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1.5 MHz.

Recently, program providers have shown great interest in using DAB also to transmit value-added
services, such as video programs at a higher data rate. In the maximum case, this data rate may
occupy the capacity of the entire DAB ensemble. One of the problems in this regard i$ that of

error protection, which, at the (in the DAB system) maximum usable net data rate of 1.728 Mbit/s,

is so weak that the system is not totally suitable for mobile reception. With acceptable error
protection, therefore, noise-free transmission is possible only in the range of data rates up to

" approx. 1.2 Mbit/s.

.25

| With regard to the DAB system, the X-DAB system (Extended DAB) represents a downward-
compatible higher-grade alternative to the DAB system, the X-DAB system retaining the physical
parameters of the therein used OFDM multi-carrier transmission process as well as the basic
structure of a transmission frame according to the DAB system. For specific X-DAB data channels

30 it is possible, in comparison with the DAB system, to obtain better noise immunity together with a
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structure of a transm ssion frame according to the DAB system For specific
X- DAB ggé&pg?snnel S it is possible, in conparisonwth the DAB system to .
obt ai n noi se immunity together with a P96186WD 2 hi gher data rate- -
t hrough the use of coded nodul ation (nulti-stage codes in conjunction with
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broadcasting of digital television (DVB-T) is soon to be published by the

r esponsdmapasisan with the lpwer gdaFdts| . To be sure, the DVB-T system nmakes it
possible to transmt high data rates - nanely up to a maxi nrum of around 30
Moit/s per television channel of a bandw dth of 7 MHz in the VHF range or 8

Mz i nigtih@aikts t6 Bramkeiit ENBHRIE valiBAdSEIcttaOaRR RS videh Ef‘dgrdrﬁs P seihased
on the COFDM nethod, is arnmed prinmarily at sug_pl yin 5 stationary and

por t abteempbiteausersy then theadata ratesaohipyable witle thei iand PobABosyetems|age still taovery
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25 . | Pe phibsiRhed biSthe t3p&iiBle SltAGRy] the BRI PEBEs2E, thDVB-T system makes it
possible to transmit high data rates - namely up to a maximum of around 30 Mbit/s per television
channel of a bandwidth of 7 MHz in the VHF range or 8 MHz in the UHF range; however, the

system concept, which is likewise based on the COFDM method, is aimed primarily at supplying
15  stationary and portabie receivers. That is, mobile reception is possible only to a very limited extent
even if use is made of a non-standardized extension of the DVB-T system with regard to the type
of modulation (see also DE 43 19 217 C2). In order just to come close to the range of the
receiver-end signal-to-noise ratio available with the DAB system, it is possible with the DVB-T
system to employ no more than four-phase modulation on the subcarriers, as is used also in the
20 DAB system. That is, the maximum transmissible data rate per television channel is in this case still

approximately 6 Mbit/s.

In conjunction with the DAB system, DE- 43 06 590 Al proposes that four adjacent frequency
blocks be broadcast simultaneously in one television channel, the correspondingly source-coded
25  data stream (such as MPEG-2 for video and audio) being multiplexed onto said frequency blocks,
whereby, with a broadband DAB receiver composed of four receivers arranged in parallel with a
final output combiner, it is possible to evaluate a net data rate of max. 4 x 1.728 = 6.9 Mbit/s. If
using error protection adapted to mobile conditions, this net data rate will still be around
4.6 Mbit/s. There is, however, a need further to increase this data rate in order to optimize the
30  transmission quality.
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. receiver-end signal-to-noise ratio available with the DAB system it is
possi bl e w the DVB-T systemt-o enploy no nore than four-phase nodul ati on
on thep%q.}\gl iers, as is used also in the 20 DAB system That is, the
maxi mum transm ssi bl e data rate per television channel is in this case
still approximately 6 Mit/s. In conjudction with the DAB system DE- 43 06
Al proposes that four adjacent frequency bl ocks be broadcast _
@#eously in one tel evision channel, the correspondi ngly source-coded
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I ncrease this data rate in order to optimze the 30 transmssion quality.
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achieved by the teatures of claim1. 'In other words, therefore, the
i nvent transmitserthy sheifeaturesiof claimid mnd sviduregdrd 4o theaeqsiveg by the, feggures o€ oleim 13, t o
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&aita stream source-coded in accordance with the services

In other words, therefore, the invention relates to the transmission/reception of video programs
particularly to mobile users, on the basis of a plurality of, in particular four, simultaneously
broadcast, adjacent X-DAB frequency blocks and a corresponding number of X-DAB

15 transmitters/receivers connected in parallel which, as explained hereinbelow, guarantee, by virtue
of the potential of the X-DAB system, transmission rates of approximately 8.3 Mbit/s, with the
result that video programs of high quality can be transmitted.

In an édvantageous embodiment, in the transmission method according to the invention, the
20  output signals of the four X-DAB narrow-band transmitters, which provide the four X-DAB

frequency blocks, are combined into one common output signal and are thereupon transmitted, for

which purpose a summing circuit is provided, the output of which is connected to an HF stage. At
the input end in the transmission method, the input data stream is split between the four X-DAB

- transmitters by means of a service splitting circuit.

As an alternative to the summing of the output signals from the plurality of X-DAB transmitters, it
is advantageously provided - in order to prevent disturbances of the condition of orthogonality
between the subcarriers of the adjacent frequency blocks - that the signals corresponding to the
plurality of X-DAB transmitters are combined at the level of digital baseband signal processing

30 afier differential modulation of the subcarriers of individual blocks, still before actual OFDM
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..content in question, is nmultiplexed. In accordance with the invention it is
pl ann C‘{;ngﬁ free carrier frequency is inserted between the X-DAB
frequ ks. In this way a protective distance of 0.2 Mz or greater
bet ween two frequency bl ocks will not be necessary. In this way the
bandw dth requirement for the X-DAB fréquency bl ocks is reduced, so that it
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rate. A coordinated solution of the tasks results fromthe features of
Caim2. In order to increase the transm' ssion rate, the invention
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tput signals of the four X-DAB narrow band transmitters, which provide
the four X-DAB frequency bl ocks, are conbined into one conmon out put signal

and ar Actdrding tpamadvantagedustfedher fdevelopmertt of thepjwesstion, stismiavidedithat uhe dats
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concept with evaluation of the information transmitted in the FIC.

15
In an especially preferred embodiment, the data streams are recovered from the received
transmission signal by one single OFDM demodulator connected upstream of the plurality of X-
DAB receivers. Said OFDM demodulator preferably contains an I/Q demodulator, followed by an
A/D converter for each of the I- and Q-branches and an FFT in that sequence.

20

C The bundling according to the invention of a plurality of, for example four, X-DAB frequency

- blocks to provide a broadband X-DAB, BX-DAB system within a normal television channel
permits the noise-free transmission of value-added services at a high data rate in particular to

- mobile receivers at a typical data rate of 6.9 Mbit/s.
25

The system concept according to the invention offers a high degree of flexibility with regard to
different error protection profiles and thus data rates, said profiles being switchable - in the
transmission of a data frame - within a frequency block and also between the blocks with regard to
the individual data streams of the source signal. In contrast to the above-described DVB-T system,

30  this makes it possible to implement both equal-ratio and also non-equal-ratio error protection. The
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. method, the input data streamis split between the four .X-DAB transmtters
by ne f service splitting circuit. As an alternative to the summ ng
PHIIWO

of th signals fromthe plurality of X-DAB transmtters, ii is
advant ageously provided - in order to gr event disturbances of the condition
of orthogonality between the subcarrie s of the adjacent frequency bl ocks -

that t egi[ éﬂt%%éealiézﬁ&f ﬁﬁ!?ﬂlgl o' af\@ o?ﬁfe é&i ?rlabéﬁissﬂ;n, theldiferbicRIgng L fner s are

conbi n eve base S|gna processing after
di f f er eonitdasd torthniDW—T(system mb'emsthbwleruf amduhhom onltheiiokdiadud) IGHERE, still
before actual OFDM sig erati o Advant ageously, the OFDM signals are
genera%‘@&afﬁ”?rsl é?gé"‘l”élg’ﬁ %@W@P"Wﬁﬂ?f’%%ﬁ&i’ WHeS | FFT), fol lowed by DA
conversion and |I/Q nodul ation. The bundling of a plurality of; for exanple
four, X-DAB frequency bl ocks to provide a broadband X- DAB, BX-DAB system
Wi t5i nHareitbelohl, thedhesntion ndestribed dh greatenidetail bh¢hetaisis of b eanipleasbodimenn of
val ue- added services at a hi data rate in particular to nobile receivers
at a typhaseferenes tg the dravwangssingy. %M?lt/s The system concept according to the
invention offers a high degree of flexibility with regard to different
error protection profiles and thus data rates, said profiles being
swi t chBigl € showR thé)@nichadftiRstaasmbsion fiddiedor mamDAB/\sykﬂanrfoaeédﬁwqem bl ock
and al so between the blocks with regard to the individual data streans of
the source ®pgfial . In contrast to the above-described DVB-T system this
makes it possible to inplenment both equal-ratio and al so non-equal -ratio
ﬁ or protection. The system concept in accordance with the invention is
50 SHigt AbiRWsQrblgekidisttamiof RindfrawChind N-DAR fieMineitéon, the difference lying
- in contrast to the DVB-T system- not in the type of nodulation on the
i ndi vi dual OFDM subcarriers, but in the nunber of frequency bl ocks to be

eval uai‘-‘xg 3 shows a block diagram of a narrow-band X-DAB receiver;

15  Fig. 4 shows the distribution of the X-DAB frequency blocks within an analogue television
channel as part of the production of a transmission signal according to the transmission

method according to the invention;

Fig. 5 shows a block diagram of a first embodiment of a broadband X-DAB transmitter according

20 to the invention;

Fig. 6 shows a block diagram of a second embodiment of a broadband X-DAB transmitter

according to the invention;

25 Fig. 7 shows a block diagram of a first embodiment of a broadband X-DAB receiver according to

the invention; and

Fig. 8 shows a block diagram of a second embodiment of a broadband X-DAB receiver according
to the invention.

30
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-5 Hereinbelow, the invention is described in greater detail on the basis of
an exanple enbodinent with reference to the drawings, in which; Fig. 1
shows gﬁ 8WQcture of the transmission frame for the X- DAB systemfor each
frequency block; Fig. 2 shows a bl ock di agram of a narrow band X- DAB
transmtter; Fig. 3 shows a bl o6k di agram of a narrow band X- DAB

receiv
bl ocks Wal[rgdoﬁ nae;htlgrﬁ% 18gt{1]§eﬂ?r W?‘é%/tibgi g’n c glr?llgéeq f&gg&%g‘ﬁﬂ&n ?O ﬂ%@sﬁé §§ﬂ?fb°on of a
t r ansngisie t@ﬁro?l@ﬂlalueaﬂd@d §Brﬁ§estaﬁ higher d4t8raes A fonmobildedeiaers vithoniganyo t he

i nvention; Fig shows a bl ock djagram of a broadhand. X- DAB
trans rrﬁmf@?latﬂli‘: 1g>ss of quality. Toraygh recoyrssdr ahﬁaéﬂgreéwms systen1s SHeth2sTAAR qnygs in the

transmtter

ecor vEtes S od g inveniSR I3 HAB Brthe P LAk, Pis KRG Mifiglediy o

recei Vedduce theR36tE 38 W@ efophientinresybyt ofhe trafsditen ahd feckivér Rl haedwarthere i s
a need for new system concepts in order to be able to provide val ue-added

services at higher data rates also for nmobile receivers w thout any
2DDE 82 G e K it B Rl Y6 el 8 ST °
basi ¢ ipidhClesdribe thd pliy%wﬂl%?érﬂét&s%‘f eHY thdrsmRbib frilafe and of the OFDM process. These
parameter sets are identical for the X-DAB system. In so-called transmission mode II, for
10 example, a frame corresponds to a duration of 24 ms and contains L = 76 OFDM symbols, of
Q which the first is occupied by the synchronization signal and the next 1 = 3 by the fast information
channel (FIC), as shown in Fig. 1. The remaining symbols, which form the main service channel
(MSC), are available for the transmission of useful data. A block in the transmission frame
corresponds to the data contents which can be transmitted within an OFDM symbol. Each service
15  occupies its own area in the MSé, the so-called subchannel. The MSC also includes the XSC (X-
DAB Service Channel), which, in extreme cases, may take up the entire MSC capacity. Such an
extreme case, however, occurs only if a service is to be transmitted at a high data rate, i.e. in this
case, the MSC or XSC contains only one single subchannel. The number K of subcarriers used in
the OFDM process is likewise different for the individual transmission modes and ranges from
20 K =192 for mode III to K = 1536 for mode I. Fig. 2 and 3 show corresponding block diagrams of

€' an X-DAB transmitter and receiver, respectively.

In conformance with the proposed solution according to the invention, a plurality of (in the
present case up to four) narrow-band X-DAB frequency blocks, which are simultaneously

25  broadcast by all transmitters of a single-frequency network, are accommodated in a television
channel with a bandwidth of 7 or 8 MHz (VHF or UHF range), as shown in Fig. 4. The thereby
maximum achievable data rate per channel by bundling the capacity of the individual frequency
blocks, i.e. the ensemble contents, is, in the case of four frequency blocks, approximately
8.3 Mbit/s. If use is made of error protection adapted to mobile reception, 6.9 Mbit/s is left for the

30  transmission of useful data. That is, per data channel, approximately 4 MPEG-2 coded video
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5 reduce the costs of devel opnent in respect of the transmtter- and
receiver-rel ated hardware. For exanple, for the DAB systemthere are four
dlfferg?ﬁlg}ﬁXY nmeter sets (transm ssion nmodes) which describe the physical
paranmeters of the transm ssion frame and of the OFDM process. These
paraneter sets are identical for the XJ7DAB system In so-called

transm ssi on for correspon t I on of
2 e BB RB RS oty BentPagiBTRYRY of ont e tpRARRRT BRIl b B .,
t he Symﬁé@ﬁ{dlﬁ&lﬁdgiﬁho@]@dlsbﬁe next 1 = 3 by the fast information
channel (FIC), as shown'in Fig. 1. The remaining synbols, which formthe

mai n service channel (MSC), are available for ‘the transm ssion of useful

ani oh EutAHPh, 13 coRteity oh ik toi PSRBT L RBOTS CRGEh SelBR TR ““Occupi es
i 55 OV"{}aﬁ’srrﬁ%tdnrbftaaﬁmm daﬁa"(?aﬁ%ﬁﬁhhﬁ&\ Bath e IFIDEY 8adRkitiRhdand 3123 keiglgs

the” XSC (X- DAB Service Channel), which, in extrene cases, may take up the
enti re(mﬁ‘déﬁhﬁadcbtt&s) Such an extrene case, however, occurs only if a
service is to be transnmitted at a high data rate, i.e. in this case, the
MSC or XSC contains only one single subchannel. The nunber K of subcarriers
used i 1 if BeaCaBBARIOME Feghenck bloRR 88 ahffi8 Bholf Pinafddf tia e thdlidhal
transm ssion des an nges from 2 = 192 node to K = 1536
for rmdabchmel-'s of allZhebidcids aiél nthe same fipquetcy grib A dlhedn‘quzrmmdft&fasﬂdﬁﬂ%ﬁy
transmtter and receiver, respectively. In conformance with the proposed
solldt i the usefobintsrya) tims Ttbi@f pih QSR symbel: éfurléTth;he@ma{lesﬁcmrwrewémmcase up
to:four) narrow band X-DAB freguency bl ocks, which are sinultaneously 25
br oadc mode ByAtst | kHzaansithe fasgest srmadesIE M= § kHauency network, are
accomodated in a television channel with a bandw dth of 7 or 8 MHz (VHF or
UHF range), as shown in Fig. 4. The thereby maxi num achi evabl e data rate
per Ch% NGehteP roFHéﬂS‘ﬁ {9 drive RARAGY fs%e@lhreﬂh@tﬂe%kﬂiél@ﬂ@éatfbﬁ ®f Hefsencial fiTKS

e ense e contents, is, in the case of four frequency bl ocks,
appr ox itreelD ABysys&erd um/brd;et 0 pﬂef(cm melghlsom@l@hamﬁel eterferenpe bemeen the indisuduad t o

m)bllerecet 1 t/s i ef.t for
frequency l)locks can aqv: antageousfy be Jlspensed vvxgx Merely one single, unassigned carrier

frequency is preferably additionally inserted between the frequency blocks. Taking account of the
fact that the carrier on the respective block center-frequency is also not assigned, the bandwidth

requirement for the four frequency blocks results as:

20  K*Af=(4%(K + 1) + 3)* Af= (4*K + T)* Af

PP A

If use is made of the known DAB or X-DAB parameters, there results for all modes a value of
approximately 6.2 MHz. This system concept is referred to in the following as BX—DAB
(Broadband X-DAB).

= 25
Basically, after corresponding service splitting of the input data stream, which may possibly
originate from a plurality of sources, the desired broadband transmission signal can be generated
by the multiple, at present four-fold, parallel connection of known X-DAB transmitters according
to Fig. 2 and subsequent addition of the output signals of said transmitters. This situation is

30 presented in Fig. 5. A separate controller monitors the service splitting and generates the
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. “transni ssion of useful data. That I's, per data channel, approximately 4
I\/PEG 2{’#&%@’@" deo P96186WD 7 progranms in VHS quality including stereo
sound o two prograns in PAL quality can be transmtted and received

by nobile users. In addition, the capacity of the four fast information

channels (FIC) is available for the 5 8 transnission of additional data

(Fast ﬁé&%ﬁ%ﬁﬂﬁhﬁlﬂ@e%&n@%ﬂ {RICT) for e FrRA ikt E&maécqw&sés detHeRbdpkstiverode |11:

43 kbit/s advant ageous 1f the frequency bl ocks are arranged in such
a mannganstdissiontdseillatorsi withithe trassrhission imad-Srequienaies /4,1, fit ardg, dowever, thee same
frequency grid Af. The frequency grid Af is defined by 10 the useful

i nter vahnsmissi;m‘slgnalfmmncﬁs)m@m Y. cqniain }hfswrbdnns of‘nmcmdiﬁohevéprtbagoﬂabty

i nterv gest in._no Le rjf=8

d
e KBeyetn 0P svaises ohshe plibsest E'Fqlefnﬁy oA 55 3iog 1f HEcpoRenct RER por o
al '9cagﬂo%nsﬁ it &SR URRE LiBitat ) restie i IRR -2 HeP MrdrforHce BICT Qndot'hﬁé’ﬁnrht

nei ghboring-c anne1 I'nterference between the i1ndivi l?a? frequency

bl ocksdetedoratich/efithatremsmassjonbquatifyspensed with. Merely one SI ngl e, unassi gned
caryier frequency is preferably additionally inserted between the frequency
bl ocks. Taking account of the fact that the carrier on the respective bl ock

ot i SSHE i O BB oo YA GO AIBRI oG L1
+ 7)* haiing the afdremearionsd aﬁmthzaﬂhgéshéoksaqumt@ﬁﬁe Gignals BB opbiredwat Eheslevel bér e
"o | il batsband Sl procemsing (DSP/BB X-DAB SA - SD) after differential modulation of the
E’ subcarriers of the individual blocks and still before actual OFDM signal generation. OFDM signal
generation can be implemented by means of a module for Inverse Fast Fourier Transformation
(IFFT), followed by a D/A converter and then an I/Q modulator. It is of advantage in this regard
that, whereas, in the first embodiment of the transmitter according to the invention for the
15  individual frequency blocks, it is‘;'lecessaxy, in order to generate a timing signal belonging to an
OFDM symbol, to use an IFFT of size N > K + 1 with N being a square number (N = 256 for
mode III to N = 2048 for mode I), in the embodiment shown in Fig. 6 only one single IFFT of size
N'> K is required (N’ = 1024 for mode III to N’ = 8192 for mode I). Each X-DAB block is
allocated a fixed assignment - dependent on the selected mode - of the IFFT input vector on which
20 the corresponding differentially modulated PSK symbols are stored. Following the IFFT, all that is
C then required in the transmitter is one single D/A conversion (one module each for the I- and Q-
channels) as well as one single I/Q modulator. Owing to the greater IFFT bandwidth, however, the
- D/A conversion must take place at four times the timing rate, i.e. the duration of the sampling

interval after the IFFT is only around 0.122 pus instead of 0.488 us in the first embodiment of the

.25  transmitter. The frequency fg0 is used as the transmission mid-frequency, as shown in Fig. 4.

Broadband X-DAB receivers according to the invention are now described with reference to Fig.

7 and 8.
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.approximately 6.2 MHz. This system concept is referred to in the foll ow ng
as BX- Dﬁgﬂég{hﬁﬁdband X-DAB). 25 Basically, after correspondi ng service
splitti e input data stream which nay possibly originate froma
plurality of sources, the desired broadband transm ssion signal can be
generated by the nultiple, at present f8ur-fold, parallel connection of
Known g pft 56%9? Pack:; gsenﬁ%‘f'%e%ﬂﬁnﬁtﬂ:’%}&ei i tgf.%gﬂerﬁ‘épétﬁ&iﬂg% tiRAfNVntiON 18bet NE
out put signals of said“transmtters. I's situation 1s 3 presented in
Fi g. 5. able mepaluaizahe emire dhtastreamin therbsoddbendsteansmission pignall twig pamiplegearer at es
t he P96186WD 8 necessary m,lﬁl_ti pétﬁx I nf Qr mati on ;PNCI) faor the FIC. OmMng
to i naceessihleasshewn indag, baKkd tinsk 1 thefgans tour gareedand Xr tgnspitieRpat the
transm Ssi. QR0 daf: ' f }FSSi 0N
oi gnal Daisatehefa, € BRI 65 o Four sardiCocrbot MHEIRY bald 2 HABREINER C1

or t ifogowhich e tanéddahe tdspectivb Gequeney-dloak nilldrequgmize il té fig andwhichibhuscks,

whi ch, owing to the absence of a 5 protection interval, may-ultimtely
resul t evaliakd the easemblextontentsofithe esreaspondihg blackd(sedBig. ) Qwidg teethie daca thab theof
the fransm ssign quality. Fi,g. 6 sho an enbaqdi ent of the

t r ansni frequengieblogks; aﬁ@dwﬂt/ﬁé;ammﬁ?pt&% eferig STV PanlgEceivErs #G Ustrh

ovel ot gaRt MSRHAE AT Rees BT I e UORA SR, ReBtigBlRe ey 11
after dinth@edinitheFFTashduRidfone OFDM derodulator. IThiss howevehehal Ritiuallyinabdversecks

and still before actual OFDM signal generation., OFDM signal . .
10  effect on the transmission quality, since, in the previously discussed transmitter implementation

(see Fig. 6), all the carriers are in the same frequency grid, with the result that the condition of
orthogonality is not violated. Furthermore, the negative consequences of the Doppler effect for
mobile reception are thereby only minimally amplified. The four receiver output data streams are
again combined in the service combiner to form one or more overall data streams. The control of
15  the just-described broadband recéiver with regard to the data streams is effected in the combining
controller on the basis of the evaluation of the information transmitted in the FICs, similarly to the
DAB or X-DAB concept.

Fig. 8 shows an alternative to the above-described receiver similar to the transmitter shown in
20  Fig. 6. Instead of using four narrow-band receivers directly in parailel, it is thus possible for the
£ signal to be recovered using just one single OFDM demodulator. Such a broadband receiver can

i

be implemented by an /Q demodulator tuned to the frequency fgg, an A/D converter for each of

the I- and Q-branches as well as a following FFT of size N'. The values of the FFT oufput vector
can, after corresponding allocation, again be allocated to the digital baseband signal processing of
. 25  four parallel X-DAB receivers (DSP/BB X-DAB EA - ED), the output data streams of which are

subsequently, as described above, combined to form an overall data stream.

This second embodiment of the recetver according to the invention is superior to the first
embodiment thereof when it is a matter of evaluating the entire data stream. With the above-

30  described broadband X-DAB transmitter/receiver concept according to the invention, however, it
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generation can be inplenented by nmeans of a nodule for Inverse Fast Fourier
Tr ansf %ﬁtﬁ' o) (IFFT), followed by a DJA converter and then an I/Q
nodul at Or". W is of advantage in this regard that, whereas, in the first
enbodi nent of the transmtter according to the invention for the 15 o

i ndi vidual frequency blocks, it is nec€Ssary, in order to genelr;ttela ti hm &g
si gnal jskeoqasdible td fecdmpEEiive 3% TR hib@rdhRE! tPihsinlsEidn BF a Abth St Krnfs 1 W t
be?ng g square1 nunber (N = 256 for m)dre [T1 to \l:l 204% ?or grr%xée I% in the
enmbodi reguiressthatshe soures data gtreanh parcheesepanatgiddntb Efplurelity of individuabstiéamissthessqui r ed
N = 1024 f{. nmode .LIl to N = 8192 for npde, |). . Each X-DAB bl ock is

§i| | oca zévangicflx.%{e%tdsxggéqaﬂﬁw -"nﬁﬁ‘ﬁe‘ﬂ‘a}éfﬁga@rptt%&‘?&y _t%am%ted sgvice.Her | FFT
i nput | iR~ bl s il ( d PSK
ynpol SRRt il 1o fiurd QGD TR RIS BoRbIE for REGRE, @ hotelRHE BHarT 1C

t r ahs nptetestion foranaresmpopttant Bath streame arsd wreduedt fobibsd impoaatt dres while ih- and Q
channels) as well. as ope, sipgle I/Q nodulator. Onmng to the greater |FFT
bandwi BT FtaUERS at %E‘gb?%ﬂg%m% S AR & OTt PARTECHANRVEN afithinod fransimigsiont he

timng | : ' f ' Lyt the | FFT is
only aﬁgﬁﬁgreoé.ai}g? lfr%%r s{ ?,E\dsl? lt(ia]ea %&%y%grgp%%% llé&&)ﬁgs\tﬁﬁéewftlkﬁg mé' di ment of
t he 25describetsVBEE systebindf, fat eupueamsmiticbend, sheidad sticinishiee disibaiEd afions the

in Fi,g. 4. Broadband X-DAB receivers according to

i d-f s sh : DAL :
{n he i L%&%ﬁ%ﬁﬁ%@éﬂ%‘a%éﬁqrm totheir imppeaRascleginging; fpr examplg, With the IPgest 860 _

| nyrd hY LNg: : 1Lk ng/ recei ving system
oy ity (NG rEGpBol i B (et oohls BTG ol Pﬁﬁf’g#%"%@%am
#' t hesimpheadiziver, for exmipls Svalnatiiggng one FHequacy BlobR! fBSexdidldsal bl \ehidsisshown
in Fi g.mg and 8. First, ?Ef the.regjare ftgt?? d;r?girlrov\fband X-DAB transmtters at
t he  tuned to the mid-frequency fA. In this case, the receiver is identical with the normal X-DAB

narrow-band receiver with the maximum FFT size N'= N = 2048. In order to improve the service
quality, it is necessary for a further block to be added and be co-evaluated, for example block 2,
15 tuned to the mid-frequency /5. Since an FFT of the maximum size N” = 4096 is required, the

receiver must be correspondingly broadbanded. In the case of video transmission, this may signify,
for example, a quality step from VHS to PAL. In this scheme, frequency blocks 3 and 4 may
likewise be assigned 1o a separate service and be evaluated independently of frequency blocks 1

and 2, the receiver being tuned to the mid-frequency fg».

With regard to the above-described frequency blocks, it is also possible for an additional
substream to be transmitted tb frequency block 1 or 2, this contributing toward a further
improvement in the quality of the service. In order, in this case, for example, 10 achieve full picture
quality, it is necessary to use the most complex and thus most costly receiver, with the maximum

- 25  FFT size N'= 8192 with four-fold parallelization of the X-DAB baseband signal processing. The
arrangement of an unassigned carrier between the individual frequency blocks has, in all receiver
types irrespective of FFT size and correspondingly selected mid-frequency, the consequence that

the input signal is always without a direct component, this guaranteeing optimal modulation of the

A/D converters.
30
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Ctransmitter end, it is possible to enploy four parallel-connected
narrowband X-DAB receivers 5 which are tuned to the-respeetive——

frequeﬁg§/13t§l‘%9k m d-frequencies fAto fD and which thq-ﬁi?%“g ya E thﬁ

ensenbl e contents of the corresponding bl ock (see Fig. o ed
fact that the frequency blocks are dirékttly adjacent to B H ere
is, if rr.ovy-bag(f..recei vers are used, inter-carrier int )
becausd' PHS SN 1t er s bel ongi ng to the neighboring blocks are included in
t he FFT nodul e of the OFDM denodul ator. This, however, has virtually no
adverse 10 effect on the transmssion quality, since, in the previously
di scusded Meshasfor thertranpmpissine of highoate velue-added sepyices4p mobieusesy adcerdingtioe i n
t he sane fr.e i dwith. the result that,the,conditiaon.of . .

or t hogonal Hy s sitas (i T R prdsebit sy GR < AR5 8 atpreline o6 iy

t hes Doppl epadibhigctouf, SimilaRéduRly 6 £dthttOAdjadeat KIBABReqAcy blockS P divgle-
anplified. The four receiver output data streans are again canbined in the
servi ce cofibiquency neswbds, mdigital mpuhdate stoeam, sblircagodedsaceending. to Theepastieitlarol  of
15 the just-described broadhand receiver With r d to the data streans is
ef fect ed i SEVIGE CRBRHS-HEIg "d‘gﬁ&F’B‘qu‘gﬁoéﬂdtfﬁ‘?ﬂuﬂ’ﬁ%ggg%? the eval uation of the
I Aformation transmtted in the FICs, simlarly to the DAB or X-DAB concept.

Fig. 8 shows an alternative to the above-described receiver simlar to the
t ransni2t t e Traismission meRbd acBomglingBo claist lo abaradtenired mythhothe sigaals corrésponding to

receivers direct]y i rallel, it is thus possible for the signal be

rg_&ﬁver ed ﬂmﬁgﬂiﬂ&ﬁf %ﬁ%&#ﬁ@e@cwmmﬁﬁ% igechinto %?W%Q}&H‘%aﬁ‘ﬁ]‘ai Beei ver
d'@n be inp# by an 1/Q denodul ator tuned to the frequency fSO, an A/D
converter for each of the I- and Q branches as well as a follow ng FFT of

size N . The val ues of the FFT output vector can, after corresponding
allocation, again be allocated to the digital basehand signal processing of
g@gfs

25 f@ur Ea%rmwmemﬂ Foersingdp Slamdrrah charepterized i thatyhe sigralsout put  dat a
streans of M&g%@g@@?gﬁg@gﬁg%&%@ d@g@%{.&;g@%kg%v&mb%% Bedeld of OF M aﬁ

overall data s nd e € recelver according to
t hes5i nvent idigial tasébané sighdl precesdigg {DSHBB X-DAB SA - SD) after differential modulation

of the subcarriers of individual blocks, still before actual OFDM signal generation.

4.  Transmission method according to claim 3, characterized in that the OFDM signals are
generated by Inverse Fast Fourier Transformation (IFFT), followed by D/A conversion and
20 1/Q moduiation.

5. Method for the reception of value-added services transmitted according to the broadband X-
DARB transmission method according to any one of claims 1 to 4, with a plurality of, in
particular four, X-DAB receivers, said X-DAB receivers being connected in parallel and
25 being tuned to the respective frequency-block mid-frequencies of the transmitter, in order to

evaluate the ensemble contents of the respective block.

6.  Reception method according to claim 5, characterized in that the output signals of the
plurality of X-DAB receivers are combined in order to combine the four receiver output

30 streams into at least one overall data stream.
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enbodi ment thereof when it is a matter of evaluating the entire data
stream Wth the above- 30 described broadband X- DAlsiShest siat Bear Reptazed ver
concepR?686W@i ng to the invention, however, it P961 0
possi ble to acconplish the so-called hierarchical trans [ at a
stream This requires that the source Iata stream can be Separated Into a
plurality of individual streans, these having different significance or

i nportance with regard to the quality of the associated service, for

exanpl £ Wk&egﬂ&%&hw aBiorditg S Bl & charabitriSed inlthdt Shd@R % bidaths dftlie xanpl e,
to increase the error 5 protection for nore inportant data streams and to
reduce it plomlityesfSX-DAddreceiversanesontiolledin ¢onformancerwith the 36DIAB congepttwith

hi gher data rat.e. anges in error. pr.ot c%iI n even within a transm ssion
frame are @ t‘?’b°ﬁ??ﬁF ﬂ%ﬁlﬁ“%t&aﬁsm%@d}e%ﬁ §§/stem but are not possible

Wi th the initially described DVB-T system If, at the transmtter end, the
data streans are distributed anong the individual frequency bl ocks

accor d8.ng Receptiami methop actcadiag to blem 6 ag7, dharacterizetih ehat thet datd ftecatmsfirent 10

frequency, then regeption quality gnd recejver costs can be exchanged for
each ot herﬁheé"af’%%‘ﬁﬁ#‘?‘b%‘?a}a’gifﬁiﬂ"érnglyé?’\?érn,gief @@@ﬁ%ﬁﬂd@fﬂg@m%w%}fm one

frequency ) gl &bl ock 1, which is tuned to the md-frequency
fA In thi ?tgggoeufs?}?g@r(eceib%gr is identical with the normal X-DAB

narr ow band receiver with the maxi num FFT size N = N = 2048. In order to
inﬁ{aove the service quality, it is necessary for a further block to be
ad

d 2nd Beoadeand\ DA transmpitier fox thegransmission of high-sateivalyerrdded senaces to

foid- f r equencyft Si L NG R t ' b = i i red,

the recer vapbisTsprssstaffedd N oap Ve ARERRIRPER Hrhadiths Srflih o

transm ssi glaralitydfSinPavticulad foury X-DAB transmitters being connected in parallel in order to
generate a plurality of, in particular four, X-DAB frequency blocks, a digital input data

stream multiplexed from at least one value-added service being applied to said X-DAB

15 frequency blocks.

10. Broadband X-DAB transmitter according to claim 9, characterized in that a service splitting
circuit for splitting the input data stream between the plurality of X-DAB transmitters is
connected upstream of the plurality of X-DAB transmitters.

20
e, 11. Broadband X-DAB transmitter according to claim 10, characterized in that the service
splitting circuit is associated with a service splitting contro! circuit for monitoring service
splitting and for generating multiplex information (MCI) for the transmitter oscillators of the
individual X-DAB transmitters.
25

12.  Broadband X-DAB transmitter according to claim 9, 10 or 11, characterized in that the

outputs of the plurality of X-DAB transmitters are connected to a summing circuit, the

output of which is connected to an HF stage.

L
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for exanple, a quality step fromVHS to PAL. In th ésﬁé‘éﬁﬁ@?Beér{ g@y
bl ocks_3 and 4 may | i kewi se be assigned to a separat

eval uabP%t ﬂ%@pendent |y of frequency blocks 1 and Zhﬂlmmt‘ Elﬂgii bei ng
tuned to the md-frequency fS2. 20 Wth regard to t bed
frequency bl ocks, it is also possible Tor an additional substreamto be

transm 4 L og B i SRYEH B Rk: Bk o dHid £ TP B OUPR g b e

|nprov I’ “order’, 'S case

exanpl e, t glusdity SAEDAB kraﬁsrﬁttﬂzl‘s%rﬂpk@vided withtdigital ﬁgﬁﬂ@ﬁ@eﬁlﬁgocxm&s inhﬁdél’OSt
conpl ex and thus nost costly receiver, with the nmaxi num 25 FFT size N =
8192 with fooeembfing the gignals cerespendingtosthe phsality pK- -IDAB dinanencyibipeks at the

processi ng r ne b i vi dual
frequency Iﬁf'%ﬁg 3§bag$bﬁnglsﬁgn%lé’?€‘fe\ge$§@%§eyg 1T espgé @%@ﬁé}éﬁé’@@g and
corg espondiB@hiticEdaaé Sbciriérd Gfandieiaal biddRs, st R fie8 CHDM sighgl | nput
signal is always without a direct conponent, this guaranteeing optinal

nodul at i ongekratios. A/ D converters. 30 PCT/ EP98/ 01658

I st. June 1999 Deutsche Tel ekom AG

22925 GR-jk-ho New patent Claims 1 to 5 1. Met hod for the
transmgsi Broddbard YD AB tRn¥AkieCaRAFREL BFHHMCIBS chRadiBriiel $n HETSr OFDM di ng to
the X- DAB system (Extended Digital roadcasting System) with at |east two
si mul t aneosigha} gbnepatibnas modahq facversxFasiFourienIransfgrnimtion KEFT)) issprovided, said

S| n(? Le-tr e% 8& 1ngtf\%) wed bcs)/nat V\ch)ncvre]:rtgr gﬂd%tl?é rr{oggl%%ordat a

‘<

15. Broadband X-DAB receiver for the reception of value-added services transmitted by the
broadband X-DAB transmitter according to any one of claims 9 to 14, with a plurality of, in
particular four, X-DAB receivers, said X-DAB receivers being connected in parallel and

15 being tuned to the respecti'\'/e frequency-block mid-frequencies of the transmitter, in order to

evaluate the ensemble contents of the respective block.

16. Broadband X-DAB receiver according to claim 9, characterized by a service combiner,
connecied downstream of the plurality of X-DAB receivers, for combining the four receiver

20 output streams into at least one overall data stream.

17. Broadband X-DAB receiver according to claim 15 or 16, characterized by a combining
controller for controlling the data streams of the plurality of X-DAB receivers in
conformance with the X-DAB concept with evaluation of the information transmitted in the

25 FICs.

' 18. Broadband X-DAB receiver according to claim 15, 16 or 17, characterized by a single
OFDM demodulator, connected upstream of the four X-DAB-receivers, for recovery of the
data streams.

30
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'stream source-coded in accordance with the services content in question,
is mul :#*kg characterized in:that a free carrier frequency is inserted
bet wee -DAB frequency bl ocks. 2. Met hod for the

transm ssion of high-rate val ue-added services to nobile users according to
the X- DAB system (Extended Digital Brdédcasting System) with at |east two
si nmul t geo t j .0 . -bl pc ¥y

Si gl e Py cor Qe RIORB! reodtir 35 ERhing 15 oin £ MERErigh 5 e o BEp

sour ce- codedmbdulatoc contains en WXt dentddelass| ¥t AAS copRiteNfor efchaUasd QbrandhSand

mul tipl exed,\# a ahcteri zed in that the input data streamis divided into
several indPvfdURbay SR eans, whereas these individual data streans are
of different significance and inportance respectively for the quality of
the service and that the individual data streans are distributed onto

i ndi vi dual X-DAB frequency bl ocks in accordance with to their significance

and i nportance respectively. 3. Transm ssion nmet hod according to
claim1l1 or 2, characterized in that to a common output signal and then
trapsmtted. 4. Transm ssion nethod according to daim1l, 2 or

3, characterized in that the signals corresponding to several X-DAB
frequency bl ocks are conbined on the I evel of the digital baseband signal
processing (DSP/ BB X-DAB SA - SD), following the differential nodul ation of
t he sub-carrier of the individual blocks, even before the actual OFDM
signal generation. 5. Transm ssi on net hod according to C aim4,
characterized in that the OFDM signals are generated through an

IN¥er se- Fast - Fouri er-Transformation (I FFT) followed by a DA conversion and
I / Q nodul ati on.

This Sheet Has Been Replaced

* < L M S *®

THIS SHEET HAS BEEN
REPLACED

Translation 99t2306 Ref. no. P96186WO




