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FOREWORD

This document is a CCSDS Report which contains dgrackd and explanatory material to
support the CCSDS RecommendatiG&@SDS Space Link Protocols over ETSI DVB-S2
standard(reference [1]).

Through the process of normal evolution, it is etpd that expansion, deletion, or
modification of this document may occur. This Repis therefore subject to CCSDS
document management and change control proceduhésh are defined irDrganization
and Processes for the Consultative Committee fac&Data System(€CSDS A02.1-Y-3).
Current versions of CCSDS documents are maintahéte CCSDS Web site:

http://www.ccsds.org/

Questions relating to the contents or status «f tiicument should be addressed to the
CCSDS Secretariat at the address indicated onipage
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1 INTRODUCTION
1.1 BACKGROUND

The Recommended Standard “CCSDS Space Link Pretac@r ETSI DVB-S2 standard”
[1] is an adaptation profile describing how to tise ETSI DVB-S2 telecom standard [2] to
transmit CCSDS Transfer Frames [5][6] for telemeypose.

1.2 PURPOSE

This report has been developed to help missiorerdsted in using the Recommended
Standard [1]. It provides some useful materialébgineers to define systems, or equipment
manufacturers to develop products, according ®REcommended Standard [1].

1.3 SCOPE

This document provides supporting and descriptivetenial only: it is not part of the
Recommended Standard [1]. In the event of any minBetween the Recommended
Standard [1] and the material presented hereirRétmmmmended Standard [1] shall prevail.

1.4 ORGANIZATION

Section 2 presents thelative roleof the Recommended Standard §ih[d theETSI DVB-S2
standard.

Section 3 provides an introduction to DVB-S2 terobigy and some protocol management
considerations when using [1].

Section 4 deals with implementation of the intezfaetween CCSDS protocols and DVB-S2
when using [1].

Section 5 provides some DVB-S2 performance material

1.5 REFERENCE DOCUMENTS

[1] CCSDS Space Link Protocols over ETSI DVB-S2 stahd®@commendation for Space
Data System Standards, CCSDS 131.3-B-1. Blue Btsdue 1. Washington, D.C.:
CCSDS, Mars 2013.

[2] Digital Video Broadcasting (DVB); Second GeneratiBraming Structure, Channel
Coding and Modulation Systems for Broadcastinggrinttive Services, News Gathering
and other Broadband Satellite Applications (DVB-32)SI EN 302307 V1.2.1 (2009-
08). Sophia-Antipolis: ETSI, 2009.

[3] Digital Video Broadcasting (DVB); User Guidelinesr fthe Second Generation System
for Broadcasting, Interactive Services, News Gatiteland other Broadband Satellite

CCSDS 130.12-G-0 Page 1-1 Mareh May2015 |
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Applications (DVB-S2)ETSI TR 102376 V1.1.1 (2005-02).Sophia-AntipolisTH,
2005.

NOTE - ETSI standards are available for free doauhlathttp://www.etsi.org

[4] TM Synchronization and Channel Codingecommendation for Space Data System
Standards, CCSDS 131.0-B-2. Blue Book. Issue 2.higton, D.C.: CCSDS, August
2011.

[5] TM Space Data Link Protoc&®lecommendation for Space Data System Standards,
CCSDS 132.0-B-1. Blue Book. Issue 1. Washingtog;.DCCSDS, September 2003.

[6] AOS Space Data Link ProtocBecommendation for Space Data System Standards,
CCSDS 732.0-B-2. Blue Book. Issue 2. Washingtog.DCCSDS, July 2006.

[7] DVB-S2 performance under realistic channel conddio CNES simulationsJ.-P.
Millerioux, X. Deplancq, G. Lesthievent, X. GiraudCSDS SLS-RFM_12-11.

[8] CNES DVB-S2 simulations over AWGN chandelP. Millerioux, X. Giraud, CCSDS
SLS-RFM_12-10.

[9] CNES VCM in lab experiment for DVB-S2 High DataeR&¢lemetryJ.-P. Millerioux,
A. Labeyrie, M. Llauro, C. Petiot, J. Kauppila, Gesthievent, S. Baissac, CCSDS SLS-
CS_13-06.

[10] “DVB-S2 modem algorithms design and performancer otypical satellite
channels’; E. Casini, R. De Gaudenzi, A. Ginesi, Internagiodournal of Satellite
Communications and Networking, Special Issue onDWB-S2 Standard for Broadband
Satellite Systems, Volume 22, Issug8ges PP281-318, May/June 2004.

[11] “DVB-S2: The Second Generation Standard for Sa¢elBroad-band Services”
Alberto Morello and Vittoria Mignone, Proceedingstioe IEEE, Vol. 94, No. 1, January
2006.

[12] CNES DVB-S2 simulations with non-linear amplifioafid.-P. Millerioux, C. Dudal,
CCSDS SLS-CS_13-17.

[13] Use cases of DVB-S2 for telemetd-L. Issler, J.-P. Millerioux, CCSDS SLS
RFM_14-04.

[14] 8 Hints for Making and Interpreting EVM Measurengemtgilent Application Note
(http://cp.literature.agilent.com/litweb/pdf/59894EN. pd].

N
N

15]  Handbook of the Space Frequency Coordination Graip4. “« - { Mis en forme : Police :Non Italique, Non }

’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ souligné, Couleur de police : Automatique

[16] Bit-interleaved coded modulatipnG. Caire, G. Taricco, and E. Biglieri, IEEE \{Misenforme:Justifié
Transactions on Information Theory, Vol. 44, N&PP. 927-946, May 1998.

| cCcsSDS 130.12-G-0 Page 1-2 Mareh May2015



DRAFT GREEN BOOK -CCSDSPROTOCOLSOVER DVB-S2 — SUMMARY OF DEFINITION,
IMPLEMENTATION, AND PERFORMANCE

[17]
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5:1-2, 2008.
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2 RELATIVE ROLES OF CCSDS RECOMMENDED STANDARDS +1
AND ETSI DVB-S2 STANDARDS

2.1 RATIONALE OF CCSDS PROTOCOLS OVER DVB-S2

The ETSI DVB-S2[2]_telecom standard was developed with the viewscbfeaing high
power efficiency and bandwidth efficiency, bothteria being also of very high value fa
telemetry applications.

The use of the ETSI DVB-S2 telecom standard foenetry makes it possiblbao useof
generic VHDL (Very High Scale Integrated Circuits\MHSIC — Hardware Descriptior
Language) Intellectual Property (IP) cores — iflifiaedicated to the telecom market — f
the development of telemetry equipnenThe use of an already widely implement
standard simplifies the task of finding a transemitbr receiver for early compatibility test
RegardingForthe ground part, some DVB-S2 receivers or ASICgplfation Specific
Integrated Circuits) developed for the telecom massket (and consequently with ve
competitive costs) could be reused for telemetry.

The DVB-S2 standard is consequently a technicdfigient and cost-effective solution i
particular for High Data Rate Telemetry (HDRT) apations, such as Earth Exploratia
Satellite Services (EESS) payload telemetry.

Actually, the DVB-S2 standard is already used fanmtelemetry applicatior{d 3], and the
added value of the Recommended Standiafds mainly to provide a formalization of th
interface between CCSDS and DVB-S2 for interopditglissues.

112.2 CCSDS AND ETSI DVB-S2 VERSIONS

== ‘[Mis en forme : Justifié
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The CCSDS Recommended Standard [1] beingaptive_adaptatioprofile of the ETSI
DVB-S2 standard, it is worth reminding the roledltd CCSDS Recommended Standard
and of the different versions of the ETSI DVB-Sarstard.

The different versions of the ETSI EN 302307 DVBs$&ndard are the following:

- V1.1.1, March 2005;
- V1.2.1, August 2009;
- V1.3.1, March 2013.

In 2014, the ETSI EN 302307 was split in two parts:

- Part1: DVB-S2, reference ETSI EN 302307-1 V1.4uly 2014);
- Part 2: DVB-S2 Extensions (DVB-S2X), reference ETBN 302307-2V1.1.1
(October 2014).
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The CCSDS Recommended Standard 131(Btarch 2013) [1] is aredaptive _adaptation
profile referirgreferringo ETSI EN 302307 V1.2.1 (August 2009) [2].

Because of the backward compat|b|l|ty of the ETSI 3I)2307 standard versiciiactually

ew y iy )the CCSDS Recommended
Standard 1313 1 (Mars 201@1[4:} is aIso compatlble with ETSI EN 302307 V1.3.1
(March 2013) and ETSI EN 302307-1 V1.4.1 (July 20R&tually, all new versionsf ETSI
EN 302307include the previous version with new optioRssible new versions of ETSI
EN 302307 after 2014 are beyond the scope of tiiamient.

1-22.3 ETSI DVB-S2 USER GUIDELINES

The CCSDS Recommended Standard [1] beinggaptive_adaptatioprofile of the ETSI
DVB-S2 standard [2], it is worth noting that somESE user guidelineg][3} are available.

The first release of these user guidelines is HIF5102376 V1.1.1 (February 2005).

A refreshment of these quidelines with ETSI EN 3023 was proposed in 201BDVYB
BlueBook Al171-1, DVB-S2 Implementation Guideliddarch 2015, simultaneously with
user guidelines for ETSI EN 3023072\B BlueBook A171-2, DVB-S2X Implementation
Guidelines, March 2015

For the sake of clarity, we refer all along thiscdiment to the first release of ETSI user
quidelineq3]_(the refreshment being very close to the firstask).

It is worth noting that the technical content afgb user guidelines is very significant.

These user guidelines include in particular DVB{&frence performance over AWGN
channel (seé.2.1 of this document), or some results with power afieplnon-linearity.
Moreover, these user guidelines incluslebstantial-a-tet-efmaterial concerning DVB-S2
VCM/AMCM receivers and constitute an essential basis for peopledsted in detagd
implementation of DVB-S2 receivers.

References to sections[B]_possibly useful for the CCSDS Recommended Star{dfraire
listed iInANNEX C of this document.

_ - ‘[Mis en forme : Justifié

1.32.4 CCSDS AND ETSI VCM ANB/ ACM _MODE

The ETSI DVB-S2 standard includesCCM mode(Constant Coding and Modulation) but
also a VCM (Variable Coding and Modulation) andn ACM (Adaptive Coding and
Modulation) mods.

The CCSDS Recommended Standdi@it} being anadaptive adaptatioprofile of the ETSI
DVB-S2 standard, the CCSDS Recommended Stand3fd can accommodate DVB-S2
CCM as well a&/CM and ACM modes.

All along this document, VCM and ACM should be urgdeod as DVB-S2 VCM or ACM.

| cCcsSDS 130.12-G-0 Page 2-2 Mareh May2015
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3 DVB-S2 TERMINOLOGY AND AND-PROTOCOL MANAGEMENT <1
CONSIDERATIONS

3.1 INTRODUCTION

3.1.1 DVB-S2 VCM PRINCIPLE

It is well known that the propagation condition® ahanging during a Low Earth Orb|
(LEO) satellite pass above an Earth station. Figdi@1 shows the two main parameters t
greatly influence the link budget and consequetitb signal-to-noise ratio at the receiv

input:

the distance between the satellite and the Eaatiost(dl, d2 and d3), depending-q
the elevation;
the tropospheric propagation conditions (clowes) ...)

Satellite

dz2

Elevation 90 d3

Elevation 60°

di
Elevation 5°

Earth station

Figure 3-1: lllustration of variable conditions of propagation

When the distance decreases with higher elevaiih < d1), the free-space loss al
decreases and the link budgeiniproved The achievable gain is significant: typically dR
for a satellite with 700 km orbit altitude. The teetsignal-to-noise ratio at the receiv
allows using more spectrally efficient modulatiorfor coding rate.

This is where the Variable Coding and Modulatio®GM — mode,availablepessiblevhen
using the DVB-S2 standard, fully benefits. The alste change can be predicted for ea
pass and the transmission can be planned to changadldelation and the coding rate whe
the link budget is more favorable to increase teful bit rate.

HeneceThusthe VCM mode allows maximizing the HDRT downlaaglihroughput, keeping
the same on-board power consumption.

As an examplend, following values of table 13 if?], a gain of 12 dB on the link budgs

== ‘[Mis en forme : Justifié

—

hat
er

Mis en forme : Avec puces + Niveau :
1 + Alignement : 0.63 cm + Retrait :
1.27 cm

i

—

allows to go from QPSK with coding rate 3/4{E, = 4 dB) at 5° elevation to 32APSK wit

CCSDS 130.12-G-0 Page 3-3
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coding rate 9/10 (#|No = 16 dB) at 90° elevation. The spectral efficiency @APSK 9/10
(4.45 bits/symbol) is 3 times the spectral efficignf from QPSK 3/4 (1.48 bits/symbol).

In_practice, VCM will be used taking into accouritetchange of the free-space-loss
(depending on the elevatigrgnd also the change of the margin to cope withospheric
propagation (also depending on the elevation).

3.1.2 DVB-S2 ACM PRINCIPLE

If the distance can be @y anticipated, some tropospheric propagation everdy be more
difficult to predict. The impact of these eventstba link budget may be very significant, in
particular when using the highest frequencies (aasiKa-bandEESS. To cope with these
events at the highest frequencies, the Adaptiveingodnd Modulation — ACM — mode,
available when using the DVB-S2 standard, can Insidered.

This ACM mode consists in updating in quesattime the modulation and the coding rate to
the best operating tuning, based on the receivgulbkio-noise ratio measurement by the
receiver. ConseguentlyHencea guasi—+eal-timequasireal-time telecommand link to the
satellite is required. The principle is illustraied=igure 3-232.

Satellite

8PSK 3/4 QPSK 1/
d3

d3 Elevation 60°

Elevation 60

Earth statio

Figure 3-2; lllustration of variable conditions of propagation

3.1.3 ABOUT THE USE OF DVB-S2 VCM AND ACM

Both VCM and ACM modes allow optimizing the on-bodaesources to offer the highest
available useful bit rate accordit@the propagation conditions, thus maximizing the HDR
throughput.

The VCM mode can be typically considered with X-haEESS (8.025-8.4 GHZz)
transmissions, where the tropospheric losses relmaiim the link budget.
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The ACM mode can be typically considered for Kagh&kESS25.5-27 GHz) transmissiong
because of the atmospheric losses highly changitigtime.

Some examples of achievable system performanceg UBMB-S2 VCM or ACM are
proposed in ANNEX B.

In_the ETSI DVB-S2 standard [2], and consequently in the CCSDS Recommendef
Standard [1], the protocol is identical for VCM or ACM.

The difference between VCM and ACM is related to opration of the HDRT (which is
beyond the scope of this documerdr of the scope of [1).

3.1.4 OBJECTIVES OF SECTION 3

The objectives of sectioBare:

- to introduce the terminology used in the ETSI DVB-andard?], in particular for
VCM and ACM managemeliisection3.2),

- to present some technical material in support & dblection of CCSDS managed
parameters ifil] (section3.3),

- to present possible solutions to properly use t660S Recommended Stand@tdl

(sections3.4and3.5).
1.43.2 MODCOD AND TYPE

The combination of a modulation and a coding ratealled a MODCOD as per DVB-S2
terminology. A MODCOD field can thus be coded usindecimal value between 0 and 28
(see [2] section 5.5.2.2), or 5 bits.

A TYPE field is added to the MODCOD field. This TERield is constituted of 2 bits. One
bit indicates the FECFRAME size (normal or shoifhe other bit indicates the pilot
insertion status (ON or OFF).

When using DVB-S2 VCM or ACM modes, the MODCOD andPE can be changedy
the transmitteion a frame-by-frame basis. Consequently, the MODC®P FECFRAME
size and the pilot insertion status are variablenagad parameters as per CCSDS
terminology. 7 bits are required to encode thesmlke managed parameters.

It is worth reminding here that these variable managed pgeeam are indicated in th
PLHEADER of the transmitted signal; it is consedilyenot needed to provide them to the
receiver working in VCM/ACM mode.

11%

The useful data rate (defined as the data rateeaCADU level) depends on the MODCOD
and the TYPE. It is equal to the product of theesteld spectral efficiency listed irable
3-1Fable-3-1by the symbol rate used on the physical link.
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spectral efficiency [bits/symbol]
. LDPC Short short normal normal
e e ifer | FECPRAWE | FECERAME| pecrrave | FECERAME
with pilots pilots with pilots pilots
1 QPSK 1/4 0.3575 0.3653 0.4786 0.4902
2 QPSK 1/3 0.6155 0.6291 0.6408 0.6564
3 QPSK 2/5 0.7446 0.7609 0.7706 0.7894
4 QPSK 1/2 0.8306 0.8488 0.9653 0.9889
5 QPSK 3/5 1.1317 1.1565 1.1600 1.1883
6 QPSK 2/3 1.2607 1.2884 1.2908 1.3223
7 QPSK 3/4 1.3897 1.4203 1.4521 1.4875
8 QPSK 4/5 1.4757 1.5082 1.5494 1.5872
9 QPSK 5/6 1.5618 1.5961 1.6153 1.6547
10 QPSK 8/9 1.6908 1.7280 1.7244 1.7665
11 QPSK 9/10 N/D N/D 1.7460 1.7886
12 8PSK 3/5 1.6920 1.7253 1.7396 1.7800
13 8PSK 2/3 1.8850 1.9220 1.9357 1.9806
14 8PSK 3/4 2.0779 2.1188 2.1775 2.2281
15 8PSK 5/6 2.3351 2.3811 2.4223 2.4786
16 8PSK 8/9 2.5280 2.5778 2.5859 2.6460
17 8PSK 9/10 N/D- N/D- 2.6184 2.6792
18 16APSK 2/3 2.5052 2.5488 2.5746 2.6372
19 16APSK 3/4 2.7616 2.8097 2.8963 2.9667
20 16APSK 4/5 2.9326 2.9836 3.0905 3.1656
21 16APSK 5/6 3.1035 3.1575 3.2219 3.3002
22 16APSK 8/9 3.3599 3.4184 3.4395 3.5231
23 16APSK 9/10 N/D- N/D- 3.4827 3.5673
24 32APSK 3/4 3.4192 3.4931 3.6233 3.7033
25 32APSK 4/5 3.6308 3.7093 3.8662 3.9516
26 32APSK 5/6 3.8424 3.9255 4.0306 4.1195
27 32APSK 8/9 4.1599 4.2498 4.3029 4.3979
28 32APSK 9/10 N/D- N/D- 4.3569 4.4530

Table 3-1: DVB-S2 spectral efficiency as a functioof MODCOD and TYPE
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1.53.3 TYPICAL SIMPLIFIED CONFIGURATION

For most of HDRT applications, there is no needhange the TYPE field. It is consequently
suggested to set these two bits to an unvaryingevaithin a Mission Phase. Actually, this
TYPE field is kept as a CCSDS variable managedrmpeter only for the sake of coherency
betweenCCSDS Recommended StandftfandETSI DVB-S2 standar{?].

4543.3.1 PILOT SYMBOLS INSERTION

Pilot symbols insertion in the transmitted signaynibe useful to reinforce the robustness of
the link.

A typical DVB-S2 receiver is shown iRigure 3-3Figure-3-3Pilots may be used for carrier
phase interpolation by the receiver.

[}
Baseband I/Q Fine carrier | ! Pilot-based:! [ Fine carrier

received — CL;(:rierugh H %Eﬁﬁég;m%; H AGC H Fsrar::l:e - frequency [ carier | phase M LLR LE;%G?:H
samples T yne. sync. :phasesync.: sync. g
U v /?\ if pilots
Symbol PLHeader [ 1 inserted
clock decoding .
recovery if ok

Figure 3-3: Typical DVB-S2 receiver

In presence of phase noise, this carrier phasepmitgion allows using a phase lock loop
(PLL) for fine carrier phase recovery with a naresvioop bandwidth than without pilots.
Hence, degradationdue toimperfect carrier recovery is reducedhen usingpilots. An

example of comparison of DVB-S2 performasagith and without pilot insertion, and using

the typical DVB-S2 receiver ifrigure 3-3Figure—3-3is shown inFigure 3-4Figure—3-4
(where BIT designs the normalized loop bandwidtdu®r carrier phase recovery)

Pilot symbols may also be useful to increase teistmess to thBoppler effects. Section
B.2 of[3]_points out that the DVB-S2 carrier recovery schéamal thughstheDVB-S2 pilot
symbols structure) was conceived to cope with quieacy offset up to 5 MHz and with a
frequency ramp up to 30 KHz/s (the target beingdmin symbol rates, typically from 10 to
30 Mbauds). Maximunbopplershift andDopplerrate values in LEO are typically less than
660 KHz and 17 KHz/s (worst case of a satellitdhvieight 300 km and carrier frequency 26
GHz). Moreover, data rates considered for HDRT BOLsatellites are usualljigherthan
dataratesthoseonsidered for telecoms (typically by a rafiom 5 teto 20} then frequency
recovery is easier for HDRT application§hanks to this higher symbol rate
HenceThereforgt appears quite feasible to cope widbpplereffects in the frame of the use
of [1][2]

Finally, since the cost of pilot symbols in ternfpower/bandwidth efficiency is negligible,
it is advised to consider the use of pilots, intigatar in case of lack of fine tenital
evaluations.
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1.E+00
1E-01 —o—reference
1E-02 4 ‘\‘%\ —8—AWGN with pilots, BIT=6e-4
§ 1E-03 \1\ \ —A—pha_se noise with pilots,
BIT=6e-4
1.E-04 \\ —e—phase noise without pilots,
g BIT=1e-3
1.E-05 =>phase noise without pilots,
BIT=6e-4
1.E-06 == AWGN without pilots,
10.2 10.3 104 10.5 10.6 10.7 10.8 109 11 BIT=1e-3
Es/NO (dB)

Figure 3-4: DVB-S2 typical receiver performance wih and without pilot insertion
(16APSK 3/4, short FECFRAME)

1.E+00

1.E-01

=== 8PSK 5/6 short

1.E-02 }t
1.E-03 T

== 8PSK 5/6 normal
1E-04 16APSK 5/6 short

FER

=== 16APSK 5/6 normal

1.E-05

1.E-06

8 9 10 11 12 13
Es/NO (dB)

Figure 3-5: DVB-S2 performance with normal and shor FECFRAME
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3.3.2 NORMAL FECFRAME

The Bits Interleaved Coded Modulation (BICM) scheused in the DVB-S2 standard is a
pragmatic way to achieve performance close to tWGA channel capacity, even for High

Order Modulation, with dissociation of demodulatistep and decoding step (by computing
Log-Likelihood Ratio) to reduce receiver complexiee[16][17]).

According to information theorya long frame allowsa more efficient Forward Error
Correction (FEC). Hence, in the DVB-S2 standahne, normal FECFRAME is more efficient
than the short FECFRAME from a power/bandwidth eraff point of view. An example of
comparison of DVB-S2 performance with normal andrsRECFRAME is shown itfrigure
3-5Figure-3-51t is consequently advised to use the normal FEAWR whenever possible.

1.63.4 DUMMY PLFRAME

The DVB-S2 standard allows inserting a so-callednbly PLFRAME (Physical Layer
Frame) in the transmitted signal. This Dummy PLFRANbes not convey any information,
and is identified and suppressed by all DVB-S2 ixexs (i.e. it does not appear in the data
flow at the receiver output).

For some applications or some technical implememtatolutions, it can be more convenient
to use this Dummy PLFRAME rather than CCSDS OlIDn&far Frames encapsulated in
DVB-S2. Typical utilizations of the Dummy PLFRAMEGIude:

- opening of the link at the beginning of a sateltitess,

- maintenance of the link continuity when downloadiagstopped for a link budget
reasons,

- maintenance of the link continuity when data ar¢ awailable at the DVB-S2
transmitter input (which is not possible with atsys fully following the CCSDS
standards, but can happen in practice),

- stand-by mode of the transmitter.

This Dummy PLFRAME is referenced as the MODCOD (e Tassociated spectral
efficiency is 0.

1-+73.5 TRANSMISSION CLOSING

When-followingAs described iftL], the encapsulation of CCSDS Transfer Framed\itB-
S2 frames is asynchronous (and the DVB-S2 paddingt used).

Consequently, the transmission of a non-useful datpience (by the DVB-S2 transmitter
itself, or by the data source feeding the tranemits required to flush the data in the DVB-
S2 transmitter buffer and properly close the dowadlavithout loss of useful data. The
required minimum length of the data sequence ofus®eful bits depends on the current
MODCOD and TYPE. The worst case is obtained with ¢oding rate 9/10 and normal
FECFRAME, and is (58192-80) bits.
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Input CCSDS Transfer Frames M bits M bits | M bits ‘ [ XX ]
ASM
/ (32 bits) \
CADU stream | M bits M bits | | M bits ‘ | LA
i i i
1 1 1
1 1 1
DVB-S2 i i i
slicer ! i i
| | |
1 1 1
| | |
1 1 1
DVB-S2 DATAFIELD blocks | DFL bits DFL bits DFL bits eeoo

DVB-S2 standard

Radiofrequency
modulated
signal DVB‘S 2
Figure 3-6: Stream Format while Transmitting CCSDSTransfer Frames Using DVB-S2
(extract from [1])

CCSDS OID Transfer Fram anebe used for
this non-useful data sequenegher than a pseudo-random data sequdheiows keeping
maintaining the flow of the CADU streanat-at the receiverside during a temporary
interruption of data transmission.sktems isiseful when thénk-transmission-availabilitis
not fully predictable predictedn-ground (such as when using ACM). The minimum beim
of required OID Transfer Frames depends on theenttMODCOD and TYPE and on the
CCSDS Transfer Frame length. A worst case is obthronsidering the coding rate 9/10
with normal FECFRAME. The number of OID Transfeafes required in this worst case is
at least (568192-80)/(CCSDS Transfer Frame Lengtitin+ 32 bits of ASM).

NOTE - It is suggested to choose the CCSDS Trastene Length equal to (or close to)

the maximal value of 2048 octets to minimize therbead loss. When using this CCSDS

Transfer Frame Length and DVB-S2 normal FECFRAMEes# OID Transfer Frames are
| required to properly close thmwnleadtransmission
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24 IMPLEMENTATION AT THE INTERFACE BETWEEN CCSDS «|- - {Misen forme: justiié

PROTOCOLS AND DVB-S2

2-14.1 INTRODUCTION

The CCSDS Recommended Standard [1] beingaptive_adaptatioprofile of the ETSI
DVB-S2 standard [2]the interface between CCSDS protocols and DVB-S¥ sarticular
interest.

It is worth reminding that all DVB-S2 telecom dewginent can be considered for
application to the CCSDS case (see se@idh the Recommended Standdtd being fully
compatible with the DVB-S2 standaj2].

However, some specific HDRT implementations (pdgsiitot including DVB-S2 options|
useless fofl]) may be considered to reduce implementation coxiiglat the interface
between CCSDS protocols and DVB-S2. Sect2 deals with such a simplifieq
implementation.

Moreover, the classical “data-push” interfacdoriginally conceived for low data rat
telemetry) does not seem particularly suited to a VCM/ACMeifdce. Hence, a possibl
solution for a VCM/ACM interface at the transmitieputis-presented in sectioh3.

1%

[¢)

- { Mis en forme : Justifié

224.2 DVB-S2 BASEBAND HEADER SIMPLIFIED PROCESSING

In the DVB-S2 standard, a BaseBand Header (BBHEADP&RO octets length is inserted at
the beginning of each BaseBand Frame (BBFRAME)sTBBHEADER includes some

signaling related to the DVB-S2 standard. BBHEADER structure is fully described i||1

[2] section 5.1.6.

Actually, this signaling is not essential for aeteetry transmission. However, this
BBHEADER must not be bypassed in a transmitterpating to [1], for the sake of full

DVB-S2 compatibility (to ensure the possitdedtitization- reuseof commercial telecom|

receivers). Moreover, the complexity added by BBHEADER insertion is very limited

(for the transmitter and the receiver), as explinereunder.

{ Mis en forme : Police :

phase.

Indeed, during a mission phase, the potentiallyaée content is limited to the DVB-S2
DATA FIELD LENGTH (DFL) and the DVB-S2 CRC-8 (dep#ing on the DFL value).

According to section 4.2.3 gfi][4}, this DFL only depends on the FECFRAME sike- { Mis en forme : Police :
(DFL=Kbch-80 bits) and the coding rate.

Actually, these two parameters (FECFRAME size anding rate) are required by the
receiver before FEC decoding, justifying that thase still indicated in the DVB-S2
PLHEADER. Additional content of the BBHEADER wittkespect to the PLHEADER is
limited to the transmission mode (CCM or VCM/ACM)dathe transmitted roll-off.
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P { Mis en forme : Police :

interpretation becausen the-one handit knows the transmission roll-off or uses adaptiv
equalization and on the other han& knows the transmission mode or always assumes a
VCM/ACM mode.

P { Mis en forme : Police :

- the BBHEADER does not change in CCM mode,
- the BBHEADER only changes with the FECFRAME sizel aoding rate during a
mission phase with VCM/ACM mode.

It can be pointed-out that the 10th octet of theHERDER is a CRC upon the first 9 octets
of the BBHEADER.

A possible implementation scheme can be based bwated function to compute the
BBHEADER:

- input parameters: transmission mode (CCM or VCM/ACKbll-off, FECFRAME
size, coding rate,
—output parametergossibly varyingctets of the BBHEADER

0 Octetl/10 (MATYPE); - { Mis en forme

0 Octets5/10 and 6/10 (DFL=}-80)and
-0_Octet-10/10 (CRC-8).

The other BBHEADER octets can be set to 0.

NOTE - This tabulated function can be further sifiga for a given mission by considering
unvarying transmission mode, roll-off and FECFRABIEe{as proposed in section 3.3

- ‘{ Mis en forme : Justifié

2-34.3 EXAMPLE OF DATA INTERFACE AT THE TRANSMITTER INPUT TO"
WORK WITH DVB-S2 VCM/ACM

Let us recall that the DVB-S2 standard, being aally designed for telecom applications,
implies a time-unvarying channel symbol rate. Samyl, in a High Data Rate Telemetry
context, the symbol rate does not change duringsaiom phase. When using VCM or ACM
transmission mode, the required data rate at th8-B¥ transmitter input (input CADU
stream data rate) depends on the MODCOD. Requimat data rates can be derived from
the channel symbol rate and the spectral efficentiTable 3-1Fable-3-1

A _convenient solution to cope with this time-varyimlata rate is to use a “data-pull”
interface. A typical implementation of this dataeirface;, using parallel LVDS wires, and
used in [9], is shown in Figure 4-1Figure-4-A.functional diagram of the on-board
downloading subsystem is shownFigure 4-2Figure-4-2
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Clock
g
Data_valid
Mass Memory > .
(data source) Data (? or 16 bits) Transmitter
7 g
Data_request
<

Figure 4-1: Data-pull interface with parallel LVDS wires

The data source at the transmitter input is hemass memory (MM). The master equipment
is the transmitter (TX) and the slave equipmerthes data source. The transmitted symbol
rate (and consequently the transmitted data ratpydportional to the internal clock of the
transmitter. The data rate at the interface betwbendata source and the transmitter is
proportional to the internal clock of the data seurThe transmitter has an internal buffer at
its input to store data before processing (i.eirmpdnodulation and filtering).

At the beginning of a downloading sequence, thestratter sets the “data_request” signal to
1, thus the data source begins to send data toahemitter When using VCM/ACM modes
tFhese data must be sent with a data rate higherttteamaximum data ratgvhen—using
VCMIACM)—achievable by the transmitter. Consequently, thffebus filled. When the
buffer filling reaches a maximum value, the “datguest” signal is set to 0, the data source
stops sending data to the transmitter and the bisffldumped. Then, when the buffer filling
reaches a minimum value, it sets the “data_requdgtial to 1, and so on. A proper choice of
the buffer size and of the minimum and maximuminfyl values (taking into account
response times of the data source and the traeshigtrequired. This system is then able to
cope with any transmitter data rate change.

The “data_valid” signal (equal to 1 when some datatransferred from the data source to
the transmitter, else equal to 0) is used by #wesmitter to detect when data are received.

This “data-pull” interface would allow exchanging anframed stream of data between the
data source and the transmitter. However, it iserasuggested to exchange entire CADU at
the interface between the data source and theniies
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Mass memory (data source) |

RMM
............ Memory reading

Data_request Data, Clock and Data_valid
proportional to Ry

Buffer

.  Rix
12 DVB S2 coding and
@ """"""""" * modulation DUV SRS
MODCOD and TYPE T J Rux !
(from the OBC) /
Rix

Transmitter |

Signal with data rate
proportional to Ryy

Figure 4-2: On-board downloading subsystem functioal diagram with data-pull
interface

The “data-pull” concept can be used with a “wizéirk” or a HSSL (High speed Serial
Link) for the data transfer between the data soart the transmitter. In such a case, the

physical electric interface of the “data_requestjnal can be different from the data
interface.

If a ciphering device is inserted between the datace and the transmitter, this device may
include a buffer at its input arithnsmitpasshe “data_request” signal from the transmitter to |
the data source. By doing so, the system is abiotk with VCM/ACM.

Finally, it can be pointed out that the use of @ fstg mechanism (for example using the

DVB-S2 Dummy PLFrame) appears natural to securdirikecontinuity when using a “data-
pull” interface.

CCSDS 130.12-G-0 Page 4-4 Mareh May2015 |



DRAFT GREEN BOOK -CCSDSPROTOCOLSOVER DVB-S2 - SUMMARY OF DEFINITION,
IMPLEMENTATION, AND PERFORMANCE

35 PERFORMANCE OF DVB-S2

5.1 INTRODUCTION

The objective of this section is to present a sgsith of DVB-S2 performance useful for
HDRT engineers

Section5.2 provides exhaustive references and results farétieal DVB-S2 performance
over AWGN channel.

Section5.3 provides examples of DVB-S2 performance in a HODR®”-linear (due to power
amplifier) channel, using software simulations wihfully emulated receiver and FER
(FECFRAME Error Ratejneasurements.

Section5.4 provides exhaustive DVB-S2 performance in a HDRR-tinear (due to power
amplifier) channel, using software simulations wi¢h simplified receiver and EVM
measurements (allowing a considerable diminutiorihef simulation time with respect to
section 5.3 This sectionalso provides results concerning Power Spectrum Be(®8D).

Section5.5 provides some hdware results measurements from a recent HDRT eangipe

3-15.2 PERFORMANCE OVER AWGN CHANNEL

The objective of this subsection is to provide refices and results for theoretical
performances of DVB-S2 over AWGthannel

341521  NORMAL FECFRAME

Some performances can be found in ETSI user gueelj3], section A.3, page 66/67, in
terms of MPEG Packet Error Rate (PER). Actuallyjjudations show that FECFRAME Error
Rate (FER) and PER values are very close. Moresugee the curve slopes are very steep,
the difference in terms ofsfp is negligible (<0.05 dB).

Simulation results for MODCOD missing in [3] areepented irFigure 5-1Figure-5-1
3.4.25.2.2 SHORTFECFRAME
Some performances can be found in ETSI user gaeke[i3], section A.3, page 68.

Simulation results for MODCODs missing in [3] ar@gented irrigure 5-2Figure-5-2
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Figure 5-1: Performance over AWGN channel — DVB-Skormal FECFRAME — |
additional results to ETSI user guidelines [3]
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Figure 5-2: Performance over AWGN channel — DVB-S2hort FECFRAME —
additional results to ETSI user guidelines [3]
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. /~{Mis en forme : Justifié
325.3EXAMPLE OF PERFORMANCE WITH NON-LINEAR CHANNEL
IMPAIRMENT

The objectives of this subsection are:

- to present simulation results illustrating the hétiaof DVB-S2 over a non-linear
channel,

- to point out the interest of adapting the amplifieperating pointaccording
todepending-othe usedMODCOD-used

Channel impairment is thus limited in this subs@ttio the non-linear impairment without
memory from the power amplifier.

- { Mis en forme : Justifié
3:215.3.1  PRINCIPLE OF AMPLIFIER OPERATING POINT OPTIMIZATION

To optimize the amplifier operating point for a giv MODCOD, two effects have to be
considered.

For a given OBO, the available RF power at the #maplbutput is reduced with respect to
the RF power available at saturation. Thus, a lmdtknplies a loss over the link budgeind
it appears interesting to reduce this OBO.

However, the non-linear effect of the power amelifinduces alegradation demodulatio
loss-at-demodulation This degradation increases when reducing the OBOshewn in
Figure 5-3Figure5-3

Frame Error
Rate

A

With given amplifier
operating point (IBO/OBO)

Ideal

| Demodulation
Target FER[=" 777777777777~ |oss| [dB]

\ \ Eb/NO [dB]

Figure 5-3: DPrineiple-of-demodulation loss measurement principle
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Finally, an optimum OBO can be found — for a givd@®DCOD — as shown irFigure

FleeE

| Degradation | |Tota.l
[dB] Optimum degradation|
4 operating [dB]
point

\ | |OBO loss|
| [dB]
| Demodaulation loss | |0BO| [dB]

[dB] (for a given
waveform)

N - - {Mis en forme : Justifié

Figure 5-4: Principle of amplifier operating point optimization
3.2.25.3.2 _ SIMULATION HYPOTHESES

Results are obtained using the simulation tool eexd in{7} [7], in which the receiver
shown in Figure 3-3 is use@his tool includes the receiver shownHigure 3-3Figure-3-3
Short FECFRAME is used to limit the simulation tinfeilot symbols are inserted. The
| rolloff is chosen equal to 0.2.

A typical European 26 GHz non-linearized TravellWWgve Tube Amplifier TWTA (used in
| [18]; and with characteristsaroughly similar to the ones in Figure H.12 of [B)assumed. It

is fully characterized by CW (Continuous Wave) ANlAand AM/PM responses shown in
| Figure 5-5Figure-5-5No digital predistorsion of the amplifier nondiarity is considered

here. Other channel impairments are not consideretie sake of interpretability of results.

| cCsSDS 130.12-G-0 Page 5-6 Mareh May2015



DRAFT GREEN BOOK -CCSDSPROTOCOLSOVER DVB-S2 — SUMMARY OF DEFINITION, |
IMPLEMENTATION, AND PERFORMANCE

It can be noticed that usually, the relationshipwieen IBO (Input Back-Off) and OBO
(Output Back-Off) depends on the waveform. It isr fnstance, different for CW and
modulated signals. It also depends on the rollodf #ne constellation of a modulated signal.

AM/AM AM/PM
2 0
0 10 =
_2 4/
T 4 ~ __-20
3 _6 V. :: -30 \\
o - v ® . N
o /| < 40 X
o -8 4 o
10 ,/ 50
12 -60 >
-14 -70
-20-18-16-14-12-10-8 -6 -4 -2 0 2 4 -20-18-16-14-12-10-8 -6 -4 -2 0 2 4
1BO (dB) IBO (dB)

Figure 5-5: 26 GHz power amplifier AM/AM and AM/PM responses

323533  OPTIMUM OPERATING POINT OPTIMIZATION FOR 16APSK 8/9  *] L Misen forme : Justié

The optimization for 16APSK 8/9 is shownhimgure 5-6Figure-5-6

The optimal operating point &n IBO| of =5.5 dBcorresponding t@n -ar|OBQO| =of 1.75
dB.

—eo—demodulation loss —#—0BO total degradation

g N

2 N

5 Ne

"33

-‘S \
g .

1 ———FI’.{././.‘ \\

0.5 1 1.5 2 2.5 3 3.5
|0BO| [dB]

Figure 5-6: Amplifier operating point optimization for 16APSK 8/9
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3:2:45.3.4  RESULTS WITH CONSTANT IBO

If a MODCOD change is required, the most straightfotvgay, though not optimum, may
be in some cases to operate at the same IBO amprptint over a mission range of
MODCODs.

Results for different MODCOD from QPSK 1/3 to 16AP8/9 with the previous IBO are
thus presented iRigure 5-7-igure-5-7

For a given constellation, the demodulation loszekeses with the coding rate, thanks to the
decrease of the required Es/NO over AWGN channel.

However, if high coding rate 8PSK and low codingerdA6APSK have similar required
Es/NO over AWGN channel, 16APSK shows a more ingmirttemodulation loss with non-
linearity, due to its higher peak-taveragepower-ratio (PAPR).

Due to the even higher PAPR of 32APSK, it doesapptear possible to reach the target FER
with the considered IBO. For that reason, it isessary to consider a specific IBO
optimization for the case of the 32APSK MODCODs.

The optimization for 32APSK 8/9 is shown figure 5-8Figure-5-8The optimal operating
pointisan|IBO|=0f 11 dB corresponding to &0BO| =-of 4.95 dB.

325535 COMMENTS

The basis for optimization of the amplifier opengtipoint was presentedonsidering DVB-
S2 nominal constellations.

Another simple way to further increase performaisc® use static digital pre-distortion of
the amplifier non-linearity— for 16APSK and 32APSkat the constellation mapping level in
the transmitter. Such a pre-distortion is workibhtha symbol rate, thus its digital complexity
is very limited. For a given MODCOD using 16APSK 3#APSK, a joint optimization of
the pre-distorted constellation and of the opegatpoint is then possibleSuch an
optimization is proposed in sectiém.

When considering a VCM or even ACM transmissionsimple solution consists in
optimizing the amplifier operating point for a madiMODCOD, and then in keeping a
constant IBO for the different MODCOD.

When considering a VCM or even ACM transmissiofylbperformance solution requires a
dynamic adaptation of the amplifier operating pod#pending on the MODCOD (the
implementation of such a solution being beyondsttepe of this document).
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Figure 5-7: Performance with constanilBO|= 5.5 dB
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—e—demodulation loss —#—0BO total degradation

=
o

|degradation| [dB]
O B N W ~ U1 O N 00 ©
//

\ — —1
.7_./I—
\\
e, S A s
2.5 3 3.5 4 4.5 5 5.5 6 6.5
|0BO| [dB]

Figure 5-8: Amplifier operating point optimization for 32APSK 8/9

3.35.4 EXAMPLE OF PERFORMANCE WITH STATIC PREDISTORSION OF «- -~ {(Mis en forme : Justiie

POWER AMPLIFIER NON LINEARITY

The objective of this section is:

- to present some additional material about Power lfi@p (PA in the following)
operating point optimization when using DVB-S2 Highder Modulations (HOM),
in particular through Error Vector Magnitude (EVI#]]) measurements,

- to evaluate the possible improvement when usingrg simple symbol Constellation
Predistorsion (CP in the following) of the PA namelarity,

- to evaluate possible constraints on the amplifg@rating point related to the Power
Spectrum Density (PSD in the following) at the R&put.

334541 METHODOLOGY

The model used is the classical model of non-liteavithout memory(already used in
section5.3): the PA is fully characterized by its AM/AM and AMM responses. A typical
European non-linearized X-band Travelling Wave Tukmaplifier TWTA used for the
HDRT of CNES Pleiades satellites is consideredh vaharacteristics shown iRigure

5-9Figure 5-9
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TWTA Pleiades - AM/AM
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Figure 5-9: AM/AM and AM/PM responses of the 8 GHZTWTA

In the software simulator used, the receiver syomization is assumed ideal: simple static
amplitude and phase shift compensations are appligtie received signal to be able to
measure the EVM.

In the same way than in secti@3, the value to be minimized (by modifying the P‘A
operating point or the CP) is the Total Degradaii®éB), equal to the sum in dB of the
Output Back-Off (OBO) and the Demodulation Loss Jhaplied by the non-linearity:

CCSDS 130.12-G-0 Page 5-11 Mareh May2015 |



| DRAFT GREEN BOOK -CCSDSPROTOCOLSOVER DVB-S2 — SUMMARY OF DEFINITION,
IMPLEMENTATION, AND PERFORMANCE

TD(dB) = OBO(dB) + DL(dB)
The DL is obtained by the following formula, witltaral values:

%required at demodulation with PA non linearity
DL =

C . . : . .
N required at demodulation without PA non linearity

C is the carrier poweiand N is the additive noise power measured inetiigvalent noise
bandwith (equal to the symbol rate).

We assume that the constellation distortion induogdhe PA noslinearity has the same
behavior as AWGNand acts as interference on the link. The C/| aeduby the PA non
linearity is then linked to the measured EVM (withdWGN) by the following formula (see
[14][30]), in dB:

C/1(dB) = —20 log10(EVM(%))

To make the link possible with the target FER, tbeeived C/(N+I) has to be equal to the
required ENy at the receiver input. We get, with natural val(sese for example [29]):

-1 -1

(750 =) () =(reaureay)

-1 -1 -1
o= ((reauired ) (5)
N require N, I
Finally, we obtain in natural values

((required i_z)_l _ (%)—1)—1

E
required =
No

DL =

orindB

. E
DL(dB) = 10log10 (1 _ qreauired 2(aB)-Fm))/ 10)

We consider for the exercise a perfect receivenguthe theoretical #\q values taken from
the DVB-S2 §eetable 13 in[2]). This approximation appears close to reality Hudern
receivers (see sectidnb) at least up to 16APSK.
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It is worth noting thagll along ini-allthis section 5.4, TD, OBO and DL are expressetl wit
negative values.

It is also interesting to underline that the op#iation processonsideredn this sectiorb.4 is
fully similar to the oneconsideredn section5.3, the only difference being the computatipn
of the demodulation loss DL using EVM measuremeantss.4 (of interest to reduce
simulation time with respect to sectibrB).

3325.4.2  QPSK AND 8PSK

The optimization can only be performed on the afigplioperating point (CP is not
applicable for constant envelop constellations).

The Peak-to-Average-Power Ratio (PAPR) is the seam@PSK and 8PSK, because of the
constant envelope constellation. However, the PARRases when the roll-off alpha value
decreases. TheA-degradationdemodulation loss induced by the ((hAabsolute value)|
varies in the opposite direction of the PAPR.

The operating point optimization leads to a highbr (in absolute value) for 8PSK than for
QPSK, because theoretical requirefNg are lower for QPSK than for 8PSK.

It can be noted that for both QPSK and 8PSK, wleatéive roll-off is, the best operating
point is found very close to the saturatieimure 5-10Figure-5-16hows the TD for differen
OBO and for the 3 highest coding rates (5/6, 8/ @10) for 8PSK. The blue lindmarker
+) are foro_= 0.2, whereas the green lingsarkero) are fora_=0.35.

8PSK (3 highest coding rates), q=0.5 and 0.35

total degradation TD (dB)

-9 08 -07 06 -05 -04 -03 -02 -01 0

Figure 5-10: TD for 8PSK
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3:3354.3  16APSK

The optimization is performed on
- the PA operating point
- the increase of the radius ratidthwegard respedb the nominal constellation
(T'=ycrYnomina):
- the phase shift of the second ringharegard respedto the nominal constellation
(Ag).

The optimization is performed by the brute forcerapch.

For each IBO, an optimal couplE, (A¢) is foundby testing possible values BfandAo. +as
shewn-in_Figure 5-11Figure-5-Ihows the TD (in dB) as a function BfandAg, for the

case of 16APSK 9/18nd with an IBO equal to -3 dBletice-than-the-OBO-slighthrdepends
Eh€Raptimal couplel(, Ap) is about

(1.5, 20°) and leads to a TD equal to -2.8 dB.
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16APSK, IBO=-3dB, 0=0.2

Figure 5-11: TD as a function ofl" and A¢ for a fixed IBO

Notice than the OBO slightly depends on the wavafand consequently depends on the CP.

Figure 5-12Figure-5-18hows thdowestbes{TD| for different OBO and for the 6 16APSH
of the DVB-S2 standard. The blue lingsarker+) are with CP, whereas the green lines
(markero) are without CPi(e. -PA-eperating-point-optimization-onlywith norallDVB-S2
constellationsFhe-optimal-cod (- 0°)-and-leads-to-aTFb-eqg 8
dB.

2

MHeH—Ao
P XD c
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16APSK, a=0.2

total degradation TD (dB)

Figure 5-12: Optimal TD for 16APSK

Table 5-151 and Table 5-252Fables-herewsinmarize the optimal operating point for
roll-off .= 0.2 ando_=0.35. The gain in using CP is found limited: 0.40t@6 dB witha_=
0.2, 0.55 dB to 1.1 dB with_=_0.35. Logically, this gain is slightly higher fane highest
roll-off value (the PAPR increase induced by théseiwshaping filter is not mitigable by the
CP).
ith CF Without CF (TD with CP)
constelation | IBO (dB) OBO (dE)Cg:‘sF;e('z‘é”” T @B)|DL@B)| T | a¢() |1BO (@B) c()di? Cgaséegz‘é'o” TD (dB)| DL (dB) "((T:E)"‘(’gg"”‘
16APSK 2/3 -1.5 -0.76 16.9 -1.53 -0.7 1.6! 17.p -3 -0.86 615. -1.93 -1.07 0.40
16APSK 3/4 -2.5 -0.85 17.5 -1.76 -0.9: 1.5 17. 4 -1.04 16.3] -2.27 -1.23 0.51
16APSK 4/5 -3 -0.93 17.8 -1.95 -1.03 1.5] 20] 5| -1.31 17.19 532] -1.22 0.58
16APSK 5/6 -3.5 -1.05 18.1 -2.1% -1.0 1.4% 17.p 5 -1.3 17.1] -2.74 -1.44 0.63
16APSK 8/9 -4 -1.12 18.5 -2.5 -1.3§ 1.4] 17. 6 -1.63 18 -3.p4-1.61 0.74
16APSK 9/10 -5 -1.36 19.3 -2.57 -1.2. 1.3 15 7| -2.03 19 -383-13 0.76
Table 5-1: Optimal operating points, 16APSK, roll-off a = 0.2
ith CF Without CE (TD with CP)
constellation | 1BO (dB) OBO (dE)CgL‘fF‘f(";‘g’” @) |oL@e)| T | a0 |iBO @B) C(’dBB‘)’ Cgrh“s;(";’g’” D (dB) | DL (dB) '((T:E)"‘(’gg"“‘
16APSK 2/3 -0.5 -0.71 18.3 -1.29 -0.5: 1.8 22.6 -3 -0.86 116. -1.8 -0.94 0.55
16APSK 3/4 -1.5 -0.77 18.9 -1.4 -0.6. 1.7% 22. -4 -1.04 16.8| -2.1 -1.06 0.70
16APSK 4/5 -2 -0.82 19.2 -1.53] -0.71 1.7 22. -5 -1. 17.7 352 -1.05 0.82
16APSK 5/6 -2 -0.81 19.3 -1.63 -0.87 1.7] 22. -5 -1.29 17.7 .532| -1.24 0.90
16APSK 8/9 -3 -0.95 19.9 -1.9 -0.95 1.6 20, -6 -1.62 18.6 -2.97-1.35 1.07
16APSK 9/10 -3.5 -1.04 20.3 -1.97 -0.9: 1.5! 2q -6 -1.61 18.6| -3.05 -1.44 1.08
Table 5-2: Optimal operating points, 16 APSK, roll-off & = 0.35
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3:345.4.4  32APSK

The optimization is performed on
- the PA operating point
- the increase of the second radius ratith wegard respedb the nominal constellation
(C2=y2,cAY2,nomina)s
- the phase shift of the third rindtlv regard respedb the nominal constellatio\{y).

HenreeThusthe optimization proposed here is suboptimal,abee the optimization could
also be performed oR1=y1,cHY1,nominal aNd A@1. However, the third ring of 32APSK is the
most subject to PA compression and thus the impnew of a more sophisticated approach
can be presumed limited.

32APSK, 0=0.35

total degradation TD (dB)

| | | | |

| | | | |

| | | | |

| | | | |

1 1 | | |
6 -5 -4 -3 -2 1 0
OBO (dB)

Figure 5-13: Optimal TD for 32APSK

ith CP Without CF (TD with CP)

. constellation o OBO | constellation - (TD without]
constellation | 1BO (dB) OBO (del) SNR (0B TD (dB)| DL (dB)| T Ag (°) |1BO (dB) @) | sNr@s TD (dB) | DL (dB) cP) (B
32APSK 3/4 -5.5 -1.85 18.7 -3.11 -1.2¢ 1.3! 15 -9 2.65 17.6] 4.36 -1.71 1.25
32APSK 4/5 -6 -2 19.2 -3.39 -1.39 1.3 12. -9 -3.14 18.8 2417 -1.58 1.33
32APSK 5/6 -6.5 -2.14 19.7 -3.6 -1.46 1.3 12. -9 -3.13 18.9] 4.98 -1.85 1.38
32APSK 8/9 -8 -2.71 21.2 -4.13| -1.42 1.2] 10 - 3.49 20.2 565/ -1.87 1.43
32APSK 9/10 -8 -2.71 21.2 -4.3 -1.59 1.2] 10] -1q 3.649 20.2 765/ -2.07 1.46

Table 5-3: Optimal operating points, 32APSK, roll-off ¢ = 0.2
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ith CP Without CF (TD with CP.
constelation | IBO (dB) OBO (dé)cg:fée("j;"” @) pL@e)| T | ap() |1BO (@B) ?dBB? C;’"\‘SF:E("‘?;"" D (dB)| DL (dB) (g';)"zgg"“t
32APSK3/4 | 45 | 17 19.9 261 09 158 17, q 265 177 43 | 165 1.69
32APSK 4/5 5 178 204 281 L0 15[ 17, o 34 19 14k 147 1.80
32APSK5/6 | 55 | 186 20.8 294 -1 1.4 15 o 342 101  844] 172 1.88
32APSK8/9 | 65 | 215 218 334 12 1.3 125 1 358 520 | 541 | 173 2.05
32APSK9/10 | -65 | 215 219 341 L3 13 19 -1 368 620.| 558 | -19 211

Table 5-4: Optimal operating points, 32APSK, roll-off & = 0.35

Table 5-353 and Table 5-454 summarize the optimataiing point for roll-offu. = 0.2 and
o =0.35. The gain in using CP is found between 1.261a46 dB witha. = 0.2, and between
1.69 and 2.11 dB witlx = 0.35. In the same way than for 16APSK, this gaislightly
higher for the highest roll-off value.

335545 PSD AND ACPR

P { Mis en forme : Police :Gras

mask is applicable at the satellite outpu{in particular possibly after laighly selectiveRF
output filter). PSD is here normalized at the @rgenterSFCG PSD mask is computed
depending on the constellation as in SFCG recomatend21-2R3 in [15].

The spectra are identical for QPSK and 8PSK. Mageathe spectrum is not significantly
dependent on the constellation (possibly with TB) the different 16APSK or for the

different 32APSK. Consequently, results are onlgspnted for 8PSK, 16APSK 5/6 and
32APSK 5/6 in Figure 5-15. It appears quite achiwdo respect the SFCG mask with the
considered PA.

ACPR (Adjacent Channel Power Ratigdesigrefersnshereto the ratio in natural value
between the PSD at the carrier center and the mewiSD above a given frequency offset

PA output (and not at the satellite output) A possible use of the ACPR results shown in
Figure 5-16, for a user knowing some mission resquénts (carrier frequency, symbol rate
noted R in Figure 5-16, EIRP, altitude), is to deducespecification of a RF output filter to
avoid coordination with the DSN.
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PSD(dB)

Yo ene,

Figure 5-14: lllustration of PARPRACPR measurement

—
rrecyuchivy
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IBO = -10 dB, OBO from -3.7 dB to -3.4 dB

0 I T 7
8PSK, a=0.2
8PSK, 0=0.35
-10¢ 16APSK, 0=0.2 -

16APSK, 0=0.35
32APSK, q=0.2

201 32APSK, q=0.35
——  SFCG M=4,8,16,32

JT
| | ol

power spectral density (dB)

normalized frequency (RS)

IBO = -8 dB, OBO from -2.6 dB to -2.2 dB

0 I I A
8PSK, 0=0.2
8PSK, 0=0.35
-10F 16APSK, 0=0.2 -

16APSK, 0=0.35
32APSK, q=0.2
20 32APSK, 0=0.35
——  SFCG M=4,8,16,32

] S ST F oo

-40 /777+777 ‘ 777777777 R e

power spectral density (dB)

S0r----+- Iw‘ ,,,,,,,

normalized frequency (Rs)
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IBO = -2 dB, OBO from -0.71 dB to -0.32 dB

0 I T 7
8PSK, a=0.2
8PSK, 0=0.35

-101- 16APSK, 0=0.2

16APSK, 0=0.35
32APSK, q=0.2
201 32APSK, q=0.35
SFCG M=4,8,16,32

power spectral density (dB)

normalized frequency (RS)

Figure 5-151514 PSD at the PA outputfor various 1IBO ‘

maximum ACPR computed above 0.65Rs

ACPR (dB)

30—~ ‘ | | | —+— 8PSK, 9=0.2

| | | | 8PSK, 0=0.35

1 1 1 1 —5— 16APSK, g=0.2
_35,,,,,,1 ,,,,, o 1 16APSK, 0=0.35 | _ |

—+— 32APSK, q=0.2
—<O— 32APSK, q=0.35

|
-40 ‘

| | | |

| | | |

| | | |

l l l l ‘

| | | | | |

| | | | | |
-9 -8 7 -6 -5 -4 -3 2 B
OBO (dB)
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maximum ACPR computed above 0.7Rs

0.2

—+—8PSK, a

=0.35

8PSK, a
—H— 16APSK, a

=0.2

=0.35
0.2

16APSK, a

—F— 32APSK,

—<O— 32APSK,

a
a

=0.35

(ap) 4dov

-2

-4

OBO (dB)

maximum ACPR computed abowve 0.75Rs

0.35
=0.2
=0.35

0.2

16APSK, a
—F— 32APSK, a

8PSK, a
—<— 32APSK, a

—H— 16APSK, a

0.35

(ap) 4dov

-2

-4

OBO (dB)
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maximum ACPR computed above 0.8Rs

-15 T T T T T \ T
| | | |
| | | |
l l l Z
| | | ¢
/70 | R 1 ________
|
|
|
l
|
2/ ---- R s s e
o |
o |
x ;
?
-30 ‘ ‘ ‘ —+— 8PSK, q=0.2
: : : 8PSK, a=0.35
| | | | —FH— 16APSK, 0=0.2
1 | | |
e I o L 16APSK, 0=0.35 | _ |
| | | |
| | | I —+— 32APSK, 0=0.2
| | | |
| | | | < 32APSK, 0=0.35
l l l l 1 1 1
| | | | | | |
9 -8 7 6 5 -4 -3 2 1

OBO (dB)

Figure 5-161615 ACPR at the PA output
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P ‘[Mis en forme : Justifié

5,5 EXAMPLE OF DEMODULATION LOSS MEASURED ON_ A HDRT *
RECEIVER

This section provides an example of demodulati@s lfmr a modern apparatus including a
high data rate receiver and a test transmitter.cNannel impairment except AWGN is
consideredor the measurement. The roll-off value 0.35, n@nMRECFRAME is used, and
pilot symbols are inserted.

The results are shown in Table 5-5Fable-5-555.

It is worth noting that:

- _These results were obtained without dynamic ecatidim (hence slightly better
results seem achievabhle)

- The demodulation loss includes degradation fromtés¢ transmitter and from the
receiver.
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D loss 100 loss 300 [D loss 500| D loss 600
MoDCOD MBauds (dB) MBauds (dB) MBauds (dB) Mbauds (dB)
1 1.6 1.3 1.3 1.2
2 15 1.4 1.1 1.4
3 1.5 1.1 1.0 1.1
4 1.1 0.7 0.7 0.9
5 0.9 0.7 0.7 0.8
QPSK 6 0.7 0.5 0.5 0.6
7 0.7 0.5 0.5 0.7
8 0.6 0.4 0.5 0.6
9 0.6 0.4 0.5 0.6
10 0.6 04 0.6 0.6
11 0.7 0.4 0.6 0.6
12 15 1.3 1.2 15
13 1.2 1.0 1.0 1.1
14 1.1 0.9 0.9 1.0
8PSK 15 0.9 1.0 0.8 1.0
16 0.7 0.6 0.7 0.8
17 0.7 0.5 0.7 0.8
18 1.0 0.9 1.0 0.9
19 0.9 0.8 1.0 0.9
20 0.9 0.7 0.9 0.9
16APSK 21 0.7 0.6 0.9 0.8
22 0.7 0.6 0.8 0.8
23 0.7 0.7 0.9 0.9
24 1.2 1.2 1.7 1.5
25 1.2 1.3 1.6 1.5
32APSK 26 1.1 1.1 1.5 1.4
27 1.1 13 1.6 1.5
28 DomodulaliSn Loss 400 tion300 iafon_500 Yy Ifne00
MODCOD | WBauds (dB] MBauds (d8) MEauds (d8) Mbauds(dB] |~

1 1.6 1.3 1.3 1.2

2 1.5 1.4 1.1 1.4

3 1.5 1.1 1.0 1.1

4 1.1 0.7 0.7 0.9

5 0.9 0.7 0.7 0.8

QPSK 6 0.7 0.5 0.5 0.6
7 0.7 0.5 0.5 0.7

8 0.6 04 0.5 0.6

9 0.6 0.4 0.5 0.6

10 0.6 04 0.6 0.6

11 07 04 0.6 0.6

12 1.5 1.3 1.2 1.5

13 1.2 1.0 1.0 1.1

14 1.1 0.9 0.9 1.0

8PSK 15 0.9 1.0 0.8 1.0
16 0.7 0.6 0.7 0.8

17 0.7 0.5 0.7 0.8

18 1.0 0.9 1.0 09

19 0.9 0.8 1.0 09

20 0.9 0.7 0.9 0.9

16APSK 21 07 06 09 08
22 0.7 0.6 0.8 0.8

23 0.7 0.7 0.9 0.9

24 1.2 1.2 1.7 1.5

25 1.2 13 1.6 1.5

32APSK 26 1.1 1.1 1.5 1.4
27 1.1 1.3 1.6 1.5

28 0.9 1.4 1.7 1.6

Table 5-5: Example of demodulation loss measured on a modereceiver

For the lowest coding rates of a given modulatibe, demodulation loss is higher than'f

other coding rates because of the higher noisé ileyiee carrier tracking loop.

For the highest coding rates of a given modulattbe, demodulation loss can be slight

higher than for the medium coding ratelsecause of the higher sensitivity to frequen

selectivity from the transmitter and the receivdid to the higher required/Ho).
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ANNEX A

ACRONYMS AND TERMS

32APSK - 32-ary Amplitude-and Phase Shift Keying

-

16APSK 16-ary Amplitude and Phase Shift Keying
32APSK 32-ary Amplitude and Phase Shift Keying
8PSK 8-ary Phase Shift Keying

ACM Adaptive Coding and Modulation

ACPR Adjacent Channel Power Ratio

AOS Advanced Orbiting Systems

ASIC Application Specific Integrated Circuit
ASM Attached Synchronization Marker

BB BaseBand

BBFRAME BaseBand Frame in the DVB-S2 standard
BBHEADER Header of BBFRAME in the DVB-S2 standard

BCH Bose-Chaudhuri-Hocquenghem

BPSK Binary Phase Shift Keying

CADU Channel Access Data Unit

CCM Constant Coding and Modulation

CCsDbs Consultative Committee for Space Data Systems

CP Constellation Predistorsion

CRC Cyclic Redundancy Check

DFL Data Field Length in the DVB-S2 standard

DL Demodulation Loss

DVB Digital Video Broadcasting project

DVB-S2 DVB System of second generation for satelitoadcasting
Eb/No bit Energy and Noise power spectral densay o

EESS Earth Exploration Satellites Systems

EIRP Equivalent Isotropic Radiated Power

Es/No channel symbol Energy and Noise power spefgresity No ratio
ETSI European Telecommunications Standards Institut

FEC Forward Error Correction

FECFRAME Forward Error Correction FRAME in the D\@&? standard
FER FECFRAME Error Rate

GS Generic Stream

HDRT High Data Rate Telemetry

IBO Input Back-Off

ITU International Telecommunications Union

LDPC Low Density Parity Check

LLR Log-Likelyhood Ratio

LVDS Low Voltage Differential Signalling

| cCsSDS 130.12-G-0 Page A-2 Mareh May2015
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Modulation and Coding identifier of the DV&2 standard

MODCOD

MPEG Moving Pictures Experts Group

MSB Most Significant Bit

NA Not Applicable

OBO Output Back-Off

OID Only Idle Data in its Data Field

oSl Open Systems Interconnection

PA Powre Amplifier

PFD Power Flux Density

PSD Power Spectral Density

PLFRAME Physical Layer Frame in the DVB-S2 standard
PLHEADER Header of the PLFRAME in the DVB-S2 startla
QPSK Quaternary Phase Shift Keying

RF Radio Frequency

SFCG Space Frequency Coordination Group
SNR Signal power to Noise power Ratio
SOF Start Of Frame

SRC Square root Raised Cosine shaping
SYNC SYNChronization byte

TD Total Degradation

™ TeleMetry

TWTA Travelling Wave Tube Amplifier

VCM Variable Coding and Modulation
VHDL

—VHSIC (Very High Scale Integrated Circuits) Harde/@escription

Language

CCSDS 130.12-G-0 Page A-3
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ANNEX B
EXAMPLE OF SYSTEM PERFORMANCE WHEN USING DVB-S2
VCM AND ACM
’ Example 1
Hypotheses:

- DVB-S2 with normal FECFRAME, pilots, all MODCODs

- Heliosynchronous satellite at 700 km height

- Earth station in Toulouse (France) with clear sky & 30.5 dBK at 5° elevation

- 1 HDRT channel at 300 Msps

- Pointed antenna
| - Average data rate computed on all satellite pasghselevation > 5°

- C/l = overall interference on the link (transmitéevn degradation, power amplifier
| non-linearity, intersymbol interference,tpatialssiblycrosspolarization

interference)

- Unavalilibility for tropospheric propagation equall%

- ITU recommendations for tropospheric propagation

- System margin 3 dB

’ - X-band EESS with VCM

Results:

1300

1250

1200

1150 -

1100

\

1050 ~ =—C/| =16 dB

1000 _C/l =19 dB
— C/1=22dB

950

Average data rate (Mbps)

\

900 —
850

800

22.0 24.0 26.0 28.0 30.0 32.0
EIRP (dBW)

Remark: it appears possible to consider 2 charméd80 Msps (1 channel per polarization)
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’ Example 2

Hypotheses:

- _Ka-band EESS with VCM or ACM

- DVB-S2 with normal FECFRAME, pilots, all MODCODs

- Heliosynchronous satellite at 600 km height

- Earth station in Toulouse (France) or Paris (Frandth clear sky G/T = 36 dBK at
5° elevation

- 1 HDRT channel at 500 Msps

- Pointed antenna with EIRP 38.4 dBW

- Average data rate computed on all satellite pasghselevation > 5°

- C/l = overall interference on the link (transmitéevn degradation, power amplifier
non-linearity, intersymbol interference,tpatialssiblycrosspolarization
interference) = 19 dB

- ITU recommendations for tropospheric propagation

- System margin 3 dB

2.2
, |\ vem
X

1.8 N

) \ = Paris Toulouse
1.6 \
1.4

Average data rate (Gbps)

\ ACM
12 average data rate
\ Paris: 2.11 Gpbs
1 \ | Toulouse: 2.10 Gpbs
0.8 |
10.0% 1.0% 0.1%

Link unavailibility due to tropospheric propagation

Remark: it appears possible to consider 4 charatél®0 Msps (2 channels per polarization)
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ANNEX C |

POINTERS TO ETSI DVB-S2 USER GUIDELINES [3] SECTIONS OF
INTEREST FOR TELEMETRY APPLICATIONS, AND TO OTHER
TECHNICAL REPORTS OF INTEREST FOR RECEIVER
IMPLEMENTATION

Section 4.3.2.1 (p. 19): single carrier per tramsigo configuration

4.3.2.1.1: sensitivity to satellite power amplif@raracteristics

4.3.2.1.2: sensitivity to roll-off

Annex A (p. 63): Low Density Parity Check Codes

A.1: Structure of Parity Check Matrices of Standeed LDPC Codes

A.2: Description of Standardized LDPC Codes

A.3: Performance Results

Annex B (p. 69): DVB-S2 Physical Layer Frame andtgstructure

B.1: Structured PLS code Frame Synchronization

B.2: Pilot Structure

Annex C (p. 73): Modem algorithms design and penfmce over typical satellite channels

C.1: Modulator with predostorsion

C.2: Clock recovery

C.3: Physical Layer Frame Synchronization

C.3.1: An algorithm for Frame Synchronization
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C.3.2: An Alternative Frame Synchronization Algbrit

C.3.2.1: Acquisition procedure description

C.3.2.2: Performance Analysis

C.3.2.3: Acquisition parameters optimization

C.4: Carrier Frequency Recovery

C.5: Automatic Gain Control

C.6: Carrier Phase Recovery

C.6.1: Pilot-Aided Linear Interpolation

C.6.2: Fine Phase Recovery for High Order Modultetio

C.7: Performance Results

p { Mis en forme : Police :(Par défaut) Times }

Annex E.1 (p. 95): Channel estimator ] New Roman, 12 pt

777777777777777777777777777777777777777777777777777777777777777 "~ Mis en forme : Police :(Par 5jéfaut) Times
New Roman, 12 pt, Anglais (Etats Unis)

P { Mis en forme : Soulignement ]

Frame synchronization: [26]

SNR estimation: [20][21]

LLR computation: [23][24][25]

LDPC decoding: [22][27][28]

| CCSDS 130.12-G-0 Page C-8 Mareh May2015



‘ Page 1-3 : [1] Mis en forme milleriouxjp 22/04/2015 10:27:00
Police :ltalique

‘ Page 1-3 : [1] Mis en forme milleriouxjp 22/04/2015 10:27:00
Police :Italique

] Page 1-3 : [1] Mis en forme milleriouxjp 22/04/2015 10:27:00
Police :ltalique

] Page 1-3 : [1] Mis en forme milleriouxjp 22/04/2015 10:27:00
Police :ltalique

‘ Page 1-3 : [1] Mis en forme milleriouxjp 22/04/2015 10:27:00
Police :ltalique

‘ Page 1-3 : [2] Mis en forme milleriouxjp 22/04/2015 10:33:00

Police :(Par défaut) Times New Roman, 12 pt, Arsg(&itats Unis)

] Page 1-3 : [2] Mis en forme milleriouxjp

22/04/2015 10:33:00

Police :(Par défaut) Times New Roman, 12 pt, Asg{&iats Unis)

] Page 1-3 : [2] Mis en forme milleriouxjp

22/04/2015 10:33:00

Police :(Par défaut) Times New Roman, 12 pt, Asg{&iats Unis)

‘ Page 1-3 : [2] Mis en forme milleriouxjp

22/04/2015 10:33:00

Police :(Par défaut) Times New Roman, 12 pt, Arsg(&itats Unis)

‘ Page 1-3 : [2] Mis en forme milleriouxjp

22/04/2015 10:33:00

Police :(Par défaut) Times New Roman, 12 pt, Arsg(&itats Unis)

] Page 1-3 : [2] Mis en forme milleriouxjp

22/04/2015 10:33:00

Police :(Par défaut) Times New Roman, 12 pt, Asgf&iats Unis)

] Page 1-3 : [3] Mis en forme milleriouxjp 22/04/2015 10:32:00
Anglais (Etats Unis)
‘ Page 1-3 : [3] Mis en forme milleriouxjp 22/04/2015 10:32:00

Anglais (Etats Unis)



] Page 1-3 : [3] Mis en forme milleriouxjp 22/04/2015 10:32:00
Anglais (Etats Unis)

] Page 1-3 : [3] Mis en forme milleriouxjp 22/04/2015 10:32:00
Anglais (Etats Unis)

‘ Page 1-3 : [3] Mis en forme milleriouxjp 22/04/2015 10:32:00
Anglais (Etats Unis)

] Page 1-3 : [3] Mis en forme milleriouxjp 22/04/2015 10:32:00
Anglais (Etats Unis)

] Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :ltalique

‘ Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :ltalique

‘ Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :Italique

] Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :ltalique

] Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :ltalique

‘ Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :Italique

‘ Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :ltalique

] Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00
Police :ltalique

] Page 1-3 : [4] Mis en forme milleriouxjp 22/04/2015 10:47:00

Police :ltalique



] Page 1-3 : [4] Mis en forme milleriouxjp

22/04/2015 10:47:00

Police :ltalique

] Page 1-3 : [4] Mis en forme milleriouxjp

22/04/2015 10:47:00

Police :ltalique

‘ Page 1-3 : [4] Mis en forme milleriouxjp

22/04/2015 10:47:00

Police :Italique

] Page 1-3 : [4] Mis en forme milleriouxjp

22/04/2015 10:47:00

Police :ltalique

] Page 1-3 : [5] Mis en forme milleriouxjp

22/04/2015 11:13:00 |

Police :(Par défaut) Times New Roman, 12 pt,
Automatique, Anglais (Etats Unis)

NorasGrtalique,

Couleur de police :

] Page 1-3 : [5] Mis en forme milleriouxjp

22/04/2015 11:13:00 |

Police :(Par défaut) Times New Roman, 12 pt,
Automatique, Anglais (Etats Unis)

NorasGrtalique,

Couleur de police :

] Page 1-3 : [5] Mis en forme milleriouxjp

22/04/2015 11:13:00 |

Police :(Par défaut) Times New Roman, 12 pt,
Automatique, Anglais (Etats Unis)

NorasGrtalique,

Couleur de police :

] Page 1-3 : [5] Mis en forme milleriouxjp

22/04/2015 11:13:00 |

Police :(Par défaut) Times New Roman, 12 pt,
Automatique, Anglais (Etats Unis)

NomsGitalique,

Couleur de police :

‘ Page 1-3 : [5] Mis en forme milleriouxjp

22/04/2015 11:13:00 |

Police :(Par défaut) Times New Roman, 12 pt,
Automatique, Anglais (Etats Unis)

NomsGitalique,

Couleur de police :

‘ Page 1-3 : [5] Mis en forme milleriouxjp

22/04/2015 11:13:00 |

Police :(Par défaut) Times New Roman, 12 pt,
Automatique, Anglais (Etats Unis)

NomsGitalique,

Couleur de police :

‘ Page 1-3 : [6] Mis en forme milleriouxjp

22/04/2015 11:00:00




Normal, Retrait: Gauche : 0 cm, Suspendu : 0183 EEspace Apres : 12 pt, Espacement
automatique entre les caractéeres asiatiques etslaEspacement automatique entre les

caractéres asiatiques et les chiffres

] Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Cauleupolice :

Automatique

] Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Caulieupolice :

Automatique

‘ Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Caulieupolice :

Automatique

] Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Caulieupolice :

Automatique

] Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Cauleupolice :

Automatique

‘ Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Caulieupolice :

Automatique

‘ Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Caulieupolice :

Automatique

] Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Caulieupolice :

Automatique

] Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Cauleupolice :

Automatique

‘ Page 1-3 : [7] Mis en forme milleriouxjp

22/04/2015 11:00:00

Police :(Par défaut) Times New Roman, 12 pt, Caulieupolice :

Automatique

‘ Page 1-3 : [8] Mis en forme milleriouxjp 22/04/2015 11:06:00
Police :ltalique
] Page 1-3 : [8] Mis en forme milleriouxjp 22/04/2015 11:06:00

Police :ltalique



] Page 1-3 : [9] Mis en forme milleriouxjp 06/05/2015 17:22:00

Normal, Retrait : Gauche : 0 cm, Suspendu : OB3Espace Apres : 12 pt

] Page 1-3 : [10] Mis en forme milleriouxjp 06/05/2015 14:02:00

Police :Non ltalique

‘ Page 1-3 : [10] Mis en forme milleriouxjp 06/05/2015 14:02:00

Police :Non Italique



