ETS| TR 102 604 V1.2.1 (2007-11)

Technical Report

Satellite Earth Stations and Systems (SES);
Satellite Digital Radio (SDR) Systems;
Guidelines for the use of the physical layer standards

D




2 ETSI TR 102 604 V1.2.1 (2007-11)

Reference
RTR/SES-00297

Keywords
digital, layer 1, radio, satellite

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

Individual copies of the present document can be downloaded from:
http://www.etsi.org

The present document may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network drive
within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
http://portal.etsi.org/tb/status/status.asp

If you find errors in the present document, please send your comment to one of the following services:
http://portal.etsi.org/chaircor/ETSI_support.asp

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2007.
All rights reserved.

DECT™, PLUGTESTS ™ and UMTS™ are Trade Marks of ETSI registered for the benefit of its Members.

TIPHON™ and the TIPHON logo are Trade Marks currently being registered by ETSI for the benefit of its Members.
3GPP™is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners.

ETSI


http://www.etsi.org/
http://portal.etsi.org/tb/status/status.asp
http://portal.etsi.org/chaircor/ETSI_support.asp

3 ETSI TR 102 604 V1.2.1 (2007-11)

Contents

INtellectual Property RIGNES.... ..ot b e et nb e b b nenn e 5
0 Yo (o SRS 5
1 o010 SRS 6
2 REFEIBINCES ...ttt sttt e et et et e e e bt e bt e bt s b e se e be st e st e st e benbenbeneenbentenees 6
21 INfOrMELIVE FEFEIENCES. ... ettt e ettt a e et et e st e st e besaeseeeneenseeeseesbesaeetesneeneeneens 6
3 Definitions and @DBreVIBLIONS...........ccveieieeieee e 7
31 DEFINITIONS. ...ttt b e R Rt R R R et R Rt R e R et r e 7
3.2 ABDIEVIBLIONS ...ttt et Rt R et R n e ns 7
4 SDR DeSigN GUIAETNES OVEIVIEW .....c..ocueeiecieeeecte ettt ee sttt ste et s eestesaeeaestesae e besteenesneereensesneens 8
4.1 OVENVIEW OULEr PRYSICAl TAYEN ......eceiieiectiiteeet ettt ettt b e et b e et b e et eb e et eb e e e e b e sneneere s 9
411 Overview S-TS mMUtlipleX/ENCaPSUIBLION ........coiviiiirieiriireeert et 10
412 (@S YT TS T S 1 5 2O 11
4.1.3 Overview S TStype 0 (AUMMY PACKEL) .....c.eivirieeirtirieieete ettt st s b e e be e ebe e seenen 11
414 Overview S TStype 1 (transparent SIEAIM)........c.eeerieirerieeeie ettt sttt s b e s e b e e b e neenens 11
415 Overview STStype 2 (MPEG-TS SIMEAM) ...cvcviviiiiriereiresieieseeiese st snese e 11
4.1.6 Overview S-TSLYPE 3 (IP SIHEAMY) .....ociicie ettt s re e s ae e e e s e e ta e te e beenteennesneennes 11
417 OVEIVIEW FEC ...ttt bbbt e bt e Rt e bt e bt e bt nn b e nna 12
41.7.1 L O 0 o (T o SR 12
4.1.8 (@Y VL= Tl [ = = SRR 14
4181 L= 1 Y74 = (= o] (o =SS 15
4182 UNITOMM PrOFITE ..ttt b et b e et b e bttt a e b e b e ene 16
4.1.8.3 CombiNatioNal PrOITE ..ot 17
4.1.9 OVEINVIEW SIGNAITNG DI v ettt ettt sttt sttt ettt b e et eb e s et e bt se st b e seeae e b e seese et e sbe e ebesbe e ebesbennenen 18
4.2 Overview inner physical [ayer SINGIE CAMTIEN ......c..ciiiiiiiieeere bbb 19
4.3 Overview inner physical layer MUITIPIE CArTIEN ........ooiiiiii e 19
4.4 Layers above the PhySICEl TAYEN ... 19
5 SDR design gUIAEIINES SAEEITITE. .....cc.eeiiiceicie ettt st et e e e ens 19
51 HEOQO Dased Sl lITE SYSLEM .......e et te e et e et s e st e te e e e teensesneesneesreesneansaensenns 20
51.1 HEO system using SiNQgIe SALEllite SOUMCE ..........oceeiiieiiie ettt e 20
512 HEO system using MUltiple SAEllite SOUICE .........cceiirieiiereeee e 22
52 GEO Dased SAEIITE SYSIEIM ...ttt et b et b et b e et b et nb e n e 22
521 GEO system using SiNGIe SAEIlITE SOUICE .......c.eiuiieiiriieeeireeee e 23
522 GEO system using multiple SAtellite SOUICE ........c.ciirieeriiieirtiieert et 23
5.3 Other SAEITITE SYSIEIMIS. ...ttt bbbt b et b e et b et b e bbbt et b e e et b e st et eb e b 23
6 SDR design gUIEliNES TEITESITTEL ......c.veeeeeeieeiei et 23
6.1 Terrestrial NEIWOIK tOPOIOQY .....vevueeiee e e et e et e e et e e estesaeesaeesreesaeenseenseenseeneesseesrens 23
6.1.1 LOW pOWeEr tranSmMitter tOPOlO0Y ... .. ueieeieerreerteetieerseeseesteesteetesaesaesseesseesseenseesseessesseesseesseesseensessesnsesnes 23
6.1.2 High power tranSmitter tOPOIO0Y .. ..veiveieerieriieiteeteeteseesee st e teeree e e sreesre e beesteeseessaesteesse e seeseenneeneennes 23
6.2 Terrestrial NEIWOIK FEEA ..ottt see bt et e et e s eesbesneene e e eneees 23
6.2.1 INEEINEl SIGNAL FEEM. ... bbb et b et b e et bbb 23
6.2.2 EXEErNal SINaAl TEEA ..o bbb a et 24
6.3 SN SYNCAMONIZALION ...ttt et b e bt b e et b e bbbt b e 24
6.3.1 TETESITAl ONIY SFIN ...t bbb et e ae b e st bbb b 24
6.3.2 HYDEIA SFIN ...t et b et b e et b e e h e bt b e e b e s e e bt b e sb et eb e s b et et e b 24
6.4 NON-NIEIAICRICAL ...ttt r e 24
6.4.1 LOCEAl CONLENT TNSEITION. ....cuiireeereiree ettt ettt r e et r e r et nr e r e 24
6.5 HIEIAICNICAL ... e et et et r e n e n e n s 24
6.5.1 SFN local content with Satellite MUITICAITIEN ........ccciriieiiree s 24
6.5.2 SFN local content with satellite SINQIE CAMTIEY .......uevuieiie e s sae e ee e 25
6.5.3 Individual transmitter [0Cal CONTENT ...........ooiiiiiiieee et st sb e e eneeneens 25
7 SDR design guidelineS NYDIid SYSIEM........cooiiiriii e 25
7.1 RECEIVEN AICNITECIUNE.......etiee ettt ettt sttt et e e se e besbeeaeeseenees e e e e eeseeseeseesneeneeneeneees 25

ETSI



4 ETSI TR 102 604 V1.2.1 (2007-11)

711 High PErfOrMENCE FECEIVEL ......eieieeee ettt s et e e a e e e s e e e teesbe e te e teenteene e seenteentesneesnnesnes 25
712 LLOW COSE FECEIVES ...ttt sttt ettt e bbb e ekt h e eh e s h e e ae e s e ee e b e se e eb e e b e e me et e b e nbesbeeb e e e ennennea 26
713 Multi-carrier only with antenna diversity ("selective combiniNg™).......cccvecveenieerieeie e 26
714 Multi-carrier only with antenna diversity ("maximum ratio COmbiNiNG™) .......ccceeveevercievievie e 26
7.15 Hybrid receiver with different antennas for satellite and terrestrial...........cooecveeeviecceecccce s 27
7.1.6 Hybrid receiver acommon antenna for satellite and terrestrial ..........ccccveeveeiereeciece e 27
717 Hybrid receiver With antenNa AIVEISITY ..o bbb 28
7.1.8 ConcCluSiON ON FECEIVEr @CHITECLUIES. ... .. ieeiee ettt ste ettt et e te e st e e e e e nteseesaesneeneeneeneas 28
8 Example profiles for NYDrid SYSIEIMS. ..o 29
8.1 W Profile for hybrid Systems (GEOQ) ..........ocieiieiieiecie ettt et esre et e e sneenneas 29
8.2 O Profile for Hybrid Systems (HEQ) .....cveoiiee ettt nae et et e e sneenneas 30
[ TS 0] Y USRS 32

ETSI



5 ETSI TR 102 604 V1.2.1 (2007-11)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly 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 ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to 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 ETSI Technical Committee Satellite Earth Stations and Systems
(SES).

ETSI TC SESis producing standards and other deliverables for Satellite Digital Radio (SDR) systems. An SDR system
enables broadcast to fixed and mobile receivers through satellites and complementary terrestrial transmitters.
Functionalities, architecture and technologies of such systems are described in TR 102 525 [1].

Several existing and planned ETSI standards specify parts of the ETSI SDR system, with the aim of interoperable
implementations. These parts can be used al together in SDR compliant equipment, or in conjunction with other
existing and future specifications.

The physical layer of the radio interface (air interface) is divided up into the outer physical layer, the inner physical
layer with asingle carrier transmission, and the inner physical layer with multiple carriers transmission. It is specified
by a set of standards consisting of TS 102 550[2], TS 102 551-1 [3] and TS 102 551-2 [4].

The present document contains guidelines for the use of the ETSI SDR physical layer standards.

ETSI
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1 Scope

The present document concerns the radio interface of ETSI Satellite Digital Radio (SDR) broadcast receivers.
TS 102 550[2], TS 102 551-1 [3] and TS 102 551-2 [4] specify the physical layer of the radio interface. The present
document isa Technical Report (TR) with guidelines for the use of the ETSI SDR physical layer standards.

2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific.

o For aspecific reference, subsequent revisions do not apply.

¢ Non-specific reference may be made only to a complete document or a part thereof and only in the following
cases.

- if itisaccepted that it will be possible to use al future changes of the referenced document for the purposes
of the referring document;

- for informative references.

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

For online referenced documents, information sufficient to identify and locate the source shall be provided. Preferably,
the primary source of the referenced document should be cited, in order to ensure traceability. Furthermore, the
reference should, as far as possible, remain valid for the expected life of the document. The reference shall include the
method of access to the referenced document and the full network address, with the same punctuation and use of upper
case and lower case letters.

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

2.1 Informative references

[1] ETSI TR 102 525: "Satellite Earth Stations and Systems (SES); Satellite Digital Radio (SDR)
service; Functionalities, architecture and technologies'.

[2] ETSI TS 102 550: "Satellite Earth Stations and Systems (SES); Satellite Digital Radio (SDR)
Systems; Outer Physical Layer of the Radio Interface ™.

[3] ETSI TS 102 551-1: "Satellite Earth Stations and Systems (SES); Satellite Digital Radio (SDR)
Systems; Inner Physical Layer of the Radio Interface; Part 1. Single carrier transmission”.

[4] ETSI TS 102 551-2: "Satellite Earth Stations and Systems (SES); Satellite Digital Radio (SDR)
Systems; Inner Physical Layer of the Radio Interface; Part 2: Multiple Carrier Transmission”.

[5] ETSI TR 101 154: "Digital Video Broadcasting (DVB); Implementation guidelines for the use of
MPEG-2 Systems, Video and Audio in satellite, cable and terrestrial broadcasting applications®.

[6] ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (Sl)
in DVB systems”.

[7] ETSI ETR 289: "Digital Video Broadcasting (DVB); Support for use of scrambling and

Conditional Access (CA) within digital broadcasting systems”.

[8] ETSI TS 102 005: "Digital Video Broadcasting (DVB); Specification for the use of Video and
Audio Coding in DVB services delivered directly over IP protocols®.
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I SO/IEC 13818-1:2000: "Information technology - Generic coding of moving pictures and
associated audio information: Systems'.

[10] I SO/IEC 13818-2:2000: "Information technology - Generic coding of moving pictures and
associated audio information: Video".
[11] ISO/IEC 13818-3:1998: "Information technology - Generic coding of moving pictures and
associated audio information - Part 3: Audio”.
[12] I SO/IEC 14496-10:2005: "Information technology - Coding of audio-visual objects -
Part 10: Advanced Video Coding".
[13] IETF RFC 3550: "RTP: A Transport Protocol for Real-Time Applications'.
3 Definitions and abbreviations
3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

C band: frequency band between 4 GHz and 8 GHz

Ku band: frequency band between 12 GHz and 18 GHz

L-band: frequency band between 1 GHz and 2 GHz

S-band: frequency band between 2 GHz and 4 GHz

3.2

Abbreviations

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

BER
CCC
CNR
C-TS
DAB
dB
DMB
DVB
Eb/No
FEC
FFT
FSS
GEO
GPS
HEO
HM
HP

P

IPL
IPL-MC
IPL-SC
U
LLR
LNA
LP
MC
MPEG
MTU

Bit Error Rate

Complementary Code Combining
Carrier to Noise Ratio

Channel Transport Stream

Digital Audio Broadcast
Decibels

Digital Media Broadcast

Digital Video Broadcast

Energy per bit / Noise

Forward Error Correction

Fast Fourier Transform

Fixed Satellite Service
GEostationary Orbit

Global Positioning System
Highly Elliptical Orbit
Hierarchical Modulation

High Priority (part of HM signal)
Internet Protocol

Inner Physical Layer

Inner Physical Layer Multiple Carrier
Inner Physical Layer Single Carrier
Interleaver Units

Log Likelihood Ratio

Low Noise Amplifier

Low Priority (part of HM signal)
Multi-Carrier

Moving Picture Expert Group
Maximum Transfer Unit
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OFDM Orthogonal Frequency Division Multiplex
OPL Outer Physical Layer

PFIW Physical layer FEC Infomation Word
PSI Program Specific Information

PSK Phase Shift Keying

QAM Quadrature Amplitude Modulation
QPSK Quadrature Phase Shift Keying

RF Radio Frequency

RTP Real-time Transport Protocol

SC Single carrier

SC-TS Service Component Transport Stream
SDR Satellite Digital Radio

SFN Single Frequency Network

SL Service Layer

SL/PL Service Layer to Physical Layer

SNR Signal to Noise Ratio

STS Service Transport Stream

UDP User Datagram Protocol

4 SDR Design Guidelines Overview

A typical SDR system (see figure 4.1) is based on an architecture combining one or more satellite broadcasts and, where
necessary, complementary terrestrial transmitters to ensure seamless reception for receivers when satellite signal(s) are
blocked by obstructions, especially in urban zones.

Broadcasting in L Band
with complementary terrestrial
transmitters for shadow zones

Broad

2)

Complementary Terrestrial
Transmitters Feed

Studios Data servers

Figure 4.1: Typical SDR system architecture

The satellite signal(s) employ advanced iterative FEC technology along with time diversity techniques to enhance the
robustness of signal availability in the mobile environment. These techniques alleviate perceived signal dropage
resulting from obstacles momentarily blocking line of sight to the satellite. The resulting user experience provides a
consistent quality service in shadowed areas not covered by terrestrial transmitters.

The radio and data programs provided by the service provider are gathered by one or more "hub stations" before being
multiplexed and transmitted to Radio Receivers via the satellite(s) path.

ETSI
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The complementary terrestrial segment receives and retransmits content similar to the satellite signal in urban areas.
The signal received by this segment may be for example the satellite signal (e.g. around L-band), asignal transmitted
from a geostationary FSS satellite (e.g. in C or Ku band), or awired T1 connection Terrestrial transmission can use one
of two modes. The first mode using adifferent carrier frequency and modulation scheme than the satellite transmission.
The second mode using the same carrier frequency and modulation as the satellite.

The general signal path from the service component creation to the user experience is shown in figure 4.2.

Transmit Part

Service Component Layer
(SC Layer)

SC-TS

Service Layer
(Multiplex, etc.)

Receive Part

Service Component Layer
(SC Layer)

SC-TS

Service Layer
(Multiplex, etc.)

STS STS
OUTER-PHY OUTER-PHY
C-TS C-TS
INNER-—-PHY INNER--PHY
RF signal Satellite RF Signal

Figure 4.2: Signal path

The present document detailed examples for the outer and inner physical layers for different SDR systems.

4.1 Overview outer physical layer

The outer phsycial layer provides time division multiplexing of service components along with channel encoding. In
addition, the outer physical layer introduces time dlicing for handheld power optimization. The channel coding provides
flexible advanced FEC and time dispersing options enabling system adjustment for maximum performance and
throughput. Figure 4.3 shows the various outer physical layer function. The physical layer output waveformis
organized in fixed SDR OPL packets made up of one or more flexible "pipes’. These smaller "pipes’ can be optimized
for overall performance. Examples of various "pipe" structures will be covered in following clause.

The signalling pipe contains al the information that the SDR receiver requiresto perform channel decoding of the SDR
waveform. The signalling pipe indicates what type of time disperser profile and FEC is associtated with each "pipe" in
the SDR OPL frame.
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each S-TS source may contain multiple streams which will all be processed
with the same time slicing, pipe parameters and
QoS requirements on the Outer Physical Layer

sTS oF
packets . o ‘
ncap- 5
sulation [ . | °F | mn mar | cu
c.Ts
TS frame
PE PF m
packets w e (compl ; cu
g W e el cw, (De-)
o e | i — FECencoder | meman) [N mixer [ Muli
puncturer + Disperser [T
s-TS oF
w

packets
sts L L " N| Encap-
source sulation Signalling
pipe

‘ each S-TS source may contain multiple streams which will all be processed

with the same time slicing, pipe parameters and
QoS requirements on the Outer Physical Layer

‘ \ [ (comple- | (o | | S [ ey ] cu ‘

sTS PF ‘
W packets. W
s-Ts | N Encap C
source ) sulation [ | n ] PF [ ] m = ] cu C-Ts
frame
s.TS
PP PF PF m
ST PACKE [ v/ w (comple- | cw, v oW, (De) | CY
D — e ﬁ I I FEC encoder mentary) i‘> mixer i‘>
puncturer + Disperser I
sTS
packets i; Signalling
sTS Encap- pipe
sourco suaton )
each S-TS source may contain multiple streams which will all be processed
with the same time slicing, pipe parameters and
QoS requirements on the Outer Physical Layer
s.TS -
packets. W
ST, Encap- PF
source sulation [ ol [ L™ [ w 1 cu
s-TS C-TS
ackets o w N L n 3 cu frame
P w w (comple- oW oW, (De-)
ST | LN Encap |\ I I FEC encoder mentary) mixer iplexing | >
source sulation 4 puncturer + Disperser ‘ I
s-TS PF
packets w -
. Encap- | W N Signalling

sulaton /] pipe ]7

Collection of Signalling Pipe Information:
- for the C-TS frame: frame format and counter, sp sp .
of the frame, w (comple- SOF 2 CUs

cw) cw,
- for all pipes: code rate, disperser profile FEC encoder mentary) ﬁ mixer ﬁ

used for this pipe puncturer Badtion
- within each pipe: throughput and (time slicing) scheduling of S-TS
used within this pipe

Figure 4.3: Outer physical layer function

4.1.1 Overview S-TS mutliplex/encapsulation
The encapsulation process converts each type of service packet type into afixed PFIW (physical layer FEC info word).

There are 4 possible service types for encapsulation. Each PFIW is 12 282 bits after encapsulation. Table 4.1 shows the
frame length for various SDR profiles. The minimum PFIW rateis 12 282 bits/frame_length.

Table 4.1: SDR mode vs. frame length

Profile IPL-SC-A |[IPL-SC-A |IPL-SC-A |IPL-SC-A |IPL-SC-B |IPL-SC-B
Mode 1 1 1 1 2 2
Frame_length (ms) 432 487,42 438,68 432 432 432

Table 4.2 showsthe S-TStypes.
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Table 4.2: S-TS type vs. payload size

S-TS Type S-TS Type ID S-TS payload Suffix length in Comment
packet Size in bits
bytes

Dummy packet 0 0 26 Used for asynchronous SL/PL
interface. Is discarded in receiver.

Transparent 1 1532 26 SL has to decide what to do with this
data.

MPEG-TS 2 1504 250 Payload packet is 8 MPEG packets
of 188 bytes each; additionally, a
BCH code of 196 bit is applied.

IP stream 3 1504 250 MTU of IP = 4 095 bytes with 2 bytes
additional header per packet.

4.1.2 Overview S-TS ID

Each service transport stream has a unique identifier for all signal sources for a given system operator. This allows for
seamless transmission using various signal sources. A maximum of 256 S-TS IDs are available to each system operator
ID. An operator ID islocated in the signalling pipe. A S-TSisthe smallest transmitted block available to the physical
layer. The S-TS may include many smaller services which are processed by the service layer. There are four basic S TS
streams.

4.1.3  Overview S-TS type 0 (dummy packet)

Thisdummy S-TSis used to synchronize the service layer with the physical layer. When the service layer and physical
layer are asynchronous, overruns and underruns are possible. In the case of an overrun, an S-TS packet is dropped.
Whereas an underrun is corrected by a dummy S-TSinsertion. Buffering should be used between the service layer input
and encapsulation to minimize dropped S-TS packets.

4.1.4  Overview S-TS type 1 (transparent stream)

The transparent S-TS frame is considered a proprietary stream to the service layer. Theinput S-TS contains a packet
structure unknown by the OPL. The transparent stream has a minimum rate of 1 532 bytes or 12 256 bits per C-TS
frame. In the event that 1 532 bytes are not available for transmission, a dummy packet (S-TS Type 0) is used. In the
event of an over run, there is no mechanism in this frame structure to indicate alost packet.

4.1.5 Overview S-TS type 2 (MPEG-TS stream)

The MPEG-TS S- TS frame provides for transparent blocks of 8 MPEG-TS packets according to | SO/IEC 13818-1 [9].
Each MPEG-TS packet contains 188 bytes, in the event that less than 8 MPEG-TS packets are available for
transmission, missing MPEG-TS packets are replaced with MPEG-TS null packets. An additional error
correction/detection is added which uses a shortened BCH code on pairs of MPEG-TS packets.

When no MPEG packet is ready, adummy packet is inserted.

4.1.6 Overview S-TS type 3 (IP stream)

The IP stream provides transparent transmission of | P packets with a maximum length of 4 095 bytes. During
encapsulation, a 2 byte header is added to each |P packet indicating the packet type and length. Both |Pv4 and 1Pv6
types are available. An additional error correction/detection is added which uses a shortened BCH code on each block
of 376 bytes of the paylod. In the event no IP dataiis available or the IP S-TS type is not complete, transmit a dummy
packet.
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4.1.7 Overview FEC

The FEC configuration for SDR has 14 selections, thus giving the operator the ability to adjust capacity vs. link margin
inroughly 12,5 % and 0,75 dB steps. In addition, some FEC selections allow for complementary puncturing. This
allows for increased performance in a multiple source system. There are 28 total FEC and puncturing options available
to the operator.

QPSK Spectral Efficieny vs CNR

18

A
16
1.4 ~

12
X /

0.8
0.6 al
oa |

0.2

Bit/Hz

-5 0 5 10
CNR
Figure 4.4. Example of QPSK spectral efficiency for 1e-5 BER

The operator has the ability to adjust service quality as well as reception quality after the system has been launched.
This alows the system level to obtain optimum user satisfaction.

For any code rate R = 6/N, the puncturing patterns were designed with the following properties:

. For N even, primarily the first generator polynomial (upper parity branch) of the two constituent encodersis
used (YO and Y'0), or at least the standard code uses primarily this generator polynomial.

. For N odd, primarily the second generator polynomial (lower parity branch) of the two constituent encodersis
used (Y1 and Y'1), or at least the standard code uses primarily this generator polynomial.

41.7.1 FEC puncturing

After the message bits are output from the Turbo Encoder, the systematic bit X, and the parity bits YO, Y1, Y'0, and Y'1
is punctured for the selected code rate. The puncturing patterns associated with each code rate, including standard and
complementary, is designated by its Punct_Pat_ID and has unique data and tail bit puncturing patterns. There are atotal
of 61 410 coded data bits out of the FEC encoder, and 30 tail bits which are inputsinto the puncturing algorithm.

The data puncturing patterns are cyclic and repeat every 5, 10, 15, 20, 30 or 60 coded data bits, depending on the
Punct_Pat_|D. The data bit puncturing patterns can be seen in table 4.3.
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Table 4.3
Code .
Punct_Pat_ID Rate Pattern Name Puncturing Pattern (X; YO; Y1; Y'0; Y'1; X; YO; ...)

0 1/5 Standard 1;1;1;1;1

1 2/9 Standard 1,0;1;1;1;1;1;1;1;1; 1;1;1;0,1; 1;15;15151

2 1/4 Standard 1;1;1;0;1; 1;1;0;1;1

3 2/7 Standard 1;0;1,0;1; 1,0;1;1;1; 1,0;1,0;1; 1;1;1,0;1
1;1;0;1;0; 1;1;0;1;0; 1;1;0;1,0;

4 310 Standard  1111/031:0:111:011:0: 11711

5 1/3 Standard 1;1;0;1;0

6 1/3 Complementaryl |1;0;1;0;1

7 3/8 Standard 0:1,0;1;0; 1;1;0;1;0; 1:1;0;1;0

8 3/8 | Complementaryl |1;0;1;0;1; 0;,0;1;0;1; 1;0;1,0;1
1;0;0;0;0; 1;0;1;0;1; 0;0;1;0;1;
1;0;1;0;1; 1;0;1;0;1; 0;0;1;0;1;

o 2/5 Standard 1;0;1;0;1; 1;0;1;0;1; 0;0;1;0;1;
1;0;1;0;1; 1;0;1;0;1; 0;0;1;0;1
1;1;0;1,0; 0;1;0;1;0; 1;1;0;1;0;
1;1;0;1,0; 0;1;0;1;0; 1;0;0;0;0;

10 2/5 Complementaryl 1:1:0:1:0: 0-1:0:1.0- 1:1:0:1.0;
1;1;0;1;0; 0;1;0;1;0; 1;1;0;1;0
1;0;0;0;0; 1;1;0;1;0; 0;1;0;1;0;

11 3/7 Standard 1;1;0;1;0; 0;1;0;1;0; 1;1;0;1;0
1;0;1;0;1; 0;0;1;0;1; 1;0;1;0;1;

12 3/7 Complementaryl 1;0;0;0;0; 1;0;1;0;1; 0;0;1;0;1

13 1/2 Standard 1;1;0;0;0; 1;0;0;1;0

14 1/2 Complementaryl |1;0;0;1;0; 1;1;0;0;0

15 1/2 Complementary2 |1;0;1;0;0; 1;0;0;0;1

16 3/5 Standard 1,0,0:0,0; 1;0;0;1;0; 1;1;00;0

17 3/5 | Complementaryl |1;0;0;1;0; 1;1;0;0;0; 1;0;00;0

18 3/5 | Complementary2 |1;1;0;0;0; 1,0;0;0;0; 1;0;0;1;0

19 2/3 Standard 1,0,0;0,0; 1,0;0,0;0; 1,0;0;0,0; 1,0;1;0;1

20 2/3 Complementaryl |1;0,0;0;0; 1;0;1,0;1; 1,0;0,;0;0; 1,0;0;0;0

21 2/3 Complementary2 [1;0;0,0;0; 1;0,0;0;0; 1,0;1;0;1; 1;0;0;0;0
1,0;0;0;0; 1;0;0;0;0; 1;1;0;0;0;

22 3/4 Standard 1;0;0;0;0; 1;0;0;0;0; 1;0;0;1;0
1;0;0;0;0; 1;0;0;1;0; 1;0;0;0;0;

23 3/4 Complementaryl 1:0:0:0:0: 1.1:0:0:0- 1:0:0-0:0
1;1;0;0;0; 1;0;0;0;0; 1;0;0;0;0;

24 3/4 Complementary2 1;0;0;1;0; 1;0;0;0;0; 1;0;0;0;0
1,0;0;0;0; 1;0;0;0;0; 1;0;0;0;0;
1,0;0;0;0; 1;0;0;0;0; 1;0;0;0;0;

25 6/7 Standard 1:0:0:0:0: 1:0:0:0:0; 1:0:0:0:0;
1,0;0;0;0; 1;0;1;0;0; 1;0;0;0;1
1;0;0;0;0; 1;0;0;0;0; 1;0;0;0;0;
1;0;0;0;0; 1;0;0;0;0; 1;0;0;0;0;

26 6/7 Complementaryl 1;0;1;0;0; 1;0;0;0;1; 1;0;0;0;0;
1,0;0;0;0; 1;0;0;0;0; 1;0;0;0;0
1,0;0;0;0; 1;0;0;0;0; 1;0;1;0;0;
1;0;0;0;1; 1;0;0;0;0; 1;0;0;0;0;

27 6/7 Complementary?2 1:0:0:0:0: 1:0:0:0:0- 1:0:0:0:0-
1,0;0;0;0; 1;0;0;0;0; 1;0;0;0;0

28 — 63 RFU

Since 20 and 60 are not multiples of the 61 410 coded hits, the last 10 or 30 coded bits from those Punct_Pat_IDs
respectively will only use half of the full data puncturing pattern. Thisis useful to fully understand the puncturing of the
30 input tail bits, which are appended to the end of the punctured coded bits. Unlike the data puncturing patterns, the
tail bit puncturing patterns are over all 30 input tail bits and never repeated. The number of output tail bits are calculated

in table 4.4.
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Table 4.4
Punct_Pat_ID Code Rate Pattern Name Output Tail Bits
0 1/5 Standard 30
1 2/9 Standard 27
2 1/4 Standard 24
3 217 Standard 21
4 3/10 Standard 20
5 1/3 Standard 18
6 1/3 Complementaryl 18
7 3/8 Standard 16
8 3/8 Complementaryl 16
9 2/5 Standard 16
10 2/5 Complementaryl 16
11 3/7 Standard 14
12 3/7 Complementaryl 14
13 1/2 Standard 12
14 1/2 Complementaryl 12
15 1/2 Complementary2 12
16 3/5 Standard 10
17 3/5 Complementaryl 10
18 3/5 Complementary?2 10
19 2/3 Standard 10
20 2/3 Complementaryl 8
21 2/3 Complementary2 10
22 3/4 Standard 8
23 3/4 Complementaryl 8
24 3/4 Complementary?2 8
25 6/7 Standard 8
26 6/7 Complementaryl 8
27 6/7 Complementary2 6
28 - 63 RFU RFU

After examining table 4.4, the number of output tail bits for rate 2/3 standard, complementary 1, and complementary 2,
are 10, 8, and 10, respectively. The difference in tail bits can be explained by examining the data puncturing pattern of
Table X. Since rate 2/3 data puncturing pattern repeats every 20 input bits, the last 10 input bits only use %2 the
puncturing pattern. Therefore, for rate 2/3 standard and complementary 2, only 2 data output bits are generated, whereas
complementary 1 outputs 4 data bits. To make up for this difference and keep the transmitted data rate the same, there
should be 2 extratail bitsfor the standard and complementary 2 as compared to complementary 1. This same scenario is
also true for the 3 rate 6/7 puncturing patterns.

4.1.8

The SDR disperser contains several components that enable different methods for signal blocage mitigation. The
disperser first bit interleaves the data on a codeword basis, then the datais grouped into Interleaver units of 512 bits for
time dispersal. The time dispersal is what gives the system the ability to work when a signal outage for some period of
timeis encountered.

Overview disperser

It is recommended to use a schedule period with an integer value Schedule Period Length Frames[i], but
thisis not mandatory. Moreover, for achieving S-TS with a Variable Bit Rate, the parameters

STS Width Slots [j] can change on aschedule period-by-schedule period basis, and
Schedule Period Length Frames [i]isalso alowed to change after each schedule period. However, the
efficiency of Time Slicing in the combination with the dispersing can suffer and should be taken into account. For
higher time dlicing efficiency, it is recommended to use the parameter choice
Schedule Period Length Frames[i] = Tap Diff Mult Int.

The disperser is very flexible and can be turned off for no time buffering. The disperser can be adjusted to appear asa
simple time shifted signal (early/late), as a uniform interleaver, or as some combination of these options (i.e. uniform
for 50 % of the data and the rest is sent as the late part). This alows the operator to configure the disperser for various
performance constraints, including signal blockage depth and zapping time. The disperser along with the FEC selection
provide the best possible user experience.
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Switches at each
new codeword

Disperser Pipe 1

S-TS1 FEC (Pipe 1
(Data rate requires 2 slots) Configuration)
‘ Disperser Pipe 1 }7
S-TS2 FEC (Pipe 1 . .
(Data rate requires 1 slots) Configuration) Disperser Pipe 1
S-TS3 FEC (Pipe 2 ; ;
(Data rate requires 1 slots) Configuration) Disperser Pipe 2
] C-TS
Swnchesdat eagh Frame
new codewor Disperser Pipe 3 }7
S-TS4 FEC (Pipe 3 ; ;
(Data rate requires 3 slots) Configuration) ‘ Disperser Pipe 3
‘ Disperser Pipe 3 }7

Switches at each

new codeword i i
Disperser Pipe K
S-TSN FEC (Pipe K

(Data rate requires x slots) Configuration)
‘ Disperser Pipe K }7

Figure 4.5: Placement and usage of disperser in formation of C-TS frame

For each S TSin agiven pipe, thereis an associated disperser. Each S-TSis allocated an integer number of slots per
frame, where adot is defined as the number of bits for the output FEC codeword (i.e. for rate 1/5 the dot sizeis
61 440). Therefore, for each S-TS the data rate will be some multiple of 12 282/(C-TS Frame Period).

There are two profiles that are straightforward implementations, the early/late and the uniform interleaver profiles. A
third profile will be defined which will encompass al non-standard implementations. This third profile will be called
the combinational profile, and will include any implementation that is not included in the first two profiles.

4181 Early/late profile

This profile should only be used with FEC rate configurations of less than 2. For any rates above %, the early/late
interleaver becomes ineffectual (both the early and late signal are needed for FEC decoding). This profile should be
used to put half of the transmitted data without any delay and the other half with the desired outage protection of delay.
This profile requires two disperser sections. Each early and late section is be defined using 16 taps and Tap_Diff value
set to 0. In the second section, the Gap_Width will be set according to the following equation:

Gap_Width = ceil(Desired Blockage/C-TS Frame Period)
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Example of early/late interleaver profile using a FEC rate of 1/3 with 8 seconds of signal blockage protection. Note, the
memory requirement isfor asingle S-TS dot (approx. 28 kbps of channel content), the zapping timeis calculated when
28 IUs are available at the FEC decoder. For a system that uses two indepentent sources (one for the early signal and
one for the late), the zapping time can be up to the blockage time when the late signal is blocked. Additionally, the
system is susceptible to signal loss until the buffer isfilled. Buffering unused S-TS slots improves receiver performance
at the expense of hardware.

NOTE: All screenshotsin the present document were provided by Delphi Deutschland Electronics Europe GmbH
for illustrative purposes.
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Disperser 1 Disperzer 2 Dizperser 3 Disperser 4 Disperser 5 Disperzer B Dizperser 7 Dizperser
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D T T T T T T T T T 1 T T
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20 4 08r [ B
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0 2 4 B 8 10 12 14 16 18 20 ] 1 2 3 4 5 B 7 g g
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Figure 4.6: Example of early/late interleaver profile

4.1.8.2 Uniform profile

This profile can be used with all code rates, however the zapping time and blockage time will vary with different FEC
configurations. For the uniform profile, only one disperser section is used. The Tap_Diff variable sets up the number of
C-TS frames between each Interleaver Unit of a codeword. Therefore, the following equation can be utilized to find the
amount of time the codeword will be interleaved over:

Interleaver_Time = Tap_Diff x Number Of IUs/codeword

Figure 4.7 shows a uniform interleaver example using FEC rate 1/3 and 8 seconds of blockage protection. Note, the
memory requirement isfor asingle S-TS dot (approx. 28 kbps of channel content), the zapping timeis calculated when
28 IUs are available at the FEC decoder with sufficient margin to allow FEC decoding. The system is less susceptible to
signal loss as the buffer fills. Buffering unused S-TS slots improves receiver performance at the expense of hardware.
Thisis especially applicable to zapping time.
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Figure 4.7: Example of uniform interleaver profile

4.1.8.3 Combinational profile

This profile can be used with al code rates, however the zapping time and blockage time will vary with different FEC
configurations. Also, it should be noted that the performance of the time interleaver will vary for different FECs and
interleaver profiles. It is permissible to have up to 8 disperser sections, however, the more disperser sections that are
used, the fewer taps that are in each disperser, and the overal profile will not signifigantly fluctuate. Also, the more
disperser sections that are used will reduce the number of pipes that can be used.

Figure 4.8 shows a combinational interleaver example using FEC rate 1/3 and 8 seconds of blockage protection. Note,
the memory requirement is for asingle S-TS slot (approx. 28 kbps of channel content), the zapping time is calculated
when 28 1Us are available at the FEC decoder. The system is|ess susceptible to signal loss as the buffer fills. Buffering
unused S-TS dotsimproves receiver performance at the expense of hardware.
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Figure 4.8: Example of combinatorial interleaver profile

4.1.9 Overview signaling pipe

The flexibility of the SDR system is found in the signalling pipe. This pipe contains the location of each S-TSinside the
physical data stream. It also contains the FEC and Disperser characteristics for the S-TS. This signal iswell protected
with the lowest FEC rate available (1/5) and is not dispersed in time. The signalling pipe should not be changed rapidly,
but coordinated changes should occur when the least users are expected to be using the system. This will minimize the
potential for users to experience system drop outs. Since the signalling pipe changes slowly (if at all), the receiver
should use the last known "good” signalling pipe configuration if an error is detected in the current signalling pipe.

A pipe can have a CU width of 0 when no datais available to transmit. This preserves the signalling pipe configuration
for all other pipes and allows flexibility for control of data. This feature along with the tail pipe configuration allows the
service provider to control the FEC rates for various data services.

The number of pipesinside the data stream always contain the tail pipe. This extra pipe has no time interleaving
capability, but can contain any FEC rate. Thetail pipe is used as a mechanism to optimize data transfer when the main
payload pipes do not completely fill al available CUs. Thetail pipe CUs are buffered by the receiver until the last CU
of the tail pipe codeword is received. This codeword is then passed to the turbo decoder for processing. The tail pipeis
useful for non time critical information such as stock tickers, weather, traffic data, etc.

If the payload pipes (including the tail pipe) do not fill the available CUsin the frame, the remaining CUs are padded to
0 to complete the frame. Thetail pipe can contain upto 512 CUs.
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4.2 Overview inner physical layer single carrier

The single carrier modulation is expected to be used for most satellite signals. The QPSK and 8-PSK modulation modes
can be considered constant modulus and therefore transmitted near or at saturation for satellite transponders.

4.3 Overview inner physical layer multiple carrier

The OFDM modulation has higher peak to average power and can be used for satellite and terrestrial hybrid systems
when single frequency networks are desired. All terrestrial transmitters are expected to use the OFDM modulation even
when hybrid systems use single carrier modulation on the satellites.

4.4 Layers above the physical layer

The set of physical layer standards enables transmitting certain types of bit streams, which carry digital audio and video
content. The digital coding of audio and video, as well as the required formatting, takes place on layers above the
physical layer. ETSI has not defined SDR specific technology for the layers above. The usage of existing standards and
specifications on these layers is discussed in the following.

A stream carried by a pipe the SDR physical layer is called Service Transport Stream (S-TS). The Outer Physical Layer
standard defines the following types of S-TS: Transparent, MPEG Transport Stream, |P Stream. In addition, dummy
packets and type identifiers for future use are defined. The Transparent mode allows to extend functionality by
additional specifications without changes to the Outer Physical Layer standard. Certain audio and video coding
technologies are typically used in existing applications of MPEG Transport Stream and | P Stream.

The S-TS stream type MPEG Transport Stream allows to apply the multiplexing, video coding and audio coding
defined by the MPEG-2 standards | SO/IEC 13818-1 [9], 2 [10] and 3[11]. The DVB Project has complemented
MPEG-2 by severa standards. TR 101 154 [5] specifies the minimum requirements for the interoperability of broadcast
receivers. It isrequired because MPEG-2 is a"toolbox standard” that contains a wide range of profiles. EN 300 468 [6]
defines the service information that complements the Program Specific Information (PSI) of MPEG-2 by informing a
broadcast receiver about the transmitted services. A TV or radio "channel” is called a servicein DVB terminology.
DVB specifies acommon scrambling algorithm for conditional access, which is addressed in ETR 289 [7]. Advanced
video coding according 1SO/IEC 14496-10 [12], which has been introduced in conjunction with high-definition
television, is aso carried over an MPEG-2 Transport Stream. MPEG-2 together with the complementing DVB
specifications are widely used for satellite, cable or terrestrial broadcast above the corresponding transmission (physical
layer) standards.

MPEG-2 and the complementing DV B standards can in principle be applied in SDR networks on the layers above the
SDR physical layer. Transmission of an MPEG-2 Transport Stream need to have a constant end-to-end delay.
Therefore, the receiver revokes the delay jitter caused by SDR physical layer processing.

The S TS stream type | P Stream is a sequence of Internet Protocol (IP) datagrams. |P multicast has to be applied due to
the one-way broadcast characteristic of an SDR network. Technologies for transporting coded video and audio are
available and have been standardised.

TS 102 005 [8] defines the audio and video coding for DVB services delivered over |P networks without an MPEG-2
Transport Stream involved. It assumes that RTP according to RFC 3550 [13] is applied above IP and UDP. A choice of
state-of -the-art audio and video coding standards including the applicable modes of operation is defined. For each
coding standard the adaptation to RTP is defined. File formats for download are specified as well.

In summary, the S-TS stream types MPEG Transport Stream and | P Stream both allow making use of existing standards
and specifications for the layers above the physical layer. In particular, DVB standards can be applied.

5 SDR design guidelines satellite

A satellite only SDR system can be implemented, but there will be coverage gaps inside urban environments.
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5.1 HEO based satellite system

A Highly Elliptical Orbit (HEO) satellite system can provide very high elevation angles to earth located receivers. A
HEO system includes at least 2 satellites. The system has ascending and descending satellites that are co-ordinated for
optimal performance. This requires the system to handover the satellite signal from a descending satellite to the
ascending satellite for continuous reception. During this handover, there will be a short period of time when no signal is
present at the receivers, however, this short loss can be compensated by using some form of time redundancy along with
FEC. The handover appears as a short blockage to FEC decoder/time un-disperser. Additionally, the carrier tracking
mechanism is capable of handling the doppler frequency change at handover.

51.1 HEO system using single satellite source

In aHEO system with a single satellite source, time redundancy is provided in atime division multiplex manor. Thisis
done by using alow code rate along with the time disperser to provide protection to signal blockage. This code rate
should be approximately ¥ the rate of a multiple satellite system using two sources. The higher the minimum elevation
angle, the less probable asignal is blocked. For athree satellite HEO system, the minimum eleavation in Europe is
greater than 65 degrees (see figure 5.1). The single source HEO signal provides maximum mobile performance for a
HEO based satellite design.

Elevation vs Time for Given Receive Location
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Figure 5.1: Elevation angle for HEO constellation at several locations in Europe
(red = Satl, blue = Sat2, green = Sat3)
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Doppler vs Time for Given Receive Location
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Figure 5.3: Doppler shift at several locations in Europe over time
(red = Satl, blue = Sat2, green = Sat3)

5.1.2 HEO system using multiple satellite source

In aHEO system with multiple satellite sources, time redundancy is provided in aa frequency multiplex manor. Thisis
done by using two complementary codes along with a source split time disperser. This provides an overall protection to
signal blockage using time, space and frequency. For athree satellite HEO system, the minimum elevation for one
source is greater than 65 degrees, the minimum elevation of the second source is dependent on time and orbital
parameters. The multiple source HEO signal provides maximum stationary performance for a HEO based system.

5.2 GEO based satellite system

A Geostationary Orbit (GEO) satellite system can provide fixed elevation angles to earth located receivers. A GEO
systemincludes at least 1 satellite. The system has satellite in afixed position over the equator. Thereisno
requirements for handover from one satellite to another in the GEO system. This type of systemisideal for fixed

reception where a receive antenna can be pointed towards the satellite.
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5.2.1 GEO system using single satellite source

In GEO system with a single satellite source, time redundancy is provided in atime division multiplex manor. Thisis
done by using alow code rate along with the time disperser to provide protection to signal blockage. This code rate
should be approximately ¥ the rate of a multiple satellite system using two sources. The elevation angle is determined
by the geographical location of the receiver. The best performing mobile receivers are located closer to the equator,
where the elevation angle is greatest.

5.2.2 GEO system using multiple satellite source

In GEO system with multiple satellite sources, time redundancy is provided in a afrequency multiplex manor. Thisis
done by using complementary codes along with a source split time disperser. This provides an overall protection to
signal blockage using time, space and frequency. For atwo satellite GEO system, the satellites should have the highest
space diversity possible. The multiple source GEO signal provides maximum mobile and stationary performance for a
GEO based system.

5.3 Other satellite systems

It is possible to implement a HEO and GEO combination. This would enable good home and mobile reception.

6 SDR design guidelines terrestrial

Theterrestrial signal for the SDR system is a coherent OFDM based modulation. The signal is designed for asingle
frequency network enabling a large number of terrestrial repeatersin a service area. These repeaters may be stand alone
similar to DAB/DMB or as a supplemental gap filler for ahybrid system. The SDR has significant advantages over the
older DAB/DMB systemsin performance and capacity.

6.1 Terrestrial network topology

The terrestrial network may be configured as a single frequency network or as a single transmitter. Both large and small
transmitter networks are possible.

6.1.1 Low power transmitter topology

Inasmall transmitter single frequency network, transmitters are closer together and the guard interval isless critical for
system performance. Smaller transmitter power reduces the interference to adjacent systems for overload and
intermodul ation distortion. However, more transmitters are required to cover a given area compared to higher power
transmitters.

6.1.2 High power transmitter topology
Care should be taken in a high power transmitter single frequency network to minimize guard interval violations. Fewer

transmitters are required to cover a given area. Receivers should be designed to handle the larger input signal without
causing self interference.

6.2 Terrestrial network feed

The Terrestrial network can be fed by many sources. These include the systems satellite broadcast channel, external
satellites, fiber optics and other land line methods.

6.2.1 Internal signal feed
One method to feed the terrestrial signal isto use the hybrid system satellite. Thisis very effective for GEO systems

where a high gain antenna can be pointed at the stationary satellite. The high gain antenna can be used to reject the
terrestrial energy from blocking the satellite feed from terrestrial receiver saturation.
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A HEO system would require satellite tracking for high gain antenna use.

In general, the terrestrial signal isare-multiplex of the single carrier satellite signal for hybrid systems. The
re-multiplex is required because the OFDM and single carrier bit rates are not identical. It is possible to include two
satellite single carrier streams in one terrestrial multiplex by using 16-QAM.

6.2.2 External signal feed

This method can be used by stand alone terrestrial systems or HEO based hybrid systems. Typically thiswill involve a
Ku band or equivalent satellite signal to feed the terrestrial network.

Another method is using land line technology to feed the network. This may be useful for local content insertion.

6.3 SFN synchronization

Multiple carrier modulation using OFDM enable single frequency networks for terrestrial and hybrid systems.

6.3.1 Terrestrial only SFN

This SFN can be used for stand alone terrestrial systems or hybrid systems using single carrier modulation for the
satellite. Time synchronization should be used to align each transmitter in time to minimize guard interval violations for
the covered area. GPS, hybrid satellite or other known time references can be used to synchronize each transmitter.

6.3.2 Hybrid SFEN

This system is more critical for time alignment. The satellite is part of the SFN and cannot be adjusted indepently for a
given area. Each terrestrial repeater is adjusted to align with the satellite signal. Care should be given to ensure that the
terrestrial signals do not interfere with each other.

6.4 Non-hierarchical

The OFDM signal can use either QPSK or 16-QAM modulation on the data sub-carriers. The QPSK modulation will
tolerate more guard interval violations than the 16-QAM at the same FEC rate. Two QPSK single carrier data streams
can be re-multiplexed into one terrestrial 16-QAM data stream. This reduces the number of terrestrial frequencies
required for a hybrid system.

6.4.1 Local content insertion

Because the multicarrier data stream is not identical to the single carrier data stream, additional content may be inserted
into the terrestrial network. This allows the service provider to locally send content.

6.5 Hierarchical

The OFDM High Priority signal (HP) isthe QPSK signal where the low priority signal (LP) is a super-imposed QPSK
signal. The parameter alphais used to set the LP/HP ratio. This mode is useful for transmitting local content in the
vicinity of arepeater or SFN.

In asingle frequeny network, some guard interval violations may occur. The HP signal will have good SFN
performance relative to the LP signal. This allows each repeater in a SFN to have a unique LP signal for local content.

6.5.1 SFN local content with satellite multicarrier

In the case of ahybrid system using OFDM on the satellite, local content can be inserted into the terrestrial network
using hierarchical modulation. The HP signal is common between the satellite and terrestrial. The LP signal is unique to
the terrestrial SFN, the satellite hasno LP signal.
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When areceiver sees both a satellite and terrestrial signal, the effective alpha varies directly with the strength of the
satellite signal.
6.5.2 SFN local content with satellite single carrier

In the case of asingle carrier hybrid system, local content can be inserted into the terrestrial network using hierarchical
modulation. The HP signal contains the re-multiplexed satellite data and the LP signal containsthe local content. The
terrestrial SFN hierarchical signal isthe same for all transmittersin the given area.

6.5.3 Individual transmitter local content

Each repeater can contain unique local content using hierarchical modulation. It should be noted that the LP signals will
interfere with each other and will have very localized reception. The HP signal is common for al repeaters.

7 SDR design guidelines hybrid system

The hybrid systems use at least one satellite and one terrestrial repeater to provide seamless coverage.

hybrid uses 1 or more satellites to provide line of sight reception for satellite reception. The terrestrial repeater system
provides for aredundant signal in urban areas where the satellite may be blocked.

7.1 Receiver architecture

The following receiver architecture to support both single and multi-carrier modulation and antenna diversity exist.

7.1.1 High performance receiver
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i OPL
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combining
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, interleaving
LNA Metric
RE-Tuner IPL-SC | — calpula- FEC-
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LNA,
' IPL-SC [— calcula-
RF-Tuner o

Figure 7.1: High performance receiver architecture

The high performance receiver (see figure 7.1) uses four distinct antennas (two for satellite, two for terrestrial) where
both pairs provide antenna diversity on their respective transmission environment.
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7.1.2 Low cost receiver

Metric
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Figure 7.2: Low cost receiver architecture

The low cost receiver (see figure 7.2) uses one common antenna for both satellite and terrestrial reception. The same
waveform is used here.

7.1.3 Multi-carrier only with antenna diversity ("selective combining")

Thisreceiver type (see figure 7.3) supports antenna diversity (one dedicated antenna for satellite, another one for
terrestrial). Thereis only one demodulator, and the combining is made based on measurements on the signal level
directly after the RF input stages. This configuration is called "selective combining”. The combining control is
switching between the two antennas and needs to be informed about the estimated signal level or demodulator

performance.
LNA,

RF-Tuner
Metric
- IPL-MC | — calcula-

A [ tion —
RF-Tuner — Diversity
combining
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De- layer
Combining interleaving
Control
FEC-
Decoding

Figure 7.3: Multi-carrier only receiver with two distinct antennas, selective combining

7.1.4 Multi-carrier only with antenna diversity ("maximum ratio combining")

Thisreceiver (seefigure 7.4) includes two demodulators and combines the signal from the two antennas before the FEC
decoder. The "combining control” asin the architecture before can now be omitted; therefore the FEC decoder is now
the instance to optimally combine the demapped LLRs.
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Figure 7.4: Multi-carrier only receiver with two distinct antennas, maximum ratio combining

7.1.5 Hybrid receiver with different antennas for satellite and terrestrial

This type of receiver (seefigure 7.5) uses dedicated antennas for satellite and terrestrial. Different modulation isused in
this configuration, so two different demodulators are used. Combining is again performed at the input of the FEC
decoder, but now different code rates may be used on both transmission paths. This permits the use of CCC
(complementary code combining).

Metric
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RF-Tuner -

OPL

Diversity
combining
Higher
De- layer
i interleaving
LNA Metric
RE-Tuner 1 IPL-SC — cal_cula- FEC-
tion Decoding

Figure 7.5: Hybrid receiver (single and multi-carrier) with two distinct antennas

7.1.6 Hybrid receiver a common antenna for satellite and terrestrial

Thistype of receiver (see figure 7.6) uses one single antenna for satellite and terrestrial. Different modulation isused in
this configuration, so two different demodulators are used. Combining is performed at the input of the FEC decoder, but
different code rates may be used on both transmission paths. This permits the use of Complementary Code

Combining (CCC). Only one RF tuner is needed in this configuration as both signals are split after the frequency down-
conversion.
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Figure 7.6: Hybrid receiver (single and multi-carrier) with only one antenna

7.1.7 Hybrid receiver with antenna diversity

As an extension to the receiver type as stated before, two antennas are now introduced which allow full exploitation of
the diversity and the use of different modulation schemes on both satellite and terrestrial distribution. This receiver
(seefigure 7.7) supports antennas with the same characteristics (e.g. two linear polarized antennas) as well as antennas
with different characteristics (e.g. one linear and one circular polarized antenna).
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Figure 7.7: Hybrid receiver (single and multi-carrier) with antenna diversity

7.1.8 Conclusion on receiver architectures

The choice of the antenna has a major impact on the choice of the receiver architecture. Table 7.1 gives an estimated
price ranking (and also complexity) for the receivers as mentioned before.

Table 7.1: Comparison of different receiver architectures with respect to cost and complexity

Type Chapter Price
One antenna, one RF tuner, one IPL 7.1.2 low
One antenna, one RF tuner, several IPL, same OPL 7.1.6 low
Two antennas, two RF tuners, one IPL, SC 7.1.3 medium
Two antennas, two RF tuners, same IPL, MRC 7.1.4 medium
Two antennas, two RF tuners, different IPL, CCC 7.1.5 medium
Two antennas, two RF tuners, different IPL, CCC 7.1.7 medium
Four antennas, four RF tuners, full diversity 7.1.1 high
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8 Example profiles for hybrid systems

The following profiles have been proposed as examples for a GEO and a HEO hybrid system respectively. These
profiles are examples only and should not be considered final.

8.1 W Profile for hybrid systems (GEO)

Infrastructure

The W profile hybrid infrastructure is based on the use of a geostationary satellite, broadcasting a set of Single
Carrier (SC) signals complemented by aterrestrial repeater network broadcasting a single Multi-Carrier (MC) signal.
For coverage or capacity extension purposes, an additional GEO satellite could be added to the system. The terrestrial
network locally repeats 1 to 2 SC signals.

Satellite signal
Inner Physical Layer (1PL)
The satellite signal isa set of carriers compliant with IPL-SC as defined in the ETSI SDR standard.

The modulations used for IPL-SC will be QPSK or 8-PSK, depending on link budget conditions. The symbol rates and
roll off factor that will be used are:

. 1,485 MSym/s.
. 15 %.
For legacy reasons and according to the possibilities offered by the standard, a second set of values will also be used:
e 184MSymis.
. 40 %.
Outer Physical Layer (OPL)
The OPL implementation of the W profile system will comply with the ETSI SDR standard.
To ensure a minimum margin to offer an adequate quality of service, the following code rates will be used:
. for live audio streaming services:
- 5;
- 1/4;
- 13;
- 2/5;
- 2.
e for data services (streaming and file push):
- U3;
- 2/5;
- 12
- 2/3.

For live audio services, long interleavers (10, 20 or 30 frames) will be selected to overcome temporary blockage
situations. In conjunction with the Turbo coding gain, this will offer a good quality of service even outside repeater
coverage.
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End-to-end delay is not critical in the audio streaming applications. Zapping time and error correction performance will
be the primary parameters of interest when defining the interleaver profile. A total optimization of the zapping time
would remove the gain of interleaving the data. The profile should therefore be selected according to the code rate
employed, the available link margin and the channel characteristics.

Regarding data services, the interleavers will be short (2, 4 or 10 frames) if the end-user application is not requiring a
high quality of service (e.g. realtime traffic where repetition of datais foreseen). For other applications such asfile
delivery, depending on the average size of thefiles, longer interleavers such as the ones used for audio streaming
services could be used.

Terrestrial signal
Inner Physical Layer (1PL)

The terrestrial signal is compliant with IPL-MC as defined in the ETSI SDR standard. The baseline modulation used for
IPL-MC will be 16-QAM and the FFT will be 512. However, the W profile also foresees QPSK and FFT 1 024. It is not
anticipated to use hierarchical modulation.

Outer physical layer (OPL)

The targeted code rates are:
o 1/3
. 2/5;
. 1/2;
o 23
. 3/4.

A short interleaver (2 or 4-frame) will be used irrespective of the type of service. Longer interleavers are not required
for the terrestrial signal in that particular configuration.

8.2 O Profile for Hybrid Systems (HEO)

Infrastructure

The O profile hybrid infrastructure is based on the use of aHighly Eliptical Orbit (HEO) Satellite constellation. The
Single Carrier (SC) satellite signals are complemented by aterrestrial repeater network broadcasting a
Multi-Carrier (MC) signals. The terrestrial network is expected to repeat 2 SC signals.

Satellite Signal
Inner Physical Layer (IPL)
The satellite signal consists of multiplexes that are compliant with the IPL-SC as defined in the ETS| SDR standard.
The selected modulation schemes will be either QPSK or 8-PSK. The symbol rate and roll off factor is:
. 1,485 MSym/s.
. 15 %.
Outer Physical Layer (OPL)

The OPL implementation of the O profile system will comply with the ETSI SDR standard. To ensure an adequate
quality of service and capacity, the following code rates may be used:

. for live streaming services:

- 1/5;
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- 2/9;
- U4,
- 217,
- 3/10 (preferred);
- U3,
- 3/8;
- 2/5;
- 317,
- v2.
e  for dataservices:
- 12
- 3/5;
- 2/3,;
- 3/4;
- 6/7.

For live services, long interleavers of approximately 20 frames will be used to overcome temporary blockage situations.
In conjunction with the FEC, this will enable good service availability for satellite reception.

Terrestrial Signal
Inner Physical Layer (1PL)

The terrestrial signal is compliant with IPL-MC as defined in the ETSI SDR standard. The baseline modulation used for
IPL-MC will be 16-QAM and the FFT will be 512.

Outer physical layer (OPL)

The targeted code rates are:
e  3/10;
. U3;
o 38
. 3/7;
. 12
o 35
. 2/3.

A short interleaver is expected for all services.
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