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- SYNC RECOVERY NETWORK FOR AN HDTV RECEI VER This invention concerns a

- receiver systemfor processing a high 5 definition tel evision signal,
"~ eg., of the VSB-nodul ated type proposedlby the Gand Alliance in the United

States. The recovery oSEGMENTOSYNCRECOVERYNETWORK ng digital
i nformation in synbol formusually requires three functions at a 10

receiver: timng recovery foFQRAN HDIChRECEEVER, carrier recovery
" (frequency denodul ati on to baseband), and channel equalization. Timng
recovery is a process by which a receiver clock (tinmebase) is synchronized

“to atransmtt .clock. This permts a received signal to be sanpl ed, at
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. converted the | GYEid | AlipAndiiat ghef NPslveD Stap@dssband (eg., near baseband),
~is frequencCy shifted to baseband to permt recovery of the nodul ating
: baseband i nformation. 20 Adapti ve channel equalization is a process by
- which the effects of changing conditions and di sturbances in the signal
. transni ssi on clEmhetecgvery opbelaiat Bomomodmlatedyrsignals copveying digptadys
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equalization. Timing recovery is a process by which a receiver clock
(timebase) is synchronized to a transmitter clock. This permits a
received signal to be sampled at optimum points in time to reduce
15 slicing errors associated with decision-directed processing of received
symbol values. Carrier recovery is a process by which a received RF
signal, after being frequency down converted to a lower intermediate
frequency passband (eg., near baseband), is frequency shifted to
baseband to permit recovery of the modulating baseband information.
20 Adaptive channel equalization is a process by which the effects of
changing conditions and disturbances in the signal transmission
channel are compensated for. This process typically employs filters
that remove amplitude and phase distortions resulting from
frequency dependent time variant characteristics of the transmission

25 - channel, to provide improved symbol decision capability.

In accordance with the principles of the present invention, a
system for processing a received Vestigial Sideband (VSB) modulated

signal containing high definition television information includes a



2 segnent sync detection network responsive to an abbreviated (1 -1%
correl ati owore928818nce pattern. Brief Description of the DraRFR{YS ﬁ‘(lre 1
is a block diagramof a portion of a high definition television (HDTV)
recei ver including apparatus accordinggto the principles of the present

I nventio 2 depi data frane foypat .for VSB

nmodul at egke#lgeﬁ&tl SXESOEE%#&‘ o) qeligogafﬁfpﬂpﬂvzfnég FE)TV{’g’?FS‘FéFﬁq ilt helbnit ed
States. RigieRtiom Np¥fereftd Pﬁtt%i‘na digital denodul ator/carrier recovery
network in Figure 1. 15 Figufe 4 shows details of a segnent sync detector
and symbol clock recovery network in Figure 1. Figure 5 depicts a signal
wavef orm hel pful in understanding the 20 operation of the network in Figure
4. Figure 6 shows det ail s Briefa Desapiption iofrehee Diwawiingor renoving a DC

of fsefl in the synbol datastream processed by the systemof Figure 1. 25
Figureé 7 shows details of an NTSC co-channel interference detection network

Wt the’ 30° opEieaTF oh 1814 placR cigeradi it & BarisH of & Bl deFigitions a
terrestrigyeERAF G TV o8iVEP UnchliiiigS kpPataths according to the

principles of the present invention.

10 Figure 2 depicts a data frame format for a VSB modulated signal
according to the Grand Alliance HDTV system in the United States.

Figure 3 shows details of a digital demodulator/carrier recovery
network in Figure 1. '
15
Figure 4 shows details of a segment sync detector and symbol

clock recovery network in Figure 1.

Figure 5 depicts a signal waveform helpful in understanding the

20 operation of the network in Figure 4.

Figure 6 shows details of a compensation network for removing
a DC offset in the symbol datastream processed by the system of
Figure 1.
25 .
Figure 7 shows details of an NTSC co-channel interference

detection network in the system of Figure 1.

Figure 8 shows a frequency spectrum associated with the

30 operation of the network in Figure 7.



rocessed by an input network 14 including RF tuning circuits

Pntermedi at &‘PPW cy (I F) processor 16 including a double SP%(I:}anS\?g?lsgig?)n
tuner for producing an |IF passband output signal, and appropriate automatic
gain control (AGC) circuits. The receiveB signal is a carrier suppressed

8- VSB nodul at ed signal as proposed by the Gand Al liance and adopted for
use in the United States. Such a VSB signal is represented by a

one- di mensi onal IdaFegurgnilola denestidlabroadcadt autogi mpuntl HDTY aigsal is
contains quantized data to be recovered by the receiver, To sinplify the
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832 mul til ¢yed carHer suppressédr 81VSBymodubiedagiBnhl alsd propbsé@ bpdtHed as a
field sync segnent, and the remmining 312 segnents are referred to as data

segrment s. TheandatAdliaageeand adapited| for usentini theVRHGterb Statesb| Suctntan SBket s.
Each data segnent, conprises a four synbgl segnment sync character foll owed
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As described in the Grand Alliance HDTV System Specification

15 dated April 14, 1994, the VSB transmission system conveys data with
a prescribed data frame format as shown in Figure 2. A small pilot"
signal at the suppressed carrier frequency is added to the transmitted
signal to help achieve carrier lock at a VSB receiver. Referring to
Figure 2, each data frame comprises two fields with each field

20 including 313 segments of 832 multilevel symbols. The first segment
of each field is referred to as a field sync segment, and the remaining
312 segments are referred to as data segments. The data segments
typically contain MPEG compatible data packets. Each data segment
comprises a four symbol segment sync character followed by 828

25 data symbols. Each field segment includes a four symbol segment
sync character followed by a field sync component comprising a
predetermined 511 symbol pseudorandom number (PN) sequence
and three predetermined 63 symbol PN sequences, the middle one of
which is inverted in successive fields. A VSB mode control signal

30 ° (defining the VSB symbol constellation size) follows the last 63 PN



4 sequence, which is followed by 96 . reserved synbols and 12 synbol s copi ed
fromthe pwowsressssfield. Continuing wwth Figure 1, the pass?ﬁ’ryfﬂs?sﬁ‘m put
signal from5 wunit 16 is converted to an oversanpled digital synbol
datastream by an analog to digital conyerter 19. The output oversanpl ed
digital datastream.f.rom A 9 | dergul ated it o bgseband,by,an all, digital
denodul arGHRELF, QYBiEBe st dRpovAd oY S Feftied, Svaiigs gad o12 yeibgls o
phase Ioc&gﬂ o ' e te: e small reference pilot 10 carrier in
the receiVv e@sﬁgﬁ?‘gsﬁ ijggm Usnl?ltetlgé produces an output |- phase

denodul at ed synbol datastream as described in greater detail with regard to-
Figure 3. ADC 19 oversanples the input 10.76 Msynbol s/sec VSB synbol 15

dat ast r eam wi t@ontifitiny with Fignrei dg theopassband. JFt ontpmtt signadécfromed synbol
rate, thereby providing an oversanpled 21.52 Msanpl es/sec datastreamwith .
t wo sérrplllzmtpbg isy memvertede tasanopversamplod digitale symbaly datasteeamy BY based

basca pr diknRIGE 1 cuauel oenverler, 19 abe Al By Frshemsd lailalont si gnal
! _ abR5.8 Wifent sig
hna Nrsc datpsPpunBrori (ADCT 19" & TR 10" Gacdhab'RY 3, it =°

Associ at e&erwbama‘é%c&ﬁ:iéme@swlﬁét%r222'2.s Phiz@edénéYH§ 88 alland synbol

cl ock recovery network 24. Network 24 detects and separate€s the repetitive
dat a segndipitalyphaseoipckedtlvopf ireaesponsen tor thee simalin teffierengedpilodat a. The
-segnent syncs are used to regenerate a properly phased 21.52 MHz cl ock
whi chOi s careigrt in cthet received V&b slatasteeamnddnits gappm@lqgs analoggputo I-

digital converter 3 19. As wi.ll, be discussed in,.connection with Figures
4 gnd 5 Pplastor mogulate symbol datastream as (Slescrlbed1 in greater etail”?

with regard to Figure 3.

ADC 19 oversamples the input 10.76 Msymbols/sec VSB symbol
15 datastream with a 21.52 MHz sampling clock, i.e., twice the received
symbol rate, thereby providing an oversampled 21.52 Msamples/sec
datastream with two samples per symbol. The use of such two sample
per symbol sample based processing, rather than symbol-by-symbol
(one sample per symbol) symbol based processing, produces
20 advantageous operation of subsequent signal processing functions
such as are associated with DC compensation unit 26 and NTSC

interference detector 30 for example, as will be discussed.

Associated with ADC 19 and demodulator 22 is a segment sync
25 and symbol clock recovery network 24. Network 24 detects and
separates the repetitive data segment sync components of each data
frame from the random data. The segment syncs are used to
regenerate a properly phased 21.52 MHz clock which is used to
control the datastream symbol sampling by analog to digital converter

30 19. As will be discussed in connection with Figures 4 and 5, network



RCA 89095 24 advanmt ageously.uses an abbreviated two-synbol copighibs/Sfdes

~reference pAYQ&#8khd associated two synbol data correlator to detect the
' segment sync. A DC conpensation unit 26 uses an adaptive tracking circuit
to renove 5 fromthe denodul ated VSB sifinal a DC offset conponent due to

the pilot gdgmdvancapenssly, useswahl abbreviatedseolsymbbhesbirelatibhh Figure
6. Unit 28 detects the data field sync conponent by conparing every
~ recei ved dmefgrencgrepattein anth assogiated etwior symbaicdati currektor e ideteeror y

“in the receiver. In addition to field synchronization, the field sync
. signal proﬁi‘"de%e%nFF%liW‘}Fg signal for channel 10 equalizer 34. NTSC

I nterference detection and rejection are perfornmed by unit 30 as wll be

- discussed in greater detail with regard to Figures 7 and 8. Afterwards, the
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. on Consuner_El ectronics, August 1995. Equalizer 34 also may be of the type
- described Fhigare dpehmih 28slateetsnthe glata plield synen cempanientioby OSsmparings
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NTSC interference detection and rejection are performed by unit
15 30 as will be discussed in greater detail with regard to Figures 7 and
8. Afterwards, the signal is adaptively equalized by channel equalizer
34 which may operate in a combination of blind, training, and
decision-directed modes. Equalizer 34 may be of the type described in
the Grand Alliance HDTV System Specification and in an article by W.
20 Bretl et al., “VSB Modem Subsystem Design for Grand Alliance Digital
Television Receivers,” IEEE Transactions on Consumer Electronics,
- August 1995. Equalizer 34 also may be of the type described in a
copending US Patent application Serial No. (RCA 88,947) of Shiue et al.
The output datastream from detector 30 is downconverted to a one
25 sample/symbol (10.76 Msymbols/sec) datastream prior to equalizer
34. This downconversion may be accomplished by a suitable

downsampling network (not shown to simplify the drawing).

Equalizer 34 corrects channel distortions, but phase noise

30 randomly rotates the symbol constellation. Phase tracking network 36
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6 renoves the residual phase and gain noise in.the. output signal from
equal i zer vé@ 9923885 udi ng phase noi se which has not been re

preceding carrier recovery network in response to the pilot signal. The
phase corrected signal is then trelll decoded by unit 40, de- 5

i nterl eaved by upit 42, Rﬁ n e.rror corrected by unit 44, and

descr anbF&G0 é% &‘eﬁncﬁﬁﬂp}‘@ )Pci'w uI"“l g¥in Rojse i, ontpet signakifrem; r eam i s
bj ect ' Q. 10
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decoder 44 and descranbl er 46 may enpl oy circui s of the type descCr

t he G anThel phase ecotbdotedy signal Ssethen aedlliondedodwd ibly 4nitl 3D}, dend in the
Bretl, et al. article nentioned above. Crcuits 15 swtable for perform ng.
the funcintesieayedubyt ynily 43ndR3©da$cdomn -ermromrrqmd)dhy auhitn4dp and t 22

I s perfornmed by
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recei ved tastream which cont ains data exhibiting a random noise-I|ike
pattern. "The randomdata is essentially disregarded by the filtering action
of the denodul ator APC 25 |oop. The 10.76 Msynbol s/sec input signal to ADC
19 is a near baseband signal with the center of the VSB frequency spectrum
at 9®8 Mz aThnereld; IIFt procrssaentt,sficldtsymcadetector 2%;. eqhalizern 34,

datastreamis advanta eouslé t wo-1ti [ﬁp 8versanp| ed by ADC 19 at 21.52 MHz.
I'n the. dPRasel tracking9epr dam trellis decodon ‘l(hedﬁrllf'&?r eaver; i oReRd- has been

frequenC)é igh{(}ne%e%g ert4?4 and descrambler 46 may employ circuits of the

type described in the Grand Alliance HDTV System Specification of
April 4, 1994, and in the Bretl, et al. article mentioned above. Circuits
15 suitable for performing the functions of units 19 and 50 are well-

known.

Demodulation in unit 22 is performed by an all digital automatic

phase control (APC) loop to achieve carrier recovery. The phase

20 locked loop uses the pilot component as a reference for initial
acquisition and a normal phase detector for phase acquisition. The
pilot signal is embedded in the received datastream, which contains
data exhibiting a random, noise-like pattern. The random data is
essentially disregarded by the filtering action of the demodulator APC

25 loop. The 10.76 Msymbols/sec input signal to ADC 19 is a near
baseband signal with the center of the VSB frequency spectrum at
5.38 MHz and the pilot component situated at 2.69 MHz. The input
datastream is advantégeously two-times oversampled by ADC 19 at
21.52 MHz. In the demodulated datastream from unit 22 the pilot

30 component has been ffequency shifted down to DC.



7 Figure 3 show details of digital demodul ator 22. The 8-VSB W&@&E%
over sanpl ed WP 8923815 synbol dat astream from ADC 19, contai ning ery-low
frequency pilot conmponent, is applied to 5 inputs of a Hlbert filter 320
and a delay unit 322. Filter 320 separat®s the incomng |IF sanpled
datastreaminto "I" (in phase) and "Q' (quadrature phase) conponents. Del ay
322 exhibits a delay that matches the delay of Hilbert filter 320. The |

- and Q conponent Figure 3otshoed detaileseh digitals idegnsdutatorx 22ul The! 8rSB24 in an
- APC | oop. 10 Once the loop is synchroni zed, the output of nmultiplier 324
i s-a conpl ;odulatehn@versprapledridigital psymboliadatastream ffrom rADC pl9er 324
Is used as the . actual denpdu) atof output, and is also used to_extract the

" pilot conpSABHAINHE t1HE VEEY SAUSREX POk iGIPORNEasis applied 306, The
Theroct vMPTRGRET THRBHE e %0 6 o UelR iR 372 Kl Cad e Slanal o
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- filter 336. After filtering, the Qsignal is anplitude limted by unit 338
_ to reduce fattedtoribaseband wHagi € ex multplier R4 dndenc ARC . Phase
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324 is used as the actual demodulator output, and is also used to

extract the pilot component of the received datastream using low pass
filter 326. The output Q datastream from multiplier 324 is used to

15 - extract the phase of the received signal.

In the phase control loop, the I and Q output signals from
multiplier 324 are respectively applied to low pass filters 326 and
328. Filters 326 and 328 are Nyquist low pass filters with a cut-off
20 frequency of approximately 1 MHz, and are provided to reduce the
signal bandwidth prior to 8:1 data downsampling by units 330 and
332. The downsampled Q signal is filtered by an automatic frequency
control (AFC) filter 336. After filtering, the Q signal is amplitude
limited by unit 338 to reduce the dynamic range requirements of
25 phase detector 340. Phase detector 340 detects and corrects the phase
difference between the I and Q signals. applied to its inputs, and
develops an output phase error signal which is filtered by an APC
filter 344, eg., a second order low pass filter. The phase error detected

by unit 340 represents a frequency difference between the expected



by unit 340 represents a frequency di fference between the expected: 8

pi | ot si gngb 9dbrmasiency near DC, and the received pilot sig T’F’F%%%cy. | f
the received pilot signal exhibits an expected frequency near 5 DC, AFC
unit 336 will produce no phase shift. dhe | and Q channel pilot conponents

I nput to se de tor 340 will hi btt,no_deviatian froma nutually
quadraturpgﬂ’gh%ai gﬁﬁ'ﬂ?%i“ﬁfuvﬂﬁeﬂ}&pthﬁséect?é‘(%‘itm?o"sﬂg oduces a zero
or near ﬁéﬁugﬁhye phase error output signal. However, if the received

pi l ot signaF exhibits an incorrect 10 frequency, AFC unit 336 will produce
a phase shift. This will result in an additional phase difference between
the I and Q channel pilot signals applied to the inputs of phase detector
340. Detector IBAthepredeived pilotusigmial eexhibitsabneexpectedpfirespmencyt hear phase
difference. 15 . _The filtered phase error signal fromfilter 344 is .
upsandl edP@; ABG united o wilbipradece @oapbasenshifbr Theel andoR ¢bammelnpl i ng by

units 330.and 332, so.that NCO 348 operates at,.21.52 Mdz . The oqut put of
i nt er pol KAt SABNANENLS) NPyt (O Phass; ﬁﬁqecwfpg"[“o fw‘iﬁxﬁ’@u@!t RAi V?@ﬂ%ﬂ ly

regener asul e AGing 40ahed Bfe IBARM ALAGING, " SARIURY. BRasdl™t 2Ot eam

s sine d-cosine | -up ta regener the pil ot
tone at e486toPCB40QNarRdudes! &SRR Qort ﬂehf‘ezd%a%hﬁmﬁl{a@é éifr_@i‘abufglﬁm units
340, 344 and 346. The outputs of NCO 348 are control'led until the I and Q

si gnal ouigndls However) if ithe Sébkived spilothasigrasexkibity ani gmedrregtoduced by
detector 340 to be substantially 25 zero, thereby indicating that a

propk®| y feequancyat AFChamib 336 widl preduces ap pbesstshift. {Fhisowiluresuit in
P!l Sadiblar s oI B Ot B & BB 35T
signals applied to the inputs of phase detector 340. Detector 340

produces an output error value in response to this phase difference.

15 The filtered phase error signal from filter 344 is upsampled 1:8
by interpolator 346 to account for the prior downsampling by units
330 and 332, so that NCO 348 operates at 21.52 MHz. The output of
interpolator 346 is applied to a control input of NCO 348, which locally
regenerates the pilot signal for demodulating the received

20 datastream. NCO 348 includes sine and cosine look-up tables for
regenerating the pilot tone at a correct phase in response to the phase
control signal from units 340, 344 and 346. The outputs of NCO 348
are controlled until the" I and Q signal outputs of multiplier 324 cause
the phase error signal’ produced by detector 340 to be substantially

25 zero, thereby indicating that a properly demodulated baseband I

signal is present at the output of multiplier 324.

In digital demodulator 22, the main signal processing engine
essentially comprises elements 336, 338, 340 and 344. The 8:1
30 downsampling provided by units 330 and 332 advantageously saves



+ synbol rate sanpl1ng

* essentially:conprikses el enments 336, 338, 340 and 344. The 8:1 _
downsanpl i nGV@PYRI8¥Rd by units 330 and 332 advant ageously Savg?}mssgzwm
denodul at or processi ng power and hardware and pernmits processing
efficiencies by allow ng APC | oop el enen?s 336, 338, 340 and 344 to be

- clocked atdemodutator! privcessing ipower umidichardiare? avdz/Fergkite. %Mﬂ%il% ock
- instead of a 21.52 MHiz clock. Wien a digital signal processor (DS S
used to i nefficienciesebyorlowingnAPhdoppaclementsc336, 1338p 340 pand i34 ao, the
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requi renments, as well as reduced iIntegrated circulit surtace area. B

. denodul at opapicidiaraaheudexctibed daea pidductioanresens i @sfivare carrier
recovery, and enpl oys feed-forward processing rather than nore conplicated
15 and t efficiemciestiby rfespatiagk proportsenally ufiwer dinesrofidasmuotiosat a. The
- denodul ated || channel datastreamis applied to segment sync_and synbol

- clock reco%@ds, dartexample. SRSk, machiseacycles amegmade available foweathere
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25 level (-7 to +7) data segnent with an associated segnment sync, for an
' reduced integrated circuit surface area. The demodulator

-

> it

- advantageously uses the pilot component to achieve carrier recovery,
and employs feed-forward processing rather than more complicated

15 and time consuming feedback processing using slicer decision data.

The demodulated I channel datastream is applied to segment
sync and symbol clock recovery unit 24 as shown in detail in Figures
4 and 5. When the repetitive data segment sync pulses are recovered
20 from the random data pattern of the received datastream, the
segment syncs are used to achieve propér symbol timing by
regenerating a properly phased 21.52 MHz twice symbol rate
sampling clock for controlling the sampling operation of analog to
digital converter 19 (Figure. 1). Figure 5 depicts a portion of an eight
25 level (-7 to +7) data segment with an associated segment sync, for an
8-VSB modulated terrestrial broadcast signal in accordance with the
Grand Alliance HDTV specification. The segment sync occurs at the
beginning of each data segmeni and occupies a four symbol interval.
The segment sync is defined by a pattern 1 -1 -1 1 corresponding to

30 the amplitude levels of the segment sync pulse, from +5 to -5.



8-VSB nodul ated terrestrial broadcast signal in.accordance wi.th the G and
Al liance HgDooagsi ficati on. The segnent sync occurs at thePCFGIS8RI94 of
each data segnment and occupies a four synbol interval. The segnent sync is
defined by a pattern 1 -1 -1 1 correspi)adi ng to 30 the anplitude |evels of
t he segnent sync pulse, from+5 to -5." 10 The four synbol segnent sync
occurs every 832 synbols but is difficult to locate in a denodul ated VSB

di gital dat asttﬁa since the data has a random noise-|ike characteristic.
To detect the ﬁ%ﬂ’c‘ Symboy 3eSIeRl SYRESRCEHRJEVEIThS32 symbolsebnt is

mput of SRR Sl 4" AemBBulRIVSH fighaf BSGred Sck AR 1 he 1
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conparison with the denodul ated data. The correl ator produces

rei nf 6r cesyart undlesi teset conditions; itehas ebesn ponventioAE pra8Bizesysrbol s.
Rei nforced data events are accunul ated by an accunul at or associated with

t he corr eapplyr the ndemodulated r hrehamneh odatastredmr ¢eddne cinpait aof omsdatasappear
relative to the reinforced correl afed segnent sync, conponents. Networks for

recover i riiP1¥ t aBgnto ARRLYi 3 fefesence pafigrnc haying , for exanple,
fromthe and liange T ecification and fro he Bretl, et al.
article ng1t7rloné pt e a5€gf’§ﬁ.sagt&1? ﬁ%ﬁ”&?‘??eré%&nf’? &t ﬁ%’fregi}tf’ﬁcﬁ?ﬁh t he
segnent | ngsiad | P at I tad t] difficult
to det ects(yﬁﬂ?\q:’th gggo%}ﬁ%rbgggn{éemggh%ﬁ?i%at ?hﬁhggwﬁg’énﬁ%@%@ Mor eover ,
i t i $0herinforeenmiitzeonsisaént heithashet vefeebweer patéra | ferya@ya t ude

| evel s) of the segnent sync pattern (-1 1) are easily corfupted by

t ransm ss$ysnbdlsst Beinforced udataasvents igrat Accumulatedt byhanf iacstuntuiator

characteristics of
associated

with the correlator. Intervening random (non-reinforced)
correlations disappear relative to the reinforced correlated segment
sync components. Networks for recovering segment sync data in this
15 manner are known, for example, from the Grand Alliance HDTV

specification and from the Bretl, et al. article mentioned previously.

It is herein recognized that although the segment sync is

generally difficult to locate, it is particularly difficult to detect in the

20 presence of multipath ("ghost") conditions., Moreover, it is herein
recognized that the last two characteristics (amplitude levels) of the
segment sync pattern (-1 1) are easily corrupted by transmission
distortions such as multipath, but that the first two characteristics of -
the segment sync pattern (1 -1) are sigtﬁficantly more difficult to

25 corrupt. In addition, it has been determined that even if the first two
amplitude characteristics (1 -1) of the segment sync pattern are
corrupted, they typically corrupt in the same way, which makes the -
first two characteristics more easily detected by correlation
techniques. Thus in the disclosed system the reference pattern

30 applied to the correlator for detecting segment sync is preferably



- the segnent :sync pattern (1.-1). are significantly nore diffic

corrup?. | nWQBBYh, it has been deternined that even if thegﬁfl;ssgsﬁ,ib“

. anplitude characteristics (1 -1) of the segnment sync pattern are corrupted,

- they typically corrupt in the same way, ich makes the first two

char act er i sohstitutedebyathia \firset tyee epatbsrnc devels a€l on- 1 erdtherjudmn Byualii n the

di scl osed systemthe Eeefeirence attern_ 30 ap&g ed to the correlator for
neey o

det ecti ng $@uhdrattern S et edabry 1).1Thug icotxedatasy refiecence qattenn
pattern Ievelfe# -1% rat her thanlby atl fqur ttern Iﬁvels (1 -1 -1
1) .. Thus t REEEESAPY ARGOTPRAES, ORI ap ¢ bW SYBRMANter¥ak onpasses only a two
synbol interval. 5 In Figure 4, the oversanpl ed out put datastream

from denodul ator 22 (Figures 1 and 3) is applied to one signal input of

phase dgtector ‘HnoFi?dré o,athg33versammpledooutpat Hatds@eaFrofer si gnal
I nput of phase detector 410 receives an input signal froma data

correl ati odemarhdatom@2pfFigures| Ldimb Yois epplied 42oneasighal irpsoofat ed
correlation_reference pattern generator 430 coupled to a reference input of
correl at or Phase delgctorsdditmnd fpeana8d? symbal ccomelator 4201 Ther oshert or

420 essentially tesponds o s ol co data segnent sync¢c. Reference
pattern geft® oinﬂf&O(’SrBf}?ﬁ‘ey eﬁ’l@"l‘e&i&i TROEIVES gn)‘ﬂ anpuh signaladeemy af er ence
attern 1 5 ] ft] o) i, npl correl ator
_ﬁetwor K. Tt%%%i%ﬁéfﬁ?%l%&%or?%gg@g tﬂ_edriﬁ Hs@flgglggl‘;%z?%tgg ﬁ%’dd’é‘e conf usi on '
in the gYNass6éiagid OBoRERARSE  réfefdndel flttetn cRePito | g9p/ cpgggédd 'Sfyasﬂtsaem o

because nore stable, reliable informatiion is Used. The di sc
| ess | i kel yeferehee cinputsed correlatonf 4200rambra deghmits ipfegratr Wild | n
0

. addition, 20 calculation time by correlator .4 is significantly
reduced. accumulator 424. Correlator 420 essentially responds to symbol coded
| data segment sync. Reference pattern generator 430 provides the
relatively simple, abbreviated reference pattern 1 -1, thereby
15 permitting the use of a simpler correlator network. The simpler
reference pattern is less likely to produce confusion in the sync
detection process, particularly in poor signal conditions, because more
stable, reliable information is used. The disclosed system is less likely
to be confused if two of fqur correlations are corrupt. In addition,

20 calculation time by correlator 420 is significantly reduced.

The output from correlator 420 is integrated and accumulated
by unit 424. A segment sync generator 428, including a comparator
with a predetermined threshold, responds to the output. of unit 424
25 by generating a segment sync at appropriate times in the 'datastream
corresponding to data segment sync intervals. This occurs when the
accumulation of reinforced data events (segment syric appearances)
exceeds a predetermined level. Phase detector 410 compares the
phase of the segment sync generated by unit 428 with the phase of

30 the segment sync appearing in the demodulated datastream from unit



The output fromcorrelator 420 is integrated and accunul ated- by unit 424. A
segnent sywo messisat or 428, including a conparator with a pP B2 d

t hreshol d, responds to the output of unit 424 25 by generating a segment
sync at appropriate times in the dat agtg eam correspondi ng to data segnent

(Logmont 22y ocs rBaRet 4 SulBal atdie (SXHE Bt oIS SEIOT MERRL WoloWior

410 t [ 8.wth th
Shase o 355 fltErdl 857 sftoaic BRI ookt (RBCYS AllePdl'h BB A ' 1T
uni t $griad, saitabler #6t Cntesllingt AUR1 R MHEY W@lkﬁ%‘g?@?htroﬁléhsc Jtal signal-

Is low pass filtered by automati ¢ phase control ( Ilter 434 to produce

a si gnal osciltatbtr f VCX Q360! which provide? thez 21052 algH-Izormershinwing ystal
oscillator (VCXO 436, which provides the 21.52 MHz oversanpli ng 5 clock
ph

for AbC vhockrHor ARMPI 1%g Thivsampling icleck exbibits i propsr Wiming rehenathe error
"< conpl BhaSa;oRF Sgpth s SR s by (AR pctiot, Syivhol48ming ol oo’
opol1 o0 EBIIATRAIoT FoRele AP pOREC SNVl DRkl
Gembdul vy it pa 1€ (IS0 o PEILEL A other BeBoder SR8 Rl (Toer 1
associ at esitodnaticegainy conttnll (AGC) sircaitsvarbtbyhewapensati on 15 network 26
(Figure 1) before further processing. Renoval of the transmtted synbol DC
conpbBent facilitates recovery of the symmetrical synbol values, i.e., 75
31, of an 8- SEe Stiog r{gle low frequency suppressed carriér pilot component in
the received VSB signal, there is a DC offset in't.he demodulated
output I symbol data .ffom demodulator 22. This DC offset is
associated with every. symbol and is removed by compensation
15 network 26 (Figure 1) before further processing. Removal of the
transmitted symbol DC component facilitates recovery of the
symmetrical symbol values, i.e., £7 £5 +3 *1, of an 8-VSB signal.
Figure 6 shows details of network 26, which is essentially a DC
tracking feedback néfwork. The arrangement of network 26 in Figure
20 6 is advantageously | clocked at twice the symbol rate to produce rapid
elimination of the DC component. This action promotes rapid
convergence of the receiver and its several in_té_rdependent
subsystems to rapidl& produce proper operating conditions for
processing received .\:rideo data for display.
25
In Figure 6, the oversampled demodulated datastream
containing the unwanted DC offset is applied to one input of a
subtractive combiner 610. An inverting input (-) of combiner 610
receives a DC compensation voltage from a DC voltage generator 616

30 in response to a control signal produced in response to the output of



Figure 6 shoews details of network 26, -which is essentiall y a 999
f eedback neMW@PI238%he arrangenent of network 26 in Figure 20 Pgrflfss%lﬂ
advant ageously cl ocked at twice the synbol rate to produce rapid
elimnation of the DC conponent. This R8tion pronotes rapid convergence of

- the receicopibingf 610 HCT6llaws! MRS IPCCHARLE ifi Uty g:gﬁéilﬁ dg%ﬂggffgﬂb% produce

proper operating conditions for processing recelv r displ ay.

25 I n Fi gombihert 6&0over progressivelyroatémiatdd dbyagéediravke Qi 4t9 thbe
unwant ed DC offset is applied to _one input of "a subtractive conbiner 610.

An -i nver tWige i $3nbol ratefovessamplings rate; cEhisy BC aoffiset dspdeteatedo rbylvol t age
froma DC vol e nerator 616 30 [in response to a control signa
pr oduced ¥t r@%oﬂgi GYMPAEED JPpdt T rencel%kd;ﬂ;pggatg{(ﬁ%. fidie omgputhe DC

of f.s I Nyt o {~ACHN [ . i s progressively attenuated
by fgsedbggkgglcl g&%@t ﬁ%eqbﬁ%agggs;‘i‘ggfﬁféﬁlg‘}‘g% %‘g%‘ﬁﬁﬁﬁyr Fetheri ¢ b

of fset i t i t 8 . CO or
2, The Touiuat D, REfueS And IS, L 30 PRISe, 8 Confor SERRH MO BRRLY
of the rajgmalalgeRErators626arThé scottesl tsq?xmpﬁucmrﬁ eaidesOlgenkpatdr 616M
control signal generator 626. The control signal in turn causes generator

616 to i ter nmerementgllydpdiistt the msagnitudte amdd pedarity tof af DC D@l ue whi ch
is conmbined, with the dempdul ated datastream This process 10 continues
until a ¥ ig; gombipgd; Wi &’é’ %m%r@ﬁﬁsgyaﬂbeHM%kpmﬁsen no

further L 4S t g ar rvided by. unit ,616. (Cenerajor 616 may
; provﬂgg Eg{%ﬂajd%gl ?l%g éﬁ&ﬁgaatsﬁ\‘}g %@@ﬁ%@af?ﬁﬁhéﬁal%@eﬁn ¥
- transm sgeedbsdieniGion! 56 UGS DEBYalue adjustments are provided by unit
: 616. Generator 616 may provide both positive and negative DC

Lo

compensation values since transmission channel disturbances may
cause the (positive) DC offset added at the transmitter to vary such

15 that both positive and negative compensation values are needed at

the receiver.

Figure 7 shows details of NTSC co-channel interference detection

network 30 in Figure 1. As explained in the Grand Alliance HDTV

20 System Specification, the interference rejection properties of the VSB
transmission system are based on the frequency locations of the
principle components of the NTSC cochannel interfering signal within
the 6 MHz television channel, and the periodic notches of a VSB
receiver baseband comb filter. These comb filter notches exhibit high

25 attenuation (nulls) at frequency locations of interfering high energy
NTSC components. These components include the video carrier located
1.25 MHz from the lower band edge, the chrominance subcarrier
located 3.58 MHz higher than the video carrier frequency, and the

sound carrier located 4.5 MHz above the video carrier frequency.
30



cause the (positive) DC offset added at the transmtter to vary such 15
that both wobrssts and negative conpensation val ues are necBEHUSIS/AW
receiver. Figure 7 shows details of NTSC co-channel interference detection
network 30 in Figure 1. As explained ijgythe Grand Alliance HDTV 20  System

Speci fication, [ | i 0 A t he MSB

transm ssi on é\g/’fs?gmhzgt%gfeggé%qgn&%hg&h ggug{f’c@?‘lr"g‘&‘gﬁp%é‘ gt ’rﬁa“rﬁrynci pl e
conponentkheére the HERR-tSKneHetencB! fldsemoise So0TRldVisyhED

tel evision channel%ﬁand t he per ie(l)ldi cﬁnotches of a VSBS}'g%ePé{etrsngsasl\;{géand
conb fil meeasufedsat thebinputt and nontpuesof aicontb hfitter 2%etwork] candt these -
(nul'ls) at frequency locations of interfering high energy NISC conponents.

These coipatiesns sarencomparede Withiceacharather. Ao ogfenence? field synonpatiern over

band edge, the chrom pance subcarrier |ocated, 3. 58 hi gher. than the
Vi deds cacmRIOYERcERio By, PIREONH S, PIpEatimed: 1ocal%csterdl \iideaove t he

vi deo carfyier fr n . ' r e s detected by the
circuit gl% n; ﬂ?%uféce}ég%¥§gt%g§§ Sﬁgﬁ?{’ﬁ{ﬁ E’%e'f; ®rence plus noise of
field sync patterns is nmeasured at.the input and output of a conb filter
network, and these patterns are conpared with each other. A reference field
sync pattern 3n ®ipheeeH b@tarsdm%lqdurdemadﬂlatai dr chanfekdsyhbeh! datast or ed
"ideal" version of the received VSB signal field sync pattern. In Figure 7,
over sanplagel appliedlitatanl inpshafnan NYSEorej¢stionacembpfilterd710, sm a fixst of an
NTSC rejection conmb filter 3%0, to a first 10 _input of pultiplexer 745,
and 1@ adnpubnf saulsiplexsr 440, vand Jopiape fnputo of  nihbitragtive combinerudes a

subtract of o712 i, CH1RF PGt ludes a subtractor 712 which subtracts
samples delayed by delay element 714 from the input I data to

D

produce a combed I channel symbol datastream. Comb filter 710
produces significaht amplitude attenuation, or “nulls,” at the high
15 energy interfering NTSC frequencies noted previously. The combed I
data from filter 710 is applied to a second input of multiplexer 745.
Comb filter delay element 714 advantageously exhibits a 24-sample

delay as will be discussed subsequently.

20 A programmed 21.52 Msamples/sec (twice symbol rate)
reference field sync pattern is obtained from local memory during
field sync intervals of the received datastream. The field sync
reference pattern is applied to an input of NTSC rejection comb filter
718, and to an inverting input (-) of combiner 720. Comb filter 718 is

25 similar to comb filter 710, and also includes a delay element which
advantageously exhibits a 24-sample delay. The network of Figure 7,
in particular comb filters 710, 718 and the associated delay networks,
is clocked at 21.52 MHz.



- sanpl es del ayed by delay elenent 714 fromthe input | data tow%lﬁ“
conbed | ch B3 bol datastream Comb filter 710 produces Signhitl cant

. anplitude attenuation, or "nulls," at the high 15 energy interfering NTSC
frequenci es noted previously. The conbedd data fromfilter 710 is applied

" to a second inpAt fixt netrof ¥ignay préBucédnir thé tﬁitpﬁ@'@ﬁ’ OribRiEr 726

- advant ageously exhibits a 24-sanple delay as w be di scussed

- subsequentfepresents the differengeabetween. 8% Measplesh/fiekd (sysiccaternolinr at e)
~reference field skln attern is obtained from|ocal nenory during field
~ sync int erthg dnpp t‘i&‘gﬁgemeanéa%t erencen field osyne ypattenr.cTdis ceprart er n

o l'ied.. i f C.rejaactign.conb fi.lter 718 nd,to an

: flvgﬂo i Ing §1%§afrie ?ﬂ#“@oﬁw ﬁ@ft ?Z% “&gnbmF‘p’F*FsF‘ $XSUP§ Z@i sAmsF%ﬁ’n@ﬁ Eonb
- filters710, dg; ' wdes _ t ' a n xhi bits
= al' 2-4_Sgnp|eerr9g|% : hgﬂ?fiet\/\orIﬁo%%@g?%ﬁicﬁgﬁﬁrcgﬁgr }ggﬁe??%ﬁwt@s 710,
. 718 and t hgifeereaceabetwdeh avhe efeseived ﬁéldcls%léﬁg_aﬁterﬁlaﬁ%r%mb 15 A
. first error signal produced at the output of “conbiner 720 represents the
- di f f er encefilteringe byt Hélter cEiQsedntli thel referenpet field synd eatteipuiafebat ashiteam

. and the reference field sync pattern. This error signal is squared by unit
" 722 and i nfiltgrisge Pybfilter %911324Th¥s second error evignal d4s gquarpdobiycuditaf732he

OB O CRLELrafe, T PRERTA e SRR 0R SR o SR el e ¢
DTS B8 CHAGRA RTbabb S e hedidl, ey, WS oRRY, SRR
?2 ?eé?gt égoufzﬁﬁr WAl PR N e@graiors 1924 €aRACYTRYE repfé¥ent’ B! signdlifo-
" interference plus noise content of the uncombed and combed received
field sync components, respectively. These integrated energy-
representative signals are applied to respective inputs of an energy
15 detector (comparator) 740, which compares the magnitudes of the
integrated first and second error signals. The output signal from
detector 740 is applied to a control input of multiplexer 745 for
causing multiplexer 745 to provide as a Data Output that one of its
input signals which exhibits higher quality, i.e., better signal-to-noise
20 plus interference ratio. Thus in the case of significant NTSC co-channel
interference the comb filtered output signal from filter 710 will be
output from multiplexer 745, while the unfiltered received symbol

datastream will be output in the absence of such interference.

25 The use of oversampled I channel data and field sync reference
pattern data together with the use of a 24-sample delay in comb
filters 710 and 718 advantageously produce full spectrum
information about NTSC co-channel interference. This advantageously
results in more accurate NTSC interference analysis and detection and

30 better comb filtering. Specifically, the use of 24 sample delays in



out put signals fromintegrators 724 and 734 represent the signal-to-

I nt er f er er’O 99R3IBS noi se content of the unconbed and conbed SBEIN; el d
sync conponents, respectively. These integrated energy- representative
signals are applied to respective inpgs of an energy 15 detector

(conpar : nC o] r h ' e I nt.egrated first and
second gttrn‘rﬁclij)z fgl?%ﬁa@p %@ (?Et%pﬁfmgig‘r,]éﬁg Ipt(%%’l d‘Z}Pg‘I%t gp&?tﬁﬁ‘q s applied to a
cont r ol cortpsporiin@l citcRie dociihz resultaUni A9 comb | filte rovide as
a Data Qut pts}% that@uone of its input signals which exhi |tfgé§i‘%ﬁ:r quality,
i .e., bspectrumi gvidlcht s muots eoffupted! by phasy fawdrampliaide . alifddingi n the case
of significant NTSC co-channel interference_ the co filtered output signal

from fi ekfeetsy whigh (wodd, bep produesd hy tproviding ans inpnt |datastzeams iakt er ed
recei vegd sy, tastreamwi ||l be output in the absgnce of_ such . .
i nt 3rfe&@nc]$?9§5gfsym{’°ﬁg% S\X%b‘g'f I3tfer %%PXdOPe’@&H}ﬂneqm’aht gﬁ%ﬁﬂa field
sync re e t a ' t ane4-sanple delay in
conb fi??grs glzii%ng{ [}Eg ggjé’ﬁggégg@ﬁ%k%? o%?ggfdﬁe's rrﬁgﬁtwf&)r mat i on
about hglggai. hNiye . [ RS | | 1}y nor e
accural\%i€ %ig:clynt erfe?lgn?gbgﬁgﬁ/?s t%-ﬁdé%l?? g%ﬁ%n and glb&?égg?eéﬁ%onb
filteri WY8 iSpskownchl IBigutd@ and niclidess awpl combl fiytered full NFSCnb filters

710 and 718 with oversanpled i nput data and corre;;i)]ondi ng circuit clocking
r esul t spassbandoclomponentsdcentggednaboupduitr separated frommol 056 rMHzd by

o bbb 6 S48 e ok SPESE 5 5y
The resHeaBRBtid A RFAEOR m 0r Sduced at the outputs of conb 1ilters
710 and : :
Figure 7 illustrates one form of an NTSC cochannel interference
detector including elements 722, 724, 732, 734 and 740. However,
15 other types of detector may be used. Thus these elements may be
represented by a four-input detector, i.e., a so-called “black box”
where the detector may be programmed to operate in accordance
with the requirements of a particular system. In such case the four -
inputs are the two oversampled (two sample/symbol) inputs to
20 combiner 720, and the two oversampled inputs to combiner 730, with
the output of filter 710 to the input of combiner 730 being

particularly important.

The arrangement of Figure 7 produces a clean frequency
25 spectrum, as shown in Figure 8, without associated amplitude and
phase corruption (aliasing) caused by frequency overlapping of the
upper bandedge of the lower passband component with the lower
bandedge of the upper passband component. Consequently, co-
channel interfereﬁce detection by elements 720, 722, 724, 730, 732,

30 734 and 740 is more accurate than detection by a system employing



718 is showa in Figure 8 and includes two conb filtered full nd
component s C¥RAPUEIES about but separated from 10.76 MHz. 10 Aﬁi&ﬁﬁagﬁ@
not ches appear at the interfering high energy NISC frequencies as
mentioned. Figure 7 illustrates one forhYof an NTSC cochannel interference
det ect or icombudfiltgre| withntl2-g@nple AdelayS2protdésimpd inplt diraewer thel 30 95her
types of tector y be III)Sed. Thus these el ements nay be represented by a
f our-inpu ﬂlé?'i"&l secj symbol majecdm dhe lattesk case, amnplitudécamtbt pledser oy
be progra t o _oper in cordance,wi th the reguir nts. of a

parti cul artpgg’sg{tb(?ﬂ 1§nﬁ&§l(yh tg:é% producgd  1n the vicip t‘l’n’g?% MHz s srhered
(two sanplkgds ) at P (o] apeli , the two qversanpl ed

i nputs totgéng?ﬁg{; %(ngﬁ?ﬁch%gb%ﬂ‘?pgph@g “Fﬁge?‘?g‘?ﬁp't owf“?fé ﬁ'ff'put of

conbi rer  pagshard Jedmponettsardry imperfeafly nldRhad’ ande W thotf th&%’l{]%J
produces a cl ean frequency 25 speCtrum “as shown in Figure 8, "W thout
associ at eduehpbierldp. sSutipliagerfevtr npitching( 48 | Kk&IRO ko Cacaad 'lﬂdei‘r%ﬁ% cy
over | appi gg@of t he nufgp‘er bandedge of the |l ower passband conponent th the
| over ban&8agaebfcanditiopseingludingmultipaibnefor ezampleueThisy alisinghannel

interference detection by elengnts 720, Zéz 24, 730, 732, 30 734 and 740
is more acOBALEen; Fn"a‘ﬁ“‘cfét i rieeivenesss n#iéﬁ%(loypn@anneinmnierence ers

with 12-s . del r i i t ;data af the 10.76 Msynbol s/ sec
synbol ra?feg?éﬁh&?h%y?a’?t gggg(gésde],gbya#g'gi flt}%io%ﬁﬂti Sa'ﬁ ‘corruption is likely
to b roduced in the vicinity of 5.38 Mz, where the upper and | ower

qp

passband conponents overlap, when the 5 passband conponents are
i nperfectly matched and do not cancel at



such overlap. Such inperfect matching is likely to occur under si ngl
channel cowmOigpR3ms i ncl uding multipath, for exanple. This J%F#&l 94
condition reduces the effectiveness of NISC co-channel interference
detection and is avoided by the disclqsged system 10 RCA 89095 1.
Apparatus for use in a systemfor processing a recei ”mllm u ﬂ a

Si deband (VSB) nodul at ed signal containing high defi 'I Il"a IH Iu
represented by a VSB synbol constel g;t%%% sai d data havtndg a"data frane
format constituted by a succession frames each conprising a field
sync conponent prefacing a plurality of data segnents each having an

associ at ed segnent sync conponent, the apparatus conprising: 10 : a
denodul at or (22) r&spansystemt dosapmbeessiagyedredejved VestigialdSidetmnal
denodul at ed si gnal ;. neans (430) for .providing a correlation reference .
patt ér n 6MSEYg medmlated ssignal ontaining high definitonovidaamtdata(420) :
responsive to sai,d,deno ted signal to said 1 ref erence pattern for
det ect i nECRESSENESy by g{#ﬁ §$W§8ﬂe?‘ﬂl}5%€3ﬁ%q%?’n said disaé%r]i‘%‘flgtgi Gndggﬁ erence
pattern [ SepSY |~k | Rt : r S in said
Segrent e EpidfoRiE! 2 konSHBIE, by HothedefsBTSE affe BEHRE T 0

sai d seg b N¥j hSefertOpfefay g | § said
correl at ?gﬁierg%iggehcggggﬁyﬁ%upi eﬂcst Fhegﬁfiiﬂrggta slp%lt?éil@vglfuggqi n sequence
(1,-1) okegmetitschawing AN assoviatednsegmentgsyneurcagpobnent, nappurdtas 3. A
system according to claim1, wherein 25 sai d segnent sync conponent

i s dihr acomprethgy a segment sync pattern 1 -1 -1 1 over a four synbol

i nterval where pattern co ents 1 and -1 . . .
. a %emoc{uqatorWQ_E) responsive to said received signal for

producing a demodulated signal;
means (430) for"_providing a correlation reference pattern
during segment sync intervals; and |
15 a data correlat_or (420) responsive to said demodulated signal
and to said reference pattern for detecting said segment sync
component; wherein |
said correlation reference pattern occupies less than four
symbol intervals. |
20
2. A system according to claim 1, wherein
said segment sync interval (Fig. 5) comprises four symbol
intervals; and
said correlation reference pattern occupies the first two of said

25 four symbol intervals.
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signify relative anmplitude |evels of said segment sync conpongpisesishodsi d
. correl ati onYQ? e pattern conprises the first two synbol values In

- sequence (1,-1) of said segment sync conponent. 4. A nethod.for. use in-

- a systemfor processing a received Vedt9gi al Si deband (VSB) nodul at ed

_ signal containing high definition video data represented bglmﬂmunﬂﬂlullll
- constellation, said data having a data frame format 5 conshti¥ L ol
. succession of 3dat a A rgystemeactordingr tsiolgim {] eberenc conponent prefaci ng
a plurality of data segnents each having an associ ated segnent sync

. conponent, t héaitetsegmentmsynsi cgmponent ejs ohiaracterizéd! byi g refetensai d
 received VSB signal to produce a denodul ated signal; and 10

. correl at PABSfM 20, 2B0)-1sald e¥sfoaufresymbghdntervah dFig.c5).r wihere on

* ref.ergenc attern produced.during segnent..syng i.ntervals; wherein said

" corrél at %ﬁﬁe%fce IRREREDLS: ¢ &, nap cubfesslg@:,fg Eeglﬂ'BBF amplithde sleviels, athe

nunber o | l.d Sy, conponent. 15 - 5. A et hod
ol RReRedt] S5 SRREn Vil

., according ere seghent sync interval conprises four

- synbol intervghid corfclafibl feferencl ipatterf B' @NCe patte(}ataqptb@cﬁgxi first

. two synbol values in sequence (1,-1) of said segnment sync conpon avi ng
. four synbwb sptrbolaimter?dls at the beginning of a segment sync interval.

10 4. I a system for processing a received Vestigial Sideband
(VSB) modulated signal containing high definition video data
represented by a VSB symbol constellation, said data having a data
frame format (Fig. 2) constituted by a succession of data frames
comprising a field sync component prefacing a plurality of data

15 segments having an associated segment sync component, a method
comprising the steps of:

demodulating (22) said received VSB signal to produce a
demodulated signal; and
correlating (420, 430) said demodulated signal using a

20 correlation reference pattern produced during segment sync intervals;

wherein
said correlation reference pattern occupies less than four

symbol intervals.

25 5. A method according to claim 4, wherein
said correlation reference pattern occupies the first two of said

four symbol intervals.
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