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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Report (TR) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

The work of the JTC was based on the studies carried out by the European DV B Project under the auspices of the Ad
Hoc Group on DVB-S2 of the DVB Technical Module. Thisjoint group of industry, operators and broadcasters
provided the necessary information on all relevant technical matters (see clause 2).

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became atripartite body
by including in the Memorandum of Understanding also CENELEC, which isresponsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activitiesin the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about
60 countries in the European broadcasting area; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

The Digital Video Broadcasting Project (DVB) is an industry-led consortium of broadcasters, manufacturers, network
operators, software developers, regulatory bodies, content owners and others committed to designing global standards
for the delivery of digital television and data services. DVB fosters market driven solutions that meet the needs and
economic circumstances of broadcast industry stakeholders and consumers. DV B standards cover all aspects of digital
television from transmission through interfacing, conditional access and interactivity for digital video, audio and data.
The consortium came together in 1993 to provide global standardisation, interoperability and future proof
specifications.

The present document is part 2 of a multi-part deliverable covering the implementation guidelines for the second
generation system for Broadcasting, I nteractive Services, News Gathering and other broadband satellite applications, as
identified below:

Part1l: "DVB-S2¢,

Part 2: " S2 Extensions (DVB-S2X)".

Modal verbs terminology

In the present document “shall”, "shall not", "should", “should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document gives an overview of the technical and operational issues relevant to the system specified in ETS
EN 302 307-2[i.2], and is intended to provide guidance to broadcasters and operators considering the adoption of
DVB-S2X. It is assumed a reasonable familiarity with the original DVB-S2 standard ETSI EN 302 307-1 [i.1], whose
technical and operational issues are described in detailsin ETSI TR 102 376-1 [i.3]. It can also be considered as a useful
guideline for implementation of DV B-S2, when enhanced DV B-S2 receivers and channel models are applicable.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

Not applicable.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI EN 302 307-1: "Digital Video Broadcasting (DVB); Second generation framing structure,
channel coding and modulation systems for Broadcasting, Interactive Services, News Gathering
and other broadband satellite applications; Part 1: DVB-S2".

[i.2] ETSI EN 302 307-2: "Digital Video Broadcasting (DVB); Second generation framing structure,
channel coding and modulation systems for Broadcasting, Interactive Services, News Gathering
and other broadband satellite applications; Part 2: DVB-S2 Extensions (DVB-S2X)".

[i.3] ETSI TR 102 376-1: "Digital Video Broadcasting (DVB) Implementation guidelines for the
second generation system for Broadcasting, Interactive Services, News Gathering and other
broadband satellite applications; Part 1: DVB-S2".

[i.4] Ken Mc Cann: "Review of DTT HD Capacity Issues, An Independent Report from ZetaCast Ltd
Commissioned by Ofcom".

[i.5] ETSI TS 102 991: "Digital Video Broadcasting (DV B); Implementation Guidelines for a second
generation digital cable transmission system (DVB-C2)".

[i.6] J. Grotz, B. Ottersten, J. Krause: "Applicability of Interference Processing to DTH Reception”, 9th
International Workshop on Signal Processing for Space Communications, September 2006.

[i.7] ETSI TR 102 768: "Digital Video Broadcasting (DVB); Interaction channel for Satellite
Distribution Systems; Guidelines for the use of EN 301 790 in mobile scenarios'.
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ETSI TR 101 790: "Digital Video Broadcasting (DVB); Interaction channel for Satellite
Distribution Systems; Guidelines for the use of EN 301 790".

M. Holzbock, E. Lutz, G. Losquadro: "Aeronautical Channel Measurements and Multimedia
Service Demonstration at K/Ka Band", 4" ACTS Mobile Communications Summit, Sorrento,
Italy, 1999.

A. Dissanayake: "Ka-Band Propagation Modeling for Fixed Satellite Applications®, Online
Journal of Space Communication, Issue number 2, Fall 2002.

C. Morlet et. a.: "Implementation of Spreading Techniquesin Mobile DVB-S2/DVB-RCS
Systems', Proc. IWSSC 2007, Salzburg, Austria, September 2007, pages 259-263.

ETSI EN 303 978: "Satellite Earth Stations and Systems (SES); Harmonised EN for Earth Stations
on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit in the

27,5 GHz to 30,0 GHz frequency bands covering the essential requirements of article 3.2 of the
R&TTE Directive'.

E. Kubista, F. Perez Fontan, M. A. Vazquez Castro, S. Buonomo, B. R. Arbesser-Rastburg, J.P.V.
Poiares Baptista: "Ka-Band Propagation Measurements and Statistics for Land Mobile Satellite
Applications’, IEEE Transactions on Vehicular Technology, volume 49, number 3, May 2000.

F. Perez Fontan, M. Vazquez Castro, C. Enjamio Cabado, J. Pita Garcia, and E. Kubista:
"Statistical modelling of the LM S channel", |EEE Transactions on Vehicular Technology",
volume 50, pages 1 549-1 567, November 2001.

IEEE Std 1139™: "IEEE Standard Definitions of Physical Quantities for Fundamental Frequency
and Time Metrology - Random Instabilities’, February 20009.

F.M. Gardner: "Phaselock Techniques’', 3" edition, Wiley, 2005.

W.H. Press, et a.: "Numerical Recipesin C - The Art of Scientific Computing”, Cambridge
University Press, 2002.

A. Gines and S. Cioni: "Phase Noise Model in Computer Simulations’, ESA Technical Report,
December 2013.

T. Alberty and V. Hespelt: "A New pattern Jitter Free Frequency Error Detector”, IEEE
Transactions on Communications, volume 37, number 2, pages 159-163, February 1989.

J.G. Proakis, M. Salehi: "Digital Communications’, 5 edition, McGraw-Hill, 2008.

E. Casini, A. Ginesi, and R. De Gaudenzi: "DV B-S2 modem algorithms design and performance
over typical satellite channels’, International Journal of Satellite Communications and
Networking, volume 22, number 3, pages 281-318, 2004.

Zodllner, J.; Loghin, N.: "Optimization of high-order non-uniform QAM constellations', IEEE
International Symposium on Broadband Multimedia Systems and Broadcasting (BM SB),
June 2013.

D'Andrea, A.N.; Mengali, U.: "Design of quadricorrelators for automatic frequency control
systems', | EEE Transactions on Communications, volume 41, number 6, pages 988-997,
June 1993.

Kim, P., Pedone, R., Villanti, M., Vanelli-Coralli, A., Corazza, G. E., Chang, D.-l. and Oh, D.-G.
(2009): "Robust frame synchronization for the DVB-S2 system with large frequency offsets’,
International Journal of Satellite Communications and Networking, 27: 35-52.

Pedone, R.; Villanti, M.; Vanelli-Corali, A.; Corazza, G.E.; Mathiopoulos, P.T.: "Frame
synchronization in frequency uncertainty”, | EEE Transactions on Communications, volume 58,
number 4, pages 1 235-1 246, April 2010.
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Anzalchi, J.; Couchman, A.; Gabellini, P.; Gallinaro, G.; D'Agristing, L.; Alagha, N.; Angeletti, P.:
"Beam hopping in multi-beam broadband satellite systems: System simulation and performance
comparison with non-hopped systems”’, Advanced satellite multimedia systems conference (asma)
and the 11" signal processing for space communications workshop (spsc), 2010 5 volume,

pages 248-255, 13-15 September 2010.

Code of Federation Regulations 47 CFR 25.222: "Blanket Licensing provisions for Earth Stations
on Vessels (ESVs) receiving in the 10.95-11.2 GHz (space-to-Earth), 11.45-11.7 GHz (space-to-
Earth), 11.7-12.2 GHz (space-to-Earth) frequency bands and transmitting in the 14.0-14.5 GHz
(Earth-to-space) frequency band, operating with Geostationary Orbit (GSO) Satellitesin the
Fixed-Satellite Service".

M. Costa: "Writing on dirty paper”, |EEE Transactions on Information Theory, volume 29,
number 3, pages 439-441, May 1983.

D. Christopoulos, S. Chatzinotas, G. Taricco, M. Vazquez, A. Perez-Neira, P.-D. Arapoglou and
A. Ginesi: "Multibeam Joint Precoding: Frame Based Design", Chapter in Cooperative &
Cognitive Satellite Systems, Eds. S. Chatzinotas, B. Ottersten, R. De Gaudenzi, Elsevier, 2015.

N. Jindal, S. Vishwanath, and A. Goldsmith: *On the duality of Gaussian multiple-access and
broadcast channels', |EEE Transactions on Information Theory, volume 50, number 5,
pages 768-783, May 2004.

G. Taricco: "Linear Precoding Methods for Multi-Beam Broadband Satellite Systems*, European
Wireless 2014; Proceedings of 20" European Wireless Conference, 14-16 May 2014.

ETSI EN 300 421: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for 11/12 GHz satellite services'.

3 Symbols and abbreviations
3.1 Symbols

For the purposes of the present document, the following symbols apply:

o
Aas

Ary

Bs

B. T

BUFS

C

CIN
CI(N+I)
DFL

Ey/No
EdNg
Es/(NO + IO)

®
i

T A P
H(N—K)><N

I, Q
[ADJ
ltor

KgcH
NpcH
I<Idpc

Roll-off factor

Amplitude of the interfering signal

Factor to take into account uncompensated fading events

Bandwidth of the frequency Slot allocated to a service

Loop Bandwidth

Maximum size of the requested receiver buffer to compensate delay variations

codeword

Carrier-to-noise power ratio (N measured in a bandwidth equal to symbol rate)
Carrier-to-(Noise + Interference) ratio

DataField Length

Ratio between the energy per information bit and single sided noise power spectral density
Ratio between the energy per transmitted symbol and single sided noise power spectral density
Ratio between the energy per transmitted symbol and single sided noise plus interference power
spectral density

Antenna diameter

LDPC code information block

LDPC code information bits

LDPC code parity check matrix

In-phase, Quadrature phase components of the modulated signal
Adjacent carrier interference

Total interference

number of bits of BCH uncoded Block

number of bits of BCH coded Block
number of bits of LDPC uncoded Block
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M dpc number of bits of LDPC coded Block
n Spectral efficiency
Ne code efficiency
MMoD number of transmitted bits per constellation symbol
L IP packet length
m BCH code information word
m(x) BCH code message polynomial
Por Prre Prye ke 1 LDPC code parity bits
Pse Transmitted Pilotsin a SuperFrame
q code rate dependant constant for LDPC codes
m In-band ripple (dB)
Ry Symbol rate corresponding to the bilateral Nyquist bandwidth of the modulated signal
R, Useful bit rate at the DVB-S2 system input
S Number of Slotsin a XFECFRAME
T, Symbol period
Tioop loop delay
Tprop propagation time
Tq waiting time
UPL User Packet Length
Tgr Threshold on SOF in Tentative state
Ter Threshold on PLSCODE in Tentative state
Tg Threshold on SOF in Locked state
XPlrx Transmitter cross-polar isolation
XPlgrx Receiver cross-polar isolation

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

128APSK 128-ary Amplitude and Phase Shift Keying
16APSK 16-ary Amplitude and Phase Shift Keying
256APSK 256-ary Amplitude and Phase Shift Keying
32APSK 32-ary Amplitude and Phase Shift Keying
64APSK 64-ary Amplitude and Phase Shift Keying
8APSK 8-ary Amplitude and Phase Shift Keying
8PSK 8-ary Phase Shift Keying

ACM Adaptive Coding and Modulation

ADSL Asymmetric Digital Subscriber Line

ALC Automatic Level Control

AM/AM Amplitude Modulation/Amplitude Modulation
AM/PM Amplitude Modul ation/Phase Modulation
APSK Amplitude Phase Shift Keying

ASl Adjacent Satellite Interference

AVC Advanced Video Coding

AWGN Additive White Gaussian Noise

BB Base-Band

BBH BaseBand Header

BCH Bose-Chaudhuri-Hocquenghem multiple error correction binary block code
BPSK Binary Phase Shift Keying

BPSK-S Binary Phase Shift Keying-Spread

BSS Broadcast Satellite Systems

BW Bandwidth (at -3 dB) of the transponder
CAPEX Capital expenditure

CBR Constant Bit Rate

CCDF Complementary Cumulative Distribution Function
CCl Co-Channel Interference

CCM Constant Coding and Modulation
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CDF
CER

CH

CM
CM-BSS
CRC

Csl

Cu

D

DC
DDSO
DEMUX
DMD
DNP
DPC
DSNG
DTH
DTT
DvB
DvB-C
DVB-CM
DVB-S

NOTE:
DVB-S2
NOTE:

EBU
EIRP
EN
EPG
FA
FCC
FEC
FER
FFT
FSS
FWD
GEO
GS
GSE
GW
HD
HDTV
HEVC
HPA
HQ
HTS
IBO
IM
IMUX
1P
ISCR
ISI
ISSY
ITU
ITU-R
LDPC
LMS
LNB
LO
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Cumulative Distribution Function
Code-word Error Rate

Transmission Channel

Commercia Module

Commercial Module - Broadcast Satellite Systems group
Cyclic Redundancy Check

Channel State Information

Capacity Unit

Decimal notation

Direct Current

Digital Data Service Obligation
DEMUItipleXer

Demodulation

Deleted Null Packets

Dirty Paper Coding

Digital Satellite News Gathering
Direct To Home

Digital Terrestrial Television

Digital Video Broadcasting project
Digital Video Broadcasting - Cable
Digital Video Broadcasting - Commercial Module
DVB System for satellite broadcasting

As specified in ETSI EN 300 421 [i.32].

DVB-S2 System

As specified in ETSI EN 302 307-1[i.1].

European Broadcasting Union
Effective | sotropic Radiated Power
European Norm

Electronic Program Guide

Fase Alarm

Federal Communications Commission
Forward Error Correction

Frame Error Rate

Fast Fourier Transform

Fixed Satellite Service

Forward

Geostationary Satellite

Generic Stream

Generic Stream Encapsulation
GateWay

High Definition

High Definition Television

High Efficiency Video Coding
High Power Amplifier

High Quality

High Throughput Satellite

Input Back Off

InterModulation

Input MUIltipleXer - Filter

Internet Protocol

Input Stream Clock Reference
Input Stream |dentifier

Input Stream SY nchronizer
International Telecommunications Union
Telecommunication Union - Radiocommunication Sector
Low Density Parity Check (codes)
Least Mean Square

Low Noise Block

Loca Oscilator
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LOS
LQ
LTE
MF
ML
MMSE
MOD
MODCOD
MP
MPEG
MU-MIMO
MUX
NA
NDA
NF
NP
NPD
NPI
OBO
obU
OMUX
PDI
PER
PL
PLH
PLL
PLP
PLS
PLSCODE
PSD
QFHD
QPSK
RF
RMS
RO
RTT
SAP
SAT-IP
SD
SF
SFFI
SFH
SFPB
S|
SID
SNIR
SNR
SOF
SOSF
SPLIT
SSB
ST
TDM
TDMA
TS
TSGS
TSN
TV
TWTA
UHD
UHDTV
uL
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Line Of Sight

Low Quality

Long Term Evolution

Matche Filtering

Maximum Likelihood
Minimum Mean Square Error
Modulation

Modulation & Coding

Missed Peak

Moving Pictures Experts Group
Multi User Multiple Input Multiple Output
Multiplex

Not Applicable

Non Data Aided

Noise Figure

Null Packets

Null-Packet Deletion

Null Packet Insertion

Output Back Off

OutDoor Unit

Output Multiplexer - Filter
Post-Detection Integration
(MPEG TS) Packet Error Rate
Physical Layer

Physical Layer Header

Phase Lock Loop

Physical Layer Pipe

Physical Layer Signalling

PLS code

Power Spectral Density

Quad High Definition
Quaternary Phase Shift Keying
Radio Frequency

Root Mean Squre

Roll Off

Round-Trip Time

Satellite Operator
Satellite-Internet Protocol
Standard Definition

Spreading Factor

Super-Frame Format Indicator
Super Frame Header

Single Feed Per Beam

System Information

Stream IDentifier

Signal to Noise plus Interference Ratio
Signal to Noise power Ratio
Start Of Frame

Start Of Super Frame
SPLITter

Single Side Band

Satellite Terminal

Time Division Multiplex

Time Division Multiple Access
Transport Stream

TRasport Stream/ Generic Stream
Time Slice Number

Television

Travelling Wave Tube Amplifier
UltraHigh Definition
UltraHigh Definition TeleVision
Up-Link
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uT User Terminal

uw Unique Word

VCM Variable Coding and Modulation

VL-SNR Very Low Signal to Noise Ratio

VSAT Very Small Aperture Terminal

WER Word Error Rate

WH Walsh-Hadamard

XPD Cross Polar Discrimination

XPI Cross Polar Interference
4 General description of the technical characteristics of

the DVB-S2X extensions

4.0 Overview

In October 2012 the Commercial Module of DVB defined the Commercial Requirements for an improved DVB-S2
standard (CM-1330r1), to achieve higher efficiencies without a fundamental change to the complexity and structure of
DVB-S2. More, the CM requested a significant increase in the range and scope of the DV B-S2 specification, calling for
improved operating performance in the core markets (Direct to Home, contribution, VSAT, DSNG) as well as for
increased operating range to cover emerging markets such as mobile (air, sea, rail) and professional applications.

The DVB-S2X technical specification is an extension of the DVB-S2 standard and, accordingly, DVB-S2X retains
DVB-S2's architecture, in order to facilitate rapid implementation and launch on the market, but it is not backward-
compatible to it. Nevertheless new DV B-S2X receivers are required to decode DVB-S2X and legacy DVB-S2
transmissions.

The main new elements of DVB-S2X consist of the introduction of very-low SNR range (VL-SNR) and the very-high
SNR range (VHSNR), improved physical layer signalling allowing finer SNR granularity, reduced roll-off factors
(decreasing the occupied bandwidth) and defined linear channel modes (for usein for example Ka-band and for multi-
carrier per transponder configurations). In addition, the scrambling sequences for DTH may be configurable, in order to
better cope with high level of co-channel interference. For DTH it also mandates frame by frame modulation changes
(allowing real time efficiency vs robustness optimization), specified channel bonding and the use of higher level
protocols (GSE, GSE-lite and the introduction of al 1P streaming).

For DTH applications many of these modifications contribute to a small improvement in efficiency and flexibility to
provide, when combined, to a significant improvement over the original DV B-S2 standard. For VSAT applications, in
addition, the DVB-S2X specifications open up the possibility to support advanced techniques for future broadband
interactive networks, i.e. intra-system interference mitigation, beam-hopping as well as multi-format transmissions.
These may result in significant gains in capacity and flexibility of broadband interactive satellite networks and are made
possible thanks to the optional Super-Framing structure described in annex E of ETSI EN 302 307-2 [i.2]. Finaly, for
Professional and DSNG applications high efficiency modulation schemes allow spectral efficiencies approaching

6 bps/Hz (with 256APSK).

4.1 Commercial requirements
4.1.0 Background

For clause 4.1 the content initalic is extracted from document DVB-CM BSS 0021 Rev.1, DVB-CM 1330
Rev.1"Enhancement of the DVB-S2 Standard - Commercial Requirements ”.

In recent years users of professional broadcast applications such as TV contribution and -distribution, DSNG and
professional data services have demanded more spectrum efficient solutions fromindustry. The key demand for a
DVB-S2 enhancement is coming from professional services and applications whilst it is anticipated that the volume
demand for chip sets and equipment will be driven by consumer internet services and broadcast of UHDTV servicesvia
DTH satellites, thanks to the introduction of the HEV C (High Efficiency Video Coding) standard. The need for a timely
availability of an enhanced DVB-S2 standard has been communicated to the CM-BSS group by several operators and
hence this use case is reflected in the commercial requirements that at the 63'¢ meeting of the DVB Commercial Module
on May 7™, 2012 the CM-BSS group had been tasked to produce.
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Since there were indications that a more revolutionary approach towards enhancing DVB-S2 could lead to even higher
efficiency gains, the CM requirement document indicated that work of DVB-S2 should follow two parallel paths. One
was for the development of an evolution of the DV B-S2 specification - fine-tuning the technical specification without
major increases of the receiver complexity. The other was for the launch of a study mission on "green-field" satellite
technologies that would analyse the potential of totally new technical approaches with much wider complexity
boundaries several timesthat of DVB-S2. The summer 2013 meetings of the Technical and Commercial Modules and
of the Steering board reviewed the DV B-S2 devel opments and recommended to develop the new system, with the scope
to achieve higher efficiencies without a fundamental change to the complexity and structure of DVB-S2. The
specification had to be a short track development and had to be available at the latest by end of September 2013 in order
for DVB no to lose the aspect of awidely adopted and successful standardization in the satellite market. More, the CM
requested a significant increase in the range and scope of the DV B-S2 specification, calling for improved operating
performance in the core markets (Direct to Home, contribution, VSAT, DSNG) as well as for increased operating range
to cover emerging markets such as mobile (air, sea, rail) and professional applications.

41.1 Use Cases for an enhanced DVB-S2 Standard

4.1.1.0 General aspects

The new specification was requested to address the current DVB-S2 core markets including Direct-To-Home, broadcast
distribution, contribution, VSAT outbound and high speed IP links, but also shall address newly defined applicationsin
market segments such as airborne, rail and other mobile forward links, small aperture terminals for news gathering,
disaster relief and similar ad hoc links, and VSAT forward links in regions prone to deegp atmospheric fading events.
The specification shall take advantage, where possible, of the differencein linear and non-linear operations, reflecting
the commercial advantagesin differentiating applications like video distribution and video contribution of satellite
signals. The use of multiple spot beam systems was to be taken into account as well as wideband transponders.

4111 Direct-to-Home

Several DV B-members expressed the commercial need to benefit from the throughput gain that would be possible with
an evolutionary enhancement (e.g. adding additional MODCODs and tighter roll-offs). The respective use caseis the
anticipated launch of 4K (QFHD) television servicesin Ku-/Ka-band that will use HEV C encoding. In this context it
may be desirable to eventually use fragments of smaller blocks of capacity on two or three DTH transponders and bond
them into one logical stream, under the assumption of a multiple tuner front-end in the receiver.

4.1.1.2  Applications requiring low SNR links

DVB-S2X supports newly identified applications in growing markets which include airborne, rail, maritime, and other
mobile forward links, news gathering, disaster relief and similar ad hoc links, which typically have low SNR to begin
with due to the use of smaller aperture terminals. The performance of these links tends to degrade further due to vehicle
motion, less than precise pointing and alignment, or other additional impairments. Fixed VSAT forward linksin regions
prone to higher rain rates may also suffer deep transient atmospheric fading. Especially at higher frequencies, such as
Ka-bands, the SNR can often drop well below 0 dB, while link continuity should be maintained. To maintain
connectivities, DVB-S2X defines nine new, low SNR MODCODs, with the most resilient MODCOD providing
quasi-error free performance down to near -10 dB E/N,,

4.1.2 Commercial requirements for the enhancements of the DVB-S2
standard

The specification shall focus on E4/N, ranges necessary to address the markets of interest. The specification should

address all markets through a single profile while targeting core markets with maximum efficiency gains. If necessary,
modular additions to the core specification shall address new markets through a standardized framework. The E/N,
range is extended to support larger values reflecting the availability of higher powered and spot-beam satellites (such as
video and IP trunk links achieving E/N greater than 22 dB). The lower E/N, range is required to maintain links
during deep fades seen in mobile and high frequency systems (such asin VSAT systems). The specification should be
harmonized with the lower E/N, range and ACM described in the DVB-RCS2 guidelines.

The system shall maximize spectral efficiency (measured in bits/sec/Hz) as well as link robustness, with efficiency gain

over the existing DVB-S2 standard averaging at least at 15 % and where possible achieving from 25 % to 30 % on
individual measuring points, reflecting a significant commercial interest of the eco-system in the satellite industry.
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The specification of the modulation techniques shall be compatible with other common or recently defined satellite
related items such as wideband, ACM, Uplink power control, RF Carrier 1D, RF pre-distortion etc.

Finally, the specification shall allow for better diagnostic capabilities (of link performance including accurate
estimation of signal to noise ratio).

Application scenarios:

The S2X specification targets the core application areas of S2 (Digital Video Broadcasting, forward link for interactive
services using ACM, Digital Satellite News Gathering and professional digital links such as video point-to-point or
Internet trunking links), and new application areas in emerging markets such as mobile (air, sea, rail) and other
professional applications. The S2X system offers the ability to operate with very-low carrier-to-noise and carrier-to-
interference ratios (SNR down to -10 dB), to serve markets such as airborne (business jets), maritime, civil aviation
internet access, VSAT terminals at higher frequency ranges or in tropical zones, small portable terminals for journalists
and other professionals.

Furthermore, the S2X system provides transmission modes offering significantly higher capacity and efficiency to serve
professional links characterized by very-high carrier-to-noise and carrier-to-interference ratios conditions.

S2X also provides afiner granularity of operative SNRs, reduced roll-off factors in order to decrease the occupied
bandwidth, and methods to optimize satellite transmissionsin "linear channels' (for instance in the case of multi-carrier
per transponder transmissions in the Ka-band) S2X also improves some features of the satellite transmission at system
level.

The scrambling sequence, that in S2 was configurable for professional applications only, in S2X becomes configurable
also for DTH services, in order to better cope with high level of co-channel. In some specific scenarios, a high level of
co-channel interference (CCl) is already present today, and it is expected that multi-spot beam satellite payloads, with
an inherently high level of CCI, will become common place in the future (especially, but not exclusively, in Ka band).
To avoid performance degradations where channel estimation is based on pilots, DVB-S2X proposes a mechanism to
mitigate Co-Channel interference between S2/S2X carriers, by invoking the use of a defined set of scrambling
sequences. Thisis also applicable to the broadcast profile.

The changes of modulation on a frame-by-frame basis, becomes normative in all application areas, including DTH
services for which it was only optional in S2. Thistool permitsthe real time optimization of the transmission efficiency
versus the transmission robustness. Another new tool introduced in S2X is Channel bonding, which provides an
increase of throughput, thus enhancing the performances of the statistical multiplexing of services. In particular for
DTH, apossible use caseis the launch of UHDTV-1 (e.g. 4k) television servicesin Ku-/Ka-band that will adopt HEVC
encoding. In this context it may be desirable to eventually use fragments of smaller blocks of capacity on two or three
DTH transponders and bond them into one logical stream. This permits to maximize capacity exploitation by avoiding
the presence of spare capacity inindividual transponders and/or to take maximum advantage of statistical multiplexing.
In addition the higher level protocols (i.e. GSE, GSE-lite) have been improved and the "all-1P streaming" capability has
been introduced. For DTH applications each of the S2X feature provides only a small improvement in terms of
efficiency and flexibility, but the sum of enhancement constitutes a significant improvement over the original S2
DTH-system.

For VSAT applications, the S2X specifications open up the possibility of supporting advanced techniques for future
broadband interactive networks, like:

. intra-system interference mitigation;
. beam-hopping;
e multi-format transmissions.

These may result in significant gains in capacity and flexibility of broadband interactive satellite networks and are made
possible thanks to the optional Super-Framing structure described in annex E.

For Professional & DSNG applications high efficiency modulation schemes, such as the 256 APSK constellation , allow
spectral efficiencies approaching 6 bps/Hz.
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4.2 Application scenarios

The S2X specification targets the core application areas of S2 (Digital Video Broadcasting, forward link for interactive
services using ACM, Digita Satellite News Gathering and professional digital links such as video point-to-point or
Internet trunking links), and new application areas in emerging markets such as mobile (air, sea, rail) and other
professional applications. The S2X system offers the ability to operate with very-low carrier-to-noise and carrier-to-
interference ratios (SNR down to -10 dB), to serve markets such as airborne (business jets), maritime, civil aviation
internet access, VSAT terminals at higher frequency ranges or in tropical zones, small portable terminals for journalists
and other professionals.

Furthermore, the S2X system provides transmission modes offering significantly higher capacity and efficiency to serve
professional links characterized by very-high carrier-to-noise and carrier-to-interference ratios conditions.

S2X also provides afiner granularity of operative SNRs, reduced roll-off factors in order to decrease the occupied
bandwidth, and methods to optimise satellite transmissionsin “linear channels’ (for instance in the case of multi-carrier
per transponder transmissions in the Ka-band)S2X also improves some features of the satellite transmission at system
level.

The scrambling sequence, that in S2 was configurable for professional applications only, in S2X becomes configurable
also for DTH services, in order to better cope with high level of co-channel. In some specific scenarios, ahigh level of
co-channel interference (CCl) is already present today, and it is expected that multi-spot beam satellite payloads, with
an inherently high level of CCI, will become common place in the future (especially, but not exclusively, in Ka band).
To avoid performance degradations where channel estimation is based on pilots, DVB-S2X proposes a mechanism to
mitigate Co-Channel interference between S2/S2X carriers, by invoking the use of a defined set of scrambling
sequences. Thisisalso applicable to the broadcast profile.

The changes of modulation on a frame-by-frame basis, becomes normative in al application areas, including DTH
services for which it was only optional in S2. Thistool permits the real time optimisation of the transmission efficiency
versus the transmission robustness. Another new tool introduced in S2X is Channel bonding, which provides an
increase of throughput, thus enhancing the performances of the statistical multiplexing of services. In particular for
DTH, apossible use caseis the launch of UHDTV-1 (e.g. 4k) television servicesin Ku-/Ka-band that will adopt HEVC
encoding. In this context it may be desirable to eventually use fragments of smaller blocks of capacity on two or three
DTH transponders and bond them into one logical stream. This permits to maximise capacity exploitation by avoiding
the presence of spare capacity in individual transponders and/or to take maximum advantage of statistical multiplexing.
In addition the higher level protocols (i.e. GSE, GSE-lite) have been improved and the “all-1P streaming” capability has
been introduced.For DTH applications each of the S2X feature provides only a small improvement in terms of
efficiency and flexibility, but the sum of enhancement constitutes a significant improvement over the original S2 DTH-
system.

For VSAT applications, the S2X specifications open up the possibility of supporting advanced techniques for future
broadband interactive networks, like:

. Intra-system interference mitigation;
e  beam-hopping;
o multi-format transmissions.

These may result in significant gains in capacity and flexibility of broadband interactive satellite networks and are made
possible thanks to the optional Super-Framing structure described in Annex E.

For Professional & DSNG applications high efficiency modulation schemes, such as the 256 APSK constellation , allow
spectral efficiencies approaching 6 bps/Hz.
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4.3 System architecture
4.3.0 General

Due to world-wide adoption of DVB-S2, DVB-S2X maintains the DVB-S2 system architecture as described in Figure 1
of ETSI EN 302 307-1 [i.1] to the extent possible , while adding finer MODCOD steps, sharper roll-off filtering,
technical means allowing time-dlicing of wide-band signals for a reduced processing speed in the receiver, technical
means for bonding of multiple transponders and additional signalling capacity by means of:

. an optional periodic super-frame structure with signalling of the format of the super-frame content and further
benefits like simplifying synch recovery at VL-SNR and allowing periodic pilot structures and PL-Scramblers
(see annex C);

. an extended PLHEADER signalling scheme to support the additional MODCODs, as described in
clause 4.3.2;

. an extended PLHEADER signalling scheme to support Mobile Frames (VL-SNR), as described in annex B ;

e  ahigh-efficiency BBFRAME mode (GSE-HEM), similar to the T2 and C2 systems, to transport GSE /GSE-
Lite packets;

. signalling of streams which are GSE-Lite compliant.

4.3.1 CRC8_MODE computation in GSE High Efficiency Mode
(GSE-HEM)

The stream format at the output of the MODE ADAPTER in GSE-HEM replaces the CRC-8 of Normal Mode with
CRC8_MODE: it isthe XOR of the CRC-8 (1-byte) field with the MODE (1-byte) field. CRC-8 isthe error detection
code applied to the first 9 bytes of the BBHEADER. MODE (8 hits) is1_D for GSE-HEM.

4.3.2 Signalling of the DVB-S2X MODCODs

All of the features of DVB-S2 are preserved as a subset of DVB-S2X. In particular al of the DVB-S2 MODCODs keep
their decimal values of the original PLS code, 0 through 127. The new MODCODs are assigned values 128 through
255. Moreover DVB-S2 PLS code is extended in such a way that, the codewords corresponding to the original DVB-S2
MODCODs remain unchanged. In other words, the (64,7) PLS code of DVB-S2 is a subset of the (64,8) PLS code of
DVB-S2X. For the case of DVB-S2 MODCODs, 64 symbol PLS codewords are transmitted in the same manner asin
DVB-S2. For the new MODCODSs unique to DVB-S2X, on the other hand, a phase jump of 7/2 isintroduced between
the transmission of SOF field and PL S codewords. As aresult of the aforementioned design, the (64,8) PL S code of
DVB-S2X has almost identical performance as the (64,7) PLS code of DV B-S2 while keeping a completely backward-
compatible signalling for DV B-S2 MODCODs. Figure 1 shows a performance comparison using coherent detection;
non-coherent detection performance follows a similar pattern.
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Figure 1: Performance Comparison of DVB-S2 and DVB-S2X PLS Codes

For DVB-S2X MODCODs, the bit for short/normal frame size is no longer used for its original purpose. Instead, this
bit is used in enumerating all of the DVB-S2X MODCODs (short or normal), as short DVB-S2X MODCODs are listed
separately along with normal MODCODs. One reason for introducing short codesin DV B-S2 originally was to reduce
latency for lower symbol rate carriers. For high-order modulations such as 64-APSK and higher, latency reduction is no
longer an important consideration. Thus, in DVB-S2X the number of short size MODCODs s alot fewer than the
number of normal size MODCODs. Therefore, listing the short MODCODs explicitly instead of alocating an entire bit
field to signal the length is more economical. The signalling space vacated by these short MODCODs for higher order
modulation are used to designate additional MODCODs specifically designed for linear channels, which would not
otherwise be available.

Another feature of DVB-S2X isthat it allows mixing of very-low SNR (VL-SNR) frames with regular frames.
Following the original DVB-S2 design philosophy, al of the PLS field would have to be extended to support the lowest
operating SNR, which is more than 7 dB below that of the DVB-S2. This would require significantly longer PLS header
which could then unnecessarily penalize terminals with higher SNR, and make the overall network much less efficient.
Furthermore, it would also preclude the coexistence with DVB-S2 MODCODs. DVB-S2X has accomplished the
objective without adding any additional overhead to the regular terminals. Only frames for terminals with VL-SNR are
required to include an additional synchronization header, which allows these terminalsto acquire their frames at SNR
well below the normal PLS code decoding capability (see annex B). Two PLS code with decimal values (129 and 131)
are dlocated to signal the length of VL-SNR frames (set 1 length and set 2 length) to the regular terminals. Upon
encountering these values, regular terminals simply skip an appropriate number of symbolsto the start of the next
frame. The detection of the VL-SNR frames and the specific MODCOD among nine possibilitiesis achieved by using a
special 900-symbol frame synchronization header that only the VL-SNR terminals detect in burst mode.

4.3.3 Roll off detection on DVB-S2X

The DVB-S2X standard requiresthat it is ensured that the Multiple Input Stream configuration (SISMISfield = 0)
aternation is unambiguously evident over al Input Streams (for every ISl) and MODCOD combinations, such that any
receiver will receive regular alternation. Any receiver, once locked will switch to low roll-off range on first detection of
11'.

It is best when both transmitter and receiver agree on the aternation. When the timeslicing PLHEADER isin use, the
best solution isto alternate for each MODCOD!/time slice number combination individually. When the non timeslicing
PLHEADER isin use, the best solution is to aternate for each MODCOD individually.

The MODCOD isidentified for the regular DVB-S2 MODCODS (b= 0) by (by,...,bs). The MODCOD isidentified for
the non VL-SNR MODCODs defined in part 11 (bo= 1) by (bs,...,bs) and for the VL-SNR MODCODs defined in part 11
by the VL-SNR Walsh-Hadamard Sequence. The TSN isidentified by (us,...,uis) in the wideband header.
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For each individual alternation, one bit is required on the transmitter.

The receiver can use 2 bits to detect if alternation is present on each individual MODCOD for non timeslicing
PLHEADER and each individual MODCOD/timeslice combination for timeslicing PLHEADER. These 2 bits will hold
the state of "previous' in Figure 2. They will be initialized to state "U" for uninitialized after the receiver has acquired
the S2X. The potential values for previousare U, 0 and 1.

NOTE 1. A timedlicing receiver can limit itself to the timeslice numbers that the receiver is subscribing to.

IF RO==U

IF RO==11
SMALLRO++ IF RO==11
SMALLRO++

IF RO!=11

IF RO!=11
WIDERO++

Previous=0

IF RO==11
SMALLRO++

Figure 2: Previous state diagram that is maintained per MODCOD
(times slice number combination) on the receiver

The receiver will start the decoding of al frames when non-timeslicing PLHEADERS are used, and will at least start
the decoding of the frames with the timeslice numbers that the receiver is subscribing to.

The receiver will change the state of "previous' of the MODCOD(/timeslice number combination) for each frame on
which it started decoding according to the figure X: Roll-off==U means the frame was undecodeable or had an
BBHEADER CRC error, Roll-off==11 means the signalled roll-off bits were set to 11, Roll-off!=11 means the
signalled roll-off bits were 00, 01 or 10.

NOTE 2: For the detection of the roll-off, the receiver will not take into account the input stream(s) it is configured
with.

The values SMALLRO and WIDERO will increase and the receiver can configure confidence thresholds for those
values after which it decides that the RO is either SMALL (5 %, 10 % and 15 %) or WIDE (20 %, 25 % and 35 %).

4.3.4 Reference performance

Anideal hard limiter channel as shown in Figure 3 is used as a reference nonlinear channel.
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Figure 3: Hard limiter TWTA model

Performance of DVB-S2X MODCODs in AWGN and ideal hard limiter channel is shown in Table 1 for the Normal
FECFRAME. For the case of hard limiter channel, no transmit or receive nonlinearity compensation is performed, only
ring ratios are optimized for constellations with 16 or more symbols.

The spectral efficiency values for 32APSK 2/3-L and 64APSK 5/6 indicated in ETSI EN 302 307-2v1.1.1[i.2] areto
be disregarded. The values indicated in this Table 1 are to be considered.

Table 2 and Table 3 respectively show the AWGN performance for Medium and Short FECFRAME.

Table 1: Performance at Quasi Error Free FER = 10° (see note 5) Normal FECFRAMES, 50 iterations

Canonical MODCOD | Spectral efficiency Ideal Es/No [dB] for Ideal Csat/(No-Rs) [dB] Optimized input
name [bit/symbol] (AWGN Linear (Non-Linear Hard Back-off
(see note 4) Channel) Limiter Channel) IBO
(Normative) (Informative) [dB]
(see note 1) (see note 2) (see note 2)
QPSK 2/9 0,434841 -2,85 (see note 3) -2,45 -5
QPSK 13/45 0,567805 -2,03 -1,60 -5
QPSK 9/20 0,889135 0,22 0,69 -5
QPSK 11/20 1,088581 1,45 1,97 -5
8APSK 5/9-L 1,647211 4,73 5,95 -3,5
8APSK 26/45-L 1,713601 5,13 6,35 -3,5
8PSK 23/36 1,896173 6,12 6,96 -3,5
8PSK 25/36 2,062148 7,02 7,93 -3,5
8PSK 13/18 2,145136 7,49 8,42 -3,5
16APSK 1/2-L 1,972253 5,97 8,4 0,75
16APSK 8/15-L 2,104850 6,55 9,0 0,25
16APSK 5/9-L 2,193247 6,84 9,35 0,75
16APSK 26/45 2,281645 7,51 9,17 -1,25
16APSK 3/5 2,370043 7,80 9,38 -1,5
16APSK 3/5-L 2,370043 7,41 9,94 2
16APSK 28/45 2,458441 8,10 9,76 -1,5
16APSK 23/36 2,524739 8,38 10,04 -1,25
16APSK 2/3-L 2,635236 8,43 11,06 2
16APSK 25/36 2,745734 9,27 11,04 0,25
16APSK 13/18 2,856231 9,71 11,52 0,25
16APSK 7/9 3,077225 10,65 12,50 0
16APSK 77/90 3,386618 11,99 14,00 0,75
32APSK 2/3-L 3,291954 11,10 13,81 2
(see note 6)
32APSK 32/45 3,510192 11,75 14,50 2
32APSK 11/15 3,620536 12,17 14,91 2,25
32APSK 7/9 3,841226 13,05 15,84 2,25
64APSK 32/45-L 4,206428 13,98 17,7 3,5
64APSK 11/15 4,338659 14,81 17,97 2,5
64APSK 7/9 4,603122 15,47 19,10 3,25
64APSK 4/5 4,735354 15,87 19,54 3,25
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Canonical MODCOD | Spectral efficiency Ideal Es/No [dB] for Ideal Csat/(No-Rs) [dB] Optimized input

name [bit/symbol] (AWGN Linear (Non-Linear Hard Back-off
(see note 4) Channel) Limiter Channel) IBO
(Normative) (Informative) [dB]
(see note 1) (see note 2) (see note 2)

64APSK 5/6 4,936639 16,55 20,44 3,5

(see note 6)

128APSK 3/4 5,163248 17,73 21,43 3,25

128APSK 7/9 5,355556 18,53 22,21 3,25

256APSK 29/45-L 5,065690 16,98 21,6 4,25

256APSK 2/3-L 5,241514 17,24 21,89 4,25

256APSK 31/45-L 5,417338 18,10 22,9 4,5

256APSK 32/45 5,593162 18,59 22,91 4

256APSK 11/15-L 5,768987 18,84 23,80 4,75

256APSK 3/4 5,900855 19,57 24,02 4

NOTE 1. Eqis the average energy per transmitted symbol; No is the noise power spectral density.

NOTE 2: Csat is the hard limiter pure carrier saturated power; No-Rs is the noise power integrated over a bandwidth equal
to the symbol rate. Performance results are for the optimized input back-off (IBO) indicated in the table and for
a roll-off = 10 %. Csa/ (No-RS) is equal to Essa/No and the difference between the Es/No of the AWGN linear
channel and Essat /No is due to the compromise between operating back-off and nonlinear distortion (which is
dependent on the roll-off).

NOTE 3: The FECFRAME length is 61 560.

NOTE 4: Spectral efficiencies are calculated in a bandwidth equal to the symbol rate Rs in case of no pilots. The
corresponding spectral efficiency for a bandwidth equal to Rs (1 + roll-off) can be computed dividing the
numbers in column "spectral efficiency" by (1 + roll-off).

NOTE 5: Note that in ETSI EN 302 307-1 [i.1], Table 13, performance was defined for Quasi Error Free PER = 1077,
wherein a packet is defined to have 188 bytes. It can be assumed that performance at PER = 107 is
comparable to that at FER = 10>

NOTE 6: The modcods 32APSK 2/3-L and 64APSK 5/6 use the DVB-S2 LDPC codes. As a result, the corresponding
BCH codes for these two modcods have t = 10.

NOTE 7: The spectral efficiency in case of no pilots is given by n = (kecH-80) / [90 (S + 1)], where Kksch is the number of

bits of BCH uncoded Block and S is the number of SLOTSs (of size M = 90 symbols) per XFECFRAME. When
pilots are present, the spectral efficiency can be computed as 1 = (kscH-80) / [90 (S + 1) + P int{(S-1) / 16}],
where P = 36 is the length of the pilot sequence and int{.} is the integer function.

The spectral efficiency values for 32APSK 2/3-L and 64APSK 5/6 indicated in ETSI EN 302 307-2 v1.1.1[i.2] areto
be disregarded. The values indicated in this Table 1 are to be considered.

Table 2: Es/No Performance at Quasi Error Free FER = 10° (AWGN Channel)
medium XFECFRAMEs, 75 iterations

Canonical MODCOD name Ideal ES/NO (dB) for

FECFRAME length = 30 780

BPSK 1/5 -6,85
BPSK 11/45 -5,50
BPSK 1/3 -4,00
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Table 3: Es/No Performance at Quasi Error Free FER = 10° (AWGN Channel)
Short XFECFRAMEsS, 75 iterations /2 BPSK modes, 50 iterations other modes

Canonical MODCOD name Ideal Es/NO (dB) for
FECFRAME length = 16 200

BPSK-S 1/5 -9,9 (note 1)

BPSK-S 11/45 -8,3 (note 1)

BPSK 1/5 -6,1 (note 2)

BPSK 4/15 -4,9 (note 2)
BPSK 1/3 -3,72
QPSK 11/45 -2,50
QPSK 4/15 -2,24
QPSK 14/45 -1,46
QPSK 7/15 0,60
QPSK 8/15 1,45
QPSK 32/45 3,66
8PSK 7/15 3,83
8PSK 8/15 4,71
8PSK 26/45 5,52
8PSK 32/45 7,54
16APSK 7/15 5,99
16APSK 8/15 6,93
16APSK 26/45 7,66
16APSK 3/5 8,10
16APSK 32/45 9,81
32APSK 2/3 11,41
32APSK 32/45 12,18

NOTE 1. The FECFRAME length is 15 390.
NOTE 2: The FECFRAME length is 14 976.

4.4 Channel models
4.4.0 Introduction

The scope of this clause is to define suitable channel models for performance evaluation of DVB-S2X in the various
application areas.

The following services, divided in "core markets' and "emerging markets', are addressed within the scope of the
present document:

e  Core markets: Direct-To-Home, broadcast distribution, contribution, VSAT outbound and high speed IP links.

. Emerging markets: airborne, rail and other mobile forward links, small aperture terminals for news gathering,
disaster relief and similar ad hoc links, and VSAT forward links in regions prone to deep transient atmospheric
fading.

It isto be underlined that it is not the scope of the clause to thoroughly represent all the possible scenarios for the
considered set of services. Instead, alimited set of channel models are selected if deemed to contribute in specific
performance differentiation of the proposed physical layer techniques for DVB-S2X.

Also to be remarked that the specific satellite transponder characteristics that have been used in the present document
are not meant to be considered as reference design for broadcast and broadband satellite payl oads supporting next
generation DVB-S2X specifications. It is recognized that the detailed specifications and characteristics of these
transponders may present relatively large variations depending on many different design criteria. In the present
document, instead, arather limited set of characteristics for legacy sub-systems has been chosen in order to be able to
test new techniques within a limited computer simulation effort.

ETSI



25 ETSI TR 102 376-2 V1.1.1 (2015-11)

4.4.1 DTH Broadcasting services

4.4.1.0 General description

For DTH broadcasting services, both Ku and Ka bands will be considered. Although it isrecognized that DTH service
can also be provided in multi-carrier per TWTA configuration, in the following will be focused on single carrier per
transponder operations.

Although uplink of multiple carriers from asingle station is also possible, here three carriers are considered uplinked by
three different ground stations, geographically separated. The carrier frequencies are equal to the transponder center
frequencies. Within this set, the carrier under test is assumed to be the central frequency carrier (i.e. the one with two
adjacent carriers on each side). The adjacent carriers are simulated from the carrier under test by delaying the latter by
different time delays so as to simulate complete uncorrelation among the carriers. It is recommended to set these values
to multiple of 50,2 symbols (see note 1) in order to:

1) ensure uncorrelation among the carriers even when considering transmit shaping filters with very long tailsin
time; and

2) toavoid perfect symbol timing synchronization. Following this recommendation, the set of delaysisto be
fixed asfollows:

DELAY5 = 50,2 symbols, DELAY 6 = 100,4 symbols.

The carrier under test (central carrier) is also optionally reduced in power by afactor Apy to take into account any
uncompensated fading events on the uplink: the proposed set-up assumes that the two adjacent carriers do not suffer
from fading while the central carrier is possibly subject of fading of up to 8 dB. This represents a worst case condition
in that:

i)  thetwo adjacent carriers are assumed in clear sky (worst case uplink interference); and
ii) theground stations are assumed to be without up-link power control.

The AM/AM and AM/PM characteristics of the HPA of the three uplink stations are simulated by the model described
in Figure 5. As for the operating point of the HPA (assumed the same for the three stations), an optimized value has to
be selected al so taking into account the requirement to minimize the adjacent channel interference. It isimportant to
underline that, in order to well represent the non-linear behaviour of the HPA, a high sampling frequency hasto be
used, so asto avoid aliasing effects of the intermodulation distortion images. A minimum oversampling factor of 10
(with respect to the composite - i.e. of the set of carriers - signal bandwidth) is recommended.

Following the HPA, the IMUX filter selects the carrier under test and remove the other adjacent carriers, following the
transfer function model of Figure 6.

The second block of the transponder corresponds to the TWTA for which two models exist for the AM/AM and
AM/PM characterigtics, i.e. the conventional model of Figure 10 and the linearized model of Figure 11. The single
carrier that has been selected by the IMUX is amplified at an operating point to be optimized. Same considerations asin
the case of the ground station HPA applies here for what concerns the requirements for the oversampling factor.

Next, the OMUX filter is responsible for shaping the non-linearly distorted carrier in order to limit the interference to
adjacent transponders. Its frequency response model is depicted in Figure 7. The next block introduces in the channel
the effects of the adjacent transponder interference, by shifting in time and frequency the carrier under test so asto
simulate the adjacent transponder carriers placed and +f+ and at the same power level (see note 2). The delays of the
models have to be selected with criteria which are very similar to the ones used for the ground station adjacent carriers.
It is then suggested to use DELAY 1 = 75,2 symbols and DELAY 2 = 125,4 symbols.

The model does not take into account that in the reality the adjacent transponder interference signal that occurs before
the transponder and the one that occurs after the transponder are correlated. Therefore, the total power is higher than
sum of powers. The impact on the performance can however be considered very low.

Cross-polar interference is then added to the channel according to the models described in clauses 4.4.1.3 and 4.4.1.5. In
particular, the amplitudes Apl, Ap2 and the frequencies fpl and fp2 should be selected according to Table 5. DELAY 3
and DELAY 4 are set to 25,6 symbols and 100,8 symbols.
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The blocks labelled in red "Adjacent Satellite Interference” can be optionally included. For advanced techniques which
aims at mitigating its impact to the end-to-end performance, its model is described in clause 4.4.1.5.1, otherwiseitis

assumed that the adjacent satellite interference is modelled through an additional white Gaussian noise with a C/lap; of
14 dB.

NOTE 1: These delays can also be expressed as function of the inverse of the signal bandwidth (which should
coarsely match the one of the IMUX filter). This approach would better respond to the requirements of

modulations where the length of the signalling pulse is more directly related to the signal bandwidth as
opposed to the symbol rate.

NOTE 2: Although it is recognized that is some cases the output power of adjacent transponders may differ by 1 or
2 dB maximum due to a possible different OBO setting.

The AWGN block adds the noise to the channel according to the target signal to noise ratio. The terminal receiver
imperfections are then added through the phase and frequency errors mainly caused by the LNB (see clause 4.4.1.6 for

the details of the model) and the amplitude gain ripple and slope caused by the LNB and the interfacility link coax cable
(seeclause 4.4.1.7).

UPLINK STATIONS SATELLITE TXP !
UPLINK i gt
»| STATION | .

HPA

IMUX —» TWTA |—» OMUX |+ Y

—m- DELAY 1 —»@
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R —

Apy
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HPA
g2t
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» DELAY 6 »STAT'ON —m DELAY 3 @
_ HPA v
g2t
| DELAY 4 4®—>@

ADJACENT
TXP
INTERF*

. CROSS-POL
AppeI2ieat T TP
INTERF**
PHASE AND FREQ.
l ERRORS
RECEIVER
- AMPLITUDE |4 -« -~
DISTORTIONS
ADJACENT
SATELLITE
AWGN INTERFERENCE USER
EQUIPMENT
RECEIVER

To be modelled if the bandwidth of the signal carrier is greater than the nominal transponder bandwidth.
** To be modelled according to the models of Figure 12 and Figure 13.

To be modelled as an additional AWGN or if adjacent satellite interference cancellation techniques are
considered, according to Figure 15.

Figure 4: Channel model Block diagram for the DTH broadcasting services
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Uplink station HPA
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The following model for AM/AM and AM/PM of the ground station HPA is provided for use.
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Figure 5: Typical TWTA Ground Station AM/AM and AM/PM characteristics

The operational point of the HPA (IBO/OBO) hasto be selected in order to comply with typical out-of-band emissions
recommended by the satellite operator. A conservative working assumption isto limit the spectrum regrowth spill-over
power at -30 dB. However, to be noted that in certain cases the satellite operators are prepared to relax their
requirements on a case-by-case basis, so higher out-of-band power levels might be acceptable.

4412

IMUX and OMUX filters

The IMUX and OMUX filters models are reported hereafter in Figure 6 and Figure 7.
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Figure 6: IMUX Amplitude and Group Delay response models
(for 36 MHz bandwidth and 40 MHz transponder spacing) - Courtesy of SES
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Figure 7: OMUX Amplitude and Group Delay response model
(for 36 MHz bandwidth and 40 MHz transponder spacing) - Courtesy of SES

The amplitude and group delay numerical entries for these filters are provided in the embedded text files of annex E,
where the 26 MHz and 33 MHz versions are also present.

Inclause H.7 of ETSI EN 302 307-1 [i.1] the following scaling formulais suggested for using the same frequency
responses at a different transponder bandwidth:

R(f) = Rejection (f x 36/BW(MHZz))
G(f) = (36/BW(MH2z)) x Group-delay (f x 36/BW(MHZ))

This assumes a so that the ratio between the transponders' spacing and the transponder bandwidth remains constant at a
value equal to 40/36 = 1,11.

It is recognized that these scaling formulas cannot exactly reproduce the exact frequency response for any bandwidth,
while instead they can produce afairly good approximation, at least for the purpose of estimating the end-to-end link
performance.

Thesefilters, though being taken from areal transponder, are not meant to exactly model the transfer function of all the
OMUX and IMUX filters being deployed in existing payloads, as arelatively large variation of characteristics may
occur (in particular also the ratio between transponder spacing and bandwidth do vary). Nevertheless, these models are
considered quite common in existing broadcast payloads.

The IMUX/OMUX transfer function define the transponder bandwidth. In the present document the following naming
convention will be used:

. Nominal transponder bandwidth: is the transponder bandwidth where the amplitude response of the
IMUX/OMUX filtersis"amost flat". This corresponds to 36 MHz for the filtersin Figure 6 and Figure 7.

e  Transponder Frequency spacing, is the distance of center frequency of adjacent transponders. For example, for
36 MHz transponders a spacing of 40 MHz may be used. Throughout the present document it will be assumed
that for any nominal transponder/beam bandwidth, the spacing is set to 40/36 = 1,11 times the nominal
bandwidth.

The following cases are used as references:
1) 36 MHzIMUX and OMUX filters with a spacing of 40 MHz.

2) 225MHz IMUX and OMUX filters (in the scaling formula of clause 4.4.1.2 replace BW with 225) with a
spacing of 250 MHz.
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4.4.1.3  Cross-polar interference models

4.4.1.3.0 General description

The cross-polar interference within the satellite downlink consists in three contributions:
i) the satellite antenna polarization discrimination;
ii)  the depolarization effect due to the atmospheric propagation channel; and
iii) theuser terminal antenna polarization discrimination.

4.4.1.3.1 Satellite antenna polarization discrimination

The polarization discrimination of current antenna systems employed in both Ku and Ka bands depends on the
particular architecture and geometry of the antenna. The cross-polar pattern of the antenna highly depends on the type
of polarization, i.e. linear versus circular. However, typical near-worst case values of cross-polar isolation XPlrx within
the main co-polar beam are around 32 dB for both Ku and Ka bands.

4.4.1.3.2 Depolarization

Depolarization is aresult of differential attenuation of the electromagnetic wave vector aong different directions. Such
differential attenuation is mainly caused by asymmetry (with respect to an ideal spherical form factor) in raindrops and
ice particles which can in the end produce a coupling between orthogonal polarizations. Rain depolarizationisa
function of the wave polarization, elevation angle, frequency, and rain attenuation. With linear polarization,
depolarization increases with the polarization tilt angle with respect to the local horizontal plane, and reaches its worst
case value for angle of 45° [i.10].

Circularly polarized waves are equivaent, from the point of view of depolarization effects, to 45° linearly polarized
wave. At K, band frequencies rain depol arization becomes significant only at fade levelsin excess of about 10 dB. On
the other hand ice depolarization can be experienced without significant fading along the link. Rain and ice
depolarization may be predicted using empirical techniques such as the one recommended by the Recommendation
ITU-R 618 [i.34] for the computation of the XPD.

The following figures show some statistics of the depolarization factor XPD for both the 11 GHz band (Ku) with
vertical polarization (the horizontal polarization would give similar results) and the 20 GHz band (Ka) with a circular
polarization. In particular, the figures describe the spatial CDF function of the XPD value over Europe for two given
percentage of temporal probability, i.e. 99,9 % (which corresponds to large fading attenuations) and 95 % (which
corresponds to much milder fading attenuation). As shown, in both cases there is almost 20 dB gap between the light
and the deep fading conditions. In addition, circular polarization experiences much higher atmospheric depolarization
effects than the linear one. For example, for 99,9 % time availability and 90 % coverage, while the linear polarizationin
Ku band experiences about 38 dB of XPD, the circular polarization in Kais subject to 18 dB only. Thisis acombined
effects of the polarization type (circular polarization being more sensitive to atmospheric depolarization) as well as the
higher frequency (Ka versus Ku).
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Figure 8: Cumulative Distribution Function of the atmospheric depolarization XPD

in Ku band and vertical linear polarization
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Figure 9: Cumulative Distribution Function of the atmospheric depolarization XPD

in Ku band and vertical polarization

4.4.1.3.3 User terminal outdoor unit polarization isolation

Typica value near worst case values XPlrx are in the range 20 to 25 dB for both Ku and Ka bands and linear and

circular polarizations. In the simulations the X Plrx was set to 25 dB.
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4.4.1.3.4 Cross-polarization summary model

Thetotal cross-polar interference power can be computed by adding the interference power contributions from the three
components described above:

|cr0§ = |cr0$TX + |cr0$RX + |dep0|

Under the assumption of equal transmitted power in both polarization, it can be shown that the total C/I due to cross-
polar interference can be computed as:

Clleross = [ XPltxt+ XPlgx?t + XPD-l]-l

Considering only the XPI terms (satellite and terminal antenna) the total is around 24 dB so the XPD contribution may
be considered negligible at Ku band with linear polarization (XPD being higher than 38 dB), while at Ka-band with
circular polarization the total C/l would result to about 17dB when in the presence of deep fading events, while it would
be similar to the Ku-band case (24 dB) for light fading attenuations. Thisis all summarized in Table 4.

Table 4: Near-worst case (in time and location)
Carrier-to-Interference ratio values for two scenarios over Europe

Ku band - Linear Polarization Ka band - Circular Polarization
C/lcross, dB C/lcross, dB
24 Deep fading: 17
Light fading: 24

441.4 On-board TWTA

The following conventional and linearized TWTA AM/AM and AM/PM characteristicsis provided to be used to test
the end-to-end performance for all the conceivable transponder bandwidths both in Ku and Ka bands. Single carrier per
transponder operation is assumed.

Ka-band TWTA - Single Carrier Transfer Characteristics
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Figure 10: Conventional TWTA Amplitude and Phase response model
as in ETSI EN 302 307-1 [i.1]
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Figure 11: Linearized TWTA Amplitude and Phase response model - courtesy of Hispasat

ETSI



33 ETSI TR 102 376-2 V1.1.1 (2015-11)

4.4.1.5 Interference Scenarios for the evolutionary path

4.4.1.5.0 Overview

The following figures describe the transponder frequency arrangements for two scenarios that are considered within the
channel models. The first (Figure 12) assumes cross-polar transponders staggered in frequency by half the value of the
transponder frequency spacing and it represents the legacy Ku-band broadcasting satellites. The second (Figure 13)
foresees the cross-polar transponder at the same centre frequency of the one under test.
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I I
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Figure 12: DTH interference scenario 1 - staggered cross-polar transponders
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Figure 13: DTH interference scenario 2 - co-frequency cross-polar transponders

Table 5: Description of the values of the parameters to be used
for cross-polar modelling in the two cross-pol scenario

DTH interference scenario 1 - staggered cross-polar
transponders

DTH interference scenario 2 - co-frequency cross-
polar transponders

Ap1=[ C/|cross]'1/2

Apr=[ C/|cross]'ll2

Ap2=[ C/|cross]'1/2

Ap2=[ C/|cross]'ll2

fpl = -f1/2

fp1= 0

fp2 = fr/2

fo2= N/A
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4.4.1.5.1 Adjacent Satellite Interference

In addition to the interference scenarios depicted in the previous clause, the adjacent satellite interference may also be
modelled following reference [i.6].

We will assume aredlistic broadcast satellite constellation around the geostationary arc, the orbital spacing as seen from
atypical position in the middle of Europe is summarized in Table 6.

Table 6: Orbital spacing as seen from a typical position in the middle of Europe

Sat 7 Sat 5 Sat 3 Sat 1 Sat 2 Sat 4 Sat 6 Sat 8

-9,2° -6,2° -3,2° 0° +2,4° +4,3° +6,8° +9,0°

Theredligtic interference situation is difficult to be reflected in general terms, because it involves International
Telecommunication Union (ITU) established limits as well as specific confidentia bilateral agreements among satellite
operators, which can change from one frequency band to another. However, it is very reasonable to assume that most of
that interference limited scenarios involve a small number of interferers. In the following, equal power density limits on
the different satellite positions is assumed. The following figure illustrates the signal to noise and the signal to
interference ratio for different aperture sizes. The aggregate interference is assumed to be at its maximum "worst-case”
level according to existing common ITU regulatory limitations. We further assume that the desired signal is received
from satellite Sat 1 and the dominating interference is attributed to Sat 2. Fading due to rain (at the target availability) is
also taken into account and affects al signals.

Adjacent Satellite Interference Impact - Example Broadcast Reception Scenario
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Figure 14: Plot of the signal-to-noise (C/N), interference (C/lI) and combined C/(N+l) ratios
as a function of the antenna aperture (assuming parabolic reflectors)

From Figure 14 it can be seen that for atypical receiver antenna aperture size between 50 and 60 cm, the C/lap; varies
between 12 and 16 dB.

If no interference mitigation techniques is assumed at the receiver, thisinterference can be modelled as an additional
AWGN with the mentioned C/lap,. If one value isto be chosen, a C/l aps of 14 dB can be considered asarealistic
interference level in a number of practical broadcast reception systems.

NOTE: Inthisscenario the combination of narrow orbital spacing and equal power density limits causes low
C/l_adj This scenario is used in simulations as a challenging case. The actual scenario in Europeis
characterized by satellite positions with high and low power density alternately, which facilitates
receiving the high power density positions with small antennas.
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Model for advanced adjacent satellite interference mitigation techniques

The DTH receiver might have two or more LNB's and two or more tuners. The pointing strategies of the feeds
associated to the different LNB's may change the C/I pattern. In order to cover also this case, annex F of the present
document report additional details concerning the user terminal antenna pattern and the C/(N+1) computation are
reported.

The adjacent satellite interference generation will assume two scenarios as depicted in the following picture. The first
assumes that, although not synchronous, the co-channel interference is homogeneous with the useful signal (i.e. same
DVB-S2 signal roll-off, symbol rate and center carrier frequency); the second one assumes that the interfering signal
has alarger symbol rate and a different center frequency.

The two channel model options are depicted in the following figures. To be noticed that, since the adjacent channel
interference would be much stronger than the other interference components, the latter are neglected in these models.

Also to be underlined that these models refer to the output of asingle LNB. In case of multiple LNB, the corresponding
model block diagram has to be adapted.

The amplitude of the interfering signal Aas hasto be set such to provide an in-band C/I value asin Figure 14
corresponding to two sample cases of user receiver antenna size, i.e. 20 cm and 40 cm.

In Figure 15 and Figure 16, the frequency shift Af of the interfering adjacent satellite signal emulates the frequency
error between the two carriers and have to be set to 100 kHz and 5 MHz, respectively. The transponder bandwidth of
the adjacent satellite has to be set to 72 MHz.

SATELLITE TXP

IMUX  +—» TWTA —» OMUX

PHASE AND FREQ.
ERRORS

RECEIVER
-4——— AMPLITUDE || e
DISTORTIONS

AWGN DELAY 5
ADJACENT

SATELLITE
- INTERFERENCE
Apse ™™ MODEL 1

A

Figure 15: Block diagram of channel model 1 for the DTH broadcasting services,
when assessing adjacent satellite interference cancellation techniques
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Figure 16: Block diagram of channel model 2 for the DTH broadcasting services,
when assessing adjacent satellite interference cancellation techniques

4.4.1.6 Phase and Frequency Errors
4.4.1.6.1 Phase noise

A number of DTH phase noise masks are proposed according to the band (Ku and Ka) and the state of the art (2012)
and older equipments (2000). The contributions from the hub (uplink), the satellite payload as well as the receiver

(downlink) have been taken into account.

Table 7: Phase noise masks proposed for the DTH services

Offset PROFILE "2012-Ka- DTH"
(Hz) SSB (dBc/Hz)
tot-
uplink | satellite | downlink equiv
10
100 -72 -62 -25 -25,00
1K -82 -80 -50 -50,00
10K -92 -90 -73 -73,00
100 K -102 -95 -93 -92,25
1M -112 -106 -103 -102,49
10M -122 -116 -114 -113,23
50 M -124 -118 -117 -115,89
Offset PROFILE "2000-Ku- DTH"
(Hz) SSB (dBc/Hz)
tot-
uplink | satellite | downlink | equiv
10
100 -60 -62 -25 -25,00
1K -70 -81 -50 -50,00
10 K -80 -84 -73 -72,90
100 K -90 -94 -85 -84,76
1M -90 -94 -103 -89,68
10M -90 -94 -114 -89,68
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Figure 17: Phase noise power spectral density masks for the DTH service

Ka2012" mask as first

priority and the "Ku 2000" as second priority but only for symbol rates |ower than 36 Mbaud (which is most likely the

highest conceivable symbol rate through a 36 MHz transponder - 40 MHz spacing).

In order to limit the number of phase noise masks to be used, a proposal isto mandate the

In summary, the two phase noise masksto be used are:

Table 8: Phase noise masks to be used for the DTH broadcasting services
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spacing for assessing the impact of phase noise to the end to end link performance. For this purpose, the cases outlined

in clause 4.4.1.2 can be used as references.

The introduction of the phase noise in the channel mask requires defining an absolute val ue of transponder frequency
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For information purposes, annex H describes a methodol ogy that can be used to model the phase noise contribution
within computer simulations.

4.4.1.6.2 Carrier Frequency instabilities

Asdescribed in ETSI TR 102 376-1 [i.3], the max carrier frequency instability, mainly due to the LNB, is+5 MHz.
However, when tuning to a specific carrier, amore limited frequency errors can be assumed., i.e. 100 kHz. In addition,
invery low cost equipments, the LNB carrier frequency, in certain conditions, (i.e. when illuminated by the sun) may be
subject to atime-varying frequency error with a slope of 30 KHz/s. The demodulator has to have the capability to stay
lock in the presence of such frequency ramp.

4.4.1.7 Receiver Amplitude Distortions

The receiver ODU LNB and the interfacility link cable are responsible for introducing some frequency selective
amplitude distortions to the received signal. The LNB in particular represents a source of both gain ripple and slope.
The coax cable in turns introduces a gain slope which is proportiona to its length. Often, the LNB frequency response
is such to compensate the negative gain slope caused by a"worst case length" coax cable. Depending on the model of
the LNB and the length and quality of the cable, the residual gain slope vary quite significantly. In the following, it will
be assumed that this variation is equivalent to +2 dB over 500 MHz band.

- 1+A(j2rf) et —

LNB GAIN RIPPLE  COMBINED CABLE/
LNB GAIN SLOPE

1.5 dB pp with 50 MHz + 2 dB over 500 MHz
period i.e. 5= 4.6x10™°

Figure 18: Channel model for the DTH terminal amplitude gain ripple and slope

The A function can be modelled as a sine wave with 1,5 dB amplitude peak-to-peak and a period of 50 MHz.
4.4.1.8 Fading Dynamics

For DTH reception in Ku band, the typical satellite EIRP varies between 47 and 63 dBW. Different terminal antenna
sizes are requested to support DTH reception, according to the geographical position of the user within the satellite
coverage. The C/N ranges supported by the MODCODS in ETSI EN 302 307-1 [i.1] are deemed to be well in line with
the typical link budget.

For Ka-band, the following figure shows the link budget results for a 45 cm user antenna with wide transponders

(208 Mbaud carrier) in three different locations in Europe and North America. The corresponding fading attenuation
values at 99,9 % availability arelisted in Table 9.
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Figure 18a: C/N values as function of EIRP for DTH services at Ka-band

Table 9: Fading attenuation at Ka band for the selected cities

City Lyon Atlanta Milan

Fading attenuation 6,4 dB 11 dB 7,8 dB
at 99,9 % availability

In Figure 18athe EIRP value corresponding to 1 meter satellite antenna aperture and 130 W RF saturated power has
been highlighted as corresponding to wide regional spot beam coverage and state of the art TWTA'sin Ka-band.

4.4.2 VSAT Outbound
4421 Scenarios
4.4.2.1.1 Single Beam in Ku-band

For the single beam K u-band scenario the channel model can be considered equivalent to the one described in
clause 4.1.1.1 for the broadcasting services with single carrier per HPA operations. The only deviations to that model
(which also apply to the Ka-band scenarios outlined in the next clause) is detailed in the following:

. The phase noise of clause 4.4.1.6.1 does not apply due to the better characteristics of the receiver terminal
ODU oscillator. Instead, the phase noise mask to be used are the ones described in clause 4.4.2.4.

. For the same reasons of the previous point, the carrier frequency instabilities are to be set to £3 MHz. No
frequency ramp model has to be assumed due to sun illumination of the ODU.

. For the revolutionary path, the usage of very small dish sizes may be addressed but with an additional
justification pertaining the assessment of adjacent satellite interference in the return link.

4.4.2.1.2 Multi-spot beam in Ka-band
4.4.2.1.2.0 General description of the scenarios

A number of scenarios of multi-spot beam networks in Ka-band have been considered, with the objectives of
determining the ranges of the main link performance parameters like C/N and C/I. A more detailed characterization of
the intra-system co-channel interference is a useful outcome when this constitutes the most performance limiting factor.
However, the variability of specific system configurations depending on the satellite platform, coverage and the
assumed payload technology is such that the resulting C/N and C/I performance may significantly differ.
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Therefore the following scenarios have to be interpreted as possible (feasible) examples:
1) 71 beams European Coverage (Ka exclusive band) - short term scenario:
a) Buser =500 MHz: user link bandwidth allocation
b)  Number of colours 4
¢) Usertermina antennadiameter: 0,45 m, 0,6 mand 1 m
2) 71 beams European Coverage (Ka exclusive band) - long term scenario:
a)  Buser =500 MHz: user link bandwidth allocation
b)  Number of colours 2
¢) Usertermina antennadiameter: 0,6 m
3) 200 beams European Coverage (Ka exclusive band) - long term scenario:
a)  Buser =500 MHz: user link bandwidth allocation
b)  Number of colours 4
¢) Usertermina antennadiameter: 0,6 mand 1 m - long term scenario:
d) 200 beams European Coverage (Exclusive + Extended + Shared Ka band)
€) Buser = 3 GHz: user link bandwidth allocation
f)  Number of colours 4
g) Usertermina antennadiameter: 0,6 m
4.42.1.2.1 71 beams with a 4 colours scheme
This scenario represents currently available systems and is characterized by the following main system parameters:
1) Gateway:
a)  Feeder link bandwidth in Ka-band: 2 GHz in two polarizations
b) Gateway HPA saturated power: 1 000 W; OBO =6 dB
2) Satellite payload:
a) TWTA saturated Power (over 2 carriers): 130 W
b)  Onecarrier per beam and two carriers per TWTA
¢ IBO=5dB
d) 71 beamswith 4,3 dB triple-point
3)  User Bandwidth: 500 MHz in two circular polarizations
4)  Beam Bandwidth: 250 MHz
5) User Terminal:
a) AntennaDiameter: 0,45m, 0,6 mand 1 m

The color scheme over the coverage and user link frequency plans are depicted in the following figures, while Figure 20
and Figure 21 report the ssmulated SNIR CDF and CCDF distributions over the coverage and over time.
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Figure 19: Cumulative and Complementary Cumulative Distribution Functions for the end-to-end
SNIR, SNIR in the user downlink, C/N in the user downlink and C/l in the user downlink for the
scenario with 45 cm user antenna diameter, 71 beams and 4 colours
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Figure 20: Cumulative and Complementary Cumulative Distribution Functions for the end-to-end
SNIR, SNIR in the user downlink, C/N in the user downlink and C/l in the user downlink
for the scenario with 60 cm user antenna diameter, 71 beams and 4 colours
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Figure 21: Cumulative and Complementary Cumulative Distribution Functions for the end-to-end

SNIR, SNIR in the user downlink, C/N in the user downlink and C/l in the user downlink

for the scenario with 1 m user antenna diameter, 71 beams and 4 colours

From these results it can be seen that this system is C/N limited (the contribution of the intra-system interference to the
total SNIR is marginal) and the range of SNIR over time and over the coverage for the typical availability figuresis
from about , 4 dB (at 99,7 % of the CDF) up to 11 dB (at 99 % of the CCDF) for the 45 cm user antenna, 6 dB (at

99,7 % of the CDF) up to 13 dB (at 99 % of the CCDF) for the 60 cm user antennaand 9 (at 99,7 % of the CDF) dB to
15 dB (at 99 % of the CCDF) for the 1 m user terminal antenna.

4.42.1.2.2 71 beams with a 2 colours scheme

This scenario has been selected to provide an example of network where co-channel interference mitigation techniques
could be tested. It is a derivation of the short term network described above by pushing the number of coloursto 2. This
also allowsto use one TWTA per beam in single carrier mode.

1)

2)

3)

4)
5)

Gateway:

- Feeder link bandwidth in Ka-band: 2 GHz in two polarizations
- Gateway HPA saturated power: 1000 W; OBO = 6 dB
Satellite:

- TWTA saturated Power (single carrier):: 90 W

- One carrier per beam and per TWTA.

- IBO=0,7dB

- 71 beams with 4,3 dB triple-point

User Bandwidth: 500 MHz in two circular polarizations
Beam Bandwidth: 500 MHz

User Terminal:

- Antenna Diameter: 0,6 m

The color scheme over the coverage and user link frequency plans are depicted in the following figures while Figure 24
report the smulated SNIR CDF and CCDF distributions over the coverage and over time.
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Figure 23: Cumulative and Complementary Cumulative Distribution Functions for the end-to-end
SNIR, SNIR in the user downlink, C/N in the user downlink and C/l in the user downlink
for the scenario with 60 cm user antenna diameter, 71 beams and 2 colours

From these resultsit can be seen that this systemis C/I limited (the main contribution being from the co-channel
interference) and the range of SNIR over time and over the coverage for the typical availability figuresis from
about -1 dB (at 99,7 % of the CDF) up to 11 dB (at 99 % of the CCDF) for the 60 cm user antenna.

In this scenario, it is also interesting trying to characterize the co-channel interference in order to include its
contribution in the channel model. To this end, Figure 24 shows the carrier-to-co-channel interference distribution
within the coverage when considering all the co-channel beams contributing to the interference power (left hand figure)
and when considering only the first two adjacent co-channel beams instead (right hand figure). By inspection of the two
pictures the following considerations result:

e theC/l isdominated by the interference of the first two adjacent beams over most of the coverage areg;

. within any given beam, the C/1 varies between 0 dB and 10 dB over most of the coverage area. 0 dB of C/l is
expected in the vicinity of the beam border where one of the two co-channel beam contributors is dominant.
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Figure 24: C/l geographical distributions for the scenario with 71 beams and 2 colours

4.4.2.1.2.3 200 beams with a 4 colours scheme and 500 MHz of total user bandwidth
This scenario represents a possible future network which exploits evolutions of currently available satellite platforms.
1) Gateway:
a) Feeder link bandwidth in Q/V-band: 4 GHz in two polarizations
b) Gateway HPA saturated power: 500 W; OBO = 6,5 dB
2) Sadlite:
a) TWTA saturated Power (2 carriers); 90 W
b) Onecarrier per beam and two carrier per TWTA
c) 1BO=5dB
d) 200 beamswith 4,3 dB triple-point
3)  User Bandwidth: 500 MHz in two circular polarizations
4)  Beam Bandwidth: 250 MHz
5) User Terminal:
a) AntennaDiameter: 0,6 m, 1 m

The color scheme over the coverage and user link frequency plans are depicted in the following figures while Figure 26
and Figure 27 report the smulated SNIR CDF and CCDF distributions over the coverage and over time.
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Figure 25: User frequency plans for the scenario with 200 beams,
500 MHz of user bandwidth and 4 colours
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Figure 26: Cumulative and Complementary Cumulative Distribution Functions for the end-to-end
SNIR, SNIR in the user downlink, C/N in the user downlink and C/I in the user downlink for the
scenario with 60 cm user antenna diameter, 500 MHz user bandwidth, 200 beams and 4 colours
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Figure 27: Cumulative and Complementary Cumulative Distribution Functions for the end-to-end
SNIR, SNIR in the user downlink, C/N in the user downlink and C/I in the user downlink
for the scenario with 1 m user antenna diameter, 500 MHz user bandwidth, 200 beams and 4 colours
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From these results it can be seen that in this system the contribution from C/I and C/N is balanced and the range of
SNIR over time and over the coverage for the typical availability figuresis from about 6 dB (at 99,7 % of the CDF) up
to about 14 dB (at 99 % of the CCDF) for the 60 cm user terminal antennaand 6 dB (at 99,7 % of the CDF) up to 16 dB
(at 99,7 % of the CCDF) for the 1 m user antenna.

4.42.1.2.4 200 Beams with a 4 colours scheme and 3 GHz of total user bandwidth

When compared to the previous scenario, this network exploits the whole possible Ka-band bandwidth (exclusive plus
shared plus extended for atotal of 3 GHz) which could be theoretically be assigned to the user link (pending regulatory

approval).
1) Gateway:
a) Feeder link bandwidth in Q/V-band: 4 GHz in two polarizations
b) Gateway HPA saturated power: 500 W; OBO = 6,5 dB
2) Sadlite:
a) TWTA saturated Power (over 6 carriers): 90 W
b) Threecarriers per beam and six per TWTA
¢ IBO=5dB
d) 200 beamswith 4,3 dB triple-point
3) User Bandwidth: 3 GHz in two circular polarization
4) Beam Bandwidth: 1,5 GHz (3 carriers of 500 MHz each)
5) User Terminal:
a) AntennaDiameter: 0,6 m

The color scheme over the coverageisidentical to the previous scenario so it is not repeated here, while the user link
frequency planis depicted in the following figure. Figure 29 reports the simulated SNIR CDF and CCDF distributions
over the coverage and over time.

Biser=3 GHz
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Figure 28: User frequency plans for the scenario with 200 beams and 4 colours
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Figure 29: Cumulative Distribution Function for the end-to-end SNIR, SNIR in the user downlink, C/N
in the user downlink and C/I in the user downlink for the scenario with 60 cm user antenna diameter,
3 GHz user bandwidth, 200 beams and 4 colours

From these results it can be seen that in this system the C/N is dominant and the range of SNIR over time and over the
coverage for the typical availability figuresisfrom about 3 dB (at 99,7 % of the CDF) up to about 10 dB (at 99 % of the
CCDF) for the 60 cm user terminal antenna.

4.4.2.2 VSAT Forward Links in regions prone to deep transient atmospheric fading
In Ka-band, the following figure shows the link budget results for a 60 and 45 cm user antenna and wide transponders

(208 Mbaud carrier) in three different worldwide locations prone to deep fading events. The corresponding fading
attenuation at 99,7 % availability arelisted in Table 10.
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Figure 30: C/N values as function of EIRP for VSAT forward links in regions prone to deep transient
atmospheric fading at Ka-band for 60 and 45 cm user terminal antenna diameter

From the figure above it seems that the link availability is guaranteed with the current DV B-S2 thresholds (for the
assumed elevation angles) for saturated EIRP/carrier values above 65 dBW for the case of 60 cm user terminal antenna
size. Instead, EIRP values higher than 67 dBW are required for the smaller terminal antenna size. These value of EIRP
per carrier might not be feasible from a satellite with a high number of beams due to the on-board power and mass
limitations which might force to share a TWTA over at |least two beams.

Table 10: Fading attenuation at Ka band for the selected geographical locations

Geographical Sri Lanka Indonesia Brazil
location
Fading attenuation 12 dB 14,6 dB 14,1 dB
at 99,7 % availability
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4.42.3 Channel models for the VSAT outbound scenarios
4.4.2.3.0 Introduction

Three channel model configurations have been selected to reflect the scenarios listed in clause 4.4.2.1. Thefirst
corresponds to the single beam in Ku band, the second to a case with frequency re-use 4 with negligible co-channel
interference (noise dominated), the third to the case with high co-channel interference typical of afrequency re-use with
two colours.

4.4.2.3.1 Single beam in Ku-band

The channel model described in Figure 4 of the DTH service appliesin this case, with the deviations concerning the
phase hoise and frequency instabilities which have been discussed in clause 4.4.2.1.1.

4.4.2.3.2 Multi-carrier per TWTA and high number of colours (negligible co-channel interference)
4.4.2.3.2.0 General description

This configuration corresponds to the generic user frequency plan asillustrated in Figure 32, where a4 colour scheme is
over two polarizations. A single TWTA amplifies the 6 carriers belonging to 2 beams. A diplexer filter then splitsthe
carriers feeding the two beams (three carriers per beam). In the model of Figure 31, together with the carrier under test,
an additional set of six adjacent carriersis generated, in order to reproduce a representative intermodul ation scenario at
the Gateway HPA and to match the carrier set asin Figure 32 (with the right frequency spacing) to be selected by the
on-board IMUX filter. The on-board TWTA then amplifies six carriersin total and it is followed by a diplexer which
splits the two groups of three carriers (each belonging to a given beam). Over the satellite down-link, only the
interference generated by the adjacent beam (at fg spacing) is modelled as the other contributions (cross-polar and
co-channel) are assumed negligible. The model of user equipment block is considered equivalent to the one
corresponding to the DTH service scenario, with the note concerning the phase noise and frequency instabilities which
have been discussed in clause 4.4.2.1.1.

Asfor the delays shown in the model, following the same rationale asin clause 4.4.1, they have been assigned to the
following values: DELAY 2 = 50,2 symbols, DELAY 3 = 100,4 symbols, DELAY 4 = 150,6 symbols,
DELAY 5=200,8 symbols, DELAY 6 = 250,2 symbols, DELAY 1 = 250,2 symbols.

Auxiliary extrainputs (INPUT A-D) are also made available in order to allow to generate from the input the adjacent

carriers amplified by the same TWTA. This option can be used, for example, when testing multi-carrier pre-distortion
techniques.
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4.4.2.3.2.2 IMUX and DIPLEXER filters

The IMUX has the same channel frequency response as the one shown in Figure 6 of the DTH service, properly scaled
by the scaling formula

Asfor the DIPLEXER, it has been found that a reasonabl e approximation of the amplitude and group delay
characteristics can still be represented by the OMUX fregquency response of Figure 7 with the associated scaling
formula.

When looking at a user bandwidth of 500 MHz (exclusive band) which means a distance of the beam frequency spacing
of 250 MHz, the BW value to be used in the scaling formula is 225 MHz.

4.4.2.3.2.3 On-board TWTA

The models described in clause 4.4.1.4 are applicable in this scenario.
4.4.2.3.2.4 Phase and Frequency Errors

Phase noise asin clause 4.4.2.4

Frequency errors:. the carrier frequency instabilities are set to +3 MHz. No frequency ramp model to be assumed due to
sun illumination of the ODU.

4.4.2.3.2.5 Receiver Amplitude Distortions

Modelled asin clause 4.4.1.7.

4.4.2.3.3 Single Carrier per TWTA and 2 colours
4.4.2.3.3.0 General description

This scenario corresponds to the user frequency plan described in Figure 34. In this scenario, atwo colours (over two
polarizations) frequency re-use scheme is assumed, with one TWTA amplifying one single carrier belonging to one
beam. The relative channel model is depicted in Figure 33 below, which differs from the one of Figure 31 in the
following blocks:

1) atthe GW only 5 carriers are generated given the user frequency plan which foresees only one carrier per
TWTA;

2) thelMUX selectsonly one carrier;

3) theDIPLEXER isreplaced by afilter whose task is not to suppress the interference to adjacent beams but to
limit the interference outside the assigned user bandwidth in the downlink;

4) thereisno beam adjacent in frequency in this scenario, instead the only interference modelled is the co-
channel caused by the nearest two co-channel beams.
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4.4.2.3.3.2 IMUX and User Bandwidth Filter

The IMUX has the same channel frequency response as the one shown in Figure 6 of the DTH service, properly scaled
by the scaling formula

Asfor the User Bandwidth filter as afirst approximation, the amplitude and group delay characteristics of the OMUX
frequency response of Figure 7 with the associated scaling formula, can be used. When looking at a user bandwidth of
500 MHz (exclusive band) the BW to be used is 450 MHz in order to provide the right suppression outside the allocated
bandwidth.

442333 TWTA

The models described in clause 4.4.1.4 are applicable also in this scenario.

4.4.2.3.3.4 Co-channel Interference Model

Following the scenario described in clause 4.4.2.1.2.2, the following two cases are recommended for testing.

Table 11: Recommended C/l values for the co-channel beam contributors

case C/l from co-channel beam 1 C/l from co-channel beam 2
1 0 dB 10 dB
2 4 dB 6 dB

4.4.2.3.3.5 Phase and Frequency Error
Phase noise asin clause 4.4.2.4.

Frequency errors. the carrier frequency instabilities to be set to £3 MHz. No frequency ramp model assumed due to sun
illumination of the ODU.

4.4.2.3.3.6 Receiver Amplitude Distortions
Modelled asin clause 4.4.1.7.
4.42.4 Phase Noise Masks

A number of non-DTH phase noise masks are proposed according to the band (Ku and Ka) and the state of the art
(2012) and older equipments (2000). The contributions from the GW (uplink), the satellite payload as well asthe
receiver (downlink) have been taken into account.

Table 12: Phase noise masks proposed for non- DTH services

Offset PROFILE "2000-Ku- Non DTH"
(Hz) SSB (dBc/Hz)
uplink | satellite downlink tot-equiv
10 -30 -33 -30 -28,24
100 -60 -62 -60 -58,10
1K -70 -81 -70 -68,49
10K -80 -84 -80 -78,33
100 K -90 -94 -90 -88,33
1M -90 -94 -90 -88,33
10M -90 -94 -90 -88,33
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Table 13: Phase noise mask proposed for professional services
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Figure 35: Phase noise power spectral density masks for non DTH services
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In order to limit the number of phase noise masks to be used, a proposal is to mandate the mask of Table 13 asfirst
priority and the "Ka 2012".

Table 14: Phase noise masks to be used for the outbound VSAT services

Masks 10 Hz 100 Hz 1 kHz 10 kHz 100kHz 1MHz 10 MHz 2 50 MHz
P1 mask -27 -45 -65 -75 -89 -102 -112 -112
SSB dBc/Hz
P2 mask -32.93
SSB dBc/Hz -61.96 -78.73 -88.73 -94.83 -105.74 -115.74 -117.74

The introduction of the phase noise in the channel mask requires defining an absolute val ue of transponder frequency
spacing for assessing the impact of phase noise to the end to end link performance. For this purpose, the following cases
are used as references (consistently with the IMUX and the output filter bandwidths listed in clauses 4.4.2.3.2.2 and
4.4.2.3.3.2 with the additional classical 36 MHz case):

1) 36 MHzIMUX and OMUX filters as depicted in the previous clause with a spacing of 40 MHz - single carrier.
2) 225MHz IMUX and DIPLEXER filters with a spacing of 250 MHz - three carriers.

3) 450 MHz IMUX and User Bandwidth filter - single carrier.

4.4.3 Broadcast Distribution, Contribution and High Speed IP links
4.4.3.0 Introduction

Distribution: Digital Terrestrial Television (DTT) is being introduced in many countries in the world. One of the
possible solutions to distribute the video streamsto the digital terrestrial transmittersis via satellite. In distribution the
transponder may be used in either single carrier and multi-carrier mode.

Contribution/DSNG (Digital Satellite News Gathering): for contribution the transponder is normally used in
multicarrier per transponder mode.

High speed links/backhauling/backbone: the transponder may be used in either single carrier and multi-carrier mode.

The channel models for these services are expected to be mostly covered by the VSAT channel models. The only
scenario which might deserve an additional model is related to multiple contribution links when sharing the same
transponder. Thisis reflected by the channel model of clause 4.4.3.2.

4.4.3.1 Notes on optimization criteria for contribution links

4.4.3.1.0 Introduction

In contribution links the transponder is normally used in multicarrier per transponder and the SAP (Satellite Operator)
typically defines rules to limit the intermodul ation distortions into adjacent carriers. The ground terminals, instead may
operate in single carrier mode.

In many use cases the terminal CAPEX is not negligible and the power is not enough to realize the most efficient link at
and still meeting the SAP rules. In such case alower density and less efficient carrier is used. Asageneral rule the
uplink carrier spectral regrowth at the edge of the allocated bandwidth is specified by the SAP. Thisto avoid that
adjacent users would be degraded. Historically avalue of carrier spectral regrowth of 26 dB is required.

However historically carriers were used in CCM, so that worst case scenarios were used to define the link parameters.
Today more and more ACM links are used and therefore a target specification of C/R > 30 dB is proposed.

4.43.1.1 Example of Link Budget over an Existing Satellite

The link budget report below provided by Newtec refers to a high speed link implemented over arealistic Ka-band link
and with realistic ground infrastructure. The results indicate that SNIR values up to about 21 dB are to be expected.
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Terminal position in beam
Link
Beam number

Carrier baudrate

[Mbaud]

Forward TP parameters

Terminal antenna size
Terminal BUC size
Terminal UPC

Terminal antenna tracking
Clean Channel Technology
Terminal antenna efficiency

| Latitude
IWodulation system DVB-52 | Longjtude
This configis: Banchwidth limited
UPLINK DOWNLINK
Site Mame Nadrid Site Name Position
LOCATON Lengitude [°E] -3.5 Longitude [*E] 3550
Latitude [*M] 40.5 Latitude ['N] 3388
Altitude [kmn] 0,863 Altitude  [km] 063
FREQUENCY Uplink center freq [GHz] 2818 Downlink center freq  [GHz] 19.88
Polarization [WHorC] € Polarization [V,Hor C] C
Diameter [m] T3 Diameter [m] 240
ANTENNA Efficiency [%8] 54 Efficiency [%6]  70.00
Moise tamperature K] 5100
Iispointing [dB] 0.30 Mispointing  [dB] 030
HPa [W] 132.0
TRANSMISSION T R
WiELoss [dB] 0.z
UPC [dB] 000
LMNE roise figure [dB] 180
RECEPTION Couplinglosses  [dB]  0.05
AVELABILITY Uplink &vailability [%8] I Downlink &vailability [36]
HPACAM  [dB] 2577
|NTERFERENGE C/ACl @ PER [dB] 21.00 C/ACH @ PEB [dB] 2322
C/AS| @ PEB [dB] 35.00 C/AS| @ PEB [dB] 3328
C/4Pl @ PER [dB]  35.00 C/PI@PEB  [dB] 2254
SATELLITE CARRIER
Satellite Marme Yahsat 18 Carrier name Foryrard
Longitude [°E] 47,50 System i CEs2
Tilt 1 0.00 Choose carrier
Bandhwidth [MHz] 11520 CCM selected hModcod
Bearn EIRP [dBW] 60,74 IP encapsulator
Beamn IBO [dB] 5.40 Roll off factor N 005
Beam OBO [dB] 14.29 Frames 1 Mormal
&/T @ COB [dBK]  17.05 Pilots M1 Pilot Active
G/T @ location [dBAX]  17.05 Systemmargin~ [dB] 0.5
SFD @ COB  [dBW/m?] -81.38 i, ACK availability [36]
ALC [dB] 1567
TAP L/ M @ PEB [dB] 4246
OUTPUT
GENERAL
UPLINK DOWNLINK
Alpha [rad] 1.07 062
Elevation | 20,44 48,55
Azimuth B 117.74 15913
Polarization I -42.30 -17.20
Feed offset angle E] 45.00 45,00
Path distance to satellite [m] 39517719 37178633
Time delay [5] 01318 0.1240
Wi ave length [m] 0.0106 0.0151
Antenna efficiency 98] 54.00 70.00
Antenna Gain [dB] 64.00 5243
Awailability 3] 99,900 49,700
Link Dowritime per year [hours] 876 26.28
Gain 1m? [dBrm/m?] 50.45 47.42
CARRIER
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TRANSMISSION

LOSSES

RECEPTION

TRANSMISSION

LOSSES

RECEFTION

Info rate

Baudrate

Qecupied Bandwidth
Es/Mo threshold
C/Mo threshold
Qverhead

Efficiency

56

[Mbps] 159,332
[Mibaud] 36,571
[MHz] 38,400
[eB] 165
[dBHz] o213
3] 0
[bits/Baud)] 43569

UPLINK CALCULATION

CLEAR RAIN UP
Total HPA power [dEw] 21.20 21.20
Uplink Tansmit EIRP [dew] 82,50 82,50
Antenna mispeint [dB] 0.30 030
Free Space Loss [dE] 213,38 213.38
Ammospheric absorption [de] 0.65 100
Tropospheric scintillation [dB] 0.00 049
Cloud attenuation [dB] 0.00 139
Rain attenuation [dE] 0.00 208
Total attenuation [dB] 0,65 11.38
Uplink power control [dB] 0.00 0.00
Uncompensated fade [dB] 0.00 1073
Total pathlosses [dE] 214,04 22476
Satellite G/T [dBAX] 17.05 17.05
/Mo (thermal) [dBHz] 11382 103.09
/N {thermal) [de] 3218 27.46
o/ [dB] 3117 2044
/RSl [dB] 4517 3444
CAXPI [dB] 45,17 3444
HPACAM [dE] 2577 2577
Agregated G/ [dB] 30,84 2011
AN [dB] 24.41 1848

DOWNLINK CALCULATION

CLEAR RAIN UP
Flug density [dBW /m?] -81.38 -9211
Saturated flux density at location [dBW /m?] -81.38 -81.38
Input back-off per carrier [dE] 0.00 1073
Transponder input back-off [dB] 5.40 540
Transponder output back-off  [dB] 14.29 1429
Qutput back-off per carrier [dB] 8.89 889
Satellite EIRP [dBwW] 60,74 60.74
Satellite EIRP per carrier [dBw] 5185 5185
Antenna mispeint [dB] 0300 0.300
Free Space Loss [dE] 209,82 209.82
Atmespheric absorption [dB] 0.36 0.36
Tropospheric scintillation [dB] 0.00 0.00
Cloud attenuation [dB] 0.00 0.00
Rain attenuation [dE] 0.00 0.00
Total attenuation [dB] 0.36 0.36
Total pathlosses [dB] 210,18 21018
Noise Figure LNE [dE] 1.80 180
Noise Temperature LNB [K] 142,93 148,93
Coupling loss [dB] 0.05 0.05
Coupling effidency 1] 0.99 0.99
Noise temperature coupling  [K] 336 336
Temperature coupling at LNB [K] 232 332
Antenna Temperature K] 5100 5100
Noise Figure Anterna [dB] 0.70 070
Antenna Noise efficiency 0 0.85 0.85
Antenna Temperature at LN [K] 50,42 5042
Additional propagation attenuati [dB]
Rain Noise Gain 0
RainTemperature K]
Rain Temperature at Coupling  [K]
Total Systern Noise (K] 20267 20267

Noise increase due to precpitatic [dB]
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RAIN DOWN

21.20
8250

0.30
218.38
0.65
0.00
0.00
0.00
0.65
0.00
0.00
214.04

RAIN DOWN

-81.38
-81.38
0.00

1.0
148.93
0.05
0.99
336
332
5100

0.85
50.42

294
0.51
128,00
126.54
329.21
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Downlink degradation [dB] 5.06
Figure of merrit [dBAX] 2031 2031 27.21
CMNo [dBHz] 99,28 99.28 94,22
/N (thermal) [dB] 2365 2365 1859
/AL [dB] 3338 3333 3338
C/asl [d8] 43.45 43,45 43.45
C/HPI [dB] 3271 3271 3271
Transponder C/IM [dB] 5263 5263 5263
Agregated £/ [dB] 2083 20,83 20,83
AN [dB] 271 2271 1827
TOTALS
CMNo [dBHz] 29,13 97.77 9417
/N (thermmal) [db] 23,50 2214 18,54
C/AC [db] 2913 2023 2913
C/ASI [db] 41.22 33.83 4122
APl [db] 3247 3042 3247
CAM [db] 2576 2576 2576
C/ (total) [db] 245 1872 2345
C/No+lo) [dBHz) 9610 9272 9296
AN+ = Es{No+ o) [db] 20,46 17.08 17.32
System Marge [dB] 0.5 05 0.5
et Es/{MNo+lo} [dB] 1996 16.59 16,82
Es/(No+la) threshald [dB] 16,5 16,5 18,5
Escess margin [dB] 3.46 0.09 0.32

Trarsponder bandwidth
Used transponder bandwidth

MHe] 1152
MHe] 38.400

[
[
Percentage bandwidth used  [%] 33.33
Transponder power [dBw] 80,74
Used transponder power [dBW] 5185
Percentage power used [%] 28389
Power Equivalent bandwidth — [MHz] 3329
HPA power required for PEB [w] 1269
Optirurm SFO [dbW/m?] 71212
AVAILABILITY
Uplink Downlink Totd
Requested avilability 9] 99,900 99,700 99,600
Allowed degradation [dB] 1088 549 3.46
Actual availability [%] 99904 99,755 99,658

VARIABLE RATE FLEXACM AVAILABITY

Availability per MODCOD with fixed HPA power and fixed baudrate % Bitrate
Uplink Downlink Total efiihig

Cearweather>  32APSK /10 %] 99.904 99.755 99,650 9066% | 159,23 Mbps
FZAPSK 8/9 [%6] 99916 99,804 99.720 0.06% 157.4Mbps | > 99.7%
J2APSK 8/6 [96] 99941 99.893 99.835 0.11% 147.4 Mbps
JIZAPSK 4/5 %] 99948 85913 99.861 0.03% 141.4 Mbps
J2APSK 34 9] 99.956 89.935 99.891 0.03% 132.5 Mbps
16APSK 5/6 [96] 99,966 99.958 99.924 0.03% 117.8 Mbps | > 99.9%
1BAPSK 4/5 [96] 99969 58,965 99.934 0.01% 112.0 Mbps
1BAPSK 3/4 [96] 99973 98.973 99.945 0.01% 105.9 Mbps
16APSK 2/3 [%6] 99976 99.979 99,955 0.01% 94.2 Mbps
BPSK 34 [9%] 99,980 99,984 99.964 0.01% 79.6 Mbps
BPSK 2/3 [9%] 99983 99,988 99.971 0.01% 70.8Mbps
QPSKB/3 9] 99934 99.983 99.973 0.00% 63.1 Mbps
QPSK &/8 [96] 99936 99.991 99.977 0.00% 59.1Mbps
QPSK4/5 [%6] 99937 59:99% 99.979 0.008% 56.7 Mbps
QPSK 34 [96] 99938 98,993 99.981 0.008 53.1Mbps
QPSK 2/3 [%6] 89939 99.994 99.983 0.008 47.2 Mbps
QPSK 3/5 [28] 99930 98,995 99.985 0.00% 42.4 Mbps
QPSK 1/2 [%] 99991 99.996 99,987 0.00%6 35.3Mbps
QPSK 2/8 9] 99993 29:997 99.989 0.00% 28.2Mbps
QPSK1/3 %] 99993 29.997 99.990 0.00% 23.4Mbps

4432 A Channel Model for Contribution Links
4.4.3.2.0 General description

This scenario corresponds to a very large number of possible models. However, many of these models could be fairly
represented by the ones that address the previous scenarios (i.e. a technique devised to optimize those scenario would
also maximize the performance within the many contribution, distribution and IP high speed links). In the following, an
additional model is added as deemed to possibly address additional optimization techniques.
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Figure 36: Channel model for the "Contribution link" scenario

In this model, two carriers are uplinked by two independent contribution stations. Each station operatesits TWTA in
single carrier mode, and the frequency plan as well asthe IBO of the HPA is chosen so to avoid excessive interference
to the adjacent carrier. The carrier adjacent to the one under test is generated from this latter by adding a delay
(DELAY1) of 50,4 symbols and shifting the frequency by fc, which represents the frequency spacing of the two carriers
and is subject to optimization. Although, the two stations cannot be considered perfectly synchronous, the effect of a
possible frequency error is neglected here as judged not fundamental for the scope of this model. The power of the
carrier under test is also reduced by 4 dB (thisis achieved by the gain factor Apy), in order to model the possible worst
case difference in the power received at the satellite antenna from the two stations. The two carriers are then filtered by
the IMUX and amplified by the TWTA which works at a certain IBO value. The OMUX filter then takes the two
carriersto the antenna feed.

The adjacent transponder interference in this scenario is modelled in a different way with respect to the DTH scenario.
Indeed, since here the transponders work without an active ALC (Automatic Level Control) any difference in the uplink
power would be reflected in different operational point of the TWTA with consequent different spectral re-growth at its
output. The channel model represents a situation where the adjacent transponder amplifies two carriers, each with the
same power of the adjacent carrier of the transponder under test. Thisis more clearly depicted in Figure 37 where the
carriers within the two transponders are presented together with their relative power levels. With the purpose of
reflecting the operations without ALC, the IBO of the TWTA of the adjacent transponder is set to the IBO of the
transponder under test minus the power difference at the input of the two TWTAS. Therefore, given the higher input
power of the adjacent transponder, its TWTA works closer to saturation.

At the adjacent transponder output, the signal is delayed to introduce uncorrelation with respect to the carrier under test,
and a frequency shift equal to the transponder spacing is applied. To be noted that in this case only one adjacent
transponder is modelled as the effect of the other one is considered negligible given is higher distance in frequency from
the carrier under test.

The remaining blocks are the same in the DTH scenario, with the exception of the cross-polar interference where, in
lieu of the same rationale applied for the adjacent transponder interference, only one cross-polar transponder is
modelled as well as only the staggered cross-pol scenario (Ap2 being defined in Table 5). The delaysin the figure can
be set asit follows: DELAY 1 = 50,2 symbols, DELAY 2 = 100,4 symbols, DELAY 3 = 150,6 symbols (here the symbol
period isthe one of the carrier under test).
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Figure 37: Transponder and carrier configuration for the channel model of the contribution link

4.4.3.21 GW HPA
Asshown in Figure 5 onthe DTH service.
4.4.3.2.2 IMUX and OMUX Filter

The IMUX and OMUX have the same channel frequency response as the one shown in Figure 6 and Figure 7 of the
DTH service.

For this scenario, the main reference case to be simulated is the 36 MHz transponder where two independent uplink
carrier fill up the entire transponder. However, just for the purpose of showing resilience w.r.t the phase noise, a case
with underutilization of the transponder with two carriers of 1 MHz of bandwidth each, can aso be simulated.

4.4.3.2.3 On-board TWTA
The models described in clause 4.4.1.4 are applicable in this scenario.
4.4.3.2.4 Phase and Frequency Errors

Phase noise model is derived from clause 4.4.2.4. However, for this scenario what was the P2 selection in that clauseis
considered instead more relevant here. Therefore, for professional links the priorities are reverted.

Table 15: Phase noise masks to be used for the Broadcast Distribution,
Contribution and High Speed IP links

Masks 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 250 MHz
P1 mask -32,93 -61,96 -78,73 -88,73 -94,83 -105,74 -115,74 -117,74
SSB dBc/Hz
P2 mask -27 -45 -65 -75 -89 -102 -112 -112
SSB dBc/Hz

Frequency errors:. the carrier frequency instabilities to be set to £1 MHz. No frequency ramp model assumed due to sun
illumination of the ODU.

4.4.3.25 Receiver Amplitude Distortions

Modelled asin clause 4.4.1.7.
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4.4.4 Emerging Mobile Applications (airborne and railway)
4.4.4.0 Introduction

Certain channdl effects for mobile terminals are equivalent to those experienced by other types of terminal. Notably,
this applies to satellite characteristics (filtering and nonlinearities, signal level imbalance, adjacent- and co-channel
interference from the same satellite) and to feeder links; i.e. uplinks from and downlinks to central hub

stationg/tel eports. The following clauses address a number of channel characteristics that are specific to mobile
terminals.

4441  Frequency Stability and Phase Noise
The frequency stability and phase noise specifications are the ones reported in clause 4.4.2.4.
4.4.4.2  Terminal-Motion Doppler Shift

Doppler shift and rate for different types of terminalsin Ku-band and Ka-band have been proposed in annex L of ETSI
TR 101 790 [i.8], based on geometrical considerations. The salient points are summarized in Table 15aand Table 16.

Table 15a: Doppler shift and rate, Ku-band

Type of Speed Acceleration |Doppler rate Uplink Downlink | Time Uplink Downlink |

mobile (m;52} (note 2) Doppler Doppler drift | frequency |frequency

terminal frequency | frequency | (ns/s) drift drift

(note 1) shift shift (Hz/s) (Hz/s)

(note 3) (note 4)
(Hz) (Hz)

Pedestrian 5 km/h 1 4 6E-09 67 59 456 48 43
Maritime 25 km/h 5 2,3E-08 336 295 231 242 213
Vehicular 120 km/h 10 1,1E-07 1611 1417 111 483 425
Train 350 km/h 5 3,2E-07 4 699 4132 324 242 213
Aeronautical | 330 m/s 17 1,1E-06 15 950 14 025 1100 822 723
Satellite 3m/s 0 1,0E-08 145 128 10 48 43

NOTE 1: Vebhicular: bus, car, truck
Aeronautical: < speed of sound
Satellite: satellite movement (GSO) assuming satellite motion is versus nadir (reference point)
NOTE 2: The maximum Doppler values due to satellite motion are typical for geostationary satellite during main mission
life. The worst case Doppler values (e.g. when satellite mission is extended using inclined orbit satellite) are not
considered here.
NOTE 3: Uplink frequency: 145 GHz.
NOTE 4: Downlink frequency: 12,75 GHz.

Table 16: Doppler shift and rate, Ka-band

Type of Speed | Acceleration |Doppler rate Uplink Downlink | Time Uplink Downlink
mobile (m,sz) (note 2) Doppler Doppler drift |frequency |frequency
terminal frequency | frequency | (ns/s) drift drift
(note 1) shift shift (Hz/s) (Hz/s)
(note 3) (note 4)
(Hz) (Hz)
Pedestrian 5 km/h 1 4,6E-09 139 94 4,6 100 67
Maritime 25 km/h 5 2,3E-08 694 468 23,1 500 337
Vehicular 120 km/h 10 1,1E-07 3333 2244 111 1000 673
Train 350 km/h 5 3,2E-07 9722 6 546 324 500 337
Aeronautical | 330 m/s 17 1,1E-06 33 000 22 220 1100 1700 1145
Satellite 3m/s 0 1,0E-08 300 202 10 10,0 6,7

NOTE 1: Vehicular: bus, car, truck
Aeronautical: < speed of sound
Satellite: satellite movement (GSQO) assuming satellite motion is versus nadir (reference point)

NOTE 2: The maximum Doppler values due to satellite motion are typical for geostationary satellite during main mission
life. The worst case Doppler values (e.g. when satellite mission is extended using inclined orbit satellite) are not
considered here.

NOTE 3: Uplink frequency: 30,0 GHz.

NOTE 4: Downlink frequency: 20,2 GHz.
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The maximum offset and drift rates are both important for acquisition. For tracking, the drift rate is the most important,
as any constant Doppler has presumably been compensated. In redlity, the maximum drift rates cannot be sustained for
long periods of time; otherwise the signal would drift completely out of the band. It is therefore proposed to model the
carrier frequency offset as a sinusoidal variation with an amplitude corresponding to the maximum given in the
applicable table above, and a period that results in a maximum rate of change as per the table. This can be envisaged as
the situation that would exist if the terminal were to move in acircular pattern with the satellite at low elevation angle.

The frequency offset is given by:
Af(t)=A; cos(%j (6h)

where 4 max 1S the value from the table above (e.g. 22 220 Hz for an aeronautical terminal at 20,2 GHz) and P isthe
period of the variation. P can be determined by differentiating (1):

iAf (t) :—Msin(%j

ot P P &)
Thiswill be maximized for values of t where the sin(.) term equals-1, i.e.:
d 21A,
max| —Af (t) |=——™=D 3
( 5 AT )j 5 - (3)

where Dma is the maximum drift from the table (e.g. 1 145 Hz/sfor an aeronautical terminal at 20,2 GHz). Simple
re-arrangement gives.

2jzAf,max
P=—0" @

max

For the example, P=2r x 22200/ 1 145= 121,82 s.

The timing drift rates are equivalent to symbol rate offsets and are best modelled as such.
4.4.4.3 Multipath Fading

For aeronautical applicationsin K- and Ka-band, where the antennas have significant directivity, multipath effects are
of relatively minor importance when the plane is airborne - they are essentially limited to reflections from the airframe
itself. Given the pointing geometry, reflections e.g. from the sea surface or other ground features are very minor. One
measurement campaign [i.9] found that with aircraft manoeuvres in the normal range, this could be modelled as Rician
fading with a K-factor of about 34 dB - in other words, negligible from the point of view of influence on the signal
quality. It should be noted that the above results were obtained with an antenna aperture of about 25 cm; i.e. smaller
than what would normally be used on commercial aircraft even today.

For train applications, multipath reflections can originate from terrain elements around the terminal, and cannot be
ignored. Clause 11 of the DVB-RCS + M guidelines ETSI TR 102 768 [i.7] has a proposed model. According to that
study, the fading is again Rician; with atypical K-factor of about 17 dB.

The same clause also provides expressions for the shape of the Doppler spectrum, conditioned on the antenna beam
width. The shape of the Doppler spectrum however also depends on the angle between the direction of travel and the
LOS to the satellite. With these conditions, the relative spectral densities provided in ETSI TR 102 768 [i.7] can be
integrated and scaled to represent the desired K-factor.

4444  Shadowing

For aeronautical applications, it wasfound in ETSI TR 102 768 [i.7] that normal manoeuvres would only create short-
term shadowing (primarily by the wings) of perhaps 2-3 dB. Extreme manoeuvres were required to create significant
fades of more than 10 dB; these can be considered outside the typical range for which the system would normally be
designed.
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Shadowing and blockage are potentially severe problems for train applications, asin most other land mobile situations.
Signal blockage by buildings, overpasses, tunnels etc. typically cannot be overcome by physical layer techniques alone.
They will require some form of diversity - either spatial (e.g. satellite or antenna) or temporal (e.g. signal repetition or
interleaving with higher-layer coding). A scheme using link-layer coding was adopted in DVB-RCS + M; thisis
described in clause 5.3 of ETSI TR 102 768 [i.7].

Unless a proposed scheme is believed to be particularly robust against shadowing and blockage (like long physical layer
interleaving), the remedial actions will largely be independent of the underlying physical layer techniques. For the
purpose of comparing candidate physical-layer schemes, it is therefore not initially considered necessary that the
blocking channel or the corresponding countermeasures be modelled in detail.

If modelling of thisis nonetheless preferred by a system proponent, indications of applicable blocking characteristics
aregiveninclause 4.2.1 of ETSI TR 102 768 [i.7], based on the same study that produced the multipath models. In that
case, the use of the parameters given there is recommended.

The physical layer should however support rapid re-acquisition following a short-duration blockage. In ETSI
TR 102 768 [i.7], thisis defined as a blockage with a duration of less than 1 second.

4445  Adjacent Satellite Interference

Adjacent satellite interference depends mainly on the antenna pattern and on the achievable pointing accuracy. While
not inherently specific to mobile terminals, the impact is often more pronounced than for other types of terminal, due to
physical restrictions on the feasible aperture sizes.

For aeronautical applications representing for example commercial aircraft, it is suggested to compute adjacent-satellite
interference based on the following three antenna apertures:

e A 30-cm circular-symmetric aperture, representing for example what is feasible on business jets.

. A 60-cm circular-symmetric aperture, representing for example awide-body airliner. This can also be seen as
an "average" of the situations that will exist for a non-symmetric aperture.

e Andéliptical aperture with a minor axis (narrowest beamwidth) equivalent to a 120-cm circular aperture, and a
major axis (largest beamwidth) corresponding to a 30-cm circular aperture. These antennas will typically be
fixed-mounted on the aircraft fuselage; hence the orientation with respect to the geostationary arc will depend
on the link geometry ("skew angle™).

For train applications, a 60 cm circular-symmetric aperture can be used as reference.
For al antennas, a worst-case pointing error of 0,2° can be assumed.

When FSS frequencies are used, the orbit spacing should be assumed to be either 2° or 3°, according to frequency band
and geographical region. When BSS frequencies are used, the assumptionsin clause 4.4.1.5.1 should be applied.

The following expression is recommended for computing the gain of a symmetrical-aperture antenna. Let:
D = antennadiameter (m)
e= apertureefficiency (0...1), typically 0,6
A= wavelength (m)
O = off-axisangle (radians)
Ji(x) =first order Bessel function of the first kind

Let:

D .
H :73”1(9) (5)
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The antennagain (linear) isthen:
DY 3wl
G= eX(Tj |:2X1— (6)

4446  SNR Dynamics

4.4.4.6.0 General description

This clause provides considerations of the SNR characteristics of the channel experienced by satellite terminals
mounted on high-speed mobile platforms. The contribution addresses primarily aircraft and high-speed trains.

This topic has been addressed previoudly. In the context of DVB-RCS + M, assessments focussed on the need for
spread-spectrum operation were carried out, based in part on an ESA-sponsored study. The findings are reported for
examplein[i.11]. It should be noted however that this study was assuming current-generation space segment; while the
principles are still completely valid, this assumption does influence the detailed results to some degree. Also, the return
link considerationsin [i.11] address TDMA transmissions. For the purpose of this analysis, it isinteresting to apply
continuous-carrier techniques not only to the forward link, but also to return links from mobile terminals to a central
hub.

In the forward link, spread-spectrum is employed as an interference mitigation technique. In the return link, itis
employed primarily as away of assuring compliance with regulatory emission requirements, in particular off-axis EIRP
density. In both cases, the net result is the need for operation at low signal-to-noise ratio (E«/No).

One significant development that has occurred since the preparation of [i.11] is the publication of aregulatory
framework for terminals mounted on mobile platforms operating in Ko-band, ETSI EN 303 978[i.12]. For the purpose
of the present assessment, the provisions of highest interest in the present document are the off-axis EIRP density
regulations. These follow the same roll-off as other masks intended to operate with 2° orbit spacing.

The following clause summarizes the results from [i.11] and extends them to next-generation space segment.

In assessing the results in the following sub-clauses, it should be recalled that the smallest apertures considered

(=~ 30 cm) not only represent actual antennas, such as may be found for example on business jets. They also represent
typical values of the smallest dimension of non-uniform apertures such as flat-panel antennas. Since such antennas are
most often mounted in afixed relation to the platform (airframe, train carriage), the orientation with respect to the
geostationary arc depends on the link geometry ("skew angle"). Hence the ability to operate with (the equivalent of) the
very small aperturesisimportant for many applications, even when some physical dimensions of the antenna are
substantially bigger.

4.4.46.1 Forward Link

For the forward link, [i.11] concludes that systems operating in regional or smaller beams only require spreading for
extremely small user terminal apertures (< 30 cm). Systems operating in large (" global™) beams however can need
spreading for apertures smaller than about 50 cm. In this context, the need for spreading is based on the feasibility of
closing a standard DVB-S2 link operating at QPSK r = 1/4. The highest identified spreading factor required for a 30 cm
antennais 3, corresponding to an EJ/No of -7,8 dB.

It isdifficult to predict in detail the intra-system interference mechanisms that may exist with next-generation space
segment; they will likely be strongly dependent on the payload architecture. The following analysisis therefore
restricted to straight link considerations; it should be considered that intra-system interference considerations may
increase the need for low-SNR operation beyond what is presented here. Table 17 shows the EJ/No achievable at the
beam boresight for an exampl e system with characteristics similar to those quoted el sewhere for DTH applications.
With further allowance of for example 5 dB for beam roll-off, the lower limit is around -13 dB.

Table 17: Achievable Es/No in Ka-band at beam boresight, 63 dBW/200 MHz

Fade dB Antenna size Antenna size Antenna size
30cm 60cm 120 cm
0 11,1 15,7 18,3
6 1,7 7,5 12,4
12 -4,8 1,1 6,5
15 -7,9 -2,0 3,5
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In addition, adjacent satellite interference can create situations with very low C/(N+l) , even in the absence of
atmospheric fading. Consider an asymmetric antenna with a shortest equivalent aperture of 20 or 30 cm, and with feed
illumination corresponding to for example 65 and 100 % aperture efficiency. With the worst-case link geometry (skew
angle), typically values as stated in Table 18 are obtained. This table assumes that the actual aperture efficiency is 65 %
and that the interference is caused by two adjacent satellites (spaced at 2°), with spectral densities equal to that of the
wanted signal. The thermal C/N is from the 30 cm antennain Table 17, allowing for a5 dB roll-off from beam
boresight but without fading.

Table 18: Adjacent-satellite interference into asymmetrical aperture

Short axis Rel. Gain at 2° C/l (2 equal Thermal C/N, C/(N+I) C/(N+I)
level) no fade no fade 6 dB fade
20 cm (65 %) -1,5dB -1,5 6,1 -2,2 -5,8
30 cm (65 %) -3,6 dB 0,6 6,1 -0,5 -5,1
20 cm (100 %) -240dB -0,6 6,1 -1,4 -5,5
30 cm (100 %) -5,9dB 2,9 6,1 1,2 -4,6

Even without any fading, the C/(N+l) gets close to the lower limit for DV B-S2. If the interferers were 3 dB higher, the
C/1 would go down aslow as-4,5 dB, with aresulting C/(N+l) of -5 dB. If there is actually fading on top of this, the C/I
is unaffected but the C/N and terminal G/T are reduced. The right-most column shows the C/(N+1) with 6 dB fade.

As can be seen, this requires operation below what is currently possible with DVB-S2. Obvioudly the spectral
efficiencies associated with these operating points will be low. It should be noted that this is a worst-case situation that
will only exist in limited geographical regions, so an adaptive system should still be able to maintain a good overall
spectral efficiency.

4.4.46.2 Return Link

For the return link, [i.11] found that spotbeam satellites could operate without spreading or with a spreading factor of at
most 2, for apertures of 30 cm and above. However, in wide beams in K-band, much higher spreading factors were
required.

For agiven regulatory regime (orbit spacing), the maximum allowed E/Ny is essentially a function of the frequency
band, aperture size and satellite receive G/T. Table 19 and Table 20 show the maximum allowed val ues, assuming the
antenna characteristics defined elsewhere. The spreading factors quoted are referred to a minimum un-spread Es/No

of -3dB (~ DVB-S2 QPSK r = 1/4).

Table 19: Maximum allowed return link Ec/No (dB) in Ka-band

4.4.4.7

G/T (dB/K) Antenna size Antenna size Antenna size
30cm 60 cm 120 cm
15 6,1 14,0 20,6
10 1,1 9,0 15,6
5 -3,9(SF=2) 4,0 10,6
0 -8,9 (SF =4) -1,0 5,6

Table 20: Maximum allowed return link Ec/No (dB) in Ku-band

G/T (dB/K) Antenna size Antenna size Antenna size
30cm 60 cm 120 cm
10 -3,0 6,2 13,8
5 -8,0 (SF=3) 1,2 8,8
0 -13,0 (SF = 10) -3,8 (SF=2) 3,8

Summary of the Channel Models for the Mobile Services

The channel models to be used for the mobile services are borrowed from the VSAT and DTH scenarios, wherein
addition the effect of mobility to the downlink satellite propagation channel (multipath, shadowing and Doppler) is aso
modelled with the following characteristicsasin ETSI TR 102 768 [i.7]:
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Aeronautical applications:

. Line of Sight conditions can be assumed and the channel can be fairly approximated by a AWGN channel for
most of the time. Appropriate Doppler to be applied.

Railway applications:

This scenario can be modelled by superimposing this deterministic and (space) periodic fades on a statistical model
accounting for unpredictable obstacles.

The characteristics of the deterministic fades are as follows:
. Catenaries: typically attenuation of 2 dB to 3 dB.

. electrical trellises: up to 15 dB or 20 dB attenuation (depending on the geometry and layout of the obstacles
and on the orientation of the railway with respect to the position of the satellite): length ~0,5 m, distance
between two consecutive trellises ~43 m.

o Bridges: high signal loss for alength between a few meters up to tens of meters-50 m.
. Tunnels: long-term interruptions.
The statistical model accounting for unpredictable obstacles instead is characterized asit follows:

. For Ku-band, the behaviour of the land mobile satellite channel can be modelled using a 3-state (namely L OS,
shadowed and blocked states) Markov chain model, where each state is further characterized by a Rice
distribution. The transition matrix coefficients and the distribution parameters can be found in [i.13].

. For Ka-band, the behaviour of the land mobile satellite channel can be modelled using a 3-state (namely LOS,
shadowed and blocked states) Markov chain model, where each state is further characterized by aLoo
distribution. The corresponding parameters can be found in [i.13] and [i.14].

The channel models relevant for the mobile applications are all the ones pertaining to the VSAT scenario, including the
specifications of each sub-block characteristics. The only modification to be applied is the presence of "Mobility-
induced propagation effects” in the user downlink, which effectively materializes as the addition of a complex
multiplier by atime-varying quantity "C(t)". This pictorially depicted in Figure 38 where the channel model for single
carrier per TWTA scenario is described an explicatory example.

The complex factor C(t) has different characteristics according to whether the aeronautical or the railway scenario isto
be considered:

. For the aeronautical case C(t) reduced to a complex value with constant unit amplitude (to reflect the AWGN
simplification of the channel) and atime varying phase which takes into account the Doppler and Doppler rate.
In clause 4.4.4.2 amathematical expression is proposed to model a particular trgjectory of the airplane, i.e.:

—i f
Ct)=e *" @)

where Af(t) has the expression givenin (1).

. For the railway scenario, C(t) is arandom variable which takes into account both the deterministic and the
unpredictable fades and whose spectrum is such to reflect the appropriate Doppler spread. If the shadowing
effects are ignored the C(t) variable can be generated with the block diagram of Figure 39. The characteristics
of "Ricean Fading BW filter" depend on the angle between the direction of travel of the train and the LOS to
the satellite and can be found in ETSI TR 102 768 [i.7] and its references.
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Figure 38: Channel model for the mobile services and single carrier per TWTA scenario
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Figure 39: Ricean fading C(t) generator for the Railway scenario

4.5 Performance over typical satellite channels
4.5.0 Introduction

This clause is devoted to report the physical layer performance obtained over some typical satellite channels described
in detail in clause 4.4.

The objective of thisanalysisisto present the spectral efficiency achievable over these satellite channel modelsin the
given transponder bandwidth as a function of different symbol rates, Rs, and roll-off values, ¢. It is worthwhile to recall
that the higher the symbol rate, the higher the spectral efficiency, but also the higher the linear distortionsinduced by
the IMUX/OMUX filters.

The comparison has been summarized in terms of the spectral efficiency n (useful bit/yHz computed over areference
bandwidth W) versus the required Ps/N value (at the target frame error rate of 10°), being Psx the on-board TWTA
saturation power and N the noise power integrated over the reference bandwidth. This reference bandwidth, Wi, has
been set to the -3 dB bandwidth of the considered OMUX filter mask (e.g. 38 MHz in the case of DTH services). The
mathematical expressions of 77 and Psx+/N are reported below.
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where n,, isthe modulation and coding efficiency, i.e. n,, = r X log,M. In order to have asignificant statistics for such

analysis, several combinations of transmitted DVB-S2X MODCODs, user symbol rates, and roll-off values have been
considered.

45.1 Reference Receiver Architecture

The frame error rate curves reported in the following clauses have been obtained by implementing the demodulation
strategies shown in Figure 40, where the frame synchronization and the carrier frequency acquisition are assumed to be
already granted. Essentially, to cope with the satellite channel impairments, these two main techniques have been
considered:

. fractionally spaced equalization;

. carrier phase estimation.

Power To soft demapper
estim.
Pilot
DEMUX Phase estim.
and interpol.
1
f Fractionally Z % P
spaced Yk
@2R, equalizer @R,
&
LMS taps
update
Pilot
Buffers DEMUX

Figure 40: Pictorial view of the demodulation strategy

The rationale for the selection of afractionally spaced equalizer is briefly summarized. As discussed in [i.20], a symbol
spaced equalizer isthe optimal solution when following a filter matching the channel response. In generd, if the
channel characteristics are unknown, this technique leads to an equalizer that it is very sensitive to the estimate of the
correct sampling time. In addition, it isimportant to remind that most widely used timing recovery schemes, like the
Gardner agorithm or the data-aided correlation technique, may not give optimized timing offset estimate in case of
channel affected by strong inter-symbol interference. Thus, a cleaner approach is to adopt a fractionally spaced
equalizer (working at twice the symbol rate) whose performance is insensitive to the timing offset [i.20]. The
implemented equalizer consists of 42 complex taps, which are updated in a data-aided manner (i.e. over the pilot fields)
using the least-mean square (LMS) algorithm [i.20].

Asfar asthe carrier phase estimate is concerned, the adopted technique is the same described in [i.21]. In practice, the
carrier phase compensation is computed by linearly interpolating data-aided estimates over consecutive pilot fields. It is
worth noting that the pilot fields are also used for the amplitude estimation to provide at the decoder an accurate soft
information about the received symbol distance from the reference constellation points [i.21].

45.2 Performance in DTH Broadcasting Services

The DTH channel model is discussed in detailsin clause 4.4.1, while Table 21 summarizes the main parameters to set
up the physical layer simulations (see also Figure 4 notes).
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Table 21: Main parameters for the DTH physical layer simulations

Simulation Parameters for Broadcast Services

- UL power 1/0- Phase
MODCOD Efficiency Frame Rs unbalance MUX TWTA Cross-Pol Noise
Code .
M [bit/s]
rate
34
13/45; |0,57; 1;
QPSK e I Mbaud
1/2;3/4 |15 (for 0dB
3/5; 1,8; 2,08; 20 % Staggered | P mask
8PSK 25/36; 2,25;2,5 Long roll-off) (-8 dB: one 36 MHz Conventional 99 (see
3/4; 5/6 (64 800) simulation per (Not linearized) -24dB clause
26/45; 2,31; 2,66: 34 modulation and 4.4.1.6)
16APSK [2/3; 3/4; |3; 3,4 ('f‘g?f;ﬁ roll-off)
77/90
I1-off
aoApSK 3245|3554 rol-off)
4/5

Concerning the simulation cases involving 16APSK and 32APSK modulation formats, a memory-less data pre-
distortion algorithm [i.21] has been implemented to cope with the non-linear distortions introduced by the on-board
amplifier. For clarity, Table 22 summarizes the optimized OBO value adopted for such analysis.

Table 22: Optimized OBO value [dB] for the DTH physical layer simulations

0=20% 1 ’ 2 5 2 p O 2 Lowest MODCOD
0137 0150 1,51 2,21 Highest MODCOD

a=5%

039 052 132 10

The complete set of FER curves have been reported from Figure 41 to Figure 44. Some remarks are presented hereafter.

Firstly, the FER curves remain very steep, confirming the good quality of the demodulation algorithms. Then, looking
at the performance, in case of 8 dB power unbalance (in favour of the adjacent uplink carriers), the reference carrier is
not affected by visible degradation. In particular, lessthan 0,1 dB penalty at FER = 10° for oz= 20 %, and almost
negligible impact for the case of o= 5 % have been observed.
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Figure 41: DTH performance for QPSK / 8PSK ModCodsMODCODs (a. = 20 %)

1.E+00 = ] -1 ) o T e o
o 1 ——16APSK 26/45
""""""""""""""" —e—16APSK 2/3
—_— | ——16APSK3/4 _
""" —e— 16APSK 77/90
—— 32APSK 32/45
1602 +—— | ——32APSK 4/5 |
e o ot | === 16APSK3/4(-80B)
T L aeskarssdsy
T R ‘
{
1603
1604 N
] :L
1E05
8 s 10 1 12 13 ¥ 15 1 17 18 18 20 2a 2 23 24 25 2

Psat/N [dB]

Figure 42: DTH performance for 16APSK / 32APSK MODCODs (a = 20 %)
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Figure 43: DTH performance for QPSK / 8PSK MODCODs (o =5 %)
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Figure 44: DTH performance for 16APSK / 32APSK MODCODs (o = 5 %)

ETSI



71 ETSI TR 102 376-2 V1.1.1 (2015-11)

The spectral efficiency comparison between = 20 % and o= 5 % is summarized in Figure 45 for the considered
carrier symbol rate, Rs = 34 Mbaud. Based on these DTH channel characteristics and the selected symbol rate, Figure 45
showsthat o= 20 % has dightly better performance than o=5 %. The gain isin the order of 0,1 dB up to Ps/N equal
to 10 dB (i.e. spectral efficiency lower than 2 bit/s/Hz), while it slowly increases up to 0,6 dB for Psx/N equal to 20 dB.
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Figure 45: DTH spectral efficiency comparison between o = 20 % and o = 5 % with Rs = 34 Mbaud

For the sake of completeness, it is worth noting that the simulated MODCODs (i.e. the square and diamond markersin
Figure 45) have been connected with dashed line. This has to be regarded like atrend line, as the real spectral efficiency
curve ismore similar to a staircase when all the MODCODs performance points are shown.

45.3 Performance in VSAT Outbound

The VSAT channel model is discussed in detail in clause 4.4.2, while Table 23 summarizes the main parameters to set
up the physical layer simulations (see also Figure 31 and Figure 32).

Table 23: Main parameters for the VSAT physical layer simulations

Simulation Parameters for Interactive Services

MODCOD Efficiency Frame Rs 1/0-MUX TWTA Phase Noise
M Code [bit/s]
rate
QPSK 1/4; 1/2; 10,5;1; 1,5
e L for all
8PSK-L 5/9; 1,6;1,73 ong for a :
. "L "SMODCODS f 622,30Mba|llefr IMUX: )
: _ and 128APSK (for 20 % roll-off) 500 MHz _ _ P1 mas
igipKSK - gg gg 22222226 _ Linearized (see clause
- : 225 2, Short for the 71,4 Mbaud Diplexer: 4.4.2.4)
16APSK 2/3 2,66 others (for 5 % roll-off) 250 MHz
32APSK-L  |2/3 3,33
32APSK 2/3 3,33
64APSK-L  |32/45 4,26
128APSK 3/4 5,25
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For this analysis, the chosen value for Wi is set to 75 MHz, which is the selected frequency spacing among the six
carriers per transponder.

Since this satellite payload configuration groups six carrier per on-board, the TWTA has to back-off in order to reduce

the non-linear distortions. Therefore the amplifier tends to work in the linear region and thisis the reason why the
"linear" MODCODSs have been selected for this analysis.

In areadigtic satellite network, the chosen OBO working point would be most likely driven by the highest modulation
format (which requires the highest OBO values). Instead, in this analysis, for the sake of showing the maximum
achievable performance, the presented set of FER curves have been obtained at the best OBO working point for the

considered modulation. In particular, the selected OBO values are: 1,95 dB for QPSK, 2,50 dB for 8PSK, 2,60 dB for
16APSK, 3,10 dB for 32APSK, 4,15 dB for 64APSK, and 5,30 dB for 128APSK.

The complete set of FER curves have been reported from Figure 46 to Figure 49. It is worth remembering that the
selected carrier under test is the worst-case (see Figure 32), because this carrier isin a central position when passing

through the satellite amplifier (where the non-linear intermodulation products affect the most) and it is on thefilter edge
when going through the diplexer (where the filter group delay distortion isthe highest).

The main consideration is related to the obtained performance from the 128APSK case. Independently from the roll-off
value, this modulation scheme shows rather high degradations (i.e. evident change of slope in the FER curve). Figure 47
shows also that an increased OBO value (e.g. 1 dB) is not significantly improving the FER result. Indeed, for this high
order modulation, the impact of the phase noise to the performance turns out to be not negligible. Thus, the
recommendation for this high-order modulation scheme is to address more advanced solutions for the carrier phase
recovery (e.g. adecision directed PLL over the data fields), when in the presence of strong phase noise. In fact, it is
important to remind that the P1 mask has been simulated, but more stringent masks are present (see clause 4.4.2.4).
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Figure 46: VSAT performance for QPSK / 8PSK MODCODs (o = 20 %)
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Figure 47: VSAT performance for 16APSK / 32APSK MODCODs (o. = 20 %)
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Figure 48: VSAT performance for QPSK / 8PSK MODCODs (o =5 %)
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Figure 49: VSAT performance for 16APSK / 32APSK ModCodsMODCODs (a = 5 %)

The spectral efficiency comparison between o= 20 % and =5 % is summarized in Figure 50. In this configuration,
having assigned the carrier symbol rate on the basis of the "1 + ¢ rule, it isimportant to notice the expected gain of
o =5 % with respect to ar= 20 % isafunction of Psu/N.
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Figure 50: VSAT spectral efficiency comparison between aa=20 % and o =5 %

ETSI



75 ETSI TR 102 376-2 V1.1.1 (2015-11)

10% T T T T T T T T T

I I I I I I I I I
<175 R

I I I I I | I |
A -

5 I I I I I
Ol — — — 4 — — — B B Ty e

a 7% I | I I I I
§ ay o LR sl

= | | | | | |
LI (Y7 S, B P T [ B

c | I I I I I

i I I I I I
8 aw---1-- e EE LR e B EEE TR T

> I I I I I I
2 3L -1 L I A R

@ I I I I I I

] I I I I I I
E 2% ---4--- i i el L B At Il |

w I I I I I I
T 1% Ry Ry

8 | | | | | | |
] ob /oo [ N A N I

) T [ l l l
1% e .

I I I I I I I
1 VA S S N S N S

o T R R D S T B
0 2 4 6 8 10 12 14 16 18 20

Psat/N [dB]

Figure 51: Qualitative gain of oo =5 % vs. a=20 % in the case of "1 + o "rule

Based on the simulated MODCODs, Figure 51 shows the indicative trend of the spectral efficiency gain of =5 % vs.
a =20 %. It isevident that the lower roll-off gain isincreasing proportionally to the received power. In addition, for
low values of Ps/N, this benefit tends to vanish, becoming even negative. The explanation of that can be easily verified
by taking into account that alower roll-off value implies a smaller EJ/No (see note) (e.g. -0,58 dB passing from 20 % to
5 %), therefore the achievable spectral efficiency is computed in alower operating point.

NOTE: Itisimportant to remember that fixing the satellite power and the reference bandwidth, to alower roll-off
corresponds a higher symbol-rate, thus less energy per symbol.

45.4 Performance in Broadcast Distribution, Contribution and High Speed
IP links

The DSNG channel model is discussed in detailsin clause 4.4.3, while Table 24 summarizes the main parameters to set
up the physical layer simulations (see also Figure 36 and Figure 37).

Table 24: Main parameters for the DSNG physical layer simulations

Simulation Parameters for DSNG/Professional Services

MODCOD Efficie |Frame Rs UL power |I1/O-MUX | TWTA | Cross-Pol Phase
ncy unbalance Noise
M Code |[bit/s]
rate
8PSK-L 5/9; 1,6; 15 Mbaud
26/45 (1,73 Long (for 20 % P1 mask
16APSK-L  |5/9; 2,22; (64 roll-off) Conven | Staggered
213 |2.66 | 800 4dB | 36MHZ Tl | T 2agp | (See Clause
: : 4.4.3.2.4)
32APSK-L  |2/3 3,33 bits) 17 Mbaud
64APSK 7/9 4,66 (for 5 % roll-off)
128APSK Ya 5,25
256APSK-L [11/15 |5,86

In this configuration, the chosen value for W is set to 19 MHz, that is the half value of the DTH case, because two
carriers per transponder are assumed.
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Based on the same rationale of the previous channel configuration, VSAT, aso in this case the TWTA has to back-off
in order to reduce the non-linear distortions. For clarity, the following OBO values have been chosen: 1,25 dB for

8PSK, 2,40 dB for 16APSK, 3,15 dB for 32APSK, 5,65 dB for 64APSK, 7,25 dB for 128APSK, and 9,0 dB for
256APSK.

The complete set of FER curves have been reported in Figure 52 and Figure 53.
Due to the uplink power unbalance set to -4 dB (i.e. the reference carrier power islower than the adjacent carrier), the

256APSK MODCOD cannot be demodulated, and the 128APSK case shows evident degradation in the FER slope. The

impact of this power unbalance, which generates high levels of intermodulation products, is visible in Figure 53.
Without power unbalance among the two carriers, these MODCODs perform correctly.
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Figure 52: DSNG performance from 8PSK to 128APSK MODCODs (a. = 20 %)
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Figure 53: DSNG performance from 8PSK to 256 APSK MODCODs (o = 5 %)

The spectral efficiency comparison between o= 20 % and o= 5 % is summarized in Figure 54. Again, having assigned
the carrier symbol rate on the basis of the "1 + ¢ rule, the 5 % roll-off value gain follows the same trend explained for
the VSAT scenario.
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Figure 54: DSNG spectral efficiency comparison between oo =20 % and oo =5 %
assuming 4 dB power unbalance among the two carriers

4.6 Channel bonding
4.6.0 Introduction

Channel bonding is a new feature of the S2X system, which is normative for receivers with optional multiple tuners.
This means that receiver using a single tuner do not need to consider channel bonding, in fact, cannot be able to decode
such signals. However, once multiple tuners are used at receiver side, then channel bonding needs to be supported.

Channel bonding supports bonding of either L = 2 or 3 channels (L being the number of bonded channels).

4.6.1 The principle and advantages of Channel Bonding
The advantages of channel bonding are the following:

For CBR services, there can be cases, where the programs, which are multiplexed inside one channel, do not require the
complete channel bandwidth. The remaining bandwidth may not be large enough to multiplex another service, e.g.
UHDTYV program. However, collecting remaining bandwidths from L transponders may allow multiplexing a complete
program into the sum of bandwidths. Thus, channel bonding allows exploiting unused bandwidth.

An example is shown in Figure 55, where the channels of two transponders carry 50 Mbps each. Programs 1, 2, 4, and 5
are transmitted without channel bonding. In the example, the two channels have 10 Mbps as remaining bandwidth,
which might be too small to transmit an UHDTV program (assume, 20 Mbps are required for UHDTV). Thus, the TS of
program 3 can be transmitted via channel bonding over L = 2 transponders.

The notation "big-Transport-Stream” from ETSI EN 302 307-2 [i.2] specifies the ensemble of packet identifiers (PIDs)
fromone TS, which will be transmitted via channel bonding. In the example of Figure 55, only the PIDs from program
3 form the "big-Transport-Stream”. In principle, al 5 programsin this example could have been grouped together to
form the "big-Transport-Stream”.
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In such cases, where the "big-Transport-Stream” carries alarge number of programs, the statistical multiplexing
(statmux) gain can be significantly increased, asindicated in Figure 56 (from [i.4]). Assuming that 5 programs (here:
"channels") are multiplexed, the statmux gain is about 17 %, allowing for additional 17 Mbpsin the above example.

Channel bonding is specified for TS based transmission or for GSE transmission.

50 Mbps 50 Mbps
transponder 1 transponder 2
frequency
/— N
! )
program 1 program 2 : pro™ ~gram 3 : program 4 program 5
! :
1 1
\ ,l

20 Mbps 20 Mbps
bonded program (PIDs in TS)

20 Mbps 20 Mbps

Figure 55: Channel bonding use-case: exploiting unused bandwidth
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Figure 56: Statmux gain for increasing number of bonded channels (from [i.4])

4.6.2 Channel bonding for TS transmissions

In order to signal to the receiver, how many channels are bonded, on which transponder frequencies they are transmitted
and so on, Sl tables have to be transmitted on each of the L bonded channels, without using channel bonding. As
described above in clause 4.6, the "big-Transport-Stream” consists of all transport streams, which are transmitted over L
transponders via channel bonding. The Sl tables, which will be duplicated over all bonded transponders, are thus
excluded from this "big-Transport-Stream".

In this clause the recommended "useful packet interval” of transponder k, k e {1; L}" will be explained.
The throughput rate of this "big-Transport-Stream" is denoted as "total TS rate”.

The throughput rate of the k-th transponder, k €{1; L}, which is used for channel bonding, is called "TS rate of
transponder k".

Figure 57 depicts the details of TS-based channel bonding, however, assumes a useful packet interval, which is not
alowed. This setting is used to explain the negative consequences of it. The figure is split into two parts: the upper part
shows the data vectors at particular positions in the transmission chain, the lower part shows a block diagram of such
transmission chain and explains.
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The "big Transport Stream™ isthe input to a SPLIT block, indicated by the number 1 in the block diagram. 11 data
packets (TS packets) are shown in this example, enumerated by 0 to 10. L = 2 branches (i.e. transponders) are assumed
for channel bonding in this example. The SPLIT output is routed to each transmitter branch. The SPLIT output has the
same throughput rate as the input, i.e. as the "bit Transport Stream”. Thus, Null Packets need to be inserted for the
remaining bandwidth of the SPLIT output.

Each branch usesaISSY counter, which is controlled and synchronized by a master channel (usually, one of the L
branches). ISSY fields are appended to each TS packet after the ISSY block, i.e. ISCR time stamps, BUFS, and
BUFSTAT information according to ETSI EN 302 307-1 [i.1], clause D.2.

The Null Packet Deletion (NPD) block deletes the Null Packets, which have been inserted by the SPLIT process, and
the number of consecutively deleted Null Packetsis signalled via"Deleted Null Packet" (DNP), which is appended after
the ISSY field. In the example from Figure 57, the SPLIT output for channel chl had five Null Packets before TS
packet 5, thus the DNP value after NPD is5 in this case (shown in the data for chl at position 3). In case "big-Transport
Stream™ already included "original Null Packets", such packets are transmitted as useful packets, the corresponding
input to the MERGE block at receiver side is Null Packetsin al branches. In such a case, the receiver can select any
branch, e.g. branch number 1.

After FEC encoding at position 4 in Figure 57, a corresponding BB Frame is depicted for each branch, which starts with
aBB Header (BBH), followed by a number of information and LDPC + BCH parity bits. The BB Frame does not
necessarily have to comprise an integer number of TS packets (asisillustrated in the Figure 57).

After modulation (MOD), further transmit processing (not shown in the Figure 57), the transmission channel (CH),
receiver side processing (not shown in the Figure 57), demodulation (DMD), FEC decoding (FEC), a Null Packet
Insertion (NPI) block is used at each branch. According to the DNP, Null Packets are reinserted, as shown at position 5
for channel chl. The MERGE block at receiver side combines the L channels, and acts as the counterpart of the SPLIT
process. Finally, the "big Transport Stream" is output.

— - DNP I:l data Packet (#Null)
[ sy

[ ] packet (Null)

Original TS -

SPLIT {ch0|0|1|2|3|4 NI NINININIIOJ -

output chi [ NI NINININIS5[6[Z7Z18[I9[N]-:=-

NPD cho (O TE 1T T2 TEN S TEN4TEiolr @ ---

AP {chlI_SI—ﬂ6lH7IHSIE9IE
BB Frame

FEC cho BEi__ O LBl 1] 3T B4 1T
output ‘|: BB Frame

chl el 5 [T o 6 ] R T 9oT11E

NPloutput  ch1 [ N T NI NI NINIJIT5[T6 7189 [N]J-=--

> ISSY [ NPD |—> FEC [>{ MOD —{CH#OF DMD K FEC | NPI |

TS —> — TS

SPLIT
MERGE

—>{ ISSY |5 NPD |—> FEC [» MOD (—| CH#1 l% DMD 5 FEC |—>{ NPl |—>f

Figure 57: TS-based Channel Bonding. Problem of long Null Packet intervals
(this setting is not allowed by ETSI EN 302 307-2 [i.2])

Figure 57 assumed the same data rate on each of the two branches. The SPLIT output indicated by the Figure shows

that five consecutive useful packets are routed to each branch, followed by five Null Packets. Figure 58 now explains
the negative consequences of such SPLIT process for the NPI buffer.
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The FEC decoder output provides BB Frames at a constant data rate, indicated by the linear increase of data over time
in the figure. However, the NPI buffer cannot be read out instantaneoudly. Instead, five TS packets (in the current
example), enumerated by 5 to 9, have to be buffered. The read out of the useful data can only start after the five Null
Packets have been forwarded to the MERGE block. For such adistribution of Null Packets and useful packets,
unnecessarily large NPI buffer memory is required.

' NPIBuffer |

input/Outout SLorge NPl buffor reauired!
N

read out
(TS Packet)

> time

NI NINI[N[NIS5[6[7[8]9 N/

Figure 58: TS-based Channel Bonding. Problem of long Null Packet intervals,
which affects NPI buffer requirements

For the same data rate on both channels, the SPLIT output should have been a sequence of one useful packet, followed
by one Null Packet. Thisis shown in Figure 59, where the maximum DNP value isonly 1, compared to 5 in the
previous example. The required NPI buffer memory is kept to a minimum with such setting.

BB Frame

FEC output chl |BBH 1|=3 =5|:H7|9[
NPI output cht [ N[ 1 [ NJ3[NIJTS5I[NTIJT7TIN/]

' NPIBuffer |

Input/Output
N

read out
TS Packet)

> time

NITI1I[INJ[T3[N[S5[N[Z7[NITO9IN

Figure 59: TS-based Channel Bonding. Specified Null Packet interval
(this setting is defined by ETSI EN 302 307-2 [i.2])
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The useful packet intervals are according to the ratio of the total bitrate of the bonded channelsto the TS rate of each
channel.

For example for L = 2 channels, the useful packet interval of transponder k only takes on only two different values:
floor (total TSrate/ TSrate of transponder k) and/or ceil (total TSrate/ TS rate of transponder k),

in which floor(x) and ceil(x) denote the flooring and ceiling operation, respectively. The useful packet interval is
defined as the number of Null Packets, not including packets with PIDs e { Sl tables}, inserted into two useful packets
inthe SPLIT block plus 1. For the example from Figure 57, the useful packets 4 and 10 are separated by five Null
Packet in channel chO, resulting in a useful packet interval of 6. In the example from Figure 59, the useful packets 1 and
3 are separated by one Null Packet in channel chl, resulting in auseful packet interval of 2.

NOTE: With the two allowed values for the useful packet interval, any transponder rate can be supported, by
using oneinterval or the other for a certain amount of time.

Another example is shown in Figure 60, where it is assumed that channel chO carries 10 Mbps, and channel chl

20 Mbps. According to the above formula, channel chO has a useful packet interval of 3, while channel chl may take on
the values of 1 or 2. However, for this setting, the useful packet interval of 1 isused for 0 % of the time, while the
interval 2 isused for 100 % of the time.

Useful
Packet
(10+20)/10=3 Interval
SPLIT O O TNITNJT3TNINIJT6ININIT9IN]""
output cht [N 12 [N[4]5[N[7 [ 8]NTI[I10]-=--
>

ceil((10+20)/20) = ceil(1.5) = 2
Figure 60: Example for Null Packet intervals

4.6.3 Channel bonding for GSE transmissions

While TSis till the dominant format in most present broadcasting systems, an increasing importance of 1P can be
observed: many broadcasting receivers already include an | P-stack, satellite re-distribution via SAT-IP is emerging, and
other new broadcasting standards become full-1P based.

I P transmission can be flexibly realized with the GSE format. Since DVB-S2X introduced GSE-HEW (high efficiency
mode), Channel Bonding for GSE can be efficiently realized. Clause 5.1.8.3 of ETSI EN 302 307-2 [i.2] already
describes Channel Bonding for GSE in much detail, so only afew notes will be added here.

Channel Bonding for GSE is based on baseband frames (BBFRAMES), as compared to TS packet-based bonding for the
TScase. Thisissimilar as PLP Bundling in DVB-C2 [i.5], described in annex C thereof. Thus, ISCR time stamps are
included every BBFRAME ("high efficiency mode"), which reduces the overhead compared to much shorter TS packets
("normal mode"). No Null Packets needed, which allows both the SPLIT process at transmitter side and the MERGE
process at receiver side to operate at the rates of the individual channels. These rates are lower than the rate of the "big
input TS" in case of TS based bonding, allowing easier implementation.

Clause 5.1.8.3 of ETSI EN 302 307-2 [i.2] further describes Channel Bonding for the cases of Generic Packetized
streams, and Generic Continuous streams using GSE. In these cases, ISSY fields are added to every packet, similarly as
for TS Channel Bonding.

For channel bonding using Generic Packetized streams (TS/GS = 00), only ISCR_SHORT is alowed. Therefore, the
use of this mode is not recommended since timing constraints may not allow correct alignment of packets.

For channel bonding using Generic Continuous streams (TS/GS = 01), the use of ISCR_SHORT is not recommended
since timing constraints may not allow correct alignment of packets.

4.7 S2X system configurations

The DVB-S2X standard defines five application areas and profiles: Broadcast, Interactive, DSNG, professional and VL-
SNR.
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Table 25 associates them to the system configurations and mechanisms specified in ETSI EN 302 307-2 [i.2]. All
elementsin Table 25 are optional in transmitting and receiving equipment complying with the S2 specification ETSI

EN 302 307-1[i.1]. At least "Normative" subsystems and functionalities have to be implemented in the transmitting and
receiving equipment to comply with the S2X specification for a specific application area.

Table 25: System Configurations and Application Areas

System configurations Broadcast | Interactive DSNG Professional | VL-SNR
services services services
FECFRAME (normal) |64 800 (bits)
(see MODCODs in
note 1)
QPSK 1/4,1/3, 2/5 N N N N N
(S2-MODCODs)
1/2, 3/5, 2/3, 3/4, 4/5, 5/6, N N N N N
8/9, 9/10
(S2-MODCODs)
13/45; N N N N N
9/20; 11/20; N N N N N
8PSK 3/5, 2/3, 3/4, 516, 8/9, 9/10 N N N N N
(S2-MODCODs)
23/36; 25/36; 13/18 N N N N N
8APSK-L (see note 7) |5/9;26/45 N N N N N
16APSK 2/3, 3/4, 4/5, 516, 8/9, 9/10 N N N N N
(S2-MODCODs)
26/45; 3/5; 28/45; 23/36; N N N N N
25/36; 13/18; 7/9; 77/90
16APSK-L (see note 7) |5/9; 8/15; 1/2; 3/5; 2/3 N N N N N
32APSK 3/4, 4/5, 5/6, 8/9, 9/10 N N N N N
(S2-MODCODs)
32/45; 11/15; 7/9; N N N N N
32APSK-L (see note 7) |2/3 N N N N N
64APSK 11/15; 7/9; 4/5; 5/6; O N N N O
64APSK-L (see note 7) [32/45 0] N N N o]
128APSK 3/4;7/9 NA 6] (0] N NA
256APSK 32/45; 3/4 NA 0] 0] N NA
256APSK-L (see 29/45; 2/3; 31/45; 11/15 NA 0] 0] N NA
note 7)
FECFRAME (short) 16 200 (bits)
(see MODCODs in
note 1)
QPSK 1/4,1/3, 2/5 NA N O N N
(S2-MODCODs)
1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9 NA N N N
(S2-MODCODs)
11/45; 4/15; 14/45; 7/15 8/15; NA N O N N
32/45
8PSK 3/5, 2/3, 3/4, 516, 8/9 N
(S2-MODCODs) NA N o N
7/15; 8/15; 26/45; 32/45 NA N 0] N N
16APSK 2/3, 3/4, 4/5, 516, 8/9 NA N (0] N N
(S2-MODCODs)
7/15; 8/15; 26/45; 3/5; 32/45 NA N 0 N N
32APSK 3/4, 4/5, 5/6, 8/9 NA N 0 N N
(S2-MODCODs)
2/3; 32/45 NA N (0] N N
VL-SNR Header (0] @) @) NA N
(see MODCODs
note 1)
QPSK 2/9 (normal) NA 0 (0] NA N
BPSK 1/5; 4/15; 1/3 (short) NA O @) NA N

1/5; 11/45; 1/3 (medium)
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System configurations Broadcast | Interactive DSNG Professional | VL-SNR
services services services
BPSK-S 1/5; 11/45 (short) NA 0] @) NA N
Spreading Factor 2
Super-frame NA (0] (6] 0] (6]
Part II| PLHEADER 8-bits N N N N N
(see note 5)
Extended PLHEADER |8 + 8 bits (time slicing) (0] (0] NA (0] 0]
For Wide-band mode
(see note 5)
GSE-High Efficiency For GSE/GSE-Lite N N N N N
Mode (see note 6)
Roll-off 0,15; 0,10 and N N N N N
0,05
Channel bonding (see N NA NA (0] NA
note 2) (see note 3)
VCM N N N N N
(see note 4)
ACM NA N (@) (0] N
N = normative, O = optional, NA = not applicable,

NOTE 1:
NOTE 2:
NOTE 3:
NOTE 4:

Ability to skip VL-SNR frames: Normative.

Requires Input Stream Synchronizer, Null-Packet Deletion and Dummy Frame insertion.

Normative for broadcast services in case of optional multiple tuner receivers.

Any S2X receiver recognizes the whole set of MODCODS within the PLHeader and skip the XFECFrame if the
MODCOD is not supported.

Part Il PLHEADER and Extended PLHEADER for wideband transponders (Part | or Part Il, annex M) cannot
coexist in the same carrier but either can coexist with the VL-SNR header.

GSE is optional while support for GSE-Lite in GSE-HEM is normative across all the services.

xxx-L = MODCODs optimized for quasi-linear channels.

NOTE 5:

NOTE 6:
NOTE 7:

5 Broadcast applications
5.0

This clause highlights the main features of DVB-S2X air interface and quantifies the performance gain of DVB-S2X air
interface in comparison to the performance of DVB-S2 applied to reference scenario for broadcast applications.

5.1
5.1.1

The broadcasting profile of DVB-S2X supports the VCM as a hormative feature, which means that withina TDM
DVB-S2X carrier, the MODCOD selection may change on a frame by frame basis corresponding to different services.
This allows operators to adjust transmission robustness versus efficiency according to the service availability they want
to guarantee to the users, and to differentiate services according to the quality of service requirements.

Introduction

DVB-S2X features for broadcast applications

Broadcasting with differentiated channel protection

The use of VCM in conjunction with simulcast can be used to guarantee service continuity in the presence of a heavy
atmospheric fading, at the same time offering a high quality service in the absence of rain attenuation. By allowing a
tolerable degradation in the picture quality during a heavy rain fading (i.e. the use of SD quality instead of HD quality
or the use of HD instead of UHD), it is possible to significantly increase the overall system spectral efficiency.

At the receiver, it is assumed that the two streams corresponding to the same content are video decoded independently
but the time synchronization between the two streams are maintained such that the output stream for the same content
can switch seamlessly between the two frame depending on the fading conditions.

Compared to a scalable video coding with 2 or more layers of coded content, the use of simulcasting of low and high
guality streams offers a simpler video coding and decoding solutions and possible alower overhead (if the required bit
rate for the lower quality stream is considerably lower than that of higher quality stream).

In the following clauses, two examples system scenarios are introduced to quantify the potential performance gain of
the VCM together with simulcasting (associated with DVB-S2X) compared to DVB-S2.
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51.2 Channel bonding

The DVB-S2 system was designed to carry a single or multiple MPEG Transport Streams (or generic continuous
streams) over a single satellite transponder. The main DTH application in 2003 was HDTV multi-programme delivery
using AV C Video coding (H.264), requiring about 10 Mbits/s per program in case of constant bit-rate coding (CBR).
Therefore in asingle 36 MHz transponder, delivering about 60 Mbits/sin S2 format, it was possible to broadcast 6
HDTV CBR programs, which could be increased to 7 by exploiting the 20 % gain of Statistical Multiplexing (see
Figure 56). DVB-S2X system was developed in 2013, when HEV C video coding and UHDTV-1 (four times the
definition of HDTV) are becoming areality. Assuming that an UHDTV-1 signal requires four times the transmission
capacity of HDTV for the same compression system, and that HEV C doubles the compression efficiency versus AVC,
can be estimated a required bit-rate per UHDTV-1 CBR program of 20 Mbits/s. Under such circumstances, a 60 Mbits/s
DVB-S2 signal could provide 3 UHDTV-1 CBR programs per transponder, and the statistical multiplexing gain would
be significantly reduced (e.g. 12 % instead of 20 %, assuming Figure 56 is applicable to UHDTV and HEV C), thus not
allowing the transmission of an additional program.

In order to increase the statistical multiplexing gain for UHDTV-1, S2X implements "channel bonding”, allowing to
merge the capacity of two or three transponders to transport a single "big Transport Stream” (Stat-MUX). This
functionality is available only for multi-tuner receivers, which are anyway finding their way in the market also to
implement other functionalities (e.g. watch one program and record another one, picture-in-picture display).

When the number of bonded transponders (BW = from 33 MHz to 38 MHz) is two, the expected difference in statistical
multiplexing gain of S2X over S2 for UHDTV-1 is of the order of 7 %, which would increase to 12 % when there are
three bonded channels. In addition, the availability of a"big-TS" alows the spare capacity in individual transpondersto
be accumulated, accommodating an additional UHDTV-1 program.

It should be noted that the channel bonding in DV B-S2X is only supported when constant coding and modulation
(CCM) is used over the transponders (see ETSI EN 302 307-2 [i.2] clause 5.1.8.1).

5.1.3 Higher order modulation

The DVB-S2X supports as normative feature the 16APSK (as well as 32APSK) modulation for broadcasting
applications. The use of higher order modulations are particularly advantageous for Ka-band broadcasting systemin
combination with variable coding and modulation. The use of 16APSK in such scenario would alow a higher spectral
efficiency for usersin clear sky while the use of more protected MODCODSs can ensure achieving the target service
availability by allowing a graceful degradation of the service quality.

5.2 Comparative Performance Assessment
5.2.0 Introduction

In order to assess the comparative performance of the DVB-S2X with respect to DVB-S2, two system scenarios are
presented here as reference examples for the existing or upcoming satellite broadcasting systems. The first scenario
concerns with a single beam broadcast satellite with a wide geographic coverage operating in Ku-band while the second
reference scenario deals with a multi-beam broadcasting satellite that provides distinct linguistic coverage over Europe
in BSS Ka-band frequency (21,4 to 22,0 GHz).

5.2.1 Receiver architecture assumptions

The performance comparison between the two air interfaces has been carried out using the following categories of
receiver technologies:

. DVB-S2 Legacy Receivers. implementing DVB-S2 air interface according the broadcasting profile with a
limited capability to tolerate inter-symbol interference due to the bandlimited satellite channel. Such receivers
are assumed to operate only in CCM mode with QPSK or 8PSK modulation scheme and no capability of
digital channel bonding.

. DVB-S2 Enhanced Receivers. implementing DVB-S2 air interface broadcasting profile (similar to the legacy
receivers). Additionally, the enhanced receivers are assumed to be capable of mitigating interference caused by
bandlimited channel (e.g. using baseband equalizers) that would allow increasing the symbol rate. It should
however be noted that the MODCOD selection is constraint by the broadcasting profile of DVB-S2.
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. DVB-S2X Enhanced Receivers. implementing DVB-S2X air interface broadcasting profile and capable of
equalizing the linear distortions caused by the bandlimited channel. Such receivers are assumed to support
digital channel bonding (up to three BBframes), 16APSK modulation and MODCODSs according to DVB-
S2X broadcasting profile.

NOTE: The enhanced receiver architecture similar to that discussed in clause 4.5.1 and illustrated in Figure 40 is
considered for the comparative performance analysis. Accordingly, the optimal value of the symbol rate
that maximizes the throughput for atypical broadcasting channel is expected to be 34 MBaud (as shown
in Table 21).

5.2.2  Video Service Quality

Two classes of video service quality are assumed for this performance analysis:

o High Definition (HD) Quality: to be provided by MPEG-4 CODEC with an average required bit rate of
8 Mbits/sec per stream.

. Ultra High Definition (UHD) Quality: to be provided by HEVC CODEC with an average required bit rate of
20 Mbits/sec per stream.

The target service availability in each scenario is 99,9 % of the time over the entire coverage area. For aDVB-S2 air
interface with a constant coding and modulation, this service availability is applied directly to each video stream (HD or
UHD).

For DVB-S2X, supporting VCM, the service availability of 99,9 % is provided by two video quality levels associated
with each video streams as follows:

e  TheHD service availability of 99,0 % , complemented by alower quality stream (MPEG-4 coded at
1,0 Mbits/sec) of the same program with a service availability of 99,9 %.

. The UHD service availability of 99,0 % (or 97,0 %), complemented by alower quality stream (HEV C coded
at 2,0 Mbits/sec) of the same video content with a service availability of 99,9 %.

The higher quality (HQ) and lower quality (LQ) streams are decoded independently but the receiver is assumed to be
able to maintain the synchronization between the two streams and switch between the two to maintain the quality and
service availability. The overall quality of experience provided by such service is considered acceptable while
maintaining alower link margin and delivering alarger number of TV program channels.

5.2.3 Example Scenario 1. Ku-band broadcasting with a wide coverage
5.2.3.0 Introduction

This example scenario is defined as a broadcasting satellite in Ku-band located at 95 °E geostationary orbit providing
broadcasting servicesto India. The geographical areais selected according to the emerging BSS market focusing on
Indian sub-continental coverage. Figure 61 provides the coverage area and the estimated antenna gain.

A total electrical DC power constraint of 5 kW is considered for the broadcasting satellite payload. Such payload can
typically accommodate up to 24 transponders each consisting of 120 W TWTA active power amplifiers. A nominal
bandwidth of 36 MHz per IMUX/OMUX and the adjacent transponder's central frequency spacing of 40 MHz are
assumed for this scenario. Each power amplifier is assumed to operate in single carrier mode.

Figure 62 illustrates examples of percentage of outage time as a function of atmospheric attenuation for two populated
locations within the coverage area for this reference scenario (taking into account the orbital location). The computation
has been carried out according to Recommendation ITU-R P.618 [i.34]. As shown in Figure 62, afade margin of 5,1 dB
isrequired to ensure 99,9 % service availability over the entire coverage area. The rain fade margin isreduced to 1,5 dB
to ensure 99,0 % service avail ability.

Considering the on-board antenna gain, the satellite orbital location and the free space signal attenuation, a minimum
EIRP of 53,5 dBW in clear sky is assumed over the coverage area.

User terminals with minimum effective dish sizes of 65 cm and G/T of 12,2 dB/K are considered in this analysis.

The interference due to adjacent satellites is assumed to correspond to C/I of 13 dB. Other sources of inter-system
interference is assumed negligible.
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Figure 62: Examples of atmospheric attenuation statistics in Ku-band (scenario 1)
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5.2.3.1  Study cases for reference scenario 1
5.2.3.1.0 Introduction

Considering system reference scenarios as outlined above, severa study cases are defined to establish a benchmark
performance according to the existing DV B-S2 solutions as well as enhanced solutions according to DVB-S2 and DV B-
S2X specifications. The definition and justification of each study case is outlined below.

5.2.3.1.1 Study case 1.1: DVB-S2 with legacy receiver and MPEG-4 decoder

This study case serves as a benchmark outlining the expected performance of legacy DV B-S2 receivers according to
reference scenario 1 assumptions as described above. Considering the transponder bandwidth and the transponder
spacing, a symbol rate of 30 MBaud is considered for this study case. The target service in this study caseisthe
broadcasting of HD quality television programs with an average bit rate of 8 Mbits/sec per stream. The target
availability for each channel is set to 99,9 %.

5.2.3.1.2 Study case 1.2: DVB-S2 with enhanced receiver and MPEG-4 decoder

Similar assumptions as case 1.1 are considered except for the receiver architecture. In this study case, the receiver
remains compliant with DVB-S2 for the DTH profile but it also supports the use of a higher symbol rate without any
performance loss compared to the legacy receiver of case 1.1. In particular, the receiver is assumed to be tolerant to
Inter-symbol interference caused by bandlimited IMUX/OMUX filters when up to a symbol rate of 34 MBaud (similar
channel model as clause 4 is considered). Even though the actual spectral efficiency of the selected MODCOD could be
similar or lower than that of Case 1.1, the overall throughput is expected to be higher due to the use of a higher symbol
rate.

5.2.3.1.3 Study case 1.3: DVB-S2X with enhanced receiver and MPEG-4 decoder

This study case examines the use of DVB-S2X together with an enhanced receiver and MPEG-4 video decoder to
deliver HD quality TV programs. A service availability of 99,0 % for the HD quality streamsis targeted. Each HD
quality stream is complemented by alower quality MPEG-4 compressed stream of the same content to ensure 99,9 %
availability of service. The two paralel streams coexist as a simulcast over the same transponder. Although the two
streams are decoded independently, it is assumed that the receiver is capable of synchronizing the two streams and
switch from a higher quality to alower quality stream in case of detected error. Thisisto ensure the continuity of
service in afading condition and the capability of reverting to the high quality stream in anormal channel condition.

In this study case, the digital bonding feature of DVB-S2X is NOT used since the VCM transmission is considered.
5.2.3.1.4 Study case 1.4: DVB-S2 with enhanced receiver and HEVC decoder

This study caseis similar to Case 1.2 except for the use of HEV C video encoding to deliver UHD quality service. The
service availability of 99,9 % is considered.

5.2.3.1.5 Study case 1.5: DVB-S2X with enhanced receiver and MPEG-4 decoder

This study caseis similar to Case 1.3 except for the use of HEV C compression to deliver UHD quality service. The
service availability of 99,0 % is considered for the UHD video content with an average bit rate of 20 Mbits/sec
complemented by simulcasting of HD quality of the same content at much lower bit rate (2 Mbits/sec) and service
availability of 99,9 %.

A summary of study case definition is provided in Table 26.
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= Sl CEse Case 1.1 Case 1.2 Case 1.3 Case 1.4 Case 1.5

arameter

Freguency band (see note 1) Ku-band

Transponder Frequency Spacing (MHz) 40 40 40 40 40

Transponder Bandwidth (MHz) 36 36 36 36 36

Total Number of Transponders 24 24 24 24 24

Aggregate bandwidth (MHz) (see note 2) 960 960 960 960 960

Number of Carriers per transponder 1 1 1 1 1

Air Interface (DTH Profile) DVB-S2 DVB-S2 DVB-S2X DVB-S2 DVB-S2X

Receiver Assumptions (see note 3) Legacy Enhanced Enhanced Enhanced | Enhanced

Transmission Mode CCM CCM VCM CCM VCM

Video CODEC MPEG-4 MPEG-4 MPEG-4 HEVC HEVC

Average bit Rate per stream (Mbits/sec) 8 8 8 (HQ) 20 20 (HQ)
1(LQ) 2(LQ)

Availability 99,9 % 99,9 % 99,0 % 99,9 % 99,0 %
99,9 % 99,9 %

NOTE 1: Possible frequency bands between 10,2 and 12,2 GHz for BSS applications according to ITU radio

regulations in Region 3 are considered.
NOTE 2: The total frequency used for this scenario in both polarization (if applicable).
NOTE 3: Enhanced receiver can support a higher symbol rate and tolerate a larger inter symbol interference.
See the text for further discussion legacy and enhanced receiver.

Table 27 summarizes the key parameters for the link budget analysis for each study case.

For each study case, the signal quality at the receiver is computed and corresponding MODCODs are assigned
according to the DVB-S2 or DVB-S2X operating thresholds. The threshold values include implementation losses of the
demodulator. In selecting the MODCODs, a minimum link margin of 1 dB is also maintained.

Comparing study Case 1.1 (DVB-S2 with legacy receiver) and Study case 1.2 (DVB-S2 with enhanced receiver), it
should be noted that the addition capability of the receiver to operate in the presence of bandlimited channel (by
applying equalizer at the receiver) allowsto increase the symbol rate from 30 MBaud (case 1.1) to 34 MBaud

(case 1.2). However, thisincrease in the symbol rate only resultsin the increase of the link margin (from 1 dB to

1,5 dB) and does not help to increase the throughput per transponder (as shown in Table 28). Thisis dueto a coarse
granularity of MODCODs within this operating range. Indeed, the increase of the symbol rate results in the reduction of
the signal to interference plus noise ratio C/(N+1). This has caused switching from QPSK3/4 in case 1.1 to QPSK2/3in
case 1.2. The step between the two MODCODS thresholdsis around 1 dB while only 0,55 dB reduction in the threshold
is required to compensate for the symbol rate increase (~1010g10(34/30)). A new MODCOD with an intermediate
threshold level would have results in the increase of the throughput (as opposed to an undesired increase of the link
margin).
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Table 27: A summary of key link budget parameters for Scenario 1

. Siely Case Casel1.1| Casel.2 Case1.3| Casel4 Case 1.5
Link budget parameters
EIRP at Saturation (dBW) (see note 1) 53,5 53,5 53,5 53,5 53,5
OBO (dB) (see note 2) 0,3 0,3 0,5 0,3 0,5
Fade Margin for 99,9 % availability (dB) 5,1 5,1 5,1 5,1 5,1
Fade Margin for 99,0 % availability (dB) N/A N/A N/A N/A 15
User Terminal minimum antenna size (cm) 65 65 65 65 65
Terminal G/T (dB/K) for 99,9 % availability 12,1 12,1 12,1 12,1 12,1
(5,1 dB atmospheric loss)
Terminal G/T (dB/K) for 99,0 % availability N/A N/A N/A N/A 12,9
(1,5 dB atmospheric loss)
C/NO (dBHz) for 99,9 % of time 81,1 81,1 81,1 81,1 81,1
C/NO (dBHz) for 99,0 % of time 85,2 85,2 85,2 85,2 85,2
Adjacent Satellite C/I (dB) 13 13 13 13 13
C/(N+1) (dB) for 99,9 % of the time 5,6 5,6 5,6 5,6 5,6
C/(N+I) (dB) for 99,0 % of the time N/A N/A N/A N/A 7,1
Baud Rate (MBaud) 30 34 34 34 34
Required Threshold (dB) 4,6 3,6 3,6 (LQ) 3,6 3,6 (LQ)
6,6 (HQ) 6,6 (HQ)
Link Margin (dB) (see note 3) 1,0 1,5 1,5 1,5 1,5
MODCODs QPSK 3/4 | QPSK 2/3 | QPSK 2/3 (LQ) | QPSK 2/3 |QPSK 2/3 (LQ)
8PSK 3/5 (HQ) 8PSK 3/5 (HQ)
NOTE 1: EIRP is computed for continuous wave and the power amplifier operating at saturation (zero input
back-off).
NOTE 2: The Output back-off is computed according to QPSK modulation scheme except for Case 1.5 where the
combination of QPSK and 8PSK modulation is used per transponder.
NOTE 3: A minimum link margin of 1 dB is assumed in this link budget analysis.

5.2.3.2 Comparative performance results for reference scenario 1

Table 28 presents a summary of the performance results for cases studied under example scenario 1. For each case, the
effective bit rate per transponder as well as the total number of video channels delivered by the broadcasting satellitein
this example scenario is reported. It is noted that:

. The use of DV B-S2 enhanced receiver for this example scenario does not offer any improvement in terms of
the number channels and the throughput. The enhanced receiver in this case will only contribute to higher link
margin (as discussed in the previous clause).

e  Theuseof DVB-S2X enhanced receiver with HD video quality (case 1.3) offers 17 % increase in the number
of channels due to the use of VCM together with simulcasting (no channel bonding applied).

. The use of DVB-S2X enhanced receiver with UHD video quality (case 1.5) offers 50 % increase in the
number of UHD channels compared to that of DVB-S2 with enhanced receivers (case 1.4) due to the use of
VCM and simulcasting (no channel bonding applied).
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Table 28: A summary of performance results

Sy CEse Case 1.1 Case 1.2 Case 1.3 Case 1.4 Case 1.5
Parameter
Transponder IMUX/OMUX Bandwidth 36 36 36 36 36
(MHz)
Total Number of Transponders 24 24 24 24 24
Symbol Rate (MBaud) 30 34 34 34 34
Air Interface (DTH Profile) DVB-S2 DVB-S2 DVB-S2X DVB-S2 DVB-S2X
Receiver Assumption Legacy Enhanced Enhanced Enhanced Enhanced
Transmission Mode CCM CCM VCM CCM VCM
Average bit rate per video stream 8 8 8 (HQ) 20 20 (HQ)
(Mbits/sec) 1(LQ) 2(LQ)
Assigned MODCODs QPSK 3/4 |QPSK 2/3 | 8PSK3/5 (HQ) | QPSK 2/3 8PSK (HQ)
QPSK 2/3 (LQ) QPSK 2/3 (LQ)

Effe_ctlve bit rate per transponder 452 452 58.7 45,2 59,2
(Mbits/sec)
Digital Bonding (see note 1) N/A N/A No N/A No
Fractional number of video streams per
transponder (see note 2) 56 56 6,54 2,26 2,86
Statistical multiplexing gain 17% 17% 20 % 8 % 8%
Effective number of video streams per

6 6 7 2 3
transponder (see note 3)
Total number of video streams (TV 6 x24=
channels) delivered by the sateflite 6x24=144 144 /x24=168 | 2x24=48 3x24=12
NOTE 1: For DVB-S2X, the digital bonding can be applied to up to 3 transponders.
NOTE 2: This ratio does not include the statistical multiplexing gain.
NOTE 3: For DVB-S2X, the effective number of video streams is computed for 3 transponders to take into account

the digital bonding.

5.2.4 Example Scenario 2: Ka-band Multi-Beam broadcasting satellite
5.24.0 General

This example scenario concerns with a broadcasting satellite system in BSS Ka-band frequencies (21,4 to 22,0 GHz).
The satellite is assumed at 10 °E geostationary orbit providing broadcasting services to eight linguistic beams covering
Europe as shown in Figure 63. The frequency plan associated with 8 beams is defined according to a4 colour scheme as
shown in Figure 64. Each beam consists of 5 carriers with a total bandwidth of 300 MHz.

As abenchmark, a Ku-band broadcasting satellite at the same geostationary orbit with similar DC power envelope of
15 kW is considered. The 15 kW DC power envelope typically allows to accommodate up to 64 Ku-band transponders,
each with a120 W TWTA power amplifier.

The Ka-band satellite payload is assumed to have 40 active Ka-band transponders (5 transponders per beam) with single
carrier per transponder. The TWTA power amplifier per transponder is assumed to radiate 200 W power at the peak. A
nominal bandwidth of 54 MHz per IMUX/OMUX filters and an adjacent frequency spacing of 60 MHz between
transponders are assumed.

Figure 65 shows two examples of outage probability as function of atmospheric attenuation for geographical locations
within the coverage area. The atmospheric attenuation is computed according to Recommendation I TU-R P.618 [i.34].
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Figure 65: Examples of atmospheric attenuation statistics in Ka-band (scenario 2)
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5.24.1  Study cases for reference scenario 2
5.2.4.1.0 Introduction

Considering system reference scenarios as outlined for example scenario 2, severa study cases are defined to establish a
benchmark performance according to the existing DVB-S2 solutions as well as enhanced solutions according to DVB-
S2 and DVB-S2X specifications. The definition and justification of each study caseis outlined below. A summary of
key parameters associated to the each study caseis provided in Table 29.

5.2.4.1.1 Study case 2.1: Ku-band reference system with DVB-S2 and legacy receiver

This study case serves as a benchmark, outlining the expected performance of legacy DVB-S2 receiversin a
conventional Ku-band system with a single beam and wide coverage over Europe using a broadcasting satellite with an
envelope DC power of 15 kW. The payload consists of 64 transponders in Ku-band. Considering the transponder
bandwidth and the transponder spacing, a baud rate of 30 MBaud is considered for this study case. The target service
case isthe broadcasting of UHD quality television channels with an average rate of 20 Mbits/sec per channel. The target
availability for each channel is 99,9 %.

5.2.4.1.2 Study case 2.2: Ku-band reference system with DVB-S2 and enhanced receiver

Similar assumptions as case 2.1 is considered here except for the receiver capability of mitigating inter-symbol
interference. In this case, the receiver remains compliant with DV B-S2 protocol according to the broadcasting profile
while allowing for the optimization of the symbol rate. In particular, the receiver is assumed to beresilient to inter-
symbol interference caused by IMUX/OMUX filters.

5.2.4.1.3 Study case 2.3: Ku-band reference system with DVB-S2X with channel bonding

In this study case, DVB-S2X receivers with channel bonding and CCM transmission mode is considered. Similar to
Case 2.1 and 2.2, UHD video quality with 99,9 % service availability is assumed.

5.2.4.1.4 Study case 2.4: Ka-band system with DVB-S2 and enhanced receiver

This study case examines the use of DV B-S2 together with an enhanced receiver and HEV C video decoder to deliver
UHD video quality content to the end users in Ka-band multi-beam broadcasting satellite system. A service availability
of 99,9 % istargeted. The DVB-S2 receiver in this case operatesin CCM transmission mode.

5.2.4.1.5 Study case 2.5: Ka-band system with DVB-S2X

This case examines the use of DVB-S2X air interface and enhanced receiver that supports VCM in broadcasting profile.
The receiver is equipped with HEV C decoder to receiver two classes of video qualities; UHD at 99,0 % service
availability and alower quality video HEV C coded at 2 Mbits/sec to complement the UHD stream at 99,9 % service
availability.

5.2.4.1.6 Study case 2.6: Ka-band system with DVB-S2X and 97,0 % UHD availability

This study caseis similar to Case 2.5 except for the service availability of the UHD quality TV program that is relaxed
t0 97,0 %.
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Table 29: A summary of parameters for Study cases applied to Scenario 2

Study Case

p Case2.1 | Case2.2 | Case23 | Case24 | Case25 Case 2.6
arameter
Scenario (see note 1) Ku-band benchmark Ka-band Multi-beam
Transponder Frequency Spacing (MHz) 40 40 40 60 60 60
Transponder Bandwidth (MHz) 36 36 36 54 54 54
Total Number of Transponders 64 64 64 40 40 40
Aggregate bandwidth (MHz) 2560 2560 2560 2400 2 400 2 400
(see note 2)
Number of Carriers per transponder 1 1 1 1 1 1
Air Interface (DTH Profile) DVB-S2 DVB-S2 | DVB-S2X DVB-S2 DVB-S2X | DVB-S2X
Receiver Assumptions (see note 3) Legacy |Enhanced | Enhanced | Enhanced | Enhanced | Enhanced
Transmission Mode CCM CCM CCM CCM VCM VCM
Video CODEC HEVC HEVC HEVC HEVC HEVC HEVC
Average bit Rate per stream (Mbits/sec) 20 20 20 20 20 (HQ) 20 (HQ)
2(LQ) 2(LQ)
Availability 99,9 % 99,9 % 99,9 % 99,9 % 99,0 % 97,0 %
99,9 % 99,9 %

NOTE 1: Ku-band frequency between 10,2 GHz and 12,2 GHz for BSS applications according to ITU radio
regulations in Region 2 are considered. For multi-beam Ka-band system, the Ka BSS frequency band
21,4 GHz to 22,0 = GHz in both polarizations is considered.

NOTE 2:

(8 beams and 4 colour frequency reuse).
NOTE 3: An enhanced receiver can support a higher symbol rate and tolerate a larger inter symbol interference.
See the text for further discussion legacy and enhanced receiver.

The total frequency used for this scenario in both polarization (if applicable) and frequency re-use factor 2
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Table 30: A summary of key link budget parameters for Scenario 2

Li Silely Gase Case2.1 | Case2.2 | Case23 | Case24 | Case25 [Case2.6
ink budget parameters
Scenario Ku-band benchmark Ka-band Multi-beam
EIRP at Saturation (dBW) (see note 1) 535 53.5 60.7 60.7 60.7 60.7
OBO (dB) (see note 2) 0.5 0.3 0.3 0.3 0.5 1.5
Fade Margin for 99,9 % availability (dB) 3 3 3 9.4 9.4 9.4
Fade Margin for 99,0 % availability (dB) N/A N/A N/A N/A 3.4 N/A
Fade Margin for 97,0 % availability (dB) N/A N/A N/A N/A N/A 2.2
User Terminal minimum antenna size 65 65 65 65 65 65
(cm)
Terminal G/T (dB/K) for 99,9 % of the 12,7 12,7 15,5 15,5 15,5 15,5
time
Terminal G/T (dB/K) for 99,0 % of the N/A N/A N/A N/A 15,7 N/A
time
Terminal G/T (dB/K) for 97,0 % of the N/A N/A N/A N/A N/A 16,2
time
C/NO (dBHz) for 99,9 % of time 83,7 83,7 83,7 82,5 82,5 82,5
C/NO (dBHz) for 99,0 % of time N/A N/A N/A N/A 87,5 N/A
C/NO (dBHz) for 97,0 % of time N/A N/A N/A N/A N/A 89,3
Adjacent Satellite C/I (dB) 13 13 13 22 22 22
Co-Channel Interference (dB) N/A N/A N/A 20 20 20
(see note 3)
C/(N+1) (dB) for 99,9 % of the time 7,7 7,1 7,1 5,2 51 4,1
C/(N+I) (dB) for 99,0 % of the time N/A N/A N/A N/A 10,5 N/A
C/(N+1) (dB) for 97,0 % of the time N/A N/A N/A N/A N/A 11,1
Baud Rate (MBaud) 30 34 34 51 51 51
MODCODs 8PSK3/5 QPSK 5/6 QPSK 5/6 QPSK 2/3 8PSK 5/6 16APSK
(HQ) 2/3 (HQ)
QPSK 2/3 | QPSK 3/5
(LQ (LQ)
Required Threshold (dB) 6,6 57 57 3,6 10,4 (HQ) | 10,8 (HQ)
3,6 (LQ) 2,8 (LQ)
Link Margin (dB) (see note 4) 11 1,4 1,4 1,6 1,5 1,3
NOTE 1: EIRP is computed for continuous wave and the power amplifier operating at saturation (zero input back-
off).
NOTE 2 The Output back-off is computed according to the modulation scheme assigned to the transponder in each
case. See Table 22 for the selected OBO values per modulation.
NOTE 3: Due to multi-beam co-channel interference.
NOTE 4: The link margin is only reported for the Lower Quality stream in case of DVB-S2X. For a higher quality
mode, no excessive margin is required since the system can switch to lower quality mode. A minimum of
1,0 dB link margin is maintained in the link budget analysis.
5.2.4.2 Comparative performance results for reference scenario 2

Table 31 presents a summary of the performance results for cases studied under example scenario 2. For each case, the
effective bit rate per transponder as well as the total number of video channels delivered by the broadcasting satellite in
this example scenario is reported.

It can be noted that:

. The use of DVB-S2 enhanced receivers (case 2.2), compared to the legacy receivers (case 2.1), do not offer
any improvement in terms of the number UHDTV channels and only provide a marginal improvement (4 %)
in terms of the throughput per transponder.

. DVB-S2X channel bonding used in the Ku-band (case 2.3) offers around 11 % increase in the number of
UHDTV channels compared to DVB-S2 (case 2.2).

e  Theuse of DVB-S2 enhanced receiver with UHD video quality in Ka-band (case 2.4) shows a significant
reduction (37%) in the number of video streams compared to a Ku-band broadcasting satellite with the same
15 kW DC power envelope (case 2.2).

. The use of DVB-S2X enhanced receiver with UHD video quality in Ka-band can offer a significant increasein
the number of channels compared to DVB-S2 in Ka-band. The increase in the number of UHD channelsis
around 100 % (case 2.5 or case 2.6 ) compared to DVB-S2 (case 2.4).
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Table 31: A summary of performance results - Scenario 2

= Sl CEEe Case 2.1 Case 2.2 Case 2.3 Case 2.4 Case 2.5 Case 2.6
arameter
Scenario Ku-band benchmark Ka-band Multi-beam
Transponder IM(UMXA%MUX Bandwidth 36 36 36 60 60 60
Total Number of Transponders 64 64 64 40 40 40
Symbol Rate (MBaud) 30 34 34 54 54 54
Air Interface (DTH Profile) DVB-S2 DVB-S2 DVB-S2X DVB-S2 DVB-S2X DVB-S2X
Receiver Assumption Legacy Enhanced | Enhanced | Enhanced | Enhanced | Enhanced
Transmission Mode CCM CCM CCM CCM VCM VCM
Average bit rate per video stream 20 (HQ) 20 (HQ)
(Mbits/sec) 20 20 20 20 2 (LQ) 2 (LQ)
Assigned MODCODs 8PSK 3/5 | QPSK5/6 | QPSK5/6 | QPSK 2/3 | 8PSK 5/6 |16APSK 2/3
(HQ) (HQ)
QPSK 2/3 | QPSK 3/5
- - ) (LQ) (LQ)
Effective bit rate per transponder
(Mbits/sec) 54,3 56,5 56,5 67,9 118,1 122,4
Digital Bonding (see note 1) N/A N/A Yes N/A No No
Fractional number of video streams per 27 28 2.8 34 54 56
transponder (see note 2)
Statistical multiplexing gain 8 % 8 % 23 % 12 % 16 % 16 %
Effective number of video streams per 3 3 10/3 3 6 6
transponder (see note 3)
Total number of video streams (TV 64x3= 64x3 = 192 64x10/3~ | 40x3= 40x6 = 40x 6 =
channels) delivered by the satellite 192 213 120 240 240

NOTE 1:
NOTE 2:
NOTE 3:

account the digital channel bonding gain.

For DVB-S2X (CCM), the channel bonding can be applied to up to 3 transponders.
This ratio does not include the statistical multiplexing gain.
For DVB-S2X CCM, the effective number of video streams is computed for every 3 transponders to take into

6

6.0 Introduction

Interactive applications

Broadband interactive services are optimized when delivered over multi-spot network, thanks to the possibility to re-use
many times the available user frequency spectrum for alarge number of user beams. Indeed, an increased number of

High Throughput Satellite (HTS) are being launched to support this technology.

The new S2X specification foresees new MODCODSs, caled 'linear' MODCODSs (indicated by a'-L' notation in the
MODCOD name), which have been optimized for alinear channel and in the presence of phase-noise (see note), thus
bringing gains of mixed value (in some cases up to about 1 dB lower SNR for the same spectral efficiency). In addition,
afiner granularity of the MODCODs has been introduced, reducing the SNR threshold distances from the 1 dB to

1,5 dB of DVB-S2 to an average of about 0,4 dB to 0,5 dB in S2X thereby reducing the extra system margin of ACM-

based systems.
NOTE:

See Table H.3 in clause H.8 (S2X Specification).

Finally, as a normative feature, S2X mandates the support of a higher modulation order; 64-APSK, as opposed to the
optional 32APSK of DVB-S2. Thisresultsin an expected spectral efficiency gain of up to 10 %.

There are higher order modulations also optionally available in DVB-S2X, with modulations up to 256 points, thus
further increasing the possible spectral efficiency for systems where the link budget allows operating at a higher SNIR

levels.

The Very Low SNR MODCODSs can also be optionally used in DVB-S2X allowing operation of broadband networksin
regions affected by heavy atmospheric fading, at Ka-band, or operating at higher frequency (e.g. Q/V-band) or equipped
with small antenna (even mobile) terminals.
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The simulated performance over the linear channel of DV B-S2 (blue markers connected with a blue solid line) and
DVB-S2X (red markers connected with ared solid line) are shown in Figure 66. Normal FECFRAME size is assumed.
For DVB-S2X a5 % roll-off has been used, while 20 % has been used for DVB-S2.

Operationsin single-carrier per HPA mode is also foreseen for broadband interactive servicesin DVB-S2X thanks to
the inclusion of MODCODS which has been specifically optimized for this configuration. This system configuration
typically represents legacy single beam networks as well as future multi-beam networks where on-board limitations do
not prevent such operations. Further to the MODCODs specified for DTH, 64 APSK constellations optimized over the
non-linear channel are also normative in broadband interactive services use.

Optionally, 128APSK and 256 APSK constellations optimized over the non-linear channel can also be used.

6

T+

f

spectral efficiency [bps/hz]
including roll-off overhead

—=—S52 (RO=20%)
—=—52-X (RO=5%)

1 <10 9 -8 7 6 -5 4 3 2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

C/Nref [dB]
Figure 66: Efficiency versus C/Nref (noise integrated over symbol rate x (1 + roll_off))
for the same occupied bandwidth (Linear Channel)

6.1 Performance over next generation multi-oeam broadband
systems

6.1.0 General

The scope to this clause isto report the system performance obtained with the application of new S2X specifications to
two examples of next generation multi-spot-beam satellite systems in Ka-band. The presented analysis provides results
in terms of capacity and spectral efficiency, comparing the following aspects:

. Usage of DVB-S2X set of MODCODs w.r.t. DVB-S2: finer granularity and larger spectral efficiency range.
. Usage of a sharper roll-off factor: 5 % instead of 20 %.

The considered error performance and threshol ds are based on to the results given in clause 4.5.3. In particular, the
following table summarizes the additional losses that have been derived from those results in order to be applied on top
of the AWGN error performance of the DVB-Sx standard. The losses do not include the non-linear distortion
contributions, which have been instead taken into account by the system simulator, while they take into account the
degradation due to phase noise and inter-symbol interference.
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Table 32: Additional losses

Modcod Losses roll-off [Losses roll-off Modcod Losses roll-off [Losses roll-off
20% (dB) 5% (dB) 20% (dB) 5% (dB)
BPSK1/5 0.5 0.6 32APSK 2/3-L 0.6 0.8
BPSK11/45 0.5 0.6 32APSK 32/45 0.6 0.8
BPSK1/3 0.5 0.6 32APSK 11/15 0.6 0.8
QPSK 2/9 0.5 0.6 32APSK 3/4 0.6 0.8
QPSK 1/4 0.5 0.6 32APSK 7/9 0.6 0.8
QPSK 13/45 0.5 0.6 32APSK 4/5 0.6 0.8
QPSK 1/3 0.5 0.6 32APSK 5/6 0.6 0.8
QPSK 2/5 0.5 0.6 32APSK 8/9 0.6 0.8
QPSK 9/20 0.5 0.6 32APSK 9/10 0.6 0.8
QPSK 1/2 0.5 0.6 64APSK 32/45-L 0.8 1.0
QPSK 11/20 0.5 0.6 64APSK 11/15 0.8 1.0
QPSK 3/5 0.5 0.6 64APSK 7/9 0.8 1.0
QPSK 2/3 0.5 0.6 64APSK 4/5 0.8 1.0
QPSK 3/4 0.5 0.6 64APSK 5/6 0.8 1.0
QPSK 4/5 0.5 0.6 128APSK 3/4 3.2 3.5
QPSK 5/6 0.5 0.6 128APSK 7/9 3.2 3.5
QPSK 8/9 0.5 0.6 256APSK 29/45- 4.0 4.2
QPSK 9/10 0.5 0.6 | 256APSK 2/3-L 4.0 4.2
8APSK 5/9-L 0.5 0.6 256APSK 31/45- 4.0 4.2
8APSK 26/45-L 0.5 0.6 | 256APSK 32/45 4.0 4.2
8APSK 3/5 0.5 0.6 256APSK 11/15-| 4.0 4.2
8PSK 23/36 0.5 0.6 | 256APSK 3/4 4.0 4.2
8PSK 2/3 0.5 0.6
8PSK 25/36 0.5 0.6
8PSK 13/18 0.5 0.6
8PSK 3/4 0.5 0.6
8PSK 5/6 0.5 0.6
8PSK 8/9 0.5 0.6
8PSK 9/10 0.5 0.6
16APSK 1/2-L 0.5 0.6
16APSK 8/15-L 0.5 0.6
16APSK 5/9-L 0.5 0.6
16APSK 3/5-L 0.5 0.6
16APSK 26/45 0.5 0.6
16APSK 3/5 0.5 0.6
16APSK 28/45 0.5 0.6
16APSK 23/36 0.5 0.6
16APSK 2/3 0.5 0.6
16APSK 25/36 0.5 0.6
16APSK 2/3-L 0.5 0.6
16APSK 3/4 0.5 0.6
16APSK 13/18 0.5 0.6
16APSK 4/5 0.5 0.6
16APSK 5/6 0.5 0.6
16APSK 7/9 0.5 0.6
16APSK 8/9 0.5 0.6
16APSK 9/10 0.5 0.6
16APSK 77/90 0.5 0.6

However, it has been assumed to have a better carrier phase tracking algorithm with respect to clause 4.5.1 in order to
avoid excessive losses due to phase noise for the 128APSK and 256APSK.

To assess these aspects, two realistic multi-spot beam star access scenarios for High Throughput Satellite (HTS),
operating in the exclusive Ka-band, have been considered as baseline. The considered satellite on-board antenna
architecture is a Single Feed Per Beam (SFPB) with reflector diameter of 3,7 m. The first system consist of 200 beams
and corresponds to the one specified in clause 4.4.2.1.2.3 with the following changes:

e  Thecarrier bandwidth is 75 MHz and consequently the number of carriers per beamis 3.
. Each TWTA amplifies two beams (for atotal of 6 carriers) with 100 W saturated output power.

e  ThelBO applied for each TWTA has been optimized in order to maximize the capacity and set to 7 dB.
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Another reference network has been defined as well. It isaregional coverage scenario with similar system parameters

as one of
[ ]

the first network except for:

the number of beams, which have been limited to only 40; and

one TWTA per feed is used, with saturated output power of 200 W.

With these assumptions, given the same on-board antenna, the coverageis limited to aregional European coverage.

For this exercise, non-linearity distortions of the on-board HPA's have been taken into account by considering the trend
of intermodulation interference (C/IM) and of the Output Back-off (OBO) as a function of the Input Back-off (IBO), of
the number of carriers amplified by one TWTA and of the particular modcod under analysis. Results for the newly

introduced modcods are presented in Figure 68.
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Figure 67: Considered C/IM as function of the IBO

200 multi-spot beam European scenario

Description of the scenario

This scenario represents a possible future network which exploits evolutions of currently available satellite platforms.

Gateway:

- Feeder link bandwidth in Q/V-band: 4 GHz in two polarizations.

User link frequency plan:

a 500 MHz user link bandwidth, two polarizations, 4 colors;

b) 250 MHz beam bandwidth;
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¢) 3carriersof 75 MHz per beam.
e  Carrier baud rate: 62,5 Mbaud, roll-off = 0,2
o  Satdlite
a) 100 TWTAsof 100 W saturated output power (1 every two beams);
b) Total FWD RF power: 10 KW,
c) 6cariersper TWTA,;
d) Saturated Ptx per carrier: 25 W,
e) IBO = optimized, 7 dB.
. User Terminal:
a AntennaDiameter: 0,6 m;
b) AntennaEfficiency: 0,65;
¢ NF=2dB.

The antenna pattern is showed in Figure 68, while the color scheme over the coverage and user link frequency plans are
the same asin Figure 18b.

Figure 68: 200 beams European coverage

6.1.1.1  Baseline performance with DVB-S2, roll-off 20 %

The baseline performance for this scenario are driven by the following SNIR distribution over the coverage and the
related DVB-S2 modcod distribution is shown in Figure 70.
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PDF vs Quantized total SNIR dB ower the Coverage
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Figure 69: Baseline 200 beams scenario SNIR Probability Density Function

Traffic weighted modcod PDF vs Modcod index

(poopon)dad

Figure 70: Baseline 200 beams scenario MODCODs distribution with DVB-S2

Asthe SNIR PDF analysis shows, the system is equally C/N and C/I limited and the maximum achievable SNIR is

around 15 dB. In these conditions, the maximum achievable spectral efficiency isthe one of 32APSK 4/5 with a small

usage of 32ASPK 5/6.
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Performance with DVB-S2X, roll-off 20 %
With the full set of DVB-S2X MODCODs the resulting distributions of their probability of usage is showed in

Figure 71 (C/l, C/N and SNIR distributions are basically the same in the clause 6.1.1.1).

6.1.1.2

Traffic weighted modcod PDF vs Modcod index

0.04

0.02

Figure 71: 200 beams scenario MODCODs distribution with DVB-S2X

It is evident that finer granularity allows to better exploit the spectral efficiency plan, leading to a more uniform
distribution and to a higher average capacity. Also, adlightly wider spectral efficiency rangeis used now.
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6.1.1.3  Performance with DVB-S2X, roll-off 5 %
By reducing the roll-off, the carrier symbol rate is increased, with the following main two consequences:

e  Thesignal power spectral density (PSD) is now integrated over alarger bandwidth and therefore the C/N
distribution (and so the total SNIR) results slightly lower w.r.t. the baseline scenario; this effect is reflected by
the MODCOD distribution.

. The overall capacity, proportional to the symbol rate, increases linearly.
With aroll-off of 5%, asymbol rate of 71,4 Mbaud has been considered.

The following two figures represent these two effects:
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Figure 72: 200 beams scenario SNIR probability distribution function with roll-off 5 %
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Traffic weighted modcod PDF vs Modcod index
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Figure 73: 200 beams scenario MODCODs distribution with DVB-S2X and roll-off 5 %

Table 34 summarizes the overall capacity results for the three cases related to this european scenario.

Table 33: Performance summary and comparison between DVB-S2,

DVB-S2X and DVB-S2X with reduced roll-off

DVB-S2x roll-off | DVB-S2x roll-
20% off 5%

137

125

121

FW Capacity

(Gbps)

3.24

3.37

3.27

n (b/s/Hz)
Gain

13.2%

3.3%

9.6%

w.r.t. DVB-S2x, roll-

off 20%

The performance improvement resulting from the application of the new set of modcods corresponds to 3,27 % w.r.t.
DVB-S2, mainly due to the finer granularity. With the roll-off reduction from 20 % to 5 % instead, the gain in

performance risesto 13,

2 % with respect to DVB-S2 and to 9,6 % w.r.t. DVB-S2X with 20 % roll-off. The reduction of

the SNIR in fact does not penalize significantly the average spectral efficiency (from 3,37 to 3,24 bit/sym), while the

increased symbol rate allows for a higher capacity.

-spot beam regional scenario

40 muilti

6.1.2

Description of the scenario

6.1.2.0

This scenario provides an example of regional system with very high throughput requirements.

Gateway:

Feeder link bandwidth in Q/V-band: 4 GHz in two polarizations
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. User link frequency plan:
a) 500 MHz user link bandwidth, two polarizations, 4 colors;
b) 250 MHz beam bandwidth;
c) 3cariersof 75 MHz per beam.
J Carrier baud rate: 62,5 M baud, roll-off = 0,2.
o  Satdllite:
a) 40 TWTAsof 200 W saturated output power (1 every two beams);
b) Tota FWD RF power: 8 KW;
c) 3carriersper TWTA,;
d) Saturated Ptx per carrier: 66,6 W,
€) I1BO =optimized, 8 dB.
. User Terminal:
a)  AntennaDiameter: 0,6 m;
b) AntennaEfficiency: 0,65;
¢ NF=2dB.

The antenna pattern is showed in Figure 68, while the color scheme over the coverage and user link frequency plans are
the same asin Figure 18b.

7pe TR Antenha Gain [dB]
Af

Figure 74: 200 beams European coverage

6.1.2.1 Baseline performance with DVB-S2, roll-off 20 %

The baseline performance for this scenario are driven by the following SNIR distribution over the coverage and the
related DVB-S2 modcod distribution is shown in Figure 76.
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PDF vs Quantized total SNIR dB over the Cowverage
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Figure 75: Baseline 40 beams scenario SNIR PDF

Traffic weighted modcod PDF vs Modcod index
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Figure 76: Baseline 40 beams scenario MODCODs distribution with DVB-S2
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Performance with DVB-S2X, roll-off 20 %

Traffic weighted modcod PDF vs Modcod index

Figure 77: 40 beams scenario MODCODs distribution with DVB-S2X

Performance with DVB-S2X, roll-off 5 %

ETSI

With DVB-S2X the extended set of MODCODs results in the distribution showed in Figure 77 (C/I, C/N and SNIR

maximum achievable SNIR is around 18 dB. Thisimplies that the most efficient modcod availablein DVB-S2 is
distributions are basically the same as above).

In this scenario, due to the higher available power per carrier, the system is mainly interference limited and the
heavily used, i.e. 32APSK 9/10, with a spectral efficiency of 4,45 bit/symb.

6.1.2.2

| | | |
Qs
g 3 S p 8 8 S 8 744
o o o o o o o
(pooponw)4ad

In this case, the higher SNIR available in average on the link allows for alarger use of the very high SNR modcods, up

to 64APSK 5/6. This allows the users with very efficient link to achieve much higher peak data-rate. Also in this case,
The following figures provide the SNIR distribution when 5 % roll-off is used and the related average MODCODs

the finer granularity allows to better exploit the spectral efficiency plan, leading to a more uniform distribution and to a
usage in the system.

higher average capacity.

Asin clause 6.1.1.3, by reducing the roll-off the system spectral efficiency is reduced while the overall capacity is

increased.

6.1.2.3



ETSI TR 102 376-2 V1.1.1 (2015-11)

108
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Figure 78: 40 beams scenario SNIR probability distribution function with roll-off 5 %
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Figure 79: 200 beams scenario MODCODs distribution with DVB-S2X and roll-off 5 %

Despite the reduction of the overall average SNIR of about 1 dB, very high efficiency MODCODs are still used.

Table 35 summarizes the overall capacity results for the three cases related to this european scenario.
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Table 34: Performance summary and comparison between DVB-S2,
DVB-S2X and DVB-S2X with reduced roll-off

DVB-S2x roll- DVB-S2x
off 20% roll-off 5%
32.8 36.5

FW Capacity 31

(Gbps)

n (b/s/Hz) 4.21 4.38 4.26

Gain 5.8% 17.7%
11.2%
w.r.t. DVB-S2x,
roll-off 20%

The performance improvement resulting from the application of the new set of modcods corresponds to 5,8 % w.r.t.
DVB-S2, mainly due to the finer granularity. With the roll-off reduction from 20 % to 5 % instead, the gain in
performance risesto 17,7 % with respect to DVB-S2 and to 11,2 % w.r.t. DVB-S2X with 20 % roll-off. The reduction
of the SNIR in fact does not penalize significantly the average spectral efficiency, while the increased symbol rate
alowsfor ahigher capacity.

6.1.3 Conclusions on the performance of DVB-S2X for next generation
broadband networks

In next generation satellite broadband interactive networks DV B-S2X can bring capacity gains up to around 20 % with
respect to DVB-S2. The majority of the gain comes from the exploitation of the 5 % roll-off. The exploitation of very
high efficiency modulations brings non-negligible gain in system with high EIRP, while the higher granularity bring
also some additional gains. Much higher gains (not addressed in this clause) come from intra-system interference
mitigation techniques.

7 Contribution services, data content
distribution/trunking and other professional
applications

Professional services and DSNG contribution links typically use receive stations with larger antennas (compared to
DTH terminals). Moreover, thanksto ACM and/or uplink power control, these services can operate at very low SNR
margins. These services will therefore benefit from the new MODCODs introduced by DV B-S2X (especialy thosein
the high SNIR region).

Typical SNR valuesrange from 10 dB to 14 dB (DSNG-type of applications) and from 12 dB to 18 dB (backhaul, 1P
trunking, and professional distribution).

Professional services (such as professional distribution or P trunking) can be operated in single-carrier per transponder
mode (in C- and Ku-band). However, these and other professional services, including DSNG contribution are typically
operated in multiple-carrier per transponder scenarios (in C-, Ku-band and Ka-band).
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Figure 80: Performance for Professional SNR region (Linear Channel)

Asanormative feature for professional applications, S2X mandates the support of a higher modulation orders up to
256APSK, as opposed to 32APSK of DVB-S2. Thisresults in spectral efficiency gains up to 51 % as depicted in
Figure 80, which zoomsin on the typical operational region for professional applications.

Thanks to the low roll-off, finer granularity and improved MODCODs, significant gains are possible with up to 2,5 dB
SNR gain for the same spectral efficiency, or up to 21 % (sub-12 dB region) and 51 % (sub-20 dB region) efficiency
improvements for the same SNR value.

The Very Low SNR MODCODs can a so be optionally used in DVB-S2X alowing operating professional servicesin
high atmospheric fading areas.

Operationsin single-carrier per HPA mode is also foreseen in DVB-S2X thanksto the inclusion of MODCODs which
have been specifically optimized for this configuration. This system configuration can for instance be useful for
professional distribution or P trunking point-to-point links. The white paper on DTH details the performance in such
configuration in the DTH SNR range. In addition, 64APSK, 128APSK and 256APSK constellations optimized over the
non-linear channel are also normative for professional services.

Gains can also come from sharper roll-off, dependant on the network configuration, i.e. whether the it is operated as an
"open system” or as a " closed system™” and whether the on-board HPASs are operated in single carrier or multi-carrier
mode. In multi-carrier mode, it is expected that the (1 + roll-off) rule applies, as near optimum performance are
achieved when the carriers within the transponder do not overlap in frequency. In single carrier mode, when the
network is shared by different operators using different uplink stations, the satellite operator may impose a maximum
occupied bandwidth so that again the (1 + roll-off) rule applies. When the (1 + roll-off) rule applies, and assuming that
in the occupied bandwidth the transponder bandwidth limitations are not generating significant distortions, sharper roll-
offs allow a proportional increase of the transmitted symbol rate. In this case the Spectral efficiency gain depends on the
SNR region. For example, comparing S2 with roll-off 20 % to S2X with roll-off 5 %, the symbol-rate increase is 14 %,
the receiver noise power increases by 0,6 dB, and the net gain in the professional region varies from 8 % (SNR = 10 dB)
to 11 % (SNR = 20 dB).

In "closed systems"', where the network is fully utilized by one operator, and the satellite payload is operated in single
carrier per HPA mode, the operator itself may decide on how to optimize the inter-transponder interferencein order to
optimize the overall system capacity.
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8 VL-SNR applications

8.0 Introduction

Anincreasing number of DV B-S2 terminals have been used on trains, buses, boats, airplanes, and military platformsin
recent years despite the fact that they were not the originally intended applications. Support for these applications was
therefore included in the design of DVB-S2X, introducing VL-SNR configurations to increase the operating range to
cover current and emerging applications which can benefit from operation at very low SNR.

A guiding principle of the VL-SNR support is that actual use of the VL-SNR MODCOD's will likely be minimized, due
to their inherently restricted spectral efficiency. Adaptivity and co-existence were therefore given high priority.

The VL-SNR MODCODs, frame structure and some suggested synchronization techniques for VL-SNR frames are
described in annex B. VL-SNR frames can be a seamless part of a DVB-S2X carrier. It should be noted however that it
isalso possible to include VL-SNR framesin a conventional DVB-S2 carrier, where they will appear to

non-V L-SNR-aware receivers as using MODCOD's otherwise not used in the system and therefore skipped.

Receiversrestricted to VL-SNR frames and thus unable to detect other frames can operate in what effectively amounts
to burst mode, detecting each frame independently. If desired, superframe structures can be used to provide a more
permanent synchronization state, within which the VL-SNR frames are more easily detected. This possibility is
addressed in annex C.

The VL-SNR MODCOD's are all punctured from a common mother code. Some of them are also shortened; the details
are given in the normative document. Puncturing and shortening are both operations that reduce the number of coded
symbols. The motivation for these operationsisto simplify implementation while achieving the desired performance
and frame sizes that are commensurate with both DVB-S2X and DV B-S2.

The next clause describes Use Cases for Very Low SNR Operation.

8.1 Operation in Heavy Fade Conditions

In applications that need to cope with heavy fade conditions, the extended dynamic range offered by VL-SNR operation
can be used to improve signal availability. For two-way applications this will normally be done using ACM, so

VL -SNR frames are only used as needed, carrying traffic to disadvantaged receivers. In a broadcast application, VCM
can be applied in combination with VL-SNR to achieve high availability of at least of areduced-quality version of the
signal. A simple example of such an arrangement is discussed in clause 5.1.1, where a high-definition signal is
broadcast using a highly spectrally efficient MODCOD, while alower-definition version is transmitted using a more
robust MODCOD.

An example of such asystem is provided in the following. This example analyses a K -band spot beam system
providing service to the Indian sub-continent. The propagation conditions at 19,75 GHz areillustrated in Figure 81 and
shown in more detail for an example location in Figure 82. Further link parameters are summarized in Table 35; they
are representative of alink employing a DTH-grade receiver.
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Figure 82: Cumulative rain fade statistics for example location

Table 35: Link parameters for VL-SNR example

Satellite

Km
deg

60.00

SAT Orbital height
SAT Longitude

deg
deg
deg

78.00
56.17

22.00

GW Latitude
GW Longitude
GW Elevation
GW Altitude

Gatewa

0.05

User Terminal
UT Latitude

deg
deg

6.30
80.60

UT Longitude

80.6
64.02

UT Longitude

deg

UT-SAT Elevation
UT Altitude

GIT

0.66
13.2

dB
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Theresulting link quality is summarized in Figure 83, as afunction of the downlink EIRP. As the figure shows, closing
thislink at 99,9 % availability requires an EIRP of 60 dBW, even assuming the most robust VL-SNR MODCOD

(10 dB). 99,7 % can be achieved with 53 dBW - the differenceislargely that of the rain fade (see Figure 82). Without
accessto VL-SNR MODCOD's, the 60 dBW would be required just to achieve 99,7 %.

15

India
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EIRP per carrier [dB]

Figure 83: C/(N+I) as a function of EIRP, Ka-band example

Extrapolating the values for 60 dBW to lower availabilities provides results as summarized in Table 36, which also
contains likely usable MODCOD's and corresponding approximate spectral efficiencies. For multi-level
coding/simul cast applications, an acceptable operating point may be 99 % availability for the high-quality signal and
99,9 % for the lower quality. The example values would alow the high-quality signal to be transmitted using QPSK
rate-2/3, with the lower-quality signal being sent at the most robust VL-SNR MODCOD (n/2 BPSK 1/5 short SF2).

Table 36: Link performance for example location, 60 dBW

Availability Fade dB C/(N+]) dB MODCOD Bits/symbol
99,9 % 16 -10 /2 BPSK 1/5 short SF2 (0,08

99,7 % 9 -3 /2 BPSK 1/3 medium 0,3

99,0 % 3 +3 QPSK 2/3 1,3

8.2

Reception using small-aperture antennasis of interest for example for broadcast or broadband forward links to terminals
mounted on-board aircraft, where the antenna aperture size is restricted by mechanical considerations. Such signals
suffer from adjacent-satellite interference (ASl). An analysis of thiswas made in[i.11]. A further illustration of this
point can be derived from the ASI assessment carried out in clause 4.4.1.5.1 and annex F. Using the assumptions,
antenna patterns and cal culation methods of annex F (Ku-band, ~3° orbit spacing), the total C/(N+l) as afunction of the
effective aperture size is shown in Figure 84. The link quality enters the range where VL-SNR MODCOD's are required
when the aperture size is below about 15 cm. It isimportant to notice that thisis the effective aperture size in the plane
of the geostationary arc, as seen from the terminal. Many antennas used on aircraft, such as for example louvered flat-
panel antennas, have non-circular gain patterns that exhibit very different effective aperture sizes depending on their
orientation. It is not usually possible to adjust this orientation, so the effective pattern depends on the link geometry
("skew angle™).

Small-Aperture Antenna Reception

If the calculation of annex F is reversed such that the wanted satellite is one of the medium-power ones (48 dBW) rather
a high-power one (53 dBW), the situation becomes more severe, as shown in Figure 85. Here, the VL-SNR frames are
required when the effective aperture size is smaller than approximately 40 cm. With practical aircraft antennas, this may
often be the case. The end of the range supported in DVB-S2X (-10 dB) is reached for apertures of approximately
15cm.
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Figure 84: Effect of ASl as a function of aperture size, high-power wanted satellite
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Figure 85: Effect of ASI as a function of aperture size, medium-power wanted satellite

8.3 Contribution Links Originating from Small-Aperture
Terminals

Such links are increasingly being used for streaming high-quality video from aeronautical terminals, but they may also
for example be used for inbound links in broadband access systems with high aggregation, where the physical-layer
performance of a continuous carrier starts to outweigh the multiplexing advantage of a multiple-access scheme such as
TDMA.

Uplink transmissions need to respect regulatory ASI limits, which are usually expressed as maximum off-axis Power
Spectral Density (PSD) as a function of the off-axis angle. In this example, only interference to the geostationary arc is
considered. The absolute PSD limits vary with frequency band and regulatory regime. Here, as an example the United
States Federal Communi cations Commission (FCC) regulation for terminalsin Ky-band is considered

47 CFR 25.222 [i.27]. This regulation specifies a maximum PSD of 15-25logi10(®) dBW/4 kHz, for off-axis angles ®
between 1.25° and 7°. The nominal orbital spacing for this regimeis 2°. The off-axis angle to the next satellite is then
~2,2°. Allowing 0,2° for pointing errors brings the off-axis point of main interest back to 2°. We again use as an
example the antenna patterns from annex F.
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At the 2° offset, the intercept points between the mask and the antenna patterns all occur in the main lobe, so the effect
of the regulatory limits can be determined simply by considering the gain difference between the boresight and the
offset angle. Thisisillustrated in Figure 86, as a function of antenna size.

Given the maximum PSD at the offset angle (Po), the maximum boresight PSD is higher by the gain difference 4G
shown in Figure 86. Further given the path loss Lp, the satellite receive G/T and the reference bandwidth Br, we can
compute the maximum achievable C/N as:

C G
N R+AG-L, +?—kB—10Ioglo(Br)

where kg = -228,6 dB (JK) is Boltzmann's constant. The maximum PSD at 2° offset is-2,3 dBW/4 kHz; hence

Br = 4000. Further, apath loss L, of 208 dB and a satellite receive G/T of 6 dB is assumed, corresponding to atypical
regional Ky-band system. The resulting maximum achievable C/N is shown in Figure 87. This figure does not take into
account any interference or atmospheric impairments. We see that VL-SNR MODCOD's alow operation with antenna
sizes down to approximately 35 cm. Asfor the downlink operation (see clause 8.2), it is noted that thisis the effective
aperture size, which can vary substantially with the orientation of the antennarelative to the geostationary orbit.

Difference between gain at boresight and 2° offset, dB

Antenna diameter, cm

Figure 86: Example gain differences between boresight and pointing to next satellite, dB

Maximum achievable C/N, dB

Antenna diameter, cm

Figure 87: Maximum achievable C/N for example system, dB

ETSI



116 ETSI TR 102 376-2 V1.1.1 (2015-11)

Annex A:
Linear MODCODs

In addition to smaller granularity MODCODs for DTH/VSAT applications, VL-SNR and very high SNR MODCODs,
DVB-S2X also defines several "linear channel MODCODS' to be used in for multi-carrier per transponder
configurations. The constellations for these MODCODs have been chosen based on their linear channel performance.
For instance Figure A.1 shows the capacity comparison of DVB-S2X 64-APSK constellation (8 + 16 + 20 + 20 APSK)
in comparison with several alternatives. Through extensive simulations, this constellation has actually proven to be very
competitive on nonlinear channels as well and robust in the presence of significant phase noise.

This constellation is the basis for the 64APSK-L MODCOD, mentioned in Table 1 and Table 25 above. All the
MODCODs with the suffix -L in those tables were also optimized for alinear (multi-carrier) channel.

Channel Capacity

6
55 |
8+12+20+24 APSK =
5 8+16+20+20 APSK = ]
2 I ‘ ‘ ’ ‘ L i L~
£ 16+20+28 APSK
o 4.5 ] e
E \. —
5, =T
= 64-QAM
35 £
3

110 120 130 140 150 160 170 180
Es/No (dB)

Figure A.1l: Capacity Comparison of 64APSK Constellations

Another example of alinear MODCOD, which is explained here, isthe 16APSK-L for 64k LDPC of code rate 2/3. The
required EJ/No for this modcod to achieve Quasi Error Free FER = 10° over the linear AWGN channel is 8,43 dB. In
DVB-S2, asimilar modcod exists, with a different 16APSK constellation and a different LDPC code. It should be noted
that the S2 MODCOD uses tr = 10 as error correction capability for BCH, while the S2X MODCOD usest = 12. This
resultsin adightly higher effective code rate for the S2 MODCOD (0,0744 % higher rate), but for the sake of this
comparison, the difference may be ignored.

The S2 modcod requires for the same condition ES/No = 8,89 dB, which means that the additional gain from the new
S2X MODCOD is 0,46 dB. About 0,2 dB from this gain come from the newly optimized LDPC code and the optimized
bit interleaver (in S2, the bit interleaver read-out pattern was constant for all MODCODs except 8PSK, 3/5), while

0,26 dB come from the optimized shaping of the constellation. It is worth to mention that the constellation is still an
APSK constellation and that such large shaping gains are usually not possible, when compared with 16QAM uniform
constellations. In such cases, the maximum shaping gain for 16-ary constellationsisin the order of 0,1 - 0,2 dB [i.22].
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Annex B:
DVB-S2X VL-SNR Modes

B.1 VL-SNR MODCODs

DVB-S2X has addressed the demand for MODCODs operating in critical SNR scenarios by defining low rate, n/2
BPSK MODCODs that can operate at ES'No aslow as-10 dB. /2 BPSK modulation has been preferred over BPSK
due to its better spectral properties. Furthermore, as described in Appendix B, DVB-S2X allows the insertion of
VL-SNR frames into regular DVB-S2X or legacy DVB-S2 frames without causing extra synchronization overhead to
those frames.

Thenine VL-SNR MODCODs are given in Table 38. As shown in the table, al of the MODCODs are punctured from a
mother code. Some of the MODCODs are a so shortened. Both puncturing and shortening are operations that reduce the
number of coded symbols. The motivation for these operationsis to make the size of VL-SNR frames, in the presence

of 900 symbol mobile header and extra pilot symbols, the same as the size of alegacy DVB-S2 frame size. That way,
the new VL-SNR frames can be used together with legacy S2 VCM/ACM receivers where the legacy receivers would
just skip the VL-SNR frames.

For some MODCODs, spreading by afactor of 2 (SF2) is applicable. This spreading refers to bit-wise repetition of the
encoded hits. If the encoded bit sequenceis b0, bl, b2, etc., the repetition will transform thisinto b0, b0, b1, bl, b2, b2,
etc., which isthen fed to the n/2 BPSK hit-to-symbol mapper.

Table B.1: VL-SNR MODCODs

MODCOD Xs P Xp
QPSK 2/9 normal 0 15 3240
/2 BPSK 1/5 medium 640 25 980
/2 BPSK 11/45 medium 0 15 1620
/2 BPSK 1/3 medium 0 13 1620
/2 BPSK 1/5 short SF2 560 30 250

/2 BPSK 11/45 short SF2 0 15 810
/2 BPSK 1/5 short 0 10 1224
/2 BPSK 4/15 short 0 8 1224
/2 BPSK 1/3 short 0 8 1224

The exact algorithm for puncturing/shortening is given in the standard. The performance of the VL-SNR MODCODs s
shown in Figure B.1.
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Figure B.1: Performance of VL-SNR MODCODs on AWGN Channel
(Black: mother codes, Red: shortened/punctured codes)

The reason for shortening two of the MODCODs s to reduce the minimum operating ES/No to around -10 dB and to
have the same type MODCODSs (i.e. within VL-SNR set 1 and VL-SNR set 2) as uniformly spaced as possible.
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B.2 VL-SNR Frame and pilot structure

VL-SNR MODCODs are primarily intended for mobile and very small terminalsin degraded channel conditions
operating in the same time-multiplexed carrier with fixed and/or normal sized terminalsin good channel conditions.
One of the technical challenges for supporting such a wide EJ/N, range in asingle network with ACM isto maintain
receiver synchronization for all the terminals. The original DV B-S2 PL S header, which is designed to operate reliably at
slightly lower than -2,5 dB EJ/N, using 90 symbols of overhead per LDPC code frame, is no longer adequate for the low
end MODCODsin the DVB-S2X. A straightforward extension of the DVB-S2 PL S header design would require
significantly higher transmission overhead to all terminals. Considering the fact that mobile and disadvantaged
terminal's should be among a small minority population in the network, this situation would be unacceptable.

DVB-S2X has chosen an alternative approach which allows regular terminals to use the original 90-symbol PLS Header
with minor modification to support the larger number of MODCODs. As shown in Figure B.2, terminal s with higher
EJ/N, continue to use a 90-symbol PL S header (regular frame sync), and therefore are not penalized by accepting
mobile or disadvantaged terminals into the network. Each code frame intended for mobile or disadvantaged terminal
also contains a 90-symbol PL S header which signals to the normal terminals that the following is a frame for aVL-SNR
terminal, and specifies the length of the code frame (only two lengths are allowed). A regular terminal can then skip this
code frame and look for the next PLS header at the corresponding time with no disruption of frame synchronization.

VL SNR
Frame

Regular
Frame

Regular
Frame

Regular
Frame

Regular Frame VL SNR frame Sync Regular Frame
Sync Sync

VL SNR
Frame

Regular
Frame

Regular
Frame

Regular Frame VL SNR frame Sync Regular Frame
Sync Sync

Figure B.2: Time-multiplex format of a DVB-S2 extension carrier
consisting of both regular code frames and code frames for VL-SNR terminals

On the other hand, user terminals operating at signal-to-ratio far below depend on a new, robust header specialy
designed for VL-SNR code frames to demodul ate and decode reliably. Since VL-SNR code frames are freely mixed
with DVBS2 code frames, the receiver cannot anticipate when they occur. Furthermore, because VL-SNR isintended to
support mobile operation, the signal may be frequently lost due to blockage, for example, and resynchronization hasto
be rapid. Thus, the VL-SNR receiver operates asif it isin a burst mode, rather than continuous tracking. Based on the
simulation study at near -10 dB Es/No, a set of 900-symbol unique word patterns are chosen for the burst mode frame
synchronization of VL-SNR frames.

DVB-S2X aso alows VL-SNR frames to be mixed with regular S2 frames without disturbing the reception of DVB-S2
frames when the legacy DVB-S2 terminals operate in VCM/ACM mode. To achieve this, VL-SNR frames are assigned
an unused MODCOD and TY PE by legacy S2 services, such as QPSK 9/10 with pilot for VL-SNR set 1, and 16APSK
9/10 with pilot for VL-SNR set2. The legacy S2 terminal would then be able to skip the VL-SNR frame. As a matter of
fact, the legacy terminal can even take advantage of some of the pilot symbolsin the VL-SNR frame, because the
positions of the pilot symbolsin legacy S2 frames are maintained in VL-SNR frames as well, as shown in Figure B.3
and Figure B.4, namely 36 pilot symbols occur after every 16 dots of symbols.
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33282 symbol.
1 2 18 19 21

PLS VLSNR | Coded Coded Coded Coded Coded Coded Coded Coded Coded Coded Coded Coded PLS

P P P P Ploeans P
s i EpIE e Enme Epep
90 900 540 36 703 34 703 36 703 34 703 36 703 34 703 36 702 36 702 36 702 36 702 36 720 90

33282 symbol.
1 2 18 19 21

PLS VLSNR | Coded Coded Coded Coded Coded Coded Coded Coded Coded Coded Coded Coded PLS

P P P P Ploeans P
Header| Sync | ymbol Lol ot ymbols| P | ¢+ ¢+ ymbol Lol ot ymbol ot bols | Header
90 900 540 36 703 34 703 36 703 34 703 36 703 34 703 36 702 36 702 36 702 36 702 36 720 90

Figure B.3: VL-SNR Setl Frame Structure
16686 symbols
1 2 9 10
PLS VLSNR | Coded p Coded Coded p Coded Coded p Coded Coded p Coded Coded p Coded PLS
Header Sync Symbols Symbols Symbols Symbols Symbols| = | ***** Symbols Symbols Symbols Symbols Symbols | Header
90 900 540 36 704 32 704 36 704 32 704 36 704 32 704 36 702 36 702 36 360 90
16686 symbols
1 2 9 10

PLS VLSNR | Coded p Coded Coded p Coded Coded p Coded Coded p Coded Coded p Coded PLS
Header Sync Symbols Symbols Symbols Symbols Symbols| = | ***** Symbols Symbols Symbols Symbols Symbols | Header
90 900 540 36 704 32 704 36 704 32 704 36 704 32 704 36 702 36 702 36 360 90

Figure B.4: VL-SNR Set2 Frame Structure

In specific cases VL-SNR frames according to S2X standard may be inserted in a DV B-S2 transmission without
disturbing the regular reception of the DV B-S2 frames by legacy receivers capable of ACM/VCM operation. In order
for legacy receiversto continue exploit pilot symbolsinserted in VL-SNR frames, these pilots symbols should be
scrambled in the same way as DVB-S2. On the other hand, VL-SNR header symbols should not be scrambled since
they are used in the synchronization of VL-SNR frames. As aresult of these two requirements, scrambling sequence is
reset at the beginning of VL-SNR header. The scrambling sequence is then advanced during the VL-SNR header, but it
is not applied until the FEC frame starts.

B.3 VL-SNR MODCOD Signalling

Excluding the two dummy symbols at the beginning and the end, each of the 900-symbol unique words consists of 16
symbol sections of 56 symbols each. Each of the segments can be transmitted asis or in reversed polarity. The polarity
of these segments signals the MODCOD of the following code frame, as summarized in Table B.2. These patterns are
taken from Walsh-Hadamard sequence of length 16 and are therefore mutually orthogonal to one another.
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Table B.2: VL-SNR MODCODs

VL-SNR set 1
Walsh-Hadamard Seq. MODCOD Length
+H++++t QPSK 2/9 normal
+ + + + + + + /2 BPSK 1/5 medium
++  ++ o+ /2 BPSK 11/45 medium
+  ++  ++ /2 BPSK 1/3 medium
FHH+ - 11/2 BPSK 1/5 Spread Factor 2 short
+ o+ttt o+ 11/2 BPSK 11/45 Spread Factor 2 short
++  ++ ++  ++ unassigned
+ A+t + unassigned
++++ ++++ unassigned
VL-SNR set 2
Walsh-Hadamard Seq. MODCOD Length
++ +H++ ++ /2 BPSK 1/5 short
+ + A+ + /2 BPSK 4/15 short
PN /2 BPSK 1/3 short
+ o+ + o+ dummy N/A
+ + + + + ++ unassigned
I+ e unassigned
+ 4+ 4+ 4+ + o+ unassigned

NOTE:

Mother block sizes, normal N = 64800, medium N = 32400, short N = 16200

To detect the 900-symbol UW, a segment-coherent detection technique has been demonstrated to be effective even

at -10 dB EJ/No. A segment is defined to be a fraction of one of these 56-symbol sections. The potential frequency
uncertainty relative to the lowest symbol rate to be supported determines the size of a segment. The phase roll acrossa
segment has to be sufficiently small, such that an average phase reference can be estimated for each of these segments.
The coherently correlated information can then be non-coherently combined among each of these segments to estimate
frequency offset, phase reference, as well as the presence of one of the possible UWSs. For frequency uncertainty within
one percent of the symbol rate, segment coherent detection generally detects the frame synchronization reliably at ES/No
near -10 dB. Figure B.5 shows an example of probabilities of miss and false detection as a function of the normalized
UW matching, (e.g. al bits match = 1.0; 60 % of the bits match = 0.6) with a frequency error of one percent of the

symbol rate.
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Figure B.5: Probabilities of miss and false detection vs. normalized UW matching at
Es/No =-9,6 dB with frequency offset at one percent symbol rate,
symbol timing uncertainty uniformly distributed between -2 and ¥2 symbol intervals
and phase noise (Ka 2012)

For cases where frequency uncertainty is greater than one percent of the symbol rate, a quadri-correlator frequency
acquisition loop [i.23] may be used to reduce the frequency uncertainty down to less than one percent, after which the
segment-coherent combining approach can be applied. Figure B.6 shows that the quadri-correlator acquires the
frequency from alarge frequency offset near 3 percent of the symbol rate at -9,6 dB EJ/No after several hundred
thousand symbols of root-Nyquist filtered APSK modulated symbols as expected.
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Figure B.6: Frequency acquisition performance of a quadri-correlator loop at Es/No of -9,6 dB

B.4 VL-SNR Dummy Frames

Even though the quadri-correlator frequency acquisition loop performs well in most circumstances, it can falsely lock to
an adjacent carrier when the frequency error with respect to the symbol rate is greater than the roll-off factor of the
filter, asillustrated by Figure B.7. Here, the frequency error is ARs, and the roll-off factor is o. Since the receive filter
takes in a non-negligible amount of the energy from an adjacent channel, the quadri-correlator has a small probability to
lock to the adjacent channel. Since the receiver has no knowledge when aVL-SNR code frame may be transmitted, it
may stay locked to the adjacent channel unless atime-out mechanism is available to force the receiver to break the
frequency lock and reacquire its carrier again.
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Figure B.7: Significant energy from the adjacent carrier enters
the receiver when frequency error is greater than the roll-off factor of the filter

The VL-SNR dummy frame is designed to deal with this situation. For applications with receiver frequency error
comparable to the roll-off factor, aVL-SNR dummy frame isinserted if no VL-SNR frame has been transmitted for the
last n code frames, where n is a system parameter configurable by the network operator. A terminal trying to acquire its
frequency in the VL-SNR region expectsto receive either aVL-SNR frame, or aVL-SNR dummy frame after its
quadri-correlator has acquired a carrier. If neither a VL-SNR code frame, or aVL-SNR dummy frame isreceived for a
timeinterval corresponding to a multiple of n code frames, it is most likely locked to an incorrect carrier, and
reacquisition has to be initiated.

Alternatively, a step search approach can also be used in conjunction with the dummy frame time-out mechanism
without a quadri-correlator. In this case, the frequency uncertainty range is divided into bins for which segment-
coherent acquisition can be accomplished reliably. The search algorithm will dwell on abin for a multiple of n code
framesto try to find a VL-SNR UW, including that of aVL-SNR dummy frame. The search algorithm moves on to the
next candidate frequency bin if nothing is found in the time-out interval. This approach is typically slower than the
approach using the quadri-correlator with large frequency uncertainty, but can perform very well if the frequency
uncertainty is moderate.
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Annex C:
Super-Framing structure

C.0  General description

The super-framing structure is added to the DVB-S2X specification ETSI EN 302 307-2 [i.2] in annex E as an optional
transmission mode and is designed such to combine the benefits of the conventional transmission of PLFRAMEs (e.g.
just-in-time transmission of PLFRAMEs, which can in general be of different sizesand MODCOD) with the ones of a
regular framing structure. This regular structure implies substantial benefits in demodulation performance as well asin
enabling new functionalities.

In particular, the super-framing structure;

o Enables new techniques like beam-hopping, precoding see clause C.5, and multi-user detection at the user
terminal.

. I's future-proof because of signalling of the super-frame content format on a per super-frame basis, which
alows introducing new formatsin a clean way (receiver processes only known formats) as well as enables
even aformat multiplex.

. Achieves arobust receiver synchronization under severe channel conditions (e.g. VL-SNR or mobility):
- Timing synchronization and symbol rate offset estimation.
- Early frequency offset estimation and correction.
- Phase tracking (re-initialization) support.

. Enhances interference resilience and mitigation techniques due to super-frame aligned two-way scrambling
(two parallel scramblersindependently configurable) and use of orthogonal Walsh-Hadamard (WH) sequences
as reference/ training sequences (e.g. for pilots).

All these advantages are supported at the expense of avery limited increase of framing overhead.

The super-framing concept follows the rule of "super-frame as a container" hosting format-specific content as
visualized in Figure C.1. The preamble always consists of:

. Start of super-frame (SOSF) as areference/ training sequence (chosen from a set of Walsh-Hadamard (WH)
sequences).

. Super-frame format indicator (SFFI), which signals the actual format of the super-frame content and is
protected by a simplex code in combination with spreading.

Since all super-frame transmissions have in common this preamble and a constant super-frame length independent of
the content, areceiver can always detect and synchronize to this structure. Thus, prior to any payload processing robust
synchronization w.r.t. carrier frequency offset and timing (frequency) offset can be established as demonstrated in
clause C.3, where also the structure of the SFFI can be exploited. After decoding the SFFI, the receivers can identify
unsupported or unwanted formats and discard these super-frames but stays synchronized.
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Scrambler Scrambler
«— RESET «— RESET

SOSF ‘ Format-specific rules for ressource allocation and content

A
\

Superframe Length = 612,540 symbols
Distance between 2 scrambler resets = 612,540 symbols

- 720 symbols for SOSF + SFFI
- Format-specific allocation of 612540 — 720 = 611820 symbols

Figure C.1: Super-frames of constant length - independent of the choice of a super-frame format,

which specifies the resource allocation and content

In particular, the super-framing structure is meant to give improvement compared to the conventional framing approach
w.r.t. the following issues:

Simplified and more reliable PLFRAME / PLH detection and tracking due to constant super-frame length and
aresource allocation grid compared to the irregular frame lengths or framing structure of the conventional
framing approach.

PLH protection is enhanced by super-frame aligned scrambling (potentially of different n per carrier)
compared to a non-programmable physical layer scrambling sequence for the PLH.

Regular pilot-grid - in some formats even regular over super-frame borders - simplifies the phase tracking task
compared to a per PLFRAME processing.

Selectable and orthogonal pilot sequences to reduce the co-channel or adjacent interference compared to a
single sequences in the conventional framing approach.

VL-SNR synchronization is simplified and more reliable due to the super-frame structure compared to the
conventional way of detecting the VL-SNR framesin burst mode (on a per-symbol search grid).

C.1

Application Scenarios and System Setup

C.1.0 Introduction to Super-Frame Formats

The super-frame concept provides the ability to be applied in new network topologies required for new techniques like
precoding or beam-hopping/switching. Suitable super-frame formats are identified in the following clauses.

C.1.1 Focus of Super-Frame Formats

The five different super-frame formats exhibit different features according to their focus:

Format 0: DVB-S2X including VL-SNR frame.

Wide re-use of the DVB-S2X specification ETS| EN 302 307-2 [i.2] is made, while only the pilot structure has
been modified in comparison to the conventional scheme. Therefore, the application scenarios remain the same
asfor the conventional scheme (see main clauses of the present document), where the super-framing and the
related pilot structure give additional support to the receiver synchronization being of special value under VL-
SNR conditions.

Format 1: Legacy support of DVB-S2.

Like in format O, wide re-use of the DVB-S2 specification ETSI EN 302 307-1 [i.1] is made, while only the
pilot structure has been modified in comparison to the conventional scheme. The main focusis here on legacy
support having the same application scenarios as stated in ETSI TR 102 376-1[i.3].

Format 2 and 3: Bundled PLFRAME formats.
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. These two formats specify bundling of XFECFRAMEs in order to achieve constant size PLFRAMES
independent of the used MODCOD. This feature is the result of the optimization for precoding to enhance the
capabilities of broadband interactive networks as shown in clause C.5, but also DSNG and professional

Services.

. Format 4: Flexible multi-purpose format.

. Thisformat focus mainly on wide-band transmission since its PLH provides the SID/ISI/TSN according to the
application case. Nevertheless, it is also suitable for other application cases asindicated by Table 1in ETSI
EN 302 307-2[i.2].

. Four different PLH protection levels enables support of scenarios for VL-SNR applications but also high
efficiency signalling for the high SNR and high throughput case. Although the protection level can change on
a per super-frame basis which is advantageous for traffic shaping, it is always assured that each receiver can
perform PLH tracking.

C.1.2 Comparison of Super-Frame Format Features

The following comparison table gives an overview over the features and configuration possibilities of the different
super-frame (SF) formats.

Table C.1: Comparison of features of the different super-frame formats

supports the receiver acquisition where to search for the PLH.

Feature Format 0 Format 1 Format 2 Format 3 Format 4
Resource Capacity-Unit- Capacity-Unit- | Static grid aligned |Static grid aligned Capacity-Unit-
allocation of based grid based grid to super-frame to super-frame based grid
PLFRAMEs (CU =SLOT) (CU = SLOT) and constant size |and constant size (CU =SLOT)
(see note) bundled bundled
PLFRAMEs PLFRAMEs
VL-SNR support |VL-SNR frame for No PLS spreading 6 | PLS spreading 4 Pointer of first
burst mode and static location |and static location PLH and PLS
reception spreading for VL-
SNR PLH tracking
Special pilots for Yes No No No Yes
VL-SNR
Super-frame Yes Yes No, always ON No, always ON Yes
pilot switching
ON/OFF
Super-frame Periodicity kept Periodicity kept Periodicity Periodicity Periodicity kept
pilot periodicity from SF to SF from SF to SF SF-internal SF-internal from SF to SF
Wide-band Yes, when using No No No Yes, extended
support the extended PLHEADER
PLHEADER always used
Payload data PLFRAME PLFRAME SF-aligned SF-aligned SF-aligned
scrambling scrambling scrambling payload data payload data payload data
scrambling scrambling scrambling
MODCOD- No No Pilot field P2 Pilot field P2 Dummy frames
specific Training respects signalled |respects signalled | respect signalled
data MODCOD MODCOD MODCOD
Super-frame No No Yes, always Yes, always Possible, if
termination terminated by terminated by dummy frames of
constant amount | constant amount type B used
of dummy of dummy (= adaptive SF
symbols symbols padding)
NOTE: A resource allocation grid may support the implementation of merging PLFRAMESs into super-frame but also
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C.1.3 Application Scenario Beam-Hopping/ -Switching

Beam-hopping or -switching means an adaptive activation/deactivation of beams according to the actual traffic demand.
Thisis beneficial due to limited power of the satellite and changing traffic demand over time. Most likely there are
illumination time schedules to keep the receivers synchronized to the network. However, this operation mode raises
some requirements to the waveform:

Regular frame boundaries

Frame boundaries are corresponding to beam switching time slots, which refers here to SF-boundaries. i.e.
switching granularity is provided on a per-super-frame basis.

Guard timeswithin the signal

To not destroy important data of the signal during a switching event, dummy datais required. This dummy
data have also to be precisely aligned in time with the switching cycles. The super-framing structure supports
this by means of super-frame termination:

- Format 2 and 3 provide a constant amount of dummy symbols at the end of each SF, which can be
exploited as guard time.

- Format 4 provides the possibility to use dummy frames of type B for adaptive SF padding and
termination, which can be exploited as adjustable guard time according to the padding length.

Anchor training sequences (" M eansto facilitate framere-acquisition")

For fast re-synchronization of the receivers after start of illumination, anchor training sequences are required
which provide a high probability of single-shot detection. Furthermore, aregular pilot grid may also support
the re-synchronization process.

- The SF structure provides a strong anchor by means of the SOSF and SFFI. Also the pilot grid is aways
regular w.r.t. the SF structure.

Asshown in[i.26], expected gains can be achieved w.r.t.:

Reduced number of on-board power amplifiers
Capability to cope with traffic uncertainty
Reduction in DC power consumption

Reduction in the unmet capacity requests

For an exemplary scenario of 70 beams over Europe used for beam-switching and a traffic demand according to DDSO
2012 Requirements, expected gains are (as provided in [i.26]):

Capacity increase by +15 %
Reduction of the unmet and excess capacity by 20 %
Better flexibility in allocating capacity to the beams with high traffic demand

Lower DC power consumption (< 50 %)

These conclusions were drawn when comparing the conventiona way of serving the user terminals shown in Figure C.2
to a system applying beam-hopping shown in Figure C.3.
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Figure C.2: Demanded and served traffic in a conventional system
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Figure C.3: Demanded and served traffic in case of beam-hopping systems

C.2 Clarifications and Additional Explanations of the
Specification

C.2.0 General

This clause provides further explanations and clarifications w.r.t. the super-framing (SF) specification givenin ETSI
EN 302 307-2[i.2], annex E.

C.2.1 Common Super-Frame Structure

C.2.1.1 SF-Scrambler Implementation and Justification for Two-Way
Scrambling
In analogy to ETSI EN 302 307-1 [i.1], the SF scrambling sequence generation can be accomplished as shown in

Figure C.4. Note that different settings for n other than 0 need either a modified x-register initialization or running the
X-register iteration n-times before starting the remaining parts of the scrambling sequence generator.
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\J 2((i + 524 288) modulo (2%-1))

Figure C.4: Implementation of the scrambling sequence generator

Note that each format specifies the way of applying the two-way scrambler to the super-frame content. While applying
the two-way scrambler to the start of super-frame (SOSF) preamble and super-frame format indicator (SFFI) is
mandatory, each format specifies for each format element the way of super-frame scrambling to be:

. by-passing the two-way scrambler; or
. applying the reference data scrambler according to a chosen ni; or
. applying the payload data scrambler according to a chosen ngay.

This method provides more degrees of freedom for scrambling in order to optimize signal randomization and
interference management.

C.2.1.2 Two-Way Scrambler Configuration and SOSF and Pilots Sequence
Selection in Interference Scenarios

Co-channel interference is commonly more critical than adjacent channel interference because of de-correlation of
signals by frequency offset, less interference power and commonly different values for ne, and npay. Therefore, co-
channel interference is considered in more detail.

The two-way scrambling design covers both the (quasi-) synchronous and asynchronous Co-Channel Interference (CCl)
scenarios:

1) The(quasi-) synchronousscenario istypical of a multi-beam single satellite with frequency reuse. In this
case, the SOSFs are time-aligned and carrier frequency is almost the same:

The SOSF and pilot CCl isamost eliminated thanks to the WH sequence orthogonality, which enables
distortion-free estimation of amplitude and phase of both signals.

The payload of the SF is covered by a carrier-unique scrambling sequence. Therefore, an enhanced CCI
robustness can be expected compared to applying no SF-wide scrambling, which provides no CCI isolation for
SOF and limited isolation for pilot fields (not for DTH case).

2) Theasynchronousscenario istypical of uncoordinated satellite systems (e.g. different operators), where
SOSFs and pilots of different signals show an arbitrary time shift w.r.t. each other. Although the designis
optimized for the first scenario, it is also fully compatible with the asynchronous scenario.

Since the SOSFs and pilots are not time-aligned, the CCI reduction is achieved by the mutual cross-correlation
properties of the SF elements. Complex payload scrambling for interference randomization; SOSFs (and
pilots) using WH sequences with joint or carrier-unique scrambling sequences. Similar CCI robustness can be
expected compared to applying no SF-wide scrambling.

The choice and combination of the orthogona Walsh-Hadamard-Sequences (WH) for SOSF and Pilots together with
the parameters for scrambling (nrer, and ngay) depend on the interference scenario at hand. However, it hasto be assured
that the terminals are informed about the (actual) system configuration by provided side-information or that hypothesis
testing is limited.
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Case-Study: (Quasi-) Synchronous CCIl of Same Super-Frame Format

In this case, two signals from two beams superimpose quasi synchronoudly in time and at the same carrier frequency.
Thisisvisualized in Figure C.5, where SF format 4 is used for this example. In such a system, aterminal hasto be able
to apply interference mitigation or cancellation techniques which are based on channel estimates of the different signals.
These estimates are derived from reference sequences like SOSF, ST, or pilots, which has to be orthogonal w.r.t. the
other signals. In order to exploit the orthogonality of the different WH sequences of the different signals, the interfering
signals have to feature the same reference data scrambling n.. However, the payload data has to be as de-correlated as
possible, wherefore different values for n,sy may be used for different signals.

Reset of scrambler

/ For joint and Color
carrier-specific
Signal 1 scrambling legend
SOSF (WH) ST| P1 P1
Sequence 1 SFFI SFH 1| WH e WH il Signal 1
Joint 1S 1S Reference data
scrambler scrambler ON
Signal 1 specific Payload
payload scrambler scrambler ON

Similar properties of both carriers (both
Signa I 2 pilots on) assumed; otherwise the carrier
with pilots can not assume orthogonality

SOSF (WH) ST| P2 P2

e 2 SFFI SFH 5> | wH payload WH payload signal 2
Joint 1S I Reference data

scrambler scrambler ON

Figure C.5: Scrambling principle in a synchronous interference case to exploit orthogonality,
where SF format 4 is used for this example

For system setup it may be beneficia to limit the number of possible values for the WH sequence indices as well asfor
Nrer, @Nd Npay For faster identification. In the following, an example for a system with 128 beams is provided by means of
Table C.2, where the spatial distance between different beam footprintsis exploited for re-using values for the WH
sequence set (for SOSF, ST, pilots) and Npay.

NOTE 1: The depicted WH sequence set numbersin Table C.2 have not to refer directly to a WH sequence index
but to arequired specification which WH sequences for SOSF, ST, and pilots are applicable per set.
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Table C.2: Exemplary setting for a system with 128 beams

WH seq. set n_ref | n_payload Assigned beams

0 12 15 0 32 | 64 | 96

1 12 16 1 33 | 65 | 97

2 12 17 2 34 | 66 | 98

3 12 18 3 35 | 67 | 99

4 12 19 4 36 | 68 | 100
5 12 20 5 37 | 69 |101
6 12 21 6 38 70 | 102
7 12 22 7 39 | 71 | 103
8 12 23 8 40 | 72 | 104
9 12 24 9 41 73 | 105
10 12 25 10 42 74 | 106
11 12 26 11 43 75 | 107
12 12 27 12 44 76 | 108
13 12 28 13 45 77 | 109
14 12 29 14 46 78 | 110
15 12 30 15 47 79 | 111
16 12 31 16 48 80 | 112
17 12 32 17 49 81 | 113
18 12 33 18 50 | 82 | 114
19 12 34 19 51 83 | 115
20 12 35 20 52 84 | 116
21 12 36 21 53 85 | 117
22 12 37 22 54 | 86 | 118
23 12 38 23 55 | 87 |119
24 12 39 24 56 88 | 120
25 12 40 25 57 89 | 121
26 12 41 26 58 90 | 122
27 12 42 27 59 | 91 | 123
28 12 43 28 60 | 92 | 124
29 12 44 29 61 93 | 125
30 12 45 30 62 | 94 | 126
31 12 46 31 63 | 95 | 127

According to this approach, 32 different signals on the same carrier can be distinguished, because all use the same
(exemplary) reference data scrambling index nie = 12. The terminal acquisition may be;

1) Termina identifies SOSF/ST/Pilot sequence set viatesting 32 hypothesis, which refersto the first column in
Table C.2. In case of format 4, 270 symbols SOSF + 90 symbols ST + 36 pilot symbols = 396 symbols can be
used for WH sequence set detection.

2)  Applicable payload scrambling index npsy is deduced from Table C.2.

NOTE 2: Thereisaunique value for nyy per WH sequence set number in the exemplary setting, wherefore the
SFFI structure can aso be exploited during acquisition phase 1 to enhance the detection probability, see
clause C.3. Thiswould correspond to an effective amount of 495 symbols for detection of SOSF & SFFI
and thusin total: 495 symbols SOSF& SFFI + 90 symbols ST + 36 pilot symbols = 621 symbols.

3) Ildentification of the actual beam, where the terminal islocated, can be accomplished e.g. by some payload
content like a configuration and EPG stream.

Unfortunately, it islikely that the superimposing signals are not perfectly synchronous, i.e. quasi-synchronous w.r.t.
alignment in time of a few symbols offset. Then, the orthogonality cannot be exploited in a straight forward way.
Reasons for non-synchronous signals of two beams could be:

. Different satellites
. Different gateways

. Same gateway, but non-phase-stable synchronized modulators
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However, as a counter-measure to this slight timing offset, formats 2 and 3 provide dummy symbols at the end of the SF
and format 4 provides adummy frame of arbitrary content (= modulator specific), for example ISl = 254, type B. Thus,
the very last (dummy) symbols of the super-frame can represent a cyclic extension of the SOSF. An FFT into frequency
domain of the received symbols will transform the time shift into a phase rotation, which may ease exploiting
orthogonality and time shift estimation.

C.2.1.3 Padding for 128APSK

Asstated in ETSI EN 302 307-2 [i.2], clause 5.3.2.2, padding is required for modulation 128APSK: 6 zero padding bits
are specified for ainteger amount of symbols: (64 800 + 6) / 7 = 9 258 symbols. Further padding of 12 symbols at the
end of an XFECFRAME isrequired for completely filled dots: (9 258 symbols + 12 symbols) / 90 = 103 dlots.

C.2.2 Additional information related to Format 0 and 1

Format O includes the possibility to transmit VL-SNR frames. Therein, some MODCODs specify spreading which
refers to bit-wise repetition of the encoded bits. If the encoded bit sequenceis b0, bl, b2, etc., the repetition will
transform this into b0, b0, bl, bl, b2, b2, etc., which isthen fed to the n/2 BPSK hit-to-symbol mapper.

C.2.3 Additional information related to Format 2 and 3
C.2.3.0 General aspects

Thenotes 1, 2, and 3 below Table E.3in ETSI EN 302 307-2 [i.2] mentions that no shortening/puncturing is applied.
This means for the LDPC codes and the BCH code as specified in Table 7 in ETSI EN 302 307-2 [i.2] that this induces
the following block sizes.

Table C.3: Coding Parameters without shortening/puncturing

LDPC Code BCH uncoded BCH coded block Noch BCH t-error LDPC coded block
Identifier block Kpch LDPC uncoded block Kidpc correction Nidpc
2/9 normal 14 208 14 400 12 64 800
1/5 medium 6 300 6 480 12 32 400
11/45 medium 7 740 7 920 12 32 400
1/3 medium 10 620 10 800 12 32 400
1/5 short 3072 3240 12 16 200
11/45 short 3792 3960 12 16 200

C.2.3.1 Implementation of Spreading
Spreading is applicable for:

. PL S code by means of repetition of entire codewords. Since the PLS codeword is of 64 bit length, the
repetition can be accomplished in the binary domain or after bit-to-symbol mapping.

Format 2 uses a spreading factor of 6.
Format 3 uses a spreading factor of 4.

. Some MODCODs in Format 2 referring to n/2 BPSKwith spreading 2. Bit-wise repetition is employed for
spreading asit described in clause C.1.2 and at the beginning of annex B.

C.2.4 Additional information related to Format 4
C.2.4.1 Modulation and Coding

Considering Table E.6 in ETSI EN 302 307-2[i.2], it should be noted that QPSK 1/4 short/normal refersto the
MODCOD 1 plus additional spreading. Asindicated by Table E.6, MODCOD 32 and 36 refer to QPSK rate 1/5, where
signalling of "normal size" refers to medium size rate 1/5 according to clause 5in ETSI EN 302 307-2 [i.2], but herein
combination with QPSK instead of BPSK. Signalling of "short size" refers to the short size rate 1/4 code from S2, i.e.
MODCOD 1 short size plus additional spreading, which is actually implemented as a rate 1/5 code.
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The Note 1 below Table E.6 in ETSI EN 302 307-2 [i.2]mentions that no shortening/puncturing is applied. This means
for the medium size rate 1/5 code using the BCH code as specified in Table 7 in ETSI EN 302 307-2 [i.2], which leads
to the following block sizes:

Table C.4: Coding Parameters for medium FECFRAME njgpc = 32 400 w/o shortening/puncturing

LDPC Code BCH uncoded BCH coded block Noch BCH t-error LDPC coded block
Identifier block Kpch LDPC uncoded block Kigpc correction Nidpc
1/5 6 300 6 480 12 32 400

In Table E.8, only normal and short size is considered. Concerning the MODCODs 32 and 36, the calculation w.r.t. the
medium size XFECFRAMEs are as follows.

Table C.5: XFECFRAME lengths in CUs according to MOD, SPREAD, and size

Modulation bit/symbol 2 2

Spreading 5 2

CUs, Medium XFECFRAME 960 (see note) 384 (see note)

CUs, Short XFECFRAME 480 (see note) 192 (see note)

Num. MOD/COD/Spread, uo =0 |32 36

NOTE: XFECFRAMEs with SPREAD > 1 contain additional pilot
SLOTSs, which are included in the length calculation.

C.2.4.2 Implementation of Spreading

In Format 4, spreading is detailed in annex E of ETSI EN 302 307-2 [i.2], clause E.3.6.6, which refers to application of
spreading by repeating entire codewords/frames.

C.2.4.3 VL-SNR operation in connection with CCM/ACM/VCM

The target SNR or robustness isindicated by the PLH protection level signalled by the SFH. For ACM/VCM operation
below 0 dB SNR, it is recommended to use SF-pilots ON. In case of aVL-SNR CCM, i.e. PLH protection levels 1 or 2,
SF-pilots are not required because of constantly present VL-SNR-pilots. A receiver that detects PLH protection level 1
or 2 in combination with SF-pilots off may assume a constant presence VL-SNR-pilots, i.e. only spread MODCODs are
expected to be decodable. Note that the VL-SNR-pilots are inserted every 15 payload slots AND at the very end of the
PLFRAME.

C.2.4.4 Use of SID/ISI/TSN of the PLH

The PLH of format 4 always signalsthe SID or 1SI, which should correspond to the value in MATY PE2. However,
MATY PE2 can also be used as ISI_substream ID, which isthe caseif the 1Sl in PLH and MATY PE2 is different. E.g.
for SD and HD-extension substreams and stereo-Audio-stream and Surround-Audio-stream. In total, 254 Sl x 256
substream_1Ds = 65024 different streams/ wide-band users can be distinguished.

C.2.4.5 Application of Dummy-Frames
Format 4 provides varioustypes of dummy frames with different signalling:
e  Conventiad Dummy-Frameindicated by MODCOD 0.

. Dummy frames with deterministic content indicated by ISl = 255, where the MODCOD determines the
modulation and size.

Type A (signalled by short size): short XFECFRAME length.

Type B (signalled by normal size): normal XFECFRAME length but terminated with end of the actual super-
frame.
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. Dummy frames with arbitrary content indicated by ISl = 254, where the MODCOD determines the modulation
and size.

Type A (signalled by short size): short XFECFRAME length.

Type B (signalled by normal size): normal XFECFRAME length but terminated with end of the actual super-
frame.

From this definition, a conflict arisesif MODCOD 0 is used in combination with I1SI = 255 or 254. Therefore, the
following hierarchy is proposed: 1. MODCOD and 2. 1SI. In consequence, MODCOD 0 aways refersto the
conventional dummy frame definition irrespective of the 1SI and normal/short size.

If demanded, there isaway to introduce a Cyclic Prefix w.r.t. the SOSF at the end of the super-frame, which may be
required in quasi-synchronous CCl scenarios, see clause C.1.1.2. For this case, use the dummy frame with arbitrary
content by setting ISl = 254. To limit overhead, normal size = type B may be sufficient to terminate the dummy frame
with the end of the super-frame. The modulator can pre-calculate the required symbols, their position in the dummy
frame and their pre-rotation to compensate for the payload data scrambler. Note that the last SF-pilot, if present,
concludes the super-frame.

C.2.4.6 PLFRAME Mapping into Super-Frame
The main characteristics of the mapping of PLFRAMESs into super-frames are:
. Each XFECFRAME is preceded by a PLH, which forms a PLFRAME.
. PLFRAMESs have no alignment with super-frames except of the CU grid.
e  All PLFRAMEs (including spread PLFRAMEs with the extra pilot CUs) are in length a multiple of CUs.
o Individual PLFRAMEs can span over more than one super-frame.

For the following illustrations, two exemplary PLFRAMESs are considered: Either normal-size XFECFRAME with
32APSK (= 144 CUs) or short-size XFECFRAME with QPSK and spreading 2 (= 192 CUs including 12 extra pilot
CUs).

M apping of PLFRAM Esinto Super-Frames (Without Spreading)

In Figure C.6, an exemplary mapping of PLFRAMESs into super-frame k is shown, where a fixed XFECFRAME length
of 144 CUs has been used, while for the generalized case, any XFECFRAME length can be accommodated per
XFECFRAME.

The red dashed arrow refersto the PLH pointer provided by the SFH of Super-frame k:
CU number 31 (one-based counting) = pointer value [00000011110] (zero-based signalling)

Super-
frame k-1 | Super-frame k i Super-frame k+1

o (ol o [ e = | ool oo o o R 7 oo

w000 x [ o A - - - FE I o [SER [ +e
\ P / N J-,/—////J//

“XFECFRAME n-1 XFECFRAME n XFECFRAME n+1 eee XFECFRAME n+45
Figure C.6: Mapping of PLFRAMESs into super-frames (standard PLH protection)

Furthermore, standard PLH protection has been used in this example, i.e. a PLH of length 2 CUs = 180 symbols.
Instead, the high efficiency protection with a PLH length of 1 CU = 90 symbols could have been applied due to purely
32APSK-modulated PLFRAMEs.

ETSI



139 ETSI TR 102 376-2 V1.1.1 (2015-11)

M apping of PLFRAM Esinto super-frames (with spreading)

In Figure C.7, an exemplary mapping of PLFRAMESs into super-frame k is shown, where XFECFRAME n+1 requires
spreading 2. In this example, the spread XFECFRAME length is 192 CUs with 180 payload CUs and 12 extra pilot
CUs, whereas dl other unspread XFECFRAMES have still size 144 CUs. All PLHSs of this super-frame have to feature
robust protection, i.e. spreading 2.

Super- Spreadlng activated for super- -frame k: all PLHs are spread, but only the target XFECFRAME is spread
frame k- L\ """""""""""""" Super-frame k _

LA N ] W ..‘29‘30‘31‘32“33|34‘...‘127‘128“129‘130‘131‘... 225|ZZS|ZZ7|228|229|230|231‘...HSSQ‘370‘371‘372‘373‘374‘375‘375‘..

XFEEFiRAM En-1 XFECFRAME n XFECFRAME n+1
Spread Factor =1 Spread Factor = 2, extra Pilots P* cach 15 payload cus

Figure C.7: Application of spreading to a single PLFRAME within one super-frame

The key ideafor the efficient support of spreading within one super-frameis:

e  The SFH contains the information on whether PLH spreading is applied to this particular super-frame by
means of the 2 bits for PLH protection level.

o If PLH spreading (or protection level) issignalled, ALL PLHs of the entire super-frame have to be repeated by
the spread-factor as signalled in the SFH viathe PLH protection level, independent on whether an individual
XFECFRAME is spread or not. The first PLH, for which the signalled protection level isvalid, isindicated by
the PLH pointer, see Figure C.8.

e  Thisistheonly way how areceiver operating in low SNR regions can continue to track the PLHs until it finds
the XFECFRAME which belongs to him.

. Each XFECFRAME, which is required to be spread asindicated in its preceding PLH, has to be repeated
spread-factor-times.

NOTE: Mixing the actual spread-factor of XFECFRAMES s possible aslong asit isless or equal than the PLH
protection level signalled viathe SFH, which can be considered as spreading indicator. More specifically,
if e.g. the (maximum) PLH spreading-factor of 5 is signalled by the SFH, the XFECFRAMES can be
spread by 1, 2 or 5 according to the signalling in each PLH. Thisleads in average to less overhead than
any static spreading according to the maximum reguired robustness of the PLHSs.

A spread XFECFRAME is also allowed to be split over two super-frames, where spreading (PLH protection) is
signalled by the first SFH but not by the consecutive SFH. The receiver has to be aware that also the sequence of PLH
repetitions can be interrupted by SOSF + SFFI + SFH + ST or by SF-Pilots, whose occurrence cycle is known and has
to be tracked also by the receiver under low SNR conditions. This concept isin line with the aim of avoiding padding
for multiplex efficiency, but may add the requirement of further receiver logic compared to padding.

Super-frame k-1 Super-frame k

;‘4
- g

[ N ) .‘ 6637 ‘ 6638 ‘ 6639 ‘ 6640

1. CU allocation
s« O |2 -+
signalled by SFH[K]

2. CU allocation
with PLH protection 144

signalled by SFH[k-1]

xxxxxxxxﬂ-

Figure C.8: Different CU allocation cases and applicable PLH protection level signalling
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M apping of PLFRAM Esinto super-framesin case of beam switching/hopping

If beam switching is active, the last CUs of these super-frames are filled up with dummy frames of type B, where the
switching event happens. The beam-switching event is allowed to start after the PLH of the dummy frame type B and to
be finished until the SOSF of the next super-frame begins. If several dummy frames of type B are sent, the beam-
switching event is allowed to start after the PLH of the first dummy frame type B.

Special Case of Mapping Dummy Framesinto super-frames

Asaready stated in ETSI EN 302 307-2 [i.2], it can happen that a PLH isinterrupted by pilots or SOSF + SFFI +

SFH + ST. In the special case of adummy frame type B, where termination at the end of the super-frameisintended, it
isrequired to transmit at least the whole PLH (including al repetitionsin case of spreading) of such adummy framein
the actual super-frame for a clean termination. Otherwise, the dummy frame type B consumes the regular normal sizein
the new super-frame, because the PLH isinterrupted by the SOSF+SFFI+SFH+ST. The SF-merger at the modulator has
to take care of this.

Super-frame k-1 | Super-frame k

...6537663866396640d SOSF 17 ‘ 18 ‘ 19 ‘ 20 ‘ 21 ‘ 22 ‘ o000
1. CU allocation case

normal case = Termination
M X X X XX XXX |k oo

B X X X X X X X X -‘dl‘dz‘dS‘M‘dS‘ [ X N ]

2. CU allocation case
with dummy frame type B,
critcal case = Termination ok

3. CU allocation case
with dummy frame type B,
Incomplete PLH = NO Termination

Figure C.9: Different CU allocation cases using dummy frames of type B

C.3  Synchronization to the Super-Frame (independent of
content format)

C.3.0 General aspects

Initial synchronization to the super-frame can be accomplished by exploiting the presence and structure of SOSF and
SFFI. Knowledge or hypothesis testing of the used WH sequence of the SOSF as well as the used et and Npay is
required for this.

When referring to SOSF + SFFI correlation for SF-detection in the following a subblock basis of 15 symbolsis
exploited for information removal from the SFFI (differential detection), which leads to an effective correlation
sequence length of 495 symbols = 270 symbols SOSF + 0,5 x 450 symbols SFFI, which corresponds to 33 subblocks
(SBs9) of 15 symbols.

C.3.1 SF-aided Timing Synchronization

C.3.1.1 Conventional approach

A conventional approach for symbol timing acquisition is to use a non-data-aided (NDA) timing loop Figure C.10. In
this approach, the SOSF frame synchronization is performed after the symbol timing recovery. Although preliminary
simulation indicates that the symbol timing recovery may be reached even at SNR values as low as-10 dB, the
acquisition time is expected to be significantly large and the lock-in range to be limited due to a very narrow loop-filter-
bandwidth for better averaging.
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Sampling phase

Format
Processing

Figure C.10: Straight forward approach for timing and SOSF-based super-frame synchronization

In principle, the acquisition strategy isto start the NDA timing loop and activate the SOSF + SFFI - based frame
synchronization after the timing recovery has been achieved (e.g. by setting an error threshold or processing certain
number of symbols).

After timing loop lock, SOSF-plus-differential-SFFI detection is performed. For a constant probability of false detection
Pr(FA) = 10, simulation results are shown in Figure C.11 w.r.t. the probability of misdetecting a correlation peak
Pr(Missed Peak) for different correlation algorithms versus SNR. Obviously the full correlation algorithm is not robust
against frequency offsets, which is why the subblock-based algorithms Abs2 and XCorr perform better.
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Figure C.11: Pr(Missed Peak) for SOSF+SFFI detection after timing loop lock
(AWGN channel and different relative frequency offsets)

C.3.1.2 SOSF + SFFI Assisted Symbol Timing Recovery

The previous approach has the advantage of a straight forward and low complexity implementation, but is likely to
require further enhancements in order to cope with local clock offsets under the VL-SNR. Figure C.12 illustrates a
method to use SOSF + SFFI to assist the symbol timing recovery. In this example, an oversampling factor of 2 (two
samples per symbol) has been considered. For oversampling two, sampling phase 1 refers to the even sampling indices
and phase 2 refersto all odd sampling indices. Then, a sampling frequency offset can be detected and compensated to
arrive in the lock-in range of the timing loop.
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Format
Processing

Sampling frequency

Figure C.12: Approach for super-frame-aided timing and SOSF + SFFI - based super-frame
synchronization

This acquisition strategy starts directly with the oversampled SOSF + SFFI - based frame synchronization and open
timing loop, which applies a correlation-based algorithm one each sampling phase, i.e. two correlation algorithmsin
parallel. Therefore, the FIFO-type list of correlation peak positions hasto be of double size. Also thelist analysis hasto
account for different possible super-frame lengthsin terms of counted samples because of the worst-case sampling
frequency offset.

Search Window

Thus, to determine the search range, one can deduce for a cold acquisition sampling frequency offset of 50 ppm that
+30,627 symbols variation is possible for anominal super-frame length of 612 540 symbols. This means that a super-
frame corresponds to:

o Minimal 2 - 612540 - (1 —50-107%) = 1225 018,75 samples, and
. Maximum 2 - 612540 - (1 —50-107%) = 1225 141,25 samples.

Asthelist analysis should find for example a pattern of 3 super-frames, there is an uncertainty of the pattern search
algorithm of +3-30 627 = £91 881 symbols. Asthisisstill avery small uncertainty range compared to the super-frame
size, it isfeasible to modify the list analysis accordingly and also calculate from this offset an estimate of the sampling
frequency offset.

Symbol rate offset estimation

The accuracy of the sampling frequency offset estimation is related to the distance resolution in the FIFO-type list. With
oversampling 2, an uncertainty of 0,5/612 540 = 0,816 ppm results from this estimation. Thus, the single shot offset
compensation reduces the sampling frequency offset significantly to support the NDA- symbol timing loop acquisition.

After successful sampling frequency offset compensation, the timing loop is activated to control the sampling phase. As
a side-benefit, this method improves the performance of the timing loop in case of low roll-offs. However, the
complexity isincreased compared to the previous version due to the doubled correlation algorithms.

Probability of SOSF + SFFI detection

When applying the SOSF + SFFI detection, the open timing loop leads to a sampling phase uncertainty of +0,25 since
operating on oversampling two. This may degrade the detection performance. Assuming an occurrence of all sampling
phases with equal probability and a constant probability of false detection Pr(FA) = 10°°, simulation results are shown in
Figures C.12 and C.13 w.r.t. the mean probability of misdetecting a correlation peak Pr(Missed Peak) for different
correlation algorithms versus SNR. The considered roll-off is 5 % and relative frequency offsets are 0,001 and 0,01.
Although worse Pr(Missed Peak) results compared to case without sampling phase uncertainty in Figure C.10, the
detection rate at SNR =-10 dB is till suitable for successful super-frame synchronization and sampling frequency
offset calculation.
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Preamble synchronization: Mean probabilties for SOSF of kength 495, v = af*T = 0001, a = 0.05
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Figure C.13: Mean Pr(Missed Peak) for SOSF + SFFI detection
with timing phase uncertainty of £0,25 (AWGN channel and relative frequency offset of 0,001)

Freambie synchronization: Mean probabilities for SOSF of

10 - B i

miean Pribssed Peak) o ¢
=1

L=}

Full comelation
Abs2(33 58s)
XCom 13 S8z

-4 A3 -2 T A0
SNR indB

length 495, v = APT =001, « =0.05

Figure C.14: Mean Pr(Missed Peak) for SOSF + SFFI detection
with timing phase uncertainty of £0,25 (AWGN channel and relative frequency offset of 0,01)

C.3.1.3 Probability of SF-lock

All detected correlation peaks positions, i.e. correct and fal se detections (= correlation peak above the threshold), are
collected in a FIFO-type list, which is continuously analysed w.r.t. to the known and constant super-frame length

pattern.

Thus, the false alarms from the correlation-based al gorithm have no direct impact or delay on the super-frame
acquisition since with a proper selection of the detection threshold, it is extremely unlikely that a set of false darm

detections meets the super-frame length pattern. As consequence:
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®  The mean super-frame acquisition time is mostly related to the detection of two or more consecutive
SOSF/SFFI correlation peaks (an example is shown further below).

®  No hypothesistreeisrequired asin PLFRAME acquisition of the non-super-framing transmission, whichis
because of the exploited constant super-frame length.

®  The probability to erroneously detect the wrong SF-pattern turn extremely fast to zero with increasing the
minimum reguired number of detected correlation peaks that match the SF-pattern.

Based on the previous considerations on Pr(FA) and Pr(MP), an exemplary consideration for the time to super-frame-
lock is made here. The event definition is made:

Announce a SF-lock as soon as a set of correlation peak detections is found in the FIFO-type list, when 3 correlation
peaks are identified in the FIFO-type list that are multiples of the nomina super-frame length away from each other
plus the uncertainty interval due to potential sampling frequency offset.

When reading a Pr(MP)-val ue from the diagrams, for example 10™1, this means that one out of 10 received
SOSF</SFFIs has not been detected via the threshold comparison. These are independent events, wherefore the
following probabilities can be determined from combinatorial considerations:

o Pr(lock after 3SOSFs) = (1 — Pr(MP))’ = 0,729

o Pr(lock after 4 SOSFs) = (1 — Pr(MP))* - Pr(MP) - 3 = 0,2187

o Pr(lock after 5 SOSFs) = (1 — Pr(MP))’ - Pr(MP)? - 6 = 0,0437
3 _ x—1

o Pr(lock after x SOSFs) = (1 — Pr(MP))’ - Pr(MP)*~3 ( , )

Asitisof equal probability whereto start searching for correlation peaks within the first super-frame, the
Pr(lock after 3 SOSFs) refersto a mean acquisition time of 2,5 - Tsp and al further probabilitiesto (x — 0,5) - Tsp,
where Ty isthe duration of a super-frame. Thus, one can cal cul ate the mean time to SF-lock according to:

T(SF-lock) = Ty - Z(x —0.5) - Pr(lock after x SOSFS).

x>2

With the introduced values, it result with our example at T (SF-lock) /Tsr = 2,833 with (computed based on the first
1000 terms in the summation) super-frames for this calculation. Using Pr(MP) asinput parameter, the mean time to lock
results by calculation, see Figure C.15.

Mean number of $Fs 10 lock needing 3 cored] S05Fs
e e = v

285

TISF-lack) & Ts}

245

Prbaged Peak)

Figure C.15: Relative mean time to super-frame lock w.r.t. the super-frame duration
T¢r needing 3 SOSF + SFFIs to successful super-frame lock
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As can be seen from the figure, that already with a Pr(MP)-value of 0.1 or further below, it isvery likely to find
immediately the super-frame synchronization by analysing the FIFO-type list as shown in the previous clause.

When calculation the absolute numbers, it can be determined:

612,540

T'(SE-lock) = 2,833 - Tsp = 2,833 - o0 —s

= 0,0578s

Due to these discrete probabilities for 3 correct SOSFS/SFFIs, one cannot directly calculate the 90 % lock in probability,
but by cumulating it results figures like:

e Pr(SFlock at latest after 4 SOSFs) = 0,729 + 0,2187 = 0,9477
e Pr(SFlock at latest after 5 SOSFs) = 0,729 + 0,2187 + 0,0437 = 0,9914

A more aggressive rule would be to decide for a SF lock already with 2 valid SOSF detections, which would reduce
T (SF-lock) by approximately one SF. Thus, the curve from Figure C.14 would then converge to 1,5. Also some more
enhanced detection schemes with different thresholds can be considered for less mean time to lock.

C.3.2 SFFI Decoder Performance

For reference, two standard decoders are compared w.r.t. their code-word error (CER) performance in the AWGN
channel: the Maximum Likelihood decoder (ML), which decidesin favour of the minimum Euclidean distance between
received codeword and hypothesis, and the correlation-based decoder, which decides in favour of the hypothesis with
the maximum cross-correl ation with the received codeword. Furthermore, phase estimation and compensation based on
the SOSF is considered for the dashed curves, which introduces the same degradation of afew tens of adB for both
decoders.

) CER of Simplex Code based SFF| with 4 payload bits and spreading 30 (PhaseRef=270)
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Figure C.16: Code word error rate of different SFFI decoders

C.4  Super-Frame-Format-specific Synchronization Cases
C.4.0 Introduction

From the super-frame synchronization, timing and (coarse) frequency lock /offset compensation can be expected.
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C.4.1 FormatOand1

Format 0 and 1 implement a PLFRAME to super-frame mapping, which originate from ETSI EN 302 307-2 [i.2] and
ETSI EN 302 307-1[i.1], respectively. Therefore, SF-pilots and SOSF + SFFI can interrupt the PLH or aVVL-SNR
Header.

A PLH search and PLH tracking has to be performed, where the CU-grid can be exploited. This holds also for the
VL-SNR-Header. Since pilots ON/OFF unknown during acquisition, 2 CU-grids have to be considered in the search as
follows:

1)  SF-synchronization based on SOSF + SFFI.
- Estimation and compensation of carrier frequency offset and sampling frequency offset is accomplished.
2)  Timing-loop can start working optimized for VL-SNR.

3) VL-SNR-Header correlator starts running exploiting the knowledge that there are only 2 different CU grids
possible where the VL-SNR header is aigned to:

- one grid with SF-pilots; and
- one grid without SF-pilots.

In case of aVCM/ACM operation including VL-SNR frames, it is recommended to use SF-pilots as already proposed
for DVB-S2 VCM/ACM. If thereisaVL-SNR CCM, thereis no need to aso use the SF-pilots, because the VL-SNR
pilots of 90 symbols are present and provide more estimation accuracy than the SF-pilots of 36 symbols.

C.4.2 Format2and3

The PLH search and PLH tracking is not explicitly required because of the fixed PLH positions w.r.t. super-frame
structure. Thus, the positions are known as soon as super-frame synchronization is achieved.

C.43 Format4
C.4.3.0 Overview

PLH search and tracking is accomplished by exploiting the PLH Pointer, which is provided by the SFH. Furthermore,
PLH search and tracking can exploit also the regular CU-grid for fast (re-) acquisition.

C.4.3.1 SFH Word Error Rate

The word error rates of the SFH with ideal phase knowledge (= "without phase estimation") and ML phase estimation
(= "with phase estimation") based on the SOSF of 270 symbols are compared in Figure C.17.
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Figure C.17: SFH performance (AWGN) with and without phase estimation

C.4.3.2 PLH Word Error Rate
The decoding threshold for the PLSCODE is approx. -3,5 dB C/N (standard protection) at the target WER of 10-'.

The word error rates of the PLH are compared for the different protection levelsin the figures below. The impact on
phase estimation accuracy is considered by:

e  ided phase estimation
. with phase estimation based on the SOF (including spread SOFs)
e  with phase estimation bases on the SOF plustwo pilot fields

The last case is worth a consideration for protection levels 0, 1 and 2, because there is an evident performance loss due
to phase estimation only based on SOF. This performance can be improved when incorporating one previous pilot field
and one pilot field after the PLH (or two previous pilot fields):

. Protection level 0 and 3: 20 symbols (= 1 x SOF) - 92 symbols for phase estimation (= 1 x SOF + 2 x Filot)
o Protection level 1: 40 symbols (= 2 x SOF) = 112 symbols for phase estimation (= 2 x SOF + 2 x Pilot)
. Protection level 2: 100 symbols (= 5 x SOF) - 172 symbols for phase estimation (= 5 x SOF + 2 x Pilot)

From these numbers, one can expect that most improvement is achieved for level 0 and dightly lessfor 1 and 2, which
is reflected by the following simulation result figures for the AWGN channel. Maybe, more pilots than 2 could be used
to enhance the PLH performance in protection level 2 under VL-SNR, e.g. exploiting a VL-SNR pilot from a previous
frame.

Note that maximum 1E7 code words are simulated per SNR point. Thus, results below WER = 1E-6 lack of statistical
reliability.
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Figure C.18: WER performance of a PLH decoder for protection level O
(= standard protection, BPSK, Spread 1)
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Figure C.19: WER performance of a PLH decoder for protection level 1 (BPSK, Spread 2)
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Figure C.20: WER performance of the PLH decoder for protection level 2 (BPSK, Spread 5)
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Figure C.21: WER performance of a PLH decoder for protection level 3 (QPSK, Spread 1)
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C.5 Example of Exploitation of the Superframing
Structure: Precoding in Broadband Interactive
Networks

C.5.1 System Elements for Applying Precoding in Multibeam High
Throughput Systems

C.5.1.0 General description

Because of the limited fixed satellite service (FSS) spectrum available to broadband systems operating predominantly at
Ka-band, increasing the frequency re-use amid the multiple spot beams of High Throughput Satellite (HTS) systemsis
the main avenue for substantially improving capacity and reducing the offered cost per bit. Current large HTS systems
achieving athroughput of more than 100 Gbit/s typically split the available system bandwidth in two frequency bands
and two orthogonal polarizations generating the so-called four colour beam pattern across the coverage area. Broadband
telecom interactive satellite systems providing multi-beam coverage can substantially increase the available system
bandwidth by re-using as much as possible the available spectrum among the spot beams. Nevertheless, increasing the
frequency re-use leads to a high increase in intra-system interference between the co-channel beams, which rendersthe
use of additional spectrum futile.

To address the issue of high interbeam interference in aggressive frequency re-use multi-beam configurations, joint
processing of the signalsintended to the different beams can be carried out at the transmitter (usually the gateway or
hub) for interference management. This processing, referred to hereinafter under the generic term precoding, "reverts
the impact of the satellite RF channel and interferences. This way the additional spectrum can be exploited and a much
higher system capacity can be delivered compared to existing systems. A precondition for efficient forward link
precoding is that the receivers (user terminals, UTs) provide high quality reports of their channel conditions (amplitude
and phase) back to the transmitter (gateway, GW) that is responsible for deriving the appropriate precoding matrix.

Various flavours of precoding have been already adopted and are in use in terrestrial cellular radio standards such as the
LTE (Long Term Evolution) and LTE-Advanced, falling under the broad term multi-user multiple-input multiple-output
(MU-MIMO) techniques. The studies on precoding in a fixed satellite system have been mainly focused with eval uating
various linear and non-linear precoding techniques over the multibeam satellite channel in order to assess which
technique comes closer to the optimum dirty paper coding (DPC) bound [i.28]. In terms of choice of precoding
techniques, it turns out that simple linear techniques aready grasp the largest part of the potential multi-user gains with
manageable complexity and deliver improvements that at least double the throughput of existing systems ETSI

EN 302 307-1 [i.1].

The algorithms needed for precoding to be applied over DVB-S2X need to tackle the situation when each data stream
transmitted from an antenna feed towards the spot beam on ground is addressed to multiple UTs and is acting as a
container of their data to provide a high degree of statistical multiplexing within the physical layer frame. And the
DVB-S2X superframeis one practical example for pursuing such a precoding approach. As a consequence of this
framing approach, conventional precoding algorithms addressing asingle UT per beam are no longer feasible and
precoding algorithms addressing multiple satellite terminal s with a single precoding matrix are required. Herein, this
type of precoding will be referred to interchangeably as multicast precoding or frame based precoding.

C.5.1.1 System Model & Payload Resources

Figure C.22 illustrates an exemplary satellite communication system that includes a satellite, one or more gateways
(GWs) and a high number of UTs and is designed to provide broadband interactive services to a specific coverage area.
The satellite islocated in the geostationary orbit. Typically, the satellite payload will be transparent: i.e. the payload
only frequency translates and amplifies the signals received on the uplink before routing them to the appropriate
downlink beam.
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Figure C.22: Exemplary multibeam satellite communication HTS

The system in Figure C.22 represents a multi beam network configured to communicate with a population of UTs
distributed across a defined coverage area. Making use of multi-feed antenna technology with N transmitting feeds and
one or more parabolic reflectors, the coverage area of the satellite is shaped to project on ground K beams. Both single
feed per beam or multi-feed per beam antenna technol ogies are compatible with the technique. For simplicity, in the rest
of the description, a SFPB technology will be assumed, hence N = K.

When the satellite payload is transparent, the GW station on ground communicates with the satellite via the feeder link
using the appropriate GW antenna subsystem. On the forward channel, -i.e. the channel comprising an uplink from the
GW to the satellite and a downlink from the satellite to the UTs-, each GW in the system is transmitting data to a subset
of the total number of beams, each beam intended to receive a different information signal. Depending on the frequency
and polarization reuse scheme of the satellite system architecture, each of the K beams may use the same or orthogonal
frequency bands and the same or orthogonal (circular or linear) polarizations. It is worth mentioning that substantial
gains due to precoding appear whenever the frequency and polarization are aggressively re-used, e.g. when the full
available bandwidth is re-used in every beam in both polarizations (frequency re-use of 1) or when alternating
polarizations in successive beams (frequency re-use of 2).

However, if hundreds of spot beams are available in the system, such a frequency re-use scheme will stress the payload
resources in terms of mass, power and thermal dissipation beyond the capabilities of even the largest platforms
available today. Thisis mainly due to the fact that full frequency re-use does not allow for any re-use of on-board high
power amplifiers (HPAS) in multiple payload channels. Note that HPAS (typically travelling wave tube amplifiers,
TWTAS) are the bulkiest and more power hungry payload units. One possibility isto restrict the spot beamsin the
system to a number that can be handled by the platform (roughly 50-60 beams with the current satellite bus capabilities)
and provide regional coverage instead of wide continental coverage. Then, for achieving awider coverage, multiple
satellites will need to be employed, each with full frequency re-use and applying precoding separately in each satellite
system.

Precoding is an interference pre-cancelation technique that exploits the spatial degrees of freedom offered by the
multiple transmit antenna feeds (N) to serve in each instant K single antenna UTs installed within each of the K beams.
A single user per beam is assumed in each epoch as a result of time division multiplexing between the UTs that have
made traffic requestsin that beam. Multiuser co-channel interference is mitigated by pre-multiplying the transmit
signals by appropriate precoding vectors, given that the transmitter has available full knowledge of the UT channels
(amplitude and phase) to carry out thistask. The previous sentence implies that a feedback mechanism between the UTs
and the GW serving these beams s in place. This feedback can be either viaaterrestrial (e.g. viaADSL) or viaa
satellite (e.g. DVB-RCS2) path.
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C.5.1.2 Forming the Channel Matrix
The general input-output analytical expression for the UT in the k-th beam reads as (see note):
yk = hlt X+ nk

where h,l' isal x N vector composed of the complex channel coefficients (formed by antenna gains, propagation losses
and phase shifts) between the UT and the N transmit antenna feeds of the satellite, x isaN x 1 vector of transmitted
symbols and n,, isthe independent identically distributed (i.i.d) zero mean additive white Gaussian noise (AWGN)
mesasured at the k-th receive antenna. This baseband block fading model can be described in compact matrix form as:

y=Hx+n

where the total channel matrix is the ensemble of all UTs vector channels, i.e. H = [hl, h,, .., hK_]T. To be noted that
in case of atransparent payload architecture where the precoding vectors are applied on ground at the GW, the very
high performance (large HPA and antenna) of the GW renders the feeder link between the GW and the satellite almost
ideal. This enables considering mostly the user link from the satellite to the UTs at least for the amplitudes in the
channel matrix.

NOTE: A" Ndenotes the conjugate transpose of matrix (or vector) A.

C.5.1.3 Algorithms for Multicast Precoding
Linear Precoding Techniques

Linear precoding is a multiuser precoding technique that separates user data streams in specific spatial dimensions. The
term linear refersto the linear transmit processing, i.e. the precoding matrix. Although not capacity achieving, under
specific optimization algorithms like the ones proposed by the present document, linear techniques can perform close to
the optimal channel capacity otherwise given by the non-linear DPC [i.28].

Let us denote by s, wy, px the unit power symbol, the N x 1 normalized precoding vector and the scaling factor
respectively, corresponding to the UT in the k-th beam. The scaling factor is associated to the k-th signal (i.e.
information towards the UT in the k-th beam). Since the output of each antenna will depend on all the input signals, the
total transmit signal will read as:

K
X = Z vV Pk WkSk
k=1

Subsequently, when precoding is employed, the input-output equation will become:

Vi = bl /e wiesi + h,tz\/p_] w;s; + ny

j#k

where the first term of the summation refersto the useful signa and the second to the interferences. The unit norm
column vector w;, with dimension N x 1 isthe precoding vector associated to the UT in the k-th beam, that is the k-th

column of atotal precoding matrix W = [wl, Wy, ..., wK,] . The resulting signal-to-noise-plus-interference ratio
(SNIR) at the UT is given by:

Pk|hztwk|2

1+ Xk Pj|hthj|2

SNIR,, =
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When precoding is employed, determining the optimal precoding vectorsis tedious. In the next clause, a very common
approach is presented that is also exploited by the multicast precoding in the following:

MM SE Precoding

Based on the theory of uplink/downlink duality [i.30], the precoder can be designed as a linear minimum mean square
error (MM SE) filter:

W =[Iy + H'PH|"'H'

where the optimal power alocation P (diagonal KxK matrix) under per-antenna constraints is given by solving the dual
uplink problem. For the system model presented herein, and assuming a single feed per beam payload architecture,
aways equal power will be alocated to the multiple satellite antenna feeds.

M ulticast Precoding

To apply precoding over DVB-S2X, novel linear precoding designs (i.e. derivations of precoding matrix) based on
different algorithms are required. The novelty in these algorithms stems from the fact that these precoder designs satisfy
adifferent need, namely provide improved capacity in spite of the precoder being required to accommodate multiple
users which are bundled within aframe. The need of such an approach might be arising from the physical layer framing.
This approach towards linear precoding, which can be referred to as Multicast Precoding or Frame based Precoding, has
not been investigated for terrestrial or satellite systems so far, either because these systems have no such constraint in
their physical layer specification or because it has been implicitly assumed as a problem dealt with at a higher layer.

For example, DVB-S2 achieves alarge part of its efficiency in broadband interactive point-to-point system by
statistically multiplexing multiple UTs belonging to the same beam in each BBFRAME. Specifically, out of the set of
UTsthat have requested capacity, the scheduler associated with each beam groups the UTswith similar SNIR
characteristicsinto the same BBFRAME so that identical physical layer transmission modes (ModCods) are applied to
them. This concept was designed for maximizing the encapsulation efficiency of the long (16k or 64k) physical layer
frames due to LDPC (low density parity check) channel coding.

However, from the precoding point of view, this approach to DVB-S2X framing is adding an important practical
constraint since it implies that the precoder cannot be designed on a channel by channel (conventional channel based
precoding). Rather, a multicast based precoder should be designed based on the multiple UT channelsthat are
encapsulated in the same frame. The difference between a conventional single UT based precoding and a multicast
precoding approach can be understood by contrasting Figure C.23 with Figure C.24. Both depict a simplified multibeam
satellite system with N = 2 antenna feeds forming K = 2 spot beams on ground. In Figure C.23, a precoding matrix
addressing one UT in each beam is calcul ated and applied over the same time resource, which is the optimal way of
applying precoding as it corresponds to a single instant of the channel matrix. On the other hand, for multicast
precoding in Figure C.24 the same precoding matrix is kept over multiple UTs (a, b, ¢) during the frame period Xa and
another one during Xb, X = 1,2, that is over different channel matrix instances, which is clearly suboptimal.
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Figure C.23: Example of conventional single UT precoding
over a system with channel dimensions 2 x 2
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Figure C.24: Example of multicast precoding over a system with channel dimensions 2 x 2.
All UTs belonging to the same frame (a, b, ¢) are served by the same precoding matrix

Different a gorithms to calcul ate the multicast precoding matrix are possible and their details can be found in the
published literature (see for example ETSI EN 302 307-1 [i.1] and [i.31]). By selecting the UTs based on certain
criteria, these linear precoding schemes applied over al channels during aframe period, although suboptimal, achieve
substantial precoding gains compared to conventional four color multi-beam systems.

C.5.1.4 Implementation Aspects of Multicast Precoding

The implementation of precoding techniques in broadband interactive satellite systems requires an air interface which
supports a number of special featuresincluding regular channel framing structure, specific pilots and unique words for
synchronization aid as well as afeedback signalling message from the UTs to the GW. All these features have been
included in DVB-S2X.

The super-frame structure supports orthogonal Start of Super-Frame (SOSF) and pilot fields by using Walsh- Hadamard
sequences. A set of orthogonal sequences can be assigned to co-channel carriers within a multi-spot beam network (a
unique sequence per beam). These features allow the UT to estimate the channel responses from the antenna feeds down
to itsreceiver to avery low SNIR vaue. The beam-specific orthogonal sequence alows the terminal to uniquely
associate the channel estimate to the beam index.

The format specifications 2 and 3 of the superframe (the ones to be used for precoding) also foresee an additional
precoded pilot field to help amplitude and carrier phase recovery in support of the precoded data detection. A clever
multi-level sequence with the same modulation format as the one of the following payload datais used in these pilotsin
order to ease the receiver synchronization tasks. Another important feature of the formats 2 and 3 of the superframe, is
the possibility to maintain constant and aligned (over co-channel carriers) PLFRAME size, using the Bundled PL-
FRAME concept by which DVB-S2 codewords with the same MODCOD are conveniently grouped to resort to a
regular length framing structure. Users using the same precoding coefficients, are opportunistically scheduled within a
Bundled PL-FRAME. The alignment of such frames over different co-channel carriers helps the gateway to reduce its
computational burden.
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Figure C.25: Periodic procedure for collecting the complex channel gains
from the UTs and feeding them back to the GW

Figure C.24 and Figure C.25 describe how the actual implementation of the precoding technique can be carried out for a
DVB-S2X based multi-beam networks. In Figure C.24, the main functional tasks to be carried out in support of
precoding are depicted. Each UT estimates a number of channel complex coefficients corresponding to the most
significant interfering beams (assumed 10-15 in the figure). These complex numbers are signalled back to the GW using
the signalling message described in clause E.4 of ETSI EN 302 307-2 [i.2] with a maximum rate of one message every
500 ms. The next clause provides some insight on the end-to-end system effects (payload, RF propagation, terminal)
that influence the quality of this estimation process during each estimation period.

In Figure C.25, the functional bock diagram of a DVB-S2X GW modulator supporting precoding is given. The block
precoding matrix is applied right after the constellation mapper of the bank of modulators and is activated on all the
fields of the DVB-S2X superframe except for the dispersed orthogonal pilots and the start of superframe. The module
accepts as an input the precoding matrix coefficients that are repeatedly computed by the GW processor based on the
feedbacks that the UTs transmit to the GW through the return link (either satellite or terrestrial-based).
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Figure C.26: Positioning the precoding function in the signal processing sequence
carried out in the GW

C.5.1.5 Multibeam Satellite System Channel Impairments and Formulation

This clause provides details on channel imperfections that will influence the performance of precoding in areal system
and, hence, need to be included in the full channel matrix of a multibeam satellite system. Since the channel matrix
comprises complex elements, particular emphasisis given on the phase effects that need to be accounted for in the
channel matrix, as they critically impact the resulting performance of any precoding scheme.

In general, the entire route from transmission to reception (including all the analog & RF circuits, antennas and
propagation) should be part of the channel definition, affecting both its amplitude and phase. For atypical transparent
system, transmission commences at the GW, then the signal passes through the transparent satellite payload and is
terminated at the receiving UT. Therefore, the end-to-end UT channel is split into three segments, a) feeder link, b)
satellite channel, c) user link.

The complex channel between the UT residinginbeam k = 1, ..., K and the antennafeed n = 1, ..., N isdenoted by
Ryen (8) = |hyn, () |00 ® where | hy,, (t)] is the amplitude and 6y, (t) is the phase of any subchannel of the full channel
matrix H = [hy,,]. All other link budget parameters being fixed, the channel amplitude |hy,,| depends on the satellite
antenna gain and propagation effects, predominantly rain attenuation, which is slowly varying and so is | hy,,|. Thistype
of variability is aready captured in existing DV B-S2 based systems applying ACM (adaptive coding and modulation),
which need to report amplitude information from the UTs back to the GW. The signals received at the UT in the kth
beam k = 1, ..., K from al the on board antenna feeds is represented by the channel vector:

h, = [Air - hgwl

Finaly, the full channel matrix of the N UTs receiving signals from the N on board antenna feeds (payload chains) is
represented as:

h11 h1N
H = H H

hgy - gy
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Phase Contributionsto the Channel M atrix

There are various contributors rotating the channel phase 6y, (t) in atime variant fashion:

o In the feeder link, the GW local oscillator (LO) along with its frequency/phase instabilities, as well asthe
feeder link geometry.

. In the satellite transponder/channel, the L Os of the frequency converters along with their frequency/phase
instabilities. Also, the movement of the satellite within its station keeping box modifies both the user and
feeder link geometries making the phase time variant.

. In the user link, the user link geometry and the LO of the UT's receiver low noise block (LNB).

Of course, apart from these main contributors, al other active and passive elementsintroduce a phase rotation to the
propagating electromagnetic wave, which will be slowly time variant depending on temperature variations and aging of
components.

Figure C.27 provides an overview of the various phase contributions for a simplified scenario involving two payload
chains and two UT beams on ground. The source and the characteristics of these phase contributions are further detailed
next.

Payload Payload
chain1 chain 2

B1p(t)

62,pL(t)

\ (~0)
ALY

\\\\GZ,RF(t)

()
SN
eZ,LNB(t)
to the
Gateway
to the -f}—— Delay
Gateway
-}—— Delay

Figure C.27: Phase contributions to the channel matrix

Asillustrated in Figure C.27, the time varying total phase of any single sub-channel arriving at the UT 6,,,(t) consists
mainly of three components:

Oroc () = OpL(t) + Orp(t) + Oyp (L)
where;
0p. (1) the contribution of the payload chain.
Ogrr (t) the contribution of the slant path geometry.

Opng () the contribution of the receiver LNB.
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Since the on board antenna feeds serving the user link are only spaced by tens of cm, all elements in the channel vector
hy of UT in beam k have the same geometrical phase contribution (common slant path). Therefore, the phase
contributions coming from the geometrical RF path [0y, 1z are equal for all n = 1, ..., N (see Figure C.27). The same
applies aso to the phase contribution in Figure C.27 coming from the local LNB of each UT [0y,,].n5- |Nn contrast, each
UT sees a different phase contribution [6,,,], coming from different payload chains.

It can be shown that phase variations that affect the whole set of received signals (main signal and interferences) in the
same way do not affect the system level performance of pre-coding. To this category belong the slant path geometry
variation (due to satellite movements), the receiver LNB phase noise and any common phase jitter among the payload
transponders.

C.5.2 Synchronization Procedure at the Terminal for pre-coded
waveforms

C.5.2.1 Introduction

Precoding techniques at the gateway aiming at reducing the intra-system interference at a given set of terminals require
the knowledge of the channel state information for each of the signal that has to be precoded, i.e. to be considered in the
construction of the precoding matrix.

User terminals can compute the CSI for each one of the received waveforms and feedback this information to the
gateway. To thisaim, aterminal locks on each waveform, and estimate its CSl, accordingly. In the following, the
discrete-time model for the received composite signal, at a generic terminal Kk, is discussed and a possible
synchronization procedure is presented on the basis of the superframe structure defined in ETSI EN 302 307-2 [i.2].

C.5.2.2 Signal Model

The composite signal y,, at the k-th receiver consists of the superposition of waveforms transmitted through B different
interfering beams and can be modeled as:

B
. . 1
yeln] = <Z hy [y [0 = Ty — Tgn]e~{CTA OTT+0k0) > i@ty amnT+oln) |
b=1

where h;;, [n] isthe complex channel coefficient at discrete sampling timen, x,, isthe signal trasmitted through the b-th
antenna feed, 1., 4fxp, and 6,,;, are respectively the time, frequency, and phase offsets of the b-th received waveform
at the k-th terminal. Moreover, due to the characteristics of the receiver, the composite signal is affected by the
following common impairments: time and frequency drift, i.e. T4, fax, frequency offset £, and phase noise ¢ [n]

In the following, it will be made reference to the waveform structure defined in ETSI EN 302 307-2 [i.2]. Accordingly,
each waveform is characterized by several fields among which the following will be used for synchronization and CSl
estimation purposes. SOSF and SF-Pilots. It is worthwhile recalling that:

. SOSF and SF-Pilots are not precoded;
. SOSF and SF-Pilots consist of beam-specific orthogonal Walsh Hadamard sequences;

. SOSF and SF-pilots pertaining to different beams are scrambled with the same scrambling code, i.e. the
Reference Data Scrambler, that is restarted at each Start of Super Frame;

e  the superposition of the beam-specific WH code and the common Reference Data Scrambler represents a
unique beam-specific signature that can be used for waveform identification.

In the following it will beused the term reference waveform to refer to the waveform with signature corresponding to
the beam associated to the considered receiver.
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C.5.2.3 Synchronization Procedure

C.5.2.3.0 General description

Let us consider an indexing function i(b) taking valuesintheset S = {0,1,2,...,B},i.e i(b) € S ={0,1,2,...,B},b =
1,2,...,B, wherei(b) = 0 meansthat the b-th waveform component is not considered in the processing. In order to be
able to estimate the CSl to be sent back to the gateway, each receiver can proceed with the following general

synchroni zation/estimation operations:

a) identify the frame boundary, i.e. frame synchronization, for the i(b)-th waveform component, b = 1,..., B;

b)  synchronize frequency, phase, and time for the i(b)-th waveform component, b = 1,..., B;

c) perform channel estimation for the i(b)-th waveform component, b = 1,..., B to be sent back to the gateway.
Tothisaim, the k-th UT:

. performs and applies a coarse frequency estimation by means of a non-data aided estimator on y, [n], since the
frame synchronization procedure is not accounted yet;

e  for each waveformi(b),b = 1,2,..., B, performs frame synchronization, if pilot fields or unique words are
present in the frame format, to identify frame boundaries. Non-coherent post detection integration can be
applied to cope with the residual frequency uncertainty and the time varying phase impairment; For those
waveform components for which frame synchronization is not successfully achieved i(b) is set to zero so asto
exclude them from the subsequent processing;

e for eachwaveformi(b),n = 1,2,..., B for which frame synchronization is successfully achieved,
performs fine time tracking, phase and frequency tracking, and channel estimation.

A high level block diagram of the synchronization procedure isreported in Figure C.28 with reference the superframe
structure described in annex E of ETSI EN 302 307-2 [i.2]. Assuming the same baud rate for all of the received
waveforms, two possible implementations are devised depending on the relative delays of the received waveforms. One
implementation refers to the case of low data rates for which the received waveforms can be considered "quasi
synchronous’, i.e. the relative time delays Ty, are within one symbol time. The second one refers to the complementary
case of "non-synchronous" waveforms, i.e. the relative time delays Ty, may exceed one symbol time.

C.5.231 Synchronization procedure for "Quasi-Synchronous” Signals
1) Coarse frequency acquisition.
- At the output of this step, coarse frame estimation is available.
2) Matched filtering MF is performed on the composite waveform.

3) Framesynchronization of the reference waveform. Non-coherent post-detection integration is run on the
composite signal using SOSF and SF-Pilot fields.

- Frame boundaries are available after this step for the reference waveform. Due to the "quasi-
synchronous' assumption this applies aso for the, still unknown, interferers waveforms.

4) Timedrift estimation. Once alock is obtained on the reference waveform two successive SOSF fields are
used to estimate the timing drift.

- At the output at this step, the estimate of the time drift is available.

5) Timedrift compensation. The estimate obtained at the previous step is used to compensate the time drift of
the composite signal.

- At the output at this step, the time drift has been reduced to aresidual that will be dealt with by the time
tracking.
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Interferer Search. To identify which waveforms contribute to the composite signal, and has therefore to be
synchronized and their CSl estimated, a search procedure is run using the SOSF and SF-Pilot fields; being the
waveforms " quasi-synchronous’ a simple search over the set of possible "signatures® is run with the frame
synchronization lock obtained on the reference waveform.

- At the output of this step, the number of detectable interferes and their signatures are available.

Time tracking. To refine the time estimation and track time variation a Data Aided time tracking algorithm,
e.g., asecond order loop tracking circuit, is performed on the reference waveform using the SOSF and SF-
pilotsfields.

- A finetime estimate is produced for the reference waveform.

Time Compensation. The composite waveform is resampled on the basis of the fine time estimate obtained
on the reference waveform.

- The common time impairments are compensated relatively to the reference waveform.

Reference signal frequency and phase tracking. Using the signature of the reference waveform phase and
frequency tracking is performed using SOSF and SF-Pilots.

- Fine frequency and phase estimates are produced relatively to the reference waveform.

Frequency and Phase Compensation. The composite waveform is de-rotated on the basis of the fine
frequency and phase estimates.

- Common frequency and phase impairments are compensated relatively to the reference waveform.

Interferer Timetracking. Time estimates are refined for each interferer waveforms, i.e. those waveforms
locked during the Interferer Search, using the corresponding signatures. Notably, thanks to the common
impairments compensation on the reference waveform, asimpler first order loop approach can be adopted for
theinterferers.

- A finetime estimate is produced for each identified interferer waveform.

Interferer Time Compensation. For each interferer, the composite waveform is resampled on the basis of the
fine time estimate of the interferer.

Freguency and phase tracking. For each interferer waveform phase and frequency tracking is performed
separately using SOSF and SF-Pilots and the corresponding signature.

Channel estimation. For each detected and re-synchronized waveform, the complex channel coefficients are
estimated.

C.5.2.3.2 Synchronization procedure for "non-synchronous" Signals

1)

2)
3)

4)

Coarse frequency acquisition.
- At the output of this step, coarse frame estimation is available.
M atched filtering MF is performed on the composite waveform.

Frame synchronization of the reference waveform. Non-coherent post-detection integration is run on the
composite signal using SOSF and SF-Pilot fields.

- Frame boundaries are available after this step for the reference waveform. Since for high baud rate the
received waveforms cannot be assumed "quasi-synchronous”, identification of the frame boundaries for
the reference waveform does not entail frame synchronization for the interferer waveforms.

Timedrift estimation. Once alock is obtained on the reference waveform two successive SOSF fields are
used to estimate the timing drift.

- At the output at this step, the estimate of the time drift is available.

ETSI



5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

161 ETSI TR 102 376-2 V1.1.1 (2015-11)

Timedrift compensation. The estimate obtained at the previous step is used to compensate the time drift of
the composite signal.

- At the output at this step, the time drift has been reduced to aresidua that will be dealt with by the time
tracking.

Time tracking. To refine the time estimation and track time variation a Data Aided time tracking algorithm,
e.g., asecond order loop tracking circuit, is performed on the reference waveform using the SOSF and SF-
Pilots fields.

- A finetime estimate is produced for the reference waveform.

Time Compensation. The composite waveform is resampled on the basis of the fine time estimate obtained
on the reference waveform.

- The common time impairments are compensated relatively to the reference waveform.

Reference signal frequency and phase tracking. Using the signature of the reference waveform phase and
frequency tracking is performed using SOSF and SF-Pilots.

Frequency and Phase Compensation. The composite waveform is de-rotated on the basis of the fine
frequency and phase estimates.

- Common frequency and phase impairments are compensated relatively to the reference waveform.

Interferer Frame Synchronization. Since incoming waveforms are not time aligned, i.e. they are "non-
synchronous', a frame synchronization step is required for each possible interfering waveform, i.e. for each
possible interfering signature. It is worthwhile noting that since the maximum time misalignment among the
reference waveform and the interfering waveformsis limited to M symbols, where M depends on the baud rate
and the maximum relative delay of the incoming waveforms, i.e. the max Ty, the frame synchronization

procedure has to be run on an uncertainty region of [-M,M] symbols centred on the reference waveform lock
hypothesis.
- For each tested signature alock/no-lock statusis produced.

Interferer Verification procedure. For each signature associated to a possible lock status, a verification test
isrun of the subsequent superframe.

- For each signature with alock status, the lock status is confirmed or negated and a set of interferer
waveformsis then obtained.

Interferer Timetracking. Thetimelock obtained through the interferer frame synchronization and
verification procedure are refined for each identified interferer waveforms, i.e. those waveforms with a
confirmed lock status, using the SOSF and SF-Pilots with the corresponding signatures. Notably, thanks to the
common impairments compensation on the reference waveform, a simpler first order loop approach can be
adopted for the interferers.

- A finetime estimate is produced for each identified interferer waveform.

Interferer Time Compensation. For each interferer, the composite waveform is resampled on the basis of the
fine time estimate of the interferer.

Freguency and phase tracking. For each interferer waveform phase and frequency tracking is performed
separately using SOSF and SF-pilots and the corresponding signature.

Channel estimation. For each detected and re-synchronized waveform, the complex channel coefficients are
estimated.
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Figure C.28: Block diagram of synchronization procedure taking place
at the UT in a system employing precoding

C.5.2.4 Numerical Examples
C.5.24.0 Introduction

In this clause a discussion is reported on the impairments used at the receiver followed by the numerical analysis and
performance assessment for the receiver algorithms described in Figure C.28.

C5241 Discussion on impairments
In the following, channel impairments are discussed on the basis of system parameters considerations:

. Common Frequency Offset: according to the channel model of clause 4.4, for DTH broadcasting services the
maximum carrier frequency instability is 5 MHz while for VSAT is+3 MHz;

. Frequency Drift: asreported in channel model of clause 4.4, using low cost components at the terminal can
lead to atime varying frequency offset (drift) of 30 KHz/s;

. Wavefor m specific Frequency offsets. offsetsin frequency are due to on-board frequency conversion of
feeder link signals coming from different gateways. The frequency offsets can be assumed to be limited to
+1 Hz and hence their impact can be neglected;

. Wavefor m specific Timing offset: due to different transponder filter group delay, waveforms pertaining to
different beams experienced different delays. The worst case is assumed to be 2 nsec RM S, hence a maximum
offset with respect to the reference waveform of £6 nsec. Considering a symbol rate of 80 MBaud the
maximum value for the time offset is within half of the symbol rate, and hence signals can be considered
"quasi-synchronous'. For baud rate larger than 80 MBaud the maximum time offset is no more limited to one
symbol time. For 500 Mbaud, the maximum time offset correspondsto +3 symbols, i.e. M = 3;

. Phase Offset: due to the time offset a phase offset has to be considered for each incoming waveforms with an
uniform distribution on [0,27];
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. Timing Drift: due to the oscillator stability at the user terminal, atiming drift in the order of 100 p.p.m. hasto
be assumed that corresponds to about 60 symbolsin 1 superframe;

. Phase Noise: phase noise is modelled according to channel model of clause 4.4, that provides four Phase
Noise masks, two for DTH services and 2 for VSAT services.

Ch524.2 Numerical results

C.5.24.20 Assuptions

This clause reports an example of the performance of the synchronization chain discussed in the previous clauses for a
specific scenario assuming impairments as described above in clause C.5.3.4.1 and a symbol rate of 500 M Baud,
because it is the most challenging scenario. The assessment has been obtained through numerical simulation adopting
specific algorithms for each step and hasto be considered only as an example of the synchronization chain performance
and implementation, and not as a reference.

According to the previous discussion, for asymbol rate of 500 Mbaud the system is considered as " non-synchronous®
and hence the " Synchronization procedure for non-synchronous Signals' is adopted. In particular, for al of the tested
algorithms, the following assumptions hold true:

o  theuser terminal receives 5 interferer waveforms coming from different beams, plus the reference waveform;
e eachwaveformisaDVB-S2X waveform as described in annex E of ETS| EN 302 307-2 [i.2];
. the format specification isthe Bundled PLFRAMES (64 800 payload size) with SF-Pilots;

e theratio between the power spectral density of the reference signal and that of the received waveforms, i.e.
C/l,isC/l =[004 8 12 16] dB, where the first value refers to the reference waveform normalized to its own
power spectral density;

e theratio between the power spectral density of a particular interferer waveform and the total amount of
interference is given by I/ltor =[-2,16 -7,52 -12,00 -16,12 -20,18] dB;

. the roll-off factor of the square root raised cosine filter used is 0,05.
Cb52421 Coarse Frequency Acquisition

The algorithm used for the frequency acquisition is the so-called Quadricorrelator algorithm [i.23]. It operates on the
overal signal and it is the only non-pilot-assisted algorithm used in the synchronization chain. The parameters used to
obtain simulation results showed in Figure C.29 are the following:

. Impairments as specified in clause C.5.3.4.1;
. Loop Bandwidth B T = 2,7e-8;
. Oversampling factor = 2;

. SNR (for the reference waveform) = -10 dB.
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Figure C.29 : Frequency acquisition performance

As Figure C.29 reports, the time required by the al gorithm to reach the steady state is about 50 milliseconds. The
frequency residual from the estimation operation is characterized by a mean value of 10* and a standard deviation of
10" normalized to the symbol rate for the considered SNR, which is very low in order to test the performance of the
algorithm in the worst case scenario.

C.5.24.22 Frame Synchronization and Interferer Frame Synchronization

After the reduction of the frequency offset and instabilities and without any fine timing information, frame
synchronization can be performed. Non-coherent frame synchronization with 2 hypotheses per symbol is proposed to
accomplish this operation. Due to the presence of aresidual frequency uncertainty and phase noise, post-detection
integration (PDI) technique with the Max Criterion is used [i.24] and [i.25]. In addition, the constant length of the
framing structure asin annex E of ETSI EN 302 307-2 [i.2] alows the use of more than one SOSF field and SF-Pilot
fields in the synchronization procedure.

Frame synchronization performance and interferer frame synchronization performance in terms of false darm
probability are shown in Figure C.30 for each user of the considered scenario. The simulation parameters are;

o I mpairments as specified in clause C.5.3.4.1 plus aresidual;

. frequency residuals after the Quadricorrelator algorithm compensation;
. 2 hypothesis per symbol;

. Max Criterion;

. PDI factor used for the SOSF field is 4 so frame synchronization performs non-coherent accumulation over
270/4 symboals,

. Number of super-frame used for PDI is 8;

. Uncertainty region for interferer waveformsis M=3.
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Figure C.30: Frame synchronization performance for each user

In Figure C.30, the curves are the behaviour of the frame synchronization for:

"Userl RS": frame synchronization performance for the reference waveform which operates without the
uncertainty region;

"User2 C/l =0dB": interferer frame synchronization for the interferer waveform with C/I = 0 dB;
"User2 C/l = 4 dB": interferer frame synchronization for the interferer waveform with C/I = 4 dB;
"User2 C/I =8 dB": interferer frame synchronization for the interferer waveform with C/I = 8 dB;
"User2 C/l =12 dB": interferer frame synchronization for the interferer waveform with C/l1 = 12 dB;

"User2 C/l =16 dB": interferer frame synchronization for the interferer waveform with C/l = 16 dB.

It is worthwhile noting that the performance of the interferer waveform is better than the performance of the reference
waveform. Thisis due to the uncertainty region, M = 3, that limits the false alarm region for the interferer.

C.5.24.23 Time tracking and Interferer Time tracking

The time drift estimation and compensation procedure on the reference waveform is able to reduce the timing drift from
100 p.p.m. to 1 p.p.m. As a conseguence, aresidual timing drift still impacts the time tracking procedure. To cope with
the residual timing drift, the time tracking operations for the reference waveform are accomplished by a second order
loop filter.

The timing recovery agorithm proposed at this step is the Pilot-Assisted Early Late Gate algorithm.

ETSI



166 ETSI TR 102 376-2 V1.1.1 (2015-11)

In Figure C.31, performance for the time tracking algorithm is reported. The simulation parameters used are:

I mpairments as specified in clause C.5.3.4.1;

frequency residuals after the Quadricorrelator algorithm compensation;

coarse time synchronization from the frame synchronization procedure;

timing drift residuals from the time drift estimation and compensation procedure;
Oversample factor = 4;

SNR (for the reference waveform) = 10 dB. This value is an example of realistic operative SNR value for
precoding.
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Figure C.31: Time tracking performance for the reference waveform

The mean and the standard deviation of the timing residual s given by the second order loop filter are respectively 102
Tsand 3:102 Ts, that highlights the ability of compensating the residual timing drift in the considered conditions.

Timing residuals from the reference waveform are then used to drive the first order loop filters used for interferer time
tracking operation.

In Figure C.32 performance for the time tracking algorithms is reported. The simulation parameters used are:

Impairments as specified in clause C.5.3.4.1;

frequency residuals after the Quadricorrelator algorithm compensation;
coarse time synchronization after the frame synchronization procedure;
timing residuals after the time tracking procedure on the reference signal;
Oversample factor = 4;

SNR (for the reference waveform) = 10 dB;

Loop bandwidth for the time tracking algorithm B, T = 5e-8.
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Figure C.32: Interferer time tracking performance for interferer waveforms

Performance in terms of mean and standard deviation of the timing residuals from interferer time tracking algorithm for

each interferer waveform are reported in the following:

J "User 2", i.e. interferer waveform with C/1 = 0 dB
- Mean =-0,018 Ts, Std = 0,003 Ts;

J "User 3", i.e. interferer waveform with C/1 = 4 dB
- Mean =-0,015Ts; Std = 0,003 Ts;

. "User 4", i.e. interferer waveform with C/l = 8 dB
- Mean = -0,023 Ts; Std = 0,006 Ts;

e "User5" i.e interferer waveformwith C/l = 12 dB
- Mean = -0,041 Ts; Std = 0,006 Ts;

J "User 6", i.e. interferer waveform with C/l = 16 dB

- Mean =-0,005 Ts; Std = 0,007 Ts,

- It is worthwhile noting that the performance for thisinterferer waveform has been obtained under a lock

status assumption, which is however not verified.

It is worthwhile noting that the time required to reach the steady state depend on the C/I value of a particular interferer

waveform due to the correspondent operative very low SNR.
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C.5.2.4.24 Channel Estimation

After the proper estimation and compensation of all impairments reported in the initial formula, the estimation of the
channel coefficient in terms of amplitude and phase is the final operation. The algorithm used to perform this final step
is described by the following formula:

Np |PsF

.1 Np PSE P ;i ks
Z lef 0 -C () o PNy Lkt T8 X ()€ ()

k=1|j=1

]’ii = Ael?i =

PSFNP

Where x£ isthe portion of the received overall signal corresponding to the k-th block of the Ps= transmitted pilotsin
one super-frame while Np is the number of successive pilot fields which the estimate is averaged as reported in annex E
of ETSI EN 302 307-2[i.2].

In Table C.6, mean and standard deviation of the amplitude estimation errors (normalized to the corresponded C/1) are
reported in logarithmic unit. The SNR used for the simulation, referred to the reference waveform, is 10 dB, as the one
used for time tracking and interferer time tracking simulations.

Table C.6 : Mean and standard deviation values of the amplitude errors for the channel coefficients

SNR=10dB C/l [dB]

Ampl [dB] 0 0 4 8 12 16
" 0.08 -0.19 0.10 0.69 1.94 -
o 0.12 0.18 0.26 0.37 0.58 LocK

In Table C.7, mean and standard deviation of the phase estimation errors are reported in degrees.

Table C.7 : Mean and standard deviation values of the phase errors for the channel coefficients

SNR=10dB C/l [dB]

Phase [°] 0 0 4 8 12 16
u 0.66 0.30 0.36 1.10 462
NO
o 0.89 0.94 1.50 2.41 5.37 LOCK

As expected, the estimates for the weakest interferer waveforms are not accurate as the ones obtained for the reference
waveform and the interferer waveforms.

Mean and standard deviation for the weakest interferer, the one at C/l = 16 dB, are not reported in the table because it is
not possible to achieve the lock status for this waveform in this scenario.

C.5.3 System performance estimation
C.5.3.1 System Overview

It is considered a satellite communication system comprised one or more gateways that are providing communication to
aplurality of user beams through one or more satellites. A possible architecture is depicted in Figure C.33.
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Figure C.33: Multi-beam satellite system

The two features needed by the system in order to allow precoding are:
1) Presence of afeedback channel for providing to the gateway the channel state information (CSl).

2) Gateways capable of generating the precoding matrix and precode the signals before they are sent through the
channel.

In the following the steps to be followed for alowing precoding are listed:

1) The user terminals estimate their channel and feedback the estimates to the gateway. The estimate includes the
channel coefficients of the interferers as well.

2) Based on the coefficients and on the traffic requests of the user terminals, the gateway performs the clustering
of users according to signal-to-noise plus interference ratio (SNIR) difference. Users with the minimum
difference between SNIRs are clustered together.

3) A precoding matrix is computed for the specific cluster of user and maintained for a bundle frame.

4)  The precoding matrix isthen pre-multiplied to the user symbolsin order to pre-distort the signals for
minimizing interference.

Precoding is very beneficial for interference limited systems as a multi-beam satellite system employing full frequency
reuse. It is atechnique that allows mitigating the interference coming from unwanted signals, which in the satellite
communication system will mainly be due to co-channel interference caused by neighbouring beams of the considered
user terminal.

C.5.3.2 Performance Estimation

C.5.3.2.0 General description of the scenarios

In the following, preliminary performance estimation for precoding in a multi-beam satellite system will be
investigated. Two symbol rate scenarios will be taken into account:

1) 80 Mbaud
2) 500 Mbaud

The cases represent two typical scenarios in satellite system, one with limited carrier bandwidth (80 Mbaud) and one
with rather extended carrier bandwidth (500 Mbaud).
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For each of the two symbol rate scenarios, several results will be shown. The focus will be on:
0 CSl errors
. Outdated CSI information due to phase noise
e  Threshold on weakest user estimate

In order to compute the precoding matrix at the gateways, all the channel coefficients are to be known. Issues arise
when not only the main signal channel coefficient but also al the interferers channel coefficients are to be estimated at
the user terminal. It isin fact, hard to achieve reliable estimate for signals that have very low signal-to-interference ratio
(C/l) which isthe case of the interfering signals at the terminal, due to several practical constraints. It is clear that,
signals below a certain C/I value will have poor channel coefficient estimates and it isimportant to assess the
performance degradation on the compl ete system that this unreliability will cause.

In this sense both the first and second investigation will give afirst assessment on the system performance under CSI
errors while the third one will perform an investigation on the precoding performance assuming that below a certain
level of C/I the coefficients are discarded from the precoding calculation (nullified).

A second important effect to be considered isthe RTT that affect GEO satellite systems. With aRTT of about 500 ms,
the channel conditions might affect the CSI that is feedback to the gateway. In this regard, the delay between when the
channel coefficients are estimated at the terminals and when they are used for computing the precoding matrix will have
an impact on the precoding, at system level. For this reason afirst investigation of the effect of outdated CSI due to
phase noise will be included in the following clauses.

C5h3.21 CSI Errors

In this clause the channel state information error is considered to be introduced by areal estimator. For each channel
estimate a Gaussian random variable with a given mean and variance is applied separately on both amplitude and phase
of the channel coefficient. The mean and variance of both amplitude and phase are provided for the two symbol rates
80 Mbaud and 500 Mbaud.

Table C.8: CSI Errors, 80 MBaud

Nu in a frame |Throughputideal | Precoding Gain | Estimation error | Precoding Gain
2 77,56 Gbps 139 % 50,60 Gbps 57 % (-82 %)
5 64,94 Gbps 104 % 45,43 Ghps 42 % (-62 %)
10 51,46 Gbps 67 % 37,24 Gbps 21 % (-46 %)

Table C.9: CSI Errors, 500 MBaud

Nu in a frame |Throughputideal | Precoding Gain | Estimation error | Precoding Gain
2 566,03 Gbps 174 % 328,88 Gbps 60 % (-114 %)
5 459,81 Gbps 127 % 295,99 Ghps 45 % (-82 %)
10 353,69 Gbps 79 % 239,11 Gbhps 22 % (-57 %)

C.53.2.2 Outdated CSI information due to phase noise

It will considered two scenarios, as for the previous simulations, 80 Mbaud and 500 Mbaud. For each of the scenarios
clustering of 2, 5 and 10 usersis assumed for the computation of the precoding matrix. Here the case where the channel
coefficients are subject to a phase variation between the time instant when the channel matrix is evaluated and the time
instant when it is used for the computation of the precoding matrix is considered.

Considered effects and notes on the model

In general, it can be demonstrated that a phase error which affects in the exact same way all the signals arriving at a
given user terminal are not impacting the precoding performance.

. Thisremoves the user terminal LNB as source of phase error.
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relates to arelative change in the distances between a user terminal and the different feeds, whichis
demonstrated to be negligible in terms of phase variation).

e  Themaor component to be modelled is thus the relative phase variation among different feeds.

Results
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Figure C.34: Potential architecture for controlling the phase difference between N payload channels

It has been found that, assuming an architecture on board like the one presented in Figure C.34, the only contribution
that affects the phase of the channel coefficientsis the one due to the LO in the payload chain. This can be modelled as
a Gaussian random variable with zero mean and a specific standard deviation (Sigma_PL in the tables) which can be
derived for the PSD of the LO, that is added on top to the channel coefficient phases. Three cases are presented for both
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Where the first val ues represent the exact value of the standard deviation to be considered in the two symbol rate
scenarios, while the other two are worst case assumptions and show how sensible the system is to other phase noise
contributions.

Table C.10: Outdate CSl information due to phase noise, 80 Mbaud

Sigma_PL =

Nu in a frame | Throughput ideal | Precoding Gain 2 5o Sigma_PL =5° | Sigma_PL =10°
2 77,56 Gbps 139 % 134 % (-5 %) 123 % (-16 %) 96 %(-45 %)
5 64,94 Gbps 104 % 103 % (-1 %) 93 % (-11 %) 73 % (-31 %)
10 51,46 Gbps 67 % 64 % (-3 %) 58 % (-9 %) 45 % (-22 %)

Table C.11: Outdate CSl information due to phase noise, 500 Mbaud

Nu in a frame

Throughput ideal

Precoding Gain

Sigma_PL =
4,14°

Sigma_PL =5°

Sigma_PL =10°

2 566,03 Gbps 174 % 153 % (-21%) | 147 % (-27 %) | 109 % (-65 %)
5 459,81 Gbps 127 % 115 % (-12 %) | 108 % (-19 %) 82 % (-45 %)
10 353,69 Gbps 79 % 72 % (-7 %) 68 % (-11 %) 50 % (-22 %)
C.5.3.23 Threshold on weakest user estimate

It will be considered two scenarios, as for the previous simulations, 80 Mbaud and 500 Mbaud. For each of the
scenarios clustering of 2, 5 and 10 usersis assumed for the computation of the precoding matrix. Here the case where
the channel of the interferer can be estimated only up to a certain minimum C/(N+1) is considered. The results are
shown for a set of different thresholds, up to the value assumed to be achievable of C/(N+l) = -21 dB.

The tables will be split into two parts. The first one comprising of the ideal case where all the channel coefficients are
considered for computing the precoding matrix, and the results for channel coefficient entries maintained up to C/(N+l)
> -12 dB. This meansthat al the entries where C/(N+1) is below this threshold are nullified before the precoding matrix
is computed. In the second part of the tables the results for the remaining threshold values are presented, including the
case of threshold equal to -21 dB. For each of the results, two columns are presented, the first one shows the system
throughput while the second one present the system throughput gain compared to a conventional 4 colours satellite
system with comparable set up.

Table C.12: Threshold on weakest user estimate, 80 Mbaud first part

Nu in a frame |Throughputideal | Precoding Gain C/mi?)ugr]fzu(tm Precoding Gain
2 77,56 Gbps 139 % 50,25 Gbps 55 % (-84 %)
5 64,94 Gbps 104 % 44,33 Gbps 40 % (-64 %)
10 51,46 Gbps 67 % 37,78 Gbps 22 % (-45 %)

Table C.13: Threshold on weakest user estimate, 80 Mbaud second part

Nu in a Throughput Precoding Throughput Precoding |Throughput C/(N+l)| Precoding
frame C/(N+]) > -16dB Gain C/(N+l) > -20 dB Gain >-21dB Gain
2 58,43 Gbps |80 % (-59 %) 63,82 Gbps 97 % (-42 %) 65,05 Gbps 101 % (-38 %)
5 51,05 Gbps |61 % (-43 %) 56,37 Gbps 78 % (-26 %) 57,27 Gbps 80 % (-24 %)
10 43,21 Gbps |40 % (-26 %) 45,99 Ghps 49 % (-18 %) 46,56 Gbps 51 % (-16 %)

Table C.14: Threshold on weakest user estimate, 500 Mbaud first part

Nu in a frame |Throughputideal | Precoding Gain Thr?)lJc;;I?f;LCBZ/(N+ Precoding Gain
2 566,03 Gbps 174 % 324,68 Gbps 57 % (-117 %)
5 459,81 Gbps 127 % 283,81 Gbps 40 % (-87 %)
10 353,69 Gbps 79 % 240,51 Ghps 21 % (-58 %)
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Nu in a Throughput Precodin Throughput . . Throughput . .

frame | C/(N+]) 2 T6dB Gain CI(N+) 2 0 g Precoding Gain CIN+I) 2 31 gp| Precoding Gain
2 381,65 Gbps 85 % (-89 %) 429,13 Gbps 108 % (-66%) 445,76 Gbps 116 % (-58 %)
5 330,86 Gbps 64 % (-63 %) 365,76 Gbps 80 % (-47%) 378,45 Gbps 87 % (-40 %)
10 273,74 Gbps 38 % (-41 %) 296,71 Gbps 51 % (-28%) 304,13 Gbps 54 % (-25 %)
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Annex D:
Time slicing

Time slicing may be applied to DVB-S2 (ETSI EN 302 307-1 [i.1]) and S2X (ETSI EN 302 307-1 [i.2]). Description of
the use of time dlicing can be found in annex G of ETSI TR 102 376-1[i.3].
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Annex E:
IMUX and OMUX filters characteristics

The attachment tr_10237602v010101p0.zip gives the amplitude and group delay numerical entries for the IMUX and
OMUKX filters described in clause 4.4.1.2, for 26 MHz, 33 MHz and 36 MHz transponder bandwidth.
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Annex F:
Details for adjacent satellite interference modelling

Annex F reports additional details concerning the scenario in clause 4.4.1.5.1, to model adjacent satellite interferencein
advanced interference mitigation techniques. Figure F.1 reports the C/(N+l) computation.

EIRP 53 dBW Satellite 7 5 3 1 2 4 6 8|
FSL 206 dB Orbital spacing -9.2 -6.2 -3.2 0 2.4 43 6.8 9ldegrees
120 K Off axis angle -10.12 -6.82 -3.52 0 2.64 4.73 7.48 9.9|degrees
SR 30 MSps EIRP 43 53 48 53 47 53 48 53|dBW
Rain marg 3 dB
Ant Gain |Refl. Size [meters] Table column index

Antenna pattern assumptions 0.1 16 18.58 20.12 20.66 20.38 18.74 18.27 16.35| 15
0.2 5.73 18.87 24.81 26.7 25.67 23.35 17.44 7.68] 13
0.3 -0.57 7.44 25.8 30.23 27.9 22.17 -0.23 0.58] 11
0.4 0.62 3.64 24.36 32.73 28.49 16.34 2.88 -0.17, 9
0.5 -8.73 -26.67 20.23 34.67 27.79 -7.48 -2.08 -30.71] 7
0.6 -6.16 4.23 10.81 36.26 25.79 7.25 1.86 -1.69 5
0.7 -1.35 -14.15 2.97 37.6 22.14 1.44 -1.95 -1.83) 3

AS|_aggr [dB] C/N_dI [dB] C/{N+1) [dB]
ASI{C/1) [dB] 0.1 9.66 2.08 5.54 6.28 0.92 7.38 431 -4.2 23 -6.3

0.2 25.97 7.83 6.89 7.03 3.35 14.26 19.02) -03 37 -18
0.3 35.8 22.79 9.43 833 8.06 35.46 29.65) 37 73 21
0.4 37.11 29.09 13.37 10.24 16.39 34.85 32.9 7.8 9.8 57
0.5 48.4 61.34 19.44 12.88 42.15 4175 65.38] 12.0 11.7 8.8
0.6 47.42 32.03 30.45 16.47 29.01 39.4 37.95 159 133 11.4
0.7 43.95 5175 39.63 2146 36.16 44.55 39.43| 211 14.6 13.8

Adjacent Satellite Interference Impact - Example Broadcast Reception Scenario

180 T
170 [

140 — |
130 /
120 i =

——C/N DL

50 ASI[dB]
by | ——C/(N~1) [aB]

ASI, C/N, C/{N+) [dB]

0 0.1 02 03 04 05 06 0.7
Receptionantenna aperture [m]

Figure F.1: C/(N+l) details for the scenario outlined in clause 4.4.1.5.1

The attachment tr_10237602v010101p0.zip contains the excel table reporting the user terminal pattern.
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Annex G:
Phase Noise Model in Computer Simulations

G.1 Introduction

The scope of annex G isto clarify the model to be used to simulate phase noise within computer simulations. The text
has been copied from [i.18].

Starting from the official definition of |EEE, a block diagram representing a possible technique to synthesize digital
phase deviation samplesis finally presented.

G.2 Definition of phase noise
The instantaneous output voltage of an oscillator can be written as:
v(t) = Acos(2mfyt + @(t))
(where possible amplitude variations are neglected here as non-relevant for the purpose of this paper) where:
. A isthe nominal peak voltage,
e fyisthe nomina frequency and
. ¢(t) isthe phase deviation from the nominal phase 2 nfo t

A spectral analysis of the instantaneous voltage is carried out. To thisend, it is assumed that the phase deviation process
¢(t) is small such that the following approximation holds:

v(t) = Acos(2nfyt) — A @(t)sin(2nfyt)

This approximation allows to readily compute the autocorrelation function of v(t) , i.e.

T
R,(1) = TlLrEO%IZTE{v(t)v(t + 7)}dt
2

asfollows:

R,(7) = %COS(ZﬂfOT) + A?Rq, (1) cos(2mfy1)

where the Ry(7) is the autocorrelation function of the phase deviation process (assumed to be stationary):
R,(1) = E{p(D)e(t + 1)}

The Fourier transform of the autocorrelation function R,(7) of the instantaneous voltage is computed and as a result the
Double-sided Power Spectral Density of the oscillator instantaneous voltage is obtained:

AZ
Sy (f) = FIR,(@®} = 7-{6¢f = fo) + 6(f + fo) + Sp(f = fo) + S, (f + fo)} (see mote 1)

NOTE 1: Following the notationin[i.16], we adopt the letter "S' to indicate double-sided power spectral densities,
while "W" indicates single-sided power spectral densities.

where:
Sp(f) = F{Ry (D)}
isthe Double-sided Power Spectral Density of the phase deviation process.

A pictorial representation of atypical S(f) is shown in Figure G.1.
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Figure G.1: Double-sided Power Spectral Density of the instantaneous voltage

Itisreferred to IEEE Std 1139™ [i.15] for the formal definition of phase noise. Accordingly, what is meant by the term
"phase noise" is actually the Single Side-band Phase noise to carrier ratio, L(f):

Power of the oscillator instant.voltage in 1Hz at frequency f from the carrier

— 1Hz
L =
o Power of the carrier

Figure G.2 illustrates the measurement concept for L(f), starting from S(f).

(A2/a)xS ff+f;)

/ (A%/8)xS J{f-)

o s frequency

Figure G.2: Measurement of L(f) from Sv(f)

Given this definition, asillustrated in the previous figure, L(f) can be measured from Sy(f) asit follow (see note 2):
Ly = 2 5o D Sy NI _ A2 [245,()]
4 A? 4 A?
2 2

NOTE 2: For clarity, we use the same approximation introduced at the beginning of the present document.
which, given the symmetry property of Sy(f), turns into the following formula:

W (f)
2

L(f) =~ S(p(f) =
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where it is so introduced the quantity Wy(f) which is the Single-sided Power Spectral Density of the phase deviation
process.

For the sake of completeness, the last equality:

L ~ 20

isexactly inline with [i.16] (section 7.3.4, pages 157-158).

Figure G.3 illustrates the relation between the Single-sided Power Spectral Density of the phase deviation process and
the Double-sided Power Spectral Density of the phase deviation process.

Figure G.3: Pictorial comparison between Sy(f) and W(f)
It is concluded that the Single Side-band Phase noise to carrier ratio L(f) is equal to:
e thehalf of the Single-sided Power Spectral Density of the phase deviation process Wy(f);

. the Double-sided Power Spectral Density of the phase deviation process Sy(f) (for positive frequencies only).

G.3 Digital synthesis of the phase noise in simulations

The purpose of this clause isto illustrate a possible solution to easily and rapidly generate a random phase deviation
process modelling the desired phase noise mask.

Using the same notations of the previous clause, our objectiveisto digitaly synthesize the base-band phase deviation
process, ¢(t), which its power spectral density is given by Sy(f). It has been verified that this power spectral density is
already aligned with L(f), without doing any rescaling of the specific values.

A schematic block diagram of the digital realization of the phase deviation process, ¢(t), isreported in Figure G.4. This
block diagram isintended for illustrating how to produce ¢(t) with a sampling frequency equal to Fs.
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So(f)
1 1
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Figure G.4: Block diagram for the generation of the phase deviation process

The procedure to generate the desired random process is mainly divided in four steps:

1)

2)

3)

4)

Gaussian random generator:

Thisblock isin charge to generate in the time domain awhite random process. The reported value of ois
chosen to ensure that it has unitary power in the frequency range of interest, i.e. [-F¢/2, F4/2-].

Fast Fourier Transform (FFT):

This block is simply producing the values in the frequency domain. At this point, it isimportant to highlight
the choice of N, the number of FFT points. This value has to be selected in order to guarantee the same
frequency resolution adopted for the correct representation of Sy(f) in the frequency domain. A common
practice, it isto choose N in order to have the frequency resolution, i.e. FJ/N, minor than the first point of the
desired phase noise mask.

Multiplication for Se(f):

This operation isintended for modelling the incoming white random process according to the specific Sy(f), or
equivaently to L(f), which is the desired phase noise mask. Again, it is highlighted in Figure G.4 that the
phase noise mask has been obtained directly from L(f) without any scaling, but simply creating the specular
part to have the negative frequencies.

Inverse Fast Fourier Transform (IFFT):

Thislast operation is returning the phase deviation process in the time domain. It isimportant to remember
that only N/2 values out of the N generated are to be considered the correct ones for representing the phase
deviation process. These values are the unspoiled samples due to the wrap-around problem when performing
the convolution of finite segments.

Thisillustrated procedure can be easily implemented in arecursive way to generate very long sequences of Sy(f). The
most common way to do that isto follow the methodol ogy described in [i.17] and called "overlap-add method" for fast
implementation of convolving/de-convolving very large data sets.
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