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DIGITAL AUDIO BROADCASTING SIGNAL

(54) Title: METHOD AND APPARATUS FOR DETERMINING TRANSMISSION MODE AND SYNCHRONIZATION FOR A
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{57y Abstract: A method is provided for transmitting control information in a digital audio broadcasting system. The method com-
prises the steps of transmitting a plurality of control bits in each of a plarality of control frames, wherein a first sequence of the
€ control bits represents a transmission mode, and a second sequence of the control bits a control data synchronization word. The
= plurality of control bits can frther include a third sequence of bits representative of an interleaver synchronizaton word. A method

797

performed in a radio receiver for determining transmission mode and synchronization for a digital audio broadcasting signal s also
provided. The method comprises the steps of receiving a plurality interleaver frames containing digital information, wherein each

“~. of the interleaver frames includes a plurality control frames. The control frames include a plurality of control bits, wherein a first
sequence of the control bits represents 2 transmission mode, a second sequence of the control bits a control data synchronization
word. The plurality of contrel bits car ferther include a third sequence of bits representative of an interleaver synchronization word.
The first sequence of control bits is processed to determine a transmission mode; the second sequence of control bits is processed
to determine control data synchronization; and the third sequence of control bits is processed to determine interleaver boundaries,
Radio frequency transmitters and receivers that otilize the above methods are also disclosed,



(57) Abstract: A nethod is provided for transmtting control information in
a digital audio broadcasting system The nethod com 1pDes8mbbh200st eps of
transmtting a plurality of control bits in each of a plurality of control
frames, wherein a first sequence of the (V control bits represents a
transm ssi on node, and a second sequence of the control bits a control data
synchroni zati on word. The r1l plurality of control bits can further include
a third sequence of bits representative of an interleaver synchronizaton
word. A nmethod t" perfornmed in a radio receiver for determning

transm ssi on node and synchroni zation for a digital audi o broadcasting

signal | Vj comprises the steps of receiving a
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the control bits represents a transm ssion node, a second sequence of the
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The waveform in the AM compatible digital audio broadcasting system described
in United States Patent No. 5,588,022, was formulated to provide sufficient data throughput for
the digital signal while avoidinglcrosstalk into the analog AM channel. Multiple carriers are
employed by means of orthogonal frequency division multiplexi.ng (OFDM) to bear the
communicated informatioﬁ. i |

In an AM compatible digital audio broadcasting system digitally enéoded
audio information is transmitted simultaneously with the existing analog AM signal. The

digital information 1s encoded and transmitted using OFDM modulation.



signal. A first group of the digitally nodul ated carrier signals lies
within the first frequency spectrum and i s nodul at edslgécgmgfg@we to the
first carrier signal. Second and third groups of the digitally nodul ated
carrier signals lie outside of the first frequency spectrum and are

nodul at ed both in-phase and in-quadrature to the first carrier signal The
waveformin the AM conpati bl e digitalp audi o broadcasti ng system descri bed
in United States Patent No. 5,588,022, was formul ated to provide sufficient
data thgQ I | rosstalk i.nto the
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to trade-off aud| o quality for coverage area and resistance to channel
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provi des ttl npde and synchroni zation information in
a digi t&?‘?% agi%b‘?tgg%}@i} a“?f’éﬁn ng both an anal og nodul ated carrier

and a plurality of digi taIMmM@qzeﬂ{@Mn@us SUWARY OF THE
| NVENTI ON | n accordance with a first aspect of the invention, there is
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subcarriers in the sane hannel as th anal (0]¢) I’T'D
of digitally modulated OFDM subcarriers in the same channel as the. analog modulated

carrier, characterized by the steps of delaying the analog modulated carrier with respect to the
digitally modulated OFDM subcarriers, modulating a complementary pair of the digitally
modulated OFDM subcarriers with a single control bit in each of a plurality of OFDM
| symbol frames wherein successive ones of the control bits in successive ones of the OFDM
symbol frames form a control frame, the control frame including a first sequence of the
control bits representing a transmission mode, a second sequence of the control bits
representing a control data synchronization word, and a third sequence of the control bits
representing an interleaver synchronization word, the complementary pair of the subcarriers
including first and second ones of the subcarriers being positioned adjacent to the analog
modulated carrier, and the first and second ones of the subcarriers having a greater amplitude
than other ones of the subcarriers, and transmitting the analog modulated carrier and the

plurality of digitally modulated OFDM subcarriers.



carrier, characterized by the steps of del aying the anal og nodul at ed
carrier with respect to the digitally nodul ated OFDM pdbsabér 803,

nodul ating a conplenmentary pair of the digitally nodul ated O-FDM
subcarriers with a single control bit in each of a plurality of OFDM

synbol franes wherein successive ones of the control bits in successive
ones of the OFDM synbol franmes formxg control frane, the control frame
including a first sequence of the <control bits representing a transmn ssion
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digital _audio broadcasting systemfor broadcasting a signal including an
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of the TBREFSTS Bi'PEnG BFY BREIFEPHLONES OF HsHPLEHEH dotbg Bositpned adiaer iflience of
the comialed mbililsted epiies @Al ithd first GRD bécdhd datsPofSihB GIFARIEAh Yy Watddterand a
third se uenge of the control bits representing an _interl eaver

synchr offPREPIGhaheihgr oner ot e sphcaris ardmsaisogransmeting ths ensleg Bedulpteé | udi ng
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an

anal og nodul ated ‘carrier, and the first and second ones of the subearriers
havi ng a greater Inngpppidepgevittha thivgtaspect ofids imfentiore tharp sarevidedsa mathdd neans

R T LN P
t he i nvégitilomdiottreadsasting pigowl ideddiag aerhadog amplitude modulated carrier, a plurality
of digitally modulated orthogonal frequency division multiplexed OFDM subcarriers in the
 same channel as the analog modulated carrier, and a complementary pair of the digitally
modulated OFDM subcarriers with a single control bit in each of a plirality of OFDM symbol
frames wherein successive ones of said control bits in successive ones of said OFDM symbol
frames form a control frame, said control frame including a first sequence of said control bits
representing a transmission mode, a second sequence of said control bits representing a control
data synchronization word, and a third sequence of said control bits representing an interleaver
synchronization word, said complementary pair of said subcarriers including first and second
ones of said subcarriers being positioned adjacent to said analog modulated catrier, and said
first and second ones of said subcarriers having a greater amplitude than other ones of said
subcarriers; processing said control frame to identify said control bits representing said control
data synchronization word; and producing an output in response to the digital audio

broadcasting signal.



for receiving a digital audio broadcasting signal characterized by the
steps of. receiving a digital audio broadcasting sigp@ectmbbiZiozg an

anal og anplitude nodul ated carrier, a plurality of digitally nodul ated
ort hogonal frequency division nmultiplexed OFDM subcarriers in the sane
channel as the anal og nodul ated carrier, and a conplenentary pair of the
digitally nodul ated OFDM subcarriersywith a single control bit in each of
a plurality of OFDM synbol frames wherein successive ones of said control
bits in successive,one f sai synmbol. . frames forma contropl frane,
said control framel A¢ ﬂdg}lcnegwggiaiq; { g%i’ﬁﬁte?fctge &Veg%‘?r’d%&%‘?ﬂsrlgf’“g?cfg

r epr esentdceigerafor Fapisingss tigitalnmde, breadaaiiatkigal UeNteeioér Gaiadiefiggiityel bits
representin control data synchraoni zation word, and a third _sequence of
sai d contBR Br &Py a disief fwﬁ% rqefeashipe 384! inclydips 28 #nlag iBWIRGFd, sai d
conpl enegdodilitedadairid] aSplulisLBE earégitaﬁpsmba\gatwdmpédrrap iredichep €GGEn Ones of

sai d subcarriers being positioned adjacent to said anal og nodul at ed

carri er, maHtplexgf QXM pahcaniss wdbosmncoriend ps Juiamaleg modrleiedcsrienvindg a
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control franme to tdentify sai ontro

e . Its representing sa control data
synchr onbit &it $agh ofwplralityaefcOFIPMawmibnlframesovhepain sucaessios possd sgid cofteldi gi t al
audio b C i i L. C r.2003.2b In rdance with a fourth
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di gi tal feme dndudisgds st saygesdegifabid doholréceepresentidpns atdsttisstmdnbde, a neans

for receiving a digital,audio, pbroadcasti ng signal .including an anal og

ol | £ adiSeORD e i Fobio! B ReRERitng S fond b sy HRSAIGE 88br ¢ nogonal
f r equencyndk third isefuendBltiftshiflcees bk EtGuimarhiigtdeaver sh@r&aMios RARNE! as the
anal og nodul ated carrier, and _a_conplenentary pair of the digitally
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sai d conteprsiserping saidapneclalata syyclannizaticarwady axd myaxs Horoprodeingom ewspd,  sai d
conpl enept it of .said. carriers including first and second ones of
sai d su%c%%p?ép%r gt eef%%%%%?#%&ﬁ% ema?u?%lc?g'nt- to said anal og nodul at ed
carrier, and said firsSBREBRDESCRIPTION OF THE DRAWINGS

The invention will be more readily apparent to those skilled in the art by

reference to the accompanying drawings wherein:



second ones of said subcarriers having a greater anplitude than other ones
of said subcarriers; neans (163) for processing sai d¢festmpBer 2o008me to
identify said control bits representing said control data synchronization
wor d; and means for producing an output in response to the digital audio
broadcasting signal. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention wl|
be nore readily apparent to those skillsed in the art by reference to the
acconpanyi ng drawi ngs wherein: 16 Decenber 2003 3 Figure | is a

di agrammatic repr espigh@t | ¥ WiaghanRhidtie! reflebenfRBR o7 tgﬁoraﬁ?lcoﬁ AM and di gi t al
[ i % BY S ng PrRe

br oadcast i n&osmal%ﬁhi‘aﬁp c‘?n be utilized when _Eer— SUEet hod of

t he preserff™PRYEMFIGHSAPRRAYGasting;signal Whieltrandie atjlizad wifen petforamisgmht t er t hat
can per f ormethdieofsheghesknt ilveRfi@zessi ng met hod of this invention; Figure 3 is
a bl ock di agram of recgei ver that can performthe signal processing

met hod of this inveﬁﬁvfaﬁ;ls £k dizgrameof 4 tigpsmaittercthati daw dedfroctke sigegr am of a
portifn Ofprédassing@Re@hodedf thi®invhitgd! € 3; and 10 Figure 5 is a schematic
representation of a_control frane of data that can be processed in
accordance with thi 98Pk Rieck ditzrm (0FD IBRBERIRAT LON @formHE: RBEFERRED
EMBODI VENTSockssine rhdiN@rinadinRéiibhdes a nmethod for determ ning transm ssion
node and synchroni zation for a digital audi o broadcasting signal. The
techni que of 15 br%‘é‘éféé‘s"t‘F‘ﬂ'@t’rﬁH@a‘gﬁ@l@(&ldi@rghalfaipnnioheafsmt:aﬂimnnel as an
anal og AMoFFgRal3;kéd cal | ed i n-band on-channel (1BOC) broadcasting.. This

br oa §asti ng is accgnpli shed by transmtting a digital waveformby way of
a pldYality of orthWoBBRANS 3 BemEFEGPresentridngd a contthifrane of ABFEM carar ri er s,
sone of whephcar® inastRh@dvithmBuAdkRLuUre with the anal og AM signal and
are positioned within the spectral region where the standard 20 AM
broadcasting sPERAMLERDESCRIFFIONOF THE PREFERRED EMBODIMENTSI gi t al carriers
are nodul ated bot MyHifieRRR HOFdds AURGE Hr ekl tH8mARAL 9% AM si gnal

and are . . :
and synchronization for a digital audio broadcasting signal. The technique of

jn

15 broadcasting the digital signal in the same channel as an analog AM signal is called
in-band on-channe! (IBOC) broadcasting. This broadcasting is accomplished by
transmitting a digital waveform by way of a phurality of orthogonat frequency division
moduiated (OFDM) carriers, some of which are modulated in-quadrature with the
analog AM signal and are positioned within the spectra} region where the standard

20_. AM broadcasting signal has significant energy. The remaining digital carriers are
modulated both in-phase and in-quadrature with th;e analog AM signal and are
positioned in the same channel as the analog AM signal, but in spectral regions where
the analog AM signal does not have significant energy. In the United States, the
emissions of AM broadcasting stations are restricted in accordance with Federal

25 Communications Commission (FCC) regulations to lie- within a signal level mask
defined such that: emissions 10.2 kHz to 20 kHz removed from the analog carrier
must be attenuated at least 25 dB below the ummodulated analég carrier level,
emissions 20 kHz to 30 kHz removed from the analog carrier must be attenuated at
least 35 dB below the unmodulated analog carrier level, and emissions 30 kHz to 60

30 kHz removed from the analog carrier must be attenuated at least [35 dB + 1 dB/kHz]

below the unmodulated analog carrier level.



positioned in the same channel as the anal og AM signal, but in -spectral
regi ons where the anal og AM signal does not have si ¢fhDeceabér 208rgy. I n
the United States, the em ssions of AM broadcasting stations are
restricted in accordance with Federal 25 Comrunications Conm ssion (FCC)
regulations to lie - within a signal |evel mask defined such that:

em ssions 10.2 kHz to 20 kHz renoved fromthe anal og carrier nust be
attenuated at |east 25 dB bel ow the gnnodul ated anal og carrier |evel,

em ssions 20 kHz to 30 kHz renoved fromthe anal og carrier nust be ‘
attenuat ed at Ieast 35 dB bel ow t he unnodul at ed anal og carri er level, and
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| ower than the | evel of the unnobdu)ated AMcarrier signal in order to

mi n' i miskEabineedsr 4 winiingze crasgalkvdihghe aviog @Masngnabr%@wék jo fughergedused r educed
by encagi &bk %hi@'cﬁ%‘a@lmﬂoﬂﬁﬁﬁnqﬁtd %nhé? lﬂat@%ﬁeeg koAl WRE She

orthogonal it anal og AM waveform This type of encoding is called
conpl f -analeat AMy waiessli nEpig ityrs. of ewnegingniseadley cBmplkmentenp ergndingafiy. QPSK, or

conpl er@ihRm éﬂ%& &%lé&n@sﬁpgw dreont :Efe%‘féﬂag% n%ﬁwﬁ%hﬁ%&%%?f Pat ent

No. 5, 859, 876 [ enent ar nodul ation 1s on the innernost
di gi t aldeacibpd dn lbaierl Hates Bateﬁt NpoS5#paREN tCampitmatary RSKmaddolation These

carri erg, 584 SHt thgtmf??qlnseged,%ag aedior g§9 at/%“ t[@%ra can%m% dh le 5 first

group have "a | eve c and are Iat usi'n ment ary 32
QAM f orThebrecatierame s80atklips:t o’éﬁrsaﬂicng\lraha&an@nml tﬁmmt@wup&apsmmdul ation

= B e AT LR (et TS R ol b o (1
encoding rates. Complementary 8 PSK modulation is used on carriers ranging from (fo - 11
| f1) to (fo - 2 £;) and from (fy + 2f;) to (fy + 11 f;) for the 16 kbps encoding rate. For all three
' encoding rates, the carriers at (fg - 12 f1) and (fg + 12 ;) carry supplementary data and may be
modulated using complementary 32 QAM.

Additional groups of digital carriers are placed outside the first group. The
need for these digital waveforms to be in-quadrature with the analog signal is eliminated by
restricting the analog AM signal bandwidth. The carriers in a second and a third group,
encompassed by envelopes 16 and 18 respectively, may be modulated using, for example, 32
QAM for the 48 and 32 kbps rates, and 8 PSK for the 16 kbps rate. Tﬁe carriers are set at
levels of -30 dBc for all encoding rates. |

Figuré 2 1s a block diagram of a transmitter constructed in accordance with
this invention. An analog program signal (which in this example includes right and left

stereo portions) that is to be transmitted is impressed onto input terminals 28



encoding rates, the carriers at (fo - 12 fl) and (fo + 12 fl) carry

suppl enentary data and may be nodul ated usi ng conpl ¢e®ecampeS2003AM
Addi ti onal groups of digital carriers are placed outside the first group.
The need for these digital waveforns to be in-quadrature with the anal og
signal is elimnated by restricting the anal og AM signal bandw dth. The
carriers in a second and a third group,. enconpassed by envel opes 16 and 18
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signal, a data port 42 is provided to receive the digital signal. A supplementary and
ancillary data source 44 is also provided for those instances in which the digital
version of the analog program signal, or a digital signal supplied to port 42, is to be
20 supplemented by including additional data. A portion of the ancillary data can be
input to the digital source encoder 34. The source encoder may reserve a portion of
its output bits for the transfer of ancillary data. Also, if the audio source does not B
require the full encoding rate of the source encoder, for instance during non-complex
musical passages, the encoder can, on an as available basis, transmit ancillary data.
25 When the source encoder does not require the fall encoding rate and can transmit
ancillary information in addition to the reserved ancillary data, the source encoder
could indicate this condition to the ancillary data source by sending a signal to the
ancillary data source, where the signal indicates the amount of additional data that can
be transmitted. Ancillary data conld be used to transmit signals such as emergency
30 information, stock market quotes, weather forecasts, or information related to the
audio program material such as the title of a song.



ancillary data source 44 is also provided for those instances in which the
digital version of the anal og program signal, or a dég@etambei Zotgl supplied
to port 42, is to be 20 suppl enented by including additional data. A
portion of the ancillary data can be input to the digital source encoder
34. The source encoder may reserve a portion of its output bits for the
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conditions. The training sequence can be stored in, or generated by, device 55 and

periodically selected as the transmitted waveform, for example, every tenth frame.
20“ Alternatively, information for the training sequence could be stored in the frequency
domain and applied to the input of the IFFT. However, storing the information in the
time domain reduces the required number of IFFT operations. Although known data
is sent every tenth frame, the carriers devoted to the transmission of supplementary
data. (fo - 12 §}) and (f, + 12 f}), may not transmit known data every tenth frame. In
25 this case, the supplementary data to be sent every tenth frame is input to the trainiﬁg
sequence waveform generator and the contribution of the carriers devoted to
supplementary data is added to the known data. The difference between the
supplementary data and ancillary-data is that the supplementary data processing is
completely independent of the source encoding, FEC, and interleaving operations that

30 are used to process the digitally encoded program information.



15 data, a training sequence, also comonly known as pilot information,
which is known data, is sent. The training sequence1aldcoambpr ZAXSSSOrs in
the receiver such as the wequalizer to acquire the signal rapidly and
foll ow rapidly changi ng channel conditions. The training sequence can be
stored in, or generated by, device 55 and periodically selected as the
transmtted waveform for exanple, every tenth frane. 20 Alternatively,

i nformation for the training sequence tould be stored in the frequency

storing. the
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antenna 98,

The system control information is transmitted on the pair of OFDM

20 cariers that are closest in frequency to the AM carrier. These carriers, one located
below the AM carrier frequency and one located the saﬁw amount in frequency higher

than the AM carrier, are modulated using BPSK modulation. The Bi’SK carriers form

a complementary pair, meaning that when the BPSK carriers are summed the resultant

is in quadrature to the AM carrier. The BPSK carriers are made complcmcn‘tary by

25 choosing the modulation on one carrier to be the negative conjugate of the modulation
on the other carrier. This means that although there are two BPSK carriers, the
information on the carriers is not independent and the carriers transmit a total of only

1 bit of control information per OFDM frame. The symbol rate for a preferred
embodiment of the AM compatible digital audio broadcasting system is

30 approximately 430.66 bps, meéning that 430.66 bits of system contro! information are

transmitted per second. The camiers closest to the AM carrer frequency are



with a signal on Iine 82. The signal on line 72 is phase shifted as
illustrated in block 84 to produce the signal on |ineD32emib&e2omat puts of

m xers 70 and 80 are delivered on 15 lines 86 and 88 to a sunmmati on- poi nt
90 to produce a conposite waveformon line 92. The spurious m xing
products are muted by bandpass filter 94, and the resulting DAB signal is
subsequently anplified by a power anplifier 96 for delivery to a
transmitting antenna 98. The systemcohtrol information is transmtted on
the pair %lfa O:DI\/éa 20,. carriers that are closest in frequency to the AM
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These. f acf%’?‘g cen i?ﬂg v{lq_l)a synchronization sequence generator to convey the audio
encoding rate that is currently being used. The mode control and data synchronization

sequence is provided to the IFFT on line 106. The IFFT uses the data on line 106 as
20 the input for the digital camrers that convey- the mode control and data
synchronization sequence. In one preferred embodiment, the FEC and interleaver
Processor consistg of an outer FEC code, followed by an ocuter inierleaver, followed
by an inner FEC code, followed by an inner interleaver, The length of the mode
control and data synchronization sequence can be set such that the sequence provides
?5 data for a number of baud that equals the number of baud that can be transmitted
using the data in the inner interleaver. At the receiver, this allows the boundaries of
the inner interleaver to be determined by appropriate processing of the mode control
and data synchronization sequence:
In one preferred embodiment, there are 400 OFDM frames transmitted
30 per inner interleaver frame, where an inner interleaver frame refers to the data needed

to fill the inner interleaver. Since one bit of control information is transmitted per



10 make the control information very robust. Further in accordance with the
I nvention, as shown in Figure 2, the control bits at@Dgesmbatamdiby node
control and data synchroni zati on sequence generator 100. This generator
may consist of a menory device that stores the sequence. A signal on line
102 fromthe FEC and interl eaver processor 38 is used to 15 synchronize the
node control and data synchroni zation éequence to the retrieval of data
fromthe interleaver. The digital source encoder sends a signal on |ine 104

to the “g{ X contfr ol ﬁtnd dag&ogérzﬁhr oni z tion sequence generator to convey
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Figure 5 aﬁmgerraaar&gu@dgubu mkerd:r ag6.amddback sigERIovAlnes PRSP hddigiegd.t 0 receive

the used to control the automatic gain control circuit 116. The signal on line 120 inciudes
the analog AM signal which is separated out as illustrated by block 140 and passed to
an output stage 142 and subsequently to a speaker 144 or other output device.

20. An optional highpass filter 146 may be used to filter the in-phase
componenis on line 128 to eliminate the energy ot: the analog AM signal and to
provide a filtered signal on line 148, If the highpass filter is not ﬁsed, the signal on
line 148 js the same as that on line 128, A demodulator 150 receives the digital
signals on lines 148 and 130, and produces output signals on lines 154. These output

25 signals are passed to an equalizer 156, and the equalizer output is passed to a switch
158. The output of the switch is sent to a deinterleaving circuit and forward error
correction decoder 164 in order to improve data integrity. The output of the
deinterleaver/forward error correcting circuit is passed to a source decoder 166. The
output of the source decoder is delayed by circuit 168 to compensate for the delay of

30 the analog signal at the transmitter and to time align analog and digital signals at the

receiver. The output of delay circuit 168 is converted to an analog signal by a digital-



conposite digital and analog signals of Figure 1. An antenna 110 receives
the conposite waveform containing the digital and analDegesmbgn2ds and
passes the signal to conventional input stages 112, which may include a
radi o frequency preselector, an 10 anplifier, a mxer and a | ocal
oscillator. An internmedi ate frequency signal is produced by the input
stages on line 114. This internedi ate frequency signal is passed through
an automatic gain control circuit 116 48 an 1/Q signal generator 118. The
I/ Q signal gagnlerat or groduces an in-phase signal on line 120 and a
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i nput to amzanal og-to 15 digital converter 124. Simlarly, the quadrature
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out put dewegBval Zrcuit A0OPTHG [etatell L4 bt be used to filter

t he i n-phase conpgnents on Iigi‘r%gg?kiZB t gé I‘lsdr#ega%“?lﬁged\éwgrwvﬁert he anal og
AM si gnal SARFHSFMIRraQ thase shown inEigwe 3s Tha siindow showid ba ifhlict BudhitBathi ghpass

filter is thetigiAediictd8mainIRAdeoR . of 4 ' sane. as that on- line
128. A de d.u‘:iat or 150 recei ves tFJg11 %‘ng\ﬁst a?”"gic’gﬁﬁﬁ“@"g‘*ﬁw R &‘&8 and 130,
and pr oducB&EEATRHF IsSmgH snaeh roy tp irepact Sistenvefoumanst (it 1 264 Qisipnalss ar e

passed { o seopahohiziclo Ao Ganshitlatiite SAURLL 6T oI SR ASSEHELO 3 Switeh

158. The OUt‘?iltJtl of the switch.s sent to a ea TA? EGft and

forward erf6Ht 1&or b smcosnseheit ¥ e asHantageousior perform: igr windowtigaankint egri ty.
The out putgudd Hab@rentRhINp@Iali SR \BHbS reecting.circuit is passed
to a source d codfaer J,Ggp The \?out%ﬁrg%%ﬁ?ﬁg_@%h %%eﬁlfféi%fg ©OUPY| ayed by
circuit 1687 BeMgnfravestnd guard iptseabiemayal sirc@01 Whae inpal toghsFENay2.at t he

transni t t &o dbisin highérsigRalabnehe ARiB GRARERG: ML SArL;ﬁLméAtﬂﬂa' el ﬁhtﬁ EE’I[‘ receiver.

The output of delay circuit 168 is converted to an anarog:s by a
131 71 evbmutsdinod

digifal 1 rsﬁggmplf@eqtgwm%arg @nllmbimadg rT}memtmm opttediIeisa si gnal on
T LR A L1 e T s e

gital carrier to compensate for

channel effects, transmitter and receiver filtering, and other factors that can affect the

magnitude and phase of the received digital information. The coefficient multiplier

20. output is used to make symbol decisions, which determines the constellation point

that was transmitted. Processor 176 determines which of the frequency domain

constellation points was transmitted. These decisions, along witﬁ the pre-equalized

constellation points and the previous values of the equalizer coefficients are used to

update the equalizer coefficients as illustrated by block 173. Block 178 can utilize a

25 known algorithm such as the least mean squares (LMS) or recursive least squares

(RLS) to update the equalizer coefficients.

In order to properly demodulate the data, the receiver must identify
when training baud are received. When a training baud is received, the output of the
equalizer is not input to the symbol decision processors (including FEC and

30 deinterleavers) becausg the training baud information is not used to obtain thc-z_

digitally encoded andio program. Also, the equalizer uses a different convergence



Il lustrates the operation of the invention. Both in-phase (1) and
quadrature (Q signals 5 are provided on |ines 148 amglDidémbs d00puts to a
wi ndowi ng and guard interval renoval circuit 170. These signals may be
provi ded by using down. converter elenents simlar to those shown in
Figure 3. The wi ndow shoul d be applied such that the "digital carriers
remai n orthogonal, or at |east the Iach of orthogonality anong the digital
carriers is small enough not to inpact® system perfornance The | and Q
signals 1 h fransi tted bau s and each baud
i s input 9- g&%ﬁ&@ﬁﬂﬁ&’?gﬁrﬁﬂn{ Betn?e 0 s‘8§°°e{"eﬂ'ay'{] a\’ryaﬁk‘%lgeous to
per f or m t Kataghatdoinpaigo émdlmsg pawet ebtamaie isgrooesded dtf&lra-ttlw@ﬁ&n Rl tta@iing O

processin ghpass I ut puts wi hdow ng and
guard int gebra g%l'ﬂreermva Alc(ll) rdéeﬁg){"}b%%ec-{rwé’sq p‘(pﬂ datg ﬁg’nkh%f‘i“?“ts% obt ai n

hi gher si déesl datpcansippadingte e tréigiNgbaddowhdnharaainp bambn teeéiyedBidther S, the FFT

15 oug put sf.ph; &2 carri.er e _canmhi.ned The out put of
the FFT i sy]fn?n ut is[gﬁs %heﬁ%ﬁ%ﬁ@i@gﬁ e 2‘864‘??"&18 BRI itht i er 174,
The coeff |c§¢f’énr@ntrrmntt!pp¢n eutput dislj inpsit Jo tah provesgi 165d thab MeteliaseSn@inat he data for
each di gi tabcALhiginl@ogonpensate for channel effects, transnmitter and

receiver filtering, and ot her factors that can affect the magni t ude and
phase of the recei vés stivgi naFigines dramdt4, e dathetrene fifont tRNéoetdidnt pl i er 20.

output is o; IS ich determ nes the constellation
poi nt_ t hattltﬁﬁ vva}s'at‘tlrs a mtﬁ%gg %ﬁg(%réds g%? Sﬁ@"’ﬂ&?‘é‘f’hﬁ’%@wﬂé&h B¥s t he

f r eqf@ncy pssatsPh usesonrly etht afatao fropoihat mowaso:ttroarmm aitﬁdyn&il?&ﬁﬁti&%i si ons,
along wit tion and the previous val ues
ot “the. equay o MK Bt SRS PGB 63 ety e oo

coeffici ermfgme@wn lahd, detemmings thy addicoeicoding ratemabihe béfindsdies of fhkiigRra 25 known
al gori thm SI ve ast squares
(RLS) to ul?)t ga'ts ﬁaEeQ Ia%zﬁaﬁzﬂeérmggelﬁ ?:eogl{hgf% l"lel\@v"%ﬁ'ﬁ'g plégl Y denodul at e
t he dat a, lﬂi@tﬂrtéebwdanmﬂhemtsnmte&geavwmms tesaltsnin Bgndheontatisreof @eei ved. Wien
?hter g.';/ %gﬂaﬁggﬁlg Iricefv@fggl\égeg ech t&'?théjﬂ%lgrg}nteﬁea'gggogﬁ(ga%ﬁ {Iﬁcﬁﬁﬂv‘érsﬂ (3%% e:’ 2? ut to
because t Ipgcmatiof afit eb&@rl#avlngmddﬁqmmu:téﬁhwt sigmmbil also sefiti@indickfaqo digitally

encoded a es a different convergence 16
o Z%OEO%H%?L BERER thNafVf tHheMficcRB AldiF BFortiB G,

This invention provides a transmission format and reception method

for system control information in an AM compatible digital audio broadcasting

20 system. The tyaumnitted data includes transmission mode, interleaver
synchronization, and control data synchronization information. In the preferred
embodiment of the invention, the information is transmitted on tﬁe OFDM catriers -
that are closest to the AM carrier. BPSK modulation format is used to provide robust
performance in the presence of noise and interference, The synchronization

25 sequences discussed below have been chosen to result in low autocorrelation sidelobe
levels. ‘

Figure 5 illustrates an entire control frame 184. As shown in Figure 5,
the first 12 bits 186 are to-be-determined and can be used as needed for future system
upgrades. The next 4 bits 188 are the transmission mode information bits. These bits

30 indicate the audio encoding rate and the forward error correction rate used in the

convolutional encoder. In the currently preferred embodiment of an AM digital audio



factor, or adaptation constant when a training frane is received.
Additionally, the data that is input to the noi se pagdecembenBIOs IS
processed differently when a training baud is received. Al so, the synbol
decisions | a priori data block 176 outputs the ideal data correspondi ng
to the training baud when a training baud is received and the 5 synbol
deci sions when a nornmal baud is received. As shown in Figure 4, the
coefficient nultiplier output is input~¥% a processor 165 that determ nes
nor nal trg%qug.syn%hro i zatiqoh. As shown in Figures 3 and 4, the data
stream from tHe CBVFFE BRE® & Propes defined for ansmissionpitsludingtaudio and dat a

synchr oni zatcoding prr 48Cktps ®ith 635 ral@ oy the SbrRERESS:S &Fcoﬂé?&l\c;%«lgbég%ﬂf irug fit :n]:j r 32{1 .

t he node coptrol .and,,..data synchroni zati on sequence.

synchr oni z%bgﬁw&'oag%%%? of 8 ‘i?FB‘E}B%@’é‘Ee‘ICH%ﬂfC@%taI“@P engqifingrata6 kbps and

det er ni neswithe 18ugicofor theaBhwgutionhitenddubrt M8e RAMAGEL; Luer
intergeave‘g. ' otsl%nt on ||ne 167 %o t he d%ﬁ?gérlﬁ itgg)\??ﬂﬁtg%and FEC

t cdde S %na% IS | )
circurt 164" $95° VHE RSP IGhTNe s spriunym gugberof differpakbits; nt er | eaves. Thi s

resul ts in synchroniazaieiresivef, thd tandissidh todb idthGialiGER Y Bleatiel IngESPECt tO
t he i nner interll eaver, boundari es and all ows proper operagl on of the

dei nt er | eavi RGP &Kd VEF FEne: 1 1%§etved. 5 iThprsfore. sit 4 edvantageous dfor itk cate t o

the sour cerechtepderust ke irdbrhatibn tifoen @RC 90 @Yn@d drPndsN 060 BLLIDyer 1Y S
i nvention 4)r oVi deﬁi%a transm ssion format and reception nmethod or system

control i niorHEE ShIFPEHOAMOGtnaE Msthed of deterainiag hedransissimasodeng 20,

syst éh  Theould dasercbire dhdlirber b g asissioR vk ik Ok H%dl%cei.e'ata%ra! aver
nfornmation. In the

synchroni Lan,. .and control .data synchronization i

pr ef erredzﬁtgh‘g‘?f'oq'ﬁ'é’%?s @f‘s‘faﬁél 1P AR $-0he bitsshopldsemia0i 2h and 4@ foatteni t t ed on
the OFDM CHS rcbéd, 2/5 tchdd, aad e1/8|c08&S teshuttvl9. AVME Mebi Shine BRSK, TPG at i on
format is sﬂg_‘ed to Erovi de erfaormance in the presence of noi se and

: med valu ﬁEObct]St e swhi iz bei i i 1
i nt er f er enc o ofYalE SRR BRE PAfeominssvhich medrde beiag sensanited. ISindatidave been

chosen to ofeliskligotithrl fovderintining 16 BdrseRssnIRARNAs sHARNEE Fo b hEtch) ﬁ .
the first

I 1l ugtrates .an. ire cantrol,. fra 184. _As shown 1 n Figure b5,

12 b?%s 1 dz’iér’]?g{étt)bg?f?&%@ﬂgmdﬁé’&s gﬁ’&? R BPER cersists carpoh berpeeretedsitfsut ur e

syst em . updghiylaslikdipethmeric dathifos tH@%ﬂf&Qzaﬁk};@s,tﬁ/ﬁBl?rﬂsésrh&@hm&‘fef nformation
nd the to

bits. TheSfodidty B G258 LhSealY RuEnSRd thd BLe an i
correcti onigduiay ca, ¥, the transmission mode bits
~ could be correlated with all possible transmission mode codes. The correlation
producing the largest output would be chosen as the transmission mode. The result of
20 - the correlation could be lowpass filtered and hysteresis could be added to reduce the
effects of noise. The correlation could be impleme;nted as a negated exclusive or
(XOR) of the received bits with the possible transmission mode codes. The bits
resulting from the negated XOR operation for each transmission mode code could be
summed to represent the correlation value.
25 The next four bits 190 are part of the 40 bits that comprise the
interleaver synchronization word 194. The 40 bit interleaver synchronization word is
transmitted once per interleaver frame, with 4 of the bits transmitted during each of .
the 10 control frames that are transmitted duriﬁg each interleaver frame. The receiver
processes the interleaver synchronization information to determine interleaver frame

30 boundaries. The interleaver unique word was chosen to have a high peak-to-sidelobe

autocorrelation in order to permit reliable determination of interleaver boundaries,



convol utional encoder. In the currently preferred enbodi nent of- an AM
digital audio 16 Decenber 2003 -12 broadcasting syst edDetdaber 2008 3 nodes
defined for transm ssion, including audio encoding at 48 kbps with a 315
rate for the convol utional encoder, audio encoding at 32 kbps with a 2/5
rate for the convol utional encoder, and audi o encoding at 16 kbps wth a
1/3 rate for the convol utional encoder. The 4 transm ssion node information
5 bit codes were chosen to have the netfnum number of different bits. At

t he recei % 2@&5 nsni ssion node information is not required until a
conpl et e i TREEHFRIy trpé'ﬁeénf"%e‘ir‘%bbp@édl 19 &1 300 1 0 1ilst h@vant@geous f or
t he recelweroaoowse otmeolmﬁamwmamnaﬁtaéw?eiah@n 394&%&6 the Lanes in the
interl eaver. to %Ep W}aftransmssmn node. o or Yeter mi ni ng
t he transrﬁ]’sgg?doﬂ’ Pk FSelRBe ferelnd Wod cWhe the h@ﬂunlm?benotdlgnedarﬁom ssion node
bits that thiitethéemﬁicvﬂdat&ﬁl & dbtaindd b 0 | ed..in Figure 4,
t he bBt S gul .d *1 gf 20, and 4% c}bﬂ-@!a{%é te %gﬁ%ﬂgé Ve &gjt % and 1/3
codes? resPEEEPY et e f'F'H lﬁeif‘e‘%’tﬂmb\?’éilaﬁe"ltﬁ‘%@é&ust% atlh'@raébrmndiavlafoue can be

used to dedebiti e tbigd maﬁla‘mhﬁ bgiod of this
al gorithm for determ nlﬁfgl he trlaﬁsm&ssiclr%%geﬁgr ) f:;%r@‘ ntef ﬂ’?"&

practical ¥&° }5‘?{52%“8? O @n e asssikled.tby qembiniegsthp ifous bitsequendes iBRSK car riers

cannot be dgfgheveay ﬁ:ﬁh:.rol fram8s. Thé QQENB&' mtér}f&%bé{' s}yga{rox] 1&?{09%0r%f O: 8t gse?teger

carriers, p nggﬂgorrp ex . nodul ation
Al ternat | \P8F§-‘/F o W 5, PR | BHeTHTES. iBierieaver ourdl thefinso trecimtreaveni t h al |
possildl e thoandukies SiSpaciiitude, 62H08me Iﬁ%l]%ﬁ{r@ﬂ ﬂ{‘f““‘%h"%‘%&]qh g}}# Q@OI ar gest

out put woul d.be .chgsen as the transm ssion resu t he
correl ati Jﬁceb"c?gl"éfe VPR eleanization bite seogined panshecsasesiatedowith thebmowslded t o
reduce t hQ)att&flf efHeTefillt STAhS Correlatidg c&R Shent ed as a
negat ed exc SI ve or %Fé ?%[ of the re?g?\bglgérgﬁ&g%rgsﬁg@hﬂg%%tssllnf)l e
transni ssi '(3 %gesyﬁ%}ﬁ zaligfhe pits resulting fromthe negated XOR operation
for each tr ansm SSi '(DG denidee pesRr condisidie the %%Eﬁﬂnn?z‘anéne@éreﬁﬁ”é%%?e.

e bits that

corr%atlgﬁtr e. 5hebnet four bits 190" are part
conprise the %"&'P WA VB b BTAYES nf\s shavarindideuse 2.ghe lawa0 big 92 ofant er | eaver

synchr oni zattiarfraver dbnist oftal BIFSITbyrcRGnRAH RifuewirE! TREYRbold @R Wi th 4 of
the bits transmtted. durf ng each_ of
sequence of bits is to allow the receiver to synchronize to the bit pattern of the control

frame so that it can choose the proper bits for the transmission mode and interleaver

synchronization information. Like the interleaver synchronization word, this word
20 was chosen to have a high peak-to-sidelobe autocorrelation. Specifically, the bit
patternusedis 1111101100101011000 l.'which has an autocorrelation of
20 when the sequence is aligned and a peak sidelobe level of +/- 4 -when the sequence
is not aligned. The known transmitied pattern for these bits can be used to correlate
the received control word bit pattern at the receiver. Because the other 20 bits of the
25 control word could occasionally produce a high correlation with the BPSK
synchronization unique word and to reduce the effects of noise, it may be
advantageous to individually low pass filter the correlation ouiput for each of the
possible correlation positions within a control frame. The output of the lowpass
filters, or of the correlations if a lowpass filter is not used, can be compared to a

30 threshold to determine when BPSK synchronization is achieved.



the 10 control frames that are transmtted during each interleaver frane.
The receiver processes the interleaver synchroni zat yemdceiBenEigaon to
determ ne interleaver frane 30 boundaries. The interleaver unique word was
chosen to have a hi gh peak-to-sidelobe autocorrelation in order .to permt
reliable determ nation of interleaver boundaries. 16 Decenber 2003 -13
Specifically, the bit pattern used is 10011 101011120001012
11101010 010000010012 40, whi ch has an autocorrel ati on of
40 when the sequence.j.s. al.i gned .and a peak sidel obe |evel of +/- 4 when
the sequence is not %gsila%egQQIQRBf’ges ?I‘fﬂl{g’gﬁ@dém%ﬁrf%lﬂaﬂmtﬁn'gmdbt ai ned by
correl ati rigesivieg serfredricfornmtien i@ apednpitide o @N&dnPRLNE d'%é?'atldi nd these
nunbers artﬁoé&;&i%gl bylnu in@ a .1cfor € ., bit and a -1 13 ra bit. As
the interleaver frane i S procesdbd BEFIHGREon cemaiy greferradepraptices emint er | eaver
synchr oni zZmbodimentsrod thisinvdntomimee bith aet.oubh Jow@h Wil o &itBrsloBi fhalipt S€duences
er

in eagh captrol frames. The receiyved interleav
synchr oni ?g‘{%lgﬁn {angb @genrwbsg em{%ogil'r%ewlg'f‘b‘ge theps ek hsfolloydagclaimsns i t t ed

interleaves word to find the interleaver 10 boundaries. Specifically, each
time a full control frame is- received, the |ast 40 received interleaver
synchroni zation bits received can be correlated with the known pattern.
The result of the correlation can be conpared to a threshold to determ ne
i nterl eaver synchronization. To achi eve proper correlatidn, the

synchroni zation for the BPSK 15 control frame nust-first be achieved. As
shown in Figure 5, the last 20 bits 192 of a control franme consist of a
BPSK synchroni zati on uni que word. The purpose of this sequence.of bits is
to allow the receiver to synchronize to the bit pattern of the contro
frame so that it can choose the proper bits for the transm ssion node and
interl eaver synchronization information. Like the interleaver

synchroni zation word, this word 20 was chosen to have a high
peak-t o-si del obe autocorrelation. Specifically, the bit pattern used is 1
1.1110110010101 10001, which has an autocorrelation of 20
when the sequence is aligned and a peak sidel obe |evel of +1- 4 when the
sequence is not aligned. The known transmtted pattern for these bits can
be used to correlate the received control word bit pattern at the

recei ver. Because the other 20 bits of the



25- control word could occasionally produce a high correlation with the
BPSK synchroni zati on unique word and to reduce the ¢fDecémbef2003i se, it
may be advantageous to individually |ow pass filter the correl ati on out put
for each of the possible correlation positions within a control frane. The
output of the lowpass filters, or of the correlations if a lowpass filter
is not used, can be conpared to a 30 threshold to determ ne when BPSK
synchroni zation is achieved. 16 Decepgber 2003 14 This invention provides a
met hod and apparatus for transmtting and receiving control information in

an anplitude nodul ated conpatible digital audio broadcast signal. In the
foregoi ggappeci fication certain preferred practices and enbodi ments of
this invention have been set out, however, it will be understood that the

5 invention may Be ot Aensthebfoedigidl ewlinbioadaastitpen sigupenaidiogian fimlldgowi ng

cl ai ns. . Y Sy t gﬂqj r.digital di.o
br oadca@@éggig%gﬂgfao?%éﬁg‘& ng %@taéhaﬁn%uqﬁﬁ(g ula esag%:agrrlérr?é? q%né‘”‘ "5
pl ur al idhgnred agihg rbaddd yodubded airisl, dBelMestdddgrthd ges ofn t he same channel as

t he anal og nodul ated carrier. c terized by the steps. of: delayjng the
anal 09 modul at ed CeavPE B 4ok RbRE st S Romsrriat Beili moE e R
subcar rOEDEL subechtdrat i ng a conpl enentary pair of the digitally nodul ated
OFDM subcarriers with a single control bit in each of a plural]j of OFDM
synbol franes mé’?o\gf‘%“"%&ccé’g@?%“@ﬁ%sp% ofof glgﬁﬂtfl}l)mmsil'ﬁgteﬁs nbgﬁ%’cessi ve
ones  of sub@irferORDIN :syiddo torfronBR $n ERRBF @ pha Rty 10D OFDN BEmbE Fraincs Mtefedl 1 ame
including a', firstfseguence of said control bits representing a
t r ans i SETHY TR Of £ WA PLLBRAEES HF onea rf sES MTPOF synedl fragls édBift i ng a
cont r ol cofleblafransey 848 LOHloT Brhin® e Wi, 2 BR0scudildl bflsaSLEHARBLBtsGEpré@tincont 1 ol
bits represen_tl ng an inter| eaver s%/nchronl zation word, said conpl ementary
O .

pair of TRSESIO RS j2ePes o) £5AvERGsg Ok FHd tconmel Bkt SrnEeseRgs? srrEgli dpta

subcar rdyfiéhroni RRion Iy R Sdri Lihed s8GlieBEEHE sdid S bRO M pRGeiRGUdhRdesRf i er,
and said first and second ones of said subcarriers having a greater

anmpl it vaBchrenizatiop nerd. gaid somplemgpigry pair of said subcarriers including first and second

ones of said subcarriers being positioned adjacent to said analog modulated carrier, and said
first and second onés of said subcarriers having a greater amplitude than other ones of said
subcarriers; and . -

transmitting the analog modulated carrier and the plurality of digitally
modulated OFDM subcarriers. )

' 2. The method of claim 1, further characterized in that:

a plurality of said OFDM symbol frames form an interleaver frame.

3. The method of claim 1, further characterized by the step of:

processing said control word to identify said control bits representing said
control data synchronization word by correlating bits of said second sequence of control bits
with a predetermined data word; and )

comparing the results of the correlating step with a predetermined threshold.

4, The method of claim 1, wherein said complementary pair of digitally
modulated carriers are modulated using binary phase shift keying.

5. The method of claim 1, further characterized by the step of:

receiving the analog modulated carrier and the plurality of digitally modulated
OFDM subcarriers; and



subcarriers; and transmtting the anal og nodul ated carrier and ithe
plurality of digitally nodul ated OFDM subcarriers_ 26 DEbempeatdond of claim
1, further characterized in that: a plurality of said OFDM synbol franes
forman interleaver frame- 3. The nethod of claim11, further characterized
by the step of: processing said control word to identify said control bits
representing said control data synchronization word by correlating bits of
sai d second sequence of control bits with a predeterm ned data word; and
conparing the results of the correl aﬁMng step with a predeterm ned

t hreshold. 4. The nmet hod of claim 1, wherei n said conplenmentary pair of

digitally nodulated carriers m)du ed using binary phase shift
keying. 5. The mBEH&H 51 PR TR e PO B Evu Pg fﬁi?ewglgs%aéb

r ecei vicwgtrolhdataasyadoghiramidnlbated carrier and the plurality of digitally
nodul at ed CFDIVI ubcaﬂl er'z and 16_Decenber 2003 16 processing said
control frame toP dent?F9e8af of deifm I dyrtsT chargctspicedonde agP ki d control data

synchroni zati on wahklingbthe ToswaEtiROd Qfa ﬁ*s@'séﬂu@ncef téF heor Ghariaghenkzed by
the step of: sunm ng the control bits in-said first sequence for one of

sai-d i HfERGsdapefucerysypmedpalusy oduce a summed val ue; _ conparing said

sumred val Ue 10 eafipRingal dirihdd i (RAFLLAHBaRE A MRS mIREEREN ALl ve
of a plurality of transm ssion nodes; and selecting a transm ssion node

cor r esJEHEIREIY SOt nRusHb g trapsminten maflaseandhat is closest to the sumred
value. 7. A digi E@l&ctﬁgQ'u‘anQﬁx QAEAShd %&%@hﬁgﬁ QE H 91%9191 Sd A « ﬂ?tlstéy gnal

i ncluding an anal og nodul ated carrier a’p urd ty o digta
modul atdepcepiresubogd vilee.s in the same channel as the anal og nodul at ed

carrier, charactori zed e BRADEroh&bbil 0 BY:BRchdie 11Ah A% TRAH 2t

carrier with respect t
an analog modulated carrier and a plurality of digitally modulated OFDM subcariiers in the

same channel as the analog modulated casrier, characterized by:
means (61) for delaying the analog modulated carrier with tespect to the
digitaily modulated OFDM subcarriers;
means for modulating (50) a complementary pair of the digitally modulated
OFDM subcarﬁers with a single control bit in each of a plurality of OFDM symbol frames
wherein successive ones of said control bits in successive ones of said OFDM symbol frames
| form a control frame, said control frame including a first sequence of said control bits
. representing a transmission mode, a second sequence of said control bits representing a
control data synchronization word, and a third sequence of said control bits representing an
interleaver synchronization word, said complementary pair of said subcarriers including first
and second ones of said subcarriers being positioned adjacent to said analog modulated
carrier, and said first and second ones of said subcarriers having a greater amplitude than
other ones of said subcarriers; and
means for transmitting (98) the analog modulated carrier and the plurality of
digitally modulated OFDM subcarriers.
8. The digital audio broadcasting system of claim 7, further characterized

in that:

a plurality of said OFDM symbol frames form an interleaver frame.



digitally nodul ated OFDM subcarriers; neans for nodul ating (50)- a
conplenentary pair of the digitally nodul ated OFDM g@loeaember3008 th a
single control bit in each of a plurality of OFDM synbol franes wherein
successive ones of said control bits in successive ones of said OFDM synbol
frames forma control frane, said control franme including a first sequence
of said control bits representing aj4ransm ssion node, a second sequence
of said control bits representing a control data 'synchronization word,

and a third sequenge of .said .control ,bits representi n_Lnterl eaver
synchroni zati on word, sgﬁ‘a fﬂ%‘fﬁ& aelﬁlg%tbé? B 5¥S? i@“ggﬁ%a?’r' Ti ncl udi ng
first andhﬁm@{y@d@@es of said subcarriers being positioned adj.acent to said

anal og nodul ated carrier, and said first and second ones of said
subcarri ers havi ngmgagy s pepceasing (103 saidrrentrobwhek tooidentifyfsaidhentrol

b : . f i i } , | i
ond the Sl P ER0RG | Bhydl A0P Halchi ol by OB IO 8F Sl 5 i T
audi o br sadadstquegcesyStaimmobbite katihra gredéterhined dataavad] efd feombatihigt © a

pl ural i_tél of sai O:DMé,nbol frames form an interl eaver frame. 16 Decenber
2003 17 G T951Es o Giercarre SéteBWdfioﬁc%@@?t?rgng%M@fi-clai m 7, further

characterized by: mansﬁgrdi@mcm& Woé&kggt?ngzgi's%rﬁoﬁ LREmWer K, i 1 dentify

said control bits representfng sald contro a synchroni Zati on word by
corr el at thegaddérized i thenthd mesee drdnsbdatingde aohngednd maldubitd saidedrhie in

predet er mi ned dat rd, .and f.ar conparing the results of the correlating
step wi t A°8"HH ‘é%%’ﬁlé\ﬁ%ﬂﬁéahﬁsﬁﬁ%@ﬂﬁm% 10. The digital audio broadcasting
systemof claim?7, (furtitgé dishar k& oréfitadtihg! Bakerh N6r CRAAS 7S @@ dul ati ng

is arranged to nodul ate said carriers in accordance with binary phase

shi ft ke%‘}%@te@.@db]’he digital audio broadcasting systemof claim?7, further

charat eri zed by: PRANS 0L LRRE Y1) (! RaidhomBARLRY LRI Ah§mgarri e
plurality of digitally modulated OFDM subcarriers; and

means for processing (163) said control frame to identify said control
bits representing said control data synchronization word.

12. © The digital audio broadcasting system of claim 7, further
characterized by:

means (163) for summing the control bits in said first sequence for one
of a plurality of interleaver frames to produce a summed value, for comparing said
summed value to one of a plurality of predetermined values representative of a
plurality of transmission modes, and for selecting a transmission mode corresponding
to the predetermined value that is closest to the summed value.

13. A method for receiving a digital audio broadcasting signal
characterized by the steps of:

receiving a digital audio broadcasting signal including an analog
amplitude modulated carrier, a plurality of digitally modulated orthogonal frequency
division multiplexed OFDM subcarriers in the same channel as the analog modulated
carrier, and a complementary pair of the digitally modulated OFDM subcarriers with
a single control bit in each of a plurality of OFDM symbol frames wherein successive
ones of said control bits in successive ones of said OFDM symbol frames form a

control frame, said control frame including a first sequence of said control bits

e



plurality of digitally nodul ated OFDM subcarriers; and means for processing
(163) said control frane to identify said control bhé®ecembeszmii ng said
control data synchronization word. 12. ' The digital audi o broadcasting
systemof claim?7, further characterized by: neans (163) for summ ng the
control bits in said first sequence for one of a plurality of interleaver
frames to produce a summed val ue, fogryconparing said sumed value to one
of a plurality of predeterm ned val ues representative of a plurality of
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for receawongok daiagnehrodisdiion br@adeadtd MirdisBiiRhee WTadAs (RhirgeGithy the
steps of receiving a digital audio broadcasting signal including an anal og
anpl i t udEPHSERINGt € interlqaver synghionizetipn twordf said gpmalamentany wairt efisadd t hogonal
frequenc LML S el b .bers in the .same channel as the
anal og nperthe iy o G Sedonl O 00 Sy PBarclsy BeiRg TeRar |y

nodul at eatlj&@lebiVi whid aanalegr moditated @nsérNghé seidnfifsdlandistednd eRBhofOfaid
pl ural i‘té{l?Of OFDM synbol frames wherein successive ones of said control
bits in SETESEE T anmplgu athepenesof sHd subFmsTs, control frane,

said control frarre,?ﬂoe@ésﬂl S &n%fﬁ%m@%&?@eﬂﬁﬁr Qafidé@ﬁtfiol%%&g@iese%h 16
a

Decenber 2003 17 epresénting a transm ssiorf node, a seco sequence of
sai d consaidtorttiol datp eprebsenititiog wadcandt r ol dat a synchroni zation word, and a

third sequence of sai.d.control bits representi .an interleaver,
synchroni zati on woPrIUEng £ BWBHE e AeshP Sepiﬂ &%Bg%fér&ﬂg@ub@&aﬁsspg

i ncl udi nggddir st and second ones of said subcarriers being positioned

adj acent to said anal og nodul ated carrier, and said first and second ones

of said subcarrielts haVhawgethogosalnin 13anfrthencheractesimedinthat: ones of said
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out put in responselio tTke dieffiddasf elbigh 03pwha@daAsiel si€p of processing said
control frame to identify said control bits representing said control data
synchronization word is characterized by:
correlating bits of said second sequence of confrol bits with a
predetermined data word; and
comparing the results of the correlating step with a predetermined
threshold.
16.  The method of claim 13, wherein said complementary pair of
digitally modulated carriers are modulated using binary phase shift keying.
17.  The method of claim 13, further characterized by the step of:
summing the control bits in said first sequence for one of a plurality of
interleaver frames to produce a summed value;
comparing said summed value to one of a plurality of predetermined
values representative of a plurality of transmission modes; and
selecting a transmission mode cotresponding to the predetermined
value that is closest to the summed value.
18. A receiver for receiving a digital audio broadcasting signal, the

receiver characterized by:



signal. 14. The method of claim 13, further characterized in that: a
plurality of said OFDM synbol frames form an interl eag®ecéhbse20085. The
met hod of claim 13, wherein the step of processing said control frane to
identify said control bits representing said control data synchronization
word is characterized by: correlating bits of said second sequence of
control bits with a predeterm ned data word; and conparing the results of
the correlating step with a predetermned threshold. 16. The net hod of
claim 13, wherein said conplenentary pair of digitally nodulated carriers
are nodul ated using binary phase shift keying. 17. The method of claim 13,
further gbafsaot RLbiTRE Mgﬁil%uaioqﬁoafcasﬁr%lkﬁgﬂanﬂlctdaﬁlgcaﬁ%{aﬁig dhdlfudd said
first sequence for one of a plurality o I nterl eaver trames to produce a

sunmed vapgdated capien a@luality ofidigiellyvmiodelated arthogoial afrgsuencyl divisiaf

pr edet er m tive o, a plurality of tr m ssi on nodes;
and sel elg}lﬁﬁgexgaﬁf’gﬁgn%h Egs)%}%%rg% F @5 (g’sa%ﬁcﬁsﬁse ﬁ)ﬁ?glglo[gpgge B ned val ue
that is aldesesiplemeiths shinetite dithtBy mb3ulafed OEBM Sibch@ierd WRERIHpE a di gi t al
audi o broadcasting signal, the receiver characterized by: 16 Decenber 2003
17b rrean%"“FrBf§1F étt%%cgiog ¢ phurghiy; of QFIMasyanbof Gamen sthereip sycgessiveiones ofli ng an
anal og ' : | ek, |1 1Lgi Ly | at ed
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digitally nodul ated, OFDM subcarriers with a single control bit in each of
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said control frame including a first sequence of said contro its

r epr eseritifcrlgaver synchronization word, said complementary pair of said subcarriers

including first and second ones of said subcarriers being positioned adjacent to said
analog mddulated carrier, and said first and second ones of said subcarriers having a
greater amplitude than other ones of said subcarriers;

means (163) for processing said control frame to identify said confrol
bits representing said control data synchronization word; and

means for producing an output in response to the digital audio
broadcasting signal.

19.  The receiver of claim 18, further characterized in that:

a plurality of said OFDM symbol frames form an interleaver frame.

20.. The receiver of claim 19, wherein the means (163) for
processing said control frame to identify said control bits representing said control
data synchronization word is characterized by:

means for correlating bits of said second sequence of control bits with
a predetermined data word, and for comparing the results of the correlating step with
a predetermined threshold.

21. The receiver of claim 19, further characterized by:

means for summing the control bits in said first sequence for one of a
plurality of interleaver frames to produce a summed value, for comparing said

summed value to one of a plurality of predetermined values representative of a



transm ssi on node, a second sequence of said control bits representing a
control data synchronization word, and a third sequesbeceéhbsaudacontro
bits representing an interleaver synchronization word, said conplenentary
pair of said subcarriers including first and second ones of said
subcarriers being positioned adjacent to said analog nodul ated carri er,
and said first and second ones of sgkd subcarriers having a greater
anplitude than other ones of said sdb®arriers; means (163) for processing
said control frame to identify said control bits representing said contro
data syridiveli ofdransntissisndnodencandefan sel¢ating pricrdismissipnanodsucopespandinges ponse t o
t he di gi &' . I NQy Sl na.{’;lie 19. Ehe recei ver of claiml18,
further ggﬁ%er C %‘??’}lg%&%&%%é&‘?%g’sﬁﬁqﬁ? i° vglé}ed OFDM synbol frames form
an interleaves frame. 20. The receiver of claim19, wherein the nmeans (163)
for processing said control frame to identify said control bits
representing said control data synchronization word is characterized by:
means for correlating bits of said second sequence of control bits with a
predeterm ned data word, and for conparing the results of the correlating
step with a predeterm ned threshold. 21. The receiver of claim 19, further
characterized by: neans for summng the control bits in said first sequence
for one of a plurality of interleaver frames to produce a sumred val ue,
for conparing said sumed value to one of a plurality of predeterm ned

val ues representative of a 16 Decenber 2003 17c plurality of transm ssion
nodes, and for selecting a transm ssion node corresponding to the
predeterm ned value that is closest to the sumred val ue.




