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METHOD AND APPARATUS FOR TRANSMISSION AND RECEPTION OF
FM IN-BAND ON-CHANNEL DIGITAL AUDIO BROADCASTING

BACKGROUND OF THE INVENTION
This invention relates to methods and apparatus for transmitting and
receiving digital data, and more particularly, to such methods and apparatus for use in
digital audio broadcasting systems.

5 Digital Audio Broadcasting (DAB) is a medium for providing digital-
quality audio, superior to existing analog broadcasting formats. Both AM and FM
DAB signals can be transmitted in a hybrid fonnat where the digitally modulated
signal coexists with the currently broadcast analog AM or FM signal, or in an all-
digital format without an analog signal. In-band-on-channel (IBOC) DAB systems

10 require no new spectral allocations because each DAB signal is simultaneously
transmitted within the same spectral mask of an existing AM or FM channel
allocation. IBOC DAB promotes eéonomy of spectrum while enabling broadcasters
to supply digital quality audio to their present base of listeners.

One hybrid FM IBOC DAB signal combines an analog modulated

15  camrier with a plurality of orthogonal frequency division multiplexed (OFDM) sub-
carriers placed in the region from about 129 kHz to about 199 kHz away from the FM
center frequency, both above and below the spectrum occupied by an analog
modulated host FM carrier. An ali-digital IBOC DAB system eliminates the analog
modulated host signal while retaining the above sub-carriers and adding additional

20 sub-carriers in the regions from about 100 kHz to about 129 kHz from the FM center

frequency. These additional sub-carriers can transmit a backup signal that can be
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Brian Kraogor et al., "Robust Modem And Coding Techniques For FM Hybrid IBOC
DAB", IEEE Transactions on Broadcasting, vol. 43, no, 4, December 1997 discloses signal
coding techniques for an FM digital audio broadcasting system.

IBOC DAB signals méy be subject to interference from adjacent channels, or
interference from the co-channel analog transmission. It is desirable to provide an IBOC DAB
system that is tolerant of such interference even in a multiple station, strong-signal urban
market, while being able to transmit the digital information at a reduced symbol rate.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there is provided a method for transmission
of data for a digital audio broadcasting system comprising the steps of:

providing a plurality of orthogonal frequency division multiplexed sub-carriers,
said sub-carriers including data sub-carriers and reference sub-carriers;

modulating said data sub-carriers with a digital signal representative of
information to be transmitted;

modulating each of said reference sub-carriers with a sequence of timing bits
(58), said sequence of timing bits including an unambiguous block synchronization word (60,
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differentially detecting said block synchronization word; and
using said block synchronization word to coherently detect said digital signal representative
of information to be transmitted.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of the frequency allocation and relative power spectral
density of the signal components for a hybrid FM IBOC DAB signal;
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, Figure 1 is a schematic representation of the frequency allocations
(spectral placement) and relative power spectral density of the signal components for a
hybrid FM IBOC DAB signal 10 in accordance with the present invention. The hybrid format
includes the conventional FM stereo analog signal 12 having a power spectral density
represented by the triangular shape 14 positioned in a central frequency band 16 portion of
the channel. The Power Spectral Density (PSD) of a typical analog FM broadcast signal is
nearly friangular with a slope of about 35 dB/kHz from the center frequency. A plurality of
digitally modulated evenly spaced sub-carriers are positioned on either side of the analog FM
signal, in an upper sideband 18 and a lower sideband 20, and are transmitted concurrently
with the analog FM signal. All of the carriers are transmitted at a power level that falls within
the United States Federal Communications Commission channel mask 22. The vertical axis
in Figure 1 shows the peak power spectral density as opposed to a more conventional
average power spectral density characterization.
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quadrature pulse shapes are root raised cosine tapered (excess time=7/128) at the edges to
suppress the spectral sidelobes. Although this pulse shape reduces the throughput capacity
relative to the rectangular pulse by 5.2%, performance in multipath is improved and the
resulting spectral sidelobes are reduced, lowering interference. In the baseline FM IBOC
design, 191 OFDM subcarriers are placed on each side of the host FM signal occupying the
spectrum from about 129 kHz through 199 kHz away from the host FM center frequency.

The digitally modulated portion of the hybrid signal is a subset of the all-digital DAB
signal that will be transmitted in the all-digital IBOC DAB format. The spectral placement and
relative signal power density levels of the OFDM digital subcarriers in a proposed all-digital
FM DAB format illustrated by item number 24, is shown in Figure 2, The analog FM signal of
Figure 1 has been replaced by an optional additional group of OFDM sub-carriers, referred to
as the extended all-digital signal 26, located in the central frequency band 28. Once again
evenly spaced OFDM sub-carriers are positioned in an upper sideband 30 and a lower
sideband 32. The sidebands of the all-
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These reference subcarriers are used to establish a phase reference for coherent detection
of the other information-bearing subcarriers. The reference subcarriers are also used for
frame synchronization and channel state information (CSl) estimation.

Subcarriers 356 through 507 carry about 96 kbps of infori-nation. Subcarriers 508
through 545 can cérry an additional 24 kbps of infori-nation bits to create an effective code
rate of R=4/5 on each side of the FM signal. The placement of digitally modulated subcarriers
at £ 15 kHz about 114 kHz is avoided in the baseline system in order to reduce the noise
introduced into inadequately filtered receivers. However the broadcaster will have the option
to utilize this portion of the spectrum to improve robustness of the digital audio signal and/or
to provide additional datacasting capacity. This option is attractive if the broadcaster avoids
stereo operation of the FM signal.

The upper sideband 30 represented in Figure 3, is comprised of information-bearing
sub-carriers 280 through 546 corresponding to subcarrier
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01/ 35556 PCT/ Uﬁx%q'{y%r%g 6ex:ll'1bodimcnt unless the analog base band signal is further scaled back. In
the all-digital embodiment, the sub-carriers of group 40 provide data that can be used
in the event of a loss of the signal transmitted in the main channel. The sub-carrier at
location 546 represents a reference signal 42. The sub-carriers in the upper DAB

25  sideband are partitioned into groups 44 of 19 sub-carriers each, with sub-carrier 0 of
each group being a reference sub-carrier.

The sub-carrier placement in the lower sideband shown in Figure 4,
represents a mirror image of the sub-carrier placement in the upper sideband format
with negative indexes and frequencies. Lower sideband main channel 46 contains the

30 sub-carriers at locations -356 through -507 and is used to transmit the same program
material as is transmitted in the upper sideband main channel, but using punctured
convolutional coding that is complementary to that used in the upper FDAB sideband.

The sub-carriers in groups 48, 50 and 52 are utilized in the same manner as the sub-

carriers of group 36, 38 and 40 of the upper sideband. The sub-carrier in position -



6 frequencies 101, 381 Hz through 198,765 Hz. Sub-carrier 546 is_a reference
sub- carrier. The upper sideband is shown to be divided into séM&y00 r oups
34, 36, 38 and 40. Goup 34 represents the main channel and contains
sub-carriers 356 through 507. The main channel sub-carriers are used to

transmt thewyynascag material to be 5 broadcast in the for L@ bits of
the codi ng al gorlgt%m at a rate of at least 96 thousand bi &P%gdraﬁs@(]:ond

(kbps). The main channel may include ancill&ry and auxiliary data. A
second group of_ carriers 36 occupying sub-carrier positions 508 through
545 are used tc4fmandaisediarprspity reberench sigaalddbThesubicarrisrsan thempper DARel y to

be corrupt ed yichiiard Shfched b KAIOSHE AL ALCWRRSIELORESD & OSer

to the center of the 10 chan e nost expen o} ts are pl aced
on the outer OFBW growp kedirerd xefesence Thlecassirendabl e bits contribute least to
the free distance or coding gain of the conbined code and they are | east
inportant to the error correction ability of the code. Therefore, the nost
vul nerabl e sub-carriers xeSUgSaReisyn oy debpnds aserthesenabfreausnexsdiviaivnt her

group of suB- cauliiRESnSahd &fe PBEEoded ushg @dpﬂ&&iaﬁﬁbu&{m%m;uﬁgﬁgcﬁé)r the

invention to carry parity bits or optional "data. ‘This %;roup 0 ubcarriers
may be used i §o¢d95e ORGIspies asaknsoaimria the ar, fortepemplpabo . Killgh SCoinplenientagent r al

fr equency band piscry8 ebashIARRHCPEIEoRRIM AP ohRABYLBYEBE LR Foharmat i on.

Sub-carrier group 40 includes sub-carrier posftions 2 s and is
used in the al Voli4gi Nel6, ppraf@ai2i@htune 1935 N be9d kips deireghechdd acforrmatiedr si on of

t he program mater.i. . a. rate. of for exanple 24 ps. The
sub-carriers i Eﬁ’h?@yg’ﬁ Bﬁ%h%ﬁ?ﬁg%%fﬁgglg@eﬁs‘?ﬁ& &RV |lﬁle}e‘r§t98‘iq%rf’é’ﬁ’f
unl ess t he 1&anaboty 4B eidblands wiing@PC icedesresilidng inaaiteth CRCkodel N t he

all-digital enbodi . -catrri.ers of group 40 pravide data that can
be used in the evgﬁ&gﬁ%‘?ﬂ@%’@% tslﬁg (%plpahadn'% I?W%ﬁédﬁ?#écfaﬁ ‘€ main
channel . The sedditenal paity bits for the @ADodBAG darapin bo hylridandedlaliging eyssdngnal  42.
The sub-carrie i.h the, upper .DAB 25 sideba rtitioned into groups
34 of 15 ub- cAPs Pk SicHRA By e mPRYE o PEC Bk oy P fEmel g e
ref erence sub- chmnéldrom Rk te Rs245a0r Re4/5 ph aschrsiiebaridiindependesve r Inghgleband
shown in Fi,gure 4 represents a g rror. i mage of thw-carri_er pl acenent
"n the uppdf SPEBSAAL FIFRRCIHEL FM TR T CRMpHStEie s Lower
si deband mai n olvannierab to coiraptios, dddahSMhiafehencast he ufpatnd RORE 5idEKandS356
t hrough -507 and s used $.o transmt the sane ram terial as._is
ransnit1ed | nSSPEREE SRAdbER Srapsra A CoBup M Sraatret tebis
convol uti onal eemlyngarghht, theh thoimprimiot ficyated at hRIORIRE dub-Fartifie abpBssh FDAB
si deband. Thets#b-carri}arls] i n.aroups i18W 50 and 52 are utiljzed in the
sane manner as h[e ISqUEpgY of a dirst adjacent signal. When panity biis are transmitted, the coding

20  and interleaving may be specially tailored to deal with this nonuniform interference

such that the communication of information is robust.

Sub-carriers 318 through 355 in group 38 of the upper sideband and
sub-carriers -318 through -355 in group 50 of the lower sideband can carry either
additional parity bits for the CPC code, or data. This selection is optional in the

25 hybrid system, but mandatory in the all-digital system. The transmission of parity bits
here improves the FEC code rate over the main channe! from R=% to R=2/5, or R=4/5
on each independent DAB sideband. If parity bits are transmitted in both regions 318
through 355 and 508 through 545 (and comesponding sub-carriers in the fower
sideband), then the overall code rate is R=1/3, or R=2/3 on each independent DAB

30 sideband.
' The all-digital system will utilize sub-carriers 280 through 317 in
group 40 of the upper sideband and sub-carriers -280 through -317 of the lower

sideband to carry a lower data rate version of the data in the main channel, e.g. 24



carriers of group 36, 38 and 40 of the upper sideband. The sub- g@urler I n
position 7 May 2004 WO 01/ 35556 PCTI US00142061 7 546 may be {

transmt a reference signal 54. The sub-carriers in the upper DAB sideband
are partitioned into groups 56 of 19 sub-carriers each, with sub-carrier 0
of each group being a reference sub-carrier. The sub-carriers in both
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corruption, and the interference on the upper and | ower sidebands is
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CPC code, or . This selectionis tion stem but
mandat oelsheirrhetlfhbecmmeSdcgmmd srereewill ﬂtlﬂebQ Iaarﬁmzi%ucomptﬁm@mm godb. oy thdher e
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R=4/5 on eac |ndepen ent’ DAB si parity e transmtted in
both regions 318 through 355 and 508 through 545 (and correspondi ng

sub- car fh&kstehled Qﬁ’-db%%andslbc@igéé’é@ to i %:?i@rér{(}@ INEfrdhla fRH5dRATRE HyBridal/ 3:

or R=2/3 on each indépendent 30 si
ali-digital interferer. Under present protected contour guidelines, the maximum level of the
first adjacent interferer is -6dB relative to the host station. If this first adjacent interferer is an
all-digital IBOC, then the interferer can be up to 14 dB higher than the level of that half of the
extended band. The extended band starts to positively contribute to the coding gain when the
spectral density of the interferer is about the same level as the extended band signal. This
implies that an all-digital first adjacent interferer must be at least 20 dB below the signal of
interest (20 dB | di/du) before that half of the extended band is useful.
Reception of the extended data might be possible with both first adjacents present at 20 dB;
however robust reception in fading probably requires at least one first adjacent at -30 dB or
lower.

In the presence of adjacent channel interference, the outer OFDM subcarriers are most
vulnerable to corruption, and the interference on the upper and lower sidebands is
independent. Since the PSD of an FM broadcast signal is nearly triangular, then the
interference increases as the OFDM subcarriers approach the frequency of a first adjacent
signal. The coding and interleaving are specially tailored



The all-digital systemw || utilize sub-carriers 280 through 317 in roup
40 of the upper sideband and sub-carriers -280 through -317 of @ﬁ@ Qaer
sideband to carry a | ower data rate version of the data in the main
channel, e.g. 24 7 May 2004 kbps enbedded code. This |ower rate backup data

i s del ayed twoawihsssge perfon-nance wusing tinme diversity. p&i/gsdeagiéyp data
of the all-digital systemreplaces the analog FM blend of the hybrid
system whi ch is descri-bed in commonly owned?co- pendi ng application "A
System And Method For Mtigating Intennittent Interruption In An Audio

Radi 0 Br oadcastto dey) sfidifis nppynifermointenirsence suchghat theeonpragnisasion @8 idarmago?, now
United States Ratgpi, No. 6,178,317. When the Main Channel data is
corrupted, the backup data can fill-in the audio segment. Since the backup
data is conprised of an éhbHHdedAddysiem vaill tratmmiti the digial netio idfatnmtbh bs, t he
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still be a rate 2/$qgcqrrpl enentary code on the remaining half

case, the i'f oPHE ﬁ“@‘a’f’ﬂ&c‘i”f GRGonsach audio of data dighdi e dual sidsbandredniansy . The
extended al | - dipginkigtl o é)@ﬁﬂéh bi$ oﬂ(ﬂ&aﬁﬁgd vAild b %ﬂfeﬂs%ﬁﬁle@é?} ¥0r§1§ | However,

first-adjacent hybr| all-digital interferer. Under present protected
contour gui del MR&EY WH@S‘%W%?W‘P'E%IO Rspvigeaddiionaksignsl pavesand sodmefeairer | s

-6dB rel ative eé:él&eéhﬁﬁhesséaﬁtﬁeoé?npl&}edttb'd%mEdhﬂa?& a@djbe}%@ﬂfoﬂ %Jt%ﬁﬁ!’:exﬁs an

all-digital 1BOC, then the interferer can ? er than the
| evel of that FapHerer suehethapXrespvpaei bRAR. srdellven X8 riteshchrspfly cambized do

positively gonggitAg gﬁ)mtgafacg,g%&%rggl n when the spectral density of the
interferer is about t|g1e sane |evel as the extended band signal. This

inplies that an all-digi ¥k referense sehspmicwsrare mpdwlattdwith amepsatings3 2ahit BESKt 20
dB bel ow t he 5&19{?@ seﬂflencé %}G(&Pﬁhlfﬁ;&ﬂ?ﬁ{ gﬂecjogéa) p%@g@ﬁ%sﬁlmnh%& gﬂ?grerlc

ext ended band is useful Reception o ext'ended data m e possible
with both fi rsﬁul&méseﬁqtvg mjléple purpases2D r@hBluhOhoﬁ\Blbeammmmgmtysueptl on in

fadi ng probabl Y85 8l0dd p}lﬁsg?;%fgﬂgﬂge fok §1%Eeqﬁgﬁt%8ﬁ§%]m%£tecf‘t§o% %E}ﬁl nois@Ver -

I'n the presence of adj acent 'c I nterference
subcarri er $0ar andfprsinterforghercsanipies f@fcﬁSbme}mﬂCbmnelaame inflermative(CH),entd) on t he

upper and | ove st daBARRRmbon (P HEARAAPA syRbRiRANE BiRliaflbdlf digadeast

signal is nearly triangular,
BPSK tumng sequence permits detection of the BPSK timing sequence prior to

establishment of the coherent reference needed for the remaining subcarriers. The
differentiélly detected pattern is then used to remove the data modulation from the
25  reference subcarriers, leaving information about the local phase of the reference as.
well as noise or interference samples. This is used to estimate the CSI needed for
subsequent soft-decision decoding.
The reference carriers are used to transmit 2 BPSK timing sequence 58
(prior to differential coding) as shown in Figure 5. The preferred embodiment of the
30 invention uses a 32 bit timing sequence. Eleven of the 32 bits are fixed for block
synchronization purposes. A block synchronization word (or pattern) i-s placed in
non-contiguous fields 60, 62, 64 and 66. Field 60 includes seven bits, fields 62 and
64 each include one bit, and field 66 includes two bits. The 11 bits of the block

synchronization pattern are sufficient for uniquely defining the boundaries of each



I nterference increases as the OFDM subcarriers approach the fr? en?gdé of a
first adjacent signal. The coding and interleaving are specia ﬂ’kjjﬁ for ed
7 May 2004 WO 01/ 35556 PCT/USOQ 42061 9 to deal with this nonuniform

i nterference such that the comrunicatidf of information is robust. The

| BOC DAB systemw || transmt all the digital audio information on each
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(Csl), and phase error information for frequency trac
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neededfor t he renmai ni ng_subCarriers. ditfferentiall tecte ttern
i s t hendaiSepaticsn vahiy ey %%Sﬁétr@nwau%nqeoﬁ hisr walld hﬁtenzrsqwéer thaéilee data be

subcarr cgdéd sh@Phanthel li]-f@jé@biooﬁat&@m’é aﬁ hr?vah@%{a Qélﬂr%ﬁcé’fSCSrH&lnﬁ@sf ﬁ)@%&? as

wel | as nqgise or interference sanp his is used to estimate t

needed f81ing 43, B\RigRskb i fayer of @ sbffi §lieaw @@sdm'w waidesychr lepleihearrelatilite of itar e
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as shown r} gure 5. The preferre mbodi ment of
all re erence sub-carrier iocatlons and is coincident with the b!ock of the interleaver defined in

the block count field.

In the preferred embodiment of this invention, the total length (i.e. 32) of the BPSK

Timing Sequence is relatively small to start with. It is desirable to use more than half of the
32 bits for information fields (i.e. Mode, Block Count, etc.). If the unique word were
conventionally defined as a sequence of contiguous bits, then the length of this unique word
must be greater than half the length of the 32-bit sequence. This would prevent the possible
occurrence of the unique word within the data portion of the BPSK Timing Sequence.
Furthermore, the unique word would be a binary sequence with low autocorrelation values
(e.g. Barker-like code) such that partial correlations with the unique word and the data fields
would not result in a false correlation. Maximum-length binary sequences are also commonly
used to minimize autocorrelation properties of cyclically shifted sequences; however, all the
bits would



30 invention uses a 32 bit timng sequence. Eleven of the 32 b%hf 2#5 fixed
for bl ock synchronization purposes. A block synchronization wof &'& 4
pattern) is placed in non-contiguous fields 60, 62, 64 and 66. Field 60

i ncludes seven bits, fields 62 and 64 each include one bit, and field 66

i ncl udes twovwmbdimsssthe | 1 bits of the block synchronizat pefugRitein are
sufficient for uniquely defining the boundaries of each 7 May 2004 10

bl ock, regardl ess of the values of the remallning 21 bits. The bl ock
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preferred enbodi nent of this invention, the total length (i.e. 32) of the
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use nore than BrtE syak 403eh of3DiRiahgzf or information fields (i.e. Mde, Block
Count, etc.). If the unigue word were conventionally defined as a sequence
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Ti m ng Sequence. Furthernore, the un'gye word woul d be a binary sequence
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20 Using the above inequality, a BPSK timing sequence of length 1=32 bits requires a
block sync pattern of no less than S=8 bits to guarantee nonambiguity. In fact a
pattern of exactly S=8 bits was found that meets this minimum bound. This minimum
block sync pattern is defined with 1°s and 0's in the appropriate locations, and X’s in
the don’t care positions.

25  Minimum block syne pattern : 0X10XX0XXIXXXX0OXXXXXX1IXXXXXXXXX
Three additional bits were also fixed in the block sync patiern; this decreases the

probability of false detection when bit errors oceur.



e.g. Barker-like code) such that partial correlations with th ni wor d
gndgt he data fields WZ)uI d not result in a false correlation. ?wayﬂ)%ﬁ
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15 information. A digital signal processor (DSP) based modulator 80 processes the

source signal in accordance with various known signal processing techniques, such as
source coding, interleaving and forward error correction, to produce in-phase and
quadrature components of a complex base band signal on lines 82 and 84. The signal
components are shifted up in frequency, filtered and interpolated to a higher sampling
20 rate in up-converter Slock 86. This produces digital samples at a rate f., on
intermediate frequency signal fir on line 88. Digital-to-analqg converter 90 converts
the signal to an analog signal on line 92. An intermediate frequency filter 94 rejects
alias frequencies to produce the intermediate frequency signal fir on line 96. A local
oscillator 98 produces a signal fi, on line 100, which is mixed with the intermediate
25  frequency signal on line 96 by mixer 102 to produce sum and difference signals on
line 104. The sum signal and other unwanted intermodulation components and noise
are rejected by image reject filter 106 to produce the modulated carrier signal f; on

line 108. A high power amplifier 110 then sends this signal to an antenna 112.
The receiver performs the inverse of some of the functions described
30 for the transmitter. Figure 7 is a block diagram of a radio receiver 114 capable of
performing the signal processing in accordance with this invention. The DAB signal
is received on antenna 116. A bandpass preselect filter 118 passes the frequency band
of interest, including the desired signal at frequency f,, but rejects the image signal at

fc - 2fir (for a low side lobe injection local oscillator). Low noise amplifier 120
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weighting for maximum ratio combining (MRC) along with a phase correction for channel
phase errors

CSlweight =a*/s?,

where & is an estimate of the complex conjugate of the channel gain and sZis an estimate of
the variance of the noise.

The operation of the CSI recovery technique of Figure 8 assumes acquisition and tracking of
the frequency of the subcarriers, and the symbol timing of the OFDM symbols. The
frequency and symbol timing acquisition techniques exploit properties of the cyclic prefix.
The frequency and symbol tracking is accomplished through observation of the phase drift
from symbol to symbol over time or frequency (across subcarriers).
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112. The receiver perforns the inverse of sone of the functi on “Phped
30 for the transmtter. Figure 7 is a block diagramof a radio receiver 114
capable of performng the signal processing in accordance with this
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of the vari anceemfice [¥hedeicgled information from the BPSK timing sequence is used to
20  remove the modulation from the training subcarriers leaving information about the
local phase reference and noise. Referring to Figure 8, the complex training symbols
carried by the reference subcarriers are input on line 148 and the complex conjugate
of the symbols is taken as shown in block 150. The complex conjugate is muitiplied
with a known training sequence on line 152 by multiplier 154. This removes the
25  binary (+/-1) timing sequence modulation from the received training subcarriers by
multiplying them by the synchronized and, decoded, and differentially-reencoded
BPSK timing sequence. The resulting symbols on line 156 are processed by a finite
impulse response (FIR) filter 158 to smooth the resulting symbols over time, yielding
a complex conjugated estimate of the local phase and amplitude on line 160. This
30 value is delayed by time delay 162 and multiplied by an estimate of the reciprocal of
the noise variance on line 164 by multiplier 166. The noise variance is estimated by
subtracting the smoothed estimate of the local phase and amplitude on line 160 from
the input symbols (after appropriate time alignment provided by delay 168) at

summation point 170. Then squaring the result as shown by block 172, and filtering
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BPSK ti m ng sequence. The resulting synbols on line 156 are prg{‘) ssed by a
finite inpulse response (FIR) filter 1 58 to snoboth the resul M?éfzé) ool s
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3. The method of claim 2, wherein said block synchronization word is distributed in said
sequence of timing bits such that when the bits of said sequence of timing bits are correlated

with @ known training sequence of bits, there is at least one bit mismatch at every correlation
offset except zero.

4. The method of claim 1, wherein the timing sequence comprises the following bit
sequence: 0X10XCXOXX XXX T1OXXXXXXX, where X can be eithera 1ora 0.

5. The method of claim 1, wherein the number of logic zero bits in said block
synchronization word is equal to the number of logic one bits in said block synchronization
word.

6. A method for receiving data in a digital audio broadcasting system, said data being
modulated on a plurality of orthogonal frequency division multiplexed sub-carriers, said sub-



the steps of: providing a plurality of orthogonal frequency di %l@
mul ti pl exed sub-carriers, said sub-carriers including data su 4504 s
and reference sub-carriers; nodulating said data sub-carriers with a
digital signal representative of infortdation to be transmtted; nodul ating
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synchroni zation word is equal to the nunber of logic one bits in said block

synchr ogi zat Ll'g met hod for receiving data in a digital audio
br oadcast i ng 9&9\3%(’ %faﬁ[%moedtfwn?élcﬁ@m'mthea?ﬂ@%ﬁ &h a plurality of

orthogonal frequepgitediiMy Helsbolibhdd GHRNAG bRHY AR Sharpidi Sla®Uirordfiy, 2004
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data sub-carriers being nodulated with a digital signal represent ative of
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multiplying the local channel state information weights and corresponding data

symbols.
9. The method of claim 6, further comprising the steps of:
determining channel state information weights;
phase equalizing said data sub-carriers with said channel state weights;
filtering said data sub-carriers; and
interpolating said data sUb—carriers between two of said reference sub-
carriers.

10. The method of claim 6, wherein the step of processing the sequence of timing bits to
determine channel state information comprises the steps of;

removing timing sequence modulation from the reference subcarriers to
produce reference symbols;



of the nunmber of bits in said timng sequence and wherein the punber of
bits (L) in said sequence of timing bits is defined as L<_ 2 /May2804 z) 4
1, where Z is the nunber of logic =zero bits in said block synchronization
word, and S is the nunber of bits in sdBd block synchronization word, said
met hod conprising the steps of: differentially detecting said bl ock
synchroni zat i on wersHuckigda Uﬁétnggrsaﬂiré?ﬂ@b@lﬁthti\%/aﬁ icanpRade afd \WBiltude of the
coherentL% detect said digital signal representative of information to be
transm {$8E"C SYRRAIS A% 0d of claim 6, further conprising the steps of:

processing the segueénsdangthd firgi signdlibys $azof@ sRinA] RPreeBARNGS oShAéSvariance
|nforna%|on. 8. Tﬂqwgitgfd.?f c¥a|q17, further conprising the steps of:

i nt er poll&PPIYCE AL MG Riefe Birmatiem$igPalat i on over a group of said data sub-
carriers between two of said reference sub-carriers to produce |oca

channel state information weights; and multiplying the.local channel state
i nformati on wei ghts and correspondi ng data synbols. 9. The nethod of claim
6, further conprising the steps of: determ ning channel state information
wei ghts; phase equalizing said data sub-carriers with said channel state
wei ghts; filtering said data sub-carriers; and interpolating said data
sub-carriers between two of said reference sub carriers. 10. The nethod of
claim6, wherein the step of processing the sequence of timng bits to
determ ne channel state information conprises the steps of: renoving timng
sequence nodul ation fromthe reference subcarriers to produce reference
synbols; 7 May 2004 18 producing a first signal representative of | ocal
phase and anplitude of the reference synbols; and nultiplying the first
signal by a second signal representative of noise variance to produce a
channel state information signal





