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PART 1 - SATELLITE SERVICES

Satellite Communications
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Classification of Commercial Satcom Services

Broadcast services
* Television and radio broadcasting to home or cable head ends
* The most successful commercial satellite application currently declining

Fixed services
* Point-to-point communication partly overcome by terrestrial fiber
e Satellite News Gathering

Broadband fixed access

* Covering digital divide areas (no terrestrial Internet access) or private
networks

* Increasing market share

Mobile access to individual users and large platforms

 Complementing terrestrial network coverage at regional or global level (rural
areas, emergency, military forces, airplanes, ships, trains)
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* Market with up and downs
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Satellite Frequency Bands and Regulations

e The Radio Regulations (RR) are by the ITU, a UN organization based in Geneva

e RR defines the rules to be applied in using the spectrum, as well as the rights
and obligations resulting from this use

e Periodically reviewed by the ITU World Radio Conferences/Regional Radio
Conferences

e RR can be downloaded from https://www.itu.int/pub/R-REG-RR
e Official ITU space radiocommunication services covered by the RR are:

— Fixed-satellite service (FSS)

— Amateur satellite service (ASS)

— Mobile satellite service (MSS) Frequency (GHz) Band
— Broadcasting satellite service (BSS) ) L
o — Earth exploration satellite service (EES) 24 S
% — Space research service (SRS) 4-8 C
5 — Space operation service (SOS) 8-12 X
E — Radiodetermination satellite service (RSS) [2-18 Ku
S 18-27 K
£ — Inter-satellite service (ISS) 2740 Ka
3
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https://www.itu.int/pub/R-REG-RR

Satellite Frequency Bands and Regulations

e The ITU RR regions — frequency allocations are region dependent
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Satellite Frequency Bands and Regulations

e Simplified ITU RR frequency bands mapping on services

s

Typical frequency bands
Radiocommunications service for uplink/downlink (GHz) Usual terminology
Fixed-satellite service (FSS) 6/4 C band
8/7 X band
14/12-11 Ku band
30/20 Ka band
50/40 V band
Mobile satellite service (MSS) 1.6/ 1.5and 2.0-2.2 L band Sband
30/20 Ka band
Broadcasting satellite service (BSS) 2/2.2 S band
0 12 Ku band
2 26/25 S band
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The Satellite Market 2022

2022 Global Satellite Industry Revenues

The Satellite Industry in Context

(2022 revenues worldwide in billions of U.S. doliars)

Satellite Services

Telecommunications
& Remote Sensing

Non-Satellite Industry
Government space budgets
Commercial human spacefiight

<$1B
Space

Sustainability
Activities

$113B

$384B

Global Space
Economy

$7B

Launch

1

Ground Equipment

$145B

$15.8B

Satellite
Moving satellites In-orbit assembly
Manufacturing
’ \ Space Sustainability Activities New satellite activities contributing to In-orbit sustainability End Users
Prepared b Growing on-the-move connectivity Broadband, satelfite radic instaliations on the rise Congumer. industry. government,
igiess Satlo i in and non-profits
78 GNSS satellite-enabled smartphones, other devices Television P ging from models
All sectors of the economy
BRYCE S nias
Global
TECH

Ground Equipment

Network Equipment
Consumer Equipment

| Satellite Ground
& Services Equipment

2022 Revenues:
$113.3B

$69.1B

$145B

$442B o

2022 Revenues:

$17.9B

Launch
[D Industry

2022 Revenues:
$7B

Satellite
Manufacturing

2022 Revenues:
$15.8B $5.6B

Navigation (1%)

ﬁ (Sateliite TV dishes, etc.)

mc-':o:wuqms) s1 0 2B u.s.

Consumer $92.7B  $111.9B [5rs) Q
Satellite TV (DBS/OTH) GNSS Equipment Vo et
Satellite Radio (DARS) (GNSS devices/chipsets) 2,325
Satellite End-User Broadband Satelites aunches*

$15.2B Jeunched b
Enterprise s1 7.7B Network Equipment 22 BAKNO
Traneponder A (VSATs, gateways, etc ) Non-U.S.
Managed Services Over FSS Bands o
Mobile Voice and Data Over MSS Bands < * 161 commencially procurit unches trom 186 lotal ontwal

Satellites Launched b Commercial Launch Revenues
Remote Sensing  $2 OB Y
Mission Type by Region

Changing Industry Dynamics: Increasing Affordability and Productivity, New Capabilities

More affordable launches

of lmalllnt!

Increased launch activity

More capable, lower cost GEO satellites
More launch choices, capacity

Debyris removal Life extension

Satellite Manufacturing | 1 m
-

Changing industry dynamice
provide increased end user benefits

- Increasing productivity

PLEO systome starting operations

More GEO satcom capacity enabling
new services

- Increasing affordability
- New capabiiities
- New space sustainability concepts

More commercial remote sensing
choices, capabilitios

Satellite Services

- Greater reailiency

Es - Economic growth
Servicing

Dip. Ingegneria dell’Informazione
University of Pisa, Italy
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The Satellite Market 2022

 The market is dominated by:
 Satellite ground equipment (145 B USS) and services (113 B USS)
 Sizeable budget for governmental and human spaceflight (103 B USS)
» 7 billions of GNSS enables mobile devices — the largest satellite market!

* The riskiest business is where there are less revenues:
 Satellite manufacturing 15.8 B USS
* Launch industry 7 B USS
* Heavily subsided sector as large innovation required, and volumes often
limited
* Europe facing heavy competition from USA, India and China

Satellite Communications

SR % Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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The Satellite Market Evolution

Previously only one Our industry shrank again in 2019 by ...and recovered in 2021
fall, in 2020 during 2.4%, remained flat in 2020.. (growth by 3.25%) back

$300 the dotcom bust... to pre-pandemic Ievels
$250
Space industry
growth since 2000
$150
$100
$50 i I I I I I
m

g0 ™ H Bl E R EEEN
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

L
N
o
o

Annual Revenue ($B)

W Manufacturing Launch Industry I B Ground Equipment M Satellite Servicesl
Source: Bryce SIA reports

Largest growth ’
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The Satellite Market Evolution

$140 « Satellite services
revenue peaked in
$120 2017, pulled down by
falling satellite TV
— $100 revenue.
§ $80 * Inflection point
S expected in 2022 when
E 560 revenue for other
T services grow more
= 540 quickly than satellite TV
< slowly declines.
$20 * New SatCom markets
required to offset decline
$0 in Satellite TV and to

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

: . , sustain and grow the
Total Satellite Services ® Satellite TV

SatCom market.
Source: Bryce SIA reports
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Satellite Communications
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GSO Systems Architecture: Broadcasting Satellite System

Satellite Broadcasting System Architecture:

e Gateway connected to the network program provider(s)

e Feeder uplink connecting the terrestrial gateway to the satellite
e User downlink connecting the satellite to the users

e Satellite acting as a bent pipe transponder from the gateway to users (home, head-
ends)

e Typically, wide area coverage preferred,
and C or Ku(Ka)-bands exploited
e Regional or linguistic beams also used to
best match linguistic/content broadcasting needs AT

)

JEy
S —-- Iy ==
_—;.-__-.:-_ Cable

The acronym DTH applies (also)

to similar services transmitted

over a wider range of

frequencies (including Ku- and o

ope p— . Headends
Ka—band) not SpECIfICG//y Matwork Program Teleport I'r::;:fn::ur
designated for BSS Provider ¢/Ku(/Ka)-band
TV SIGHALS UPLINK RECEIVE METWORNK
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GSO Systems: Broadcasting Satellite System

INTELSAT 1 (Early Bird) Satellite broadcasting evolution 1965-2023
April 6, 1965 by Hughes (USA)

Today: Aribus Eutelsat Hot Bird 12F/FG AD 2023

7 premium TV platforms, over 600 pay-TV channels,
300 free-to-air channels, and 500 HDTV and UHD
channels. With its unique pan-European coverage, in

Europe alone, Hotbird reaches 130 million homes

The Europe dawn: ESA OTS-2 (1977)
first GEO sat with six Ku-band transponders by
British Aerospace - Few analogue TV channels

Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
University of Pisa, Italy 13. Satellite Services and Standards
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DTH services in Ku-band

Europe: . .
Vertical Polarized Transponders

TPl CTR3 TPs . TR7 _-'1-”
Downlink frequencies: 10.7-12.75 GHz | ' : |
Uplink frequencies: 12.75-14.5 GHz

TPz P4 TPE P8

Horizontal Polarized Transponders

* Adjacent transponders may be transmitted with alternate polarity (to increase channel
isolation with reduced carrier spacing). The user terminal LNB is capable of switching
between signal polarity

e Typical DTH transponder bandwidth is 36 MHz but also 27, 33, 54 and 72 MHz

* Number of Ku band transponders per satellite depends on the platform: recent SES-6
satellite (E3000 platform) contains 48 transponders (36 MHz equivalent) — DTH satellites
typically take up to ~64 transponders .

* Transponder transmit power 100-300 W (typical 150 W) ‘éﬁ.ﬁ;
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Satellite antenna size diameter: 1-2 m — user terminal antenna 40-60 cm
* Single beam DTH satellites covering Europe needs small antenna size (to cope with the
large service area). DTH satellites with linguistic beams might use larger antenna size
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GSO Systems: Broadcasting Satellite System

Satellite Communications
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GSO Systems: Fixed Services Satellite System

Satellite Fixed Satellite Services System Architecture:

C/Ku-band

Broadcast Contribution

P
/ Studio

5
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Satellite Communications

GSO Systems: Fixed Services Satellite System
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EUTELSAT 3A, deployed at 3° e =
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East, delivers users coverage of
Europe and North Africa for
i~ services that include mobile

| backhaul, data networks, IP
backbone connectivity and
maritime applications.

Launched on 1/5/2007. 24 C band
transponders

INTELSAT 907 Launched on February 17t
2003 carries 22 Ku-band and up to 76 C-band
transponders (in 36 MHz equivalents),

*  Data connectivity and voice communication for
passengers and operational purposes in the
cruise, ferry and offshore sectors.

*  Ku-band services: DBS, VSAT, Maritime

connectivity, backhauling for DTH
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FSS Typical frequency plan /satellite transponder layout

14040 14080 14120 14160 14200 14240 14280 14220 14360 14400 14440 14480

CENTER FREQUENCY, Mitz
UPLINK RECEIVE

HORIZONS-1 24 Ku-band Transponders

11730 11760 11500 11840 11860 11920 1155 1 200

11740 11780 11820 11860 11900 11540 11580 12020 12060 12100 12140 12180

CENTER FREQUENCY, MHz
DOWNLINK TRANSMIT

* Dual use of polarization, different frequency bands for uplink and downlink, 40 MHz
spacing (transparent payload)

* A single channel can relay up to hundreds of Mbps, if a suitable antenna, power
amplifier and modulation equipment is used on the ground.
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GSO Systems Architecture — Broadband Access System

e Gateway(s) connected to terrestrial high-speed backbone

e Feeder link connecting the satellite to the terrestrial gateway

e User link connecting the users to the satellite

e Satellite acting as a bent pipe transponder from/to gateway to/from users
e Multiple beams to increase the frequency reuse and satellite antenna gain

e For high throughput satellites multiple gateways spatially separated are required to
support the required throughput

User link Satellite <-> Users

Ku/Ka-band
Feeder link Gateway <-> Satellite

Ku/Ka/Q-V-band
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GSO Systems Architecture — Broadband Access System

Solution borrowed from terrestrial wireless cellular networks:

SPATIAL DIVERSITY + FREQUENCY RE-USE

GW UPLINK

F1 F2 F3 ‘ F4
User link User link  User link  User link

’l_)andwidth bandwidth Eandwidth bandwidth
USER DOWNLINK

c
S
c
=]
£
g
< The user link bandwidth is re-used several times within the
E service area=> network capacity increase
(7]
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GSO - Inter-Satellite (external-system) Interference

REQUIREMENT on emission:

No coordination policy required if

external interference < 6% of system
noise level:

considering the two nearest

interferers, for the victim satellite
we should have

l,<0.12 N, or 1,/N,<-9.2 dB

Example:
C/ N,=81 dBHz

How much is the external
interference degradation?

ip. Ingegneria dell’Informazione
niversity of Pisa, Italy
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%> \ Adjacent
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’ \ Satellite co-
N
\\\ \\ channel
SO \\ interference
. N
AdJa'cent AN Geo Orbit \
Satellite co- \\\ Separation
channel S
interference N

REQUIREMENT on orbital slots:

Minimum 2 deg orbital separation to
limit the interference

For Ku-Band services in Europe the
minimum is 3 degrees
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NGSO System Architecture

e Service provided:
— Mobile voice/data links (e.g. Iridium, Globalstar)
— Broadband access (O3B, Starlink, Kuiper)

e Gateway(s) connected to terrestrial high-speed backbone (for non real time
services e.g. loT one may be enough)

e Feeder link connecting the satellite to the terrestrial gateways
e User link connecting the users to the satellite

e Satellite acting as a regenerative or bent pipe transponder from/to gateway
to/from users

e Multiple beams to increase the frequency reuse and satellite antenna gain
e Multiple gateways required to achieve the required throughput
ISL to reduce the number of gateways

Satellite Communications
°
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High level architecture of an NGSO system

NGSO System Architecture

—
e —————
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—
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-
=
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<- S A
Feeder Link D e N ] N
e -7 "' ‘ _____ tq- .
s User Links .~ « ’ Feeder Link
. ' :
\ # ' ! P
ﬁ’: - Jy
"\ Ground
;, ,  Station
Network
Management
Centre (NMC)
Ground Network
Ground Network
] |
I |
I I
I |
! | !
Lmk Status - i — i [ Link Status
1=

Communication Demands

Network Control
Centre (NCC)
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PART 2 - SATELLITE STANDARDS: A CASE STUDY

Satellite Communications
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Satellite Standards - DVB-S2: History

DEFINIGN A STANDARD is not an easy task. All started with:
e US interest to include 8PSK on top of QPSK already present in the DVB-S standard
e Possible FEC enhancement wrt the concatenated convolutional + Reed Solomon

e The DVB group issued in 2002 a call for proposals in two rounds: 1) FEC contest; 2) PHY

and framing .
FEC Proposals Performance Comparison

Proponent Average loss | Performance figure Ranking
from capacity
(dB) J
COMTECH 1.49 1.507 6
(USA)
CONNEXTANT |1.38 1.284 5
(USA)
ESA (NL) 1.00 0.995 2
HNS (USA) 0.73 0.727 1
PHILIPS (F) 1.28 1.276 4 l
SPACE BRIDGE | 0.81 0.817 (discarded for N/A
(CDN) excessive complexity) .
TURBO 0.97 0.973 2
yCONCEPT (F) | r ’ .

ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Satellite Standards - DVB-S2: History

e HNS (USA) won the FEC contest: ESA+Polito runner-up with Turbo concept (F)
e HNS LDPC FEC allowed higher parallelization than European Turbo Codes ®
e ESA proposal for Amplitude Phase Shift Keying (16 and 32-APSK), Adaptive Coding and

Modulation (ACM) and pilot-aided synch accepted by DVB TM ©

The Modulation/Framing Winner

« QPSK for efficiencies < 2 b/s/Hz
- 8PSK for efficiencies < 3 b/s/Hz
« 16APSK for efficiencies < 4 b/s/Hz [ESA]
. 32APSK for eﬁiciencies <5 b/s/Hz [ESA]

optlonal as suggested by ESA
- Physical layer I-Q scrambling as suggested by ESA
« Framing structure as proposed by RAI
« Preamble coding as proposed by HNS
« Pre-distortion techniques proposed by Tandberg and ESA

ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Satellite Standards - DVB-S2: History

e ESA provided the reference model for assessing end-to-end performance

e The hard work was completed in 2003 with celebration in Turin and standard publication
in 2004

e Lessons learned on FEC: look at the implementation on top of performance aspects!

ETSI EN 302 307 V1.1.1 (2004-01)

(Te series)

Digital Video Broadcasting (DVB)
Second generation framing structure, channel coding and
modulation systems for Broadcasting, Interactive Services, News
Gathering and other broadband satellite applications

Satellite Communications
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Satellite Standards - DVB-S2: Features

Applications

Broadcasting of standard definition and high-definition TV (SDTV and HDTV)
Interactive services, including Internet access, for consumer applications
Professional applications, such as digital TV contribution and news gathering
Data content distribution and Internet trunking

Key features

Near-Shannon physical layer performance thanks to powerful LDPC FEC

Wide range of power and spectral efficiencies with CCM/VCM/ACM

Satellite channel optimized modulation formats (APSK) suitable to pre-distortion
Pilot-aided channel synchronization

Optional channel bonding

Super-framing allowing support for beam-hopping and pre-coding

S —
Riccardo De Gaudenzi
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Satellite Standards - DVB-S2(X): Features

DVB-S2 is a single system for the various application scenarios

Broadcast profile
(CCM, VCM)

Interactive Professional
service profile service profile
(ACM) (CCM, ACM, VCM)

Cost reduction
due to mass
production

Maximum commonality
in the specs among profiles

Satellite Communications

§e% % Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Satellite Standards - DVB-S2: Features

Table 1: System Configurations and Application Areas
System configurations Broadcast |Interactive | DSNG | Professional
Services Services Services
QPSK 1/4 ;1/3; 2/5 ; (@) N N N
< 1/2,3/5,2/3,3/4,4/5,5/6, 8/9, 9/10 | N N N N
o SPSK 3/5, 2/3,3/4,5/6, 8/9, 9/10 N N N N
o0 16 APSK 2/3, 3/4,4/5,5/6, 8/9, 9/10 @) N N N
Z 32APSK 3/4, 4/5,5/6, 8/9; 9/10 O N N N
L CCM N N (%) N N
L2 VCM 0 0 0 0
2 ACM NA N(*%) O O
= FECFRAME (normal) | 64800 (bits) N N N N
Q FECFRAME (short) | 16200 (bits) NA N O N
5 Single Transport Stream N N(*) N N
O Multiple Transport ) O(**) O O
B Streams
g c Single Generic Stream NA O(*%) NA 9)
B - Multiple Generic Streams NA O(* *) NA 0]
= S Roll-off 0.35, 0.25 and 0.20 N N N N
g > Input Stream Synchroniser NA (%) [Q(**¥) O(**%) [ O(***)
§ Null Packet Deletion NA O(***) O(***) O(***)
o Dummy Frame insertion NA(***) N N N
3 N=normative, O=optional, NA=not applicable
A * Interactive Service receivers shall implement CCM and Single Transport Stream

** Interactive Service Receivers shall implement ACM at least in one of the two options:
S92 Dip. Ingegneria dellInformay Multiple Transport Streams or Generic Stream (single / multiple input)
g University of Pisa, Italy *** Normative for ACM/VCM or for multiple TS input stream(s) combined with CCM

" Sy



Satellite Standards - DVB-S2: Features

— Constant Coding and Modulation (CCM) — repeating frame configuration

Physical layer #N Physical layer #N Physical layer #N Physical layer #N . .
(e.g. 8PSK 1=2/3) (e.g. 8PSK 1=2/3) (e.g. 8PSK 1=2/3) (e.q. 8PSK1=2/3) Typlca//y used for brOGdCGStlng systems
Physical layer #N Physical layer #N Physical layer #N Physical layer #N

frame length frame length frame length frame length

— Variable Coding and Modulation (VCM) — periodic frame configuration

Physical layer #M Physical layer #M Physical layer #M Physical layer #M BfOGdCGSting systems with different
(e.0. QPSK r=3/4) (e.0. BPSK r=2/3) (e.0. QPSK r=3/4) (e.g BPSK r=2/3) QO S (e g S DTV+HDTV wit h differen t FEC )
* Physical layer #M " Physical layer #4 " Physical layer #M > Physical layer #4 >
frame length frame length frame length frame length
(7]
c
2 — Adaptive Coding and Modulation (ACM) — irregular frame configuration
S
c . .
5 Interactive systems, trunking etc..
E Physical layer #K Physical layer #M Physical layer #M Physical layer #Q
g (e.g. 16APSK r=4/5) (e.g. BPSK r=2/3) (e.g. QPSK r=3/4) (e.g. 1T6APSK r=2/3)
(@}
(]
=
E -+ e e -t >
8 Physical layer #K Physical layer #N Physical layer #M Physical layer #Q
frame length frame length frame length frame length

ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Satellite Standards - DVB-S2: Physical Layer

MODE ADAFPTATION
DAT.
E-ingIE :lllllllll‘:lllllllllt :----------I-----I------I‘-
Input Input E:;P"t 5111!3“:'5 sNull-packets| CRog oo * Dotted sub-systems are  »
- w - n L]
Stream interface o mehronts - 12:?':!":";&' Encoder _t DHTer .: s not relevant for .
- " . =y .
<o ‘-.--....-=IIIIIIIIII=4|—‘. nammas E smg,le tl'ﬂI.I.E-PDI" stream E
* broadcasting .
5 ..
Mu'tipl& =--....-E =......-..==...-.....=s.......‘. ?.......E“I ;IEIEE]:‘EIEPIELDI.SIIII.IIIIIIIj
EIln|:||u’: --. Input . anput Eh‘e«_am :EN uII-pa_nhel:: CRCE ! Buffer =
treams _*interface:-??"chmnmﬂh Deletion =.: Encoder ™% v ooneos
- e ..1HCM,TS]=: s
I‘lllllllll :III llIII'::--l------:lIIIIIIII.
%ﬁgﬁ. PL Signalling & =035, 0,25,
rates 1/4,1/3,2/5 1GAPSK. Pilot insertion 0,20
. 1/2, 315, 273, 314, 4/5, 12APSK
E oG, B9, 90
E AEEEEEEES Bit
7) . - " | EE Filter
5 : H— BCH LDPC Bit mapper L al o
E= H H s SCRAM [l  Encoder | Encoder Inter-  oeg into Quadrature [~
© i - " K constel- JraseEn rature
O u F » {Mipay, Kipan] (Migpe-Miegal il Jeaver " = Dummy = Modulation
ke - s| BLER lations . ¥
g 2daptation EEEEEEEEE | s PLFRAMEZ
3 -
€ ingut STREAM : 2 Jsertion
E Interfaca . ) H .
S Joptional) ADAFTATION FEC ENCODING i ALAPPING PL FRAMING MODULATION
o 4
S BELEADER LE stream fy to the RF
3 DATAFIELD BEFRAME BCmodes * |pECERAME PLFRAME satellite
= — channel
n
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Satellite Standards - DVB-S2: Physical Layer

MODE ADAPTATION

Input stream interfacing

Input stream synchronization (TS optional)
CRC encoding (for packetised TS input only)
Merging of input streams (for multiple input streams)
Slicing in data fields e

_ _MODE ADAPTATION \
Single - = B CITITTITIIPE SRR
! nput Input pu'tsium Nul paclet CRC-8 Sizmlling 1 Dottd sub-syetems arenot ©
! Strea interface| "’mm_ Deletion o Encoder + rdavant for :
R moLty I—> single transport sirm
oo . MErger broadeas ting applications
i Multiple [ nre - : Slicel e
| Input : Input : putfmm Nul lmh-*l:
| Streams D, | rmeﬁaue..:hm 11 Deletion 5 E?.;ﬁ
ACM.T8)
PP L -~
-‘.-'-:-__ _./_:--' —
EPS; SQ{-"K PL Sigmalling & ﬂ.gamo b
16APSK, FPilot msertion .
rates 42, ¥5, 273, IZAPSK
34, 45, 55, 88, 310
Bit HE
H 1 1 BB Fitte
PADDER| . o iE 222 ||| = Tt |[B e
s i scRamHH|  Encoder | Encoder inter- Jpa ‘;I S ....|BLER Guadrature| T
H [Mhcn, K] [Mackawc))| leaver e Du Modulation
-------- LFi
i.lneerton
ADAPTATION FEC ENCODING PL FRAMING MODULATION

TREAM
to the RF
|ﬁTImm?5 y |BBFR.AI\-1E> FECFRAME 3 |PLFRM{E> et
channed

Riccardo De Gaudenzi
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Satellite Standards - DVB-S2: Physical Layer

STREAM ADAPTATION

SMICHFE ADWPTATION

- Padding is required when data is not sufficient
to fill the BBFRAME [unicast mode only]

« Stream adaptation provides padding to
complete a constant length (K, bits)
BBFRAME and scrambling (m.:,.. ===

=
& SR EBFsr
and

P G

fhobe 383}

....... | e EAE
HE

« K, is coding rate dependent (see Table 5-a) zed || memcor e | M || v

- BB scrambler to randomize information bits at TR

the encoder input

) Inttialization sequence )

c - -

o 80 bits DFL K»a-DFL-80

2 1 0 0 1 0 1 0 1 0 0 0 0 0 0 0 < - - -
8 1 2 |3 4 5 |86 7|8 9 (10 (11 |12 (13 |14 |15

g BBHEADER DATA FIELD PADDING

g 00000011 .. @—

S | xR < P BBFRAME (Kbes bits) .
1] ) 1 >

= clear BB-FRAME input ; i el

2 Randomised BEFRAME output

o)

©

wn

|
Riccardo De Gaudenzi

ip. Ingegneria dell’Informazione . )
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Satellite Standards - DVB-S2: Physical Layer

FEC encoding < Noch= Kidpe R
i . K
e This block performs: < Kocn ><'\'bch Koen K
— BCH outer encoding SBERAME R R —

— LDPCinner encoding

— Bitinterleaving before M-ary

modulator (Bit Interleaved Coded
Modulation)

e FEC Encoding operations

— Each BBFRAME (K, ,, bits) is processed by
the FEC coding subsystem, to generate a
FECFRAME (n,,,. bits).

— The parity check bits (BCHFEC) of the
systematic BCH outer code shall be
appended after the BBFRAME, and the
parity check bits (LDPCFEC) of the inner
LDPC encoder shall be appended after
the BCHFEC field

ip. Ingegneria dell’Informazione
niversity of Pisa, Italy

MODE ADAPTATION

............................
* Dotted sub-systems are not
= relevant for H
% single transport stream

+ broadcasting applications

BPSK, QPSK|| | L signalling & 0=0.35, 0.25,
16APSK, Pilot insertion 0.20
35, 215 32APSK
3/4, 415, 5/6, 8/9, 9/10
I ! o | o o BB Filter
.PADDERE = BCH LDPC Bit mapper b RAM * )
23 3 SCRAM M Encoder || Encoder | inter- wmf | .| BLER o el 1o
: i BLer & niKocn) (Nispe.kiape) || leaver constel- : e e
ADAPTATION FEC MAPPING PL FRAMING MODULATION

to the RF
BBHEADER
N |_:BBFRAME> ‘ - eeeeeee

Riccardo De Gaudenzi
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Satellite Standards - DVB-S2: Physical Layer

MAPPING & MODULATION

o Four modulation formats, all optimised to

operate over non-linear transponders (external l ., | 1 -
points over circles): - '?:'i" =) S 20 = EE £
0 QPSK (2 bit/s/Hz) L || e a iz I T
o 8PSK (3 bit/s/Hz) - ) )
o 16APSK (4 bit/s/Hz): 4-12-APSK
0 32APSK (5 bit/s/Hz): 4-12-16 APSK  More modulation formats in DVB-$2X
o Gray mapping
Q
[#] =M SB Q=LsB Q MSB 1010 + 1000
g 10 1 \{{I‘/ 1o IJD!J‘/:—-—;) Ls8 0ot 0000 " mmu'[m
k] / / 0110 1110 100 % dioo” 10000
g F 00 = 11000
E | | 0111 _1_1_1_1 1101 01[]1 10110, 10111
8 11 01 011 e o1 gonin 4 11010
g UU11 0001 _ 11111 a0 11 010a
§ 11 T=R/R 1011 1001 i 1111 . 11011
e

ip. Ingegneria dell’Informazione
niversity of Pisa, Italy
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Satellite Standards - DVB-S2: Physical Layer

PHYSICAL LAYER FRAMING

- Inclusion of physical layer signalling ==

- Generation of dummy PLFRAMEs = =

- Generation of physical layer
scrambling

- Optional introduction of pilot symbols

Satellite Communications

I
SR % Dip. Ingegneria dell’Informazione Riccardo De Gaudenzi
2L University of Pisa, Italy 13. Satellite Services and Standards




Satellite Standards - DVB-S2: Physical Layer

Why pilot symbols?

MODE ADAPTATION

* Phase recovery for 8PSK and higher modulation
order in the presence of the specified phase
noise appears impossible without pilot symbols AL ~

e Allows for frequency/phase recovery R B Rt |\
independently from the current frame physical L e [ e e w_» e fgSep ] s ||
layer configuration [ACM] e e |- MZDZ;;ON

* No need for frame re-acquisition for users not RS :> TN -

able to decode the current frame (due to
fading and/or bad C/I) [ACM]

e Allows for accurate data—aided channel

Why pilot scrambling?

beams interference

é estimation which is a must for ACM e Toidentify the

g e Solution: Optional pilot symbols at regular transponder

£ interval after the PLHEADER (36 pilot symbols * Toavoid correlated

§ every 1440 symbols) interference from other

B — |
ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
niversity of Pisa, Italy 13. Satellite Services and Standards




Satellite Communications

Satellite Standards - DVB-S2: Physical Layer

e The PL frame payload is composed of a different number of modulated symbols

depending on the FEC length (64 800 or 16 200) and the modulation
constellation

e Excluding the optional pilots, the payload length is always a multiple of a slot of

90 symbols
e PLFRAME periodicity can be exploited by the frame synchronizer in the receiver
XFECFRAME
S sl
< 90 symbols slols "
Slot-1 Slot-2 e Slot-S
I‘SIOt (mh‘BliSsz \i\Sﬁlots (selecte\m@chﬂatml% m‘;‘h\
ey —
PLHEADER Slot-1 Slot-. Slot-16 bh_k Slot-S
// d
SOF PLSCODE r;ﬁig pffot : ‘““f;ﬂ:li?d
< >
PLFRANMIE before PL Scrambling 90(S+1)+P int{(S-1)/16} (P=36 pilots)

ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Satellite Communications
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Satellite Standards - DVB-S2X: Physical Layer

ACM
e Powerful LDPC FEC with BICM mapping onto constellations
e Joint FEC and constellation optimization

e Modulation formats from BPSK (+spreading)
to 256APSK

e Extended SNR range and finer
MODCODs granularity

e SRRC roll-off factor down to 0.05

P — I
f/ . \\ 1
|0|rj‘,-’/ \ L R : \.I‘JD'CI Illl
/ o / oo\ :
) , . = 1
| | - "ﬁ \
| | A | |
|| 1 ) ]
! 0110 \< &'mun Jll.l'
m\\_ oIt T piot ,/‘ m
\\. /I
\<\ />/
11?1‘"-3__ . ___F--"ﬁ:
-
_\_\_\__\'_ e _.__'_'_,_F.-

Riccardo De Gaudenzi
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Satellite Standards - DVB-S2X: Physical Layer

spectral efficlency [bpsfhz]
including roll-off overhead

3 |

n

c

(=]

=

0]

=

c

s 1

g —=—52 (RO=20%)

S —=—52-X (RO=5%)

(V]

=

T 0

)

g 11 -10 -9 -3 7 B 5 4 3 2 1 0O 1 2 3 | 5 6 7 E 9 10 11 12 13 14 15 1& 17 1B 19 20
ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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The satellite nonlinear channel challenge

e Typical TWTA non linear characteristics

AM/PM
(a) AM/AM (b) o —
Saturation point \\
\ -10
10 \ 7
,f
5 ’J == -20
& \ g
=] o .
“:'é . Gain complession, -f £ a0
TV n
TN i \
[ % g
® -5 ‘ o 40 \
.g u::l / \
5 -10 —50
5 / \
£
=
2 -20 -15 -10 -5 0 5 20 -15 10 -5 0 5
g P;, rel to Pjgat (dB) Pin rel to Pipsat (dB)
(7]
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Satellite Standards - DVB-S2X: Physical Layer

SRRC pulse shaping is causing envelope fluctuations even for QPSK, PAPR grows
with higher order modulations

APSK although not constant envelope is easier to pre-compensate than QAM:
high-amplitude “corner” points are missing

¥ e
0010 0110 1110 1010 - e
- & ) e - .
- e e
= e
=¥ [
=
o) 0011 0111 1111 1011 P T
&, ] ] [ ] (] ' - !
[ ] ¢ "I E‘IE
= , , i i ' f
EJ 3 B q T i : I
bt 0001 0104 1101 1001 ' Y, ' ] [ ! Y . ! '
= 'Y ® ° [ ¥ [ ] - , [ K . - h [
[72) 5 P ER , 1 :" R , d
g _*j . ql. e ’ ,i
® 5; 0100 1000 . - .. - .r’J
'S Qoo 1100 - - - —_
‘é ~ [ [ e ® -+ . - »
=] . . ..-"-‘
£ .- .
€ LY Tl
o Inphase component (A) (B)
(@]
>
g 16-QAM
©
(V)
. . .
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Satellite Communications

Satellite Standards - DVB-S2X: Physical Layer

Static pre-distortion technique:

If the centroid is estimated
the transmit constellation point a /"
could be adjusted iteratively in order to

()
90

Centroid

e(") Error signal

reduce the error signal e™:

Py (m+1)=p

ary

() . . .
% Dip. Ingegneria dell'Informazione

2055 University of Pisa, Italy

()~ e (m)
6, "(m+1)=6, " (m)-y,arg{e” (m))

(1)

O —
Riccardo De Gaudenzi
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cg Dip. Ingegneria dell'Informazione

Satellite Standards - DVB-S2X: Physical Layer

Dynamic pre-distortion technique:

- The same technique as the static pre-distortion is applied but here the
centroids are computed over clouds belonging to a given pattern of L
symbols

« L is the memory of the pre-distortion
technique

- The iterative constellation adjustment
is performed over the al™ transmit
symbol, but there are in
total M(-") adjustments and
eventually M1 transmit constellation
points

a9 . ..a®. ... q?P

|
Riccardo De Gaudenzi

LNy,
2 % University of Pisa, Italy 13. Satellite Services and Standards



Satellite Standards - DVB-S2X: Physical Layer

Received constellation Pre-distorted TX Received constellation
without pre-distortion constellations with pre-distortion

Satellite Communications

ip. Ingegneria dell’Informazione Riccardo De Gaudenzi
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Satellite Standards - DVB-S2X: Physical Layer

e Optimization of Total 40-
Degradation -
. . -
(OBO+Distortion Loss) § 3c ]
e Reduction of the IBO 3
. . i
operating point z 3.0 = _
. = timum point at
e |mprovementinthe HPA .= @ P I dB IBp ,
o =, 4
DC to RF conversion = T g 25+ - OPI‘
.. g ']
efficiency il g ]
| [
— O 7
£ 5 20
o L= ]
- - =2 I_ i
z £ i |—e— TD no Pred
c W= 154 —m TD static
2 — 7 —a— TD dyn 150 iter
5 L i —& TD dyn 45 iter
2 % ] —A— 0OBO dyn 45 ite
g = 1.0 = —e— 0BO no Pred
£ 5 ) 16APSK LDPC rate 3/4
S :‘? OBO lD Dynamic Predistortion M = &
= - Roll Off 0.3
5 0.5 <
] | | | I | I | I | I
& 1 0 1 2 3 4 5 6 7 8
~|BO,[dB]
S, Riccardo De Gaudenzi
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Satellite Standards - DVB-S2X: Physical Layer

DVB-S2 demodulator block diagram

FRAME frgme sync

SYNCH
FROM THE
FRONT END ot
MATCHED DECODER
I:>®i> INTERPO[\ FILTER + > :>® j>
LATOR 1 DWN- BUFFER )
= SAMPL
‘ 1T
INTEGRATOR + »
LOOK-UP g ifk)
TABLE LOOK-UP
SYMBOL fram frame frame TABLE
CLK sync DEMUX
RECOVEY sync sync
GARDNER
MODIFIED i;@)'LOT
PILOT
PILOT L&R Lot ls
SYMBOL FREQUENCY SYMBOLS ;
ESTIMATOR . '%DER e
PA-LI LOOK- DAGC U LOOP PED
PHASE | UP J Loop FILTER
ESTIMATOR TABLE
P(K)T
2 COARSE
ORDER FED
NCO LOOP <j DELAY&MU
FILTER

!

frame sync (freeze on
data symbols)
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Satellite Standards - DVB-S2X: Physical Layer

DVB-S2 mass-market chipset

1574

STV6110A

8PSK/QPSK low-power 3.3 V satellite tuner IC

Features

W RF to baseband BPSKIQPSK direct conversion
W Single 3.3V DC supply

W Input frequency range 950 MHz to 2150 MHz
B Supports 1 to 45 Msymbol/s

B On-chip RF locp-through

W Fully integrated PLL frequency synthesizer for
DVB-52 (including loop filter)

Exfremely low phase noise compliant with
DVB-52 requirements

Low external component count

Low power consumption

B Flexible crystal frequency output to drive the
demodulator IC

B Continuously variable gain: 0 to 85 dB

W Additional and programmable gain on
baseband amplifier: 0 to 16 dB

W Programmable 5- to 36-MHz cut-off frequency
(butterworth Sth-order baseband filters)

m Compatible with 5V and 3.3 12C bus

Data Brief

Description

The STVE110A satellite tuner is a direct-
conversion (zero IF) receiver dedicated to digital
TV broadcasting.

On the RF input is a low noise amplifier (LMNA),
with buffer to supply the RF output for
leop-through, and a continuously variable gain
LNA to ensure an optimal signal level for the two
mixers. Each mixer, which down-converts the
signal to baseband, is followed by a low-pass filter
and amplifier. The baseband gain can be varied
by programming a register via the I°C bus.

The LO signals are provided by an integrated PLL
which containg an on-chip voltage confrolled
oscillator (VCO) meeting stringent phase noise
requirements. The PLL loop filter is integrated.
The LC freg ies are p bl

The comparizon frequency for the phase-
frequency detector (PFD) iz generated by dividing
the crystal oscillator reference frequency. The
crystal frequency can be from 16 MHz to 32 MHz
depending on application.

.,

RF_OUT

RF_IN

XTAL_IN
XTAL_INFT]
XTAL_ouT™

R e

5

]

orve EH

=

SCL
PC bus interface | 1%
=

Dip. Ingegneria dell’Informazione
University of Pisa, Italy

1574

STV0910

Multi-standard advanced dual demodulator

for satellite

digital TV broadcast set-top boxes

Features

m Dual mulii-standard demodulation for
broadcast applications
- DVBSz QPSK, sPSK, CCM, VCM
— Legacy OVBS and DirecTV™ QPSK with
SuperFEC™ for enhanced recaption
— Mutti-tap equalizer for RF reflection
removal
— Wide range carmier freguency tracking loop
for offset recowery
m Advanced version for DVBS2 16APSK,
32APSK, low OPSK code rates and ACM
m Dual mulii-standard decoding
— DOWBS2 FEC and framing
— Up to 270 Mbit’s channel bit rate
— DWBS or DirecTV™ |egacy
m Intedfaces
— Dual data to MPEG decoder

Data brief

— DVB comman interface compliant

— [BC serial bus interface, including two
private repeaters for tunars

— JTAG interface for boundary scan

— 2 DiSEqC 2.x 22-kHz interfacas
FSK interface

— Hexible GPIOs and intarrupts

— Bit error rate monitoring and repaorting

m Technology

—  Mutti supply: 1.1-V core, 2.5-V analog,
3.3V digital interfaces

— Fine-grained power management

- LFBGA-168 12x12 mm? package, FoHS

Description

The STVI0210 is a cost effeciive,
high-performance dual demedulator/decoder for
advanced DVE satellite reception.

AECAF
KECAFZ

PNA 1P
[, OF1
PM2, IFD)
[ohz. aFg
XTALI
XTALD

SOAT1, BCLT1
EOATE, BCLTZ

Lock indicador and

ﬂmllﬂ; | l | l
+ 3
Lagecy FECa
Viomd dococar
amager BCH dococar nnar dentoroaver

DOVESZ de-raming Figa—S040mon decocar
FIFC:Lina 2
CRC chacker Encrgy descrambiar

Decamber 2012 Doc ID 324009 Rav 1 14

For furthar informaion contact your local STMcroslecironios sales office.

wwwsioom
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Satellite Standards - DVB-S2X: Physical Layer

Why Adaptive Coding and Modulation in Satellite Broadband Networks?

— Broadband applications are one-to-one service (not one-to-many as
broadcasting)

— The user SNIR (FWD example) is dependent on the satellite antenna gain
and path losses (location dependent), the atmospheric losses (weather
thus time dependent) and the co-channel and adjacent channel
interference

— The physical layer configuration (MODCOD = FEC code rate and
modulation) can be locally optimized to get the maximum throughput for
each user considering the current SNIR
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Satellite Standards - DVB-S2X: Physical Layer

Antenna gain - undepointed case (dB) (tm.res)
T T
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5.0
G S R B, 3N e W 4.5
-4.0
0’ SRR T A ) =3.5
°
=
£ £3.0
S50+
X : 25
45| NI LY s W = 2.0
m 3 5 )
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E R N A — — — = = =
2 40 1.0
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5 35+
o
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3 Longitude
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Satellite Standards - DVB-S2X: Physical Layer

Downlink co-frequency co-polar ¢/I (dB) (tmp.res)
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Satellite Standards - DVB-S2X: Physical Layer

Sat loc: 0.00°N 13.00°E, f=20.00 GHz, p=45.00°, Da=0.00m, n=0.60, py=0.3980%
. T 6

55
5
i 14.5
= 14 =
= =
S 50 135 §
2 =
= 3
— 45 o
®
40 -
o
" =
c
2 35
S
5
g 30
€
S .
@ 25
g Longitude (°) ITU-R method
)
Max Ka'bandfading at 99.7% prObab”ity I ———
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Satellite Standards - DVB-S2X: Physical Layer

How does ACM work in DVB-S2(X)?
— Quasi-real-time adaptation based on the C/(N+l) estimation at the user terminal
— Minimization of link margins required for a given link availability
— User throughput reduction (instantaneous bit rate) can be compensated by RRM

/.é Low Protection
8PSK rate 5/6

. -
o et

.§ . High protection
e T
: 8 Maead: =t QPSK, RATE 1/2
E ACM MOD
o
O
it- C/(N+I
é bit-rate Return channel ( )
2 Control Measurement
a _ ]
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Satellite Standards - DVB-S2X: Physical Layer

e ACM based on real-time SNIR estimate by each user terminal
e Hysteresis required to avoid MODCODs ping-pong effects
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Satellite Standards - DVB-S2X: Physical Layer

RESULTS

Ka-band multibeam forward link example using DVB-S2 and ACM

The majority of users are adopting 8PSK or 16 APSK depending on their location
and/or channel conditions

More protected MODCODs (QPSK) used with limited probability

The impact on the throughput corresponds to 190% increase compared to a
classical CCM approach!

The TDM frame allows to mix different MODCODs on the same carrier

FRAME
H FECFRAME H FECFRAME H FECFRAME
8PSK 5/6 QPSK 2/3 16APSK 3/4

Deep fading is rare and limited in the coverage area => negligible impact on the
system throughput!

S —
Riccardo De Gaudenzi
13. Satellite Services and Standards



DVB-S2 in the Commercial Market
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