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Abstract—The world of the geo-synchronous satellite
communications is witnessing, for several months mg a
strong discussion, if not a dispute, between some/stems
manufacturers about the opportunity of increasing he
efficiency of the coding schemes proposed by the csad
generation of the Digital Video Broadcasting standa by
introducing some extensions. Even if the debate ds the
interest of operators and manufacturers, its conclsions are far
from being unanimously accepted. This paper concergtes
mainly on the sharper low roll-off factor shaping flters
proposed among the extensions. Their effects on theatellite
channel are presented in a comparative analysis spprted by
measurements performed on commercial devices. The
operational impacts are observed from the point ofiew of one
of the main European satellite operators: Eutelsat.

Keywords-DVB; satellite transponder; amplifier saturation

l. INTRODUCTION

In 2011, different manufacturers started to release
modulation and coding architectures for
communications, claiming to achieve significant
performance improvements (higher than 15%) oveir the
competitors and over the existing Second Generatidhe
Digital Video Broadcasting over Satellite (DVB-S2)
standard [1]. The new features encompass, amorgrsoth
sharp roll-off factors (ROF) for the shaping fikeas well as
proprietary pre-distortion and equalization techeis
mitigating the non-linearity of the active compoteen
(mainly high power amplifiers).

These novelties arose the interest of the entirellisa
communications  world, including standardization
committees, such as the current DVB-Technical Mediliat
are evaluating the insertion of these new featimeshe
DVB-S2 standard [2].

Confronted with this innovation and the increasing

requests for high efficiency in the capacity usdgetelsat,
as one of the leading worldwide satellite operatbes to
assume the role of customers guide in order toamétee a
high quality of service by using the very latesanstard
transmission techniques in the most correct way.

One of the most frequently asked questions condéms
real performance of ROF reduction over a sateliitk in
particular referring to the existing DVB-S2. Thejeatiive of
the work presented in this paper is to assess |l@able and
reproducible measurements in controlled
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environment the pros and cons of reducing the ROF i
satellite transmission.

This study is based on measurements obtained with
different professional devices and the close colation
with key manufacturers in satellite communicatiadustry.
The devices under test are commercial productseiherted
tests are performed over a reference DVB-S2 tek{3je

The paper is organized as follows: Section Il piesi
some backgrounds including the satellte channel
description, the transmission techniques, theieresibns and
emission constraints. Section Il is dedicated pyediminary
analysis of two operational scenarios. The valiati
equipment and methodology is described in Sectidn |
whereas the results are discussed in the Section V.

A. The Satellite Link

This paper considers operations over transparent
geostationary satellites. To maximize their efficig, the on-
board amplifiers are operated as close as poskiblihe
saturation point. This imposes a trade-off betwpewer
efficiency and signal distortion.

Further impairments onto the signal quality conamfr
the Input Multiplexer (IMUX) before, and Output
Multiplexer (OMUX) after the satellite Travelling &ve
Tube Amplifier (TWTA) [4]. They aim at limiting
interferences between adjacent transponders.

On the ground, the uplink earth station high power
amplifier (HPA) output is not filtered. So propeadk-off
setting is of paramount importance to limit in-baarttl out-
of-band distortion.

On the whole, satellite transmission is impacted by
amplitude and phase distortions mainly due to diapdi
working in the saturation point, group delay, phasel
frequency errors, Additive White Gaussian Noise @M)
and phase noise. This paper will consider the eftdc
amplifiers and AWGN only.

Studies on the non-linear degradation of end-to-end
system performance exist in the literature and lasee
referred. These are simulations [5], extensiveirtgstver
emulator or satellite [6] and results obtained ke t
International Telecommunication Union Radio-
communication Sector (ITU-R) [7].

BACKGROUND
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B. Baseline Transmission Standard and Filtering with other customers using the same Eutelsat gata well
DVB-S2 [1] specifies the format of the digital sirto @S With adjacent satellites. _
be transmitted over a satellite channel. It is ubgdthe At the receiver, the error performance over a roear

manufacturers as a reference document in thghannel should be known to ensure correct linkurlsas
implementation of transmitters (or modulators) forWell as the robustness against inter-channel erente
broadcasting, interactive services, news gatheriagg (IC)- The two measurement points can be found@tPA
broadband applications that will be compatible withy ~OUtPut and at the Low Noise Amplifier (LNA) inpun i
receiver. The receiver design is not describetiénVB-S2 Fig. 1.
standard. M
DVB-S2 introduces new modulation and coding '
(modcod schemes with respect to the previous DVB-S.A. Definitions
Three higher or_der modulation schemes, 8PSK, 16 and This section and the remaining part of the paper,
32APSK. In particular, the last two suffer from AaTear  cqnsiders the resources of satellite transpondersapacity,
distortions and their activation leads to a traffesetween iy terms of bandwidth and power. As all naturabreses,
power efficiency and signal degradation. . __also the transponder bandwidth and power are linite
In DVB-S2, a conventional square-root raised cosingelsat's satellites provide transponders withdwddth of

(RRC) shaping filter is defined at the transmitfEne 35% 33 35 72 115 and 237.5 MHz whereas the powezived
ROF is inherited from DVB-S whereas new values 562 on,groimd,depends on the footprint extension.

and 20% have been added. Today's industry manué@stu |, order to dissociate the power and the frequettes,
aim at extending the portfolio of their products foyther power spectral density (PSD), or power per frequemtt
deploying newnodcoa and new ROF. (in dBW/Hz) is introduced. For linear modulatiohgetPSD

C. Extension Towards New Features and Sharper Filters i proportional, if not equivalent, to the symbaieegy
Sharpening the roll-off of the filters changes the Eg which is representative of the quality of the reedi

characteristics of the modulated signal. The imjato the  signal through the ratioks/N, with N, the thermal noise
entire transmission chain should be identified ¢oive® the  energy.

new operational parameters to be used, for gronddspace From these definitions, it follows that a carrievdnlated
segments, from consolidated experience. on a bandwidthB has a powerC (in dBW) that is the

The analysis and measurements performed by Eutelsafathematical integral of the signal PSD calculateer the
onto professional equipment is based on the foligwi pandwidth B at the receiver. Assuming an AWGN cleénn
assumptions. The reference waveform is DVB-S2 with the noise power is given b = NyB. The ratioC/N is
off 35%. Competitive waveforms operate at sharpéroff also re tati th ved sianal .
of 5% and 10%. The impact of compensation techisique presentative of the received signa quaiy we can
(i.e., pre-distortion and equalization) is assedset these use the approximation
additional techniques are considered as non-stdtitlar C = C DE 1)

N N,B N,

The expression (1) is already indicative of the fhat if
4ve need to improve the performance of the recesigdal,
he symbol energy must be increased. But, since the

PRELIMINARY ANALYSIS

D. Eutelsat’s Emission Constraints

Eutelsat aims at maintaining a high level of sexsiand
is mainly concerned about the amount of out-of-ban

emissions and the in-band distortion. That is whe t 5 ailable power on board the satellite is limitedQ; the
European operator has published a standard, corgmon},y \vay is reducing the bandwidth B and increasing
known as EESS 502 [8], giving the basic requiresidot  pgp

the earth stations (E/S) and the spectrum utibzati
At the uplink E/S, the HPA sizing and linear opemat B. Two Reference Scenarios

has to be verified in order to reduce the riskméiiference The DVB-S2 (or related extensions) carriers camide
with two configurations: single and multiple carseper

TRAFFIC DVB-S2 CONVERTER / tranSponder
GENERATOR P wooutator | P T hea WA The first configuration is typical of consumer sees

like TV broadcasting and the forward channel iriattive
networks (as it is described in the DVB-RCS staddAt:

End user Ground segment Space §egment

LNA/
CONVERTER ¢ T AWGN

Figure 1. Emulated satellite chain and critical sueament: the IMUX
and OMUX effects have not been investigated duttiegtests

DVB-S2 Transponder pattern

DEMODULATOR

RECIPIENT <

Figure 2. Multi-carriers per transponder configimat
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one carrier exploits all the power available in iagke
transponder, also working close to the saturatmintf the
TWTA on board, and the signal coming from the distel
can be easily received also by small and cheap used
antennas.

With the same issue of exploiting the resourcesaof
transponder, the configuration with only one carneer
transponder is used for the implementation of wéahebdata
links, in which case the ground segment is reptesehy
very large satellite dishes (typically over 3.2 mtesmnas).
The entire transponder’s power is required in otdereach
the highest throughput by introducing high efficgn
modcod.

The second configuration, i.e., multiple carriersr p
transponder (see Fig. 2) is typical for the singiannel per
carrier (SCPC) adopted for relatively small datkdi based
on Very Small Aperture Terminals (VSATS),
contributions and all inbound carriers of intereetsystems.

The usage of the extended DVB-S2 features woultgbri
important advantages to both these scenarios,root the
point of view of an operator there are also somentarparts
to be taken into account.

C. Sharpening the Shaping Filters: Spectrum Analysis

video

modcod and the expected gain of 4.3 Msym/s would be
hardly applicable to real cases. Certainly, thenscio would
benefit from the introduction of newnodcod but only
satellite links with large link margin would take raal
advantage by the small ROF. In any case, this aisatioes
not take into account the distortion induced by fthiers on
both sides of the transponder: measurements amdpfuh
tool to study these effects, which could requifa-tuning

of the satellite link.

A similar analysis can be performed in the casmolti
carriers per transponder where the impairment duke ICI
must be considered. As better shown in the follgwohthis
paper, the TWTA saturation generates a spectrumowiiy
at the frequencies adjacent the signal band. Suelgrawth
is more pronounced for small ROFs (see in partideig. 5)
leading to increased ICI in a multi-carriers coufigtion. So,
on one hand a small ROF would allow the reductibthe
distance between the carriers, or carriers spaangthe
other hand this would also drive the transpondérsecto
saturation, which would increase the interference.

Measurement results reported below in this papdr wi
clarify this point and will permit to add furtheomrclusions.

D. Low ROF Effects on the Constellations

First immediate advantage would come from reducing One of the effects of sharpening the shaping é§ilter

the ROF down to very low values. In a configuratigith
single carrier per transponder, this would permitreduce

appears in the plot of the transitions from one lsyirto
another within a constellation. These transitiorsegate a

the bandwidth occupied by the signal and incredse t signal envelope variation over the maximum symbargy

symbol rate and therefore the overall throughput. which extent depends on the ROF: as smaller the R@BE
For example, in a 36 MHz transponder, the maximummportant is this envelope variation.

symbol rate reachable with a 20% ROF is Fig. 3 shows the envelope variation at ROF 35%clbla

Rs = B/(L+ ROF) = 30 Msym/s, whereas with 5% ROF it lines) and 5% (red) for two QPSK signals measutethe

would be 34.3 Msym/s. But also we have to maintin CUtpUt of a modulator.

constant value of the signal power
transponder limitation: decreasing the ROF meaas tite
PSD must be reduced of the

because of the

This behaviour has an immediate impact on the idisto
and the Inter Symbol Interference (ISI) when theplifirars

ratio @re driven close to the saturation: as indicate@]npre-

(L+20%)/ (L+ 5%) =1.14=0.6 dB. The link budget would distortion techniques can be applied in order togaie this

suffer from 0.6 dB reduction and, depending on lihk
margin assumed, this could impose to choose eeféisgent

Figure 3. Plots of the QPSK constellation and itemmsbetween
two symbols
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effect, even if they are less effective for highder
constellations (APSK) than for QPSK and 8PSK. SIR&F
would further reduce the pre-distortion performancglso,
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this argumentation has been subject of some measuis  characteristics (in the spacecraft, low-noise blaidkvn-
described here below. converter, and tuner oscillators). At higty/B; ratio (with

Rssymbol rate, andB; the satellite transponder bandwidth),

a major impact is due to IMUX and OMUX filteringn fact,

A.  The Channel Emulator since the signal works close to the transpondendaries

Eutelsat's validation equipment mainly consists eof defined by these filters, a severe group delayctdfehe
reference satellite channel emulator [3] and st&fre-art  carrier: this aspect is not investigated hereafter.
professional DVB-S2 transmitter and receiver. Timtire Multiple carriers per transponder configuration sishin
DVB-S2 testbed also includes traffic generators andetting several carriers side by side, and insuairignited
recipients, spectrum analyzers, a control unitwadl as adjacent channel interference of one to the other.
additional DVB-S2 devices for a multi-carrier per
transponder configuration.

The non-linear TWTA profile, defined in the DVB-S2 A Transmitter End

standard [1], Fig. H.12, is emulated in order tst tthe
spectrum regrowth and the end-to-end performanee av Measurements at the modulator output and the HPA
non-linear channel in single carrier per transponde@UtPut have been performed in order to charactetiiee

configuration. It is worth mentioning that the admpprofile ~ Signal- At the modulator output the roll-off redoct causes
is pessimistic compared with the modern TWTA sharper fall of tht_a transmit filter frequency respe (F|g. 4).
characteristics. Anyway, the choice of this profilecomes 1N€ corresponding impulse response presents dmita
mandatory in the case the studies done in theafitez are  Which amplitude decreases in time slowly than ightROF
taken as reference filters. This behavior has its counterpart in tlig s$ignal
' diagram as already presented in Fig. 3.
B. Test Conditions At the output of the uplink high-power amplifiehet
A linear channel, i.e., a link with only the preserof ~ SPectrum regrowth is given for Input Back-Off (IB@lues
AWGN, is often considered as a reference scenanietify ~ ranging from 0dB (saturation) to 18dB (linear regio
the performance of the channel decoder. Such ampeahce Moving from 35% (Fig. 5-a) to 5% (Fig. 5-b) increasthe
should be specified also in terms of differenceveen the 0Out-of-band spectral regrowth by 1 to 2dB (depegdin the

minimum Eg/N, allowing a demodulator to lock a received !BO) as well as a change of the spectrum shape.
Therefore, whereas a sharper roll-off is activatéti the

signal (i.e., the lock threshold) and FE“?)/NO at which the 5y of increasing the symbol rate (see the disonsabove)
same device already locked to the signal passietonlock 4 higher power is required to keep thig/N, ratio constant.

status (i.e., the unlock threshold). . . Therefore, the uplink HPA could require a re-sizingrder
For the emulation of a single carier saturating %o grant a level of unwanted out-of-band emissions

transponder, a memory-less non-linearity impairnmamtop : .
of AWGN is added. A phase noise impairment is thencomphant with the Eutelsat EESS 502 standard [8].

introduced to represent the receive chain down-exsion

IV. THEMEASUREMENTS THE TESTBEDDESCRIPTION

V. RESULTS
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Figure 5. Spectrum regrowth versus IBO for roll-88% (a), and 5% (b)
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Figure 6. Impact of ROF reduction over linear and-finear channel

In order to enable smaller ROF, E/S operators shallDro7), as defined in [5] and reported in (2), is mirded

demonstrate that their out-of-band emissions araptiant

when the sum of the non-linear distortions suffetyd

with the Eutelsat's requirements. The same amount amodulated signal and the power loss due to theatiperof

spectrum regrowth is also present after on-boatdllisa
TWTA, but will be partly rejected by the satelli@MUX
filter.

B. Receiver End: One Carrier per Transponder

The error performance curves forodcod QPSK 1/2
and 8PSK 2/3 are given in Fig. 6-a; those for 16KB/8
and 32APSK4/5 in Fig. 6-b. For evamodcod two channels
are investigated (AWGN plain lines, and non-lineei
TWTA dashed lines). For each channel the performdac
ROF 35% (blue squares) and ROF 5% (green triangles)
presented.

In a the most recent

linear channel,

demodulators overcome the first generation DVB-SZAistortion

chipsets by about 0.7dB to 1.7dB (from QPSK to 33KP
see [7]). The use of ROF 5% always requirdss@N, ratio

about 0.3dB higher to lock, but the steep watetiahavior
is unchanged. Over a non-linear channel at optilB&
(given in [1], Table H.1) conventional ROF 35% suff
from low degradation compared to the referenceréigu5%
ROF suffers from additional non-linear distortiomfsabout
0.5dB.

For all modcod, the expected frame error rateER)

versusEg/N, waterfall curves are shifted to a higher

the amplifier at a given back-off is minimized.
E E

oer & JE] w0 @
No NL No AWGN

The optimum back-off values for ROF 35% and 5% are
given in Fig. 7. ROF reduction to 5% does not cleatige
output bock-off (OBO). The optimum IBO is largen, is the
total degradation.

So, when the ROF decreases, the loss over a nanline
channel due to the distortion becomes strongersuport
the use of sharper roll-off, mitigation algorithihave been
introduced. Some results of non-linear compensation

DVB-S2techniques are presented in Fig. 7-b: even if the- p

seems achieving better performance than
equalization, it also suffers from several knowmitations.
First, TWTA characteristics must be known by the
modulator in order to calculate the pre-distortion
coefficients. Second, the pre-distortion algorithnimimizes
the non-linear distortion at a given back-off. Gemgently,
at higher OBO the pre-compensation of the signaleimses
the degradation: in extreme conditions the usage of

pre-distortion in linear region causes a huge pgnal

C. Receiver End: Multiple Carriers per Transponder
The measurements performed with ROF down to 5%

Es/N, region when decreasing the ROF from 35% to 5% ahighlight the risks for ICI due to the sharpening the

the transmitter.
Reference simulations results presented in [Slicatd
that the impact on the synchronization of the eamf ROF

shaping filters. Fig. 8 is comparable to the Figir8[10] and
shows that the degradation increases with the tieuof
the carrier spacingQS) much rapidly for very small ROF.

20%, 25% with reference to 35% is negligible. OurThe consequence is that, in particular for smattiees, the

measurements onto professional equipment stateRO#&
5% slightly degrades the error performance ovealinand
non-linear channels.

Another way to look at the non-linear channel is to

search for the optimum back-off. The total degriadat

Copyright (c) IARIA, 2014. ISBN: 978-1-61208-317-9

transmission is easily exposed to frequency ertfoais add
heavy impairments due to ICI. In other words, véow
tolerance is allowed to the central frequency fow IROF
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Figure 7. Signal degradation vs. IBO with ROF 3&86l 5% a) and with pre-/post-compensation techsip)ie

modulations. In the figure, the carrier spacingdsmalized and/or post-compensation techniques are available t

to the symbol rateR . mitigate the non-linear distortions. Their advaetgand
weaknesses have been highlighted, but since tleeyadipart

of a standard no commitment onto the interopetsbénd

appears when the _receivger filter does not matchréresmit achievable performance among chipset manufactoserde
filter. The dashed lines Fig. 8, labelled as “unknb are an assured

example of receivers using ROF higher - even if not

Another source of degradation of the end-to-endt lin
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