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Abstract

When FM was established in the middle of the past century it was specified for
reception with stationary receivers equipped with directional antennas mounted in a
height.of approximately 10 meters. Now a days this specification is no longer up to date
’since more than 85% of the radio receivers are portable or mobile systems connected to

simple non-directional antennas. Also the expectations in the quality of the received

,f S;ignal have changed.

Y this way, the Broadcastin.gisystem DAB was developed by the EUREKA 147 project

a4 fully standardized by the Eu:ropean Telecommunications Standards Institute (ETSI).

e DAB system is a transparem1 digital transmission channel that allows to transport
Y information that can be expressed in bits and bytes to stationary, portable and

iﬁﬁ)ile receivers. The capacity of this transmission channel can be split into a number of

-channels which can carry independehtaudio  or <lata programs with different <lata

s and protection levels. For the transmissfon of these digital programs the innovative

dulation technology Coded Orthogonal Frequency Division Multiplex (COFDM) is

faintain an efficient use-of.the provided transmission channel it was also decided to

4 <Jata compression system.

v



TABLE OF CONTENTS

Acknowledgments

List of Abbreviations

The Conceptu.il fi~ Bro:tdcast Network
1.1.1 Networkliiteffaces
Building The DAB Signal

1.2.1 The Service Provider

1.2.2  The Service Transport Interface
1.2.3 Cascading of Service Provisi6ii
1.2.4 The Ensemble Provider

1.2.5 The Ensemble Transport llit~fface
1.2.6 Cascading ofEnsemble Pfovisfon

1.2.7 The Transmission Network Provider
1.2.8 Signal Timing a.nd Synchronisation
1.2.9 Multiplex Recoit:figuration- Network Issues

Strategies for Sigual Distribution

1.3.1 Local Connections

1.3.2 Terrestrial Distribution

1.3.3 Satellite Distribution

1.3.4 Sharing the DistributionNetwork
Seme Real Examples

1.4.1 TheBBC's DAB Network

1.4.2 L-Band DAB Networks in France

QOOO\]\]L»JL,JN

15

16

18
20
21
21
21
23
24
24
24
25



Chapter Two
The Transmitted Signal
Overview
Channel coding and Modulation
2.2.1 OFDM Modulation and TransmissionFrame
2.2.2 Cannel Coding
2.2.3  Unequal Error Protection (UEP) for Audio (48 kHz sampling)
2.2.4 Equal Error Protection
2.2.5 Error Protection for Low SamplingFrequency (LSF)
Audio (24 kHz Sampling)
2.2.6  Error Detection In the Fast Information Channel
2.2.7 Time and Frequency Interleaving
Synchronisation and Transmitter Jnformation
2.3.1 Synchronisation Aspects
2.3.2 Transmitter Identification Information
RF Aspects
2.4.1 Time Domain Representation
2.4.2 Frequency Domain Representation
2.4.3 AmplifierNon-linearities
2.4.4 Satellite Transmission
2.4.5 Preferred Frequencies for DAB
2.4.6 Expected Receiver Performance
Broadcast Network Planning Techniques
2.5.1 Planning of Conventional Networks
2.5.2  SingleFrequency Network
2.5.3 Calculation of the Vehicle Speed at Which
DAB Reception Becomes Degraded
2.54 Local Service Options

28
29
29
32

40

41
42
43
45
45
46
50
50
53

58
59
62
66
70
71

73

76
86



Chapter Three
Concluding the Prejeet

Conclusion
References

87
88



Introduction

The section 1.1 of the project gives an overview of the principles which should be
considered and applied when planning the implementation of a DAB Broadcast
E%twork. In this project, the DAB Broac:lgast. Network is taken to encompass ali of
Wujpment between the audio coders (or <lata source equipment in the case of a <lata

S€IVice) located at the studio centre (or <lata <>rfgination point) and the input to the DAB

' conceptual picture ofthe DAB Broadcast Network:from source coders t0 ttaris:i:1itters
S jatroduced in figure 1.2>1 Each ofthe elements 6fthe conceptual rietWorkis analysed
d some of the stfategfesiwhich .could be. employed for ' sigral dist:ributidnin the
rent parts of the Network are introduced. This section concludes with some
Hlustrative examples of Broadcast Network implementation.

on 1.2 proposes a oonceptual DAB Broadcast Network. This extends from the
TCe coders (associated with each individual service) to the transmitted COFDM
the Ensemble. The Ensemble carries a multiplex of services, known as the
semble multiplex.

5Cion 1.3 we have a look at the elements of tbe coticeptual Broadcast Network.
= nc]ydes some aspects of the use of the Service and EriseinbleTrarispo::ftl:riteifaces.
COncluding of section Iooks at some rnore general networking aspects including
€ and synchronisation as well as some of the considerations which apply when
jﬁﬁguring the Ensemble Multiplex.

se€ction |4 considers how the factors presented in the previous sections should be
®0 When considering distribution of service and ensemble information.

on 1.5 1ooks at some DAB Network implementations which are in operation. The
&S serve as an illustration of some ofthe aspects to be mentioned.

aPler two starts with a detailed look at the modulation and channel coding used
DAB system. It continues with a look at some particular aspects including
misafion  rnethods and the > technique employed to permit transmitter
'@n?;The chapter concludesby considering some RF aspects and broadcast
iazzmng techniques. In partictilafithe concept ofa Single Frequency Network
examined in some detail

ree concludes our project



DAB BROADCAST NETWORK

ﬁnplementatien and Operation of tlié'DAB BmadcastNéfwork

1.1 TheconeeptualDABBroadc~s,~~twork

8Ure 1.2.1 shows the coneeptiial netwot:k/.in.<diagrammaticform: >'the-rn.etwork..is

Visaged as a three stage process whete eachisfiigeiis managed<byatdifferen.t entity.
¢ three managementsetitities are: the Service provider, the Efisemble .provider and'the

ransmitter Network provider.

€ Service provider is conoemed with building a part of the multi-service Ensemble
tiplex. Typically; this would be an individual service (or service component),
U 5h it could extend to a number ofservices, In.a typical DAB network there will be
1y Service providers, each associated With a set of one or more of the service
Ponents. Each service is itself a multiplex of data. For example, an audio service

Sists of coded audio data, Programme Associated Data, and additional Service

IMation supporting that particular component.

‘EBasemble provider collects together all of the data sets describing the individual

ice components. Additional, ensemble related Service Information (such as the
Fiﬁlx Configuration Information) is added and a data set representing a complete
mble Multiplex is built. In general there will only be one Ensemble provider for
?franSmitted ensemble.

Tansmission Network provider takes the data representing a full Ensemble
€l and tums this into the transmitted signal at one or, more typically, many
itter sites. In this final stage, t~e data which identifies unigely each transmitter in

ork (Transmit*~ IdentiflcationInfonnation) must be added ifrequired.

;ﬂ‘e seen from the above description, the building ofthe Ensemble Multiplex is a

QPirocesswhere data is originated at many points in the network and added to



he full Multiplex in stages. Nevertheless, data flow is unidirectional from Service

TQ,vider, through Ensemble provider and on to the Transmitter Network provider.

igufe 1.2.1 also shows the flow of control information in the Network. Since the
Bsemble provider looks after the constnietion of the complete Ensemble Multiplex,
thén control information is likely to be required to flow from the Ensemble provider to

all Service providers and to the Transmissicfii:<Networlprovider. There will also be a

requirement for control information to' flowrfrom ithe Service providers back to the

Ensemble provider and between different En.seinbleproviders (to exchange information

about other transmitted-rensembles.forinsta:rice) Yi'.'J1hese;principahtrol data flows are

also illustrated in Figure 1.2.1.

The lists at the bottom .ofdhe figure give examples ofthe type of data which is inserted

at different points in the network and of control information which could flow in the
network. The entries in the lists are located below the principal originator of the named

data type but note thatthey are not intended to be definitive or exhaustive.

1.1.1 Network Interfaces

It is not necessary that the three stages>ir1building the DAB signal are physically
separate. In fact, life is probably alotieasier ifthey can be kept close to one another.
However, in the typical situation; there willbe many separate Service providers feeding
their signals to the Ensemble provider aridthe Ensemble provider will be required to

feed the aggregate <lata signal to fua.uytrarismitters.

The interface between service and ensein.blegeneration is shown in the diagram as the

Service Transport Interface(STI). Its main function is to carry <lata relating to a

particular service, or service compdfietit:

The interface between the Enseinblerprovider and the modulation process in the

COFDM Generator belonging to the TranSfuissionNetwork provider is shown as the

Ensemble Transport Interfaceffi'T'l). Its main function is to carry <lata which relates to



a full Ensemble Multiplex. The principal characteristics of both interfaces are explored

in later sections.

The fundamental difference between these two interfaces is that the STI carries service
information in a raw form (i.e. not formatied'iirto the structure defined for the DAB FIC
channel). The ETI carries theservice information in a formatted form (the form required
for the FIC). At its simplest level, the conversion between STI and ETI could be seen

merely as the process of formattirigthe FIC(Fast Information Channel) data.

Both the STI and the ETI li.ave been standardiSed as has athird interface, the Baseband
Digital I/Q (DIQ) iriferfac~. Although not a distribution interface, the DIQ provides a
convenient break-poi.utin the traiismitter between baseband digital processing and

radio-frequency 1nddiilation equipment,

1.2 Building .tb.e'DAB Signal

1.2.1 The Service Previder

e basic building blocks of a DAB Ensemble Multiplex are service components. The
role of the Service provider is to assemble a set of one or more service components,
tog:ether with supporting information, for onward routing to the Ensemble provider.
Some examples of service components'are:

An aiidio data flow (including the associated PAD);.the audio data flow will
generally be the main' componerit of an audio service)but could also be a
secondary component ,

A text data flow,
A TMC or TPEG data flow; this could be a primaryjoomponent, or secondary

component linked to one otmore ofthe main DAB-se:rvices,
A packet data flow; DAB data services can be configured as a packet data

channel which could itself be configured as a number of data service

components.
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e Source Coding for Audio Flows

For an audio service, source coding takes the form of an ISO/MPEG Layer 1l audio
encoder in which the audio data is sampled at a frequency of 48 kHz for full-bandwidth
audio or 24 kHz for audio with reduced bandwidth. The output of the encoder is data at
e defined rate formatted into 24 (or 48))trisframes. The input to the coder could be
either an analogue audio signal or a digitalsbonnection which would usually .take the

form ofan AES/EBU serial interface.

Although based closely on ISO/MPEG-yTuayer.t[L standard frames, DAB .audio frames
contain a number of enhanCements. These include a.ddition.al ehecksums and provision

for the inclusion of additiorial<lata, known as Programme AssociatedData (PAD).

Since PAD informationas intimately related to the audio signal and needs to be included
in the associated audio frame then PAD insertion will take place in the audio encoder or
in intimate association with it. ine example of the implementation is an RS-232
connection on the audio encoder which proyides an ISO-frame locked synchronising
output to trigger data input from an externa.ltP:Al¥ermaiter, PAD formatters.have been
implemented using PC interface cards. Coritrolof theforniattingisthen possibJ~using
custom software running on the PC. Altemative strategies (e.g. the use of unused

capacity in an AES/EBU input) may alsohe possible.

Eartly audio coders for DAB were equipped with a WG1/WG2 output which requires the
audio coders to be in close physical proximity to the DAB Multiplexer. More recently,
audio coders have been prodiiced with atr. StI output to permit the buildingof more

iverse networks.

* Source ceding for Data FIO\.VS

For data services, the source coding caritake many different forms .dependirig on the
nanire of the particular service. In addition, appropriate transport protocols will need to
be used for carriage of data serviCeswithin a DAB ensemble. The most appropriate

transport protocol will be determined by the nature of the application, The Multimedia



Object Transfer protocol (MOT) is one example ofa particular method for dealing with

data services which may be employed for DAB.

* Service Component Multiplexing

e Service Component Multiplexer (SCMUX) is the heart of the Service provider' s
system. It accepts the output of the source coders (which could take the form of one or
ore audio coders or data formatters depmdlmg on the nature of the service) and
ultiplexes them, along with other data tO form the Service Transport Interface. The

implest form of an SCMux is, of course, an audlo encoder with an STI output.

* The Service Component Database

e SCMux also accepts the output ofthe Service Component Database which holds

infbrmation about the DAB System Features which apply to this particular set of
rvices. The data in the database may be st.atic or dynamic depending on the nature of
1e data and services. Dynamic data could licing€:l under schedule control (i.e. changes
take place under the control ofa system ¢fiigl<:)otcQpuldpe trigg~red by external events.
example ofthe latter could be Pty c9g~syihich varyinggnjunction with prpgramme

em changes.

e The Service Centroller

Il of the elements of the Service prqvider operate under control of the Service
wetroller which also inserts control-information into the STI (and accepts control

ormation from the Ensemble Contrdllefvia the STI). The Cotu.trolletdeals with the

any particular service will need'to operate in conjunction with other Service

trollers under control ofthe Ensemble Controller.



.22 The Service Transport Interface

he STI provides a convenient interface for carrying DAB service components, for
xample between an audio encoder and Service Component multiplexer or between the
ice and Ensemble multiplexers. It could .also be used as the interface between two
ice Component multiplexers to allow services to be built up in a distributed fashion.
STI provides a transport mechanism for all DAB service components and service
; ormation. In addition, a.controlchannel:is also provided which may be used to

.ge, or monitor, the service comporients.

STT uses a layeredstructure,Ycomprising a Logical Tuterface:and'several physical

’}ementations which may be?Network Independent or Netwerk A.dapted.

Logical Interface is the basic definition of the interface and defines the structures
to carry data and control informationobut has no physical manifestation. The
’ otk Independent interfaces are the simplest physical manifestations ofthe STI and
ide a simple transport framing strucfure. Network A.dapted versionssare more
lex physical manifestations using mo:te compleftfra:m.iti and complete>with a

of error protection. They are designed .to cope with partieular networkstructutes

704).

Cascading of Service Provlsion

gh the conceptual model shows the SCMux (and associated equipment) as a
"Vﬁtity, it could be necessary in some instances for the Service provider to operate
triblited fashion. In this case the oiitput of one level of Service Provision (the
folfowed by another level of Service Multiplexing ra:ther than the Ensemble
exerYil this situation, the STI is used as an input interface to an SCMux as well

’ put interface.



.2.4 The Ensemble Provider

The Ensemble provider manages the full capacity of at least one DAB Ensemble
m.ultiplex. A single Multiplex can have up to 64 sub-channels which could each carry a

service or service component. The role ofthe Ensemble provider includes:

accepting sub-channelinformation, an.d associaied control information, from the

Service providers and re-formatting theseinputs to build the Ensemble Transport

Interface,

accepting service-related System Feature data from the Service provider and
formatting these to make appropriate FIC inforrnation for inclusion within the

ETI,

adding ensemble-related System Feature data (for this and other ensembles or
transmissions)to the FIC information. Figure 1.2.1 lists some ofthe currently
defined System Features which coiild' be reqtiifedto be inserted at the level of

the EMux. Note, however, that thelist could differilldiffefenfirri.pleimentatfons,

managingthe Ensemble Multiplex capacity includingthe generation 6fthe MCI.
This includes the management of the Service Controllers associated with each

SETVICE.

* Ensemble Multiplexing

ie heart of the DAB network is.the Ensemble Multiplexer (EMux). It accepts the

gnal which describes, uniquely, a DAB ensemble and this may then be connected to a

/OIfDM generator which produces the modulated signal.

¢ input to the EMux is characterised by many data links whose main task is to carry

I0,rmationabout services, or service components, to the EMux.



The output of the EMux is art interface: signal which contains all the information

necessary to generate the radiated COFDM<signal at a given transmitter, or set of

transmitters. In general, the output .of the-*EMuxis a single interfacewhich is fed, in

parallel, to many destinations.

¢ 'The Ensemble Database

e EMux also accepts the output of the E'tis~mble Database which homs,thé DAB
ystem Feature information which jipplies <to this> particular ensemble and related
iafprmation. The data in the database fiiay be static or dyrtarnic.depending on the nature
fthe data and the status of service C(.)mponents ete. Dynamic ciat~ ¢qpJd change under
chedule control (i.e. changes take place under the con&ol ofa system clock) or could

tgiggered by external events (for example, a service changes from one having an FM

rnative to one without).

& The Ensemble Contreller

Ensemble Controller is responsible for controlling.the action of the EMux,
uding the control of scheduled configuration changes for: instance. It is also
sonsible for the overall management of the ensemble's configuration and. for co-

ling any changes in service status - and resolving any conflicting demands!
g any g y

The Ensemble Transport.Interface

T} is used to carry information about a full, or partial, ensemble between
1e multiplexers, or (in the caseofifiill ensemble) frofiiEi:1serriblemultiplexer to
A Generator. It is distinguishedfromthe STI by the factthatifcarries the service

n formatted in the DAB FIC format and the controlrequirements are much

defined in a European stari.dard which givesfull detailsof the mterface-and

S use.



12 similar manner to the STI, the ETi is defined in a number of layers: a Logical layer
d Network Independent and Network Adapted forms. The most commonly used form
the ETI is a 2 Mbit/s G.703 interface, ETI(NI, G703). In this.formit is only suitable

O use on simple local connections OF data.links with relatively<~traightforward
dlacteristics. A Network Adapted versien, ETI(NA, G704), suitable for 2 Mbit/s
704 connections, is also defined. This is 'generally more useful as it is more robust in
presence oflink errors and contains infotm.ationto control Network delay variations.
is becomes important, for example, whellifeeding a Single Frequency Networkusing

switched terrestrial transport network.
e following sectfonsgivesom.e geiiefal guidanceon'the use 6ftheET[

Using the ETI

‘{.NI, G703) is a simple form of'the ETi which may be used fora direct connection or

ECtion via a relatively simple network. Its electrical characteristics conform to
s defined in ITU-T Recommendation,G.703: it contains rudimentary error checks
permit integrity checking but does not allow for any.error correction. in addition,
is no mechanism for coping with changing Network delays and the long frame
Ute (24 ms for audio samples at 48 kHz, or 48 ms for audio sampled at24 kHz).is
T Weakinthe presence of errors. Nevertheless, the ETI(NI, G703) could.be.usedion
ellite connection where protection agairist errors is provided within the modulation
demodulation equipment. The time delays in such a Network are known' with

ent precision so thatdynamic delay correction is not required.

(G704), is an adaptation of'theinterface for use on terrestrial switched-G.704,

S networks. An error correcting mechanism is included together with a much
r fiame  structure. in addition, provision is made for time stamping of data so that
1g variations on the network-can be corrected. In this Iarter case, it is of course
that the send and receiving uriits maintain "a sense of time", i.e. a common
ference must be available at both ends of the Ensemble Transport Network.

Tent implementations use GPS-derived clocks for this purpose.

10



The time-stamps carried in the Network Adapted ETI also allow for "seamless-
switching”" between multiple feeds of the ETI to a transmitter. This would typically be
done to improve the reliability of the DAB network. The separate feeds can be time-
gned independently, using the time-stamps: Switching between the separate feeds can

then be accomplished without any loss of data.

* ETI Capacity

e capacity required for the ETL is a function .of .the number of services and the
pacity of each service before coding is applied. In general, a 2 Mbit/s circuit provides
le capacity even allowing for the. overheads required for framing, error correction
. Note, however, that in some circumstances a capacity greater than that allowed by a

Wbrit/s circuit is required. Altemative versions of the ETI must be used in this case.

%  Ensemble Transport Network Performance

b-section attempts to set performance targets for the behaviour of the Ensemble

crtNetwork.

ormance is defined in terms of the behaviour of the network from the output of
" emble Multiplexer (before any network adaptation) to the input of the relevant
M generator (after any relevant network adaptation). In other words, the
ance is assessed by reference to Network Independent versions ofthe ETI. Fora
point-to-point connection, the characteristics to be considered are the Network
Time (mean and variances) and the Error Performance. Additionally, for a

m&fiﬁ-point connection (as used to feed a SFN) the Differential Transit Time

gt

variances) must also be considered.

to assist with the definition of these charaoteristics, some preliminary
re necessary. The ETi comprises 24ms frames. Each frame is assumed to

blocks (giving 1000 blocks per second) with 1920bits in each block .



We define:

A delay Slip as a change in Network-Transit Time from one frame to the next of

more than 50% ofthe DAB Guard Interval for the DAB Transmission mode in

use.

An Errored Block (EB)to be ablockm'\,'yithatleastone errored bit,

* A Severely Errored Block (SEB) to be a block with at least 8 errored bits,

A

AnErrored Frarﬁe (EF) td‘ be a frame with at least one EB,

A Severely Errofed Frame (SEF) to be a frame with at least 5 SEB,

An Unavailable Frame (UF) to be a frame with at least 9 SEB,

An Unavailable Second (US)tobe'afofo:1eviiith atleast 1-.-sEF(or atleastl UF).

'he Network is col IsideredUnavailableifframe synchronisation is lost, or more than 10
were received in the last 40. The channel becomes Available as soon as frame

chronisation is achieved for more thari.40 consecutive frames.

ormanceobjectives can now be otitlirted:

Network Transit Time (Mean): the mean Network Transit Tirne should be fixed and

known with an accuracy of* 1ps. The mean Transit Time is measured over a period
~of 1 month, neglecting the effect of Delay Slips caused by Network effects. The
target performance for Delay Slips is fewer than 1 Delay Slip per month.

 Network Transit Time (Variance): the variance in the Network Transit Time must

_not cause the jitter and wander on the received 2Mbit/s signal to exceed the limits.

12



# FError Objectives: the Error Objectives are set on the assumption that an error of a

few bits in the transmission of the ETI, although giving rise to an incorrectly

modulated signal, does not give rise to significant degradation of the received

signal. Badly corrupted frames, however, are likely to have severe consequences.

The targets are presented in Table L3.J.

Table 1.S.1. Eri-o1;.~~1:ifo1-mancébjeetives

Clagsification "%’*aajget :
EF <Firninute
"8EF | <lhour
UF <4lday
5 : <timaonth

Network Unavailability: The Networl{.;should1l>e Unavailable less than once per

year. Each frame thus has 5760 byt~s;MTlichfi:ir~.p:1ag~.upf <lata plus frap:iing

overhead ete. These are the bytesi~liich.are .na.pped into .<ne ofthe ."li~t'Yqfk

Adapted versions ofthe ETIL.

Differential Transit Time (Mean):.'T'u~Differential Transit Time betweenth~. :ETI
signals received at any two COFDN:1;,g~ti.erators should be substantially. Iess.than

10% oftheDAB Guard IntervaloftheE>AB Transmission mode in use.

Differential Transit Time (Variance): Performance target to be defined,

 Signalltng in the ETI

-he ETI(NI) layer contains a signalli:rig channel which niay:-be used for signalling

information between the Emux (or tlie Ensemble Controller) and the COFDM

13



erator, or between cascaded Emuxes. This is referred to as the Multiplex Network

service Channel (MNSC).

MNSC carries 16 bits per frame, corresponding to a data rate of 666.7 bits/sec.

lling is possible in two different modes; Frame Synchronous or Asynchronous.

rame Synchronous signalling carries information which is relevant to the containing
fame (or frames). It is used, for instance, .to carry time information between the
fierent levels of Ensemble Multiplexing\(see <Section "Cascading of Ensemble

‘rovision” [1.2.6] ).

synchronous  signalling carries information which is not linked to particular frames of
interface and could carry, as an example, information about forthcoming changes to

configuration of an Ensemble Multiplex. Again, this could be useful with cascaded

iseémble Multiplexers.

th signalling protocols allow user defined fimnctions to be implemented to permit
red systems to be built. {ine example 8:faUser defined function could be the control
COFDM generator parameters (sueli' 'as time delay or TII code) from a remote

rminal. Other transmitter control furictidns Could also be iniplemented.

addition to the MNSC, since the ETI(NA, 0704) corresponds to the G.704 framing
ucture, time slot 16 in every frame is available for signalling information. This time

s free for user applications ( ITU-T Recotnmendation G.704 ).

~® Monitoring in the ETi

ETI carries CRC checksums which allow for data integrity checking. Separate CRC
cks are used for header and data fields. This allows different strategies to be used

en errors occur in the separate parts of the ETI. For instance, errors in the header

could be mitigated by assuming thai the header information is unlikely to change

14



-am one frame to the next. Data errors could be ignored in isolated frames but some

action may be required if data errors occur frequently,

e ETI(NA, G704) corresponds to .the G.704 framing rules and standard G.704
phitoring techniques may be used in addition to the monitoring provided at the NI

imterface. This could include the use ofCR.C-4.

@ Use of time-stamps

Grder that the ETI receiver can restore a cotISISterlt network transit time, information

bout signal timing must be included i in the transmitted ETL For this reason, timestamps

included mit.hin. tRP. H:ET.

2.6 Cascading of Ensemble Provision

Jthough the conceptual model shows the Emux (and associated equipment) asa single
ity it may be necessary in some instances for the Ensemble provider to operate in a
jbuted fashion. For instance, at«ther,.firsf.level a partial Ensemble Multiplex
consisting of.a common sub.set of nation.alservic:es could\he>built This would be
jbuted to a.second level ofEnsem.bleMultiplexingwhicha.ddslocal  variants ofthe

=m@ining services. Such an architecturetgquires the use ofa miilti-frequency network,

this case the output of one level o:fiErisemble Provision (the ETI) is. followed by
anceher Ievel of Ensemble Multiplexitig\rather than the COFDM generator. In such

ireumstances, the ETI must be capable ofoperating as an input interface to an Emux as

wiel as its output interface.

imestamps are included in the basicaiefiniition of the ETiand a further timestamp is
inciuded at the Network Adapted layer.Ina-network using.cascaded multiplexers, the
er may be used to control transit.delayin a section of.thenetwork, ensuringseamless
ritching between a main and reserve feed for instance. The former may be used to
manage the overall delay of the cascaded network. This is particularly relevant where,
‘noted above, cascaded multiplexers are used to provide a mixture of national and

| services in a MFN, where it is desirable to ensure co-timing of the national
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mponents. The first -multiplexer-.acts asa 'lime-reference multiplexer' and generates
the basic timestamp which .may be used by the final multiplexers in the cascade to
sure that the delay through the complete multiplex structure can be controlled. In this

case all the multiplexers must maintain. the relationship between the Frame Count

{FCT) field andthe timestamp (TIST) field.

2.7 The 'Transmission Network Provider

e Transmission Network prOVIder iS resﬁénSible'for blllldll’lg the COFDM signa] and

the transmission of'this Signal from ;éthihgle ;‘trafl‘?’mitt?qu a’n’e_tyywork oftransm1tters

- Signal Distribution in the Transmission Network

, ehoice of a suitable distribution sigual to feed the distant transniitters will be made

elyon economic.¢onsiderations.

‘.@perational networks, by far the best cligigeis the use ofthe ETI either in Network
nendent or Network Adapted form. This 2MJ?it/s,signal may be carried relatiy~ly
{y using standard techniques. Ulis the tp.()$t ¢fp.qi~IJt Wiq .flgOiple rpet~<>dpfi~y~p.s
y“gnal, and all known gperatiomil u¢tW9f~Sis¢Jhisteq~p.ift~e.

er, Use of the ETI has the disadyantage that a COFDM geuerB.t()1s r~q~Ifeqiat
srangmitter site. Ifonly a small number oftransmitters are required, forexample in
egltal networks, then this may not offer the cheapest solution depending on the

.= of circuit and equipment costs, Two other techniques are pgssible:

'e modulated signal may be prQduced at a'low interniediale frequency (in the

ision band) and distributed to tlie. transmitters using.vi.sion circuits. This is
ngsred to as the "pseudo-vid¢o":method. A number of ensembles could be
i~d by a single vision qirguit by using a different centre.frequency for each.

that is required at the.transrnitter is a frequency converter, which leads to

imum transmitter cost.

ages of this method include:
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¥ high circuit costs; this method cannot be recommended for anything other

than feeding a very small numbers of transmitters;

* in a single frequency network a pilot-tone is usually required, again
located within the vision pass-band, to synchronise the ftequency

conversions at each transinitter;
¥ the relative timing of transmitters is dictated by the circuit delays;

TII information must also be keyed into the signal generated at each
transmitter and no practical method has been demonstrated for achieving

this.

modulated signel could be produced at any other frequency which is

available for distribution (in the UHF or SHF bands for instance) and frequency

converted at the'transmitter sites. Thisis the technique employed for many of the
experimental transmissions but is usually prohibitively expensive when serving
many transmitters, even wherethefrequencies are available. In a SFN, a method
pf locking the frequency collyert~rs must be d~yis~g; L, tr~s11:ligsie>1+.:Pf
additional tones has usu~Ily /beew:; used in experiinental work. The '.sarrte
limitaiions raised in 1) above applytothe management oftransmitter timing atid

mnsertion of T,

g, it is worth noting that the techuique of off-air relays, commonly used i11.FM
is more difficult in a SFN since there is no separation betw~ell the .transmit
ceive frequency for any given tr~smitter site. This call Jead #p difficulties in
g adequate aerial isolation, particularly at VHF, to prevellt. instability or keep
pairment to an acceptable, level, However, this technique could still. be
' H the case of L Band Networks or low-power "fill-in" .transmitters. in either
:ﬁé};ture of ETi feeds to themain stations and off.air .feeds to the low-power
could be.envisaged. Note however, .that this imposes limitations on the timing

wer transmitters, and would Iead to more than one transmitter radiating
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e TII code, which could give rise to difficulties in receivers which make use of TII

es.

COFDM Geueration

COFDM generator uses the ETI to produce the analogue DAB ensemble. Control
forgrakic™ could also be used, and included in the ETI, for transmitter control
poses. The COFDM generator also inserts TII information into the appropriate null
mbols under control of information camed in the ETI This is necessary because the
[ is umque to cach trmmﬁeer Matlon Note that in the case where the COFDM
al is re- radlated by an oﬁ‘-alr relay then the relay wﬂl have the same TII code unless

null-symbol mtormanonn is over-wntten as mentioned above

intermediate interface has also been standardised as a convenient interface between

baseband processing equipment and the radio-frequency modulation equipment.

is is the baseband digital 1/Q interface.

-2.8 Signal Timing and Synclir(Inisution

re are a number of issues coti.cer:riedwithSignal timiug and' synchronisation which

1d be considered when designing aD.AB Network.

ae following lists some ofthe issuesconcerned with data rate synchronisation:

the audio coder samples the audfo ata frequency of 48 kHz (nowinal)or 24 kHz
and formats the resulting codeditiformation into frameswith alengthofl 152
sample periods (nominally 24 ms 6r 48 ms, depending {ip6tithe ailidid sampling
frequency). Ifthe input to thecodeFis a digital signaltheti.the coder's sampling
frequency and the incoming data. s:irriple rate must be syrtchronised. The output
<lata rate of the coder will be afriinteger number Ofbits per frame; the exact
number is determined by the output data-rate selected for the coder, which
includes all control informatfori,'sh.iffing bits and P.AD as well as the encoded

audio. The audio coding algorithm may also sample the input at a rate of 24 kHz



(nominal). This gives rise to a 48 ms audio frame which is split into two halves

(of 24 ms each) for carriage by DAB.

the SCMux accepts data at the rate suppHed by the audio coder and associated
equipment, and may add additionaledata.. The output of the SCMux must be
| synchronous, (or plesiochronous, .asy.cietermined by the nature of the Transport

Network) to the input ofthe Servicf.'l/.Transport Network.

The EMux accepts the data.fi;<fi. X~ wtfi,I'£1 qf Service. Transport Networks and
produces a single output 1-\gailiiia g4fiis fiafifl \~pgtl is usf1d. at the .output oftlie
EMux. A strategy I11-cist bf.l ~<iQpt~~1tq:erisute } luit/f. lijch;i.14ms/fr~W-~ HHtput.-PY.the
EMux preserves>,the fi-an:i~. stnicture of the 'data <from i-~~¢L:1jrppt. . E:itherttl:ie
frames (at outputand all inputs of the EMux) must be synchronous, or buffering
must be employed to even out the differences. Where buffers are used, then the
buffer capaetty must be large enough to cope with the data-rate differences and
to ensure thatbuffer slips, if any.sareemade in integer frame multiples, In other

words, frame alignment must be .::naintained<by.dropping er stuffing whole

frames from a particular input, as appropriate (ir1 the latter, case .this couldrbe

achieved by repeating the previoiiS1 frarri~).

The DAB ensemble produSed byeflie COFDM generator is.locked to the .24ins
frame ofthe ETI output b)'theEMux. However, ifan EMux feeds more than |
COFDM generator in a SFN therithe timing of each ensemble generator in the
Network should be kept very close to that of the others (within at most 10% of

the guard interval, unless timing offsets are employed). Additionally, all the

transmitter centre frequencies mustbe very close to each other (within about 1%

ofthe carrier spacing), implyirigth.ateach transmitter-must maintain a frequency
reference. If the delay of Enserrible Transport networkcis not fixed, then each

transmitter also requires atirrieteference which is also available to the EMux.

In addition, there are related issues cdricerned with the handling of time information

carried in theDAB signal:
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¥

audible time marks (such as the time pips broadcast in the UK) must bear some
resemblance to the time at which the pips are reeeived. The delay through the
entire Network is likely to approach 1 second or more when account is taken of
processing delays, time interleaving in the DAB signal, buffer delays to take
care of synchronisation requirements and network transit delays. This delay must
be fixed and known to the required accuracy. UK time pips are usnally

transmitted with an accuracy of about SOms.

time information carried in the FIC is inserted at the EMux. The precision with

which this time is received is not 'specified but could be expected to be at least
an order of magnitude more accurate than the au.dible<pips mentioned above.
Again this requires that the delays in the Ensemble Transport Network are

accurately controlled.

DAB Services may also be radiated on FM channels. In this case, account must
be taken of the relative delays which will occur in the distribution of signals to
both networks. Typically, the delays involved in FM distribution will be
considerably shorter than those involved in DAB. Ideally, the received DAB and
FM signals should be co-timed, This allows the receiver to use the FM. version
ofa DAB service (if available) to.ifill in gaps in the DAB coverage, which iare
inevitable in the early days of any DAB network. However, inserting the implied
delay in the FM Network may not be trivial, as broadcast centres would need to

run ahead ofreal time.

.9 Multiplex Recenflguratlon - Netwnrk Issues

DAB System permits the flexible and dynamic re-configuration of the Multiplex. In
iple the mix can be changed every 6 seconds. In a diverse network, where Service
ders and Ensemble providers are' physically separate, a strategy for managing
ZUlation changes must be put in place. Achieving synchronous coding rate
- which would normally take place at frame boundaries, will require some
EIable care. line ofthe functions-ofthe control information included in the STI, is

OW the broadcaster to manage and control these re-configurations.
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* A cautionary note

 the interest of simplification, many of the detailed considerations applying to
iﬁtiplex re-configurations have been s~~e~~at glossed over. For instance, the data
erleaving employed within the Ensemble Multiplex, imposes a latency of 15 frames
g configuration changes, i.e. data cupacity which is changing hands must be
leared 15 frames prior to its re-use by/another Service provider. Some of the
ormation carried within the OAB versioll. of an ISO-frame (scale-factor CRCs and
AD) applies- to other frames. Thisinf<rrp.~tigp.<n:1ay.need to be suppressed, or ignored,

er the period ofreconfiguration.
Strategies for SignalDistribution

‘Local Connectidons

st early implementations ofDAB  systertisrelied on the local proximity ofthe audio

2rs to an integrated Service and Ensemble Multiplexer.

nections between the audio coder:$ llcithe have been made using;t;h@ WGI/WG2
face. Signal timing and synchtoriisationis straightforward and can rely on a local

er'generator which is usuallythe rri:iiltiplexer.

mode of operation presents no parlicular difficulty other than the need for all

ment to be in close physical proximity.

Terrestrial Dlstributlon

,éﬂger term, terrestrial data circfiifs offer the most riatufal method of carrying
on. about Services and Service Coriiponents between Service Multiplexing and
ie‘ Multiplexing equipmeiif irtdiffetent locations; irideed, some networks have
been implemented using this approach. It is also likely that terrestrial circuits
ﬁ'}epreferred choice for distribution ofthe ETI where a small number of

rs are involved. Large numbers of transmitters are likely to be more

o

cally fed by satellite circuits.
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some cases, distribution using the COFDM  signal itself, generated at a vision

Terrestrial Distribution, STI

‘?e STI may be carried on many different kinds of physical links. ETS 300 798 defines
[ structures which may be used on G.703, V.11 or AES/EBU-like links.

. should also be noted that the need for comrrrunication between the Ensembie
k ntroller and the various Service Controllers may require thei§'ftlink~ to be  bi-
ectional. The capacity requirement of the return circuit is likely to be considerably

ess than that ofthe forward circuit carrying the Service data.

Terrestrlal Distributton, ETi

he terrestrial distribution ofthe ETI could be done eithefusfiig>fixed'links defiicated to

purpose, or using 2Mbit/s da.ta circuits provided as part ofa 'T'elecommunication

etwork.

n general, there is no need for a retum circuit to be provided unless there is a special

uirement in a particular case.

recommended that one of the Netwdrk Adapted versions Of the ETI is chosen
ause of their superior robustness compared with the Network Independent versions.
particular, ETI(NA, G704)s316 has been found to offer good performance in most
mﬁﬁiﬁﬁons including .carriage on ATM ri.etworks.The capacity-available on this variant

the ETI should suit most application.s,tJ:10Ugh may not be ad.equatefor users requiring

latgge number of data services.

22



e use of a Network Adapted version of the ETI is recommended on distribution
metworks feeding a SFN if the delay variation over the distribution network exceeds a
small fraction of the guard interval. This includes most, if not all, telecommunication
metworks. In this case there will also be a need for a timing reference to be provided at
each network destination node S0 that the timing of the incoming <lata can be corrected.
The timing reference should also be available at the ETI origination point so that data

«2n be generated with the correct, and known, timing. The accuracy of the timing

w

erence needs to be of the order of a few pus. Examples of suitable references are the
bal Positioning System (GPS) or frame synchronising pulses derived :from a satellite

channel.

e frequency of each transmitter in a SFN also needs to be wwwmuti~ tO a small fraction
“the intended COFDM carrier frequency spacing. This implies an accuracy ofa few
sin 10 ® for a Transmission mode I, Band Ill transmission. It is Iikely that each
ansmitter will need a stable frequency reference. Examples of suitable references are;

incoming data clock, synchronising pulses from a satellite TV channel, or GPS.

fficient smoothing of the incoming reference should be provided so that random
ations of the derived reference do not cause excessive phase noise to be

iToduced onto the carrier frequency.

.3 Satetllte Dlstrfbutlen

a single point to feed many destinations. This is exactly the situation for national

other cases, terrestrial distribution is likely to be more economic, unless the satellite

acity can be shared with other uses or 1S available for some other reason.
some cases, the COFDM signal may itself be transmitted via satellite. This should be

the "pseudo-video" mode described earlier. Direct use of the COFDM signal on

es in the FSS, or DBS, bands is not recommended because of the difficulty of
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chieving adequate performance either in terms of phase noise at the SHF frequencies

employed or oftransponder linearity.

.3.4 Sharlngthe Dlstrlbution Netwotk

1 some cases, broadcasters may wish to use the distribution network to feed D~
transmitters together with transmitters operating in other frequency bands (e.g. FM).
uplicated services can share the same distribution feed, non-duplicated services could

e fd using either spare capacity withir. W, the\E'T'l or, additional capacity on the same

. detailed analysis ofthe problems involved with common distribution paths is beyond

- scope of this project but some of the issues which should be considered are:

Relative system delays of the different feeds due to the processing delays in the

DAB interleaving process.
The use of data rate reduction teclitdques Onthe DAB Services.

Data’ requirements of,other services may be substantially different (e.g. RDS

for FM services).

Some Real Examples

.1 The BBC's DAB Network

e 1.5.1 shows an outline ofthe BBC'sDAB network. A network of27 transmitters
been implemented to cover 60% of.the UK population, and' the majority of major
'rway routes. This is a Single Ji'requency Network operating in Band III (Block

), and the transmitter output pdwets afein the range 1.kW to 10 kW ERP.

~distribution is accomplishedsusing 2 Mbit/s telecommunication circuits using
A, G704)s376, A mixture ofleased SDH and PDH circuits are used to feed?the

mitters and, in most cases, afiillytedundant  network is used where each
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msmitter receives two feeds via diverse routes. The preferred feed is selected on the
%asis of the error statistics of the links using a seamless-switching technique described
eaglier. GPS receivers are used to providea.time-feference  (and frequency-reference) —at
t1sites forthe control of delay variatioris and .transmitter :frequency.

~

4.2 L band DAB networks in France -

to the difficulty of obtaining adequate VHF spectrum, only the frequency band
4521492 MHz,(feferred to as L band) is used in France.

’ fore 1995, séveréi ﬁ‘e‘yldwtriakl‘ks have been done either in Paris or in Ramas~ (Brittany)

this Pand. Fof example, first regular experimental transmissien was started in Rennes

i 1993 by CCETT. From these experiments, it appeared that L band could be used for

an coverages and also for the coverage ofhighways.

- the beginning of 1997, operational netwofks are open in France by TDF. There

gl based on the same scheme :

broadcast network covermng a towu and its suburb and using one Of several

imitters. DAB mode I1 is used.

eransport network feeding the tfansfu.ittefs sites and including the ensemble

Jexer. As the transmitters, this multiplexer is also locally located. This permits to

orate local progfammes. Betweenthe multiplexer and the transmitters, The ETI

snort interface is used.

gatheNg network, collecting the audio programmes and data channels. The

mmeES can be national and sent by satellite to the multiplexer, Of local and sent by

awahre links Of digital lines to the multiplexer.

beginning of 1997, opefational networks have been opened in the Paris area. The

stration gave licenses for the broadcasting of three blocks in this region. This

nts a capacity of 18 programmes.
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The networks installed by TDF in Paris are based on Single Frequency Network. 3 sites
located in the suburb of Paris are used. The maximum distance between each site is

lower than 20 km. All sites are synchronised and have an omnidirectional antenna

Pattem. With these three sites, Paris and a main part of its suburb is covered. Since
999, an extension has been launched with three new sites covering the outside of the

pretvious network. The new sites have ditestional antennas radiating toward the outside
the network. |

In 1998, new networks were opén‘~~in~'4f‘t¢\}s%ns Lyon, Marseille, Toulouse, Nantes. Other

authorisations are expected for the other main French towns.
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Figure ! 1.5.1.0utline of BBC DAB Network
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The Transmitted Signal

21 Overview

e DAB system employs COFDM modt.i.lation, which combines the multi-carrier
odulation technique OFDM ("Orthogortal Frequency Division Multiplexing") with
nvolutional channel coding in such a way that the system can exploit both time and
requency diversity. .This.is acliiey~g liyjfritedeaving data symbols, in the time and

equency domains, prior to transfiiission.

JFDM  contributes to the inherent ruggedness of the systein ~gainst multi~ptith
ortions due to the relatively large symbol duration. In addition, a guard interval is
used to help remove interference between consecutive symbols. In order ta achieve an

fimum DAB performance over as wide a frequency range as possible, and with
ferent types of networks, the DAB standard uses four different Transmission modes.
overall capacity remains the same, but the symbol period {ipid guard.interval) and

rarrier spacing are varied to suit the situation.

> DAB systemuses fllWe~~fiic\ri~ed  convolutional COdi'S for {<l~~.~

rection. This code family allows the .arn.ount of error protection to be individually
osen according to the performance requirements of different services. For audio
als, DAB uses unequal error protection. The amount of protection is adjusted to suit
subjective error sensitivity of different parts of the audio bit stream, e.g. bit
cation information, where an .error would cause annoying interference, is much

er protected than normal audio samples.

se ofa guard-interval, which provides a form of space-diversity, allows a SFN to
implemented. Provided certain cohstraints on the transmitted symbol timing and
i é frequency variance are met, then each transmitter in the network can use the
frequency. However, a method is provided by which the receiver may identify
h transmitter (or transmitters) it is receiving. This is achieved by allocating to every

mitter a signal pattem, radiated during the synchronising period, which is unique.
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e consequence of the multi-carrier technique, with the statistical nature of the carrier
s, is a relatively high peak-to-mean ratio of the signal amplitude in the time
main. This leads to a requirement for 'linear' signal amplification. Further the power
ral density of an OFDM signal requires filtering in order to keep out-of-band

digtion within defined spectrum masks. This restriction is needed to achieve the

Rt

required channel spacing.

.2 Channel Coding and Modulation

1 OFDM Modulation andTransmission F:rame

M is a multi-carrier system. Data is transmitted at a low symbol rate using many
ow-band carriers rather than at a high rate using a single wide.band carrier.These
jers are arranged to be mutually orthogonal, so each carrier has its peak amplitude,

the frequency domain, where all others have a zero-crossing.

bit rate for each carrier is inversely proportional to the/OFDM symbol duration. A
seT bit rate means that received <lata suffers less fromInter-Symbol Interference (ISI)
¢ presence of multipath propagation..Consequently, OFDM is less sensitive to this
of propagation than a wide-band single carrier system. By adding a guard interval
een successive symbols, the effect of ISI can be completely eliminated, as long as

delay spread of the received multi-path signal does not exceed the duration of the

ard interval.

de I is intended for terrestrial broadcasting and permits the use ofa regional SFN.
required transmitter separation is similar to that for conventional VHF/FM
rks. Using the same transmission frequency for the same range of services, the
.adcaster can gain a bandwidth saving for national and regional services. The

er has the advantage that the same service is available anywhere without having

refune his receiver.
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Jdode 11 may be used at transmission frequencies up to 1.5 GHz, primarily for local
‘errestrial or. satellite broadcasting, A SFN is still possible, but only by implementing a

Lenser transmitter area network to counteract the shorter gunard-interval.

fode III ,is the most robust against Doppler spread and is useful for transmission
gyencies up to 3 GHz. Its primary application is in satellite systems or cable

works. Mode I or II could also be used for the latter.

ode 1V is used for hybrid satellite systemsand complementary services at 1.5GHz.

igure 2.1 shows the basic structtire of each Tra.nsmissforindde.}'T'he main service
annel is subdivided into Capacity Units (CUs). Each CU contains 64 e:1:fooded source
The sub-frame structure chosen for Mode I is such as to allow partitioning into 24
frames after demodulation and decoding. Note that Mode III offers one more FIB in

2FIC than Modes I, Il and IV.

erential modulation is applied to facilitate bit reeovery at the receiver. Each OFDM
ier contains two bits of Gray-coded 4--PSK data, The >guatcl interval is constnicted

 cyclic continuation-of eachsyin.bol.

odulation in the transmitter may be realised with an IFFT of at least 2048 points for
nde I, 512 for Mode 11, 256 for Mode 111, and 512 for Mode IV. The base-band signal
d provide enough resolution to prevent an increase of noise in the receiver. The
ehand signal sampled at 2.048 MHz for both the in-phase and quadrature
onent forms the IFFT output block.

receiver should carefully position its symbol window (equivalent to the FFT
sis period) so that any ISI due to multi-path reception (or, in an SFN, multiple
ismitter reception) is kept within the guard-interval. From the FFT resultant, only the

middle carriers contain useful data, where N is a function ofthe Transmissionmode.
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‘Repositioning of the symbol window, :from frame to frame, will only result in a phase
shift of each carrier. This does not affect. differential demodulation between adjacent

symbols.

'The null symbol provides coarse receiver.sy:ri.chronisation but can also carry Transmitter
Identification Information. The receiveficould also use the null symbol to analyse the

transmission channel and take into accoutr:itthe level of interference or noise which are

present.

The phase reference symboLproyides\Jine syndhr<>:riiSa,tion.itiformatjonallowingcthe
receiver to extract frequency iriforrtia.tion (for carrier acquisitiotr.ii {litough~C}.ancl.a
phase reference for di:fferentialdemodulation. The receiver does not need to extract a

carrier reference for signal demodulation.

12.2.2 Channel Coding

nside the coverage area of the DAB service, a quasi .error-free reception is generally
obtained due to the high perfonriance /of tlie applied channel coding schemes.
Nevertheless, transmisS10hci.f&r~Feliii1.()t1iBﬁb()lnplefely(a'.Véid~a:le§~~biCI.Hy lt the edge
ofa service area. Therefore,.twogoalsfofChannel coding liave to be considered: firstly,
error-free reception within tlie coverage area; secondly, some kind of graceful
degradation at the edge of it. Botli ar~ ~9,hieved by applying source ada.pt~d .chaimel
eoding. Data services where the bits sli9xyanequal sensitivity to bit.errors ar~ protected
in an equal manner (EEP: equal .efl"()tpr<>tection). Sound services, -where.groupsof bits
having different. sensitivities to bit~r1-¢fs/.1:tre protected with anon.,.uniform code (UEP:
unequal error protection). This allows economical use of the available redundancy and

therefore a high protection performance.

Error protection in DAB is based on convolutional codes witli a memory of 6 bits, i.e.
the number of successive data bits wliich are used for creating code bits is equal to 7
(cr, in the jargon, a constraint length-of "). The basic code rate (mother-code) is of rate
R=1/4 which uses 4 code bits to protect each data bit. The fourth code bit is in fact a

repetition of the first; only 3 different generator polynomials are used. Weaker codes,
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with rates up to R=8/9 are obtained by puncturing the code bits of the mother code,

Puncturing means that certain code bits, which are selected by a puncturing vector, are

not transmitted.

To cope with poor reception conditions, additional provision to detect any failure ofthe
error correction process is required. FIBs are protected by a 16 bit cyclic redundancy
code (CRC). For/data in Packefmdde and data groups respectively, another optional
CRC may be used. For Audio>services, @ CitCis provided for the control infor:mation

[Header, BAi, ScFSJ) according t0 th~ IS9111'74-$ standard. An additional C:RC is

‘provided; one to

error concealment may

scale factors, muting of sub-bands or repetition/muting of'frames).

By gombining UEP and error concealment, the subjective impairment caused by bit

errors 18 significantly reduced and a gracefu.l degradation at the edge of the service area

may be achieved,

2.2.3 Unequal Error Protection ‘(UEP)?fOr Audio (48 kHz sampling)

e Proteetion elasses

4 DAB audio stream contains componen.tsofaudio  data with different sensitivities'to
kit errors (significance) « Every 24 msallthecomponents are transmittedusi:tigtheDAB
gudio frame. For those cortipdr:ien.tswhicfiihave nearly the same sigtii:fii::atice a common

@fotection class is applied. The D~<audioframe  uses four different protection classes,

plied as follows:
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\

Protection clazs 1:

ISO~HEADER I'leader iirfcmnat:ion 32 bit
CRC CRC frir ermr dietection within f.:Onliro, inWooriatt,r,in:

neader, bit allocatii;mi arrcd sicaite faietorr z:iielect innil'oifma,tiorn 16 bit
BAI bit aiocaitlon informatiori 2'\88 bit

ScFSI seale faotor seloot inforrmauon 2'54 bit

Sof ' sczle fachus 2*4RE. bit
.Protecllon dass 3:

SAMPLE sub-band semples variablie
ETUFF stuffing bits T varlablie
XPAD etended programme associated data vi:Iriabite

Feoterd )

X~PAD _extended programme assoviated data | .
SoF.CRC ~GRC for error detection within 4 groups of scale factors 32 bit
F-PAD fixed programme assoviated dete 16 bit

first protection-class comprises different kinds of Control Informatfou (CI)fot 'the
o decoding process. AH this information shows the same, very high, sensitivity to

rrors. Any single bit error in this information would cause a totally disturbed frame.

second protection class contains the scale factors. Scale factor errors 'may cause
annoying 'blips' ..But because ofthe a.ppliedfseale *factér> error >.COncealineit/ iri
' nction with the ScF-CRC, the performance requirementfor error coirection is not

t compared to CL.

ction class 3 is used for sub-band samples covering the largest part ofthe audio
Since sample errors are only perceivable when the bit error ratiO is above 10",
r protection can be lower than that required for CI and scale-factors.

ience, the early X-PAD information is also included under this category and will

well protected than later X-PAD and the F-PAD.

ion class 4 is a continuation of protection class 2. To retain compatibility with
MEG standard, the ScF-CRC , which is essentially part of the scale factor
on, is transmitted at the end of the frame. Therefore, the same correction
ice is needed for this class as for the scale factors. This protection class is also

*-PAD and the later part ofthe X-PAD Information.
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Figure 2.2: Residual bit etror ratio for di:fferentprotectionclasses with code rates

(Rayleigh Channel COST 207 Rural Area)

code rate of a pfotectioti -class is set by selecting a rate cothpa.tible.<puncttiring
ame. Code rates frofu Rl =8/9,R 2=8/10, .., R i, ..., R 24=8/32 are provided and are
dicated by the index / of R i. . Figure 2.2 shows some curves of the residual bit error
pnsing different protection classes with code rate R ;.

curves were measured using the "3rd Gerera.tioti"™. experimental equipment, over a

ted COST 207 Rural Area channel: vehicle speed 50 km/h at a frequency of 232
2).

‘Protectlon pfofiles

mm—nber of bits for each protection class depends on the specific audio ,lata rate aiid
ndio mode defined by the header information. The error protecti~n ~lasse.s ~it~n
dio frame are defined by a protection profile, which carries information about the
L j of each protection class, I. and the corresponding index number, PIj, ofthe

=n puncturing vector.

protection profiles have been defined, covering all the specified audio data rates.
=y are designed to be applicable for monophonic, stereophonic, dual channel and
stereophonic sound coding. Thelength of'the protection class is always chosen to
tch the worst case for each audio dara rate. For example, an audio frame for .a
rex phonic service ata data rate of 128 kbit/s requires twice the BAI and ScFSlofa

iophonic service at 128 kbit/s. The latter will benefit from the extra protection
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because a part of the scale factors and .a small part of the samples are protected to a

higher level. This behaviour is consistent with the higher source coding quality of the

mnonophonic sound signal.

e protection profiles for audio services were designed by optimising the distributiori
of the available redundancy according to the significance of their components. Since
DProtection class 3 is applied to the largest number ofbits, its code rate, R i was chosen
o |eave sufficient transmission capacity for the higher protection classes. In further
ste:ps, the code rates for protection classes 1,2 and 4, and the length of protection class
M were adjusted in order to get an optimal UEP scheme. Wherever there was not
encugh redundancy available for the ideal protection of class 1, the code rate of
Braection class 3 had to be increased. In some cases, this led to a higher protection of
class | and 2. Especially for low audio data rates, the relative length of protection class
is large and this results in a weaker protection of the samples. Fora given average
ae rate, the error protection ofa service with high audio <lata rate is increased due to
larger number of sample bits, e.g. 256 kbit/s has a better sample protection than 192

Ebit/s for the same protection level.

available redundangy. d<:ipengs\otth.ow)the 864 capacity units of the Main Service
nnel are allocated to siib..chainels. Because of the large flexibility in. arranging ;the;,
AB multiplex "gold" numbers were chosen for the amount of capacity ull.its. tis(:}9 Py
& protection profiles. This approach allows certain multiplex re-configurn,timis.-witn.opt
‘need to rearrange other sub-channels (e.g. splitting one service at tSf~bit(sinto  two
ices, each at 128 kbit/s).

ble 2.1 gives an overview of number ofCUs utilised for each of the audio data rates.
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Table 2.1: "Gold" numbers ofCapacity uuits used for pretection profiles

Numbeir of CUs: 16 21 24 29
Rudin Data Rates. (kbitve): 32 32 32,48 32,41),
56
Mumber of Clls 32 35 40 42 46 52. 56
Baithio Data Rriites (kbiVs): 64. 32,.48, 48, 54}, 64,. 96 48, 56, 64,.80,
80 9,. 112
TumberciCUs: | 64 | 70 | 8 | e | % | 104 116
i Data Fates (kbis): | 128 | eamo |80 80,96, | 128,192 | w8, 112, | 128, 160,
| gg, 112 | M2z | o6 | 4224
Nomber of CUs: | 128 | 140 | 160 | 168 | 192 | 208 | ‘232
fio Dats Rates (kbivsy: | 296 | 128,160 320 | 180, 192,] 256, 384 | 192, 224, | 224, 256

192,224 224,256 320

416

o Data Fates (kibitfs): 256,. :~20.

warious numbers of capacity units for each ofthe protection pf‘ﬁ‘z‘;ﬁ”“ result from the
ed audio data rates. The encoded frame also includes between 12 and 20
1 termination bits (tailbits, code rate 1/2)to retum the cenvolutional-encoder-into
0 state, i.e. to clear its memory. This so-called blocked convoluticnal-coding
s closure of the decoder trellis .and .allows independent decoding of the <iifferent

nels,

rotection Levels

different protection requirements, five protection levels corresponding to five
average code rates, R ave, are provided for nearly every audio data rate. The
,?ﬂformance can be chosen with regard to the application. Protection level 5
designed for cable distribution. It allows a high number of programme
hﬂt does not have the strong error protection which is necessary on multi-path

Prifoction level 3 applies to mobile services. To get more flexibility in
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accommodating sub-channels, protection levels 4 and 2 have been introduced with
weaker and higher protection performance than protection level 3 respectively.
{'Protection level | allows a higher protectionfor applications with a very high sensitivity
0 transmission errors. Table 2.2 gives an.>6verview Of the protection levels and .the
%;Crresporidlng code rates. Figure 2.3 showsJ~e protection profiles for an audio data rate

of 192 kbit/s at all protection levels.

For the compilation ofa DAB multiplex, a reasonable ttade-off.between the number of

programmes, the audio data rate, and the error protection level has to be made. The
benefit of the high performance protection levels is that the samples are protected very
ell and that the curves ofthe residual bit error ratio versus C/I become steeper. In high
d, mobile, reception an error floor exists for protection class 3 at protection levels 4
d higher. This situation can easily be improved by using the next highest protection
rel. Protection level 4 (mobile weak) may be used when the service is not addressed

mobile receivers.

Protection .. CodeRates) -} Goding

Lavel | Application e | }_prczteuﬂz‘m 1 | protestion | ol
1 elass 1 class 3
Cll
very bigh special 0.34+0.36 8/32 8/2/5m8/28 8/19-8122 +4
ighs imohlle higr | 0.4-0.43, | 8130"8132 | 8/20,S126 | 8/16-8/11 +2
oo mobile 0JH).51 8/23;.8/24 | S8lIt.IMVIS 8/14,8/15 0
| mobile weak | 0.57~0.6,2 [ 8/17"8/21 | 8/i4,S11 [ 8112~13 1.5..<t5

cable 0.72-0-.15 8113"811¢l 8111-8114 RN KRl

" expeciad coding gain in a Rayleigh channel at BER=107 with respert jo protection jevel 3

** this channel coding level s not appropriate o a Rayleigh channg!

le 2.2: Overview of the protection.levels and the corresponding eode rates
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Figure 2.3: Examples of DAB protection profiles for the audio data rate 192 kbit/s
(1 Slot =32 Bit)

0 illustrate the performance of the differerit protection fiivels, the residual bit error
ratios of the protection classes have been 'measured for two conditions, using the "3 rd
Generation" experimental equipment, The two conditions are:

a) Protection level 3 at 192 kbit/s,

b) Protection level 4 at 224 kbit/s.

b€ results for the Gaussian channel are plotted in Figure 2.4 as a fiinction of CiN, and

w the expected difference in the bit error behaviour. It should be noted that, for
ection level 3, two different code rates are specified for protection class 3 (samples)
ause of the high percentage of control information at lower audio data rates. AH data
€8 below 224 kbit/s use R 6 =8/14 instead of R 7 =8/15, which is used for the data
€5 of 224 kbit/s and above. Therefore eondition a) represents the worst case of

otection level 3 with R ave =1/2.
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Fygure2.4: Bit error ratie ofthe 3 proteetion elasses in a Gaussian chainel
top: a) 192 kbitls, R=0.5, Proteetlon Level3
hottom; b) 224 kbit/s, R=0.6, Protecticn Level 4

Equal Error Protectlon

‘the framework ofrate-compatible convolutional codes, provision is made in the
system for encoding sub-channels carrying data service components with Eqiial

Protection (EEP). As for audio, a number of protection levels have been defined
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using code rates between 1/4 and 3/4. The measured bit error rates versus SIN for the

~ different code rates can be deduced from Figures 2.2 and 2.4.

If a Sub-channel is organised in Packet mdde, however, the (average) bit error rate is
not the only important figure. Due to the properties ofthe code, transmission errors are
expected to occur in bursts after qhamel decoahmg Therefore, it is important to know
he error free distance between two consecutlve error bursts. The appropriate measure .is
€ error gap dens1ty of the channel aﬂer decodmg Wlth thlS informati()n, the t}}'p
parameters (data group and packet length) charactensmg the Baah:. mode can be

.S Error Protecthm for Low Sampling Frequeney (LSF)

Audlo (24 kHz Sampllng)

fampuui:,

frequency audio uses 48 ms frames. Fora sub-channel carrying an LSF
10 stream, the data comprising each 48 ms audio frame is divided up into two equal
 for carriage within the Common Iriterleaved/Frames, tWhich are all 6flength 24
_ The first part will carry the ISO,,Header, CRC, BAI, ScFSFand ScFiiiforination a.nd
0 sample data. The second part will carry the remaining audio sample data, stuffing

X~PAD,ScF-CRC and F~PAD.

se LSF audio offers some bit-rates that are not accommodated within the 'Gold'

80f CUs assigned to fiill'sampling frequency audio, not .all LSF sub-channels
able to use the UEP :profiles.Suchsub-channels will need to use profiles.
“ sub-channels using the bit.rates that are available within the 'Gold' numbers of
¢ use of UEP profiles is possible and may be advantageous because all the data
tection classes 1, 2 and 4 will achieve higher protection than that provided by the
equivalent rate EEP.
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2.2.6 Error Deteetion in The Fast Informatien Channel

The FIC carries information about the configuration ofa DAB Ensemble multiplex.
Decoding this information correctly is vital fot proper receiver operation. Therefore it is

iﬁﬁportant to know to what extent transmission errors can be detected. 'TheFIC is

nvolutionally encoded with a code rate of 1/3 but, in contrast to the MSC, the data is
t time-interleaved. Consequently, a "bursty" error characteristic is to be expected
mnce errors .are not re-distribiited by the dis-interleaving process. As the bit error rate
ER) is not the only parainetervvliichinfll.ierices error detection, it is necessary to take
"{) account the "burstiriess't-of the chairiel,i.e. itS."m.efiiory".. Due to the elacke-Of
erimental data a simulation of the error detection in FIBs was performed using the

hert model, which is a two-state Markov model able to simulate a channel with burst

TS,

Bs are protected by a cyclic redundancy check (CRC), which is generated by the

nerator polynomial
(F(x)=x"4+x

e simulation a "reference FIB" was used. The data field of'this FIB was created

iomly and the correct CRC was added.

pattem fields with the length of one FIB (256 bits) were created with the Gilbert
1. These error fields were added bitbyhit (modulo-zjjothe ."ref~rence FIB" and
C was performed. This procedure was repeated | million times for each choice of
ameters in the Gilbert model. Those erroneous FIBs which were not rejected by

CREC were counted. Therefore, they are referred to as Undetected Erroneous FIBs

2 4 shows the number of UEFIBs versus BER based on 126 simulations
med with a wide range of Gilbert model parameters. As might be expected, the
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I
gmber of UEFIBs increases with the BER The spread of the data is due to the

stauistical nature of'the errors.

At a BER below 103, no UEFIBs were deteeted in any of the simulations. Although
IBs could theoretically occur in such a .situation, their probability is very sinan.
rom the simulation results, the probability of an UEFIB at a BER of 10"4 is estimated
:1in 100 FIBs. In Transmission modes 1 and I1, this is equivalent to receiving one
JEFIB every two and a half years. .It shotild be noted, however, that some worst-case

situations may have been .misst=:clititij~y~m1J lations,

ppm UWFIB

1

mtmrmrfato 00 -0 0-0] |o--o4-t||u|mo-o-:.o:--o,

1E-3 1 E-2 1:E-1 1

Figu.re 2.5: Number.6fUEFIfflirout of 10° FIBSVWS“S BER

Time and Frequency Interleaving

‘requency Interleaving

quency domain, multi-path propagation leads to an attenuatio~, <0~< Al

n, of some of the OFDM carriers. In general, the attenuations of adjace:ut
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~carriers are strongly correlated. The frequency interleaving procedure ensures that the
_code bits of any service are shared between the weak and strong carriers. Thus, the
performance of the error correction is increased significantly, especially in stationary
reception conditions which would otherwise suffer from the relative weakness of

oonvolutional codes in the presence of error bursts,

* Time Interleaving

g . . . | ' . . . .
fne interleaving 1rnpr0v'r~t~~ SNNN'S $~~ ,gfthe ff.ror correction in a time-variant

mransmission channel. Specifically inthe<case of.mobile reception, even deep fades

hieh affect all OFDM cartiers (flaffadirig caused byi.shott path differences) can be

awerecme. The longer thetinie interleaving the better th~.protectfon(against flat fades.
ior example, when a convolutional code with rate R=1/2 is used, a fade rnay last up to

10 of'the interleaving time with no degradation at high SNR.
time interleaving covers 16 frames (of24 fris)resulting in a processing delay of 384

5., This imposes ‘a significant end-to-end defay compared to conventional analogue

lcasting.

100 20[

Distance / m

e 2.6: Reeeived power in a carmoving at 50 km/h (thin line) shewing the

effeet of averaging due to time interleaving (bold Iine),
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- Figure 2.6 shows an example of the received power ofa DAB signal, plotted against
distance traversed, in a mobile reception environment. The power was measured in a 1.5

~ MHz bandwidth at a centre frequency of 220 MHz. A measurement was made every

12.5 cm. The received power is characterised by many deep fades. To assess the effect
of time interleaving, the received power was averaged over 16 successive frames. With
a moving receiver, this can als> be seen as an averaging over the distance covered
during the interleaving time. The average received power is included in Figure 2.6, for a

wehicle speed of 50 km/h, and shows the beneficial effect oftime interleaving.

2.3 Synchronisationand Transmitter Infermatien

- 2.3.1 Synchrenlsatlon Aspects

During normal reception, the BER is determined by the degree of error protection, the
noise of the receiver input stages and the channel characteristics. To obtain good audio

quality, a BER of 10-4 is needed.

However, frequency deviations ofthe base-band signal, ora corresponding deviation of
the receiver clock oscillatoitsjwill result in a performance degradation. Measurements
have shown that a minimum accuracy of about 1% ofthe carrier spacing (e.g. 10 Hz in

mode I, 40 Hz in mode II and 80 Hz in mode III) is needed to keep performance

degradation.within | dB (uncoded). These values include any low-frequency jitter ofthe
pscillatorts). Occasionally exoeeding these values will not cause a significant
jegradation. The frequency deviation of the transmitter should be. significantly lower

an this 1% value. (Nomeasurements are-available on the performanee ofMode IV).

"9 prevent the use of expensive highiptecision local oscillators, the implementation of

Aytomatic Frequency Control (AFC) is strongly recommended. A frequency domain
evaluation of the phase reference symbol can be used to detect frequency deviations.

e structure of the phase reference symbol allows a detection range of several carrier-
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The nose side-band, or phase-noise, components of local oscillators must also be
©onsidered, For mode I particularly, and with phase-locked oscillators with relatively

OW reference frequencies (small frequency steps),significant performance degradation

£an occur.

guideline value for phase-noise components has been set at - 60 dBc/Hz at a
‘Bquency offset of 25% of the carrier spacing. The decrease with increasing frequency

tance is assumed to be ofthe order of 6 dB/octave.

he DAB base-band signal is sampled in the receiver at 2.048 MHz for.both the I and Q
als. This means that thesyst.;m cioc.~ Ofthe Chafulef enco~er ~:ti~ d~codermay be
multiple m (m = 1,2,3, .... ) of 2.048 MHz. It is recommend.ed that the encoder
*k have an accuracy of about | ppm. The system clock of the channel decoder should
§ynchronised to the encoder clock. Synchronisation is derived from analysis of the

aille] impulse response, which may be estimated from the phase reference symbol.

.2 Transmitter Identification Infiirmation

®  General Deserfptien

coverage area of a SFN with the same ensemble may be very large. The
Yuence is that some of the information carried in the ensemble may not be relevant

1€ whole area of the SFN. Therefore there is a need for localising information

could be used to filter out the relevant <lata.

Transmitter Identification Information {TII) provides this localising feature. The
5g0,] enables receivers to distinguish the individual transmitters of a network.
fransmitter sends a unique TII signal during the Null symbol of the transmission
thus violating the general rules of SFN transmission that requires all transmitters
B.etwork to send identical signals. The potential interference problem is solved by
12 TII signals in such a way that only a subset of the OFDM carriers are used by
”“mitter. Assignment of TII signals to transmitters is performed so that adjacent

“Is use different carriers. This allocation must follow the rules of conventional
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e identifier comprises two parts; a main and a sub identifier for every transmitter in
the SFN. From analysis of'theNull'symbol a receiver can derive the identifiers ofthose
transmitters which are currently received.CThereceiver can use these identifiers directly
or service information selection based on geograpmcal criteria. For a more precise
%ﬂahsatlon the geographical <lata of the Ifanmittersmay also be conveyed in the Sl
ith the help of this information the recewel can estimate its location inside the

verage area ofan SFN.

+  Null Symbol and Networkl?laxﬁ;ing G

cery transmitter. switches on speclﬁc carrier palrs durmg the Null Symbol. Using
ier pairs imicad of single carriers facilitates the determination of the geographical
jon of a receiver.ilt1 drdertd allow the receiver to perform channel state 'analySIS,

TII signal is oulyttansm.itted in every other frame. The synchrofiisatfou is aligned

structure of the TII signal is based on a block of 384 carriers in Transmission
aes I, II & IV. This block of carriers is organised as 24 "combs" of carrier pairs,
A comb comprising 8 carrier pairs. In Mode II, this structure -matches the 384
ilalble carriers; in Mode IV, the structure is repeated twice in the frequency domain,
teh the 768 available carriers; and'in Mode 1, the structure is repeated four times in

frequency domain, to match the 1536 available carriers.

ransmission Mode III, the TII signa.Lis based on a block of 192 carriers, again

ed as 24 combs of carrier pairs, ea.ch comb comprising 4 carrier pairs.

Modes,the 24 combs, which correspond to the set of possible Sub Ids of the
missions, allow the conventional network planning of the TII signal inside the
The allocation of Sub Id to a transmitter determines which of the combs of

5 it will transmit.

sted above, in Modes 1, 1I and IV, there are 8§ pairs of carriers in each comb. The
for a given transmitter may only use 4 out of these 8§ pairs. Since the number

bina.tions of 4 from a set of § is 70, this results in 70 unique "pattems" ofcarrier

47



pairs per comb, which correspond to the set of possible Main Ids of the transmissions.
The allocation ofMainid to a transmitterdetermines ~ which ofthe pattems (i.e. which 4

ut of the 8 carrier pairs in 'the comb) itwill fransmit.

Mode IIT ls similar but because each comb copsis*s of 4 carrier pairs, the TII signal for a

given transmitter may only use 2 out o‘f‘t‘hes}e 4 pairs. Since the number of combination

£2 from a set of 4 is 6, this results in: mque "pattems" of carrier pairs per comb, and

hence 6 possible Main Ids.

In Transmission mode L the TII structure 1sk repeated 4 times in the frequency domain.
50 every transmitter uses four ‘trmes: four pairs of carriers, or 32 carriers in total. In
dode IV, the structure is repeated twice in the frequency domam SO every transmrtter
uses 16 carriers in Th Mode 11 four pairs of carriers (8 in total) are used, and in
Mode 111 two pairs of carriers (4 in total) are used. The ratio of carriers in a TII symbol
%@ anormal DAB symbol is 1:48 for all Modes, so that the signal power in a TII symbol
- 16 dB below the signal power of the other symbols, Therefore, coarse receiver

chronisation from the null symbol containing TII is stili possible,
or example in Figure 2.7, the TII symbol for the BBC's experimental transmission at

rystal Palace is illustrated. The Main Id is OB (hex) which corresponds to a pattern of
110110". The Sub Id is Ol (hex) which uses the second of'the 24 possible pairs of
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Figure 2.7: Comb strueture (Transmlssion mode I)

tgure 2.8 shows an idealised network planning structure with pattern- and comb
bers corresponding to the main identifier and sub identifier respectively. The first
ber is the main identifier and the second number is the sub identifier. Sub Id O is
ved for satellite transmission. Assuming that the distances between the transmitters
always the same (e.g. 60 km) and 21 sub identifiers are used, the coverage area is

than a circle with a diameter of about 240 Km.
eoverage area of one SFN is larger, the hexagons of Figure 2.8 can be arranged

flerent main identifiers. Every hexagon of 21 transmitters has its own main

iier. An example is shown in Figure 2.9.
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Figure 2.8: Sub-Identifier 01to 21with one Main Identifier {00)

RF Aspects

1.4.1 Time demah1 representatlen

In a DAB signal, relatively high amplitude peaks can occur for short periods of the
synrbol time when the various carriers are in phase. A problem occurs when the signal
is transmitted through a practical device (such as an amplifier) as the device must have a

finear transfer characteristic with a Iarge amount of headroom to prevent non-linear

effects from occurring.

DAB-like symbol was simulated with 1536 equal-power active carriers, each in one

f four phase states (chosen randomly)..
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The instantaneous amplitude distribution was then calculated and is shown in Figure
2.10. The signal. demonstrates a Rayleigh distribution (over the low part of the
amplitude range where statisticaltreatmenfis applicable) because the signal consists of
a large number of carriers each with a randomly chosen phase. The frequency difference
between the signals ensures that, from a single reference start point, the phases of the

carrie;swill become entirely random.

Figure 2.9: SFN with .21 Sub,Jcl~nlJifiers for 4 different Main Identifiers
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Ftgure 2.10: Time-domain,representat,on ofa.CQ!DM signal

In theory the maximum possible/a:mplitude would occur when all the carriers were
simultaneously in-phase, In upfactice,/limiting of the digital representation ' of the
rOFDM signal never .allowsthis torhappen: .The result of the inevitable signal clipping
and other non-linearity isthatout rof-bandcomponents are generated at the output ofthe
ﬁigital to analogue converter in DA.B modulation equipment. These components are
en filtered. The filtering process introduces some over-shoots and increases the peak
smplitude. It is this clipping and filtering process which sets the actual peak amplitude

which occurs. However, even this ainplitudewill only occur veryinfrequently.

e should be taken that clippifigeittididthernon-linear effects within the transmitted

signal do'not degrade the overall perforniance to a significant level.

52




2.4.2 Frequeney domain representation

In The theoretical spectrum ofa COFDM signal for the four Transmission moci—'iczér,wthe
levels ofthe side-bands beyond the last active carrier frequency are the sums ofthe

sinx / x spectral distributions of the individual carriers.

Broadcasting the full theoretical spectrum would be impractical as it would cause
interference to adjacent channel signals, both DAB and non-DAB. Therefore some

filtering of the signal is needed. Although filtering of the side-bands destroys the

orthogonality of the edge carriers, the consequent degradation is not significant.

There is .the additipn,al p:roblens, that highly-linear power aniplifiers /. opepiting yYith

large amounts of headroom are required to prevent the generation of inter-modulation
products (IPs). DAB transmitters engineered in such a way would be very expensive.
However, if amplifiers are operated more efficiently the resulting generation of IPs is
Tikely to restrict the useof adjacent DAllchannels.in certain cases. This decreases the
_efficiency of spectrum utilisation and.increases the problemns of intemational co-

_ordination of DAB frequency allpcati<:>ns.

_An important issue is thereforethedefiri.ition ofa suitable spectrum mask. This must be
_acompromise between the needs 6ffrequency planners for efficient use of the spectrum

nd the needs of broadcasters forcost-effective transmitters.

* VHF speetrum mask

As aresult, a dual mask has beeri. specified for VHF. The first mask would be used for
ransmitters in critical 'situatious, Where the adjacent frequency regior1 needs specific
rotection. The second, less stringeht, mask may be used for transmitters in situations
with more relaxed requirements. Both masks are shown in Figure 2.11. The vertical
scale reflects the permitted out-of-baud radiation levels in a 4 kHz bandwidth relative to

the total power in a DAB frequency block.
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Examples of the need for this dual-mask approach can be found in many situations.
Consider the example of a simple SFN which allows a large number of transmitters in
an area to operate on the same frequency. For the purpose of frequency co-ordination
with another DAB service on the adjacent channel, the transmitters which are at the
edge of the network, near the adjacent service area might require the more critical mask.
The lessstringent mask might be used for the other transmitters in the middle of the
network, or in locations where @ higheflevel of radiation into the adjacent channel

could be tolerated (e.g. <X§ i deiriisSi6niiofa.djacentc:hanneldh cases where adjacent
A J ~| |~

channel broadcasting cOLsiteffir~s~tters~ COtlitllon ~mplification may be

possible. This could pe;mit ~,c:onsiderablaelaxation oftherequirements.

The less stringent spectn.iinfiiask indicates a potential allowance for additional radiation
for 200 kHz on each side of the DAB frequency block (this may be required to allow
signal conditioning strategies to be implemented). Beyond this point the mask requires
the level of.our-of-band radiation to drop very quickly to protect the services in the
adjacent channel. The floor of the mask is set to provide an appropriate level of
protection for sensitive services such)~:<,t~~seused for aeronautical services. As the
more stringent mask would l)e used in critical situations, it should be used as the hasis

- for deriving protection ratios.
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Figure 2.11: VBF speetrum mask
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When implementing a transmitter which conforms to the spectrum mask the problem is
to control the .transmitter cost and the.level of power radiated into an adjacent DAB
channel, while generating .the required entput power. As the amplifier headroom is
reduced, cheaper amplifiers can be used, but the level of IPs increases. However the
amount, of power radiated into the adjacent DAB channel can be controlled by
introducinga  higher-order filter, which may have a relatively high insertion loss and

reduce the total power level ofthe wanted signal.
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Flgure 2.12: OFDM spectrum showbig shoulder attenuatien

The two key components are therefore the 'level of out-of-band .radiation generated by
the transmitter when operating at its nominal power and the additional suppression of
this radiation by the output filter. The former is known as the "shoulder level" of the
out-of-band radiation. From most amplifiers the shape ofthis out-of-band radiation has
been found to decrease slowly with spacing from the last active carrier. This can be
verified by theoretical analysis. The shape is shown in Figure 2.12. Conventionally, its
level has been measured as the ratid of the in-band to out-of-band power spectral

density 200 kHz from the last active carrier inthe block.
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An initial consideration of amplifier and filter costs suggests that the most economical
way of achieving a given level of out.of-ba:ri.d.radiation at VHF is to use a high-order

(relatively expensive) filter and the minirriiimpossible level of amplifier headroom.

e :J:..-bamispectrum mask

iy

The same considerations apply t0 the spocifinziiar of masks for terrestrial L band

transmitters. In this ¢ase, somewhat more relaxed masks are required which reflect the

ereater difficulty of fabricating filters at these frequenrisz)The appropriate masks are

shown in Figure 2:13.

For satellite broadcasting at L band masks are also required. However, these are still

under discussion.
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Figure 2.13: L~-Band spectrum mask

2.4.3 Ampiifier 11.011-linearities

The signal chain can generate ntlpli~u~aiitiesin many different places. Examples are

clipping in the digital representatiott ofthe COFDM signal and non-linear responses in

analogue components such as the powefamplifier in the transmitter.

Non-Iinearity in the transmitting (or receiving) equipment has two effects on the signal.

Firstly, it distorts the wanted signal 'producing phase and amplitude errors On the
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individual carriers, thus reducing the noise margin of the system. Secondly, it generates
out-of-band intermodulation products which can affect the performance of the adjacent
DAB blocks. In a frequency plan in which DA.13 blocks>areclosely spaced (e.g. 4 blocks
in a band of 7 MHz as in Band III) it is the second effect which is expected to be the

dominant problem.

Pre-correctiori techniques have been shown to improvethe powefi~f'figietigyofpractical

transmitters.

1t is recommended that the performance of terrestrial power amplifiers be measured by

noting the electrical efficiency of the power amplifier at a specified IP level.

2.4.4 Satellite Transmission

DAB broadcasting via satellite has been studied in some detail. Although at the time of
writing there are no known proposals for a commercial service, a number of
experimental transmissions have been performed using 'existing, non-broadcast
satellites. These experiments included demonstrations of mobile reception in Australia
{using the Optus B satellite) and in Mexicd (using the Solidaridad satellite). Both of
hese satellites used frequencies illl~jdi~telyadjacent to the L-barid allocation for
AB, although they had somewhatlower EIRP than might be expected from a genuine
roadcast satellite. The success Of.thesei.experiments is sufficient to demonstrate that

rovision of DAB services via satellit~c:l6es uot preserit major technical difficulties.

oth Optus and Solidaridad were gedstationary satellites. Another satellite system that
as been studied is the HEO (HighEIHptic Orbit) type constellation. In Europe, the
ctive HEO satellite would be received at élevation angles which are significantly
higher than for geostationary satellites,uand .therefore line-of-sight is achieved for a
igher percentage of locations. Thus the required link margin for the same service
wailability is lower, and may allow a.cceptablemobile reception at high latitudes, which

is hard to achieve with a geostatioriary satellite.

A satellite link is usually power limited and therefore the target is to maximise the

iciency of the SSPA (Solid State POWel' Arnplifier).>Asatellite output stage is likely
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to be implemented asa phase shift network driving several power amplifiers which feed
a matrix network. This matrix finally fe~ds a direct radiating antenna. This set-up

generates several spot beams with independent ensembles.

The design criterion for the satellite output stage has been a net sigrial-to-noiseratio of
15 dB, where in this case the noise power is predominantly due to intermodulation in
the output stage itself. Each DAB ensemble will go through each power amplifier and
the last fllterts) pass(es) the whole band. This combination causes a wide spectruin with

relatively high - necause inany

satellite channels may be transmitted from the same sateliite, one ensemble per

transponder, and t‘hé“’p'o'wer ﬂux den51ty(pfd) leveloneaﬁh yisk'\yr“'ery‘ldw in every case,

about-113 dBW/m?

The optimum operating point for a SSPA is presented below for a siinplified satellite
output.~tage. It includes one DAB ensemble going through one SSPA stage. This
exercise gives an order of magnitude estimate far the additional margin to the link

budget which is required by the non-linear component using a COFDM-like signal.
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Figure 2.14: . AM/AM eurve ofa tjpical SSPA.
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The AMJAMand- AM!PMvaluesfo:fatypfiial SSPA(Figures ~ 2.14 and 2.15) have been
used in. the simulatioif to firid an' optimum bperatién point. The service limit was
defined to be a BER value of 10"3 'with a coding' rate of 0.5. The signal is one 1.5 MHz
block Operatingin Transmission mode III. The optimum operating point was found to
be an ()BO (Output Back Oft) value of 1.2 dB at which the SSPA produced a
performance loss due to non-linear distortion loss of 1.5 dB. The power spectrum with
this OBO value is shown ih Figiire 2.16 with a comparison' to the linear power
spectrum, The spectrum of the distorted signal has a shoulder attenuation of only 15 dB.
This has to be c@ngldgf@d Whendeﬁnmg the Spectrum mask for satellite transmissions.

The resulting mffemne@ level should not degrade receptwn n Gaussmn and Ricean

channels.

Satellite DAB has the advantage that terrestrial gap-fillers can operate on the same
frequency; becauise the properties of COFDM allow the delayed signal from the gap-
filler and the direct signal from the satellite to be successfully received. However,

eertain considerations apply to such gap-fillers.

The first consideration is thattli~i {o~tJi{$ignai; NNy;JN; s~~p9wer spectrum as the
putput of the satellite .transponder, unless additional fi.lteringis used, It has to be
checked that the nearest .services outside DAB satellite transmission band can tolerate
e signal levels expected from the gap-fillers. On the other hand, when the non-critical
band spectrum mask is used (see Figure 2.13), there is a danger that aterrestrial DAB
g}]al, even at moderate power, would cause significant interference to an adjacent

zatgllite service. Thus, sufficient guard bands between terrestrial and satellite services

e required.

Gj&.s Preferred frequencies for DAB

Eureka 147/DAB specification permits a large number of centre frequencies to be
To simplify receiver operations, receivers should scan a sub set of these

jpencies as a matter of priority when the receiver is switched on.

62



It is recommended that these frequencies are preferred to all others in any frequency
planning procedure. The options take into account alternatives which may be needed to

use speetrum efficiently under a range ofsharing scenarios,

The recommended frequencies are shown in Tables2.5.1,2.5.2 and 2.5.3.
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Table 2.5.2 Band 3 freqmmcies given priority in Eureka 147 reeefvers
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Table 2.5.3 L+Band freque!lc:ies ghien priority in Eureka 147 receivers
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2.4.6 Expected Receiver Performance

e General

The European NomiEN50248, "Characteristics ofDAB Receivers", gives methods of
measurement ofthe characteristics ofD.ABfeceivers:

DAB signal strengths and receive:rpara:i:rieters-- targets for typical operation.

The following sections refer to measurements conducted on early prototype receivers in
the early 1990s. A o

* Amplifier Linearity and Selectivity

Non-linearities of amplifiers, mixer stages ete. produce a distortion 6fthe!signalitself

(amplitude and phase errors) and subsequently interfering products inside and outside
the transmitted band. These effects may cause additional bit errors and limit the
maximum input power ofa receiver (and hence its dynamic range). Further, the out-of-
band products may influence the.selectivityoftheteceivei\ifthe.sigrialinthe adjacetit
channel is of the same power or strori.gerthan the wan.tedisignallintliis<case<the

terference, generated by nori-linearities within the: receiver, lies iri.side the wafiied

hannel and cannot he removed by.Subsequentfiltering.

order to estimate the required selectivity, three cases of interference may be taken

0 account:

The wanted signal is embedded-insrblock ofDAB signals, each 1.54 MHz wide,

and the complete block is receivedfrom a single transmitter,

The wanted signal is received:together.with an.adjacent DAB signal (or signals)

which is (are) derived from otherttarismitter(s),

The wanted signal is received together with an adjacent signal from another
service, e.g. TV - normally received from another transmitter or at leastfrom

another transmitter antenna.
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ite fading effects ofthe channel, the DAB signals in case | can be assumed to be of

 in the adjacent channel have to be taken into account. The difference in level is
illy less of a problem if bigger amplitudes from the wanted signal or transmitter
ived, because this implies a position nearer to that transmitter, whilst,the signal

‘the adjacent-channel transmitter is assumed to. be in the .same order as. before.

the requirements on selectivity can be reduced at higher wanted-signal levels and
[

- extent on the conditions under which a DAB service .is installed. This may differ

country to country.

results of measurements using third generation prototype receiyets, a.chievedby
ng one SAW filter of 1/2 jnch chip size and base-band filters of degree 5, may be
1 88 a guideline. The large-signal behaviour ofthe front-end was identical to that of

I\

TV tuners.

measurement conditions were: both..wanted an<.tinterfering signals are)JAB-Hke
54 MHz bandwidth; centre fr~quen.cy separation 9fJ.7 ~  ¢e>rresp9ndingo
.17 MHz guard-band. Noise leveladjusted to giveaHERQqf10"s;-in.terferersetto
which increases the BER to 10

Walflited~s~g~eti selecti'llily

Inpuit ~em (BER = 10:4)
~'90 dBm 46. €4
,001/JBm 3.3.d8

tivity at higher inputlevels 'is.already reduced by non.linearities in the input

Ifpossible, a value greater than 40 dB should be provided even at higher levels.
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* Dynamic Range

The input signal range is limited at lower l~vels by the noise of the receiver input stages
and at higher levels by the AGC range :and subsequently by non-linearities of the

complete chain up to the decoder.

Of course, the lower bound ofthe dynamic range should be as good as possible, Noise
figures of 3 to 6 dB (typical) are standard for FM receivers and TV front-ends, and a
noise figure of 6 dB is desirable fora DAB receiver-in Band Ill. This will be primarily
due to the receiver front-end alone, because of the relatively low attenuation of the
antenna cables. For L Band, a net noise figure of6 dB may be appropriate but this may
be the composite some or ali-ofthe following contributors: an active antenna's noise
figure, cable attenuation and the receiver noise figure. Care has to be tak:enthat these
values, under practical circumstances, are not degraded by self interference caused by
the digital part ofthe receiver.

The requirements for the upper bound can be 6erived rroiri the maximum field strength
of transmitters which have to be considered for a DAB service. It can be expected that
the maximum transmitter power in BandIIl will be at least 10 dB .less.than in FM
networks due to the better behaviour <fiith~ digital (DAB)systefii. Thus, the feceiver
input levels to be expected should alsdbelOdB less compated with the highest-valties
known from FM, which results in valu.es afoiind 0 dBm. L-band systeiti.s may be
characterised by physically smallef feceiving antennas, and possibly also by
transmittingantennas employing shapingofthe vertical radiation pattem. These factors
may allow a further reduction in the requirenient for maximum input power, to around -
15 dBm, but agaitfboth active anteifii.a<ari.dreceiver, as appropriate, will need to handle
such power levels.

The dynamic ranges given in Table 2:6<wereachieved by prototype receivers which, in

{&rms oftheir handling oflarge signalsiwereidentical to present TVtuners:
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. oo ]
Average walue  Poorest value

Modle t
Ba.rii:11 . . G5 ... =1 dBm
Band m B6..-1 | 93..-10 B
Mode i 95.-1 | 93.-0 | dEm
Wi 11 95 ..~ | 2. 10 dBm

Mode I No figures avallable

Table 2.6: Inputdyna.mic>range of seme protetype DAB reeeivers

For the selection of receivers tested, maximum input level values of about O dBm were
only achieved by some. Unfavourable values, down to - 10 dBm, were tolerable because
- of the reduced power values used by field test transmitters (in comparison to maximim
values in a real service). Investigations have shown that an improvement of the upper

values up to O dBm is possible.

The final values at lower levels may be inflnenced by noise and fiiterference from the
_digital part of the receiver itself which is picked up by tbe antenna. This has the
_consequence that the degree of interference depends on the type of the receiver, with
ortable receivers likely to be most vulnerable. Car radios may also be affected by other

-vehicle electrical systems.

e Miscellaneous

For proper receiver synchronisation the delay spread of the received multi-path
signal should not exceed the guard interval (e.g. 246us in mode I, 62us in mode
I, 31us in mode Ill, and 123.ps.in mode IV). A receiver is assumed to make :full

use of the guard interval for minimising ISI.

2. Laboratory measurements on prototype receivers (see Table 2.6) sho:w typical

input sensitivities of about -96 dBm and worst case vahies of about -93 qBmina
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Gaussian channel for the VHFIUHFittarlsniission<bands.>Amverage sensitivity
0f-93 dBm has been measutedinBa.ri.ffIII;fieldtrial~in arcaaffee.from

man-made noise. These receivers were>fiiisedon television .tuners and receivers
designed for reception of DAB c~t1.,be<expectedo offer superion performance.
This would be offset to soni.e.;~xtent by a margin to encompass receiver
production tolerances. The.indis~.":figuresnoted above (- 6 dB) are consistent

with areceiver sensitivityof'tli~torderof- 97 dBm.

3. Future receivers may ha:veCtlieiabilityto detect and suppress the effect of CW
and narrow band einter:fer~rsiExperimentalwork has demonstrated -a substantial

improvement may-bedbtainedinthe.case ofa single interferer.

2.5 Broatig~~t~~fivotRlanning Techniques

By its nature, broadcasting is a point-to-multi-point service. Techniques have been
developed for analogue TV and Radio services to permit the planning of the location
and other parameters of transmitters to serve areas of population. A simplified, agreed
set of techniques are also used for the international alk>cationof frequencies and co-
ordination of transmitters.. However, additional considerations and techniques are
important for DAB, because of the digital nature of the signal and the use of Single
Frequency Networks. Both conventional techniques and some additional considerations

for DAB are described in this section.

All broadcast networks can be noise or interference limited. In practice, both apply in
different areas of the network. How.ever, in areas where the spectrum is intensively
used, networks tend to be more interference limited. Therefore, most of the following

discussion will concentrate on interference limitations.

Protection ratios for co-channel aridladjace:ntchannel interference in conjunction with
propagation data for the radio waves are the hasis for transmitter frequency co-
ordination. One ofthe key figures filiconventional planning is the reuse distance fota

given frequency. This is thedistancebetweeritransmitters operating at thesarne
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fr~quency, that is necessary to reducethe C()ichatitiel'interference to the minimum level
indicated by the protectfon.ratios.iProtectiofii:ratiosindicate ~ the level of interference that
is ,permissible in order to maintain .a Jceftaiti .minimum service quality. As radio
propagation is time variant, worst case -Sifliations have to be considered. Normally, the

planning techniques aim to provide the miitiiinum service quality for 99 % oftime at the
edge of.the-coverage area. ThereforeB'~tt~rr~ception.conditions are achieved at lower

percentages of time, especially irisidetli.e:*se1-yiceborders.

Propagation models do not allow exact prediction of the field strength at a given
location. Only the median value, the standard deviation and the shape of a statistical
distribution function are derived. Cotiventional planning techniques only take into
account the median values for the wanted signal and use a pragmatic formula for the
calculation of the median value of'the total of'the various interfering signals. Wherever
the predicted ratio of the wanted signal to the interfering signal meets the protection

ratio, the Iocation is considered to be served.

It is important to note that planning according to such a.method cannot avoid situations
where the quality requirement is not reached. In principle, at the edge of the coverage
area of a single transmitter, only 50 % of the locations offer signal conditions which
fulfil the protection ratio requirement. The other half of locations suffers from wanted

signals that are too low or from interfering signals that are too high.

2.5.1 Planning of Conventional Nethr‘ks

Conventionally planned broadcasting rietworks consist of transn:iittefs(within.depetident
Programme signals and with individuaFradio frequencies, (In contrasr to a SFN, the
ansmitters do not have to obey strictfiiles of synchronous emission.) The allocation of
e radio frequency for each transrnitter needs thorough calculation of the miutual

terference of all transmitters inside ari.d outside the network.

L analogue services a small violation ofthe protection ratio only results it1 a smalF
degradation of'the service quality. Asthedegradation is also limited in tiine(see<aHove)

- 1s considered to be an economical compromise. For example, the FM se~iceoffersa.
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margin of about 30 dB between a smallloss ofquality and total service interruption.
Only in rare cases will strong degradation result in a complete break down of the
service. Car reception makes use of this robustness of the FM service as far as

intelligibility is concerned.

However twith digital transmission, a.irel~ti~~ly.a.brugitreak occurs when the RF signal
conditions do not fulfil the protectidiis~~i~/ |~~iremeuts.Therefore, within the service
arca.the RF signal conditions mustbeysatis:fi~dforahighpercentage  oflocations; say

99%, as well as for a high percerttage:.~rtiinet~ayals6:99'%.

These 'considerations leadto -theitnpdrtant resulte-stlia~;,;~:itid;at/cql 1:yentiénalplartning
methods cannot be used' ditectly for planning digital servides. Modi:fications are
necessary to account for the differences in behaviour of analogue and digital systems,
tine special example of the inappropriate use of the old planning rules may be worth
considering. It is well known in conventional planning that the protection ratio for co-
channelinterference determines the reuse distance>forthe RF channel. The lower the
protection ratio the smaller the reuse distance. As thE, profoction.ratio ofDAB is about
25 dB lower than the protection ratio ofFM a straightefotward conclusion could be that
the reuse distance in the DAB case is considerably smallerthan inthe FM case. Asa
consequence, the number of RF channels needed to cover largeiareas with ai-least one
RF signal would seem to be considerably smaller than in the FM casef'However, using
this planning method, with its 50 % coverage criterion at the edgeofthe.service.area, in
conjunction with the "brick-wall behaviour" ofa digital system,wouldileave alarge
part of the envisaged service area unsetved, In conventional-planning, the,only way to
avoid such gaps in. the service area is t0 enlarge the distance -for: frequency re-use.
Adding a margin tothe protection ratio isapragmatic wayto achleve the wanted effect

with the conventional planning procedure.

The appropriate value for the margin canbe derived from the statistical model of wave
propagation; typical values under eonsideration are as large as 20 dB. In this casesthe
sum of the protection ratio and the margin is in the order of 33 dB. For FM<the

_respective value ofthe protection ratio is 37 dB. Thus the number of channels needed
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for conventional planning of DAB may norbe so much less than for planning analogue

(FM) services.

As a DAB channel is much wider than an FM channel the total bandwidth necessary for
a conventionally planned DAB network could lead to substantial frequency bandwidth
requirements. However, this bandwidth permits a much larger number of services to be
provided in each area, and as a result the utilisation of the spectrum remains about the
same.Consequently, the principle of conventional network planning is useful for local
services which are restricted to a small part of the country. Here the frequency-reuse
distance is the ruling figure foOt irirnmatidrial. frequer:icy<all61:trientsThe detailed
planning ofthe network, i.e, the exact transmitter locations, ERP etc., is then performed

using more sophisticated, terrain based techniques.

2.5.2 SingleFreiju.ericyNetwork

In an SFN, all transmitters are synchrortqu.:isly ing,qulaj~d with the same signal and
radiate on the same frequency. This network CQug~pt.()fferkl 111112h. higher spectrum

efficiency than a conventionally planned network.

With the SFN technique large areas can be served with @ €ommon ens?e‘mble; at a
common radio centre frequency. Therefore the frequency efficiency ()fSFNs S~emsto
be very high compared to conventionally planned networks.. Hovv~y~f, takill.g into
account the presence of similar networks offering other ens.einblesin\agja2ell.t areas,
further DAB channels are required fer international frequency iCO-Qrdination. If all
service areas are. lafge enough, Iritheqi-y four different channe.lsat'~ sufficientto provide
any ofthe areas withits individual ensen:ible(see Figure 2.17\VithDAB channels A, B,
C and D). Each DAB channel can bere.used in the next but one area if the respective
re-use distance is not less than aboiit 100 km. However, in almost all practical
situations, the location of transmitt~f}sites, local terrain, lower re-use distances and

number of other factors may combinfto require the use of occur a fifth, sixth or €ven a

seventh channel,
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Figure 1.17: Assigminent of SFN blocks to regiens

Inside large areas the frequency channels of adjacent areas can be re-used if'the rule'6f
re-use distance is obeyed. After the frequency co-ordination of large areas a fine co-

ordination of frequencies may result in additional allocations for local services.

The SFN technique is not only frequency efficientbut also power efficient. This can be
explained by considering the strong local variations 6ffield .str~ngth of any given
transmitter. In conventionally planned networks, cOin~6~!~!r t~ ac~:.:~ ~e~ice
contimiity at a high percentage of locations is to include a relatively large fade margin
in the link budget and thus to increase the transmitter power significantly. However in
SFNs, where the wanted signal consists of many signal componeuts fromn different
transmitters the variations of which are only weakly correlated, fades in the field
strength of one transmitter may be filled by another transmitter. This averaging effect
results in smaller variations of the total field strength. A.ccording to these
considerations, SFNs tend to have relatively low powered transmitters. Typically the
e.r.p. is below 10 kW. This power efficiency of an SFN is eften referred to as Network

Gain.
The price to be paid for this frequency and power efficiency is the need for synchronous

operation of all transmitters in a given network. In networks using Transmission mode I,

_tolerances of+5us should cause little or no performance degradation. This requirement

14



of synchronous transmitter operation has significant impact on the strategies of 0

assembling ensembles and their distribution to the transmitters.

When a demodulator8tec~ives  sigiiials\from multiple transmitters, they appear like

'

echoes of one original signal. The detay spread of such a "virtual" channel depends
upon the distance betweeirthetrarisfiiitters and the free space attenuation, which is itself

a function of'the frequer:icy A.Cdista.nce of | km is equivalent to a propagation delay of

about 3.3 ps.

OFDM systems cambe adapted to different multi-path environments by changing their
three main.parameters.rThese are the inter-carrier distance F, the guard Interval A, and

the symbol duration T./In order to obtain the desired oithogonality of the OFDM

carriers, these parameters must fulfil the relation

jlw
(. fiiee >l

DAB provides a bandwidth anda data ratewhich areir:idepen.dertbftheiselection ofthe
OFDM parameters. This requires the ratio A/Tto be constant.Hence, only onedegree of
freedom remains, e.g. the guard interval can be fixed according to tli~ deli:ty spi:ead. of

the radio channel, and the other parameters depend upon that selection, .Alter:ratively,

the inter-carrier spacing, F, can be fixed according to the Doppler spr~ad.yfor.agiven
vehicle speed and frequency, in which case the other parameters wiltciepend on .that

selection. This latter approach is described in depth in the following section,

OFDM systems may tolerate long echo delays if their parameters are chosen
accordingly, i.e. the guard interval' is sufficiently large. In. contrest” to single carrier
systems, where the echo rejection capabilities are determined by the length of an
" equaliser (the complexity of which significantly increases with the delay spread of the
ehannel), the multi-path resistance of OFDM only depends upon the guard interval

which does not influence the demociulatorcomplexity.
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The differential delayeef two sigrtals froiiFadjacent transmitters musr be, at most,
smaller than the guard interval. Additionahheadroom for synchtonisation and normal

multi-path  propagation should be proyidedYi This results in ‘recommendations: for

maximum transmitter distances,

It should be .noted that these vahies ate examples :from studies of sovaermaval; TEgULAL

lattices of transmitters which are syr:[chr()riouslymodulated and have uniform- powers.

Practical transin~ )s~~~ ~|, \utjable and depend upon topograpluC~
“considerations. However,.there are also some situations where transmitters shoutd be
purposely delayed or advanced, .coinpared to ideal synchronicity, in order to improve
the coverage.- This is- partfoularly tuie. if the SFN.inchides both high and low power
transmitters. Because of'its high.power, the signal of a strong trarisinitter cari be
received at a large distarice from it. There, it may be superimposed on the signal of a
much weaker but closer transmitter. Because of the different propagation distances, the
signal of the weak transmitter would arrive much earlier than that of the strong
transmitter, if both were synchronised. Tpis differential delay can be reduced by

advancing the strong transmitter relative to the SFJF inean\delay, or conversely by

delaying the weak transmitter.

Gaps in the coverage area of an SFN are easily filled by addirig one rteW tra:tismitter
without the need for additional :frequencies. This technique offers ai.very>efficient
spectrum utilisation, especially in large area networks for national or regiotiaLservice

coverage. This is true as long as the whole DAB ensemble is filled by services with the

same required coverage area.

2.5.3 Calculatlon ofThe VehicleSpeed at Which DAB Reception Beeomes

Degraded

Whenever a DAB signal is received in .a moving vehicle, especially when there is
multipath propagation, there is likelyto be some degradation of 'perfonnance('I'he

COFDM signal has been optimised to ensure that under normal circumstances,
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reception is satisfactory. However;it.is.useful ~ to understand the conditions under which

reception starts to be degraded.

Most analysis of the perforinance c¢an be :related to a parari:ieter . This cart. be

interpreted as the repreS$eij.ti9u 9f~li.~{qisfpJijcement 6fthe wehicle expressed in number

of wavelengths during one Syrri.bofduta.tion Ts when the vehicle has a speed of v

(metres-per second).

el B o i Te = (wioic) Ts = v.Talk
Let f = fmax.Ts = (viofc).Ts = v.Ts o

The reference value fof Pis o.o&ifor a 4 dB degradation at approx. 10 -3 BER in the
most difficult inultip~th>coriditions (dispersive Doppler effect, constant probability
density of the received power over the 21t range of reception in the horizontal plane, as

opposed to a simple Doppler shift). Putting these figures into equation 2.1:

g o= Ts.fo.vics 0.08
(u + 1) .fo .vic ; (U)B
(Tu+Tud4} fo.vic .. 0.0a

{blfufd)ifo. vic :; 0.08

Tii.ro.v]:C (U)o4

(2.2)

Equation (2.2) represents the speed versus frequency curves with the symbol duration

Tu as a parameter. 'This is a function ofthe Mode.

car o= 3w 108 mis eguation
For o3 z 22)
we obtain,
Tudov = 0.064 x 3 4 1or1 = 1-9.2 x 101§
(2.3)
with
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Tu = yaeful symbol duration in seconds
fo = frequency in Hz and v = vehicle speed in m/fs

When in equation (2.3, fo is expressed in MHz and v in km/h then

Tufv = 0.064x 3 x 108x 3600 ~ 70 (approx)
Laf x A0* '

(2.4)
Sothat;

ey

(2.6)

By means of equation (2.5) the maximum speed can be calculated that is possible ata
certain frequency. By means of equation (2.6) the maximum frequency can be

calculated that is possible at a certainvehicle speed.

Examples:

1) Calcufatfon of the maximum speedvthat is possible in the 4 modes II1,ID,
IV for a nominal frequency fo of 375 MHz, 1.5 GHz, 1.5 MHz and 3 GHz

respeenvelr.

Modde I : Tu = 1 ms = 0.001 s and fo = 375MHz
From equation 2.5: the maximum speed isi17.0/0.001x375= 186 km/h(point A in
Figure2.18)

Mode IV: Tu= 500 ms = 0.0005 s and fo = 1.5 GHz = 1500 MHz
From equation 2.5: the maximum speed is 93 km/h (point Bin Figure 2.18)

Mode Il : Tu= 250 ms = 0.00,025s and fo= 1.5 GHz = 1500 MHz
From equation 2.5: the maximum speed is 186.km/h (point Cin Figure 2.18)
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/Mode fil: Tu= 125 ms = 0.000125.s and fo =3 GHz=3000MHz
Fromequatfon+2.5: the maximum speed is 186 km/h (point D in Figure 2.18)

(- 10000 g =

K1 1000 == —Mode IV
€ 100 e e Mode Il
IE - - 1

£ 10 l

frequency (MHz)

Fig 2.18 - Maximum Speed versus Freijieticf for Beta::::: 616s

veees

2) Calcalatien of the max, speed at 100 MBz
Using equation 2.5:

mraximim speed

Mocte | : 0.001 E 70/{t001x100 =700 km/h
Mode liV: 0.0005 s; TOO.0008x 100 = 1400 km/h
Mode 11 0.0002ss: 70/Q.00025x 100 .2 2.800 km/h

pode Hl : 000126 5 70/0.000125x100 = GO0 ket




3) Calculation of the max, usable frequency per mode when moving at a speed of

200km/h

Using equation 2.6:

magimum frequency

Modie 1: 0,001 § 70000015200 = 350 MHz
Modle 1V 00005 70/0.0005x200 =700 MHz
Mocte, H: 0.00025 s 701(£.000251<200 2 = 1400 MHz
Modem: 0.000125 3 7000.G00 1264200 = 2800 Wiz

) Calculatlon of the max, vehiele speed at L-Band at 1.5 GHz
Only applicaple to Mode IL-III and IV)

Tul . —. ,mamm"wm;zeeﬂ
Tode 11 . 0.00025 s T R EE T
"Mooe m: 0-000125 s mﬁmzmm“~= zsfzz'as T
W 0.0008 5 7'01),,Qu(J(Jfi\1500 - = 93 kmﬁh

) Otber values of .

' some papers such as in the Montreux proceedings and the speed/frequency curves are

awn in such a way that for factor I3 a vahie of 0.0625 is taken rather than 0.08.
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- 0.0625 x 4/5

Tu.fculio =
Tufow & 625 %4 % 3 % 1081 5 % 105

Whan fo s expressed

i1

%o that:

fo;n: 55/Tuul

'ﬂ}ﬁﬂ@ "...._......_: : :" Jok EEm ' F:t ﬁ;; et
“mhﬂuhk“"&m

1000 e =errT iIl T . .
. o ot ~N
100 L =2 P
e : : 1 T B ﬁ1 i (NN

10 i

Frequency (MHz)

Fig 2.19 - Maximum Speecf~~tsiis Frequeney for Beta = 0.0625
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G&imiatad examples for the case maz i = 0.0625:

Ci;ll;1,alatiQn  of th(f)i ma:idmuntit wa&ﬁvma‘t is pc;issibtein tht 4 mode, {11111, iV for

u nomiin~ fr(llqoericyfo of resp. 375 MHz , 1.5 GHz and 3 GHz.

55/0.t)00125x100

5/0.001x2{)0

55/0.0+00f1i1..200

55ffi.00025X200

Mode If :

B50.000128x200

Max Freq,uency (o}

" 275
= 550

= 140

""2200

alculation of the max. vehicle speed at L-Band at 1.5 GHz

55/0.00025xt&DO

5$/0. 000125:x 1500

BEO.0006x 1800
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" 147

" 13

S
I: | 5510.001*Si5 | "™147 | km/h
Tods 1:V: 55/10.0-005x11500 | =73 { famlh
‘iiamaan: | 55/0.00025i1500 "147 kim/h
Teds 1 | 55/0.000t25x3i000 [ = 141 [ km/h
Celewlation of the max. spead at 100 MHz

8510001100 | = &80
5510.0006x100 "'1100 kmtiti,
55/0.00025x 100 km/h
= 4400 kmi'h

MHz:

MHz

MHz

MHz

km/tn




nensional frequeney-delay domam

e-off between RF frequency and the maximum delay )

car is driving at high speed it is picking up signals coming from the front

lng to a positive Doppler shift) and signals corning from the rear (negative Doppler

The worst-case condition occurs when the two signals have nearly the

tude. Satisfactory recepti on is assumed when under this worst-case coridition

num equivalent noise degradation is less than 4 dB at 10-4:BER.

/peed constraint of 200 km/h, the maximum frequen~y that cau cope. with the
um multipath delay can be calculated.

quation 2.1:

Ts . fo . ves=
+ &), fpwlzs  0JJ8
b fo o (108

edo<ipe QJIB X S x 1t
5

(2.7)
equation (2.7) fo is expressed in MH.zand v in km/h equation (2.7) then :
= 0.0§ x 3 10~:x 3600 = J7.28
5 10'3x 103
(2.8)

be the maximum delay beyond which the addition of delayed signals causes degradation.

0 ds angd A = Tl then:
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Tm® L2ZxA

of A= T l1.2

vofoy = A7.28x1.2= 20736 (2.9)

a vehicle speed v = 200 km/h equation (2.9) becomes :

fo = 207361200 = 0.10368

(2.10)

a given vehicle speed of 200 km/h, equation (2.10) allows us to derive the
mum usable frequency fo in function of the maximum delay ‘tm beyond which

jplon of delayed signals causes degradation. In table 2.7 this has been done for each

the 4 transmission modes.

maximum distance between transmitters can be derived directly from the value of

y multiplying it with c, the speed oflight.

v ’%Wﬁ@j

3 =

T k-

s 1000 o

5 =i

B 100 L

€ ; =

ﬂﬂ:. 10 ITHITT L [T11111 fo11 "M

10 1 1000 10000

uency (MHz)

2.20 - Permissible delay as“a‘lfﬁncﬁdll of frequency fer a vehiele movhig at 200

km/h
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2.5.4 Local Service Options

For local services, a mixture of SFN and conventional techniques can provide the most
flexible solution. A few transmitters in a city operated in SFN mode would offer the
benefit of the network gain and therefore allow the total power to be reduced when

comp~re4to a single transmitter. The interference at a far distance is also reduced.

Otle W"y to%ifttroduce services with different coverage areas , e.g. local services, is to
ilse ~16ther ens~ffible ata different frequency. Then conventional planning techniques
may be used and dl€ being- considered in many countries-for-DAB-local radio. In this
situatioh d numbef 6f 1.5 MHz blocks are allocated and different ones are used in
di:ffeteut gedgt~phical areas. These areas may be served by a siugle iransmitter or a
number of transmitters .operating in a small SFN. An appropriate re-use distance .is
requiredbe:fore the co-channelblock can be allocated to a new area. However, because

of'the network gain effect, the re-use distance depends on the number and location of

trari.s:t:tiitters in each network. Terrain-based planning techniques are normally used to
‘miimise the fe-use distance, and hence optimise the spectrum efficiency. It must be
noted that if tlie capacity of the DAB ensemble is higher than needed in a certain area
the spectrutfi~ifi2iency is reduced. The possibility to introduce services with different

coverageateasin the same ensemble is therefore sometimes required.
One Wayitonruifil this requirement is to introduce localised services within the

eirs@pble, afeafure known as "local service area". This approach makes it possible to

use part:s¢fthe ensemble in a certain area for local transmission.
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Chapter Three . k

Concludmg the Pro‘, ect

Conclusions :

Since the beghining of the radio broadcast era, frequency planning aims to avoid the
interference caused.by the overlapping of the transmitters service areas. Unfortunately,
transmitters overlap is not the unique source of interference; the terrestrial channel has a
complex propagatioll model which produces echoes (multi-path propagation) and when
addressing mobile receivers, Doppler frequency shift. As a consequence, in each point
of a service area, the signal captured by the receivers results of the sum of several
elementary signals including the original signal, some delayed replicas and channel

noise.

To bypass this physical degradation, the traditional method was to increase the power of
the original signal(e.g.: the transmitting power). Asa direct consequence, this method
enlarges the lilllitoftheechannel re-usability and accordingly,.contributes the artificially

in.creasethe radi6freqtiency spectrum occupancy.
A modulation system have been studied which is sufficiently robust and efficient to

carry digital signals and to save radio frequency spectrum; the Coded Orthogonal

Frequency DivisionMultiplex (COFDM).
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