuous stream in subsequent DATAFIELDs as a function of the code rate.
3.4 BItstream input to the DVB-S2 slicer (ccsds compatible)
When a very high data throughput is required and the presence of the DVB-S2 BBHEADER, on every sliced CCSDS Transfer Frame, is deemed too inefficient for the link, then the CCSDS Transfer Frame with ASM (CADU see ‎[3], ‎[4] and ‎[5]), can be inserted directly into the DVB-S2 stream. This is at the expense of full compliance with the DVB-S2 recommendation.
A simple slicing must be implemented in order to split a continuous octet stream in successive Frames length according to the DVB-S2 coding rate chosen. We call those tailored frames BSFRAMEs (BitStream Frames)
The CCSDS Frame stream and the BSFRAME stream shall remain octet aligned.
In this case, the slicer shall allocate a number of input bits equal to the maximum DATAFIELD capacity (DFL= kbch) in a buffer, thus breaking the continuous stream in subsequent DATAFIELDs further named also BBFRAMEs. The size DFL is in fact depending on the selected code rate as far as only nldpc is a dual value constant.
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Figure ‎3‑2: Stream Format at the Output of the Mode Adapter (CCSDS Compatible)
3.5 transfer only Active CCSDS Frames over dvb-s2
If only CCSDS Active Frames are transferred then the DVB-S2 layer is responsible for maintaining the synchronous nature of the physical link. In this case, when no data is available in the buffer to complete a DATAFIELD transmission, zero padding octets are appended at the end to fill the BBFRAME. 

When a DATAFIELD is not available for the BBFRAME generator (either BBHEADER Insertion or Raw Bitstream) on the input port, the Physical Layer Framing subsystem shall generate and transmit a DUMMY PLFRAME allowing synchronous transmission on the Physical Layer. This process replaces the generation of the CCSDS OID Transfer Frames within the TM and AOS Virtual Channel Multiplexing function.  
Note 1 – The output of the DVB-S2 process within the ground station will be an asynchronous TM or AOS Frame Stream.

Note 2 – Appending zero data octets to the end of a CCSDS Frame to fill a DVB-S2 BBFRAME will result in these padding octets being present at the output of the DVB-S2 processor within the ground station.


ANNEX A 

Acronyms

16APSK
16-ary Amplitude and Phase Shift Keying

8PSK
8-ary Phase Shift Keying

ACM
Adaptive Coding and Modulation

ASM
Attached Synchronization Marker

AWGN
Additive White Gaussian Noise channel

BB
BaseBand

BCH
Bose-Chaudhuri-Hocquenghem 
BER
Bit Error Ratio

BPSK
Binary Phase Shift Keying

CADU
Channel Access Data Unit
CCM
Constant Coding and Modulation

CCSDS
Consultative Committee for Space Data Systems
CRC
Cyclic Redundancy Check

DFL
Data Field Length

DVB
Digital Video Broadcasting project

DVB-S2
DVB System of second generation for satellite broadcasting

Eb/No
bit Energy and Noise power spectral density No ratio
Es/No
constellation symbol Energy and Noise power spectral density No ratio
ETSI
European Telecommunications Standards Institute

FEC
Forward Error Correction

FER
Frame Error Ratio

GF
Galois Field

GS
Generic Stream

IRA
Irregular Repeat and Accumulate (LDPC code)

ISSYI
Input Stream Synchronizer Indicator

ITU
International Telecommunications Union

LDPC
Low Density Parity Check (codes)

MIS
Multiple Input Stream

MPEG
Moving Pictures Experts Group

MSB
Most Significant Bit

NA
Not Applicable

NP
Null Packets

NPD
Null Packets Deletion

OID
Only Idle Data in its Data Field

OSI
Open Systems Interconnection
PL
Physical Layer

PLS
Physical Layer Signalling

QPSK
Quaternary Phase Shift Keying

RF
Radio Frequency

RO
Roll-Off (Nyquist shaping family)

SIS
Single Input Stream

SNR
Signal power to Noise power Ratio

SOF
Start Of Frame

SRC
Square root Raised Cosine shaping

SYNC 
SYNChronization octet
SYNCD 
SYNChronization octet/beginning of packet Distance

TM
TeleMetry link

VCM
Variable Coding and Modulation


























































































































































� ETSI standards are available for free download at � HYPERLINK "http://www.etsi.org" ��http://www.etsi.org�


� kbch as specified in � REF _Ref258593758 \r \h ��‎[2]�, 80 bits are dedicated to the BBHEADER; see § � REF _Ref258593619 \r \h ��‎3.2�. 





