METHOD AND APPARATUS FOR | MPLEMENTI NG A DI G TAL SI GNAL
QUALI TY METRI C FI ELD OF THE | NVENTI ON [ 0001] This
wo poosnsioom rel ates to digital radi o broadcasti POr/US2008/065145

receiv
SEERSREA PR NG S EfaL o
aS|gnaI quality nmetri igital signal.
BACKGROUND OF THE | NVENTI ON [ 0002] Digital radio
broadcasti ng technol ogy delivers digital audio and

data servi ces to nddELD, OP GHEBINEENEIOINT | xed

recei vers, pe of digital radio _broadcasting

10801 ; edhiso 1’3@“?“?\“ gaklstesote cHgieradi dregdeastiget ‘aqce’é(%‘r gnd more

partl‘?{]lgr?}g )‘ti(?s éltl%gis %BQ ?&%3%% ﬁé@%ﬁg %%@H@&lﬁaﬂﬁ rdcBiver a signal

quality @uirfoyar VFBM d@dalcmgmnds HD Radi o(tm technol ogy,
devel oped by i Bi quit | taI Cor por at i on [ s one
exanpl e of an | PH HINYVENFION o) radio

Ca bl a%%gsttf n c}ln ? ]de|11§ cﬁ) Sa'u@i%aeln% data services
%nsmgcp In an% Brl rmat i nc é

to m@bﬂ’é ‘p@rtﬁﬁl@ Ldlﬂi@&d&aéeﬁ‘v&ﬁ Ofe eyt Miaditad Faddd bfbadcastlng, referred to as
pl ur al ity of digitally nodul ated carriers or in an

ln-baaxril an-¢glangel @B@@gtdlm pedin brepdeasimed AR UF%ttéﬂe%raalrtr@smltters n

e S BBNHE FEAIL 00 DNRI R LSRR EAAED R e

Radivf™ bechh@Bgy,-divaloptd bﬁlﬁﬂlqﬁﬁy Oigiedl Crpéliafbi,ak ofé Gﬂﬁhple of an IBOC
all owi ng thenselves and their |isteners to convert

lmplﬁmémmf%@lglﬁ?l trdep b@pdcpagﬁng)awﬁep@)tm} ntai ning their

N T R —

modﬁl@teﬂ'diﬁﬁérfviﬂ QemSinatibhA Q«Hﬁm f)lubzglt? ofll ldﬁglttall? %d@l&@é@ca&ﬂ&s or in an all-
data. Thus the technol ogy also allows for wrel ess
digitalafoamee mhicrsirs ther mlmdgﬂamd fardicn issneft ysgds . Using the hybrid mode,

e x
and Hﬁ)‘f@ FIRBst dg SURAN SlloWid ihdmsehRd NaathBRI lik@derakd Qonvert from

be included” For exanple, traffic information, weather
analcfga‘toecbgmlsradlnwlme maidtagpeg theirsorensiregieney dlldsatiens ol | ed

S 0 receiver' s display whi]e the user o
RS < Bk Srafurt o WGl SrenBetth "Detsrsois 1R ciigientbility to
mmuﬁﬁ‘ﬁbd%l?/vtkéilﬁrrﬁ’t' stth th i dddio aHdidQta. SHRR hE 'Eechﬁolog% also allows for
exi sting anal og broadcastl ng formats. Because eacC
wireleBOtDABrviiey rtaimlﬁthaminEDVﬂi taded sbamrm nTheh braggenst s@xals can include
an, existin or FM cha ocat.ion, i

metaagtaﬁﬁchgs e ﬁ%’\ﬁ} $ {1 & Orérié}t@eéia ﬁlgers | 1%Agessages about events,

trafﬁerm@a?h&‘égﬂ ¥y b@fm(ﬁﬁ’@éat HoeMthhR, £2@RihfdEmation, weather forecasts,
bt oadcasters to supply digital quality audio to the

newsp laad aporth segenfan aléberserodlefl G006} aMatltoi masivemsydisplag while the user

ability to deliver several progranms or data streans
listens\fg @ r@%g station.

[0005] IBOC DAB technology can provide digital quality audio, superior to existing

:‘l 0

analog broadcasting formats. Because each IBOC DAB signal is transmitted within the
spectral mask of an existing AM or FM channel allocation, it requires no new spectral
allocations. IBOC DAB promotes economy of spectrum while enabling broadcasters to

supply digital quality audio to the present base of listeners.



channel in the AMor FM spectrum enables stations to
broadcast nultiple streans of data on separate
\Nammmhsnmmtal or sub channel s of the main freqm@nﬁymmwmsnﬁ

E | trea of data can in e

P00y Bicailtier MR iR LE RS seDftaf pdRarh St HEF streams over one
cham@iMn tHRNANVSRIM Specthtn, dABPles SBASRY to@%@éﬂ&ﬁéﬁnﬂﬁﬁle%eams of data on

accessed in the sane nanner as the traditional station

sepafrat@quppicmemtgl mgsubtnhamgels of theakdin grequmsm dies ex4fople, multlple streams

or G Bt P R R, R e TG i ore. e
supﬁ@ﬂ@hﬁﬂ%ﬁﬁﬁ{elsc RN 2c@dsr In B4 shar, nﬁﬂﬁelgﬂs ]thé” traditional station

H ghly specialized progranmm ng on suppl enent al
ﬁequhmyntslug wamghe sdeling duretions Foménample,af et adlog modulated signal is

au S r 0 tunities for vertjsers
ceniBiEd 4 Sagy MEG: ERfeteAAAGEaR] PhiE o GHAlS e Ui SoRBlegiea! channels
94.1N8r &4 1.2, QH(II biqast Tﬁ@ﬂ&@?é&iﬁ%dtﬂ? rg%}ogﬁs'uﬁﬁleﬂfenﬁp €hannels can

or nore progranms 1 n a single digi
be dnfliyanhdasx tiplgthc hmgetedl andienpesa cseangl andxiegbp;airuméti:ésofor advertisers to

br oadc ag& naI Mul ti cast ontent can i ncl ude
integrafe, t é{: Vpr@gra((wlsg}ltengu t rena,r téqiaptmg includes the

A
tran(§)rtﬁ{]sg1'roﬁ k;%ﬁf (;)glg Cog)sngorg ;?%Qﬁ% 018 4 én_‘fl%? eg%gt | fad gﬂyroag&gﬁﬂé channel or on a

singhydiggatyradio broddeasingsigibh uatttbastebhiengcar igelnile amain program service
onsored by the National ci ati on of Brogadc rs
(MR} SERACTeE AL FROErEE GETREs &i’% BIO8FaR issrYice daist 31, andvor other
broddBrdsiaandard, designated NRSC-5A, in Septenber 2005.
NRSC- 5A, the disclosure of which is incorporated
[p@00s N her dlatiordic Radive Systbms t Qomhities ali stamdard-setfid organization
broadcastl ng digital audio and ancillary data over AM

sponsREEArRY pihe aatanal c*ﬁ%ﬁ‘?ﬁ’épgn of, Breadgariers gangh dhg ((onsumer Electronics
Ass§ﬁ£t%?§8ptg@gﬂﬁﬁbsst ys e%ﬁét@a ‘Ixﬁgse@%& ?H@%fr)t%%exoﬁoos NRSC-

ransm Ssion su franspo

5A, sied fisclesurd ldfivhielx issinesypdtaed herepbe feforentd) %e&ttaftli ahérequirements
can_be obtai ned fromthe NRSC at
for Wpﬁ%aﬁvwgﬁﬁls%@ﬂ%ﬁ%% lyyglata oyl HMsanglsM broadcast channels. The

stanhgdfaglr(%te % %f%jg%ﬁﬁ&%ﬁ%é%q%ﬂ%%d e?&g?aglatlo S t eh%li/transmlssmn

sustygtEmr 4t the Rrafispoaridrgrvife madiphdixt dibsysemhy) oC esiys 6ﬁﬂhe B&ndard can be
found at wwu. hdradl 0. com and www. i bi quity. com . [ 0008]
Obtameﬁefmﬁyﬂlﬁs Sl a§i tin:/wagy Bropyiendardsrpistondgrds.asgs  1Biquity’s HD

R U381 YRR DB MRS IR Uiy e

1nfoﬁi@diicﬁh Mg@ﬂhﬁé &IIOI:RA&OT“EQE&KQI@RE(& baniafd ag %B\) hdriB.com and
Version 2, and FMeXtra. As used herein, the phrase

___éhgll_t_‘é&QDﬂadl o broadcasti ng" enconpasses digital audio

Ef@gﬂc agql‘?{g}’f’egc lf\'ii&l{ég gascp io F aca&f] ing §3§ &l s include satellite systems such

as X‘M R@dféaSIrid%gmd WogdSick, 4nd tBir Qe agitbne su&}p&'Q%glthF Radio Mondiale
d be desirable to have a metric for the quality of
(DRM)y Eg@k@ dd7 dbighded as DAB), DAB Version 2, and FMeXtra. As used herein, the

phrase ““digital radio broadcasting” encompasses digital audio broadcasting including in-band
on-channel broadcasting, as well as other digital terrestrial broadcasting and satellite

broadcasting.
[0009] It would be desirable to have a metric for the quality of a received digital

signal because a number of applications require an accurate indication of signal quality,
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signal because a nunber of applications require an
accurate indication of signal quality,including a
wG@e@RASwan function, resolution of 300-kHz- spap€dUsS2008/065145

o 0 S a5y 1 SRS R, s s
inteMBe} SldebanQ sBRCESS iaﬁ@Giv%rﬁt?rs“ﬁﬂahﬁlgﬂﬁﬁ“rek&nbfé. hewakld@doybe desirable

obtai ned, and to be effecfive and reliable for FM
for thisometgicdn de ajuickirgobtained apdab de effectnouinl relighiefor FM hybrid and all-
oG Sl e B SPIRAES ck a Sh e Bting D Radio™
recelVEPh&ARALd RS ofihardWhéd nflethentiit the herR MybIRtidam THE
[ NVENTI ON [0010] In a first aspect, the invention
provi des a net hodSUMMARYeOFI TE ENMENITI@N r adi o
ignal . _The_digital radio signal. includes series of . . .
H0) < In 6.fem' Bpeshn ey EntOB 5PY IdEY 2 SO o rdgieetige grdigital radio
. a e . . . . r . .
S P 03 ALk 331 SREOE, Sl ERALGH Rbomprised of a
pluraiity eff crampleayv i The angtbak inchales dhe sepp @fidscdiving: thy digital radio signal,
oundary, normalizing hhe correl ati on waveform an

d
develonieg patorTriplian puaielers flaving & RAknbRhaPToRandolor &IsyPeh boundary,
0 ak, wa s .
romFLOLS pIRRSRAT ELRRS oL JBIARD SEBILE AE gf ) o
correligoncivapefain, médiein thegealt valanreprosits fe qupligrof ddretavesr digital radio
. Sidebands, and the nmethod can be applied i ndependently
signgly each of the sidebands to produce the peak val ues of

i t i .
T e Rl SRl SENBLRAAE ot s R bidkfiop and the method
can adppliad adlepsndentl ol cath ofitha sidebands nelprodded tha peakvealues of normalized
nmet hod can include cal cul ating the peak index . .
corrglgiane Wavsienmy far oeagh of Jheyisidghands. 1 bhe digitah sighal| quality metric can be
) i f t . X
vt R0 ARG ELE IRy ok, L HOREH e BBl e p e

corrdspénding fetheneak hatueeon thehtorftiked tttetfibnf WivelfditsUpP e upper and
and | ower sidebands can be determ ned and the peak

lower sifiskangls| t Ehearripeaeingeadeliparepeesermtafivet ¢fethg slildererggdbetween the peak
. 1] raSi n. r.ed . hr.e 11N

iy O 0 L A o PR R b MR okl g and e
peakC@digas| @t iRguspek r2agUeWEY siétaae¢ cali bé ebeperdhettiREbIdNE The digital

_upper and | ower sidebands and determ ni ng whet her the
signal iquplély apgiac pereelso he welidaadbyt ¢aledame e freqvenainfiset difference between

bl . h cted Si L desi '
the u'g?%r' ?tlé\?r/]&. s\}’]@génetgtrang Pg%%‘%%}d}eg wl%e'ﬂ%r} ?l}ﬁ (g?f]eraenceer%leét?e % ﬁearfa_m threshold,

na | acen errng s

therebQ Ohdikatiiy ahethbet @t sigflil?isi £\d6diadOdi gl Qf #RFes or an adjacent
receiver for detecting a digital radio signal. The

interfgrigg signak adi o si gnal includes a series of synbols,

BRER) ool Pt SR dEE ki S p iy Ry BRERuF F el i
signdladihe cﬁ%’ﬂﬂﬂ 2ddio 813HalanNnAEOS Seies bP %Yrﬁ%lﬁtl%a@ﬁ o hethPi8 @bmprised of a
val ue that corresponds to a synbol boundary of a

plurahity efsammdes. ¢ Bira rsbeivéronclndssednompyt foh esasiving hdigiehtadio signal, and a
val ue repr.esents the qualjty of the receiyv digit .
procoion G EF BN RPes ER APl o “BRRN Redsity' S normalized

correlation waveform, wherein the peak value represents the quality of the received digital radio

signal.



[0013] FIG 1 is a block diagramof a transmtter for
use in an in-band on-channel digital radio
whe@adsest i ng system [0014] FIG 2 is a schenedT/tS2008/065145

representatEggﬁgﬁgzggég 0 [ 0015]
FIG 3is a Xe

presentat 6 = ext ended

hodsi d FYG! BQe a8k QfisBrar QFLO krahdniitte fdrSus® i CAEMBand on-channel
representation of an al1-digital FM EBOC waveform

digifad 6ali] brbbdeasthg systamschenat i ¢ representation of a

TR o R e N S -
A1) S8l sty e R BB

fe016] | orHFG. dlisacichematiy @preséntationFdflah BIDQi RABFMVEBOY @/aveform.

[[0021] Fl Gs. 9a and 9b are di agrans of an | BOC DAB
[MH7tal FiEed scpichematigarepresrntation o pdubiid &M FROS B iwayeform.

F 0, i iagram.of an | . D) ) cAl
(HREC o116 S e el BR R T ph Rt 00T B GE DY wavetor.
F0039] 11FIGS7 & Ofunpivrabblotle@ingaandfanl A IBOEDABHeMiver.
Si gnal in the frequency domain. [0024] FIG 1llb is a

Bhi c dlIGr &praciypetianal backodiagiam cRDVIM IBEEI DAR redeever.

i donmi.n.,. [0 FIG liels Lcal.
ML TR gt oWk gritoh & R AEAE SFkionl progonsk stack from the
broad €4k {ing symnbol boundaries. [0026] FIG Hd is a
graphical illustration of the conjugate products
a022] pl iféQ. by is 2dpeeni veamiFOC DAL logipa psotofd 322k filshGthe receiver
12 .is a bl ock diagram of one enbodi nent of an
persg%calﬁ'?'siti on nodule. [0028] FIGs. 13a, 13b, and 13c are
@28 CHGr ¢P4 %ﬁ%@}%ﬂi@ﬂ%e&feséxﬂﬁ’%ﬁqut A"OMON NWigridl RE e frequency
devel opnent nodul el T0029] FIG 14 is a flow di agram
domein. a first portion of signal acquisition processing.

GRGE: Bt e ety OpBYbdptche s doman
B33 E16, 1ets Bl a8 o 1B DA SR S o s

represontiry) symbbl boundedes. a synbol boundary. [0033] FIG 18
iS a grafh of @ normalized correlation peak. [0034] o
(9020l 19FGQ 314 iHp grpliramliystrationedlofy ¢evugatsnpiggucts multiplied by
b LSl.Id on processing.[0035] FIGs. 20 through

resp 192?31)8@%%?@%% the probability of stopping at a
[0827) CUFEG. 17 ie g bdork\difg@dm vAbhOBbMENof @l Scduisifion module.

seek-scan application of a digital signal quality o
8l ¢ FIGs. 13a, 13b, and 13c are graphical representations of symbol timing for a

peak development module.
[0029]  FIG. 14 is a flow diagram of a first portion of signal acquisition processing.
[0030]  FIG. 15 is a functional block diagram that illustrates an acquisition algorithm.
[0031]  FIG. 16 is a functional block diagram of sideband combination.
[0032] FIG. 17 is a diagram that illustrates waveform normalization near a symbol
boundary.
[0033]  FIG. 18 is a graph of a normalized correlation peak.
[0034]  FIG. 19 is a flow diagram of a second portion of signal acquisition processing.



according to the present invention. DETAILED
DESCRI PTI ON QF THE | NVENTI ON [ 0036] FI Gs. 1-13 and the
wa@ewsnpeEmnyi ng description herein provi de a genECHIS2008/065145

pt LB t .b t
AR okt O . it 2h o™y e phile PRbaiS; o it o particular
freq@idy IO YA U8 bondifind e a SbkUscaH "BpREatibB@E MBital signal quality metric
waveforms. FIGs. 14-24 and the acconpanying

accoidng td the preseriemesinhionpr ovi de a detai | ed descrl ption of

t he structuaﬁE BWT%N& Ec{ Mﬁﬁ 1\{mdul e

for I rrpl erre ly A \jl UI T Al o yllul ..IU.J.I LY y meTT1
di RgGE 01878 3a8CfHe cohlian{ing S BLribiE Hetedl  prbBEC 1
A RT s F0037] Re?jégrlgngnﬁt)o et pr ngs, & &nere
descﬁb@n dfiag BOU rsystean adchialing brehideaptiag eghipiieat sehaw@nind operatlon
onents(i)f a studi site 10, n FMtransmtter sit

receiySr SRIGHITS aaq (RGTEI AT ARG HeTBFIITS RO DAR wayefgins, HiGe14-24 and
a eDi a S

e e o r ol RV gD eser S bl g sructure and

operatipn @ifaardcq@idition mddakefobimplGnentiig odigitdlsignal qaliGhettie according to
t hat |ncI udes, an | nporter 18, an exporter 20, an

an aspeet; of dhe pIgsent Iy FRfer vi ce unit (EASU) 22, and an STL
transmtter 48. [Hsc kKR FORigdes an STL
recei ver 54, a digi taI eXCI ter é@wﬁa |ncI udes an

P03T]t er Refegiime to g girneihgs HISY $tie mfﬁ&noﬁﬂcbledk dngamgof the relevant
exciter. 60. Wiile in_ FIG 1 the export iS resident

compgnegts of gisEidia sitei Wonan F ranseitiqrisite 4 Wesn&mrwmt@r link (STL) 14

o LEPRSSEAT b ARET BSOS el RS RIS grons ot

things} staldio asiohatioh bguipintiti 32, avEaseaibleOpegtionzCunter %E@DJD lleﬂlat includes
mai n program service ( I\/PS) audio 42 to the EASU

an iHReHErAtS. 138 EFROTIEK B0 fI CXCIH FRIEIAEN SEIVIGSr But PASH) \22c and an STL

translgrﬁtge?) ?u%hwl%ﬁl fngttérhs?te 1%?1553(551? hsgIrLﬁﬁe%n§erd gh a4 %l?gl{a? eS«t,} fer 56 that

I 0 serves as

includeOGT extitenghghRUELene)lsibsyyler 38, BRE 88 andldg ScREEE0V EWhilb e FIG. 1 the
exi sting anal og radi o progranm ng formats in both the o
eXPOHﬁ@Snglgfmﬂ apip gadiaptationp sidipssitsrand tpexailar i, logaterbatithe wAnsmission
site, ﬁl%seﬁélgrgérﬁy}n‘zg%g §Ffoc%%d% ghp%fa}xs Isgl(:l dgEsS | nformation
as mnmusi UM Aafre, et c.

[Bopg)l enmantiad sRIIRO kidd) the rsVddi@ aﬁﬁﬁadhﬂﬁ' défhpnSehPp F&h?;ﬂﬁ@tlﬁﬁﬁﬁ program
audi o content as well as program associ at ed

servip (4EP) THdio 4ot ﬂ@r EASH: MIS datar 4inter theagrposort svppleménsal program

B S IR T B0 7 gy s

the nhaBl%u@A rbglﬁﬂﬂﬁ bourdd) d I \AybriBmod &S sea the BEis@he analog radi
dat a tthR S no?gcl assified as MPS, @@ or Statlong g radio

progiapmangdenmats Bebath dlee E8I®) andsﬂlsltﬁirtwmm@slom aMR$hdata, also known as

f t h I ol ute .' me, .
et O
Supplensdntid Hré@a- dcrviBe Eﬁlﬁmcil&ieaslﬁ%pléﬁﬁhﬂﬁf hidi8 ' dRichORs well as program

naVIEatlon map Updates or ot I mages, el ectronic

assoquteshdaian gui des, nul tinedi a
[0039] The importer contains hardware and software for supplying advanced

application services (AAS). A “service” is content that is delivered to users via an IBOC DAB
broadcast, and AAS can include any type of data that is not classified as MPS, SPS, or Station
Information Service (SIS). SIS provides station information, such as call sign, absolute time,

position correlated to GPS, etc. Examples of AAS data include real-time traffic and weather

-5-



progranmm ng, other audio services, and other content.
The content for AAS can be supplied by service
wWee@siisions 44, which provide service data 46 tRCT/I82008/065145

orter .via an applicatio ram.i nterface (API)
infore R, P ity o8 GBRSsEs S’ i hen itdoris gk gl multimedia
progritam¥dg) Stter hdi& sQVic8 bRl Bilel YorRQH! G8E cofitdiFoPARKYcan be supplied by
provi ders of services and content. The i nporter can
servmstmbﬁldsrh 44pwbich rprcwdmmmcc) d&'a déttovttenmpolter pllaemsapphcauen program
e 50 e B S ISR 5B i 558 e sdio sic o
tefHaf§ Yok 4y Ut
cx QRS RARLRin) bRl 8 S Bl ek i
sesspardoandsiohdibetwesrtimaltipleasetvisoproviiess. The émpatst encodes rapdi ynultlplexes
t he main rogbc?lm service and SIS for_ broadcastj ng

servw@m - G s gnd SPSUBSR 3fidp Grodich apoet lklasa 24, which is
nggses the audio. The exporter also
outplu{]fotl p %ﬁ%%%t g&jfo exporter |ink data 24, and

[Oﬂaoponﬂﬂeses@drtw 20 tcahta®Sha hdidovai® apd oofiesreeecedsaty to supply the
link data 52. In_addition, the exporter accepts. anal o

malmga%@swm BeVIS; fox braadrasting dibe sxporigseagsy figatabMPS audio 26
over'%éga fe?ﬂg@ Qi(f@dspg% # S {hte ahg oP rﬁg ﬁ &r%ﬂo%ﬁﬁpﬁ?@ MPS data 40,

O S1 gha IS ana 0g au can

expd@feﬁadk dath 24 saral tha C&nprecsfeﬁmi@tal MES fudis loqarEcB% elér link data 52. In
hroadcasts. The del gﬁé ensat es for the system del ay

additien,the expagicr agcepisgn a.MP ardiowsmeyer de apdie rlgteffeceoar@mphes a pre-

gpa%x}f)@& rdelta? %o ﬂ'tg Rkﬂ rcgﬁgir%ﬁl ésl‘li %%al@%ﬁ@’é&féﬂ%&@gﬂﬁgse@ﬂ%mg audio

can dedbadéagnak BQ)ablSup: @hagiet €or ybiid EIBO@MADABY bidadeastDNCThe delay
signal and sent directly to the STL as part of the
compsnsptes for|theystgrt delayof thodigp! MRS apdig aliowing sspiversipblend between
2 t p
the &gﬂé\l}e A(li arIa{ %tr%rto?%xén ng@rgg@?’(?g nl#rgf;ogﬂ% w]{raxtlsrn‘ﬁ%s?on system, the

delayedOVPSPRIuEd sfnal B isidRalted BNthe @xGorterlto ﬁ%ﬁ}nofﬁ@lapﬁkﬁi sent directly to
anal og (28 The EASU includes a GPS receiver that is

he ST nascrertcaf theexsierdinkadatmd25. The GPS recei ver aI | ows

@nﬁgh@t 3%&3 Z?haéccgga i{[l% a§d18|‘{(? ﬁ'l x%ytﬁﬁ gg.lvc\fgcf al(lggglatlon equipment,

rate &btivess it 16 thepSPer Bydth ARk ! 4Rl TSt £ivoSPiR r@f@{eoéiﬁlal' Sﬁg digital (26)
by the exporter. The EASU is al'so used to bypass

and eraifnadeg (28).hdhe kiS4 inghgles adilS teceivebiahty qeaneateil to an antenna 25.
orte

h the h t.th
The CRSOMPRTHORKARE BRSTL 4R 3 SRe ey B oRbieh 5 pchronized to
the SRYRASSA6CKABIIR &@F@ﬁm@se TRIEARUSEbYiMed the ndshe s%Tém clock used by

transmitter, elimnating a dead-air event. [004
the expentermi EhediASIg iy dlse hsedsto dvp%s} dar radmab)gthmlagms Bmho from being

exciter lipk.dagta 52. ts exciter .|
pass Gl € eanel ot Borsea e O Hel o SiicBiie bR i no tonger
oper&tRal eTl‘i’é byaksc Ruior BCEanrAed Aireiydintcrhb 'S‘T‘Eaﬁ'ans}ﬁ'@er Silminating a
link may be a digital mcrowave or Ethernet |ink, for

deadggizavehie, and nay use the standard User Datagram

BbA° s g TE Riter delvadinalng MpSiabto Shumfsclr ink daa

52. RBApAE exciter link data and delayed analog MPS audio over STL link 14, which may be

either unidirectional or bidirectional. The STL link may be a digital microwave or Ethernet

link, for example, and may use the standard User Datagram Protocol or the standard TCP/IP.



exciter 60. The STL receiver 54 receives exciter |ink
data, including audio and data signals as well as
weewsasdiand control nmessages, over the STL | iPKRI/L&2008/065145

Xcit.er I|n data| sse tothe citer .56
R o riumsitice HiBeuE SRy B Sravernd. HEigs 56 and an analog
excﬁé?%buqfh% N4} thé‘éélvﬂr LCRESVEs ex@it&‘ 1 ddip 1ﬁcﬁﬁd’iﬁé b&dio affff data signals as
up- converter, and exgi ne subsystem 58. The éxgi ne

Wellaaswemwndmd gentrd] inressages, averthe Sﬁﬂdinktlés 'Iﬂlb@xciteg linkdata is passed to

Eg{}%{ﬁ\%&e O"f&}}l&gf%rl (IF% g[?A B@%gée A tvgan: a glTthe exciter includes a host
proc@b&k t@kitdl Ap BN LQr, Hieup: @&ﬁ}%ﬂ&d ah®Ed R@s&%y&&ﬁ 58X 9 %x%'ne accepts

ut put. The digital-to-anal og conve SI on ase
exm@ﬁnk detaland cmdniatesttioe digadl poftidohef tex[BOC EYAB w@P&bhnS &He digital up-

cl ock derjved fromthe Thus, the excjter
Con‘qufe’f Qb &§°%Ff CRmRerts aﬁfmn%%%a@f}og )T BWB%PW@H of the exgine

BP9 8 IS0 SIS PO S o o e of e

expoﬁ@p’lsl@i%ﬁ -baxed Skxck dbriddal ﬁdﬁh/tli)ﬁBEASBf? Thuspihe eatite@$6 hhcludes a GPS unit

2006/ 0209941 Al the dj sclosure_ of which is here
and pHERIADY AARAt 6593 tive ppthorkior syehrontzingthe syRqrics .anfé)ﬁxw%clocks can be
t e h ahsto
four S S0 SO PLaL 8poNL0 SLANGL ) LOBLPEPDBiplcation No

2006/021)999 agslgdihealidchmutti gfhwhiolves hesipy irdcomiordied Bﬁdef&ﬁh@n ﬁBhe RF up-
64 for broadcast In an AMtransm ssion system _the

convexlgl fethe GRS MRIFORYHIS B AP3los Hgaaliin dhaprorerinaag shanppidequency.
The ?ﬁgésogvérgedt %%?ﬂllg 'tltné'ﬂ %@é’de {oo[l@ 1’11%1 ;J&%vep mtﬂhl ng?g gnéld ta],rllganna 64 for

transm 8sion syst efh does no
broademst. ofh ex QM aranflission sgstekinf iHenexgirfeesubxidne E:ol‘&ﬁently adds the backup
produces phase and magni tude i nformation and th

analeg, Moy audigrigl the <ligtal mve@mé@t thg hybrid Heodg; dhisp SeAM transmission
syste?ﬁrah%s{ %o% Aﬁl{lcpe é !ﬂgg‘gxggﬁ 6?8 %%h&ltl%ﬂ nthQ %xél{e? %%ggfr&iu%gs phase and

and

magmal&flﬁibﬁﬁatlo'ﬁ%dmﬂé/zﬁfawglﬁgﬂanﬁoluq}ﬁt dﬁ}edfM to Y Hi Ql ﬂ)(ﬁ@ a@@ﬁﬁer
waveform an FMalldigital |BOC DAB waveform an

0084k d IHOC IDAB signalsiagn e t@ﬁﬂn@ﬁd Anbeth| AM; agidtEM m@@bﬁnds using a
4 Fl
varidl B WRYAE R St Bhonbh el e of FRLRTHETRIOS RAR waxsfgrm, an FM all-

digitseiBh O A BNe AR &, @R AmhﬁdeIBtl)CaDAB WhebTétm, d an AM all-digital
| ocated in the center of br oadcast channel 74 a

IBOERAR wavelorni t y of evenl y spaced ort hogonal | y

(9058 Flawh it Sl e EhaRar B P § 50 Qb from 70. e

wavasm alet BRaRIas hibdﬁraeéatge@ﬁy 78 110dafeldan tHaIEdnitdd! i aaHoadcast channel
subcarriers 80 in a | ower sideband 82. The digitally

74, anfiydiplanabty of ayerly spaved orthegaially &requenny divisgen inultiphexed mabcarriers 76

vari ous iers are as .referenc
in nf 3o TSR 48 1Rl o ERE, 8 P SRt Grospuly fequency
d1v1sgﬁDM11$1Pp:§Z@d SlbRASiefO8T il b Wer sl@ekﬂﬁ& 82 SURE afoith By ﬁlo@&'ﬂgted subcarriers
one reference subcarrier. [0046] The hybrid waveform

are dmdq:mm palrﬁltlansahmb vEisusoubtatied asd gesidnatadl assredirgice abboarriers. A

frequgpcéy Peghté?ré ETOEKY/ 8&39 %‘B%rgé%éﬁg{]ﬁmggu li)g %gltralsu{)camers and one

reference subcarrier.

[0046]  The hybrid waveform includes an analog FM-modulated signal, plus digitally
modulated primary main subcarriers. The subcarriers are located at evenly spaced frequency

locations. The subcarrier locations are numbered from —546 to +546. In the waveform of FIG.
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| ocati ons. The subcarrier |ocations are nunbered from
-546 to +546. In the waveformof FIG 2, the
\NQmMBaﬂDMErs are at | ocations +356 to +546 andPcBBES2009065145

2, e ARES BEr T rEN G RcPp e S8 h Eedgrmyy gain sidcband

is cé 6 @€ tenrdghendy pPalRions. ”Eh&aﬁiéﬂ@bﬁﬁﬁﬁi -586, eals%qﬁémaémalthe primary
erence subcarriers. The anplitude of each

mals labicbands,eare edditibenl scfatende bybcamiczarpllhda aiplitudabfedcheubrarrier can be
471 FIG 3 i schemati c representation of an
Scalé‘g‘&é?f%j apPidy ?caﬁil'—'?ﬁtf’rBCI: wavef orm 90. The ext ended
d e
R S el ARl SRRy R, waveom,

90. |’Fhetdxeenk19tbhy‘tmdmmmfmns dorated tby/\mldmg primany eikteadetbsidgbands 92, 94 to

partitions ¢ e added. tg t i nner edge of each
the BrmaR; V‘a}PaF‘He S pEGRED b ehﬁ@ﬁd%v FRIB i PnfaPEp-ormiour frequency
parthioFis B AR B0 ltncs KoBt D Blon Bt G2t B Bfed hybria
wavefdhfi includ&Athe antbgsEiviesigmal gilhs igitabiy modula&ﬂdlﬁﬂnary main subcarriers

subcarrjers (subcarriers +280 to +355 and -280 t
(subcagrisys +1390laT>4hand) ppr tpridhkadd eemeryel] rigi@BARAgnded subcarriers
(subh%'efédu%sé%’ﬁi sfe{n%r §80°>t°b73§§i ough 355 (one frequency
partition), 8 t hr ough 5 (two frequency

[0048] t | die)uppar prizitdly ehiendglsiddbandsfintludd subgareies)337 through 355 (one
partiti og}g}& The | ovver rimry extended si debands
frequency pagitionhc 3, fhepugh. % (or BEgHenCB Battitigny. oF 8% éhf@ygh 355 (four

fealEy ey, T oA R AR TR subrarirs 337 through
—355p@inblﬁdqﬁd§rﬁ:)/ paﬂfhﬁ)nﬁn;ﬂ[ls thrdeaglni3569@ho Siteheaicy ipartitioas), be-280 through

scal ed by an anplitude scale factor. [0049] FIG 4 is
-355, (foun dvegheney rrasiteansht atlcogmplitude of| ¢ach| ybeagrierrrm Beccaled by an

f The all-digital waveformis constructed
amPgﬁl\égls%glﬁ#%g the anal og signal, fully expanding the

fopadpi dEG o4 id Qec}&maﬁarrypreseﬁtahah of bflehangisl P82 IBG04Avaveform 100.
and addi ng | ower - power secondarf si debands 106, 108 in

The tqlﬂedlglpai cvavefari saeesdiThgied iy disebling thy gealog sipnal, fully expanding the

banfiu LG PR P alehPls' Iamaey iy 2BpeckhRhpeve sccondary
sideb@a 1 06ND8-i4he Eﬁcﬁ‘ﬁiﬁalac%& B9 uhe ﬁﬁﬂ(%’@é&ﬂl Ak ailighd@tal waveform in

0050] In addition to the ten main frequency

the lbasrttautqdu eakpdiment includes aligitatisl sepdulaser sbesirigesrat secarier dgcations -546

i_.n_eac I.mary sideband of the all-digital
°+%vgft§?%an§3§lﬁ gg% ry si deband al so has ten
?ﬁSOﬁdaHﬂ/ al&itibn (SYhe dmhaal Ere?ﬁﬁ@ﬁ %th]‘x’loﬁé(teﬁpﬁﬁlg ek®idled frequency
re

quency partitions. Unlike ri mary sidebands,
pmlhmmerpreaenblme@bmgrymehand eﬁﬂv@raigfdlgﬁaltwa\re@nm aBech secondary

p earer to the chan ter with the ex
sidelFPlHlen B (1 SHEPURE AR RSP b i e Rhare P GgR s fequency
partifisd) SRARNAS PN MEHASRPANIR hRe R PRO sdcdndary ARin frequency %anitions are

secondary prot ected (SP) region 110, 112 i ncl udi ng

map@fdDivaseritodhe ichammehpehterefih ehﬂ:extsmd@daﬁ"erquemcsl padtieusdfarther from the
-279. The
center.
[0051]  Each secondary sideband also supports a small secondary protected (SP) region
110, 112 including 12 OFDM subcarriers and reference subcarriers 279 and -279. The
sidebands are referred to as “protected” because they are located in the area of spectrum least

likely to be affected by analog or digital interference. An additional reference subcarrier is

-8-



si debands are referred to as "protected" because they
are |ocated in the area of spectrumleast likely to be
w@bdosasmwao by anal og or digital interference. APCT/US2008/065145

MELIETRE B AR -
applyghcsthd SHQHnARLRS n&%nﬁﬁpﬁyqu%héﬁ%rﬁﬁ%ssp regi on does

not contain frequency partitions.” [0052] Each

§e@@hdarEachwecorsiageimamdsid¢gband sparscabecdargers 11 thydughulfl® or -1 through

90 .or - 1 through -190Q..The upper. secondary. extend
196, dbp aeeriFEraBeoubied ider HERTET FORGROEIT SIS M6 and the
uppHP BRbnERF PREREND &S] Skigied esjﬁﬂ&g'ngtg Chadgs ugrhe%768r, lus additional

subcarriers 267 through 278, plus additiona nce
refegnbe aubicaeter 279. Thxelowensecadaynakaendeéd sidebateldinsludeb aubdarriers -191

i ncl udes subcarriers -191 through -266, and the | ower
throggly o%ﬁ%a .a93 ool sacadapinteeicd Sdraad sehidss salepgierp b7 through

oo i1 | f ' . ..
-2 279! -
74 S o 1), THEAGEERGRLRG 1B cnie i

specatuln Bi3961888 Hep eter amplited3&fceally) Subldarrier ban Beglaletl bgreincimplitude scale

each subcarrier can be_scaled hy an anplitude scale

factgry chhsrsecomdanssidehand prpplivge seale fagtoss A JoRolssE e bl ¢ A one of the
four l;%esegﬁ%ﬁ féﬁdrg)g)};&%h% ﬂé%co?lﬁgry%gdeb s]c our may be

sel’ecte or a Fcation to e-“secondary si debands.
[@33B] I casls lbfahe twevehmmef thiendigithlns gl ok trabdudatedh aking Sorthogonal
nodul at ed using qrthogonal frequency divisjon ) )
frequgncy idpresy wgﬂt(rgﬁ@w © ogDM pa? Rirplel megwlation sefeme in which the
S j 1 C e I a | .
GasoGORTE Rl WS, B’ MDY A3yl 30 ar ot
similtaaeanriyt t@EDM Buhlica¢riyidxible, CEddMlyiaflowitipathe fapying of logical channels
flexible, readily allow ng the mappi ng of |ogica
to difieremh g10ups of ybeardPENt groups of subcarriers. [0054] In
ybrj 0 e digital .signal |s. nsmtted .
Rl i SRR er P o Bl P PPl e b i e

sidelodhdb @f ekthrsdi@naf the anklBg FM kighsl inakehrid wihgorB®Weke power level of
| evel of each sideband is appreciably bel ow the total

eachidabend is appecciahl briowhestotph ppwertindhapralegyF Y signal. Fhg/analog signal

nonophQni c .or stereq,. an .dnclude subsidiary . .
may 35 RRPROIRF B s S p Al TR lRuf SR o riagion s
charinbl. ext ended hybrid waveform the bandw dth of the
hybri d si debands can be extended toward the anal og FM
08Pk o therpxtanded hyhiril waveforap dled bandwidth of dupdiybrid sidebands can be

B ST R T
allocated@d @CinndrQABE bf Bich tpfienay hrafli Gidbahd, Weuehed fRe pritfiry extended (PX)

~analog signal 'is renoved and the bandw dth of "t he
sideandmary digital sidebands is fully extended as in the

OSSR Bl B, 1 BE BeH ABmvis o

the prin@y HigkthBdddbanddis fARESHENAEN ¥R mahe SxBYddf bR ¥aP&ofY In addition,
signal.” [0057] FIG IS a schematic représentation of

this ayavafdriny bilows HBOS-mokBrwdigedlosarpndary sidebands to be transmitted in the
spectrum vacated by the analog FM signal.

—

[0057]  FIG. 5 is a schematic representation of an AM hybrid IBOC DAB waveform
120. The hybrid format includes the conventional AM analog signal 122 (bandlimited to about
+5 kHz) along with a nearly 30 kHz wide DAB signal 124. The spectrum is contained within a
channel 126 having a bandwidth of about 30 kHz. The channel is divided into upper 130 and
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120. The hybrid format includes the conventional AM
anal og signal 122 (bandlimted to about 5 kHz) al ong
wowak/1s09near |y 30 kHz wi de DAB signal 124. ThePGpES1008/065145

lowg 1 SERECR Wt "Fhe ToRelTREE erEnth (PeRS s Tty pighe chamet
to aBOH QBRI 7 1Bt tHRIHRPE¥RABY SThelldR cH BRI exRAS 82 1RO gﬁn%er frequency

fromthe center frequency of the channel to about +
to akout - 15 iz fihm the pender ffaqeeneyncy. The | ower band ext ends

f t he_ ce fr a ahout -15 kHz fromthe,
148 @Mﬁwﬂdﬁ%@ﬁﬁ%@gﬁﬁw i ORRRAENHABCANRyisgs the analog
dultEP barkiBr §BRa1eMATRLE CFSMA! dupEsril alfRs Rt
e carrier Si g%l 134niﬂpl us OFDM subcll;?ﬁﬁg?lgl% cati OH% %er and lower
bandyp abodeadgdigitad infopeaticnatpresaetativiearfdbe afdiol ed dath gignals to be transmitted
i nformat.i on. r%gr esent ative, of t herﬂq‘udi 0, or data

(prograghmpateriah, 15 Fapsaifedy P e FUPEATHES a hFaYBbel oty 1s Jegs than the subcarrier
: é\&i%”fb' t E@“rg hers. The synbol rate is
SlDa"flﬁess thtgrggtgrlglcemgi carri ér bg?lié)sgci ng due to a guard tine
peasgpen Ay stiowsin FIRSY | thdspsdrovind iis dRlided iato & ipeimypp&éction 136, a
band is.divided into a primary section 136, a . . ]
secogdary fgefiqp s R tedBry sgedon 1ty (iherlgwerbandols divided i@ a primary
' iMided; jont - g Ct joN .
seot s ar 3 o] sUfo142] as REE KRTELLT Fof e Bupose of this
expludeioppthp eartayfsettivins 143X phdibéd tarbe d¢dneiderdtto Aicyuds aqilin@lis of groups

\%his and 144 can be considered to include a plurality . )

of sfrcagiesifabelsd 1dildsr Flangd 152081 Y. 24 &ubepnmers wifhinythg tartary sections
[ . r Lt i ertl any. secil| .

ot e, Poigfeg BUPSE REe ol b U b oS g, anc

subcamfors wethint the &stidrp Bevtions thaa hel posRiona fhrtherb@dh thetehter of the channel

wiithin the tertiary sections that are positioned. o
are referief 4o a5 PRiRT suhsatsists: dp this ckaBplenths pervenlexelafitey inagr subcarriers in
t C i . [ e I I
ol L0 SPREHAL s gLkl BRIPTUE gl of g RUAl e coner
freqednoyn Tie teeieAg @rdips el dupcartibR e NSy i1$ BIRE tdiark @Bions have

the center frequency. The remai ni ng groups of )
substanpally eenstant paweralawels sPIG.d elve shasws tver jeferenceisohenrriersd 54 and 156
or U B GRIAL B0 BT RS o Bl AP

[0060) ol Thekeser bﬁéi@bﬁrialfsﬁnftﬁé(@igitﬂtsic&bﬂrﬁisliﬁsi%ﬁ‘iﬁbaﬂtfy below the total
different fromthe other sidebands. ! 0060] The power )
powgrrindhpanaleg AMssignalt Hde devgl obgachi bedrger within a given primary or

papi ficantl elow the total power in the anal AM
secoft 8P sp 1L ke B R phli Y2 PR ek BB Moy be scated
relate M6 eaghi bRty TP bdEE6M Rehhisy arkPESritdN irlforndti@ ds &andnitted on reference
constant value. Primary or secondary sections na

be
subcargigrselgcated qnieithen sideat thegniarcarrian. L denarase Jo@a&pﬁmb ¢uch as an

t.r QL i nf tion s transmt . on.reference . .
0 3548 S AOTE LBl A B G Pl S §RRmiers s above e
belowahé ifREGueny AP Gft e hPPéCald BRANB&ondAY GlicBMdBN THRFower level of
Data Service (I DS) channel can be transmtted in

cachij prefnaaty dOHPM (isbearmié¢reissiixeds relatbovte theduireddnlatedhenain analog carrier.

fregyency edge t he er, and | ower . seconda i .
Howg| Gelf bt StEr ofoe FespdfRl St Tibrat e pipariers, and tertiary
subc&HREAS hdjgstatls. fixed relative to the unmodul ated nain

anal og carrier. However, the power |evel of the

[986tindabginguhe amadubation fhugitaxl] FIChan tiel ammidgeaodileted carrier and the
digitﬁpydm%gﬁlgtlegrs}llbcarriers are transmitted within the channel mask specified for standard
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subcarriers is adjustable. [0061] Using the nodul ation
format of FIG 5, the anal og nodul ated carrier and the
waele@stisiohy nodul at ed subcarriers are transm ttRCT/WE1008/065145

AM SRR e SO ey Brd 56 Bt s Qe AR e or uning
and_gga(luﬁg AM si gnal for tuning and backup. [0062] FIG 6

is a schematic representation of the subcarrier
#0652 nmdiliGs 6fisra sehembtia rapiresantationt bBOE DHABaviar efsignments for an all-

T -di gj & al | BOC DAB. sj gn | ngl udes. fi.rst
3P 48 5, T L8 Sk
[ | .
S5 316 1 56 28 RIS iy i
that a&Gositiohedlinampgerf awdribwergrandp $66lata B68d Thrid anfl fourth groups 170 and 172

subcarriers, referred to ags secondary and tertiary ..
of sueBReFs FelFEed @saﬁegé?(?’@é‘fyy%“%at%‘% CHHEISIPWRER e affipleq positioned
in ufflf 16 ocBRRs 1EGApRBET Fhuo IMPreh RHERGES LRER A 5 the third
groupdidt cdosestf totthe caltarufehe cfanhelarSubesrsiert 198 and 188 @ac e uird to transmit
used to transmt programinformation data. [0063] FIG
progyam &fgrmagiep|datd ed functional bl ock di agram of an AM
E(g?;]c DA%IG??? y gﬁnﬁ%d f&%oﬁ%‘;ﬁb&e&ia | s4dgs BACYAB receiver
onnected to dan antenna 204, a tuner or front en
200.2The regaigteindiudéd @l inpav202conuatddeto aAGBtehas 204, ackuaériog fiont end 206,

baseband signal on_|line 210. An anal og denodul ator 212
and gedigital| dopasCanyerteniSo fpr isadiciged bassband sigapl ¢mndine 210.  An analog

. ; . .

demRTEE 92 SRl S S AN BT UEER 3L HY el to produce

an aflhigit Aldioy sighslubmllige 21dr t Aodigithl déirodidaeband demgdalates the digitally
Then the digital signal is_deinterleaved by a

modylsfads portien iy the 1msehiand dgnabdelheyy the digitaly pengleis odpdpterleaved by a

dein%?lga\fe’?‘ D& \é]h& edeg&fgﬂl ngeé fbi 2(?6%0&62 At &3 .i& i@rﬂulﬁplexer 222

suppl enent programsignal's from data signals.

sepaPit @GRS ahd SdHhldnata $@aSarh REEnpk Fphadats kighalk S Al frofdsesHPe processes
a digital audio signal on line 226. The anal og and o

the pragramgsignalsato naediics agligitad laydigrsignsl enberi22s Thoeirlegand main digital
bl ock, 228, . ar UpRI tal, dhgital audi gpal (1S4 .o .

w868 8 £ OB TR Rl 20 s i s i

passéB throvphdl @ Bradues &% a8dio D3P bAARSI3H. t A lathapraceb@ B 2Sprocesses the
and produces data output signals on lines 234, 236 and

data 3pgals PR predugessdain antpuicsignalsen Liaes, 2o 23 @ uthpb%, The data signals can

. tation infornat.ion service (S i program. .

ine BBt PRbp SRR SsRAbis) Bl oS Prieq dpg ops)

suppl{enipil , profdmOsevies daRr GPDY| i@ oie dP Rhoreadukfiir @pMlicaisn services
AAS). [0064] FIG 8 is a sinplified functional gllmock

(AAd)-agram of an FM | BOC DAB recei ver 250. The receiver

j de L nput onnect 0,.an_anten .
(86 8her TIFY IORE s SRR e uRBafh G Y OCBAB receiver

250.PTRY edgidert ﬁcﬁﬂesaélﬁin?ﬂr 25p eirgibétad (/N MRELRNANANH @hérddr front end
down converter 258 to produce a baseband signal at

256. ofrtrpesivedegnebispro wiledtosansmploggowigiobepivexersingrdigital down converter
258 %ap%hl?cse'a baseband signal at output 260 comprising a series of complex signal samples.

The signal samples are complex in that each sample comprises a “real” component and an
“imaginary” component, which is sampled in quadrature to the real component. An analog
demodulator 262 demodulates the analog modulated portion of the baseband signal to produce

an analog audio signal on line 264. The digitally modulated portion of the sampled baseband
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The signal sanples are conplex in that each sanple
conprises a "real" conponent and an "i magi nary"
w@ewposent , whi ch |s sanpled |n guadr ature to PCBUS®AE/065145

oIS Sy S R i S P s o

corr%»h GRe 2HIRAR 84 (ﬁtéqb&rﬁérg @@f ﬁ@sehi Hlethg(iécel%la%FDM signal. Filter
al l'y nodul ated portion of 't he sanpl e

268 Imsybmﬁd shegeffdcts of méixst-afljabere rintrfbner. sﬂd:ﬁhﬁmdmgamu@sus mouted to the

filter 266, whjch_ has a pass-band fre espon
npyt G AeHgs Bnt"‘l"%i E%FEPQ AGQHTER O 600X Fr&@%@r Py tunmg offset or
|
erroP afe® ittier H’G(%JéﬁC}r 638k e grr?: %Istpg ?&ngaljeg éjeff]I?{/Il ﬁ/tﬁ@ s as Tepresented in

suppresses the ‘effects o
eﬁ@dwlomplal ggral 2908 Acquisitioh atbdute 29tedavaipps a @fmbol t1m1ng offset At and

sition, .nod Ie 29 whi ch acquires _ or recover
%\Jﬂ'qgmo?ffﬁer lsas Sfawse%dg?onarﬁh inigppgtian. The signal is then
r
Y W

TheAdmudigitd] signalin deiherl286d dewalcopalavadTipind dem)dw befaf Wigdrbi decoder
ncy offset Df, as well as status

Dt and carrier, fregue
276 SEYRE 38Puhtlﬁl€6?rn?g7t& RarateR anain gathpunplenigRia program signals from data

oAt Gl o STl bt o oo

dlgltzll gudla|s1g1ag Dﬂlhrles’z&iel The ahdey add byain dilgtahtaadibedyals are blended as
and_decoded by a Viterbi decoder 276. A service )
Shova% mﬂﬂp%?%%« &F therupRlemsntat Drostart Higha ¢ Raspis thraush.dp produce an audio
g r
our 1228 000kt BEATLAPASS B0RLE Sl G0 Bl ey o e
signils auhuitigesa 290, QQQQahndil2§40 Thgdala ggnadld 0fn 2fclude]ier aaipdg a station
and, mai n _di taI audi o signals are bl ended as shown in
infopgation sspace MS) Fral% g EMSHVIIe datogYBRD S| syarlemestal program service
on line
data f3PSSF bV uork QB EBIBMAELARARE 2 sl gnal s
ﬂ]ﬂ)ﬁSpr 0 Gt PEABLIER tndarGUTIE siin@NploSestitg| fui@Rong SRowr W2 tiRN@ceivers of
294. The data signals can include, for exanple, a
FIGs; / #pndl 8r¢an he sRplsieRiad g8ing preoyI8pIS)integraled cirewits: am

@&gD;:ngG;léd%gne ?;B )aﬁ%ﬁ’ %%nﬁn@%%%ﬁgb% 4eY ggtga( from the

transpA) perdpeBtbe] HromRh@fdckiver peiikti®, teBgihidtk will be traversed in the
processing functi ons shown in the recervers of FIGs. 7

oppasiel dgreetion. bMostrmf dhe Watedbaing mgssed debreenvthe vanveyertitied within the

o G e 85 5 o QR 56 R DRLE B s

that ﬁfﬁr&ﬁﬁé@& bya. Sﬁ@iﬁ)@la%}e(of BrREMEVitRE 'é%ﬁ%fv)t df\Be ploffeol stack. The PDUs
| ogi cal stac be traversed in the opposite

of a gjvien davieo mayNpsapsulatet NaUg diom Hisi eyt b@b@elay@ atfweestatkhand/or include

cont?rg r(fﬁf o%ndg?r,]ré{oggl (fong‘gt glfcgm?a{t] on ot ofmg 1o yeg'r(gr i)rocess) itself. The

PDUst geeatedes) eahAafrqek o Fdtals) | '1ﬁ thé %ﬁ&ﬁﬁepﬁr&oc%P%ﬁt i iafe inputs to a
| ayer (or process within a layer) of the protoco

corregpmdmg Iy (Pwgceass) in thyi IvemV&rarycmcqimﬁclenc apsul ate PDUs

th t h I the stack and/ oy .include
10BR e %éﬁéwgﬁﬁgﬂf%% GBY Oboheiedt 2 AR BRI TpminiSizator 330, which
is a Qflef] RALHDHaDs ﬁe gufa‘ﬁ(m L& ‘E@rﬁ?&l 1hfb§rﬁhtflon e FRus entities

dgenerated by each | ayer “(or process
withiinr tha sprotocelr stpekot ddel cmlﬁguﬂatlam/eonmxb uhfrmati@n can include user defined

.correspondi ng. | aye ss) .in the receiver
settm&s,ofl% 8%?1 eray tion genera? g‘om 2’\/1’[}11[}1 the system such as GPS time and

position. The service interfaces 331 represent the interfaces for all services except SIS. The

-12-



[0067] As shown in FIGs. 9a and 9b, there is a
configuration adm nistrator 330, which is a system
w0 eovstisoemo t hat supplies configuration and contP@I/US2008/065145

sl LR % e AL FEE B bRl 1 i S pample, o
MPS @lldio il $PS AR, tikedetedingStabé HES be @R aWBibolcaf For MI;SS data and SPS

information genéerated fromwi thin the system such
dataGhsinténfasesmdy po i the dorm dhdiffsentvapplicativngrégemsntddaces (APIs). For all
represent the.interfaces for all services except S|S.
otherithlatepyices ‘FﬁPEFfifaaC@e‘s ﬁ%@%@naiofffae%%i? Ay Alhdilip0445e332 encodes
botl MIFLHRS ¥RESPY budi6 1 bffitice SRE S i '
© and SPS1 audi o, tlilie servi c‘éei ntér aceb)ﬁgi/(f élog@%ggg{?}g&em (Stream
1) streards of- MPIVEfd SRS audindnSiisddmtiets, vehich teer faaseesto rapgtiolteansport 333.
rm of  di ffergnt application progra

i.n the f m .
Audicye qﬂéégsalsepipiagﬁ unyssl capacitysiatis ta ther party pE s sysem, thus allowing

the iR jportl 50 kL ' i

© co ec&gggopgﬁg%rgset? aot% hﬁml\/i;%fa%%g ?gr%hadlséggceg%i ngr am service data

(PSP) tdnspert 334 eo pfsiduea MY amhSPS fita ®LAVs, evhlichinge pesstd to audio transport
am 1) streans of MPS and SPS audi o enco

Stre ded
3333, RS0 BT 3 Arecchyes 0oLy wn Bagkels s PRDSBRUs and outputs bit
stre%ft'ﬂﬁ EShtSaE gooﬁf %? E&giegi?ﬁé%@%%%q taSt 'f‘}tu%‘@ISt Qansport 335

er par e 1 Nncl usi on
recedfes GiP datafrons thecatdigarativPAdaidsttRs dhdt geneaiteg 38 &N A SIS PDU

b ogram service data_ (PSD) transport 334 to produce
can ﬁé@%ﬁatgﬁéd@mfgaﬁ@i@d \iéﬁaéwz érif@n,%ﬁéfggeamg@rrwmegas well as absolute

. i r It i

i SRR B0 RO SRS SEEARE duafrom e

servieningirficeigad otelll a0 mppeswdsicabatidovidthddgis ofgsranths edudicC €ransport, and
data. The SIS tran_sgort 335 receives SIS data fromthe

geng @Rt g 43 BRUsdvish e he Brsed o ayalify o seicgparapmtess. Abe transport

and l%hé)cﬁ) ﬁﬁl@ﬁ?rfsoﬂ% acioﬂegtfv%g)j %?er.feqet%t e.isf Lz&%} i4o<Ff T gwotocol stack and the
ocation rnformation, programtype, as well a
corresponding erafspoR FDUs pregefetrod tCay Lkal PHULorGROPDTRE LARS 2, which is
dat a tran_sPort 336 receives AAS data fromthe service
the ¢hapaelfraelEples daygel (333krespiyes wranspert PO Usafiemi the P19 dreasport, AAS data

r ' a n ner at afa P .
vand R S05P R 050 BEDZLAG20805 4oL B P¥U e
protddoé corit &iFoimtatidn ting AGaAdond WHIEE édnbesandics d&ta) drecdombida¥ion of audio
referred to as Layer 4 of the protocol stack and th

e
and dafar ebpyshdi PUs rasm spised thopugh theecarestie fagiag! chanmsls|tgyleayer 1 (338),

. , .. Layer whi ch. i annel )
TR S B A, LTS R henfe 1 vi
specifitd ghhde dfTsafede0 Mherd S naldtiple TadSPREical éaEndyBhRd on service mode,

transport, and formats theminto Layer 2 PDUs. A Layer o
whergitppy srjice uBede pis o owerifie opaniigiratian opfr@peieing mdrameters  specifying

i cap be audi 9,, dat.a, or.a mbi nati on of
oA WL 1520 8 SHERo LRl el SAF LA REathe Laver
logicablch@fikls! 8@ el chahrrRRliss Hefididy $lend vad38r: et QLRI Mode. Status

| ogi cal channel is a signal path that conducts LI PDUs

informaption dfhalscapessedibeiivean layspeand Layer §r bayer dfcogearisiteePDUs from Layer

here are ltiple Layer | 0gi.Ggl s based .on ..
2 and 3540 doipnkirRaiat S s AN EaVIRER DAR $ddPRi o ransmission.
Laye QMro€R45iak ica itludRPREAMBING, BRhABERb&nS PRfdiedViRg OFDM subcarrier
t hroughput, performance |evel, and sel ected |ogical
mappihgrand| @GFDNhagmal igheeratadn. athed quputafIFIIM) signat géneration is a complex,
e characte defini

base%%@?ﬁ%%sﬁogigg\/é 3¢ 1epresen Jgtg‘%%éllgﬁgl portion ofn a% fBQ?(En si\ﬁgta}arﬂyfor a particular
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information is al so passed between Layer 2 and Layer
1. Layer 1 converts the PDUs from Layer 2 and system
w@oon®i916 nf ormati on into an AM or FM | BOC DABPO@EUET008/005145

0 ransms Layer 1 cessi ng. can i ncl.ude.
bl ARGy B RO TRt 15Th 5 EPIESO PGS PR wavefor, which
is moHPRRAR @feaﬁ%ﬁ@BO@} waRGbHM e ddliogener ation.  The

out put of OFDM signal generation is a conpl ex,

Bess8hanEIG i1Geshdonethe l‘pgltad @rotepmleﬂmkt from thbaechlmrtmkspective An
ul ar synbol

rtign of an.|B [ r a_parti
 WeYalprn Wﬁ%@(ﬁf@ %B ical g@rya d@veid oPhsiodulstes the SIgnal
LL
o 8 LB D5 R o o
charriets \vablgtilecpahd pn dteosemccsmadég ahd eyt inelude kgicabchannels P1-P3, PIDS, S1-
perspective. OC waveformis received by the

85, 5%% |Lf|i>§9érpr0%9%1~1 YDUsgoyrespemdig te Sheolagicak dgnagtpand sends the
PO G120 1 GRER S5 BRSSPl PO, ans povs

PSD:BBUB dbrsthevinlalin progendsepviced el a@r Sﬂppl&nﬁﬁﬁﬁpw@fhﬁl MCGS and Stream 0
ncl ude | ogi cal channels P1-P3, PIDS,  S|- S5,

(core) o PR sy ang %‘Fmée(epmnabmkane@ﬁ)ra@éﬁbﬁ@mg Ths $1r$ePDUs are then

prod B9 1 AR RS SRS LESIERUS, 1 KRN0 faidecset by e
AAPAGNSHIS 57530 prodicef AASt dvta, n@idNther PYID PIDESravd eocidd by the PSD
any suppl enent al Er ogram services, and Stream O ’é::or e)

trangpost; ZFOptoURrodRRE P, SN e any SRR AEc@PSR)di The SIS data, AAS

datatp %&%&f SE$§ %%erng%ﬁtc%)hag]gﬁ) éﬁ?ﬁgc%eﬁ)()bm%hg&éa% if requested by a

userpeapaRasigdibylagdde [AGSitd, MESIDSPSIY, 2nll @npteRtibized &°§aph1cal AAS data
data, and the PSD PDUs are processed by the PSD

can pe ditplsed- 5Be Stréafpr%@r@c%trqapsl dalds propsD) eS%adcbyangyespscompnsed of

w3 P, STl 955 R SR SRR v

corréspantiing ad thy mamibeerlof p’-i@@rainb a8cdifeddbs theBOC kiak&®ise, Each audio
MPSD, SPSD, and any text based or graphical AAS data

transpap pedugpsencagedh claits élaﬁl?%p@ﬂk@rtsswr@@mrmum@@ad‘r ef the received

progPa'&rgsC %’feg 4(];)éceL1\‘r3l secrogggl ﬁ%?ng gxaeu%e? Bltt agaglggludlng commands
sucht 4s2t3S4i6te to¥ I8 prRERBII bR td @eekrtﬁ‘ SOLHTIER rafilo MRAE BRFadcasting an all-
recei ved on the I'BOC waveform Each audi o transport

digitgk Qfdlybléé IBQE sirmal. meb‘é@lk@p@vales Sms pafokmation to the user interface.

055 SRS R o ok BT SRR oR%h modutaa
using BHBSSORGE freduRbiby divworpﬂml&&gfs(MDm RefetifY ® PIG.R18Yan OFDM

progranms, and to seek or scan for radio stations
signair wesd s then grﬁmtamvcmtgnm & Cbaractt?maddas BODudi- gn@ency carrier signal

4 Is tatus.informati.on to.the u
compfRb i B e G G A Tas Py A P HELRS o AdaRE B e, such as
fi anldO, tdr@ Be;ﬁi‘at&f‘ edcB@ors i Gther By %%&e@hﬁﬂleg %Leagenc increment such that

ort hogonal frequency division nultiplexing E)I\/p

adjaqref euhcanr@rs a,reFdr@ogmaé, eagh tOfBNoiegn &y cuﬁmgomarl it he meant that when

B S T GRS S8 gt ol n i e
mcox%'ofbftlﬁé'tﬁé/ ikar® G ltish 2Rd Iu¥1 gp&ﬁﬁ %éﬁpﬁﬁﬁ rahﬁB% trfansrfu sion channels,

acent subcarriers, such as and are separ at e
therewc h9T cametshe eadzlhﬂdeﬂayd withraetiekldz bambyddthrferesehcideband. In one all-

ment suc at
d1g1ta1 1mp?ementat10n r%the nstant invention there are 267 carriers in each sideband with a 97

kHz bandwidth for each sideband.
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adj acent subcarriers are orthogonal, each to the
other. By orthogonal, it is neant that when properly
wog@silswoinei ght ed, the subcarriers exhi bit no PCT/US2008/065145

DR, e B HEENPEB L G024 g o

effeétf‘%eéﬂbgﬁ Vﬁie& f@”@&.@&al tsglg{ 3[aﬁd f]ag %ung gﬁ&ﬁﬂ) dggngac Nrhe OFDM

subcafréer akthdg@iatig requitzhesfe oleates o furetiondl entempaﬁéndyl’hw\nédndhe effective
there are 267 carriers in each S|deband with a 97 kHz
sympl peed tThaddthe dgarensy geasaedbatecroadizoer, OHPM sybgaicrs Specifically,

the %M?)y E%)%Latl% t\%‘%ﬁ %ci %ng %&(@)Trea-rﬁ %%@%d g)nge gaulvalent to the

invefsg! of thy l’dﬁﬁbtl\&ﬁﬁynﬂﬁ)l Pariod |’Ie ofEhd OUDOAISKINBS] 5. That is, the frequency
orthogonal ity reg@érenent creates a functiona

sepapgiogrig gudldenty- bertarding epresse ficeefiqctive wn%me&eﬂi?)@f fach OFDM
sym@&lgscar rPIfed&glLllI%: gé;rll]ﬁ%f %g‘&} 1§ ntlgd %%g S §ymbol samples (not

shovRein/Be Migafd) A eifier Sékl@éiﬂiﬂg RKSEs e ﬁlﬁ?)%hbdimﬁﬁebéh OFDM symbol 5 are
equi valent to the inverse of the effective synbol

a prggietenoihed nuinbeatNa ONOM &)y ofbaiuidstaiflyaspades], temheraf syaohrd samples. o is

sep tionis ual 1/ T. te d|n across th
the FRPRLE: vEPapRBROpd G PrioTeae &yBredshiers ag a fractiona

e e
S i e e

eachFwif't hvlich &Empnshsng pogdeteamined humberp e tﬁdlp'ﬁﬁaloﬁyrﬁbtﬂh samples No
OFDM _synbol are pr edet er m ned_nunber

corrgspoRding i @ﬂlaﬁmby B@’Me@a twhepan e Bphal) sa@alﬁsm@é (%f: lagt aN samples
of e%cgle e%ﬁp llc?Sér eg) {Tapa%dl e f 851 hasgs fnhg Xxgpgéﬂneg& e redetennlned

ere as a I onal i er

num Labf @inpoRdl Ws@éﬂdﬂg&ﬁcr@sﬁ%ﬁ&fcﬁtfﬁﬁ s9mH8I b&%(pfl" is 1080, the
OFDM synbols 5, each of which conprises a

predgtemioed nwinherdN ofi tﬁmmoraifsamelvp cxtehding rabmtss smhsifestivdssymbol period T

is 1630 G BNy efCeamples in Shqhogs e S AN eIl Angfast A\ samples is S6.

Thesgﬁfgg\g% ﬁalg::] rtﬁerre%&glp agsg and m}ﬁ{ﬁ ke)g g%ﬁé{g{iblﬁ I&@lﬁgéa:ﬁpé Wl@l’k‘gstelln requirements.

Also&hmingenochﬂattﬂnda ogrliagrebsiseapphed sich thatnioleadiag lamditrfﬂmg $ortions of
1080, H edetern1ned nunrber N of tenporal sanples
amh@??@ﬁﬁ@ ?6%%“@%@%”€F?E@tlve synbol period T is

[?g?fl] gedte{é o ﬂ{pllﬁlfdescﬂl'i?hﬁ)sﬁlé ngl?\%ﬁh?gf 1t 8 145 %osed upon

es an ese va1ues ar

the srmlableyele nﬁﬂibd;ﬁfa}hp%%d Tlhm;yaﬂqmtuc&r prefilei 1ﬂclﬁdﬁ$@y1€lﬁfmﬁ:a1{]/y btbendmg and
system requi renents ring podul ation,

descgiiding ampliude,igperad 151&:14 they %dma OTHORADA frating porign <pfrfgch symbol 5,
respégg%lg,?%ltﬁeag{lat?%@ﬂcfe%?i@gt1t3 %Qteiﬁgg%er &w ng hfﬁése rounded or tapered

termne |tu

edgepprfvided intheetinie doppainlstrvekd substanitially fHdﬁGeetﬁhdémmbld $i@e-lobe energy in
signal |evels of these sanples. This anplitude profile

the fﬁ%?@dé@nﬂﬁm&%tﬂmsﬁ@‘r“}e A $Run apssiralin affgicnt OFM gignal.  Although the

full SR} batft EOPEAT s sARRRLLBEd MR YR ERPoE Py R, pripogonatity
betweérPddj#RR1 dubbitfleR i fHel &q&%lcgl)ﬂoﬁﬁ‘ﬂi (Gt hﬁé) ‘?sbx%t‘é@ﬁl romlsed so long as

These rounded or tapered edges provided in the
amplifodaiapersdry &5 phsiautted Sefntlowilal lyyqued oc miseddesing gﬂ@leeng functlon More

spec%cgl?y, ongggo%gﬁyq! niathtained in the present invention through a combination of root-

raised cosine weighting (or amplitude tapering) of transmitted symbols and root-raised cosine

matched filtering of received symbols.
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the frequency domain, to thus provide a nore
spectrally efficient OFDM signal. Al though the ful
\VQymmnﬂmp@rlod Ta of synbol 5 extends beyond tPET/US2008/065145

2@72 ent pg, tﬁng rpeorﬁxgggfg E%l)ﬁlg ﬁ&?ﬁ?‘f’eﬁs@re an additional

nnpéilteﬁ*)t féa?m@ohaxﬁaﬂmﬂle rﬂr§te(SElN SOFHRN Gyrfol aRibles lé‘ii?enﬁfﬁ%%{cﬁ)ss the leading

15 of synbol 5 follow a Nyqui st or raised-c6sine
porttoapcﬁr OFDM syrmtid]l 60 whidhr Basspeeaiporat alutafion o T, hage sabistanyialiys equivalent
mai ntai ned in the present invention through a

phases aphedest 6N Hmbodsamplrs exdendirg aréoaﬁéhgﬁmiln@ pigion of OFDM symbol 5,

Whl(fﬁbn%? bude Lap er I(ﬁlga?tmto&# egln? M L8 E%ﬁé&ggﬂ?@g&qgﬁ% tapering factor for

P la8id EQPEe’-&on&B@reh ¢RI RG BRAcA alulfigl@r.portions of
DM’synbol 5 share an additional inportant feature,

nanel vy, #W%QW%HEKX@hMIDEm%éﬁﬁﬂdCTEﬁm&m&ﬂaGﬂ&muﬁﬂmmg
crQss t e | ead o) on of OFDM s whi ch_ha
0t7§frpo i mgwp%f'ﬁ h?ﬁa“« AR R 1e| %P &aﬁwﬁﬁ%m US. Patent
Nos?ﬁ,@%éé?ﬁ;& 6891 85 i@ IRGHGS 3PP kﬁ%@el% v\ﬁﬁgﬁ afiglgerl%gg is provided

e trailing pdrtron of OFDM synb
to the tigpap arfapeald udeelopmentl mdtlnieelb@lal\mlnb]n giroxddéss thehfirst stage of signal

procem@ U, SR (RS syl o ATt AR reetvea OFDM Signal. - Pesk

dev T Bl P gsreops acq%@‘%‘%?ﬁ%%é%ﬂe@ Butich has a

plurdeg axfi dimal poaldd. tBerePateectt sityod. pedk Ea&p%ﬁngradreﬁelﬁﬂﬂsﬁﬂ&l boundary
i.s shown_ in F Rec ived conp| ex sign
pOSIB?rb\f?rd%a&htrscetw§ ?ﬁ’ém @Rrea@vé %ﬁ%ﬁk"eﬁ%ﬁ 2¢18m@put to peak
h
doveltfrhch BRRHICBROG, o BolbS ‘he?% SRR L MR Pt REGTS Yol boundary
pomﬁFrBM tledig axhporilepdsitibans edre pnedinativeDol ke&;efvﬂ:ﬂ) GymhbuE tiapsg affset. More
oundary signal 1300 at an, output thereof, which has a
specﬁ”rqa}lw becpusst the jrgeeayer Jwa e inHEl oF it PEEE kg getige Peilik true or actual
t |
rooely R LG o B P Pahiont RABICANY n R85 oD ity crated to

enabld gseiveZPBcessingud oberape akcqlasitdo prodale 2960istadlidHed Ghe symbol timing
Because these signal peaks represent received synbol
offsqy \fribiatraxisobetveets ¢ welori Qsélﬁ‘ﬂm(m ansbibie ttiugnkeceived symbol boundary

nd|cat|v of, recei ved synbol offset. Mre
posieh A ol o BEGEEE Rt Rl S

as no |%|t|al or a

E]OW@I I AWl &6i88s Mhe bidBall hdaRs Qépreésehiisd OFEN| @ﬁﬂ)oﬂﬁﬂiﬂﬁianes peak
oundary position, such a position is initial
developmuané anagivleat 10t explditsythe pyclic auefio ami@dlbe' the @f@nsmltter as well as the

TN I T LA —p—

portiBR$ YE&HRA rétlefred HDMATSyrBSE UPAHi& 12 ’égmbféﬁ cbhf#@ate products are formed
recei ved synbol boundary position, thus enabling the

betwee &Wen@anmmthaﬁ@rnpkmweéylgbbbytﬂ snplgs. [SD@H@}Odunts formed

betw g Rirol b PR dBPb BN HOMROD L08R oppRugafsignal peak
cor Gt B é"‘?@’% AR b titile LRON LA hBlinciD% Mba 2

[0005ET t Meshdnidtizaley)t the Nfoihetide adi the @ﬁﬂlgtatfeapﬂotlﬁ@s is represented as

portions of each received OFDM synbol . Particul arly,
follows n@e@&(th éq:qq;g@p @ecgwgd DM stgmal, andyisl T = (1+0)T denote the full OFDM

symbol duration or period where 1/T is the OFDM channel spacing and o is the amplitude

tapering factor for the symbol. The signal peaks in boundary signal 1300 appear as a train of

pulses or signal peaks in the conjugate products of D(t)-D"(t-T). As a result of the Nyquist
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between the current sanple and the sanple preceding it
by N sanples. Such products, fornmed between the first
wabbogsaspies and the |ast aN sanples in each syPdDUS2008/065145

roduce a signal k,correspondi ng to each
am it e R P <G AR Ra e Ro B PE PR M vpol. cach of
the pAkERFRIchEFIchls hds Rhal fosiiEw bR ar@LithtSpre BRI 8R! Brm
products is represented as follows. Let D(t) denote
t he r agbirveld sCFBMaT)yfal O0<tasdd,end Ta = (I + a) T denote
the full synmbol duration or period where 1/T is
t he OWF_()YQ/I:%(SM facing and a is the anplitude
t in : : I ' . .
SO0 el e bl SRTRRN 1300108 SR pBRGKSE IR tain of signal
pealgd, 878} Refeking to FIGe1 Iy heligih of pigasl pehits iaélul¥d ;n boundary signal 1300
D(t-T). As a result of the Nyquistanplitude tapering
has paplinidd covelensav(teand the peakd arer spatadriyy goeariod o § o Reéeadhg to FIG. 114,

o G TR B R R oS PR i
squarbd daphitidRd In the (cBhjulste Eroﬂu@t-gi’]reﬁﬂﬁng\(ﬂ the fallf-sfhe-wave, Wft) which has a

ot herwi se. [0076] 'Further, the periodicity of sigha
durat®0d, widthar T carresporalipetoi @l sahiplekie trai n of si gnal

, I.s Ta, Referri tg FIG 1llc, the train of
gﬁ?@.ﬁu &iﬂ%ﬂ%@%@ lgoﬁﬂﬁd»’a?}y signglrsampiesipputhiospeak development
l1ir hd | . e :
moR i L0 P RYEP Sl s} Bt FroB BRI FRARCH2BY rdbresening o
conjupae qredica pfwegn | thatdinpgt savaple raatll 4 predpaestor osangibg | sphaedeT samples

tapers, 11, 15 pultiplies the squared nagnitudes in_the .
ther%%ﬁpu 3&9{*@% WIS, 56916@9?&%2‘98 profdueeeat dtsontnut His-cpeplex conjugate of
. . : _ . : .
cuf b M5 955 5 b 0 AT ERASEAGISH e comg
samples ht thisgrtput asnplkipliepagainso theaklayed vahsip oaput fromudetay circuit 1150.

1100, one grodu,ct sanple is output fromnultiplier.
In this Way; complsy Goppieatsanpsiurgs arccionned hetwesn dorraceived wiganl 298 and a

i | i :
e PSRRI 80 50 RS0k L08Ry Fermind e
T usprgadbligesreait 1156 out put t he conpl ex conj ugate of each

ifé]ﬂpm sampl e, which output is provided as one input to

78] p| iRefering do Figs. &3 1iPataad skiepthes relevaphisymbgelt fning for peak
devegtg éHﬂHo'dBie! ﬁ@gi%@'uafe{te({ hL?IGd %aa%gldesgnq An%ec%lt}i.tvg th M%%bols 1 and
ay circuit L In thi's way, - conpl ex conj ugate

2 prpvidediat theahputf torpeakl deeéivmaentthedulesedy e¢1G) Bllluéd@ies the delayed
and a del ayed replica thereof obtained by delaying the
versiopg 6f VEBM isynbels 39edByastqpys feseddrneinaidt HidRe FIGuEicrgpresents the

. del a i neuit. 1150, [0078]..Ref erring 1. Gs. .13a Do
signfi 60 UG rof G, s OB BT Mot b R ol amples Gwhich in
one RIS PAREYdi&H WgRalk 1RO SanhplbsySthead - of iigxal }38s being produced

represents consecutive OFDM'synbols 1 and 2 provi ded
respefisivehte thamenjugstepenlipleativndmteesn thedigtaved Signal FIfGIIGL3B3a and the
del iIdI ustrat es #h?&geiﬁged ver si ons of OFDM synbols 1 and

CAPCASIM PHEF Pdm dethy circuit 1150. FIG 13c

00RO S ey S waheoisgagh Pé%éhl?eev&' efhobQbd €OFD bol period Tq
l(fzorr]:Spg;%’ili ng (S)et89§)L? Ra = R(T +a prc():tauct Sarr%)/l[ eq 00 beno T
corrdspbnidshio INg = 1080 signal samples, and the oN samples at each of the leading and trailing

portions of the symbol correspond to 56 signal samples, then for each 1080-sample OFDM
symbol input to peak development module 1100, there appears a corresponding set of 1080
product samples in boundary signal 1300. In this example, delay circuit 1150 imparts a 1024-

(N) sample delay so that each sample input to multiplier 1250 is multiplied by its predecessor
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one wor ki ng enbodi nent equal s 1080 sanples), the train
of signal peaks being produced responsive to the
W@ 0VBasRtE nultlpllcatlon bet ween t he recei vedPGT/gsml8/065145

102 spbighava) B st s SLAT 0oL (gt b SoRppading ScPof 1080 product
sam?%@ RbiBHsdSFIAN 5¢ BhFhgadepioatctd forfifRl HRHRLAGUR: iRt MR Rast 56 samples of
080 signal sanples, and the aN sanples at each of the

&whcﬁnhﬂmmdamﬁwn&@illng portions of the synbol correspond

160500, ° AR 0T Smu e LRt He o oTRO0n Ao GpEber of ways as

lon%l%’ecﬁé SofeGRBhIGRRNAVES 8R! 18kind 0BR Hﬁfﬁﬂgcﬂoﬁ@ﬁpbp%adhn symbol is
oundary signal 1300. Li this eXanple l"ay circu

explbitEdD in theameusnea pidzeusly ddscslaip| Bordiebtayces pedihddvelpatent module 1100

le in It| lier 125 mul tiplied by
mayp? %Iee%ns%ﬁ%o*zﬁlp "aﬁi)ll YO t%wefog.e@ﬁwmﬁ@&kmsa product sample s
P aRe Bt HERSP APHERRALT PArFE) ol tanh iR pY BEMked, such as in
vectbeforpethus breating mtseanshnipds vedhds amh@élaa;&dcsﬁmphozhctors wh1ch vectors can

correspondi ng sypbol . [0080] Peak devel opnment nodu
be inpyh Rt Y5EIOF nﬁpmﬁ& de) Oﬁnaﬁeﬁ% REEChsapalps Asa) d%‘&’“t thereof.

Alteﬁrcatliifplgns o#&gg&ﬁ@%@%%of ﬁ{o\ﬁﬁf‘en grg Hﬁgr{?m ﬁga'rté oH %ontinuous

porti I's exp 0|t
rathgrthan cugllsd disaeteithedsighads. Hostwancia sucieakapttﬁwai:hpm meiuld be desirable

nmodul e 11 te on_each sa Ie as |t arrlves
that gpu ’F?ﬁ?“’?‘g %§ﬂ§ §5ﬂ§ﬁé CPpnuQuUS FaEhey ssgnal

Ly B T TSR gy e

illusfrauem 1nt HbGs.c il atdndg 1p¢.es mtvesannhereaﬁty; Ogash a:ﬁgnzﬂi elb@keit virtually
npl e vectors, which vectors can be input to a vector

mdlfmﬁlgt‘isbffhl% dromy the ppdssied gisy radicts 8 ﬁﬁpﬁ@s dying rin ;digeent symbols.
Sinck g)%gﬂg ﬁgve%ﬁlﬁ&rt Qx?c;déﬂ/ A ol\f)é) %Qg{x@a?%kfoc s Jlo%g%g g)tetr\xgzg 4 %ples extending

acrokdénidh s@Rled dyﬂbﬁl@rﬂtﬁe@bé@oﬁdaﬁ@@és&ielalym\ﬂiéwﬁ;om fboﬁbﬁdﬁy signal 1300
an approach, it would be desirable that input received

mchsdeg bath @yse%ﬁlgaaltr@ahs aorell s dssnoisy ﬁ@nug%proéu@tawﬁpé gxample, the

first ¢ I%Q?é)) a%'g)%sslx}l glyrlgll %% urglé gg\é cf ﬁéialnést ﬁhe %gt aﬁssamples therein, to
prod'u!:é Hﬁ:t de@fr@dj sﬂgﬁalﬁle@ o 's@mﬁl%g il A6ratibRVGYRYevet, Thd ?éllldlltll}llg N (1024)

each signal peak is virtually indistinguishable from
samplbe argniseKiptied agahsyN mamgies tfeono fthe adjptans symbolgresponsive to the delay

e SR T

the é}‘eﬁp&sﬁﬁiﬁ%% heRe 'b\é%eﬁlfﬁ@é?écuﬁ%’c LEARCEIREA si sggﬁgi g%  Thus, noisy

del ayed erefrom boundary S|gna 1300 1 nc

proddets pom@pemcgn@to @Eﬁk/és@mlmﬁinlbeappltebmb]&m sy conj ugat e
the first aN (56) sanples

@Qgﬂlu . i‘b&fl‘%éf"g éﬁgﬁ ¢ Prsseneg ofghe ﬁ&remﬁlglqngé tpr%mcg Qﬁ*ﬁF &g boundary
signél hefp) riher@: Gs RigRsly Q%Jeheﬁgﬁs bfhed sSi 98 lw(eg O%V@H\I ity atﬂ(? lL.§Sof digital

ufation. However e remal ni ng
commumcmdrm [Huckdosgas dapartddtanie sgndl rdafing beo;agatmethéreof through the

nbol responsive to the delay inparted thereto 5¥
atmoa%heé_@/ byjapbignt neisgoscateang-pryltipety andrfading, a%a@.Stgnah erferences. The

frontPRURRF IR G URA Yfh S a8 fise to the signal.

[0083]  Subsequent signal processing stages are dedicated, in part, to combating the

depreciating effect of the aforementioned noise with respect to the desired signal peaks in
boundary signal 1300, or more specifically, to improve the signal-to-noise ratio of the signal
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the effect of filling in noise between the occurrences
of the desired signal peaks. Thus, noisy products
w@e ersaspeondi ng to OFDNIsignaIs can be appreci abtBUS2008/065145
h sgnee of t
peal ek b BRALY L8R, 00 Sie B SRR T aat ¥ 45 improvidhs ot the oup

of pelile rd%vd:l&plﬁ@ﬁtslﬁoﬁiﬁéll\l@d rdo Barap s fﬁ@tuéxﬁﬁ&c‘dﬁdi |stakB Q¥¥hal enhancing
in the art of digital conmunications. Such noise is

Cerﬁllmrm@@l@So Theefirsi sjreel sighat f:rﬁ@nfame shiggeit isom addisive sperposition circuit

T I T ———

outpluf 8fthe €indl s@Ee EdiRnéigg iyt al so adds noise to the
signal . [0083] Subsequent signal processing stages are

(R at etlditive peperpositioncorebit 1400 addativabp smmalpos@ a predetermined
ffect .of the aforementi oned noise. with respect
nunfyg, 27 521 RS i Beln, SUBRHE TGIsY rBIPAUp 0 GRIARGE cenal peak
dete&tability by Rlcle¥sing thel FRTRYRndiSEra81b PP e diGal 9&3‘3@ i ﬁ&ﬁxﬂaﬂf signal 1300.
t he signal peaks present in boundary stgnal 13
To 181}:@¢m¢ntethllsamc¢eﬂg ofredtiities sniﬁéfpo;smop; apraettrained hwmbat pfitonsecutive

o PSS P Y 5 R G5 o et e
supelighokéd MBQ%H%Q&% syRIHORPGIJHEs Wbtk BF Eoﬂi%?ébroduct samples as are

additive superposition’circuit or nodule
outpytromcbesk sigecleprhent miquylec] 100uand insludesmtiedived sfgnhlt peak surrounded by
ovi.ded at. the output of the first stage

un&?ﬁﬁiﬁ@?rﬁmgPﬁéﬁmes[0084] Addi ti ve superposition
EUOVSS}“ t &f@%@g@d‘éieﬁ } BPRRRR & Q%r?a@ %E%ﬂéﬂt@ five been time

mber of signal peaks an their surroun ol Sy
overb!ppdh ctte, praluenisampless ngaylng eakpatdétemhiakd | ﬂempoﬂaj/ position in the

supe:rjlgggggqs Iﬂer‘g%gt ne ol gﬁ?% _ﬁct*aqounljg@n : @ff tq-gct)r;n?rﬁﬁf ! h%v?rﬁgllg?l%lll sample for that
dy. t r

g 0 S SR S I g

signar earhples tfors lepelt | ofp dise chredetenriiddappaglel pokitions cxambingf across the
t.hese superlnposed segnments conprises a synbol

SupeﬁmoW@%WﬁlgBF S@%??F’Eféate product sanples as are
RISSBLT Lt AR REASIE08Y SRR bR Siehd iem BT ale B bY Ufrimposed,

ed signat pea rrou

and pf @delctsegaonl ﬁﬁludb@ @8 §§}m‘$ﬁlt périddhe V\erﬂad of €180 r&ﬁlﬂl‘é{hﬂbﬁén additive
or bl ock of signal nents have been tinme overl app

supernosition syGeit 14 ToélEC"éc Byumylagive samples f9r gaely ceré@@usablock of 32

T T L P —
32 sé@ﬂéntp [(estht @pmiene thopeiiig 1080 shiiplehli & sVl paake b ndisk Berein) are

nal is devel oped conprising a cumulative signa
addl% | sEPeERPessd holof T@lfed”p o8B diPe ofi oned aBethen ebyp Peintyvisasadding the

supeﬁ &j)rgrgegrzlilt © Jl%‘é%é%?dl}c?se fé(lil? %glx%%&g %&‘ élg% u (’glgn "i)‘oldmg process, the

prodbﬂsl dahy 321 @anlents egeRdimwREeedded be cSﬂ@@bhﬂﬁﬁQ &@ﬂ}ugét@ Cproducts one
i f each segnent includes a synbol period' s worth of
symbpd gepriog nfoir e 080 rapples daw iy eovstghe ps contigyons spmbels,] 49 @roduce a

cum@?t?\%kﬁ%}al %080 gcqﬁpl)r?stlﬁgv fogt? rﬂp%nu?asil\ffe%am%ﬁe(s:t erein. t ll“ﬂe 31gna1 processing
is then repeated for the next contiguous block of 32 boundary signal segments, to produce

another cumulative signal segment, and so on.
[0087]  The cumulative signal segment produced by additively superimposing the

predetermined number of contiguous segments of boundary signal 1300 includes an enhanced
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segnents (1080 sanpl es per segnent) input thereto. In
this manner, the conjugate products of 32 segnents
w@ eashs®egnment i ncl udi ng 1080 sanpl es, a si gnaPCPEsI008/065145

sigf Bpatbfeit N Bnil Gl bt o P BRI REE Stitenmpet to the signa
peakd én SespR T ¢ MMTHRS E6hsGRRNU G HAEMOt Sl deBRedd.  The reason for this

segments. Essentially, in this folding process, the
cnhgpcsEigat i that tha supzpestinmenf be houngrsy signilswegaedule dligas their respective

et RE IR el 8 R B SRl ee b s s nexs. s
achRVREUCRNA TWEHErBhH PEcetiE BhinIRUPMHoncBEREJAiNInABRQF the boundary

_cunul ative sanples therein. The signal processing is
Slgftahﬁ‘?ﬁkﬁ-epea_t ed for the next contiguous block of 32
e S e e p—
coh&réAly abduneulst 3 Horrs SHTEManbed AUEAH b |
s.ugﬂclabti nmposi ng the predet earnrri ned nu?‘lt‘Ebeé% 6}'%1‘5%:%% gtughgsoutput of the
additizg regperposifiorb moddber $409);, dyatonti3@P thenmhdatasnaame of the noisy conjugate
nhancedsi.gnal, peak .t her ei n, i ¢ch exhibits an
procfuﬁgr é‘gg%’@d&ggh’gl sighal npqaken 5p¢ 0&@4‘?1 Wathy signgl (yggments produce
incohb@RPAddREH BeleBf @Y RE a&&ﬁv&%@?eﬁiﬁgﬂh dcBRUIBRAMAGR! dignal peaks
signal segnents. The reason fo his e f]ancement I'S
add chharentlyeansl the swogindingmaidy produdtobadag yers ingiaaladd égoohedestly and are
aligns.their respective signal peaks, so that when the
thussaevﬁgﬁé%ﬁi"stgs eabanged, ﬁ*&f’%}t@aﬁ ogthuf, f@’m; ﬁ»& additiye syperBosidon mwdule 1400
hiBRX LovetdIl Sin ARPFANH Nl {0 60 | ignal-to-noi
ex_ gai novk?ased ﬁﬁp}gn t he repgﬁ({{%é\?{ean%a?ﬁ;eg&rgf &tgﬁlge%%{un ar, al-to-noise
ratics pjmabempedleschief @D 8] thiNadditize supepaditign ethduteeinetcasdsViflong with the
i gnal aks.in the boundary signal segnents L.
nm‘@S‘ﬁ%ﬁ%%’BﬁWa*&%ﬁhﬁﬂ%F@‘&W?f&%ﬁ?S& t RFRdyER the(umlativeisigap! segment.
Offs3#taBhis RGAHtRE i inedi bl - -
s BORRLRL 1 DR el Bt} nkfase in acqpigiion delay, since

morghowunderyosignah eegnuinsy are eojlectiat t ppoduds chescummulstnersidnagpédke Thus, the
eak . i eaclf)]%of t he boundary signal segnents

signal
Pamﬁ‘r‘lgﬂ PERICIRRYIE r BHRDG o dP% istAne elte OF HurFpigsapien any application a
B8 b DR BRSSP0 3 0hecs s imaty
limitpd bd tiet fading bamdyvidér o nean add i ncoherently and are

{Oﬂég averaged, the enhanced signal peak output from
bddit matheazpeal pags: thspdgisiya seperprpiioaxficontigious segments of the

coni 48 Bl LR 3 00k L 010 AT e

achi eved by the addktive s%e‘rsgpsiti on nodul e
i ncreases al ongf(it f Pher hdade? (6f Thduhdary si gnal

segnent s superi nposE®ll to produce the cumul ative signal

herd S0 fER e tShpGirhdy i ! |
oSS B it g SO AT v
modwiorlé0B,cmd dais/the ngmatr sfegpmaits, suck ac 06, fectethple AhGP6Rant aspect

th | ati [ | . k. Thus, the ticul
A T AL U —
- S ] ' ' balangi ef. .
OS50y 1, 03, AL DR A B g o

additivessupepesition ¢itcnitrtd0@] and lcuiulagiste bigndl Regrh@md S@put therefrom, each have
bandw dt h. )

a temporal period of T, (corresponding to N = 1080 samples). In this way, symbol timing

offset, as indicated by the positioning of the signal peaks within a signal segment, is preserved

throughout.
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[0089] In mathematical terns, the additive
superposition of contiguous segments of the conjugate
WEe@daswso present in boundary signal 1300 can PET/US2008/065145

JH807 >~ 8 B, 18 o Pt P oy, P orL SR modute 1600
and Q@dehme1@501 id2ethePpdvificitife 4dARIVRY os?tion functions. That is,

segnents, such as 16, for exanple. An inportant aspect
sumgfation emﬁ@ﬂ@déﬂﬂ @dds grpriesept drmE stanpld & ﬂhiatessly efgin accumulation of

samggy% A %g lrﬁe Sy lycgg aq%t la gg i}lp %h%ﬁ?s ltpﬁlg ’ spaced by one symbol

5@YN dres i 10SRB 1ds)IPBE] %96’% érYseth bol
pmsupegposelS i on CIOI‘CUIt 1 OCS)p angycunul a{)l ve gloaﬁg?’m ol period delay

betvgeg nEctmubtioput Sthted efthawisep aadh heonenudatéd ngsaitadbutpetr bp dummation
of Ta(corres onding to N = 108 sarrples this way

modwa {0 1 delaygd By flswinbol pexiody T o.aanddther, f qch%ac&@ap, 16Wtrfg ‘summation
e, A8, SRR SRS BB BE T Y, s i
samplep atrpSSdath Mpureyeibot: 1400 summati on nodul e 1600 and

f eedback del ay nodul e 1650, together provide the

K091 i v Stateqh ebhsireing ithe first sumultive sample in she eumwlativeotignal segment
epeA SRR BHSBE s e SEAPh b 32 ST bt emens

The eaxblnd efimuheivs aamble seﬂa@eﬂ@ ah @6Rmdhtion cﬁraﬂczﬂ%éosecmiesmples of all of
nbol period Ta (corresponding to 1080 sanpl es).

QAR %5@?@%@@&@@ e @B, a5yeB e qymlasweéenayse@@pmeen

| h
f@%ﬂﬂj (9[ ﬁeng&E m@?ﬁrg%ﬁ%“&)%%fese f%‘ﬁlaf gH?TéY gigleb§/65f) after the
predsi¢fbikd ﬂﬁfﬁb@ﬂ of_algnalnﬁi:giﬁ&ﬁ& hRthdadcc@fulaRdi tB#bddce the cumulative

sunmati on nodul e 1600, where it is added to the next
SIgnalrﬁ%me%ta rﬁﬂr example, {fithe predeterpined sumber @boundﬁgu signal segments to be

T T AR i -

32 sigﬁﬂyé@ﬂeﬁ@ RBpMsivead B tisEOf B2e8cE ABRES it module 1400
of all” of the first sanples of all of the 32 boundary

accugijudgies the e@ﬂ@mdgtenmmd gembﬁdofwnmglmus beursiamﬂlglal segments.

s an a c Il. of.the second
(o353 Nsror o ¢ IEBd, U Ginndh of Atistya uBER rumodyg 1400 is o
cum8lati A sigil cORPridinea SeHEd b@%ﬁrﬁﬁlaﬁb@ﬁ@hal SELNERL eao[h(%g%%%nt including an
Reset generator 1700 provides a reset ‘signal
enhapedu$ignad &gk hift()eﬂletehe braah@heromermmrmnmm‘tr erﬂfansadgangial peak 1550,
|ated to roduc

althoggﬂlﬁxg.{blltg%a%} gﬁ&gv n%fto TOISE rég{&ncapestl lfe ﬂ:ﬁ@ally indistinguishable

fromPth€ @tk &l iRUMRRK i@ﬁs RRHMIB Y ARHIP BhaAGIIR M al B-Rfse ratio of
accunul ated is 32, the reset generator 1/00 asserts a

theenb@@tdsignaﬂ@edback del ay nodul e 1650 every 32 signal

ive to assertion of the reset
i s@ﬁé‘gﬁﬂg c Hsairte nesgaaR of Ftameek Sigpal peak 1550, the
cumﬁl@t’l‘x?e Q@?ﬂ% ol a@%i%[?@ Eufdpdsfithl & P&Hé 12047 n% ﬂfg\ﬂt %ohrélatched filter

si gnal “segnents. revi ously descri
14500 uflpeattermporall uinpmlwe respoesepaSmatohed ifidet 1450 49 @ndtched to the shape or
rising a.series of cumulativ

I I
aunp G i el G CTIEBEHT SGBHHaNEL RSt dhirey 2 BrfarfeRipdiment of the
prese?l't tle(gle %IOQQQOBP%ES%Q Egsnllélpl%ﬁm %e& 1'c§l?y mvlh{p%ﬂg‘?@iwnse of the

anc si gnal
matched filter corresponds to the function w(t), as shown in FIG. 11d, and is determined by

pointwise multiplying the first alN samples of symbol 5 with the last N samples thereof. See

FIGs. 11b and 11d.
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al t hough exhi biting an inproved signal-to-noise ratio,
can still be virtually indistinguishable fromthe
W@ B8t Ng noi se. Thus, it is desirable to fRECT/O82008/065145

Sungraggnflte%%QS?g ibgggﬁ—g%wﬁqéga@ﬁrg%e’t@? teaﬁ nnqggn?t%ge squared 398 to

pro%grhaéo'nte 'tf?)ﬁi Gk B%.i qh%, tﬂ@?&{ﬁ?%t?norg%lggﬁ{hnpﬁ% g-éslr’_}gbol boundary by

e cunul ative signal oudtpu rtrve
mulsipérgoa sutremtninpwdeangld $§Qhé somplentconmgntt afihd ifipdttdelayed by 1024
1450. The tenporal inpulse response of matched filter
samplesg AL thislaHef & symRel dhephass obthe Fanieate Riedughaver the next 56

sambl SRR, L6 BSTOFMAULLEELE! iy PO IO subcarin
combix eshielgt wes thie ppriod, g .nobpeer the Gambindet 6fsdnifled fethe symbol.
response of the matched filter corresponds to the

Thetigpgt iioa digacyniblgscostedation; peak| 139 #ier knaymbolgsre folletband matched

I ntwi,se multiplying the first aN sanpl es of
fﬂmgéﬁggﬁﬂ%%%ﬁth the | ast aN sanples thereof. See FIGs.
l[ob14nd Réfestnpsagiie thi FiRr €9 3Rftidhal 6¢essial S@epsC cdofding to the
mat ched filter and magni tude squared 398 to produce a
presepi Aveatipe rarp sdiR w99 . Thiehnermalized sogiglasion peikaisgdeterpiged by first
finds a s [,. boundar nul ti in [ ent. ,i
calclafilE ROAA KRNIt B I bR GOV ENig bR Wwaveforms
(blobl 43D ATt ARneSizathin WheefSin@ EXpl6its & &Mpiralic cdrbdatiditis®ween the first
of the conjggate:§roduct over the next 56 sanples is

and d4st 6tspmpley of ap OHIIM szl drpke gheel-reised cosipe pulse shaping applied

onstituent .suhcapi-er i coher ent | over .
s GETEhLIRR, RERMALI530CE" (5,0 180 SDSERAL W BYBrgion of e
northieze8YWRform 8. I B inaghifud® sdise@ U0k bF eadhoinpel ShiteNis delayed 386
eak 399 after 16 synbols are fol ded and nat ched

by 1024t samipep hed agdd 4od t¢ Bha aprresfropgriiigde-sguared semples 402, Sixteen

syt B O e BRSSP A s are s cosne
mat&RAIfBteddd 212, RfRKqiatedRiErcBiphRdtda 14ith ptodusé & WoAhlREien waveform
normal i zati on wavef orm for each of the upper and | ower

416si Hebioidingand froatalsed( Bltertig abthe. nofhialzationnwidvefonm enidentical to that

wavef orm exploits an. anpl.itude correl ati on.bet n.t
perfpRHGL il S PE B RHBER SO O P 6y R a e aps are
squdr@Pind RAIP&FoCRASUA Propé 86meIpRINY applied at the

transmitter. Referring to FIG 15, block 400

illustrates the caonputikj’on of the normalized wavef orm
416. The nagnitudﬂggﬁégggu 406 Prééﬁ%~iﬁﬁut synbol is
del ayed 386 by 1024 sanpl es and added 404 to the

whega Ik iscthé indeg Rif tapdén siipuaneled Angrs A APA2 théShristastapy fob thesconjugate-
are fol ded as shown by bl ock 408 and adder 410. The

mUIFE‘F"d’e‘a)r@éﬂﬁ*é’né}eékﬁaélﬂﬁél e dhaeewiape feicthe npimaglizgtian waveform. After

r r.egi t 4 .
T e R T e —
in FIG| 1B the@caiont bfthe eyiBbl boahi ey iyvaaeifedrby 4 feduckioit inCahplitude of the

to that perfornmed in the existing acquisition
resuipfdyavefrm- except the exi sting matched filter taps are

?(%i%'j ed lﬂe?éjmﬁg 'a§§19 tct) %I(?.nl%f o Ph2RSmi P 10£ iwza%te%o%rr]l:is calculated, the
next step is normalization of the correlation peak, block 458. Normalization of the
correlation peak 399 with the normalization waveform from block 452 enhances the
correlation peak by reducing the level of all samples except those coincident with the symbol

boundary. Referring again to FIG. 15, the correlation peak 399 is multiplied 418 by the
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where k is the index of taps in the matched filters,
h[ k] are the existing taps for the conjugatenultiplied
w@orses@to on peak, and g[k] are the new taps fRPCT/Uk®08/065145

‘mal i zati form After folding the first 16
nonBgARPE SEaTHEL LHOH PPPRET ARmazey AOBF oG At 420 oFIC. 18 shows
an eziy (EHta n&%‘xﬁﬁ@&"@oﬂr&aﬁ&rdpp%ajgin 4 RetiveRAUL A erRirohRent, gvhere the x-

ol boundary i1s marke y a reducti'on i n anplitud
axisgEprebanty ths shinpletnuwebee fund the yf&dd Bthdedraralizedcagdationt alue.

E 19, once the pormalization veformis ) ) )
déﬁ&h A QRFS 5 éOHgﬂaElOgtp@ak s neYER e e st step ipdhe quality metric
CRhh i ik s : ' Hho t
algOcor r g% g% f|‘ng({]nppea dg;g.lé?’\%&? ﬁ{pt% ﬁg&?gggng?lﬁgga{gygﬁ@%ﬁe}%rl% block 460).
Thefpreaknitilen ¢kthé 32me lkhamates cofresponding lt@athieanayisaln lue of the normalized
reduci ng the level of all sanples except those

corrglghipr wagsforiy v A& ymBs PedoinAigss §f thrapepalized cagglation waveform
for ) REt st ol R SRCURRET Syl Bt Yo or e
normalized lcozeldticowaetfoth and peakded 2Aigikd] GigndBqehioymeric.

exanpl e of a_nornalized correlation peak in a
ﬂ%llar%fi ve quelity £atimate; ireym eech sidgbandecanhe ndgpegdently calculated. The
[ t - aXiS.i . i

pealf SBUERGHS b BREREcRHIR Sy BRfm b5 ro BEhBLS of B retative quaticy
of tleweidebaidt on peak is normalized, the next step in the

quality nmetric algorithmis to find peak indices P and

PL and peak values Qu anddd=gf{ub 19, block 460). The

peak index is the sanpl enyrf_())eCQDLzorrespondi ng to the

maxi mum val ue of the nornati zé orrelation waveform
wheRUx #8fe RotmaliRdtdoerepgiak wavefoes Opfis tieupier BRilebaridquality, and Q; is

correlation waveformfor the upper and | o

: . Y dower oo .
the lopge sislsband quadipe c Refeaing topdisk Ivathsebsak ingex 4ddcisridentified and peak
I . l.i zed rrel ation wavef orm and
w9345 8 P PR B e on e eT e e
poiaisi t y e okddrab e/afidae tRaalyitl sighanghatidnmReric, optionally a peak index
I ndependent |y cal cul ated. The peak val ues of the

delt oanrp ifoensl aad MabpnedonThapedkomdesn delta epmperestthe ipgak ofdices of the

the,rel ati ity.of that si and: where x is the
wrdi et Side e e ahsti BRI s the upper

si deband quality, and Q. '§¥Lh_eplﬁovver si deband

quality. Referring to FI ¥ the peak index 424 is

. i1 . : |
951 R RdhpEsing ety Rl | P B Shppucd ot
musthgagpadprite] p alrapped|to eysunethat the noipirhaomaliffyreacene aked: ndex
delta can be found and w apped. The peak index delta

conpares the peak ihirce® dierthe 198Berd and | ower
| angs r [ - I ol | .
e e e
are idesticabnfhuitcbd relsetcansinglibé nbRirAmRr &9ttaate that \Wiapeathlized correlation

ensure that the mninmumdifference is used:. |fA > 540,
peaks feom gach sidpgand correspond to the presence of a valid digital signal.

[0121] As an additional method for validating the digital signal quality metric,
optionally a frequency offset difference can be calculated for the upper and lower sidebands.
According to the previously described acquisition algorithm, the phase of the complex sample
at the peak position of signal 1750 gives an indication of the frequency error existing between
the transmitter and receiver, since the conjugate product at this point, as developed by peak

development module 1100, should have yielded a zero-phase value in the absence of carrier
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[0120] A peak index delta of zero indicates that the
peak indices fromeach sideband are identical, thereby
WO e@BaesS®Nd i ng t he maxi mum assurance that the npCTEbi0a®0H5145

| at j aks from,each side d correspond to th .
gﬁ@%ﬁ ne eAg}FOIP Vaalnloa— rp e? a Wéﬁ’aﬁﬁ gﬂ%}r [cal%glﬁ?e ﬁgedgﬁa smoot?x the noise
presRfldint the BahuEVH 8ignd10the tRAEIFAL ARG 145@ privitick Mhe SHtBMBh signal-to-noise
_ quality metric, optionally a frequency offset
impgiviefnsnerfere thardebized: signal, acddndedr signal ppaerl540d it cwdfaussian noise

si debands. ., Ac di to th revi ousl y.descrj bed . .
envRUTRG: (VBR0S BUF LA S BEHACH 6 & (L GRpE Reaps EIR) digia
filteRthat PRVRRR Kt AQt MerIf aHISRRA vels{tPotthy SmABx samples inRut thereto.

i ndication of the frequency error existing between the

100863 m t Brmeflyasmthmatag e signahprecdskieg ctagesigading pp calthetoutput of the

t this point s devel oped peak devel gpnent dul e
maiedo i G deafapprsl BOGus IPEPEHASS §anTanprof Aghal pedks, the
tem?%i\af 38§ﬁ6}{s_ SEHi& reprekbnt § ]boﬁ!nai}gtugﬁﬁit nS QRBREGHRELnt symbol

ass filter could be used to snp the noi se
timipg eéiett for vadhhecaivediO&DM aymbgln abignil heahamdtingghmddiilie| 1360 enhances the

1450. i d h ti i. | -to-noise i Nt
detefigilich o < S PSS DTSL ATIREY SS<GHoSBe ML S el mumber of
- V a . - .
o SGTASS RS PR TR e SRl b B s e,

and fthért eecohdyamatohal fittesngtheacunmlbtpuet sipid rsegrherst i proéuiceda cumulative,

. version of the conplex sanples input thereto. [0096] .
matghiedliegeds diatal (SSBREPt At o GRBIMBPOGeY Y Sybageisnt peak detection

- R t . 1 -
poch S DBk R Bl O R R ot siga
peaksen Kise outpnet dfesigmal edhapaiag magnke H50MTitehemhp@abpasitions of these filtered

.posi tions_which represent synbol

] dar:
enhaor Hne e iEh SR P T BN s i tput from signal
T HY o e RIS is
B T -

offsgar edet er m ned nunber of input signal segnents to

roduce a cunul ative signal segnent havi ng an enhanced .
EQ&?{ZI t hdraketh indiyiduallye ind esprsipllynint eomelingtion; #ie adglitiveesuperposition

lat i ' odu C RY .. .
modEH BRI RE BRI ol o YRR i inroducion
subse@afly b ahe Pehls ePUEBHMPRAKaLE beBtilsOthePEfEESE WRE-of T&H ©FDM signal

process continually operates to produce a plurality of
compyising p &g pHBbRE of fisiegngl ciyaigiesanst onerasing i p propegatinngianoisy signal

. i ng nodul e 1350. The tenporal positions of these
enwﬁﬂF%%?ed enhanced signal peaks within the

[owosh- f imhe elreﬁolstag%wmi%iuhi MOk abqueed lf@BétéblBHts?MboI[Ttb[rﬁilﬁg offset is
ynpo

si gnal enhanci ng nodul e 1350, are indicative of s
to defest b topnesalinosivias of theoripnl peakb entput fpmsigifal sehancing module 1350.

SE R TR ——
the BEHaBER sibhalt peakaGaint aReausty, enhanRse: §igﬂ£‘lakegﬁ%%tk I%ltput from the

detectability. Their introduction subsequent to
matqhed kilteFevel opment stage pernits the effective use of an

Si | conpr.isi.n l.ar ge nber o %{ equency )

(o o1 et ity e a¥ b fagoioeBhed FORE provided as an
inpub tdPédk selector module 1900, which detects the enhanced filtered signal peak and the
temporal position, or sample index, thereof. In operation, squared magnitude generator 1950 of
peak selector 1900 squares the magnitude of the complex signal samples input thereto to

generate a signal waveform at the output thereof. The output of squared magnitude generator
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envi ronnent. [0098] The next stage of signa
processing required to establish synbol timng offset
WO 2008050¢t ect t he tenporal position of the sigpal/upmak065145

ut put. from signal enhanci ul.e 1350. The tenporal .
195§5§5fPY185‘5 Bt 1t HEUsioghas %@%%P@%W Sapiags; thy sarpplg magnitudes input
erSOE Ry, By SETBLEOH S OAARS A, ABpes

f010ppt  fihdntetrperainpbsiti@dof the tsinal HAR IO providetl eeseehtially, as the symbol

. .compl ex signal 1750 output frommtched filter 1450 is o
timipg SPeletiah aFPVideguly pedputgn swqdsla 70 dp i BPYlogha symbol timing
; £i . _
com 5 SRR HIABEAY b ARl 8lon rovid

the tR@EAfsONAL BgiRKBEe STBHP hdjusttcBRNE EaPénsIRTIOr RfrioRS Blocessing delays
. selector 1900 squares the nmagni tude of the conplex )
mtrogpepsaby shapreseding signak processmgt Baggen drant exampld, gidiplization delays in

wavef orm.at the tput .t hereof .. The.out put  of. squared .
toadl B Rl RhC  shasd Ge B 94 SogBly pe GBIt 3t BRRRCGpins ofse
estinhle. THSwEVrARICh A0@0s 26 bederAKAmaNend iiBleaRARBn specific.

magni tudes i nput thereto and identifies the tenpora

K81} i or\fier theatiomiperal positorc of the signalipaaly has bedmedetdrprad (to establish

T AT T -
and Edtedspbridiny O EeRledi¥nd &tk D tHeABARIUOEDRDBighdl. Ahe in‘i‘e{%ﬂed-ﬁltered,

of a synbol timng correction nodule (not shown). _
enhagpest Isignble peghp tre souplax  signal 1HE repmgsental thp odéanessnpoint, or point of

rovided, as t.he tim offset Dt .may require slight
max ] SSHERSnGiE B Bh Ol PoleON FroHcRernHor and frequency
errord € TRY¥ SpHald LPAME @EmPlext Hgnpld &€ @l PRale g)gﬁﬁbn R RECaS Irddation of the
stages. For exanple, initialization delays 1n | oading

fr eqyanty erey, exgtting beenan shdtrabeinities andecceivers dintothe@onjugate product at this
N e A X T R T O
in tht A4BEROE A TrIRERY fdnor. TRIQhuhid fbatdigt ﬂ‘nfs:;fﬂ)?ﬁt@f the signal peak,

position of the 'sighal peak has been determned (to
and gsfagbhi everyg ptheolpoint i tlee sifhiad giedk, shbeldngzld &regehase value because,
si gnal. processing is . to determ ne.the carri.er phase
maﬂlsrn%sfalb'ﬁa“e&epwg rffueh PP BmaY! syypeie yadrg gurgent plase (as do
. ) - r . .
e 8484 PSPy ARLEbE Ly g OARGRS . i e
absendeeafmasier griqnéncy@ropoiAmyy redfidushphasea presegnatithd peakaif slee signal output
rati o, at ich to determne the carrier phase_ error X
fromyfg m?telaqﬁieﬁ@%r I8 rRROTtieTd 19 AiEr grﬁqm@y Bl w4 e fsapency error is
simp® tolcicR1aRERE e RRSLLiHR4 ipﬂbs\éq§dé%&1ﬂiﬁk?1jcat ion of the

requency error existing between the transmitter and
[0202]i veMatlsdnntieally) ehe cariiergRéqenoyostttz tAfgirodutes theakditiyal phase shift

as devel oped by peak devel opnent nodul e 1100, shoul d
of 2wfebsivesry the m@rs&i phadeading|apd traglinghporsipseptan GFDM symbol that

form§ichb Bt RRMET Gl 1B, CTERRNORRS B B0 Gl ebhe otlowing

equal®h:Nt i n the signal peak, should yield a zero-phase
val ue because, mathematically, the conjugate product
bet ween synbol sanpl es Z?gjﬂgg@ﬁﬂiwalent phase (as do

27T
where G,y 1s the peak of the matched filter output and Arg denotes the argument (phase) of a
complex number - the complex sample - at the signal peak. The Arg function is equivalent to

the four quadrant arctangent. Since the arctangent cannot detect angles outside of a 27 window,
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the sanples at the |leading and trailing portions of
each received synbol) elimnates phase, in the absence
w@boosaswier frequency error. Any resi dual phasECIVU&B)esx%sms

t the peak of the signal ut f t ched
the FPIUeBEY PUMBHGISGFNBIVET UB & %aw?twi? Of'?'s {Fé?‘i“%’rl/T Ptgvertheless,
t
ﬂ’nS u«%{u g%ﬁ g%’tgﬁ%té qg%%t%erran% t} gQJ]fﬁ @ﬁ%{}?@\gﬁ?@ E)y the location
of thdﬂ @ighal pem if sefficencyo eliow nh@fcomnmﬂumttdfsymsl deaabdulation. As

phase shift of 2pDf T betwee the sanpl es at .the
demoéakﬂl% PERqEPdsy %ﬂbﬁqfqﬁlsntprsw‘f% ngﬁm@mﬁa [rof eyt of the present
invd A B ARIHORLfeRE A bR AK- Thus the frequency

error 1s repres At yot efollovving equation: Af =

A WBEVEXN) FIZD T2ybethethehvhdclict-filtveed) @atnpldx difieal 1ase htﬁd the temporal
filter output and Arg denaotes the argunent 2i)ghase
posifiog gfpArBRle mﬁ%e@re Providedeas HppEs s pAse éxtracgtr @ Ehﬁﬁéwractor 2050
xSty KR LTS O Ly L MARENphaE 00 Upnanced sina sk
outplietfedd tied gahed Higk.deTHef ex@raded Whaskows proviidd -tb hBe input of frequency
frequency estimate i s anbi guous up to a multiple of
gengrpter 2hahnehick sieplygeales the aydiasted mbpsesmput tieetq fepipdhes the carrier
error _esti et her th the. ti
freqBled Ph prgu bischay P Rcf By Apt Rt MoRdie2OB SR figuspoy comection
modufe &6t sh&®Nt Thes, Ald RMpbhe poSIBE o CRE fltereldl sinAPHdak provided at the
denodul ati on. As denodul ati on proceeds, subsequent

outpug o€ matahed fidime 14¥Uis dedigatiye of @S@bﬁlgtlmmtof&at angfromhhe phase of this
es Lnyention, resalves, the frequency anbiguity.
Slg“F%fﬁg]caFﬁer e@ilenﬂmBro’tqﬁe]?Y} & rat ched-filtered, compl ex
signal 1750 anﬁwmﬁ;ﬁrmm@@ijnm@mmml e index,

are provided as inputs to phase extractor 2050. Phase
004 ct orhe2 656gmng maethed tand ammiratusalfop hegurifg c;m tehevering symbol

i T Pl R EREDLH P e SAIEE e e o b

tecthq%ngleEjet&‘ﬁuHﬁ% dnﬂﬁéﬁﬁéaf syh{tRUHRREY o HERGhA LA ie? ﬁQQuency error. U.S.
whi sinply sCales the éxtracted phase input théreto

Patenod 1}6050d61,,6§9 062 aer 6i891,88edaenby addioonahftechuhdquel f acquiring or
t hen proyvi ded. cqui sition nDduIe 296 to a frequ
recou ot Sy B LN &R GRS SHEfTe0eSY, STk it dgsrared OFDM signal,
i r
any g)gtsdglzx}'tcﬂg?ﬁng%c t!f) ﬁ{pféiin% g%al étQF B ?LY \}ig}e g%é'ﬁg():/ taB(,eordlng to the
prestntninmentwht SEeqausmdlefarcqmsttiw fohetsen af dd:shnlsedsmgﬁha;te ]makcs is a time-

do VAT rripgerfssf %?rg %T%EF q-tﬁlgsoff gﬁe;%gh@mdfgp%gng ain Iarclgalﬁefore OFDM

dem@ afi64, YcdnYe & ﬂﬂ’ﬂe kD ProRide RCvRtil 9 Q{ ghiﬁty Shetric.

set 'and carr re uency error I‘ I ved
(HIDS’] Si @nedeomrpmqu‘eéetd&&ﬂneﬂ araplmnde uad ﬁ)haseQﬁbp&rmmde‘sgnbed above

unqual i fi ed synbol_ timng offset and carrier frequency
and giheggnt 1n fhe leading and trailing portions of the OFDM symbol, namely, the tapering of

sample amplitudes in the leading and trailing portions of each OFDM symbol and the equivalent
phases thereof, are advantageously exploited by existing IBOC systems in order to efficiently
acquire OFDM symbol timing and frequency in the receiver. These properties can be used
according to the present invention for implementing a digital signal quality metric. Thus, in one
aspect, this invention utilizes these symbol characteristics to provide a digital signal quality

metric using a previously existing FM acquisition module.
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Patent Nos. 6,539,063 and 6, 891, 898 descri be
addi tional techniques for acquiring or recovering
W@ 2008050910 m ng of fset and carrier frequency erPCF/US20081065145

ei ved _OF i gnal.,. .any. of which nmay be used to i .

iathM9 me feser%h?g %a%cwgﬂav algosihp ysmagﬁitee gieial seny quality metric
R o b Pre it ARCAREUE ld@lion processing. Pre
acqustoesltarngt is asedi ke prevant falleelys haquirigf on Mergd as@hdrdjacent channels.

rocessi ng chain_and_ before OFDM denodul ation, it can
Ea"gé’r’é&%lyé? cbend i %‘II%W QEORP AFUETHPT, BIYEHiRE| InspRfngfample, the pre-
al it | 6c_ : radet j :

oo A b B AR h I EON Ebonet R SE B o provide 40 aB
stopbai reedtionnwhilelilétag thy impedcttonaihk idegirgoprimaySsiddbahdie Existing pre-

OFDM synbol , nanely, the tapering of saqg%g anplitudes
acqugitioR efilters iap gbe semmpleisly jraesed o Mifhent myrdilagasignombip calculating the

. . | v f
T W —
the suqu&sitidropretdssimi gmidtivnaicpuipodeDM synbol tim ng and

frequency in the receiver. These properties can be
TaccBiedi asguisioph dresessipgt funetierali sampenpent takes advantage of

' g | Qi . S] I [t ri.c., . Thu i n
corfIBbE 5054 96 o L A9 S e g0 ot o e
tranSNAteAtd edristutiCiqliBitidh@eakle As griddly ddseriisdd, eéaddsition of the peaks
. .metric using a previously existing FM acquisition )
indigafeR he locatipn of [t tyeg symalegldroapdlary vithan segiipyi sammes, while the phase

j t f e-digital signagl_quality nmetri.c .
of tfl?és gg%&ﬁp 1? Irﬁssg(g ?(g fdeﬁ&% ttlgep gggl?%ng Se:rror%r)..r g\?l Eegm?rs iﬁiel}ﬁg?ﬁcy. &wersny can be
achitvdd By inigpaiiéntly Procebdin® thePlippee ahid NGverPransGuiddbhh@of the digital
filtering is used to prevent falsely acquiring on
radip gighgel. second- adj acent channel s. Each prinary si deband

[ Wl tere i or to.,acqui.sition.progessi.ng...Jn.on . .

19001 o TR 0P ble2irmtpbrSrPRR  pREuR BESSRPEE: T PRR o gcauisiion
proceSi 8@ B16SRUTSHperhid) 1dvidripimarf @dcBMRHsdndp1Bd. OX 8 &mple, each

dB stopband rejection while limting the i'npact on the
bloclds icoawriged rPY0 stal elyamigirExy sariplgs,prt eacatiio§ 372.0R3.75 samples per

fi.lters can be conpletely reused, w thout
samﬁgdification, when cal culating the quality metric of
!(fl'@] | NgRtdcQhisitidh #EorithS ARUEIfRANBI BchaN ks R&EHtal signal quality
iltered, they are passed to the acquisition
metng excslgsimip Flbstidomal 18.0Mafmeing. fifsO1OFIGTh 940-sample filtered data

i Siti 0 in nctiqnal conponent ta :
o GE S, PSSPl SO, SETPERET APHES o
deschHbEAN thd @irdt Yaal Sas 56 fshhp RRRIfIBEh irfnpabd SHABA! arbYidhiPcorrelated due
transmtter to construct acquisition peakS. As

to ther eyelio selyx.d fspisiteh, prokesspigsievealn tlié cbirelafiemly complex-conjugate
indi cates the |l ocation of the, true, synbol. boundar
mulijglyg ok SaRluin §arﬁ5$1ér§,ry fAnbd Wb 1 ageée@ﬁsqrh@%e%ﬂwes away

. A . ; ) .
(blo?ks?»’m%. Ao é?lélgﬁcré the dEQ@taﬁirhEﬁ HEtHe Y&t §/6 %%@giﬁéké r?tl? g/orrespondlng

requency diversity can be achieve
prodpeto o 4 §icnmtiguvas sppbols ared“folled? op topaf ghesindetzandformfa 1080-sample

the djgi radio sjignal. [0108] Each. of the synbols
ccqutsigor bk DIBFE 4P £ SEn SaIRGPBire Fie! infpis Gmbaiment, nstead of the
32 s§fnBblsSAst 4QBribed with respect to the previously described acquisition methods, in
order to expedite calculation of the digital signal quality metric, but fewer symbols such as 8

may be desirable and any other suitable number of symbols may be used.
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processing are bl ocks of upper and |ower primary
si deband sanples. In one exanple, each block is
weewpns®ed of 940 real or i magi nary sanpl es, aPCHUSBDE065145

2, 093. I .Ih . .

Jugife; RS rBIP AR SR FRuEh PG IR 4 guigiion block, s

Ver}ﬁh&i's% IThete@dta) bl@éﬂ@b?@ ¥hoR§ it i & SAHIMEd With laG7- taﬂ;‘FIRnﬁilter whose
eferring first to FIG 14, 940-sanple filtered

impulse sespbusekis matahed tf thershapd ofitbe pEBO- s anpl e synbols, as
shown in block 370. As previously described, the first

and last 56, F@{gp »fsea ﬂ%lg]r ansmﬁg,t,?doslynbmware

highly corré ue to e cyclit prefrx.
Acqui sition proceSS|ng reveal s this correlation by
whego rtpb die ovipjrt spmple mdex;, pl iyithe medelied JHiep lieputny anthe matched-filtered

arbltr V. wth its e 1024 sanpl es
ety R BTGy bl tserBe SRS BRI abi |1 Cy of the
resultlng 56- sanpl e g Lhe correspondi ng products
of 16 contigdd@k=s9ﬂ§§f z"fold@d%=eﬁﬂioé6of one
another to forma 1 s acquisition bl ock (bl ock

. Si een d [ '
A0S SR BRGh Sl T DfrSPRR Ry, oc 579
Slm}ﬂﬁﬁispgyﬁﬁio‘p bShidH ?défdc’ﬁsﬁi t?%tiﬂv&ﬁingoébnﬁfﬂé)h QdBies it rédl d@llues. This
to expedite calculation of the digital signal quality

comn@taihp@ ingsgases ébesﬂywwﬁ d‘ﬁ%ges (013 Hneampst rragking %ﬁe&rmlzfﬁlt@undaly peak

even gn%&g%té}se %,1% %v@gllg n‘%ig t;og B;{gon%]u{:tﬁx OQE g %1%%16 dimension
(veryus&bvlal dEmehdibis Yol B I%ﬁﬂlQ SalheHn Thé @falenithde-eRbdedR@IcaMtion is:
Therefore, block 376 shows that it I's snmoothed with a

57-tap FIR fi hirdr= ik ﬂfseQ{nﬂf)ul se fmpelﬁ)sle i, 76t ched to
t he shape of the peak: 56 y = xX[n_ + 57 - K]h[k] for
where £0s the real portppooithe mn@ts mS fhe mpagigayy rmrtl@a the input, y is the

t.h hed- fi |
magﬂ,b%ugeh%%lqed]s P%tlpgt Al Cﬁﬁ]t {hlg n%a%?tﬁl?(]ﬁélesx tﬁrehef um%er sideband and lower

s1deb£ﬁ2ﬂhﬁﬁ;hé@#ﬁﬂ7t@féaem agffrh eshuRRIdoNtp ] WhveFor fof eabh 16-symbol block
Olll%qTakln the magni tude squared of the

are Imi cm gendrate élaltdmlm quglisy oenria7 8 sbpm@ lin blogk 38)nthelacquisition

QRS Sk B GO T MFOTELE B abcs 5 o

Hlpkgn@qbgkkuhg)lnput maki ng the synbol boundary peak
even | ess anbi guous and allowi ng the peak search to be

{WAdlict dtheovet stepsimifieequilitemeéton algasrtbmsist pocalculate a normalized

[ and vaI The NI
corlafi Peka PSR e 98) BUTER PP ppppeved gisepmipafiopyofthe symbol
bourfd%&'y Peak0 I‘iormahzb %Qﬁ@cd{iﬁqﬁtﬁﬂ pdaR prd\BdéseAbasRObt hRBssHg the quality of
the 1 nput, he imagi nary portion of the input,
the signal hed 1ndlcates the probability that there is a digital signal present. The peak value of
the normalized correlation peak can range from zero to one, with a value of one indicating the
maximum likelihood that a digital signal is present. The peak value of the normalized
correlation peak thereby provides a digital signal quality metric.
[0113]  Circuitry according to the existing acquisition algorithm for calculating a
correlation peak is shown in box 382 of FIG. 15. The input 384 is a 1080-sample symbol
received on either the upper or lower sideband. The input samples are shifted by 1024

samples 386 and the complex conjugate 388 of the shifted samples is multiplied 390 by the
input samples. Sixteen symbols are folded as shown by block 392 and adder 394. The folded
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magni t ude-squared out put, and n is the sanple index.
The upper sideband and | ower si deband
woredoshsd i | t er ed, nagnltude squar ed out put WaREr/U82088/065145

for each nbol bIo are used t ener
FreqiRapy Grols Hhea AT PIPCHEL 5 TR ol SEHADTeg angly, Fct t every
othérhﬁmﬁ‘tcﬂxuﬂhé'signgf‘pﬂko Souid ?ﬁa’l’d b MESphAS vIRSYebhRE, ﬁQ@l\éﬁratlcally, the
d the quality metric a gorlthn1cont|nues as shown
congugaﬁal 1Boddd bebwasolsydhbo) sarn{;ﬁds]]?d\zlmmmt phegp (ande He samples at the
{ uallé tr|c algorithmis. t ca ﬁ e a no mal | z
ca é{ae POLRNY B Sealk rersed symbp Jicinfte} Bhirgnire s absence of
ri
T e N
mataBskARemny proportjol itd yarvier ﬁi&qwmcgre&ior amd the dileqwdm:y etoe is simple to

probability that there is a.digital signal present
CalePﬂ?ée pesskihgapsidua phaseels dstevminesle d heoipes ot fredPepenRIfsetmeasured on

eltht%ﬁl ?r%%??m%n%eﬁ flé?)?h%ﬁgmlgh a%lﬂ%lqa I\églll ﬁ’lf toril? 2"[? diof 3Chthel spacing

of BT eseshbwn ih&F1Ge dka. VHIthee freduenbe off@ertrmﬁmzed ch:ﬁﬁdéréﬁdeﬂidt‘&aen the upper
peak thereby provides a digital signal quality net

and] lpyen| sidsbapds i itk §r efri! ctreshpldericht ah g lAGqHFS; ingfpacing, for

aﬁlh %ﬂetnglg%f 1k&$Jéﬁé}tl a@fy a.?ﬁicé?tﬁgt %ﬁ%ﬁgkbg{she%%?% %ﬁu&%&%ﬁet (as well
as pkiindex)esethe atésioed eighlllesf ierestppAE sach, | thewfreqaéntgbafifdt difference

. .The i nput sa |l es are shifted by 1024 sanples 386 and
indicpigs @@Eﬁn isiggat s indast ghe Qqﬁ@e%ﬁgm Sl IeHf es i s

DU 0L 0, B SO e vt

s1defbalhdi;e(qFIG 2§ itdniIRenRYy 4B4) B¢ coﬂibﬁlea a8 jpugiiice thy pehtCdeltatand quality
this point of the signal peak, and in fact at every

estigpatesr Pl neak ﬁOIFﬂéU@ﬂ gﬁlalp 430a froms heynrpey istdefangd signal processing is
reprégér’??atwg?%‘%%? F@B% W&H%h%eal\( cP'ltrngtlon value 432 from the

lowéx] @id’éﬁérﬂlnblgﬁﬂaﬁl%cés%ﬁlgdﬁ tdpeeseatail € Df ahe tibwet %ﬂ@bzﬁﬁi giRflal quality.
trailing portions of each received synbol) elim nates

Optipmals, thendiffeeengp sotiwecnothec peaki ardekr ¢ diony the pper Adgband signal

prodsEbhARy iR I T8k 3o RRES o Manh il Bbsine is detominea
by fdtradtbie b HIdeR Tone thdbtheRAS shbien ﬂ)ﬁ/eéﬁldﬁﬁkﬁibneﬁdlﬂtr 438 The absolute
sinple to cal cul ate once the residual phase is

valgetfghariliffedenct hedstemyoed(blockedtBraog tiof sigedl iswaanped do srb40 samples

e't r sidepand is. \VV FFT bin acing, which is
<b1°sﬂa bt HfO‘{i‘Se /e indexyflelta ok i dgngl i grapped, tp, < 40 samples

bec%ﬁ??ﬁbr %}ﬁlnﬂzdl b%é)%l&%%% 0 {ﬁ%tt 18 g%(glﬁ%g \Aﬁlf%@%ne %EW@&IS’[EIHCC to the

neamsttslymbohb@ﬁfdh@l i8 atwaye shilockanplsh as 1/16 FFT bin
acing, for exanple, then it is unlikely that any

2t entOnast gher eedls index deka sande qﬂaletqu@aﬁwt@ﬁ theee l{e&g computed,

d
[ X ired SI |nteres
optiflly BBy REq el AT LFFUBRE PP AL BrpRipeh i Sitare cecision
rule$."@he {haitd e dhdiligoal sidgbahd chrdBé sdpatatél9 TbimPareditgAdhreshold, in

of interest. [0122] Referring to FIG 16, the peak
addijigh je ngﬁ@allywab)@gng ﬁmqakengmddtad@@ sum of the quality estimates from

both sidebands. This allows for a quality assessment of a signal even when one of its

('4

sidebands has been destroyed by interference. In addition, a quality status parameter
reflecting different levels of sensitivity can be used. In one example, the quality status
parameter is a 2-bit value that indicates to the host controller of a digital radio receiver the
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si debands (FIG 15, itenms 422 and 424) are conbined to
produce the peak delta and quality estinmates. The peak
weonsas@io on val ue 430 fromthe upper si debandPGt/gmb8/065145

quaﬁ‘ﬁ o?f 1?1% greptﬁ){, tue e eat | V?tlhgs}c %2% ne UD g{ﬂgg tdggc?fa thg Feceived signal

lncrEzikgs h@tﬁ% rstﬁﬁﬂﬁﬂ%gng% g5 000-901:19 Sﬁn@ g.llbv%s f&@fv@f %@ﬂ\?ftai:]t\ﬁ?ers to have
of the | ower sideband signal qualit tiona

the dbififyetoeadjostitbe \semntntlt}eobﬂrmkquah@xlgdﬂﬂnﬁ by matheg ﬂ‘ﬂip@lreshold of the

d signal processing and the peak index 436 from
qua@ﬁéagﬁ&ﬂp S|deband signal processing is deternined by

o4l actiag 4 ther, h

JBH) 2Criisnaghe STGRE AR HAfiP cHE a7 12", Y eencrate @ visua

indlchtfohemem creceu\&r’dahqﬂmy néthe( dquatick ofl 4 Qgceived difieal. s iPReshtly, S series of

ped tg < 540 sanples (bl ock 442) to produce a peak

bars; iabln a3 laltéi&ﬂdmweﬂéblgWamdacétowﬂaé@éhm@tpat@ thg gtrength of a received

T g MR T
andS&HbﬁﬂmbﬂﬂnﬂaﬁMlMSHﬂRMﬁyS 540 sanples [0123] Once
the eak |ndex delta and quality estimates have been

wﬂkbeom¢cyat%4189nlcrgﬁdla& thecbue é@scrlntlon the simplicity of the

t p 0 e
I i i A
extestephtit @hpacostD dieebastband pxbbésﬁcholuﬂi hédh @ﬂdblllérocff the receiver are as

optionally evaluating the peak index delta and sum of
follose qual ity esti mates fron1both si debands. This all ows

F@&Ggi djgﬂn'l%%roﬁ %%Ztgcg ﬁ% 91 u6§/1 elalg gﬁ)c}(,ﬂ% \A':Egﬂ%gr%?ssor must now

calcald®di the @brmatizjtiah vty el d§ iIRRfraRBtie FIGET 5 e qhiséhtails computing the
different |levels of sensitivity can be used. In one

mag@bt%d?pﬂq@areﬂwé bqﬁrath cyrrentak0§8- spmpéﬂmp@tr sympok and b|1924ra¢mple delayed

at t the host control

verslalig B8 e habiai] vsF 8P ReinRblafive of s Bver 16 symbots

mat&%&mehn@ it, bl SquaxAEMEresiiifg Qbabl. t BesidesttheincRe8 MEMIPS (million
signal increases as the status bits change from 00 -

instryqtionyies segandhsadditoail, memeay mfust berablpeated forathe delay, accumulation,

ot S A e BB A bbb et pes v

vect@l @f&/ﬂ;&l@lﬂnﬂmé fhb2ddak Tigued hisd ‘irﬁiexsdfgt‘ﬁélno%ﬁilieﬁycd?ﬁtla&ioﬁ peak, and
can al so be used to generate a visual indication on a

compying the peak widspdelja. ofhe haseband prbyesscﬁr may theeiapply a decision rule and

S S s R e R
gl 2?{]' gt ithe fhgﬁar ﬁgﬁdtl‘(ﬁﬁh@' fbtilcas b8 RBplied BSnatAlr g’a} dFihirest, such

e quality sfatus paraneter can be correlat
as anhEMn Lsntiescaan ﬁmﬂl@% ofsotutienbaf 300k Easspgaced intedfersas, oﬁrst adjacent
reci.ated fromyreading t ove
mter%é%fcﬁl%em% Selegti: é?ﬁ@rvemyysmfcfhe% for g Bt alepyigm has been

1mpIérH¥1ﬁQ(§ PR rbfefthts réc@ﬁ'ef %H'té&%&l Fhanges B? e&l%&@ﬁﬁ% dver a range of
known receivers. The eXt ent of t he | aCt S oOn
carri¢ratoslvaged ratiosc &5 Soder dndinydsmentoat digitdl eseckhcanh uncdori vEpecifically,

are as follows.. .
performance was teste\TWlthm a number of dB of digital audio threshold in additive white

Gaussian noise (AWGN), AWGN with one sideband, urban fast (UF) Rayleigh fading, and

UF Rayleigh fading with a -6 dB first-adjacent signal.
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[0126] While processing the first acquisition bl ock,
t he baseband processor nust now cal cul ate the
wmoerosasior@t i on waveform as illustrated in Fl GCWBS2008/065145
Thi. s..entail s conput j t magni t ude squared of poth .
[RA3RET Bl pReropts ahfire Thsryitions S iorsesh 4TRaRpkgndex delta
andd§hAX$ sy BERL Aere 398k, hﬁcm&%gﬁ A&dSAY A AGwHRCEQiSton rule was
accurul ati ng the sum over 16 sy s, nmat ched
appliedit ering it, and squaring the resulting vector.
Besides the increase in M F&ugtm I lion instructions per
second), additional nenor y( Tagde all ocated for the
del ay, accumul ation, and FIRggltering operations.
O her changes include normalizing the correlation peak
via vector division, findi @ ®f®)peak val ue and i ndex
of the normalized correl ation peak, and conputing the
peak index delta. The baseba processor may then
apply a decision r Qng r mptel yrset quality
status paraneter b sfgr on @ﬁg'zgﬁyg\{l?%l‘%s?%nal quality
metric. [0127] The digital signal quality netric can

b plied to many areas of interest, such as an FM
J0LBIG ¢ aFhe Bfﬁé@blb?fx ot Saping Yahthep copputerkand phetted over a range of To
it Sy W | [ rer sideband
andsjgl’ g{lw,ua}acﬁ%ls ?f\%ﬁ%} ?{/ﬁg%ﬁ %ﬁ@gg for exanple. The
gDy30]i t Hheh psoblabity iofpsteppiing @edrsul the cafrizr-@6@6ise ratio Cd/No in the
receiver, and tested in a variety of environments over
vargus gmpEongIenEsys isheyn ip Flg; 2@ thranghollG. 23 withj&x <t Hand 7 ranging from

ol i . it _ .
0.4 B0k Bt B SRS LS00 SPRGE F bb Yoo sina i
virtailyi fibl Inasach figlires dighail addionthesdtbldiiy rdwdatddebyCGauigtieAl ine 500.
noi se (AWGY), AWGN wi th one sideband, urban fast %UF)
B3 4i ghARerdreviewing dherlptsy e FiR 2Q dhiogshi KI. 223, gheecommended
- - adi ' 10128 Y i nt t. ] t .
acrb{ANECEN o0 LBl O FEL £ 288 TP Bl and e

to-naftd ratiey, ilege BatihichisefieMahe pbdg@athcé eat 83 midirh P the Tprobability of
.and the follow ng decision rule was applied: _S_QJ > TQ .
mISgRE Stpng Mlowb%ts@ulimr@sdy minNpZing <he pyobabiligyn Y falsely stopping

on s IEPAERE, aht RopRhiE) BPR Bl VSRR GBP g nese derau
threstfli@cts sioval il PG €24 Nr@s Ratid surve0digithl ditflo Rh&@@&ﬂ'l\i%t@épicted by a
In

of stopping versus the carrier-to-noise ratio Cd/
squarge vari ous environnments is shown in FIG 20 through

E 23 . wmth T - ng, TQ.ranging fromao.,4 t .

Qb {1 e el 1B TPn A4 RUTAE e Herymtiodn i ATy Cdtis auite good. At
highSt QAR-1ddndibd Futios, thd RrébabildN I defecMbd tUmishY Mkéwisll at low values of

each figure, digital audio threshold is"indicated by a
Cd/Ney thecfalse| alarex 5009 is very low. The steep transition region around digital audio
threshold is desirable. In a fading environment, a longer dwell time can be employed to
reduce false alarms, at the expense of increased band scanning durations.

[0133]  This invention provides a method and apparatus that provides fast and accurate
seek and scan functions for detecting the presence of an FM digital HD Radio™ signal. The
algorithm could be merged with the existing analog FM seek and scan techniques to provide
an mmproved approach to general FM seek and scan functions (for analog, hybrid, and all-

digital signals). The methods described herein may be implemented utilizing either a

soﬂware—programméble digital signal processor, or a programmable/hardwired logic device,
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[0131] After reviewing the plots in FIG 20 through

FIG 23, the recommended default thresholds were set
w@gooBasdoomns: T = 8, TQ = 0.5. Over all environk@&Enus20881665145

carrjerto-. noj.se ratios, these threshglds yield the .
Or gnY; ¢ sorehmetion of derdrir A wE e SB% itPjqyryqut the described
fundfcdgki®yd Strong stations while sinultaneously

mninzing the probability of falsely stopping on a

\BE34] si gWalle thdeprpgeabadventidy ng isdenpidsogbddn it hems of its preferred

various environpents using these default thresholds is
embgampt,i 1Hwitf be understppd by those §]f1{,1§d umh@ia(tatpatamogs modifications can be

[ | & S T .

made lfigiighen GEROEREH Bindu MU e AOHR0 e, Ui gation as se
fortlgatle clatm$i gh carrier-to-noise ratios, the probability

of detection is high. Likew se, at |ow val ues of

Cd/ No, the false alarmrate is very |low. The steep

transition region around digital audio threshold is

desirable hi a fading environnment, a |onger dwell tine

can be enployed to reduce false alarns, at the expense

of increased band scanning durations. [0133] This

i nvention provides a nmethod and apparatus that

provi des fast and accurate seek and scan functions for

detecting the presence of an FMdigital HD Radi o(tm

signal. The algorithmcould be merged with the

exi sting anal og FM seek and scan techni ques to provide

an i nproved approach to general FM seek and scan

functions (for analog, hybrid, and alldigital

signal s). The nethods descri bed herein may be

i mpl emented utilizing either a software-programmble

digital signal processor, or a progranmabl e/ hardw red

| ogi ¢ device, or any ot her conbi nation of hardware and

software sufficient to carry out the described

functionality. [0134] Wile the present invention has

been described in ternms of its preferred enbodi nent,

it wll be understood by those skilled in the art that

various nodifications can be nmade to the di scl osed

enbodi nent wi thout departing fromthe scope of the

invention as set forth in the clains.Wat is clained

is: 1. Anethod for detecting the quality of a digital

radi o signal, the nethod conprising the steps of:

receiving a digital radio signal including a series of

synbol s; devel oping a correl ati on waveform having a

peak that corresponds to a synbol boundary;

normal i zing the correlati on waveform and cal cul ati ng

a peak value of the normalized correl ati on waveform

wherein the peak val ue represents the quality of the

recei ved digital radio signal
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2. The nmethod of claim1l1l, wherein the step of
devel oping a correlation waveformis perforned for
wappensand | ower sidebands of the digital radi BCHUSV88/065145
to produce an upper sideband correlation waveform and
a | ower sideband correlation waveform 3. The nethod
whafis @h@ldig, Wherein the step of normalizing the
correlation waveformis performed for the upper and
| ower sildebantl noathiadefoa idetectingpthe fquality. ofd digitgl radib koghahfthe method
cl.aim 3, wherein the step of calcul ating the peak
compLFing therStePR&T nor mal i zed correl ation waveformis

performed for. .tk ' l.a [ d

correl ation ﬁ%iﬁ%? %@? é&ﬁé %F‘%‘S@Hg\g acsl\ég‘%snﬁ’sfllf %Bgﬂ

further conprdes¢loging ecosickpisn tfavefopnianingt béak thg&adorresponds to a
es_of the normalized upper and | ower sideband

val u
SWnE%ﬂF%?%?ﬁon waveforns to a first predeterni ned
threshold, a ﬂﬁgf' . fo th eak val ues of
t he nornalizggnggpe 1%%%m%%%g§“§%%éﬁéh§n orrelation
wavef orns to calceltingfth Pesidetadigriofiethet AoraRiigdd cofelaid® waveform,
met hod of claim4, further conprising the steps of:

wheggd e P Yaduerepestats the analsy of the rersivedidigiabiradisyrignal.
si deband correglati vef or d a peak index of .the .
nor mal i g'ed I g\%g?kétﬁge\égﬁgan%om%ﬁ%r o ev%?e?gﬁ?ﬁe?ofmg d correlation

wavefdi i pérforgied fegper Mdliedowde bidebaneP bearMigtal YR bighdl® produce an
di fference between the peak indices for the nornalized

uppey sideband carreipiien wayefarsaned & loves sideband oamrvlation wevefarm.The
et hOd. gf cl %@r@ethé@%%@%%le%‘g&geg%%g@g gfe}lgt%ﬁs toﬁﬁ?sl}?gl{g ngd:orrelation

conpari ng the sumo

wavefpie is pRadrhedvit tif 1§pbiedd 16@Er £ddbih® BorY@MRIGH AR fdrfis 2
first predetermned threshold; and conparing the peak
i ndex déita {lemethadni¢lamet athsram thecstapafesisolating gie peak value of

. claim 1. .further, conprising the ste .
e PR 0 oAb 5 HERPGH BRTR P o 58 oversidcand
corrét@iohevatfopmswavef ormto a predeterm ned threshold. 9.
The nmethod of claim 1, further conprising the step of:
settingda st dhamethod@lichain ddfictheeconfiprising the steps/afd

digital radiqQ _signal exceeds a det erni ned qual i )
threshol d.  160TRAEEBE Regk vaug & E?“Qﬁ?é?‘g Pppe gad Wwer sideband
correliitidh tvalveforils @ $ fikNpledétBmhiHEErdsRPRI afNd | over

si debands, and the synbols received on the upper and
| ower si debapeispang the sue of the pselpualatsaifithe dokmalinel upper and lower

sidebrrarl:i‘(ti Iggrgelgtgoncvlvg\jer{]gr}n% to fa léléc%plg {areﬁgt%ljng(ii ngres‘ixlgle(i. step of:
6. The method of claim 4, further comprising the steps of:
determining a peak index of the normalized upper sideband correlation
waveform and a peak index of the normalized lower sideband correlation waveform; and
calculating a peak index delta representative of the difference between
the peak indices for the normalized upper and lower sideband correlation waveforms.
7. The method of claim 6, further comprising the steps of:
comparing the sum of the peak values of the normalized upper and lower
sideband correlation waveforms to a first predetermined threshold; and
comparing the peak index delta to a second predetermined threshold.

8. The method of claim 1, further comprising the step of:
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filtering each sideband in the digital radio signa
prior to the step of developing a correlation
wowroefisdm 12. The net hod of claim 11, wherei nP€TTES2008/065145
filtering step is perforned using a finite inmpulse
response filt Qmpafgl.g th @cite VB nghecfll%nﬂlaqd Gomkstasion waveform to a

preddi&nfiRdd BlRhdign waveformis based on anplitudes of
~ sanples of leading and trailing portions of orthogonal

frequency. di vi'ké methodlof clalrex eflrthymdeaipsisink4he Steofret hod
of claim 13, wherein the anplitudes of the |eading and
trailing portPHRE ditatupfagtq mdisatsal the recgived digial wadin signal exceeds

LR . are tapered. 15. The nethod of
aprg?'éai&m }i&%%g%%%ﬂg symbol s conprise orthogonal
frequenc)o.di vike arthod| dfl qiexEdvBateiiahs diitdl #2aR signal includes upper
correl ation waveformis based on a cyclic prefix
and Jowwer, sidebapds, pred S simbals rasivettion the uprsy and layeaisidebands are processed

Sep;{rgtfre&}jer conprising the step of calculating a frequency
0 et difference for the correlation waveforns for

t he upperl. andThomethos blelban dg,. fudifer cdMPrisiBE ARGifofc! ai m
16, further conprising the step of conparing the
frequency of fBlisring; gachsideband in thepdigitelt iadiei sigahl prior to the step of

ovbiBE £ A Hetatf wAGGGE ver Tor detecting a digital
radi 8 sl gnal, ﬁe recei ver conprising: an input for
recei ving.a dIig indthod a€icRirf i 13N #hereRChb HlRAnS sBF id FifoRfned using a

.synbol s; and a processor for calculating a peak val ue
ﬁmt?l‘i‘&?“‘é%ﬁls@ﬁéﬁéﬁr-to a synbol boundary of a normalized

| atq . ej t ) k | .

Fepr esente  ntaSRY P FE.L WaSeR B HRyREan weign is based on

amplibgies| oﬂ&mCFTEHE of S6RINETan@T tri1ifd Pokfbns e bRhbdBE frequency division
ra

digital i o signal 1ncludes upper and | ower
mulplgegsbsyadolsand t he processor cal cul ates the peak

val ues of, a rnmal j,zed er .si deband .corre).ati on ;
wavef or %%m@‘%%ﬁ?&fqi Oztg‘gg%\@’r Wg’le’ifgbg}?darﬁ‘B#ti‘lé?Sa?f gi¢ leading and
trailitig \poftndlof 2. orthBgorla€ G8iNEREY &Qisﬁrﬁhﬂﬁiﬁﬂrxemﬁ&jwaﬁ: Rfpered.

processor conpares at [east one of the pedk val ues of

t he nor ral i zeldeupisthodanfl claomet, sihdebniits spnbels atdngrise orthogonal

wavef or.ns to redet ermi ne hreshol.d. 21. _The )
fea R B gt St Pl e BB a6 oBRrip et on a el
prefixPpR&P tHabyresol9f the normalized upper and | ower

si deband correlation wavefornms to a first

pr edet erlfi nedhehmetbhd|of daith 2o fipthee sotipasiagnthefstaphef calculating a

T AT AN IR R
thresholid.  The method of claim 16, further comprising the step of comparing the
frequency offset difference to a predetermined threshold.
18. A receiver for detecting a digital radio signal, the receiver comprising:
an input for receiving a digital radio signal including a series of symbols;
and
a processor for calculating a peak value that corresponds to a symbol
boundary of a normalized correlation waveform, wherein the peak value represents the quality

of the received digital radio signal.
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22. The receiver of claim19, wherein the processor
determ nes a peak index for the normalized upper
w@@ehsmd correl ati on waveform and a peak i nderRCDUS100£065145
normal i zed | r si.deband.caorrel ation waveform .and_a
peak i né‘ % delCHrRpT @ éﬂ?&tlﬁv@hslﬁlw the digtie} @diontignal includes upper
d ek ¥e sRebAAs PERK tHeNHoE&Sor Sicdi M ndHR
o I gv\/e&(re s?%%b%n%ﬁiégrer lseﬂogi%?%n%\%%%é@%?%s%@g%%%gc%l ve}lzed upper
sidebdndalomielatidR wawdformeiand & hempiliaedbser sidoapdiceselatien wuvefedm.
t he peak val yues of .the normalized upper and | ower
Si degangocor r ENedETbYEr Ré G18i A AsWheein the prpgessor compares at least one of
' . 1] X a to a
the B SARE T o atk PORAANR B ahd ToBE gL BT iRl B Pafttoms 0 a
predefeanimed &yresholl. ei N t he processor sets a status flag to

indicate_that _the received digital radio signal
exceeds 23- pr At Beeiveredf glami kgg\/ Whereig Hbg progessor Meapares the peak

S U8 o B IR, ARSI 0 0 o

predetengineé thresholdandugopgrarcd bl sMRF tifl ftab Falklss &ff tBe normalized upper and
processed separ at el 26. The receiver of claim 25,

lower sidebrayd cogslstipg P‘ﬁ@‘?f)éﬁnff o] atSéﬁorfdd:rre@terrtrémdrtgreeladdmh
. . g- e anal oriod ‘ .
or ocoacd? calllieRet B b 10 PhANRmOkoBsrir el ifings o peak index

for the hoehalized nppervadadand cdrfelatidiewhestBiny @hd @fpeak FdBx 28, the normalized
wherein the filter conprises a finite inpulse response
lower isideband omrelation Weteirpeandfa pdakijindexsdeliptrepresentative of the difference
| at on. I S:hased on [itudes, of | es
bet B 8 L B A PP TV g A e TR Wibctorms.

frequengg. di Tihsirevaiveribf ¢1EheXE dviteydh BleSprocdsor EB@pares the sum of the
receiver of claim28, wherein the anplitudes of the
peak| wlursngl Hednenmalized gpprsr atidolesvesfsidehands perselhtsoramaveforms to a first
eceiver, of, claim 18, . wherein t
preab GREREE RSP AR BB By P Sy reshota
mul tipl exed gynehedeveritd diiim ¢9F whbid e MBNRERT 8 § status flag to
. .. based on a cyclic prefix applied to the synmbols. 31.
indicgtedhat dheiegeivedigitalandio signalveseds a prddetepnived gsality threshold.

Cor el abfon AL ERARRRSEPnt R st 5 eieio Senal includes upper
and [6WeLHdEaRds, 3ad thdRmniPRisheckiRld dil Bt gﬁ?ﬁb;i’anm&'smebgkﬁis are processed

processor conpares the frequency et difference to
separgtoby. edet er mi ned t hr eshol d.

26.  The receiver of claim 25, further comprising:

a filter for filtering each sideband in the digital radio signal prior to the
processor calculating the peak value of a normalized correlation waveform.

27. The receiver of claim 26, wherein the filter comprises a finite impulse
response filter.

28. The receiver of claim 18, wherein the correlation waveform is based on
amplitudes of samples of leading and trailing portions of orthogonal frequency division
multiplexed symbols.

29. The receiver of claim 28, wherein the amplitudes of the leading and

trailing portions of the symbols are tapered.
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30. The receiver of claim 18, wherein the symbols comprise orthogonal
frequency division multiplexed symbols and the correlation waveform is based on a cyclic
prefix applied to the symbols.
31. The receiver of claim 19, wherein the processor calculates a frequency
offset difference for the correlation waveforms for the upper and lower sidebands.
32.  The method of claim 31, wherein the processor compares the frequency

offset difference to a predetermined threshold.
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