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[10397/9) 96TK 1089DEP METHOD AND SYSTEM FOR THE OFDM MULTI CARRI?E C/902 -4
"TRANSM SSI ON OF DI Gl TAL BROADCASTI NG SI GNALS The i nventi on concer 88 éﬁ[“\{o
met hod for the OFDM nul ticarrier 5 transm ssion of digital ,broadcast)
signals, in particular for digital audio broadcasting and for m&%?ﬂ{@ﬂq%%ﬂ
- val ue- added services according to Claim1, a digital OFDM nulticarrier
transm ssion systemfor carrying out the rret hod, as well as a digital OFDM
mul ticarrier transmtter and a digital OFDM 10 nmul ticarrier receiver

t abl e f i tre i
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system |§'“9§P9%9@44Q§ transmitting hi gh qual ity audio programs to nobile,
portable, and stationary receivers. It is also generally possible to
transmt additional data at relatively |ow data rates over the DAB

transm ssion system for exanple infornmation acconpanying 20 t he program
or traffic information. Miltiple audio prograns and data services are
conbined into a so-call ed DAB ensenbl e and broadcast together at a transmt

frequency using a TO WHOM IT MAY CONCERN
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sel ect ed coded orthogonal frequency division nultiplexing (COFDM net hod.
"The known DAB transm ssion system can 25 currently be used to transmt a
maxi mum ef fecti ve net data rate of 1728 Kbps. Due to rapid devghﬂﬂgfré in
the nultinedia field, there is great interest in transmtting So-call®e
added-@éﬂﬁé%ﬁggq es, such as video prograns, at higher data rates, which
can exceed the current effective net data rate of 30 1728 Kbps. However,

t he conventi onawwqgg 65}3&%;@&&;!??51%% nobi | e

reception of hi = — hani sm used
is too ineffecti YRANSHMESSEONC IOFD DK EBROADCAGER Ij refore to
further 35 devel op the existing DAB transm ssion system so that added-
val ue services, such as video progranms, can be transmtted at 2

t r ansnifthiee d rateriti ighrercolaternat asmekhbdutfdmpdie i OFPY eult doznission

ot . : . . . : .
dd5cr i EraHi Aot WEGIERT, BESRRKESCUHS iels AR bRBCERRR: |
accor ddiee diigitaheaypi e dprordesnating, ancerfor digbvalievalueradfded for the

OFDM Myl Lipaldd fedd ADERY SE60B1 28 mdh 9! Laly Y 1A30C askhOnat 89858 ri LR

- transmission system for carrying out the method, as well as a
digital OFDM multicarrier transmitter and a digital’ OFDM

10 multicarrier receiver suitable for use in a digital OFDM
multicarrier transmission system.
The DAB (digital audio broadcasting) transmission system was
developed over the past few years for terrestrial digital

15 audio broadcasting. The known system is suitable for
transmitting high-quality audio programs to mobile, portable,
and stationary receivers. It is also generally possible to
transmit additional data at relatively low data rates over the
DAB transmission system, for example information accompanying

20 the program or traffic information. Multiple audio programs
and data services are combined into a so-called DAB ensemble
and broadcast together at a transmit frequency using a
selected coded orthogonal frequency division multiplexing
{COFDM) method. The known DAB transmission system can

384
W

currently be used to transmit a maximum effective net data

» rate of 1728 Kbps. Due to rapid developments in the multimedia
field, there is great interest in transmitting so-called

- added-value services, such as video programs, at higher data
rates, which can exceed the current effective net data rate of

30 1728 Kbps. However, the conventional DABR system is unsuitable,

in particular, for mobile reception of higher-speed data,

since the error protection mechanism used is too ineffective.

The object of the present invention is therefore to further

35 develop the existing DAB transmission system so that added-

value services, such as video programs, can be transmitted at
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particul ar for digital added-value services, with the fol | JWHHGHEEE HAS BEEN
" generate at |east one source data stream which is divided{into BERUAGEBI ity

of fra ' gt hia GO QUL C StTeam
nt o BT A £ ELE PFERLERTipalaka T KMo S R T e
to a separate channel encoder (32, 34, 36) having a predeterm ned code
rate, W a d yi neaded: sequen M bits;
(d) co%rlgé]ne&[a%%elg:etgﬂg%?teggﬁNgég?ggghbg?%e%%Bbﬁencoﬁgdé?n .stg%téc)ési nto an N
tupl e airbemibedebntGlaivotppad wikbother featiuxayg el aimp ol al phabet
(40); (Flgcogbi ne the conpl ex symbols into blocks of a predefined size; (f)
frequency-interl eave the conpl ex synbols conbi ned bl ock-wise in step e);
(g) assign the conplex synbols in each block to different subcarriers; (h)

gener atnd b @5l nOFabLELIBE! SHUARLIR SARBOEEINS dd each bl ook and

broadcast the OFDM signals to recei vi equi pnent. The subcl ai rs descri be
advant aJeXRVERSBEFrent s and i nprovenments. The main i dea behind the present
invention is to provide a digital OFDM multicarrier transm ssion system

that is_based on, the exjsting DAB transm ssion systemwth i nproved system
pE} f or MR dnaiR iReashRBlndnEheapresersn IyenEiar i thR REPYIES 20 use

known haigived P OPPRONEDE $chi@ieirne raxistliigdd IR idtans st Ofls Syss&dn ghen
design“gg the.digital%gFDNInul&icagrier tran;&éﬁf!pn %%%%f”‘ naklng it
possi bl icF%%%? 39 HeBr borRFBLERAOFr SYSRET ORI Y _%E Bt i ng DAB
t r ans Mgt Dsrma3c€M At the same time, attention was paid to the
- ability to use known hardware components from the existing DAB
15 transmission system when designing the digital OFDM
multicarrier transmission system, making it possible to easily
incorporate the present invention into an existing DAB
transmission system. To keep things simple, the transmission
system according to the present invention is called the X-DARB
20 transmission system. “X-DAB” stands for extended (or enhanced)
digital audio broadcasting system. To prevent
misunderstandings at the outset, note that the X-DAB
transmission system can be used to advantageously transmit
. high-speed data signals, such as video signals, to mobile
25 receivers along with audio programs, even though this cannot
be done with a conventional DAB transmission system at a
sufficient level of gquality.

With the method accordiné to the present invention for the

30 OFDM multicarrier transmission of digital broadcasting

) signals, at least one source data stream, which is split into
several frames of a predetermined length, is generated, just
like with the known DAB system. In order to considerably
improve system performance compared to the DAB transmission
system, the source data stream is broken down into N parallel
data substreams, each of which is supplied to a separate

2
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channel encoder having a predetermined code rate. Each channel

This Sheet Has Been Reﬂlaced
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2a To keep things sinple, the transm ssion system according to the present
‘invention is called the X-DAB transm ssion system "X-DAB" stands for

ext ended (or_enhance aydi,o br oadcasting syste To pr t

M sundeSRGRAKNFEURR %%% 8ﬁt§8F°g rePFﬁgﬁrFﬁingﬁﬁﬁ°§P§58ﬁf$EF§§%§ystem
Cag be usafhdrcadyfngagtosshy &tansm:puhl githespéed dét ahei ynehspdedch as
vi deo si

| s, bi | th diy0. . th h
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SuffiCi%ﬂ&?JGWngféuﬂu@fia¥vewtbh bﬁanbhhed andom?ppgdtbothecpmpéemi

t or i carrer, .ty on o stin
et sty L SPIMA Latet o A0S S5l 8ol Blabrgadsel o
Eggnes ;ﬁeéhmﬂ@@btEsnessénteagﬂy knswgen@hatmdstjmmporthatwduﬁrehenkmnmg t

system considera i e oL cQupared to
t he S&B??@Fﬁﬁﬁg ? tégs?ﬁﬁf the @éé kg nggggéagyggg r%%gg% om%gghto N
paral | elX-€zAB snassmiasionesyistem phocbsssssapmpﬂed Symhoiep@matéeahannel
encoder \iayj 19, 4 gésgsgeiggpsgd%éeigag%dﬁaihb&@@ngﬁknﬂ BRGRdSt sypald es an

encoded, pre ATy RoRvelttran- Shca sequence |ts out put .
Thid bi t schennék eneqd@ugdoéataelebud§9ad§@555t5aam aké bashbeembi ned |nto

an N-tUN &G etmPnea@t HAPUPNE" iRproved system characteristics are, in

fact, due to this measure. Consequently, complex syﬁbols, and
not individual bits, are combined into blocks of a
predetermined size. As with the known DAB transmission system,

15 in which, however, bits are mapped to complex symbols only
after blocks are generated, the complex symbols in each block
are each assigned to different subcarriers. An analog OFDM
signal is then generated from the complex symbols in each
block and transmitted to receiving equipment.

20
To avoid transmission errors caused by the time-discriminating
characteristics of a mobile radio channel, the complex symbols
are time-interleaved prior to block generation. Note that
individual bits, and not complex symbols, are time-interleaved

25 in the known DAB transmission system. To eliminate signal
impairment caused by a frequency-discriminating mobile radio
channel, the complex symbols in each block are frequency-
interleaved after block generation, which is also the case in
a known DAB brcadcasting system. The goal of time- and

30 frequency-interleaving is to transmit adjacent signal elements
as far apart from each other as possible, thereby avoiding
grouping errors in adjacent information elements.

The complex symbols in each block undergo an essentially known
differential modulation on each subcarrier.

s
n

In contrast to the known DAB transmission system, in which the
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encoder supplies an encoded, preferably convol ution-encoded, sequence of M
bits at its output. The bits of the N encoded parallel data substreans are

h nbj ned t N-t t f N and
rapped FoRsEangre, 19 Sact] ithadk fiiadhdl iy ke MG PR Shape b e TH S
encodednp;gdulra&usaﬂstsa@musyss:em assardiired It;o krteawprdbsentoshvenpdonant )

di ff wt AB tr sm.S em.i S t the
X DAB ¢ PREEAPEoPHT &<t chels, Deaulals ot ahl R8s e e
addr esspeingstsexd taf a ndilwied ydedtidrs nharecbzatatxyahfters‘ 1Bl thohghné&lhe
di f th eqm t d t e

ot ovel TSy IVEER A et o HigHex WERPReE O SEPHOS chaR el
Consequinbly, Dedntlrensyid=milon syatewt (dtndieasiuad-P8KE, the sysbened into
bI Kk f t e t th S on system

Ok o Hiplapy” R B RS oA b LG, SREebEBR LR, O
bl ocks apasg@rm@r amahm-cmq:aee)rmrmmrs e evete brecksade . ebAsadsi gned

to diff Nt s ar, né@‘wﬁ | S: L.h t t he
conpl exah%rrttt):ol Ls&l?ll(\en géackﬁb r}%%rag;@r\él?t m%ﬁrle%eﬁ \%nggﬁéa %grfl %@20 To
a@i d tthﬁ@nu@&ﬁ@@ éﬁkﬁﬁslbkﬁmﬁmﬁngmlSﬁnQnr§¥$ﬁ%mr|n1nat|ng characterlstlcs
of a nobile radio channel, the conpl ex synbols

In addition to improved system characteristics, the'digital
OFDM multicarrier transmission system according to the present
invention is characterized by its downward compatibility with

15 the conventional DAB system. Downward compatibility means that
the X-DAB transmission system according to the present
invention can be embedded into an existing DAB transmission
system, making it possible to transmit DAB programs and X-DAB
programs in a shared transmission frame. The ability of the

20 two transmission systems to coexist is achieved by using the
same parameters for the OFDM method, including those for
frequency interleaving and differential modulation. In order
to minimize the additional hardware and software needed for
implementing the OFDM multicarrier transmission system

25 according to the present invention, the convolution encoder,
convolution decoder, time interleaver, and time deinterleaver
known from the DAB system are also used.

A receiving device, which is initially designed like a DaB

30 receiver, is provided for receiving an OFDM signal. The known
modules include an OFDM demodulator with an A/D converter and
a device for performing a discrete Fourier transform® of the
OFDM signal, a differential demodulator, and a frequency
deinterleaver. Instead of converting the OFDM signal to a bit

L
Wh

stream and subsequently supplying it to a device for removing

! Translator’s Note: The German should read Fourier-Transformation, rather
than Fourier-Information.
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i
are tinme-interleaved prior to block generation. Note that individual bits,
‘and not conpl ex synbols, are tine-interl eaved 25 I n the known DAB

transm ssi t | mnat ' ' er C%E?? :
frequencz@é g:gjéé%?mg%ﬁz%ﬁ]%bl%% %E}ggc %%%Ie)?f% ?E’g’g’gorrp e%e%%rﬁ?(ﬁrssfi n each
bl ock atlee f cogpdazy sympodis etdwms%h@ arecrugpAdest ﬁ’—@_n,a wieivales $hHlddb t he
case | nefirhﬁﬁwe DABHR' eAdeastd il SyigteéM THAC s898hm0b £t IdRip133d s3fbols
frequency-in erFeaV|ng Is to transmt adjacent si nql.eleﬁ%nts as far apart
from eath stppligd pess Wamulthiplkexernvbrr hngrddyil®do& rors in adj acent

I n§ or | s G S b€ Gle Jacker Gy
esgen??%%ﬁglgagaﬁgégg ngffereﬁﬁﬁgﬁ¥ﬁg ula??gnggﬁmggghkéubcgfﬂ<§?b%|1

cont r as@at®d BRHESRAGWN PDAB MY SRIRLRTLPAYGE ERVEEFOFhitdR thaes

subcarrigfsriBadaely RodhdNdfiEeR oRiSK1 BndhatiRRralste & aDABown
transm ssi on syst em a%&%rdl ng to the pr esent 1 nvention carri €S out a

2[ err] - PR RBERE¥CTon % R RNerYndgreR Rhgengd decoding v dde

great er cbfipheRr soabdl 1@eval Al{d®ught thetShy-bRESS $Rfr It ADHIRES a

hhgher QRQ“LS;; 2xﬁ§%@%1J533'§§§i01s are applied to N parallel-
connected metric calculators. A convolution decoder is
connected downstream from each metric calculator. The
convolution decoder outputs are fed back to the metric
calculators via assigned complementary convolution encoders

15 according to a selected symbol mapping rule executed on the
transmitter side, such as a natural mapping or pragmatic
mapping rule. The decoded data substreams are present at the
output of each convolution decoder. The individual data
substreams are supplied to a source decoder for further

20 processing.

The invention is explained in greater detail below on the
basis of one embodiment in conjunction with the attached

drawings.
25
Figure 1 shows the block diagram on the transmitter side of a
known DAB transmitter to which a digital OFDM multicarrier
transmitter according to the present invention is connected;
30 Figure 2 shows a three-stage encoding modulator according to

Figure 1;

Figure 3 shows a three-stage decoder for an encoded 8-PSK
modulation that can be used in an OFDM multicarrier receiver

'JJ
n

according to the present invention;

Figure 4 shows the layout of a transmission frame, applied to
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known DAB transm ssion system (at |east 8-PSK), the system quality does not

det
t he
per

eriorate

as woul d be expected, with a constant signal-to-noise ratio on

recei ve hi & I Ghai s
for rEl caPTPAE 25 %, RERH Bisha Bl on  LEA0R, nith! £
addi ti ax- DABlppogvemssygnehﬁcNam@@maﬁﬁﬁdﬁs the digital OFDM nulticarrier
transm ssion system according to the present invention is characterized by

its downward conpatibility with 15 t he conventional DAB system Downward
corrpatumgury feahewshat nelfArRIDABOING HWs? GKeSERMh X coReli fymbelt he

ki ng PO

ghtion can be enbedded into an existing DAB transm ssion system
0sSible to transmit DAB prograns and X-DAB prograns in a shared

transn155|on frame. The ability of the 20 two transm ssion systens to
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i ncl udi ng”those for frequency |nterleaV|n and differenti al nndu%atlon
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i npl ementing the OFDM nul ticarrier transm ssion system 25 according to

t he

present

i nvention, the convolution encoder, convolutlon decoder, tinme
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invention is implemented. 10 designates, in general, the
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digi
inve

tal OFDM multicarrier transmitter according to the present
ntion, referred to below as the X-DAB transmitter. X-DAB

transmitter 10 has at least one essentially known device 20

for

the encoded modulation of a source data stream. The number

of parallel-connected encoding modulators 20 depends on the

number of different source data streams to be broadcast by X-

DAB

transmitter 10. The source data stream coming from a

source {not shown), which can be an MPEG video signal with a

high data rate, is divided into multiple logical frames of a

predetermined length. Each logical frame is mapped to part of

a transmission frame, for example the one shown in Figure 4.

The

example assumes a transmission frame duration of 24 ms,

with each frame containing L=76 OFDM symbols. Each OFDM symbol

incl

udes 384 subcarriers, each of which carries a complex

symbol from a selected symbol alphabet, e.g., an 8-PSK symbol
alphabet. To simplify and clarify this representation, Figure
1 shows only one encoding modulator 20. Each encoding
modulator 20 contains multiple parallel-connected convolution
encoders 32, 34, and 36, all of which are known. The number of

parallel-connected convolution encoders depends on the number

of data substreams into which a source data stream is to be

divi
data

ded. Dividing each source data stream frame into three

substreams, which can be of different lengths, has proven

to be advantageous. The three parallel data substreams of the
source data stream, identified below by 0, 1, and 2, are
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30 receiver, is provided for receiving an OFDM si gnal. The known nodul es
i ncl ude an OFDM denpdul ator with an A/D converter and a device for

per f or ni g P 88 SE6EEenkBULESon! kasheTRe, ! lcctfvdlir idrDMdgiat .34,

di fferential denpdul ator, %gg a freg ency d |QLerIeaver1 4n tead of

conver t3Rg FHRVEERRLSNgRIFOLET, 36 ANg5 €O W§i%a%HQﬂﬁf &ﬁéﬁ?ly suppl yi ng
it to apEedéeerhohefeapdiengales.r Fher adgleatreitss dbteaichl oSy mmiehoul d read
Fourier-Tra sforna;ign, rith%r than Faurier-Infornmatian. 4 the bl ock

st ruct LBREOZET | HUFhePEASE 16 Lo G CORE 1RE &% &5 CRHE @B synbol s

t hensel yest@f ofUPPhi ddihg ahdeyi netehittateldavmaicesrdihe ldmanssderct ur e.
The stream coml S ol.s is suppliedt denul.tipl exer, for

time-di %P?si gzﬁ 5aggd§§u|1¥i@%f’§ﬁ°ﬁ5 SPQE‘Q E&?ﬁﬁ’%@%‘%ﬁd}“& R o%‘%aer ent

sour ce shabatséamags. fActiilieate rirevheavereoniersds tihe tdeomivder | Bagi ng of
t he conpl ex symbo I.n_cqontrast t .kno AB l\wver e dat.a_streans
underggp%%%ﬁﬁé‘flpagisalengoéﬁ}t[ &Y ‘riﬂl% ns\&%gs | 'evel ,) 3‘#&% n ba?‘t)g%égv%i t.
For thiBARutpassnitber the admp geneeadily e syssiblfomencaphiiedie N
??6a||eiﬁformation bits of each data substream. This simplifies the

development and layout not only of X-DAB transmitter 10, but
of an X-DAB receiver as well, because the Viterbi decoder
implemented in DAB receivers can also be used in an X-DAB
receiver. Each data substream contains a number of bits, the

15 sum of which equals the number of bits in one logical source,
data stream frame. This only requires that each convolution
encoder 32, 34, and 36 generate one encoded data substream
with M bits per logical frame. The outputs of convolution
encoders 32, 34, and 36 are connected to the inputs of a

20 symbol mapper 40.

Figure 2 shows encoding modulator 20, whose function is
explained in detail below. Data substream 0 is applied to
convolution encoder 32, data substream 1 to convolution
25 encoder 34, and data substream 2 to convolution encoder 36.
Each convolution encoder ensures that one encoded data
substream with M bits is present at its output. An essentially
known block interleaver can be series-connected to each
convolution encoder. In particular, block interleaver 52
30 follows convolution encoder 32, block interleaver 54 follows
convolution encoder 34, and block interleaver 56 follows
convolution encoder 36. However, the use of a block
interleaver is optional. As shown in Figure 2, the outputs of
convolution encoders 32, 34, and 36 are connected to symbol
mapper 40 via block interleavers 52, 54, and 56. The bits of

|93
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each encoded data substream present at the outputs of
convolution encoders 32, 34, and 36 are combined successively
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connected netric calculators. A convolution decoder is connected downstream
fromeach netric cal cul ator. The convol uti on decoder outputs are fed back

ag the FREL & ¢l a;tlf)ras v%@tgﬁsrgﬂeﬂgcenﬁéemlsmtgrb ‘é?n\gquf’lht i bpf?encoder s

accor g sel ected, s rul e execute
transni £ C§1Jﬁpﬁﬁﬁﬁ#%51%.% ¥ﬁbﬁ?nﬁﬁ§ 8 o?XﬁPBEﬁatF8 ﬁgﬁﬁlﬁg S, The
decodedmpdat & Iuisity eaxm@r@o paesemplak "s?ﬁbdlﬂtcﬁt am:j ge@sk sgm\bollué i Ond
decoder |nd|v al. dat a sub ns are_su ied,t sour ge ,decoder
f or fur?ﬂ?g 6%6@¥%E|Wﬁﬁpﬁﬁe %nggﬁﬁl ﬁrfgrggpﬁﬁlﬂegsgnmﬁgggﬁéfcﬁ%tai
bekow offutlet ilvasi Ernfodirey enbddiaeot 20 pnoymdesloampﬂeh slyeballisacifedn
dr awi ng | 1 0 he,_ bl ck dLa an1o Bol [ | of a
known D BP%% éﬁqti?cf%e aféh%ﬁ?éha% ai 8 93':19%& rﬁgggmtega%énnq%ﬂ g"r
accordin@dmsdﬂueqnqsgwmoraveuit@blysthemneBPbdt addregsganebglmgbms a
three-s ' | ator according to Figure 1; Figure 3 shows a

ERR TR By

t.hree-s ah encoded 8- PSK nodul ati on that can be used in an
OFDM nul ticarrier receiver 35 according to the present invention;

10 Figures 5 and 6 show two alternative mapping rules for an 8-

' PSK modulation. Figure 5 shows the natural mapping rule, while
Figure 6 shows the pragmatic mapping rule. As explained in
greater detail below, the implementation of an X-DAB receiver
depends on which mapping rule is selected. The design of

15 three-stage channel encoder 30 and the mapping rule used must
be coordinated with one another in relation to an optimization
criterion (e.g., the minimum bit exrror rate that can be
achieved after decoding in the receiver). However, this is not
the subject of the present invention.

20
The complex symbols present at the output of symbol mapper 40,
which can also be represented as a 3-bit address, are applied
to an essentially known time interleaver 60. A special feature
of X-DAB transmitter 10 is that time interleaver 60 does not

25 time-interleave individual bits, as in the case of a known DAB
transmitter, but rather the individual complex symbols or
their 3-bit addresses. If multiple source data streams are to
be transmitted simultaneously, multiple parallel branches,

- also known as X-DAB subchannels, must be provided. Each branch

30 contains one encoding modulator 20 as well as one time

interleaver 60 and is connected to the input of an XSC frame

multiplexer 70. “XSC” (X-DAB service channel) refers to the
service channel of X-DAB transmitter 10 in the transmission
frame shown in Figure 4. To the output of XSC frame
multiplexer 70 a further frame multiplexer (not shown) can be

[F3)
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connected which incorporates processed control data into the

transmission frame shown in Figure 4 via a further encoding
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_Fidure 4 shows the layout of a transm ssion frame, applied to t he out put
of an OFDM signal generator, in which both DAB and X-DAB programs can be

transm t@%xﬂ%ﬁrﬁo 5 (ﬁb@wéllqtawﬁat ct,meho{mpal HBWhEEQeaEte@:lih@d Méﬂ%aiwﬂﬂt ol 5
mapper; Fligure 6 shows an,alternatiyve nmapping r n ) mat,j c
mappi ng,6Whik® SRPWBeiBxELGHES by thE QVEB §§F Bg ﬁ;ea%?%QZ stows
the transiidd&tedi €8 eheaiflpgtt 3k QEDMsauhtu@aLLyl khomamﬂmc&slgahmm in

whi ch the present invention i |nple nted. 10,desi ates ener t he
1 tal GFOUROFKi GARFFOFOT, Blsiet FEPantEoFamAgEs il complent SHRRALS on.

referred-dordebaving bhe dFmBsﬁfanBSﬁhhtera KiDAR. 1modkrsamsma}t er 10 has
at | east, one ssentlall known .devi

Re engmg g nmodul ati on
source d:f ?e%n?r?ﬂg EWﬁEFdoFungEIPgICEBR && & ditF S lﬁﬁﬁﬁ%ﬁ rs 20
depends #n th@ @Uﬁbat of Hlbbkrgehesaubﬁesdatanstheamxamplbe hﬁﬁﬁﬂcast by

£ o0B PRSI LS 18, TR BSNESR AL ARSI RCAMMAN MR Lo Ao
di vi ded mmmbeﬂubflghbchmgneab finapms OFbMasymbol. It is important to
10 know that, unlike a known DAB transmitter, block generxrator 80
does not combine individual bits, but rather complex symbols,
i.e., bit groups. The output of block generator 80 can be
connected directly to the input of an essentially known
frequency interleaver 90. Frequency interleaver 90 is used to
15 eliminate signal noise caused by the frequency-discriminating
characteristics of the mobile radio channel. A differential
modulator 100 is connected downstream from frequency
interleaver 90. Differential modulator 100 is used to modulate
the subcarriers of each block containing the complex symbols.
20 Each modulated subcarrier of a block is supplied to an
essentially known OFDM signal generator 110. The purpose of
OFDM signal generator 110 is to generate the analog OFDM
signal from the modulated subcarriers of each block. In other
words, OFDM signal generator 110 supplies one OFDM signal per
25 block which can be viewed as a cumulative signal of the
individual subcarriers. OFDM signal generator 110 usually
includes a device for performing an inverse discrete Fourier
transform and a D/A convertex. The OFDM signal present at the
output of OFDM signal generator 110 can be broadcast to
30 numerous receiving devices via a transmitting device. Note
that frequency interleaver 90, differential modulator 100, and
OFDM signal generator 110 all operate in much the same manner
as the corresponding function units of a known DAB
transmitter. It is therefore not necessary to describe these

(9%
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function units in detail.

As shown in Figure 1, X-DAB transmitter 10 is incorporated



prédeternined | ength. Each logical frane is mapped to part of a
‘transm ssion franme, for exanple the one shown in Figure 4. The exanple

cont i niAGoLA7EReR PRP SRS e s ST T st S CEE R ot T v,
each of cghtabnsatheeknawnorpmponsyrtsol fdrming et senewisyeabopaztpidbet
Cepr esohEaPRERiohTaar 8 TORSROWE iR Pl B o hostelthd sontrot
encodi n§aB8, ancdovalotid eowcsiers 1AW tigph eepeodingl aceaneceedatanvol ution
papal | eFtEaRNec Rel i I SeeR vt ddt e DidSanilse PhaRd AL Tb1exer.
subst r eansafidioiwhadh faageumsd tdplexsr el i sa thl dek dgendeaton wsdi.ng each
i T or e PREBe B, e e e Ry e B ol fol dat &
subst r ediferentdadomodaladior Si00eamnd CRFRN f$Eanadk| ganeyaberillénd 2, are
ool FSEALRES SRRMBELPT 8 e e ha OENEE AARIEDAS ¥
.10 10. Because the DAB transmitter is generally known, the
individual function units are not explained in greater detail
here. However, it is important to note that symbol ﬁapper 160
is connected downstream from block generator 155.
Consequently, convolution encoder 137, time interleaver 140,
15 and block generator 155 of known DAB transmittexr 130, 90, 100,
and 110 process the data streams bit-by-bit and not in the
form of complex symbols. A block multiplexer 170, which
incorporates the blocks of X-DAB transmitter 10 and the blocks
of the DAB transmitter into the transmission frames shown in
20 Figure 4 in a predetermined manner, is provided in order to
integrate X-DAB transmitter 10 according to the present

invention into known DAB transmitter 130, 90, 100, and 110.

Figure 1 also shows a device 120 for generating

25 synchronization data which is also connected to OFDM signal
generator 110.
Let us now examine the layout of a transmission frame which
i can be generated by the DAB and X-DAB transmitters shown in
30 Figure 1. The transmission frame shown in Figuxe 4 includes,

for example, L=76 blocks corresponding to the 76 OFDM symbols.
Each transmission frame is divided into three sequential
parts: the synchronization channel, which is generated in
synchronization channel generator 120 and occupies the first
block in the frame; control channel FIC {fast information
channel), which occupies blocks 2 through 1+1; and main
service channel MSC, which is contained in blocks 1+2 through

(93]
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pfedeternined code rate. The code rate of each convol ution encoder nust be

'sel ect ed according to an optinization 5 criterion. In doing this, note
t hat each convol ut|pn_encoder nd 36 i ptroduces _enough red ancy
nto edeh i KeehntRingh B3TRRA the SRy St EchREn SRR ABY; B

The ratgyxﬁbapainbthepeynbmmcﬂl | baui:uom @miasef IRCPEd_ )maiﬁdsenvacbnagmnlahﬂ

t t r _encaoding_t nf.or |

bi t5 of"eGent A5 2u83peBF e, A d AT (12 Rec deol BenaRPodhET )5t not
only OftHéEHEbthanﬁﬁﬂBtassmgnéﬂntaﬁthﬁ10éfXEMsedataesoascaslIBehamamse t he
Vi bi _decoder_ | mpl ' X- DAB
etel ver RS ELEROUkL BEohbet PR O it BeroBF Bt SRt RE 26 1" qum of
whi ch emﬁaéﬁtageonsﬁpeadmhﬂﬁdai|xn(bmtho@heaDABoUraasmdatarsanéamitm&he
This onlyfegulies Lhat «8ach Gonvold on SHEQMSL s 32ne3ds a0y 3B gener at e

one enc a substream W S per rogical rarre e out puts of
convol wevabuaheddbys adknoc¥n DRl BScairecxonnceedl &s bireannBubdBof a 20

synbol 0 ti i's
ool ai rEBC vt acELiding: it M0 fROLhELOh. THe YORSE BHIE "
eh&odermatn garvisebshesaall MSC donvatenp bed 25y anex§6dehaanelanwhdata
substream, 250t §9RY Oledl! @3 ARAert 6 higher-speed video data from one

or more sources or subchannels to be transmitted by X-DAB
transmitter 10. The subchannels to be transmitted in the
transmission frame according to the DAB standard are

1S designated DAB-MSC in Figure 4. Because, as mentioned above, -
the control data is transmitted unchanged in the FIC channel,
the known DAB receiver can decode the control data, even if it
was generated by X-DAB transmitter 10, and, on the basis of
the information contained therein, detect and decode

20 subchannels DAB-MSC transmitted in standard DAB format in the
transmission frame. However, it is not possible to decode the
XSC channels.

MSC multiplexer 145, frame multiplexer 150, XSC frame
25 multiplexexr 70, and block multiplexer 170 make sure that
service blocks DAB-MSC or XSC generated in DAB transmitter
part 130 and in X-DAB transmitter 10 are inserted into the
transmission frame shown in Figure 4 in a specific order. For
example, multiple DAB-MSC blocks are positioned before and
}0 after the XSC blocks in main service channel MSC of the
transmission frame shown in Figure 4. Following block
multiplexing by block multiplexer 170, the above-mentioned
frequency interleaving of the complex symbols in each DAB-MSC
and XSC block, differential modulation and the generation of
the OFDM signals are carried out together for both block

types.

[(#3)
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Each convol ution encoder ensures that one encoded data substreamw th M
bits is present at its output. An essentially known block interleaver can

be serieg-cqnnecte % Lop,.enc cUlka ock

ntor | ey G tnig A8ehe SRR doltba iR TR aiGL ekl BELLLVBE P REODC )
followﬁ'mﬁdngmiﬁt@m tocadeordingabd bheckpresest| éavent$éni ofkbasblocks
convol ution e e o} I Is
optionalg.'e %ﬁane&tggre¥25A?hg%gﬂ§ Eegfggogéo#upggnggﬁgg é?geéé, 34,
and 36 am&eczmnﬂmeteﬂansmsynbdl135the nuppemlselonafbamekShnwerneavers 52,
54,. and 56. The, bits of each encoded data substream present at the outputs

of tonv %ﬁ?ﬁ% %ncoders 32, 34, and 36 are conbi ned successively 7 into
a group or a vector having three bits b[err], b[err], b[err] Synbol mapper

40 is 'qﬁgﬁgﬁ$t§dsh£9§ Pgé sy O??eth tth&egagﬁggg éeéoQéE tgpl @40 a

conpl ex s al’'phabe mapper 40 thus perforns
an 8- PSKiennfiingiandsta styeem whichnwesi ﬁgbﬂﬁéﬁﬁét §P 29 BREPREEs 8cEHN ex

symbol s ;i @181 EKomY FRE! +2hRRARGEES! siike . O¥hPUE-stabl BBECRRFPh®H yTDOl S
.10 an important part of a digital OFDM multicarriexr receiver
according to the present invention, referred to below as X-DAB

receiver.

The X-DAB receiver has the same function units as a
15 conventional DAB receiver. This includes an OFDM demodulatoxr,
composed of an A/D converter and a device for performing a
discrete Fourier transform. A differential demodulator and a
frequency deinterleaver are connected downstream from the OFDM
demodulator. A device for removing the block structure follows
20 the frequency deinterleaver. A sequence of complex symbols is
thus present at the output of this device. The complex symbols
pass though a demultiplexer which performs time-division
demultiplexing of the complex symbols from different source
data streams. A downstream time deinterleaver largely
25 functions as a known time deinterleaver of a known DAB
receiver, the main difference being only that it does not
process individual bits but rather the complex symbols, i.e.,
bit groups. Three-stage decodexr 180 shown in Figure 3, which
performs an encoded 8-PSK modulation, is connected downstream
30 from the time deinterleaver in order to decode the X-DAB
] blocks. Three-stage decoder 180 needs three parallel-connected
metric calculators 190, 195, and 200 in order to recover three
data substreams 0, 1, and 2 of the transmitted source data
stream. An optional block deinterleaver 205, 215, and 225 can
be connected downstream from each metric calculator. Each
metric calculator, 190, 195, 200 is connected to a convolution

(7]
wh

decodexr 230, 232, and 234 either directly or via respective
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t hermrsel ves or, nore suitably their 3-bit addresses, being further
‘processed. 10 Figures 5 and 6 show two alternative mapping rules for an

8- PSK madidialdedmt i@ ris smyvs ilhﬁ r@ﬁ&r@ismm@%u%@tswetl e Figure 6
shows the pragmatic mapping rul | ai ned in greater ggtall bel ow, the

i npl emecAN PR ey S e?c@fve@?d-ep%fﬁélsz%ﬁ ﬁﬁ?cﬁeﬁlaﬁﬁlc tdg s
sel ect eGhethhe dR3IAN a¥forkh vid HASH e SOAPLeheBBERYCLoBYARE iidie MapPi Ng

rul e used nust be coordj nat ed th one anot her in relation to an

opti m z@&NEPeEs 244 G é’-"g‘3 %Wﬁ%ﬁm&‘{'eeﬁ“?spm&té ﬁate’i%’ﬁmff'éi
achy evedyafdtbdleaRiges i4v tde X-aues V\?fénsrh@t\@é‘?r 10t hiTE isymRl) tnieorsab] ect
of the present_invention. 20, The co Ie&g@i g Ere ent _at tg outp
synbol  rfdh RS IRF SchiRIRINGT 1 SRR KPS0t 4En0 S8 0HET e 35 L
appl i ed Hat}:artcemttucaldaadummt 260 ivwigra e@&l&pléﬂenﬁa&'ge@b@dvdlﬁﬂiwre of
X-DAB trans Q t.ine_ interl eave 0 does
Lot SR Tt AR D I Tt R AT csl gO&VQﬂb\%ﬁOﬁAé%% tter,
but rat B2 tiee dlredi \fedudaconm ene@yiﬂaod:sl@znlaherrzﬁobmaaddresses I -
|p| ata StLr are to be.tr d_s anequsl.y nu tiple
patd Peredildtdy HofAile it oS nafoa" Mgekoa R ERAREY Enth
branch 220. If symbol mapper 40 performed natural mapping,
convolution decoder 230 must be connected to metric calculator
195 via complementary convolution encoder 240 and block
interleaver 210. Convolution decoder 232, in turn, must be
15 connected to metric calculator 200 via complementary .
convolution encoder 245 and block interleaver 220. The term
*metric” refers to the distance from the complex receiving
symbols to the decision threshold adapted to the mapping rules
on the complex level, possibly weighted by a reliability or
20 channel status flag.

Mention should be made of a further advantage of the X-DAB
transmission system'according to the present invention over
the known DAB transmission system arising when implementing
25 *local windows” in the transmission frame shown in Figure 4.
The OFDM method can be used to set up simultaneous
broadcasting networks, which means that the program ensemble
is broadcast at the same frequency from adjacent transmitting
stations without producing the interference that occurs with a
30 conventional FM broadcasting receiver. In order to emulate a
typical FM broadcasting structure with many local programs in
a DAB transmission system, a contiguous portion of main
service channel MSC of the transmission frame shown in Figure
4 is removed from the single-frequency broadcasting mode, and
the local programs are injected into this local window at the

|99
W

2 Translator’s Note: The German should read Blockdeinterleaver, rather than Blockinterleaver,
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‘36 contai ns one encodi ng nodul ator 20 as well as one tine interleaver 60
and is connected to the input of an XSC frame multipl exer 70. "XSC' (X- DAB

servi ce gdiarnaldl reF&ismi et ihg seteiste THMNN SO mapPiBgt ralemoiet €helO in

t he transnlsS|g§af%age sho$m ) Fbgure 4. T%H%?Q'ﬁ%%£Ut gf XSC frﬁne 35

nul ti plRA&rSERNGRY G 3R 2 FEFBNEPLBFSRNT FRCS § - caR*b&*EIRECt ed

whi ch itKkOrpossr esyboLessadt hensublcadati tter the OFEMSsymbodnmayate shown
in Figure 4 %%g a further egcodiig 8, nodul at or EO éngtdsgomm wi t hout a
downst (AEHIAHR Tt E¥P cSYRFIBBREAS /s fiufir 4 TR (i 9T PRedBlAp GPUBESRSC

g t i pk&b&%ei@e:ix@lﬁpniIECigdnbe pbesiimauid 3 cbéln'ﬁﬁfnsenthal Lgschlmowinhlloox:nb Ik
generatoy, .80. Blo enerator 80,1 s use o conbine the co ex, s ols 5
r epr eseft i o2 §¥W§8? Vﬁ?8°ﬁtm3¥ .uﬁ§Q%k%nﬁﬁF§ﬁrFﬁgEudgo

pr edet esingies- fwedeenoy boopberssymagl tleere fuesenthat rahgeootfpuaiof bl ock
gener at or

i ch TR the Fr SR, RaeF Bl Be e e d e B AT RoB LY 1 s

i nport amitib dOcomikhetet OBDM syiblod dskrexeupiARitransmitter, bl ock

gﬁgerator 80

- The X-DAB transmission system according to the present
invention avoids this disadvantage by performing the 2%-PSK
modulation in symbol mapper 40 before time interleaver 60
performs the time interleaving operation, thus establishing a

IS direct connection to the program in question. When
implementing local windows, the subchannel limit between
single-frequency broadcastiné and local programs can thus lie
within an OFDM symbol without interfering with single-
frequency broadcasting reception. The X-DAB transmission

20 system can therefore be used to implement local windows by
making more efficient use of the bandwidth.

14
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does not conbine individual bits, but ols l.e., bit
'groups The out put of bl ock generator Samumlﬂgmﬁnl

I nput ™ 9ssehgp al |y known frequency interl eaver 90.* re JEHE§
|nterleaver 90 Iis used to 15 el i m nate signal noi se cause
frequency-di scrimnating characteristics of the nobile radi 0 Chammer—&

di ffereidsat s m&or 100 is connected downstream from frequency

interl eaver 90. Differential nodulator 100 is used to nodul ate the
subcarriers of each bl ock containing the conplex synbols. 20 Each

nodul ?tled Sl}t&ﬂﬁcﬁ%%o?fr %nebbgnk h&lf&&g@%ﬁ@ﬁ mrfunsemnt‘ d»mld;s/ ck:h@iz\maD:Dl\/l
si gnal generat or e rpose Q si gnal generator s.to
generat e t h&ERRERS BRI §£ ﬁg St r ofh Pﬁgtﬁﬁdﬂl e%’%d%‘c%’rtr? asd $deach

bl ock. In(ﬁ&&zuamggﬁv1§EEw1Qﬁghathgememauwiﬁgubﬁﬂpxﬂies one OFDM si gnal
per 25 bIo whi ch ca vhemeg as a _cunul at ve si.gnal_ of qg lnd|V|duaI
Subcarriers. (TFDNWERGTArgahel GROF P16 OGS JAIH dideal A ¢

perform ng an |nv@iefdddsmnEbeanmnraﬂ1tyamﬂ%ﬁramﬂxiQf[l/\converter. The

OFDM si gnal present CFDNIS|gnaI generator 110 can be
broadcast to 30 ﬁ%?%rgl SéeﬁsPﬁg devices via a transmtting device.

Not e t hat frﬁmhehbyeahtéoWaathe 80urdief Satentstateamdiritat N pd0elbal OFDM
si gnal generator &égaaéhb89§ég&§-in much the sane manner
{c) supply each of the N data substreams to a separate
channel encoder {32, 34, 36) having a predetermined

code rate, with each channel encoder supplying an
encoded sequence of M bits;

{d}) combine the bits of the N data substreams encoded in
step c¢) into an N tuple and map them to a complex
symbol of a 2¥-PSK symbol alphabet (40);

(e} combine the complex symbols into blocks of a
predefined size;

(£) assign the complex symbols in each block to
different subcarriers;

{(g) generate an analog OFDM signal from the complex
symbols in each block and broadcast the OFDM signals
to receiving equipment.

2. Method for the OFDM multicarrier transmission of digital
- broadcaéting signals according to Claim 1, characterized
in that each data substream is convolution-encoded in
step c).

3. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to Claim 1 or 2,
characterized in that the complex signals generated in
step d) are time-interleaved and, after completing step
e), frequency-interleaved.
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as the correspondi ng function “““Ilsﬂllﬂllwmuml DAB trans Hﬂesr%l-é%'rg,qs BEEN

theref ore not necessary to descrille the%e 35* function
As showg.i n HMegihoz Eoﬁ(ﬂ}@d?mmlﬁﬁaﬁﬂes umrpmai@d &f d:.gntala

known DAB transmijter.. The kno DAB transmtter

oot | o i SRRt DRSNS L o0k Sl Sy KOR¥uan

encoder 135 fxr chexeditegricged rim tdeta Nalsmlunlmmehw@reaﬁérfbhan

encodi ng a source d%tq“% % stream a tinme interl eaver 140, a DAB- MSC frame
iond

mul ti pl exer, frame nul tiplexer 150, a bl ock generator 155, a
synbol mapper 160, as well as frequency interleaver 90, differential

Cransm grer ARFRCDARY e TR e et el Silish iR ol baE B
general |y kndwsaddesting \éirald aatdobingits @m&e¢£anaqmsﬂhedhrqugheater
connect od. dovtfs PEasterd Trd R R 8 "Nl 108 iRy LRPRELETRD 1o

encoder 137, undaxrdmtaerdiifereryirl modulation on each subcarrier.

6. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to Claim 5, characterized
in that the complex symbols modulated in step f) undergo
an inverse discrete Fourier transform in step g).

7. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to one of Claims 1 through
6, characterized in that multiple source data streams are
generated, processed according to steps b} through 4),
and then time-division multiplexed.

8. Digital OFDM multicarrier transmission system for
carrying out the method according to one of Claims 1
through 7, including:

a) a transmitter {(10) with the following features: at
least one set (30) of at least N parallel-connected
channel encoders (32, 34, 36) having a predetermined
code rate for encoding one data substream each;

- a'symbol mapper (40), connected to the outputs of
the N parallel-connected channel encoders (32, 34,
36), for mapping an N-bit tuple to a complex symbol
of a 2¥-PSK symbol alphabet;

a block generator (80) for combining a predetermined
number of complex symbols into a block;

a multicarrier modulator {(100) for modulating the
complex symbols combined into a block;

and a device (110) for generating analog OFDM

16
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| ”!g!)ll"l!ismljk@sﬂﬁwenerator 155 of known DAB transmtter 130, 9( }:g%%g%%_ﬁﬁm

a streans bit-by-bit and not in the form of cd

A bl ock nultipl exgighd®s Phb&hthaCebRPIRLHE Syiio P 0Lk SeQER XoDABKT BadSM T er
10 and the bl ocks o? ' r into the transnjssion franes shown

he DAB transnmitte x
in 20 Figure 4 fﬂragﬁPégéﬁﬁFﬁPﬁeghﬁaﬁﬂ§%°949ﬁ9¥w$H%Ha R-order to
integrate X-DAB transmitter 10 according to the present invention into
known DAB transpjtte 0 . 100, and 110. Figure 1 al so shows .a device
120" T or Sgenchiat kgL o8F BN PR LR A EIERo PR AR | SYEFED BORRECLEE {0
OFDM si gnal genelaifr s1l6hakattuzined & nelddeintypliéavéra (E0ansN ssion
frame which can be gsngrateg bﬁ@tge DAB, and X-Qé? transn1ié853 shown in 30
Figure 1. ThE°PPEAERTASSPBRSFIS 6 Ehe MR A9PRPHdéS! féP?exanple,
L=76 Dbl ocks tibmeesnpvadlegvingt bhe7GotpDdxs wihtisl s Eaﬁndtaaﬂsgﬁa&ne? f \r/ﬁmah
Is divided in ree se tial_parts:, the synchr.oni.zation chann I C
i-s generatedlﬁﬁeégﬁéﬁ?gngggyfoﬁogﬁgﬁhgﬁ'35%3#%?brlfi gﬂﬁgoggﬁﬁféloghe
first 35 bi8ek andt hbefmaireicaratiea modaringtlor| L ¢6hst fonf Sregueany-
channel ), whj A cks, 2 throuah 1+1;. and i,n, service channe
VEC, whi ch "LSERTELRLES, PhE 8§I?§’1f39259’%\’°6’3‘gsn‘fbea° B3¢k
10. Digital OFDM multicarrier transmission system according

to Claim 8 or 9, characterized in that the multicarrier

modulator (100) performs a differential modulation on

each subcarrier, and in that each channel encoder (32,

34, 36} is a convolution encoder.

11. Digital OFDM multicarrier transmission system according
to one of Claims 8 through 10, characterized by a frame
multiplexer (70) for multiplexing complex symbols from
different source data streams.

12. Digital OFDM multicarrier transmission system according
to one of Claims 8 through 11, characterized in that a
block interleaver (52, 54, 56) is connected downstream
from each channel encoder (32, 34, 36).

13. Digital OFDM multicarrier transmission system according

to one of Claims 8 through 11, characterized by

b} a transmitting part (130), positioned parallel to
the transmitter (10), which supplies a blocked 4-PSK
symbol stream, like the one produced by a symbol
mapper (160) of a known DAB transmitter, and is
connected to the frequency interleaver (90) via a
block multiplexer (170), to which the block
generator (80) of the transmitter (10) is also
attached.
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L. To keep things si M‘““HI"?I“IH‘MMVI“% does not show any nul ITwﬁrﬁﬁEETiHAs BEEN
ne

"synchroni zati on chan I'n mAi nsservi ce channel the dudio RERIAGEIB
and datg sepyi;Gen1CAFE rﬁi‘i@ﬂé@f‘ri@i%&ﬁﬁs&&%ﬁ%ﬂ@}ﬁs@éﬁl

vari ous data sSources. Because 5 the | ayou the s hronlgatlon and

control chaf®elons §facﬁ/15ﬁf’f"ér‘ge%u%ll1§/°‘|18€nii%af: a&?ﬁ?’t ahshli tPer

and X- DAB t@@@gﬁéﬁ(ﬁhéﬁ)ogrgqﬁgiOfaaglon contained therein can be
eval uated by a known DAB receiver as well as by an X-DAB receiver according

to the present invention. At |east part of 10 mai n service channel MSC is
gCCEp' agd bY&ﬁ@%@%@ @mm?ﬁulﬂ\bd:&brﬁ@ﬁ eeahsmisdsion @Wméb ®, actdlﬂerdln%

i gher - speed vi deo yom one or sources Qr_subc nels to be
transmtted %Y /5§atq é)e?h’i@ugghi‘lsuﬁ &% %}Yr ansmitted in
the transm ggi onaf rﬁ@eﬁﬁ@@rmﬂg thet Aol DARislafdarthwe®: 15  desi gnat ed

DAB- MSC in Figure 4. a nti oned above, the control data-‘is
fransmtted unchéﬁbéﬁgﬁﬁ ?ﬁi?gﬁﬁnnel t he known DAB recei ver can decode
t he control dataa(ﬁmﬁfefemt1Mbsdgﬁﬁéuaaedrby X-DAB transmtter 10, and, on

the basis of the iq;ornation ont fd t herein, detect and decode
a freqguency deiln er eaver;

a device for removing the block structure;

a demultiplexer for time-division demultiplexing the
complex symbols from different source data streams;
a time deinterleaver;

N parallel-connected metric calculators {130, 195,
200) downstream from each of which is connected a
separate convolution decoder (230, 232, 234),

with the outputs of the convolution decoders (230,
232, 234) being fed back to the respective metric
calculators (195, 200) via assigned complementary
convolution encoders (240, 245) according to a
selected symbol mapping rule.

16. Digital OFDM multicarrier transmission system according
to Claim 15, characterized in that a block deinterleaver
{205, 215, 225) is connected between each metric
calculator (190, 185, 200) and each convolution decoder
{230, 232, 234), and a block interleaver (210, 220} is
connecfed between each convolution encoder (240, 245) for
re-encoding each data bit stream detected and the
respective, downstream metric calculator (195, 200).

17. Digital OFDM multicarrier transmitter for use in a
digital OFDM multicarrier transmission system according
to one of Claims 8 through 16 with the following
features:
at least one set (30) of at least N parallel-connected
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‘20 sulemmllulmml\letransmtted in standard DAB f or nhf HS:SHERT HAS BEEN

transn1ssron6franw Fowever, IS not possible to decodd t he ﬁ@ﬁbﬂﬁﬁhnels

I\/BCrmItlpIe l(gipl eger O hai8Gid ra gétgﬁhhbg@é
and bl ock nu %§§e$BEénggué3gur§&thgﬁﬁsé%V|céiblg%ﬁs %AE-NBC or XSC

gener at ed |an%B fpanshrefdngpane £3¢aafPRSEXRIMB transnitter 10 are

inserted intg é?@mb&afﬁgg&% gao ra@%nsiwnea & Ee eodrpitd SPeghkl & order.

For exanpl e, bl ocks are p05|t|oned bef'ore_apd 30 after

t he XSC bIocRéraﬁlﬁérﬁ°§éFFF@é chapmal pmcedersiel32andti s3Pdbn £PEme shown

in Figure 4.nEgplaw B4 SILQ»Cilt mFﬂleplwwg:&aplté@cg 1|efeaenﬂ-’t§@x the
above- nent i oned fﬁeque I nterleaving of the conplex synbols in each
DAB- MSC and S¥CPBLoERPREPPEdr enti al nodul ation and the generation of 35

the OFDM si gaabioakeg@aé&-ae@zot{ta onoq@m@omnm ha bppediet ¥pREnell
Thanks to thisﬁgomnmgrd co atlb | .ement at.ion of X-DAB transmtter 10
accor di ng t o®tfEehr & eﬁPmP 4 g Rlock:

a multicarrier modulator (100) for modulating the complex
symbols combined into a block;

and a device (110) for generating analog OFDM signals
from the complex symbols in each block and for
broadcasting the analog OFDM signals.

18. Digital OFDM multicarrier transmitter according to Claim
17, characterized by a time interleaver (60), connected
downstream from the symbol mapper (40), for time-
interleaving the complex symbols and a frequency
interleaver (90), connected between the block generator
(80) and the multicarrier modulator (100}, for frequency-
interleaving the complex symbols in each block.

19. Digital OFDM multicarrier transmitter according to Claim
17 or 18, characterized in that the multicarrier
modulator (100) performs a differential modulation on
each subcarrier, and in that each channel encoder (32,
34, 36) is a convolution encoder.

20. DigitaI.OFDM multicarrier receiver for use in a digital
OFDM multicarrier transmission system according to one of
Claims 8 through 16, characterized by
an OFDM demodulator;

a differential demodulator;

a frequency deinterleaver;

a device for removing the block structure;

a demultiplexer for time-division demultiplexing the
complex symbols from different source data streams;
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_geﬁer ated by either a DAB transmitte H{m Immll "tilﬁnsm’ tl Eﬁ'%ﬁ%%%’gHg BEEN
transmtted inthetransn‘issionfranmm i gure Ei C
shows, for eé@%&%@id@iﬁﬂ%@QE%Egge decddet 180" of decoding a data stream
whi ch was subjected tq an encoded 8-PSK nodul ation on the transmitter side.
Thr ee- st age He®gdadledoconnegtedametiis: catcugatornst B gikes. FOM

mul ticarrier ghem@ityeam $eohdieagdht St e iRheSeNcdnMeRitdPny d&persed to bel ow
as X-DAB recelver. The X-DAB receiver has the sanme function units as a 15

convent | onal CORBOLEkdORedecriies i(RéPud@3 2an 20k aedfhe RULRBEP0SEd of

an A/ D conveiher ol u@9vnC gelcaderer f(2B10, N2 32 dixsanetr fyried baarsform
A differential denpdul ator ,and a fr,equer_JLcy dei nter| eaver. are congect, ed

downst r eam f £8m reEpRcHaYSdmesrde. calewateortor{ Pdm iRy t420h) iR

structure fohlsed@ndd compherentargneyndoilntaontanioderseprnce295) conpl ex
synmbols is thus present at the out Egtﬁ 0 hi s devi ce. _-The conpl ex synbol s

pass t hough ACGFOFHCpitexér Skreche RIS, X ST denul ti pl exi ng of
t he conpl ex synbols fromdifferent source data streans. A downstreamtine
dei nterl eaver largely 25 functions as a known tinme deinterleaver of a
Known DAB receiver, the main difference being only that it does not
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process individual bits but rather the conplex synbols, i.e., bit groups.
‘Thr ee- st rdenonder 180 shown in Figure 3, which perfornms an encoded 8- PSK
nodul ation, is connected downstream 30 fromthe tinme deinterleaver in
order to decode the X-DAB bl ocks. Three-stage decoder 180 needs three
'paralIemmprnuam&ntrmiran eaisuiagomsaleﬁanéﬁissammZayhﬁdmcwghwtnatracover
t hree d?}a substrea e tr gé ted so rQe dat stream An

opt i onalP ¥k ek cimif? exé%fe? %ﬁ%zbﬁl%CQéﬁHe i3 §@ln & ed
dovnst r egime rsysmntqm@utp, cafcm@tgameEeybtmt quald. ldaai Ge 190, 195,
200 i s caonnecte conyv |on decodei Q 234 either directly
or via ﬂfs'ﬁfc w’l"?h a8 Broek ‘a"é?ﬁt%JrWéad aF EG%S"QE hPRIE The

out putsnﬁcmwlsrtd@naﬂeméesamaaﬁ)et Zaataaﬁdt%34 are fed back to the

metric cal culators via assigned, conplenmentary convol uti on encoders 240 and
245, depending on the mapping rule executed 5 by synbol mapper 40 of

. X- DAB t mmynmlddEermdfpet f (6ghhds coppectd@ gerberlsd duwadithidtn NBiM N,
cq vol uti on degoder 230 LS f?g Pack to ge %IC c%kpu%ﬁyor 200 via a
| e ST Q: 1 RS % 0} instead of to ock generator

g (155), as in the case of the DAB system. A multi-stage channel
encoder, to which the data substreams of a source data stream
are distributed, is used. The source data stream is processed
on the complex symbol level and not on the bit level, as in

15 the case of known DAB systems.

(Figure 1)

21

Sk At T4 et T W Nmminy e cem grevar  mv m s st s o - Lot rrTEwATNG L T A S
. g = R P N R TR RGP A w1 e A SFURTEL A, * ~ ! e T R S



encoder 240 and a block interleaver 210. Convol ution decoder 232 is al so
fed back to netric calculator 200 via a 10 conpl enentary convol ution
encoder 245 and a bl ock interleaver 220. |ff3ynbol mapper 40 perforned

nat ural mappi ng, convol ution decoder 230 nust be connected to netric

cal cul ator 195 via conplenentary convol uti on encoder 240 and bl ock

I nterl eaver 210. Convol ution decoder 232, in turn, nust be 15 connect ed
to metric cal culator 200 via conpl enentary convol uti on encoder 245 and

bl ock interl eaver 220. The term "metric" refers ti he di stance fromthe
conpl ex receiving synbol s q the decision thres 3 dapted to the mapping
rul es on t he€enphex—owtt ~Ppessbl v veighteddn aseliabilityoqr. 20

channel statys fl &7 ngi on sho_ul d be nade of a further advantage of th

X- DAB transn]ssiaq Meceor-th-rg—te—the—presenrt—Ayent i on over the kngwn
DAB transm sgiFdh " & ari sing when inplenenting 25 { "l ocal w ndows" in
the transmni spideta frame shp@if in Figure 4. Th4QO-DM A8tthod can be used tol
set up simultaneo breradcasti ng networ ka? whi cirneany thai bhe program |
ensenbl e i s broadlasiiaielt he same fgaguency fromladj adeng ] nsmtting
stati ons w t hout “pasdkici ig e T Nt QiskPRRQCE | hat joc oW th a 30 :
conventlonallﬁm&b gadcasti ng recei ver— ordgastio EniXdte a i
l in X-DAB d. frame |
| Subchannet 1 Other MUX ]
i X-DAZ t
l, subchannels 9 153 e 160 }
i Block Symbel § )
! generator mapper |
i !
Blocks :
;_ ———————— e e e e _ 2‘"'] m, ﬂ"",-«, L j
: Encoded modulation'. - 40 —;50- T -7-0_ T —; 17 0
] § pa——— . T T T ety | s
i H Channel Symbol |!] Time { \
: : encoder mapper {1 intzrlfzver t  Blocks N\
Dah LR T rTTS -l mvck ' m+1 n
i Xsc ] Block
! lz:;nh‘::nel . 30 20 Other Mux || sementor ! MUK
; X-DAB b e T =y
| subchannels 80 o0 = i
N Frequency |}
; ] interieaver | {
' |
1 100 v
| N\ Differeatiat |1
1
! {
) .
£ " 120 Synchro- :
i nous | i
. | channel! h
l' |
_______ *--7—-——‘-.‘.‘-”‘——ﬁ——_l——.—-——.——-—.-————'
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typi cal

FM br oadcasting structure with
transm ssion system a contiguous portion of main service channel

gy | ocal

prograns i

the transm ssion frame shown in Figure 4 is renoved fromthe

si ngl e-frequency br
injected into this

i ndi vi dudbats substseank 0i
has a di sadvantageous?;

subcarriers of an OFLIY% m. HY b4

and 35

gg@%ﬁ%ﬂ '{he :

dcasti ng node, t he | ocal
i nj ' ' QQQH. APy at theZT@slator's Not e:
shoul d read Bl ockdei nte 2 er--.rat her n

progr

an_Bl qckdnt er | eaver

& 4

n a DAB
MBC of

ans are

Th%@er man |

f2: ru§ e of the DAB st andard

Bt A

different data sour cés. 5 gequently i's notf possible to dgfimt the
| ocal wi ndow within an OF yrmol Wi t hopi i nt er Qeﬂbnce For
si ngl e- f rgaNenSHeRk o 1 001 cegchannel
M5C nust al wa i oTPTrNe et D;“; el is
octupi ed. 10 The X-D 880868y dsi on | M eckor di
i nvention avoids thi 5 di sa vg%t age by perfcgén ng th 16[1&” -PSK
* ,. ‘ / b (2) 0 1"
Data sabstream 24{ Convolution]’ Flock
! encoder ! interleaver
Cesmawne P,
Fig. 2
1 205 230
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Metric Block Convoluts * Data substream 0
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o M0
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"

“ modul ation in synbol mapper 40 bef ore3Bne interl eaver 60 perfornms the time
‘interl eaving operation, thus establishing a 15 direct connection to the

programin question. Wen inplenenting | ocal wi ndows, the subchannel limt
bet ween si ngl ¢-Synehyossrationbr 0a ing and | ocal prograns can thus lie

Wi thin an OF Mrfering wi th single- frequency

br oadcasting fec +*0n. The X-DAB transm ssion 20 system can therefore be
used to inple L.ocal \mi ndows by making nore efficient use of the

bandw dth. 14 (opdciie asm; thg O fice Agi] of 02/24)199§) Jevi $ed
Patent C ai ns f d tf A[i' t he CF rrultlcarﬁgdlcgsr1 transm sgi on of djgital
broadcasti ng pi'ghats: Zotth or di gi t+ladadl- val uefsdiideods ith
t he fol |l ow ng-steps—~{er—geret at‘eﬁ Heast—oRe-sot-ce—data—stream-whi-obl | s

divided into a pfurality C?WW%%%@F&'@{“@‘H%’&?&%@@(}% }9{8@5

down the source gdat FIE L84

AJ"S._.

Main service channel (MSC)
. ' Fig. 4
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TCH202 4
'data substreans; (c) supply each of the N data substreans to a sepa‘ﬁgﬁﬁ
‘channel encoder (32, 34, 36) having a predeterm ned code rate, with ea
.channel encoder supplying an encoded sequence of Mbits; (d) conbine the
bits of the N data substreans encoded in step c¢) into an N tuple and map
themto a conplex symbol of a 2[err]-PSK synbol al phabet (40); (e) conbine
the conpl ex synbals into gbocks of a predefined size; (f)
frequencySFﬁFérPéavgthQr npleé synbol s conbi ned bl ock-wise in step e);

(9) aSS|g bﬁ §§ ff*each bl ock to different subcarriers; (h)
generate gp Biv naI fromthe conmplex synmbols in each bl ock and
broadcast the CFDNISlgnaIs to receiving equipnment. 2. Met hod for the

OFDM nul ticarrier transm ssion of digital broadcasting signals according to
G aim1, characterized in that each gafgS¢pstreamis convol ution-encoded
in step c). 3. Method for the OFDMMultrcarrier transm ssion of digital

On this day, Suzanne Gagliardi, personally appeared
before me and after being duly sworn, deposes and states:

1. That she is accredited by the American
Translators Association as a translator for the language
combination German to English and is employed as such by
Kenyon & Kenyon (One Broadway, New York, New York 10004);

2. That she has carefully reviewed the attached
English language translation from the original German
document, revised claims 1-20 for PCT Application no. - -
PCT/EP97/010%0, entitled

‘“Method and System for the OFDM Multicarrier
Transmission of Digital Broadcasting Signals”,

which were part of the International Examination Report dated
2/24/1998; and

3. That the attached translation is an accurate
English version of such original to the best of her knowledge
and belief.
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Subscribed and Sworn to before me

thiscH b%Z:'L—iy of Npreetresr , 1998.
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- br oadcasting signals according to Claim1 or 2, charact egllﬂmllmnnﬁﬂuﬂJMI
conpl ex signals generated in step d) are tine-interl eaved. .
for the OFDM nul ticarrier transm ssion of digital broadcastirg <igflal §

according to one of Clains 1 through 3, characterized in that Nis set to a
val ue gtmatthe thamisrofquhe ©6L3ces5Actippt bdd 0RI24MHS DM mul ticarri er

transmﬁgqiggéﬁpégég{ablgiﬁgdcasting signal s according to one of Clains 1
through 4, characterirzed In that the conplex synbols in step f) undergo a
di fferential nodul ati on on each subcarrier. 6. Met hod for the OFDM

mul ticarysi ermétieddNESsi Bhe 0OFOMOuaL i bagadeas traghsiigialen ast alityigal o

inder go an RIS SE 4T SBFoPAORBLPT ot PARCS N Sreg iy A94RHE0d 1 or
t he OFDM nulvtalaeerservicaeasnwishobhef foildiowdngorsdageast i ng si gnal s
according togone ggén&éi:gﬁa% iBEgEQBn@ s%ﬁ!&%%ch‘aféa??s%ferhrﬁ %&ié‘?ﬂ'iép' e
source data Strea are generated, processed according to steps b) through
d), ldivided into a plurality of frames of a predetermine
length;
{(b) break down the source data stream into N parallel
data substreams;
{c} supply each of the N data substreams to a separate
channel encoder {32, 34, 36} having a predetermined code
rate, with each channel encoder supplying an encoded
sequence of M bits;
(d} combine the bits of the N data substreams encoded in
step c¢) into an N tuple and map them to a complex
symbol of a 2F-PSK symbol alphabet (40);
{e) combine the complex symbols into blocks of a
predefined size;
(£} frequency-interleave the complex symbols combined
block-wise in step e);
{g) assign the complex symbols in each block to
different subcarriers;
(h}) generate an analog OFDM signal from the complex
symbols in each block and broadcast the OFDM signals to
receiving equipment.

2. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to Claim 1, characterized
in that each data substream is convolution-encoded in
step c).

3. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to Claim 1 or 2,
characterized in that the complex signals generated in
step d) are time-interleaved.
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-and then time-division nultiplexed. 8. Di gi tal OFDM mul t |Imﬂ MMJIHLHIIIMII
transm ssi on systemfor carrying out the nethod according tlé# DRI rok
i t hrough 7, including: a) atransmtter (10) with the foll'owing

features: at |east one set (30) of at |east N parallel-connected channel
encoders (32, 34, 36) having a predeterm ned code rate for encodi ng one

data supstrepmcgaehscd PHDUrDRRRE t {ADri£ONDESL8Fi 581 bhecpuUlRYLE 8a0f the
N paral | el -connect ed channel eqFoders 2, 34, 36%, %or nagglng gn N- bi t
tuple to a cBFPPECEMRI ORA ﬂé’r‘ﬁ@%@%y%o‘?n | phabe®ig bl bEKOUI
generator (88) thareetarmize arpridtet & iynesenutdbes vhlconplesteynmhbka i nto
a block; a nulticarri quuIator (100) for nodulating the conpl ex synbols

p
conbi ned int8rae8F88kaﬁ " a frequency interleaver (90), connected between
t he bl ock generator (80) and the nulticarrier nodul ator '

5. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to one of Claims 1 through
4, characterized in that the complex symbols in step f)
undergo a differential wmodulation on each subcarrier.

6. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to Claim 5, characterized
in that the complex symbols modulated in step f) undergo
an inverse discrete Fourier transform in step g).

7. Method for the OFDM multicarrier transmission of digital
broadcasting signals according to one of Claims 1 through
6, characterized in that multiple source data streams are
generated, processed according to steps b) through 4},
and then time-division multiplexed.

8. Digital OFDM multicarrier transmission system for
carrying out the method according to one of Claims 1 through
7, including: |
a) a transmitter (10) with the following features: at
least one set (30) of at least N parallel-connected
channel encoders (32, 34, 36) having a predetermined
code rate for encoding one data substream each;
a symbol mapper (40), connected to the outputs of
the N parallel-connected channel encoders (32, 34,
36), for mapping an N-bit tuple to a complex symbol
of a 2¥-PSK symbol alphabet;
a block generator (80} for combining a predetermined
number of complex symbols into a block;
a multicarrier modulator (100} for modulating the
complex symbols combined into a block;

REVISED PAGE ' 2
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(10Q), for frequency-interleaving the conplex synbols in eamllwﬂu mmmlmlll
device (110) for generating anal og OFDM signals fromthe co
each block and for broadcasting the anal og OFDM signals. 9. D gi

mul ticarrier transm ssion systemaccording to Caim8, characteri zed by a
time interl eaver (BOfLeqrmeytimteolrrerah??} oneoneesyatoberuppar theo) for

Lime-interl eaving yfioie UBNEXFDPES) 40 ek ohot i CEDMLEY! hbaanbker

transm ssi on systen1accord|ng to alm 8 , Characterized_in that the
mul ticarrier nodul &} ( 150y $es WW?’H’F??%‘?%Y]HISI th8dGPEPLEX on each

subcarri er and irg}}d&adlseai;ﬂg @i@mn@io@]@poﬂ@d (32, 34, 36) I's a convol ution
encoder. Digita rrier_transm ssio é%sgm accorgl ng to

one of Clalns 8 trﬁC) W%ﬁf) ?%r$%%%r% TH9¢ 78 8xdl3(70) for
mul ti pl exi ng corrpl@orsyﬁib@lcsorﬁpba:mdvsymle@bsntmoeacb Haecaksandafeor 12.

Digital OFDM nul ti S S a to one of Clains 8
t hrough 11, charac%alidze ﬁ?ﬁ%éa&gg}ﬁ% (?ﬁl?%rlgggégrw?w 54, 56) is

connect ed dommstrean1fron1each channel encoder (32, 34, 36).
9. Digital OFDM multicarrier transmission system according

to Claim 8, characterized by a time interleaver (60),
connected downstream from the symbol mapper (40) for
time-interleaving the complex symbols.

10. Digital OFDM multicarrier transmission system according
to Claim 8 or 9, characterized in that the multicarrier”
modulator {100) performs a differential modulation on
each subcarrier, and in that each channel encoder (32,

34, 36) is a convolution encoder.

11. Digital OFDM multicarrier transmission system according
to one of Claims 8 through 10, characterized by a frame
multiplexer (70) for multiplexing complex symbols from
different source data streams.

12. Digital OFDM multicarrier transmission system according
to one of Claims 8 through 11, characterized in that a
block interleaver {52, 54, 56) is connected downstream
from each channel encoder (32, 34, 36).

13. Digital OFDM multicarrier transmission system according
to one of Claims 8 through 11, characterized by
b) a transmitting part (130), positioned parallel to
the transmitter (10), which supplies a blocked 4-PSK
symbol stream, like the one produced by a symbol mapper
(160} of a known DAB transmitter, and is connected to the
frequency interleaver (90) via a block multiplexer (170),
to which the block generator (80) of the transmitter (10)
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i3.. -Digital OFDM multicarrier transm ssion system accordin
Clains 8 through 11, characterized by b) a transmtting p 4

positioned parallel to the transmtter (10), which supplies & @'ﬂ%!ﬁj’ﬂluﬂull

symbol stream |ike the one produced by a synbol napper (160) of a known
DAB transnit tid akgrl att cted to the frequency interleaver (90) via a
bl ock multiplexer (170), to which the bl ock generator (80) of the
transmtter ( is al so attached. 14.

0), .REVI PAGE |, : N ICNel
Di gi t al Jé:DM‘#nﬁJt"i r‘?sﬁ%gf’ ‘F‘%“r&?ﬁ%&%ﬁ STRPEm 884 6PdPHE e GF€csindi ns 8
through 13, darent esf z2ethims thathdoughgiBat ehathateizequah 023 N Ss

o - : Ceai i f Clains 8
through 14, ChArictar ity of G0t St BCae) Ver i th the Tol Lovi ng feat ur es:
an OFDM denodul ator; a differential denodul ator; a frequency deinterl eaver;
15. Digital OFDM multicarrier transmission system according
to one of Claims 8 through 14, characterized by
c) a receiver with the following features:

an OFDM demodulator;

a differential demodulator;

a frequency deinterleaver;

~a device for removing the block structure;

a demultiplexer for time-division demultiplexing the

complex symbols from different source data streams;

a time deinterleaver;

N parallel-connected metric calculators (190, 195,

200) downstream from each of which is connected a

separate convolution decoder (230, 232, 234),

with the outputs of the convolution decoders {230,

232, 234) being fed back to the respective metric

calculators (195, 200) via assigned complementary

convolution encoders (240, 245) according to a

selected symbol mapping rule.

16. Digital OFDM multicarrier transmission system according
to Claim 15, characterized in that a block deinterleaver
(205, 215, 225) is connected between each metric
calculator (190, 195, 200) and each convolution decoder
{230, 232, 234), and a block interleaver {210, 220) is
connected between each convolution encoder (240, 245) for
re-encoding each data bit stream detected and the
respective, downstream metric calculator {195, 200).

17. Digital OFDM multicarrier transmitter for use in a
digital OFDM multicarrier transmission system according

to one of Claims 8 through 16 with the following

REVISED PAGE 4



;a device for renoving the block structure; a denultipl exer

ti me-division denmultiplexing the conplex synbols fromdiff m““wl“llulmmul
.Streams; a tine deinterleaver; N parallel-connected netric cal ¢ul & of's *
(190, 195, 200) downstream from each of which is connected a separate

convol uti on Heesbdees(230, 232, 234), with the outputs of the convolution

decoders (23%59?;%2%1% %@tn%fo%d (?b@% tedde fespesiive BBhhketed

cal cul ators Vi a aSSI Ienentary convol ution, encoders
(240, 245) a@ééﬁéﬁﬁge%’oéeé”@ MpiHY R PESIEBSITPEEPHaFOeEDM

nultlcarrlerrgténsaksgb@@diﬂg<anénagﬁéhgub§gréa@4n115 characterized in
that a bl ock deln% | eaver ( 05 215, Zzg%ﬂés cqggected bet gac nmetric
95,

cal cul ator (%98Y™ MSEEE Tand Rac FEBRTIH | TR %oﬁ%?p?§§0° 34),
and a bl ock patanReévenn@&hiedﬂdﬁanneIxﬂnumdexbbe3meem4eaaﬁ)coﬁmmlution

espective, TRRRIPTLSR MEPIL CIE AP % AiRlts Sresqn OF £2p%edkr, "
mul ticarri er symRednpdpdabes: use in a digital OFDM multicarrier
transm ssi onaSysbel aes@tREd (80) for combining a predetermined
number of complex symbols into a block;
a multicarrier modulator (100) for modulating the complex
symbols combined into a block;
a device (110} for generating analog OFDM signals from
the complex symbols in each block and for broadcasting
the analog OFDM signals; and ’
a frequency interleaver (90), connected between the block
generator (80} and the multicarrier modulator (100}, for

frequency-interleaving the complex symbols in each block.

18. Digital OFDM multicarrier transmitter according to Claim
17, characterized by a time interleaver (60}, connected
downstream from the symbol mapper (40}, for time-
interleaving the complex symbols.

19. Digital OFDM multicarrier transmitter according to Claim
17 or 18, characterized in that the multicarrier
modulator (100} performs a differential modulation on
each subcarrier, and in that each channel encoder (32,
34, 36) is a convolution encoder.

20. Digital OFDM multicarrier receiver for use in a digital
OFDM multicarrier transmission system according to one of
Claims 8 through 16, characterized by
an OFDM demodulator;

a differential demodulator;
a frequency deinterleaver;
a device for removing the block structure;
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itq-one of Clains 8 through 16 with the foll owi ng REVI SEIf) Qmﬂa
k

4 features: at |east one set (30) of at |east N parall UHIIHI““J“‘

sChannel encoders (32, 34, 36) having a predeterm ned code ka e‘H 1or senéodrng
one data substream a synbol nmapper (40), connected to the outputs of the N
par al | el - confefeylEhRdsEerefosd &ige-ghvigyomsleny b inkerping Be N-bi t

tuple to a C@E&F@éxslé%&bl%f farofl Hilflr?Qhts Wiohca dadeds réahs ock _
generator (80) for conbini a predeterm ned nunber of conplex synbols into
a bl ock; a ndl tHE&r %FéPtﬁﬁg%agte&r’ (100) for nodul ating the conpl ex synbols

combi ned int¥ palrhodkl-actedicted hihriforcgentdistony a0 pgLa¥P\esopnal s
Si gnal o andCS P PEEGaNe o A Barh VU0 o bRt B e T haTE ook
gener at or ( 8&pnarduthienmdecioda | @3 @At F34)1.004itH ophe outputs of
the convolution decoders (230, 232, 234) being fed back
to the respective metric calculators (180, 195, 200} via
assigned complementary convolution encoders (240, 245}

according to a selected symbol mapping rule.
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frequency-interl eaving the conplex synbols in each block. 18. Di gybalﬁw
mul ticarrier transmtter according to Caim1l7, characterized by ' '
i nterleaver (60), connected downstream fromthe synbol napper (40), for
time- interleaving the conplex symbols2 19. Digital OFDM nulticarrier
transmtter according.tqQ Caim17 or 18, characterized in that the

mul ti carri ertfansepiftes ahigheodata pases witheutdmpairing thentramisshbdiualiyon on each
subcarrier, and in that each channel encoder (32, 34, 36) is a convolution
encoder. 20. Digital OFDM nulticarrier receiver for use in a digital OFDM

mul ticarri errHelmbeRt £S5 cLOr-dl to_one of .5, 8§ through 16,
charact eri zed b{/% an %ﬁé‘:ﬁ%&%@%ﬁ?gjg&%ht&éﬁw g?scé?éﬁ?dg@%‘frb ?n‘g
frequency devith thelfeatues of €lalgy 8CE7 fagh 20enovi ng the bl ock structure; REVI SED

PAGE 5 a demultiplexer for tinme-division
demul ti pl exi ng the

In accordance with the present invention, there is provided
a method for the OFDM multicarrier transmission of digital broadcasting signals, in
particular for digital added-value services, with the following steps:
(a) generate at least one source data stream which is divided into a plurality of
frames of a predetermined length;
(b) break down the source data stream into N parallel data substreams;
(c) supply each of the N data substreams to a separate channel encoder (32, 34,
36) having a predetermined code rate, with each channel encoder supplying an
encoded sequence of M bits;
(d) combine the bits of the N data substreams encoded in step ¢) into an N
tuple and map them to a complex symbol of a 2%-PSK symbol alphabet (40);
(e) combine the complex symbols into blocks of a predefined size;
(f) frequency-interleave the complex symbols combined block-wise in step e);
(g) assign the complex symbols in each block to different subcarriers;
{h) generate an analog OFDM signal from the complex symbols in each block

and broadcast the OFDM signals to receiving equipment.

The subclaims describe advantageous embodiments and improvements.

The main idea behind the present invention is to provide a digital OFDM multicarrier
transmission system that is based on the existing DAB transmission system with
improved system performance. At the same time, attention was paid to the ability to
use known hardware components from the existing DAB transmission system when
designing the digital OFDM multicarrier transmission system, making it possible to

easily incorporate the present invention into an existing DAB transmission system.

REPLACEMENT SHEET
03 AUG 1999




conpl ex synbols fromdifferent source-data streans; a tine deinterleaver; N
paral |l el -connected netric calculators (190, 195, 200) downstream from each
of which is connected a separate convol ution decoder (230, 232, 234), wth
the outputs of the convol ution decoders (230, 232, 234) being fed back to
the respective netric calculators (fﬁb, 195, 200) via assigned

conpl enentary convol uti on encoders (240, 245) according to a sel ected
synmbol mapping rule. S:\NY3DOCS\ TRL\ PFO1\ 20269- 1- 10397-999 6

To keep things simple, the transmission system according to the present invention is
called the X-DAB ti‘ansniission system. “X-DAB” stands for extended (or enhanced)
digital audio broadcasting system. To prevent misunderstandings at the outset, hote
that the X-DAB transmission system can be used to advantageously transmit high-
speed data signals, such as video signals, to mobile receivers along with audio
programs, even though this cannot be done with a conventional DAB transmission

system at a sufficient level of quality.

With the method according to the present invention for the OFDM multicarrier
transmission of digital broadcasting signals, at least one source data stream, which is
split into several frames of a predetermined length, is generated, just like with the
known DAB system. In order to considerably improve system performance compared
to the DAB transmission system, the source data stream is broken down into N
parallel data substreams, each of which is supplied to a separate channel encoder
having a predetermined code rate. Each channel encoder supplies an encoded,
preferably convolution-encoded, sequence of M bits at its output. The bits of the N

encoded parallel data substreams are each combined into an N-tuple, i.e., a group ora




