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(57) Abstract

is received,

A discrete multitone modulation transmission system is described in which frame
synchronization is monitored at the receiver by correlating frequency domain complex
amplitudes of a synchronizing frame with & stored synchronizing pattern. If the correlation
result falls below a threshold, indicating a loss of frame synchronization, a plurality
of correlations are performed, in each case tsigalis stored complex amplitudes of the
synchronizing frame multiplied by a respective complex value representing a respective
complex derotation corresponding to a respective possible time shift of the synchronizing
frame. The best correlation result, if it excesds another threshold, indicates a time shift for
resmnng frame synchronization, this bemg possible before the next synchronizing frame

(54) Title: FRAME SYNCHRONIZATION IN MULTICARRIER TRANSMISSION SYSTEMS /




The principles of multicarrier -nodul ation are described. for exanple in

la "Multicarrier Mdulation For Data Transni ssion: An | dea Whose Ti ne Has
Cone"” by John A C. Bingham |EEE Communications Magazine, Vol. 28, No. 5,
pages 5-14, May 1990. As is known, in a transm ssion system using
'nultlcarrler nodul ation, FDM (frequency di vi si on nultlplexed) sub-carriers
spaced within a usable frequency band of a transm ssion.channel, form ng as
set of sub-carriers, are nodul ated at a bl ock or synbol transnission_rate
of the system The bits of input. data for transm ssion within each bl ock of
synbol period are allocated to'the sub-carriers, typically so that the bit
error rates of the sub-carriers, as nonitored at the receiver, are
substantially equal. As a result; the different sub-carriers carry
different nunbers of bits in each synbol period. Wth an appropriate
allocation of bits and transmt powers to the sub-carriers, such a systen1
provides a desirable perfornance. One particul ar form(ﬁ

nul ticarrier nodulation, in which the nodul ation is effected using a

di screte Fourier transforn1 is referred to as discrete nultitone, or DMI
nmodul ation. The rel ated applications referred to above di sclose details of
mul ticarrier systemns. using DMI nodul ati on. As in any commruni cation
system it is necessary to establish and nmaintain synchronization betmeen
the transmtter and receiver of a DMI or other nmulticarrier system
Frequency synchroni zation is conveniently provided in a DMT system by usi ng
one of the nultiple tones as a pilot tone to.control a phase | ocked |l oop ai
the receiver, as indicated in Standards Conmittee Contribution :

T1EL. 4/ 93- 022 by J.S. Chow et al entitled "DMI Initialization: Paraneters
Needed For Specification In A Standard", -March 8, 1993. This reference al so
outlines other initialization processes of a DMI system “including the.
allocation of bits to sub-carriers or tones of the system - In
addition to this frequency synchronization, synchronization of the
transmtted bl ocks or synbols of data is required. This is referred to
herein as frame synchroni zation, each frame corresponding to one bl ock or
symbol of the nulticarrier system for conS|stency W th the sanme term as
used in single carrier transn155|on
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SEEIF K si;rrbol can conprise a substanti al

be appreciated that e st
amount of |nformat|on ' anpl e about 1700 bits (providing a

transm ssion rate of "about 6.8 Md/s .. with a synbol period of about

oot e+ b (FRAMESYNCHRAVEANR AU fcRateR S SRMINSI ey tnes

operates entirely in the tine domain. In such a system a rel atlvely
'randont frane syncThivinventionaelatcs tpteansmission sysiems using multicanicn medalation and

synchronl zati qua&lmaﬁfream b&he tr ﬁé&gﬂzmdhqﬁgﬁgyg&ﬁstrgﬁnwwbgwm n

signal sanple smtter an ng extracted and
correl ated wi tfr bregitpsimplyasgpulgearpiprsystems.  sequence at the receiver. A

| arge correlation result i nd| cates-that frane synchronization 10 has
been mai nt 3 neRhckaiindob@iivestisr el ati on result indicates a | oss of franme
synchroni zation, 1.e. that. there has been a slip by an unknown nunber of
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search procedure to recelrver re-align the
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resynchroni ze Mﬁlé %) s ig fnown, in a taREIRIssion syster) Hying ‘?é%éfeéﬁ"q afigeFDM ¢
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transm ssi on sys @%1&\?%%% es us{g th| S, rre 0 F'wh&ﬁ%&’é&)ehwﬁﬁgf t he
| nvent i on signal-to-noise ratiog (& the spb-carrisrs; typicatly smthat the bl egropr FoRrAS R of
mai ntai ni NG f r @BRarriers, asnmmbamhmcenar msabﬁwiﬂauyeqmensmwtmon

transm ssion s teml whij c nchronl t ai.n

synchroni zi ng %F‘FB? ‘@“Eé??%l‘ﬁé#é’ tbfntg ch symibol period.” With an
appropriate allocation of bits and transmit powers to the sub-carners, such a system
provides a desirable performance.

One particular form of multicarrier modulation, in which the modulation is effected
20  using a discrete Fourier tfansform, is referred to as discrete multitone, or DMT,
modulation. The related applications referred to above disclose details of multicarrier
systems using DMT modulation.

As in any com , 'pauqn system, itis necessgry to estabhsh and maintain

synchronization betwe%ggg ;rgppmltner and receiver pf a DMT or other multicarrier

25  system. Frequency synchroy n is conveniently provided in a DMT system by using
one of the muluple tones as a pﬂot tone to control a phase locked loop at the receiver, as
indicated in Standards (_Jommtttee Contribution T1E1.4/93-022 by J. S. Chow et al.
entitled “DMT Initialization: Parameters Needed For Specification In A Standard”,
March 8, 1993. Thls reference also outlines other initialization processes of a DMT

30 system, including the allocation of bits to sub-carriers or tones of the system.

In addition to this frequency synchronizatior, synchronization of the transmitted
blocks or symbols of data‘i ré(itﬁred This is referred to herein as frame synchronization,
each frame correspondﬁ?é‘m srie block or symbol of tIhe multicarrier system, for
consistency with the S terth as used in single cartier transmission systems. It should



conprising the steps of storing conplex anplitudes of the_synchronizing
frame; WO9/02¥drrel ating the conpl ex anplitudes of the ng’H ng frane
with stored information representing,.the.synchronizing pattern,
thereby to produce a correlation result; and det erm ni ng whet her the
correlation result falls below a threshol ‘@ val ue, indicati ng-a loss 30

of frame synchronization, and in this event: performng a plurality of
correl ati ons be appreclateldéhat/@&hfl‘w blaskcar symbequﬁmcompneqajsthtenml emetntefnpl ex

anpl i tudes i n,RAGBHGA %!e%blﬁqmo bits prowﬁ&in? altQRRRRLbY Fars OF o6 K‘NIHFGX

representing a, respectlve er |on of the stored
anpl it udes, Wit E@ngﬁﬁqgéb rresponding to: a respective tine
shift of t he synchron|2|ng frame, thereby to produce a plurality of

correl ati on resul tA singlelvarri2b transmissionssystent; fugexample a @AM tnadeattrerenplinide t ;

gg_/e [Jggg} 5 621"98&15%) By sthinf shlyYpefutds'efilifdly ithe time d¥RaRO1H SR system, 3

results a ti rielagyely {'random; @msymmwwmmmmspowmmmu ng a
frame boundaryynittonization, the S&tjueAdetRing ﬁhnk@m:aﬂk%mmné-umm | dathple

restore franme synchroni zatjon. or di.scr et one

t
modul at i on t r $5em;a the fransmiter an d*ﬁ@%ﬁmrc vg;ﬂxastore&popyi t he
steps of : usisequence arthe feesivery Anlapgeadatiation result ﬁdxeweeﬂrayfrime synchuzaton 5
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'ex a udes requency domain
into time donsynhroization, uelthajﬂme as been Nslpmbmn wnkpewgaumber oftime-demain

Transform smpagmmeeeemevreéwlﬁﬁ it&%k&ﬁﬂ?iﬂ&&ﬁé téfesy nchmmzeme {
sanmpling frequenc

whi ch ] S term cy, erej is
an integral Tecelv rw&mcﬂﬁlspwfr%b %‘EF@ &roppier toy %eﬁerl%mwer ‘domai n
values into conplex anplitudes 10 .in the frequency domal n using an N-point
Fast Fourier TransThis timedeniamﬂaxﬁeasy?chmnnhtﬁm provides. atbﬁnpteayes oNfio answer to the
correspo ng ﬁﬁ[%ﬁﬁ . Shy f on of-
one frarrenfg Th?&eguoa}”;ar |cup1%%f%p‘§égs ant ag%}nhlgg?l?& ﬁ“‘%‘% rorn rzHi? enl%H r@%axjrre S

peri odi cal | y when fram honizatiprois dost, Mw@mahb@equmdép@oqelaeaa s¢aseleger

greater than mrdugh Eﬁhhﬁser'df possible ﬁenamlgﬁnéxﬁennuﬁémbﬁ@&xﬁaﬁm@naﬁ@ be
restored bet cﬁﬁx&@f&qsecutlve synchroni zi ng 15 " franes.

Preferably ea £ 08U ¢ i s produced by multiplying each conpl ex
anpl i tude by a corresponding corrpl ex anplitude fromthe stored information
representing Af objestyofdiis mvelmomgs pr;prbadelan amptowadrmethod of providing fmtet s of
the conpl p

wei ght i ngﬁt( heg@gir#%fﬁm&mﬁ atrans ngel ng ng §h§ﬁ1ﬁﬁc¥rr1epﬁllgﬂﬁ? ﬁor{ dfid Eﬁ?ﬁ’p efdor
each conpl ex aﬂpnn&smeysemnghl mkeﬂqseefmlwetha@ y being. . dependent
upon a signal-to-noise ratio of a mul ticarrier channel associ ated with the

respective copmheNnasthd hveition

One aspect of this invention provides a method of mamtammg frame
| svnchromzatlon ina mulucarner modulation transnussmn system in which a
25 svnchromzmg frame contaxmng a synchromzmg pattem is penodxcally transrmtted
' comprising the steps of: stormg complex amplitudes of the’ synchromzmg frame;
correlating the complex amphtudes of the synchromzmg frame with stored information
representing the synchromzmg pattern, thereby to produce a correlauon result and
determining whether the eorrelauon result falls below a threshold value, indicating a loss
30" of frame synchronization, and in this event: perfonmng a plurahty of correlations
between the stored information and the stored complex amplitudes in each case multiplied
by a respective complex value representmg a respective complex derotation of the stored
- complex amplxtudes each complex derotauon con'espondmg toa respectwe time shift of
 the svnchromzmg frame, thereby to produce a plurality of con'elatlon results each
35 correspondmg toa respectwe time shift; determining from the plurality of correlauon




Anot he_r as&ﬁ&;ﬁ(%gt his invention provides a nmulticarrier M%g@?‘s?m

transm ssi system recei ver conprising: a Fast Fouri

(FFT) unit for transformng tinme 25 domai n vaI ues into conpl ex anplitudes
in the frequency domain; a buffer for supplyjn received tinme donain
values to the FFT unit in accordance W|th a rarre boundary; a

correl ator for correlatl | ex |tu s ,of rani zi fra

the system wit Hesults %&H{qﬁ% ﬂ‘“ﬁt’(?l“'eﬁ}/‘%‘{]‘fsﬂgg Pé"@&e\,’é’m "63”“
produce a correicadrdmem&&nxhédemdnaimmmmorestorefraumﬁynclmapamon/e to the
correlation result being below a threshold value to adjust the frame 30

boundary by a tine I
correl a%ll o%s bet V\BG?UE% iRk wgﬁﬁéﬁﬁ%ﬁ%ﬂzﬁ?ﬁ&%}s%mé% @B?Rreferabl | ex
anpl i tudes in daelndesshastens|ofi psm&atqayhavmgap quepgyfrrdsequenciie
representing a s&ﬁéﬂ&ﬁ&dﬁbﬁ%ﬁhﬂﬁﬁﬁéﬁ&ﬂ%&eﬁv&ﬁﬁhﬁ%ﬁﬁt the transmitter,

anpl i tudes correéspondin a res i me shift ,of  the synchroni zing
rame, and " contaiias cipRIeR FRpIfRL i tieaieney omais o tmedpniain valygs using n
96/ 02991 N-point Inverse Fast Fourier Transform; sampling time domain values at the transmitter at

PCT/ US95/ 08687 . A
Brief Descripti Oamgpng ﬁgqlﬁg%wﬁlglsns; txmesthepredetermlﬁ Wﬂ‘m’ iwgﬁm\ﬂﬁ'l? ims&tecgral
further under stpowr of twios andatfthe W@@Mﬂg fitne domain alues into complex rmplitides

the acconpagyi ng trﬁrt?éefu&%g donfhin¥Nistg in N-point Fast Fourier Tr gﬁsPom'} ehddl t’fi‘%&fd%ﬁﬁ:lex

parts of a transm ssion System usmg Itlcarrler

whi ch franme syrfiSrtions seresponding:(g;afesnertive ons @ No,/sutqweeﬂn%w ip dhedrationgft h
aﬂ C e{TbOSinefmhleO fI'hIslfls arh&ﬂﬂtw adirantagéUdé if the sEynchromzmg franhedis périddicaaly’ | ow
chart illustratin s for ntain nd. restor
synchr oni zat i orfF3P [m[%ﬁg ?aﬁ%’gﬂﬁr@ms’sw%ﬁ \Qfe& @eﬁertilannﬁij,&{:g}spétd |
Descri ption kfables frame synchishization g begestdred Hetvmzmgwo @nsechtivesynchrenizingst em
i ncludes a thf%ﬁe%crete mul ti - tone) transmtter 10 and a DMI

c

receiver 12 whi are coupled via respective hybri d circuits 14 and
16 to a transmi ssion path 18, for exanple a two-wire telephone subscri ber

line, for comuni catbrefgrablygeachsomelatipnesyltis peadgeqdcdy multiplying egch somplak st ream
di rection fromamplitude bsrhe:ohé@@ﬁﬂmg Iéﬁaﬁ@hmhefrbﬁme st6fed Iifornaticngépreseitin

transmtter (n m tter
10) ;Ss coupl ((ad%%sytnﬁl‘é\'%h” %‘lﬁf g}?d""i 3 #tﬁﬁﬁ?ﬁlpltex pmdruf 2}’

(not shown, b utm@ﬂmd:prefembhbinchﬁca theistepy of weightingtbé mmpleﬁ ymplitudestheingd t o t he
hybrid 20  multiplied, the weighting for each complex amplitude being multiplied preferably being

dependent upon a signal-to-noise ratio of 2 multicarrier channel associated with the
respective complex amplitude.

()

Another aspect of this invention provides a multicarrier modulation transmission

system receiver comprising: a Fast Fourier Transform (FFT) unit for transforming time

25  domain vatues into complex amplitides in the frequency domain; a buffer for supplying
received time dornain values to the FFT unit in accéidance with a frame boundary; a
correlator for correlating complex asiplitades of a synchronizing frame of the system with
a synchronizing pattern, stored at the receiver to produce a correlation result; and a control
unit responsive to the eorrelauon resalt being below a threshold value to adjust the frame

30 boundary by a time shlft detenmned by perfonmng a plurality of correlations between the
stored synchronizing pattem and the complex ampl;tudes in each case multiplied by a
respective compiex value representing a respective 'épmplex derotation of the complex
amplitudes corresponding to a respective time shii't_ of the synchronizing frame, and
selecting the best correlation result. .

35



circuit 14, for comunicating signals in the opposite, ;égg@g(%ect I on
' W 96/02991 '

via the h For exanple, the system nay be an nretric-
di gital subscriber line) systemin which the transmtted bit rate is
greater in the downstreamdirection than in the upstream 20 di rection.
The transmtter 10 is supplied via a path420 with data to be transmtted,
and cgggrises a coEgrLEZI a frame synchroni zing sequence. source 24,
an ILFFT (Inv erse Fast Fourier- Transforr’r) unit 26

whi ch for exanple |rrpl ements. a.512-poi nt - I FFT, a cyclic prefix adder
28, and a uni't 30 'Rtnmenuomgllbbd:mﬁherdmgemwbd fmrmnhelfoi@wxﬂgdescnpnmﬂviﬂmr) and
filters whos circuit 14.

Conver sel y, %ﬁ%%?le%{glq‘/é?&gégh'%ﬁn&&gg@%snﬁm%%z which is supplied with a
received - - si: naI fromthe hybri.d ¢i-p-cui:t- 16 -and--cqonprises filters and
an ADC (anal og-to ifIpstrates parts Of 4 {FARSPYSSION SYSfeRn; using s Ao medulation, IaTEQ)
34, a buf fer xﬁﬁchﬁamas}tnc&%nwamﬁsmmtﬁﬁmmrasmredmacc&raan@amnia:FFT and a

frequency donain ;e F d: decoder uni't 40 which 30
r epr oduces t I b8p’r"3'1“ﬂ3 'ﬁﬁé?‘& g@ gﬂgout put path.42..The buffer 36 serves for

serial -to- parall el conversion of signals. for supply .to the FFT

. unit 38, the cycl |1hgr2rxefaﬂownhamdmsngtxngstepsfompptaumng s resterimgEframei t 38 and
t her eby bei ng&&mggl onGh B raRerkissi SH% gté}ﬁof ver 12, - #llustrated in
t he dravm ng relate to requency an ¥arre sy ron| zatlon and are descri bed

bel ow. - WD 96/.02991 -
PCT/ US95/ 086 detailed Description 5

The downstream si gnal on the path 20 is. d| Vi ded |nto frarres and encoded b>‘
t he 10 coder z&femhgtdmeqnmgamﬂmamamystemamudesaDM’D(xlmmhnnﬂn—are

suppl | ed 10 45 LERTLH o amd s DMTSBeP T8 whic T ol e IGRAEL €9, DY @

respective miPt? S&PSH PEEd a anplitude
(i.e. two anmmcumhﬂsandrmrto aé@nsmaionmgﬂ&,afpyemha two-wire teiwhmﬁeuhssx)lberor

each of a ”Urlﬁiérfo%orﬁﬂ;ﬁnﬁﬁdd sfgndlsQh Whatis fefbtred dawa%taedawnE@ém&aeémbs from
the system ma use 256 g ete togfs or sub-carriers, w t;; %il glcées of
DY P

1x4. 3125 ke, e rasgier 1 Hhe rGSiNe? 0¢. AR UPSFAT tns i ier (nt s
Each tond5 besrmMpd;tHettﬂasmﬁtealO)' ' '_tédaoﬂmmybbdemuwﬂtﬁeandadnupstreamf t he

o o RAIRTAE el o i o b il 96K o Blive AP ARl hO by GE ™' ©
referred to . aiwuit 14, Toecormueicating signals.im the@ppositg, upstrears;direotien via the path 18.
anplitude in ﬁﬁ%;?arﬂﬂetth@@sfeh?ﬁlﬁwmmg h%rﬂéméﬁf lt@%ﬁm'nﬁe § sten¥in

[err]s can be zer ) the ton not bEI Use si gnal )
or can vary f‘f’}b‘ﬁli‘gleﬁﬁaﬁﬁ- FHS%'FW the%o “%?&Wdﬁ%c m %“@“ﬁﬁgl nmm

nunber, 20r aimm;elnafangefromloto 16 bits. - .. For
frame synchronl zation as further described bel ow, a synchronl zing frame 15

containing a synch{-ﬁég}&tggteﬁ@g%meg%wm%O)fthtdﬁatéﬂé’{r&%nﬁéed and

periodi-cal I'y inser
- comprises a coder 22, a frame synchronizing sequence. source 24, an IFFT (Inverse FFI‘

or Inverse Fast Fourier Transform) unit 26 _.w:_l_uch for _._exa_mple implements a 512-point
. TFFT, acyclic prefix adder 28, and a unit 30 .comprising a DAC (digital-to-analog
25  converter) and filters whose output is coupled-'to the hybrid circuit 14.

U;-
l

Conversely, the recewer 12 comprxses 2 unit 32 whlch is supphed with a received

signal from the hybnd cn'cult 16 and compnses ﬁlters and an ADC (analog—to-dxgrtal
converter) atime domam equahzer (TEQ) 34 a buffer 36 a umt 38 wtuch implements a

5 12-pomt FPT and a frequency domam ( ahzer (FEQ) and decoder unit 40 which

30 reproduces the ongmal data on an output path 42 The buffer 36 serves for serial-to-

parallel conversion of signals for supply to e_ FFI‘ umt 38, the cychc prefix not being
supplied to the FFT unit 38 and thereby bemg removed. Other parts of the receiver 12
illustrated in the drawing relate to frequency and frame synchronization and are described
below.




into the data flow fromthe coder 22 to the IFFT unit 26 (a_t] n
Prafiohfe

ver si on of With#/02991 synchroni zi ng sequence could alter nat P&
i nserted between the units 26 and 28). For exanpl e, a synchroni zi ng
frame is provided as every Q= 69-th frame or multicarrier synbol ,

so that each synchronizing frane is followedSby 68 data frames. The 20
synchroni zi ng sequence is for exanpl e a pseudo random sequence, as descri bed
further bel ow,'[‘hthmvmns plgEERYEhAg ipdivided into frgmepandencoded by the

synchr oni zi ng 1J 48Py oo Bfiichic (B8l which e sopfied e IF6T vac
flreq!‘f"e IS rese

speC|f|c t one |n every

Tve iJot to @n&h
carries no inf M&bﬁm%ﬂ%}s@m %’eﬁmgwt’é?gmﬁ qurib?{ i ch
ser\k/]efs for freo%&qmg aﬂﬁimmxasmdmnpuum forireahend impimary sigrab
Each frequency donain reier R @Eatﬂﬂ i n
mul ticarrier sy§RSRRODEYES rTgﬂEe‘Wg &H@gg%%u?ﬁg“i Ic)i&rsr&ﬁ’enﬁ tlcaﬁrdrri er e
synbol thus  the systmmymezsmmnemarmwwmwabrfmnemﬁes whi ch

are supplied to ) é%&%m%ﬁq%mj s, whi ch
synbol , the cycPl C Prefl X g%%ﬁf %gnumberg 1B
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domain equal | %%h%rec%%cy&u A it cme?symbe‘lls transformed into a time domain

multicarrier symbol by the IFFT unit 26. The time domain multicarrier symbol thus
comprises 512 real-valued time domain samples, Which are supplied to the cyclic prefix
adder 28. For each multicartier symbol, the cyclic prefix adder 28 supplies a resulting
serial stream of for example 544 real-valued time domain samples to the DAC and filter

30 unit 30, which converts these samples into filtered:éhalog signals which are transmitted
via the hybrid circuit 14 to the transmission path 18 The 544 samples are constituted by
the 512 samples supplied by the IFFT unit 26, preﬁxed by a repetition of the last 32 of
these samples added by the cychc prefix adder 28. The use and benefits of a cyclic prefix
added in this manner are known for example from “A Discrete Multitone Transceiver

35  System For HDSL Apphcauons” by J. S. Chow et -al., IEEE Journal on Selected Areas in
Communications, Volmne 9 No 6, pages 895 to 908 August 1991.




The FEQ conprises a conpl ex si gnal one-tap adaptrve equal i zer for each of

t he WO 96889 ones. The FEQ and decoder unit 40 can f orP@e3s088he of t he
formillustrated in 15 Fig. 3 of the related application by R R Hunt et
~al. referred to above. The unit 40 produces the resulting decoded
recei ved signal on the outgoing data path642. Al t hough not
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frequency are sel dbeEBQeomprats aqomplexsignaleperiap adapiive cqualizes forsaelyptthe pover
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advant age for the frame synchronization ‘as descri bed further bel ow. WO

96/ 02991
PCT/ USO5/ 08687 . Although not descnbed further here the transrmtter 10 and recerver 12 can also

The pil ot toﬁeptsaﬁn%webla de'an?tlf;rﬂngmrageﬂls s?dthmedarlatemsﬁew@ﬁd mr@éegglrve
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constant conp| ex a t u - hi s_const ant
the pil ot tgp sired samplmg gequency for operation o DA& e ADC 1n the recerver unit 32 is

required to be synchromzed toa related frequency (the two frequencres can be exactly the
25  same, or one can be an integer multiple ¢ of the other, or they may be related in a manner to
accommodate rate conversion through sarnple stufﬁng, interpolation, or decrmatron) Itis
- assumed here for simplicity that the ADC in the unit 32 operates at the sampling frequency
~ of the DAC in the unit-30.. To provrde the frequency synchromzatron as indicated above
- one of the 256 tones is used exclusively as a pilot tone: Thus the allocation of bits of the
30 signalon the path 20 to this tone is zero for each multicarrier symbol

For convemence and srmphcrty, the samphng frequency and the prlot tone
| .frequency are selected 50 that the samplmg frequency is an rntegral power of two times
‘the pilot tone frequency For example the 64—th tone (n 64) having a frequency of
64 % 4.3125=276 kHz isused as the pﬂot tone, and the samplmg frequency is 8 times
35  this pilot tone frequency, or2. 208 MHz Thrs relatronshtp provrdes a particular
advantage for the frame synchronrzatron as descnbed further below.
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of a variety Offl% %@*g&mm@ description of one of these ways,

gi ven for exanple In the transmitter 10, a bi nary

pseudo- r andom sequence o 3&&%@3 emventxon,frameﬁﬁ(jhtr&% SR the??

in accordance with t#
for p=1to 9 transmitted muluaamer symbols of[data-mispaléd bemaintqincd]between thegransmitter 0

}:’(C):T? 629 5/ 0 8%%\0 3 Gé Pe%%%er In other words, the same frame boundaries as are used for the multécarner

where x[p] is thmbmlnamemmMMuqﬁmmﬁm@emd@naﬁabqwﬁfortheFFT

repr e;ggt S ”Ddulu@ éStmthe 1%013, thJﬂ@elbéﬁ@tﬁéﬁhﬁb%oﬁxﬁﬁﬁ%u%d%th@bﬁﬁ&
'nto pairs 6 to heteslmme wi sequences, of 512 time domain samples, are supplied to the

FFI" unit 38 to be. transformed into the respective fmquency domain multicarrier symbols.

/\

25 As descnbed abovet in the transmitter 10 every 68 data frames are supplemented
by a synchronizing frame thereby forming a superframe of Q 69 consecutive frames or
multicarrier symbols. “This number Q is selected to Prowde a balance between data

carrying capacity of the system (for which a hxgh value of Q is preferred) and frame
resynchronization time {for which a low value of Q is preferred). The synchronizing

30 frame contains pseudo-random data which can be applied to the tones of the
synchronizing frame multicarrier symbol in any of a variety of different ways. A
description of one of these ways, given for example, follows.

In the transmitter 10, a binary pseudo-random sequence of length 512 is produced
by the source 24 in accgrdance with the equanons
35 x[p] -1 for p =1t09
x[p] = x[p-41 & x[p-9] forp=10to 512
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4- QAM poi nt s wheretxp] is deibiary value of it pof thh sequence andy® cdpresentz mogufor2ine. | n

b 1 e o 2B lor B ol s oIS AL S e

frame. 10  Ppaieofbitsds usedrfer the dichand Nyguistisul-camietsi (for which thwalleqmdcqoergm

conpl ex anpl rpfaBsy ol may
be al | ocat edh%ﬁej\%gr}% tvvo ??s per ez}b%eﬂedlar?daﬂcl%loer an gezssﬁ&%fmm
bit allochti 8¥igned tchtsmeshwowro Wtﬁbmarzaagaﬁrmma&rdrrhe

receiver or fjhcreasing ﬁiequ@cy,hﬁe fo@@iﬁbﬂﬁl&d@ﬁbﬁﬁﬁ&s@@@m @03, dridallylof t er

so that they are na nsmtt [ \ con n r t he
transmitter SHQPRYS; %B % dirpg yet??'(lz‘éﬁdc@ ‘3“ H%ﬁ'ﬁ@z‘ ogth
i nper f ect  eqemichromizing frame. fInl thrmgds eachtpair of hits provrcbs p ecmplex amplitude

| h
al | ocation t ke ki d§>the RO fF the ks g@ﬁN& t&ﬁ%ﬁtﬁ?&\?ﬁ%ﬁﬂnﬁpﬂné e

recei ver. can_be used'to prOV| e_an- energy S : r each
tone, bylQhi Jhepﬂetemmoamw pﬁsewmopeateeﬂepbzsnephw A
synchron'i Zi ngedctiBéEabovenul ti pl i ed bef ore being suppl ied to the I FFT unit
26. A 20 - conplenentary scaling can-.be eff'ect ed in the receiver 12.

As an alternative, a star.e o-r dom seq ce fro source 24, coul
B oy e al ot TabesSRHE ey BE IR A uBR WA BE e bbb GE B A
i ndi cat es t hétte Witnbioeations established foxthé Sysmmathesm t(esdrg:aaiedauhnmcswertatqao)
the sequence WoE L4 &4 ep&;yng
used in the élg‘ﬁéc ron|izﬂ[lmaés‘s\sq\ar';eth eenhﬁﬁrtggg?‘ggl%smeeun 8%&% ata” 25
Again, th& r eeewers eqveresths Hansgitter as#evam@ateb!ammcagnmemes due to

transmtter, quilifation or ﬁlterﬂtgstxmd lmmqbeet ﬂerbxmmcmenMé whithds
correctly. As %g alter nat nat _.al |

the avail abl &Y &es%n 1%°éfoth &e"dé’%’cfaf‘ﬁ’e%‘ﬂ% ‘gyf?vh‘reo%e??ﬁ% s?a}hélﬁe for :
t he purecplmsfes each toneahyewhxph ¢tiercomiptext dnplitude provided for the tonefin the‘ rame

synchroni zat liohy, 35, C%ﬂ%e isr}mﬁgg.le\f\ﬂ)ei’%@ b&ﬁg @ﬁ?&ﬁﬁ%t’ozthe BErggee

synchron|2|ng sequen sourc s-to and produces the sane
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correl ator 60 and store o 62 to which the contents of each received
synchroni zing frams athtembﬁ\te hbﬁred@saldo%ndomsequemcfﬁﬁﬁtlﬁ&d&ceQ4b6uldaCh

recei ved synch | a nulk.t .c
synbol ) are §’t§‘§8¥ #’ al?q% ‘?o”ﬁgse targe&for ehnY.h %wm ?Féledﬂ tﬁ%that-ltﬁge ﬁséb
coef fi ci ent s suffient SINRdsigpaldo-neiseiratio), qugme beiog truncatedi whemsllaf phetones
di fferent fr f: {ﬁj@&rﬁn ha¥ ;’Xﬁ‘d H4th her
i ncl udes _a ﬂj ﬁ%ﬁ&éd: |Eh(§=rs9 Vil a %\gmﬁ g J%ﬁ%ﬂoc\/\%ﬁg%&%g— orrfn.
PCT/ US9 5,2@ 86 g%gam, the Teceiver stores the same bit allocation table as the transmitter, so that the
desired correlatlon can be performed conectly As a further altematrve jtis observed that
not all of the available tones necessanly need be used in the synchromzmg frame for the
purposes of frame synchromzatlon -

' For frame synchronization, as shown in Fig. 1 the receiver 12 includes a
30 synchromzmg sequence source 58 Wthh corresponds to and produces the same |
synchronizing sequence as the source 24 in the transmitter;, and a correlator 60 and store
62 to which the contents of each received synchromzmg frame (or what the receiver
understands to be each received synchromzmg frame ie. every Q-th frame or multicarrier
~ symbol) are supplied from the outbot of the FEQ 1n the unit 40. The FEQ coefficients
35  which are used for the synchromzmg frame may be dlfferent from those used for the data

frames. The receiver further includes a weighting mulu_pher 64 via which the
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30 The operation of the components 58 to 68 is described further below with
additional reference to the flow chart in Fig. 2.

Ina fraine synchronized state, as shown by a block 80 in Fig. 2 the received
contents of each synchronizing frame, i.e. each 69-th frame or multicarrier symbol, are
supplied from the output of the FEQ in the unit 40wand stored in the store 62. It is

35  observed that these contents are qomplex amplitudgs in the frequency domain,
representing the compléx amplitudes of the tones of the synchronizing frame. As shown
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by a block . 82 in Fig. 2, these synchroni-zing frame contents are al so
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mul ticarrier synbol) which provide a 25 nmeasure of the current SNR for
each tone,. V\/nerecht&delegIﬂach\gpeﬁﬁtaéﬂtmsedeytthewmghahg;mulnpher64pdmdes vely
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aIOI ocati oons ‘ég%ﬁ are ﬁ@%@l%ﬁ’ﬁ{&%ﬁ’e%&&ﬁggﬁ% ons \gbﬁ{le( p@t'ﬂ Hunt
et al. and to-noise ratio)of theregpestivetone.  Brie weighting,caithsihased on the SN foreach As
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units 38 adaptively updateds Theaise of mean squaned srorsiangd their agsmmenmﬂrdshm d TL is
set at a rel @idc‘éﬁéﬂédnﬁ‘ﬂ'hﬂ@h@%escnﬁédmtﬁ@rélﬂé&a &tﬁﬂ%fkalk'. Ainf &athg Wi | |
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As shown by a block 84 in"F.ig. 2, the 'iie'ciéion unit 68 determines whether the
30 correlation result produced by the-correlator 60 exceeds a threshold TL. In the normal -

- situation of frame synchronization this will be the case, and no further action is taken.
Fig. 2 shows a return path 86 to the block 80 for the next synchronizing frame, and
meanwhile data is supplied from the other frames or mulucarner symbols via the units 38
and 40 to the output path 42 in F1g 1. The threshold TLis set ata relanvely low value,

35 5o that the correlation resiilt will generally exceed this’ even in the ptesence of substantial
noise, so that false determmatxc_ms ofa loss of frame’ s_ynchromzauon are substanually



noi se, so_that false determnations of a |oss of frame syncherppsssmaséson are
subst ant i YPYH0291 o 96/ 02991
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avoi ded. In addition, although not shown in,Fig. 2, a counter may be

provi ded for requiring repeated failures of the correlation result

21 08e of 11 anBRUgREHR e RopEh 2. AP Biaf b fridbr 05 07 €
that the corr ereattiring remeatet] faibimessof s Soe
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requisite numb Gafe frbRiERiEon is detbimiakd.88
in Fig. 2 1is ?ﬁccgéswe%gﬂ%hr%nuﬁé' §béf8re%13§§5 repdra’ggent ed by the block 88

and further described below, i th ext 64
fol I owi ng the synchibtegrenthat gﬁé"?‘%@ §°3F8g'sex8?edftp%%&syncﬁ§’ gnl Zation
has been deger E‘@q%?sﬁke nuftbe£6X, &gl 2tsoccesvesyrchronizing frames) ablock 88 in Fige2 is

received 10 E%?§?{0n|2|ng frane contents fromthe store 62, multiplied in
t he conpl ex de . nultlpller 66 by a respectlve set of conplex

derotations, with the synchrom zin uence t he sour

wei ght ed as descri beg reproseateddyrthe 3 yxdf[uﬁgeré};,sqrgqeg?)g},ow@gleac of fhe'héxt 64
produces 64 corggl &Woﬂ@ﬁﬁiﬁ% sﬁﬁﬁm hRirgfedinefor Whiche 16 al’a’tme‘syaulusniz#ipn
shown by a ock

he deci sion i t m'nes a
best one of th@ﬁ%b%ﬁmqeﬁ'ﬁh?%‘g'{ﬂlac@éoﬁgd%ﬁ %Eel%% OfQ%’ ock 92 in
Fig. 2 detgpm i &ambbﬁnmﬁedﬂhastosﬁnmhmhcdatﬂlgnomplex derotation

threshold T Th thrggﬁ o Tegbkbive B3¢ Blnpfex Aok SE) ot SRR %"ie@ﬁé}i&d

TL, for X1 mum possi bl €, corr
result for a frfmmttm;snuﬂeed&mm@ltedasdescnbgé abave. sféoqsmgen;ytg%corre atr 60"

r esynchroni zatig %M&M&%mb@ A6 64l dardgaines As shiven bpse,

but not shown |

count.er rovi d
simlar resul tsbl 1PrFé$nztﬂ@°€ é‘gééggf‘pf’ﬂ@e"b’l? gneggﬂp engﬁgﬁﬁgﬁ Rulrs,
successi ve jgu p%ﬁragmxb@; oblock 92 in Fig. 2 detesmyineshwhther ahis oxeeeds aresyncheqnization

In response to threehoi&)[fi'ﬁ éﬁ’&tﬁ‘% @gﬂ{tm g[i ﬁﬂfgﬁ&lé%tﬁahrtﬁé&?&sgog&@%f

determ ned in IS reache
whi ch the unit ambwgmthﬁéﬁtmmumpossxblemws far a frage syne mﬁy

trol of 2 de this d
control of a po % %r at*#g £l Cg’ﬁfcfgl%hzﬁod’:‘eguﬁs@?e fidsantidlly a¥6ided.2Again ¢dse

further bel ow.

ect dur, t he.renai 4 = 4
data franes, sobllt natshpwyn&a et %%’E‘Feﬁﬁ‘aﬁ’ ored é"t%gﬂ TRUIg Fepe %ﬂc g?gaﬁ ress
confirmed Wd h, féhiehe processes df@ﬁblﬁdl@@h&@ﬂzmmcéssmmpsfrmmmfmn aFig. 2 by

a path 96 rom t he o¢ t he bl ock 80. Thus resynchroni zation
in response to ”Ssﬂﬁg@é‘!’é fon {5& gfeﬁFgf rame synchroni zation can be
effected in a single superfrane, I n afewsu&;rframes I f e counters

nentioned 30  abolnaespoasetioshe W@E@S xges BSdetearingd 11 o
substantially cpaif g@gs%lgcm in Fig, #edchbd iR the 6108l hangsb the fze:
SampLINg T eque s ¥ o SOME b the buffer 36 via the path 70, s
boundary in a single step, by control a pointer in the p
25  described further below. This change can be effected during the remaining 68 - 64 =4
data frames, so that 'iesyi'féhrmmion is effected before, and can be confirmed with, the
next synchronizing frame 4s shown in Fig. 2by a path 96 from the block 94 to the block
80. Thus resynchromiéhon ih response to a detected loss of frame synchronization can
be effected in a single superframe, or in a few superframes if the counters mentioned
30 above are also prdvided, wheféby frame synchronization is substantially continuously
maintained. For example, with the sampling frequency of 2.208 MHz, 544 time domain
samples in each frame, and 69 frames in each superframe as described above, the
superframe period is 17 ms. If both of the counters mentioned above are provided to have
a required count of 2, the loss of frame synchromzatxon is detected and resynchronization

35  as described above is completed within four superframes, or 68 ms.




sanples in each frane, and 69 franes in each superfranme as described above,

t he WO 96/039er frane period is 137 ms. If both of the RENNEEVS6¥entioned
above are provided to have a required count of 2, the | oss of
frame synchronization is detected and resynchronization 35 as described
above is conpleted within four superfrange, or 68 ns. WO 96/ 02991 '
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variety of po SI e acti or npl e e value o
the threshol %’ﬁxﬂgpﬁea'&é’%ef’gqemmﬁﬁé“be reduc oI B of an
affirmative nﬁsmlobdloﬂart hifirinhtiveltesit in dre blodkro2yer xframée cmmncarebe:dmmyby 5
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practice, it smnmehthpsymnmatbemmmalmd Inmfmg,sbbascbpﬂbf@éﬂmgleand 90
i nvariably r%&tm&m&r&t‘s@m&%t ﬁ?%sﬁltid‘ar{afﬁnﬁatﬁ@res%&mmeblockgﬂws the

resynchroni zati o rocess.is h - f
di screte Four%i“lé H?%Wﬁﬁlnlﬁaﬂ?n s\ﬁlllst%é 5?‘”-“’&1 screte sequence is defined

~as 10 [err], where [err] is the princi. paI N-th root of unity, and the
finite length seqtlﬁthedrscretdﬂtmnerteqmﬁirmd:fpé‘nutelhngﬂidtscreteséquemueamdeﬁrpdras odi c

t -k { hi ft d,
oe ety =T ROREE Mh A 0 e P ROR R e b ahiple 1O
periodi ¢ seqygge gen qﬁe%ée’lsttﬁen'rgueated oﬁemgl tS)foﬂrparﬂtIgﬁﬂédlegquQﬁcef fﬁ%avenc‘

dormai n sanpl es. o he ano of “rota ﬁ{
frequency n e shew that the tise shift property is satisfied, i.e. f(kn“l)ﬁe—t'ra'n% %siFéR)-syst em

as descri bed uecohlp@ex&u&ubﬁ Qi Tivd Shee@tfie!SHift Of the pefibdic sequencefah)irexbits al | y

repeated as an peri adi ¢ sequence, but rather is preceded and fol | oned by
data fromt hé’OWEtePUQ'Gn%Qf QUEREY dompin samlesaf F(n); the amonnt 9f gatation andom
nat ure rqkat igé fending on thé uafdtﬂlelﬁnwsnﬁtﬁlequence and t he above
characterlstlcs can be ap to the 20 . synchroni.zing frame with -

reasonabl y accur al.ﬁtllef requetnons stern descnbedlﬁob@ﬁe&hch&ﬁ%&%ﬂﬁ%gﬁ'rﬁ?t on

in the system -whi NCy - Synchr onr:z on

di scussed ab@ededicallyrrepgatadcs an N-periodiecsequente, but ratheeuatrecededmdefglle\u%by ed to
the bl&‘aia%:ﬁ@x Vﬁh?éo e Qb abdva! fI-RﬁneD&' ﬂle%taﬂagafrhﬂoﬁl’xﬁ&ﬁmauvc

descri bed herei.n, quency 1S tines the

pi | ot' tone us‘@él"efsbﬂ’c @EB%WWM‘%?@HFF%@WEW@@E@W dtodhg 1t can

only be kg a%yhﬂﬁﬁﬁﬁhgmlﬂelvﬁttﬁesfonﬂalﬁwmmsreswsth a synbol size of N=512
(512 point IFFT unit 26 and FFT unit 36), there are thus 512/ 8= 64

possible time shi fl% foss of frame %ﬁ(sh{oh%ggorﬁh th@’syrsteﬁ? Whllg ?reﬁrYJH@? 'syncﬁﬂﬁxlha%n fs hese

possible tinme shift{s 1S ¢conp
present as discussed above, corresponds toa ume shrft of the data. samples supplied to the

buffer 36 relattve to the buffer pomter In the system as descrrbed herem, in which the
samplmg frequency is 8 times the prlot tone used for frequency synchromzatron, this time
25  shiftcan only be by an mteger multlple of _8 samples Wrth a symbol size of N=512
(512 pomt IFFI‘ umt 26 and FFT unit- 36) there are thus 512 / 8 = 64 possible time shifts
per frame or multtcarner symbol Each of these possrble time shrfts is compensated by a '
' respectwe one of the 64 sets of complex derotatrons used by the multiplier 66, in
' accordance wnth the above equatrons To accommodate tlme shrfts in either direction, the
30 64 posslble txme shrfts are used to represent t1me shrfts by up to. half a frame in each of the
- positive and negatlve dlrectrons In other words each set of complex derotations by the
multiplier 66 corresponds to a respectlve txme shxft of data samples in the buffer 36 by 18,
+16 .. £256 samples Because the rotatron is recursrve, only one set of complex
derotatrons need be stored at the recewer 12



respective _one of the 64 sets of conplex derotations used by | tiplier
66, in v9 8@(@’3 % dance with the above equations. To accomw’(’)((%gp FST

shifts in either direction, the 30 64 possible tinme shifts are used to
represent tinme shifts by up to half a frame in each of the positive
and negative directions. In other words, eath set of conplex derotations by
t he mul tiplier 66 correspondsymﬁfﬁdwwL ective tine shift of data

sanpl es in the buff dhusfprihe pock 88 in RMgHEECdEG -fata framgs pafersed tBabavesis t he
rotation is rew&iovealcﬂﬁima&%oﬁﬂhnﬂfreﬁlﬁlﬂﬁirahspecnve onél6f Bk 81 iposible Bk be

stored at the r 96/ 02
PCT/ US95/ 08687 shiffs'ny. “In tﬁe multiplier %D thie Jo p?ex amplitude for each tone n supplied frqn the
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resulting 5 Wa}% ucts ar es}gﬁrrg’ at ﬁ corr %ﬁ%&%ﬁmm&&qﬁswfm
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accurate that, thecanielation results:foeall othecpossible tiroesshifts are much lesy thah thenthreaholdn i s

due to one of R tgmgn .

correlation re;ﬁf ’ﬂ%zr ‘ﬁ‘ﬁmr&mﬁ; l:[%ll&eﬂg%ge %{}ﬂ? '1resﬁﬂﬁtr§w}{/§asrpmduced
the correl ati orﬁher}@&ﬂftf?ﬂfeoﬁyﬂ@mpmé‘iq%r%ﬁéﬂ’ﬁll@tﬁm@ ci;mnfb@é above adinsts thess -
than the thres'@@hﬁarofthebuﬁ&ﬁﬁ%éﬁ@élé&b@fbéﬂﬁe&ttﬁﬁ efdbydhinte

determ nes.the tine shift m%ﬁ Tg% ced th oss of fl’%‘
synchr oni 2343 i o/fYnChrRpiZAtion js festped,, %‘F?t!?é‘ds%?ﬁ?éi ng

poi nter of thepbacbiseﬁorﬂﬁsynclmomzmgkﬁ;usnap to correct this t| me Shlft _
whereby frane 15 synchroni zation is restored. This resynchronization S

effected wi thout an

sequence. Xnﬁﬁ%@?ﬁi%gocgraelatﬂfnﬁﬁ%&?r&%ﬂ %qhﬁ‘lgﬁlp ?%g%ﬁ%&g‘hoduced
at the bl ock sghresholdTH. tharas indicated gbeueifhis threshold ¢arbedaweradics ik cag babove
this threshol dc@ﬁdlu&bﬁthﬂ%irg&mﬂésmﬁ h&dhubel the loss offP4ifd @ﬁ!rohﬁﬁﬁorﬁ nakger

time Shlft as,c used t he ,.lLOSs ane nchr oni zatlon t 20 Iatter
case, ti me hi 111 S’él‘%"r Wﬁr‘aﬂe%ﬁe&‘ﬂ%?ﬁ%'?ﬁf g)e 8‘5’ “‘Ig’ﬁn

Lm

=

the franme comummexamnex differemt franie férehe spnchroaizingfsequenbe; tisyaboive stnpszﬁxag
sequence, the me
coﬂﬁt , and thi é%gs ar chégglrﬁ]tgg@gfﬁﬁnnggggk t’cf?’??ﬁ ?%Jh%ﬂ%nﬂh&éd%?@#&eég
frames until t l9sesofithe6Rframes vy MTHAS exqerdadi Vdtepnatively, the system may

be re-initializgde uﬁt’ihli%d, fﬁhtﬁ&%ﬁs@a Sbfifikdnt ﬁﬁigtdefay E@n@ﬁb&y‘m'x@stérméq}dﬁ%j in
restoring frame 2 Y roni zatlgn but as s above this event is
unl i kely i pré&‘!q;;%“z ut as state "Flﬂé}ﬁﬁ"%“}ﬁd{#‘g Y Jupragtifenust be

established on initializing the system as indicated
Frame synchromzauon must be established on initializing the system, as indicated

above. The 1mt1a.hzmg process includes a training method for the TEQ 34 in the receiver
12, as described in an artlclc by J. S. Chow et al. entitled “Equalizer Training Algorithms
for Multicarrier Moduiauon Systems” 1993 Internatmnal Conference on Communications,
30 pages 761-7635, May 1993. Atthe end of the trammg of the TEQ 34, an equalized channel
response b and an equahzer response (i.e. equalizer coefficients) w are obtained in the time
domain by transformation by an IFFT. The relative offset between the starting locations of
b and w in the time domain determines the desirable delay for the received signal, which in
turn determines the multicarrier symbol or frame boundary at the receiver which is used to
35  provide initial frame synchronization.



above. @é%l al i zi ng process includes a traini'rng nmethod for the TEQ 34
inthe re as described in an article by J. PCI/USHMB6E: al .
entitled "Equalizer Tral ni ng Al gorithns for Multicarrier Mdul ation
Systens", 1993 International Conference on.Comunications, 30 pages
761- 765, May 1993.- At the end of the trai nl‘hg of 't he TEQ 34 an equalized
channel response b and an equalizer response (i.e. equalizer .
coefficients) w ar Alismativelgdhe eprtqmommcess dcscrlhctdlahoveda;talsoebaapﬂied&br on by
an | FFT. The rgtisily ssebhé nizio t and
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establ i sh fr anesfigienthbeing detbindned seahathwdeatdaaaﬁea sTERUP®nsteRatih if Gl O

coefficiengs ( 0 i for tlon derived fromthe
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out put of the “presunes appropriate

settings of the FEQ coefficients), |s | n th| S .. _ _ case necessary
first to conpute a S&pf%h?ﬁalt%m@vgeﬁarm synElgouuetidnaanmuudly Behéstablistied fontithe e
fromthe changgichforBRiyequ éﬂhéﬁluméchélﬁatrhi £Ldit€ Hﬂﬁnéﬁﬁt@ﬂj?%%&' {

process, the EE ffl ci-ent et erm: ne S

derodul at ed s%%ﬁ"“&é‘??sﬁ“zﬁ a&h‘ﬁ"ﬁ%‘éﬁt eaﬂappem lerf@ﬂﬁ@@nﬂwallgmms of
fixed di st ancend sslectingas thé ftdmecbduﬁdary that alignment which re§itsAiri k¢ Be3€S
alternatiye, Bémé@chrom zation can initially be established from t he

synchroni zi ng" sequencé and the channel response-determ ned during
initialization by nmeasuring the SNR for each tone for all of the 512
possi bl e frane bouRBEPAFtigHargRbsESs inter-relationships cand sletails gives abowe dbviously

boundary t hat nﬁyanbaﬁﬂﬁedltblsﬁthpirﬁ&ﬂaﬁ diferients. Fo8 Exaalii, hithoy g@%h@{gzﬁﬁgﬁze

obvi bust y - b pling hEuend aiﬂ'&*’n@% Bl o fromnency inbnend ot e
obvi ously | r
;axarrpl '?h ‘al t lhcasg.lbuas Inlefen'ed benduse thrs 1ntegw4pew"eit36f-ﬁﬁﬁélah8&lﬁﬂ SohisRIef¥ly S 8

i mes i i ACy no case,
pref erregz(gecgtnge ﬁ?hg It e lﬁﬂg ?mgf %m'f‘sé%ﬁ %W[ﬂ“ﬂhﬁ ggl y 20
sinplifies t heimlagly FSI?&Q _ Wn@pﬂfrmtemsemﬂﬂypecdmomﬂesthet he
receiver 12. correlatioRiféf &laiésﬁmnglaitpsssitﬁe Blnemets rﬁ?ﬁ%ﬂ@é %.Fﬁ)ﬁ'«ﬁé é@éﬁ%

conveni ent |y ac&om‘rodat or.rel at I on

possi bl e timeP¥ I?%S“?S‘é‘ﬂ%nﬂf tgpqahtgt@e tsr implement the frqm frane,

within the supmmﬂmmmftwmmmxaetdummnmg frdniPasi esérifeliaB®R, the frame
boundary shift before the next synchronizing frame as described above.

25 * In addition, although the invention has been descnbed for only the downstream
duecuon of transmrssxon, it may equally be apphed to the upstream direction of
. transrmssron, usmg etther the same or (especxally for an ADSL system havmg different
rates of uansmtssmn and dlfferent lFFI‘ and FFI‘ srzes for the two transmission
_ 'dtrecuons) dtfferent parameters Agam although the mventton has been descnbed in the

30 specific context of DMI‘ modulatton it may also be applxed to transm1ss1on systems using
‘other forms of multtcamer modulatton

“Thus although a particular embodiment of the invention has been described in
detail, it should be appreciated that these and numerous other modlﬁcattons, variations,

and adaptatrons may be made without departmg froin the' scope of the invention as defined
35  inthe claims.



dition, alt hou h th i nvention has been dﬁé’f;’i}bﬂ%iﬁi'lor
onI y the c}gﬁ/r?g'ﬁ?’gg ThlsShee transm ssion, it may equally be
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sanme or (especially fo em havi g di fferent rates of

transm ssi on and different IFFT and FFT si s for the twgTHISSHER SSSHFEN
directions) different parameters. Again, although the inlenti SEPHRLE heen
described in tﬁ@r&g t}i .cont ext of DMT nodul ation, Tt may al so be
applied to tra é?&ﬁ‘%e 5 usi ng ot her forns of mul ticarrier
nodul ati on. Thus al t hough a particul ar enbodi nent of the
I nvention has bheen descti bed i. et ai it.shoul d.be a ted that
t hese and nunerous &WWPM‘?%%@W#&NZ% mamulgcaéﬂﬁprg%ﬁl&% i ons
may be made wi trammtissierpsystenmig whichna ssmehmmng fodma ¢omtdiming aisynohronizitig pattesa|is35

in the clains .
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correlation result g&lf rﬁu%’fﬁﬁlﬂrﬁxt}t b Goeikitnd/ecen thé'clofed iafogindton and theoss Of
bl ural 1y of  CHORS ARl AR I saHLCis BPUIPeA Y A PRSP dalte
stored conpl ex rqmbnﬁngdﬁ&speﬁnwdmplasderauﬁdn qfithessiores} camples pmplitudes, easip| ex

L o ex ampl | ¢ BN deReia LGRABEMNEw DI v IEhe ngi;urogg. nbitGnih e Hthe,

respectivelfi mehesdtiyfto pmducmeplgmhmfmrrzlangl yesaltfeeach gogres: atTESPS?‘E}GL}E’éﬂ a

plurality.of Cgﬁllhe| ation resul ts each correspondl ng to a respective tine

shift; determ raI|t of .cor (e) ul ts
atime shift for re@@%@‘gf g?&é"ﬁﬂ%‘ﬁ t5 g ime ashg{%rresponng%

adj usting a fr apschisizagonyandn accordance with the determned tinme shift to

restore 20 - frame SX (s:t?nrgoa{] frihit B&Iﬁdary in accordance with the determined time shift to restore

20  frame synchronization.

15

2. A method as claimed in claim 1 wherein each correlation result is produced by
multiplying each complex amplitude by a corresponding complex amplitude from the
stored information representing the synchronizing pattern, and summing the real parts of
the complex products.

25 3. A method as claimed in claim 2 and including the step of weighting the complex
amplitudes being multiplied.

4. A method as claimed in claim 3 wherein the weighting for each complex amplitude
being multiplied is dependent upon a signal-to-noise ratio of a multicarrier channel
associated with the respective complex amplitude.

30 5. A method as claimed in claim 1 wherein the step of determining from the plurality
of correlation results a time shift for restoring frame synchronization comprises
determining a best con'elatlon result from the plurality of correlanons and selectmg the

R R



im1 wherein each correlation result is
2ach conpl ex anplitude by PETHS95/8868Hndi ng
stored information representing the
summi ng the real parts of: : t he conpl ex

2. A met hod as cl ai
pr oducedv@y6/02991 .
conpl ex anplitud AT

synchroni zing p t‘te@r r;,\?g\'

products.- 25 A nmethod as clainnéd in claim2 and including the
step of weighting e conpl ex anpl i tudes being nultiplied. :
4, A et htnte ahiftcbrespedding tocthe best Sorvdiationi resultifthebess ebirelgtidrresdeexceatsnpl ex
anpl i tude asecon&) ﬁ;'llaidepl i ed is dependent upon a signal-to-noise rati.,o
of a multicarrier c ann associated wth the respective conpl ex
anpl i t ude. 30 : A nethod as clainmed in claim1l wherein the step of
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for restoring frane synchroni za
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correl ation ga)ggﬁg g,gste of: @ second threshol d val ue. 6. A
net hod as cl I.n C |m5 V\/nerer n- the, second {hreshol d value, is greater
t han the t hFHagdlane hayinga prsdetermined; tsr?qr@ney op rgquency syichronization

synchroni zat bétﬂreenatrﬁ:snnt?eranda&céi@éﬁtﬁf(ﬂm?@s&hﬁll rred inclaim1 for a di scr ete

nmul ti tone nodul atro ransm ssi on ' e ste

using a tone havi fi gIR &W%?e?&%%?mﬂé ?‘?%&%@H%&‘f E\? zatro

bet ween Ht r timewmiotnaiy vaired uangenNr—pcuquversd"Eassimﬂ'ransfonn, at t he i]
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g‘{rﬁé{rh% polnt - I%vg‘riﬁnéngast our¥ eg i lans mc}llﬁs
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power of two, and ESGEl er convertr ng t| me ‘donai n
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15 wherein each of said complex derotanons con'e..ponds toa respectlvc one of N/j
time shifts within the duration of one frame.

8. A method as claimed in claim 7 wherein the synchronizing frame is periodically
transmitted once every Q frames, where Q is an integer greater than N /j.

9, A method as claimed in c1a1m 8 wherein said plurality of correlations comprise
20 NV/j con'elanons corresponding to time shifts in elther direction up to half the duration of
one frame.

10. A method as claimed in claim 9 wherein N =512, =8, and Q=69.

11. A method as claimed in claim 7 wherein the step of determining from the plurality
of correlation results a time shift for restoring frame synchronization comprises

25  determining a best correlation result from the pluré_zlity of correlations and selecting the
time shift corresponding to the best qorrelation result if the best correlation result exceeds
a second threshold value.

12. A method as claimed in claim 11 wherem the second threshold value is greater

than the threshold value for mdxcatmg a loss of frame synchromzanon
_____________________,__

heet Has Been Replaced
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frequency domai n using an N point Fast Fourier Transform
wherei n ead®086/02931 d conpl ex derotations corresponds to a r&ﬁ@@?%@?ﬁ%ne of

N/ |j time shifts within the duration of one frane. Al
method as clained in claim7 wherein the synchronizing fran qugsisigﬁssﬁmg
periodically transmtted once every @/franes, where Dis an 1 h Eteger l

greater than N j. 9. A nethod as clainmed in claim8 wherein
said plurality b¥. coAmasthod asclimehipclaim 72@hereiteAch copmlation misulbisproduced by

one fram. tﬁ“&‘b‘ﬁ“fa*’“E&nﬁ%%ﬂ“ﬁwa%%ﬁa‘dﬁfﬁa# AR smlRetd i) )

=8, and Q = g ostored information I"'Pres“W%éﬁﬁ hronizing pagam, andg “&?‘Hﬁng F‘d?aﬁtsf’ﬁe
step of determmelgn?kﬁmd&e:spl urality of correlation results a tinme
shift for restoring franme synchronization conprises 25 determning a

best correlation result fromthe plurality of correlations and selecting
t he ts me1ghi fA pestiddas I@I&ﬁﬂdzd’iﬂ clémtiBend ﬁﬁ:lu@rigrth@lsté? bﬂﬂex?ﬁ&iﬁ the tompieg

best correl ation r.es XC a second threshold va )
12. A met hod HePLy %’F&F@’ﬂ Fﬂ‘?@’gflm 11 wherein the second threshold value is
greater than the threshold value for indicating a |oss of frane

|S|y|nf|h|r|0|n: |Za][ : ﬁn}f] A methadas clairaedin claim I4wherem{hewe1 %nlg\lforeacl:hcompl?ex

PCT/ US95/ 08687 amplitude being multiplied is dependent upon a signal-to-noise ratio of a multicérrier
13. A net hod | I rrelation result is
o HFfhch Yt B et AL Bl R cGR! _

produced by pryrng eac € by a correspondi ng
conpl ex anplitude fromthe stored |nfornat|on representing the

Synehr oni 219 PR o R oSl Wb Gdlsidd A5 b Hceiver comng OMP! X
a Fast Fourier Transform (FFT) unit for transforming time domain values into
complex amplitudes in the frequency domain;
a buffer for supplying received time domain values to the FFT unit in accordance
with a frame boundary;

15 a correlator for correlating complex amplitudes of a synchronizing frame of the
system with a synchronizing pattern stored at the receiver to produce a correlation result;
and

a control unit responsive to the correlation result being below a threshold value to
adjust the frame boundary by a time shift determined by performing a plurality of

20  correlations between the stored synchronizing pattern and the complex amplitudes in each
case multiplied by a respective complex value representing a respective complex derotation
of the complex amplitudes corresponding to a respective time shift of the synchronizing
frame, and selecting the best correlation result.

17.  Areceiver as claimed in claim 16 and including a multiplier for weighting the
25  synchronizing pattern in dependence upon signal-to-noise ratios of the multicarrier
channels.
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1. (Arend hod of maintaining frame synchroni zation

nulgicarrsgé Q%%ﬁ{ation transnissiog systen1¥n whi ch a synéhﬂg@PQPﬁa7frane
containing a synchroni zing pattern is periodically transmtted, conprising
the steps of: storing conple£3ééblltudes of the synchronlzing frame;
correlating the conplex anplitudes of the synchronizing frame with stored
information representing the synchroni zing pattern, thereby to produce a
correlation result; and . determning whether the correlation result
falls below a threshol d T {ng a |l oss of frame synchronization,
and in this event: perfornlng alplurality of correlations between
the stored information afgd the s anplitudes nultiplied in each
case [multiplied] by a ré¢spective cureepeval BOpresenting a respective
conpl ex derotation of th¢ stored cqgghqu npli tudes, each conpl ex
derotation correspondingjto a reg$$¥g7 shift of the synchronizing
frame, thereby to produc¢ a plurla el ation results each
corrésponding to a respe¢tive tine shift; determning fromthe
plurality of correlationjresults a ting shift for restoring frame
synchroni zati on; and %gndary in accordance wth
the determned tine shiff{ nlzatlon . A net hod
as'claimed in claim1l whe¢rein e bn resul t i qauced by

mul tiplying each conpl ex]anplit ds@mu@mr espondi ng conglr ex anplitude
fromthe stored informatgfon reprlesen he synchron|2|ng pattern, and
summing the real parts of the conpl ex -roducts 3 A method as cl ai nmed
in claim2 and includingjthe step of w
multiplied. 4. A net hod as claln-‘ claim3 wherein the weighting for
each compl ex anplitude bei on84nt upon a signal -to-noise
ratio of a multicarrier ¢ w<{,h the respective conpl ex
anplitude. 5. (Anmended) \ >TLRineg”in claiml. 2. 3 or 4 wherein
the step of determining jromthe p i 14 i i
shift for restoring frang synchroniza
19 conprises determniny a best corre
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sel ect| ng the tine shift corresponding to the best correl at 'R?BLF« suLtnlLrw
the best correlation result exceeds a second threshold vaI % P@
method as clained in claim5 wherein the second threshol d ﬁgﬁ _____ t1897
‘than the threshold value for indicating a | oss of frame swncﬁlr"dhi"iétron

7. (Amended) A nethod as clainmed in claiml1l. 2. 3. 4. 5 or 6 for a di screte
mufFtitone nodul ati on transm ssion system including the steps of:

using a tone having a predeterm ned ftequency for freguency synchronization
befween a transnitter and a receiver of the system

transmtter, converting conplex anpl |é]9 SI n the f ‘M!J%Hm Mﬂmnto

ti me domai n val ues using an N-poi nt Fast Fo U anst er

sanpling time donmain val ues at the transmtter at a sanpling frequency

which is Jét (AEndelds &ﬁﬁ%ﬁ%ﬁﬂaﬂﬂaﬂg?ﬁu@% Wehréfifitinlin  Swdtivatriregr al  pover

of two; an at the recei ver conve me dommin values into
conpl ex anmimaae%trwnf% {’{?Hz?@fﬁ ‘B’&‘WP Past Fouri er
Tr ansf or N synchronizin. pedéedicaly tmsmttedmajmsdgtheabpmfs corresponds to

a respective one, af hi f ation of one frane.
8. (Amended) A ﬁtgpngaolgg nﬁ@ﬁeﬁ#t@?%‘i\ﬁmﬂf?ﬂl\% e#ét he synchronjzing frame
i s periodicall ycbnrdatmgﬂh&eekmhx%h@d?s «f the symebroniging feangy Wish stergdnt eger

[greater t E}?ﬂmlwdoll resenting ﬂlésfﬁ'&mtilaﬁgpﬂt{e% RetytoPraiude & cohi@ager sai d

plurality o correl I ons conpri se correl at'ions corresponding to tine
shifts in &saheanddirection up to half the duration of one frane. 10.

(Arrended) A met ﬂﬁﬂnﬁﬁm% \ﬂhdtﬁﬁl tnmcdﬂemuﬁnaeson falsWekovea thrésholdsaRie, jndicaing and Q
= 69. mgded t.h ?Elmadlnclalm7 8. 9 or 10 wherein
the step 01a &ﬂnﬁlsp{@c ﬁ%%e‘“ﬁfﬂ PFYSPYf correlation results a tine
shift for restomeﬁgnﬁmgaplmgdﬂyhfmrrdatmabemmpﬁhwme@af@mmﬁg“éebest
tomeshi ¢ sesrreeipint S Bulligiod i odh R [pRASATS eREER G e 1C

corr el at i oivaluggenreseatiemerpspestiveeasppiex deratation Gf WSP@&" COHEP?X &‘“r‘f%t‘

claimed in cslnﬁlalduotmr&hesﬁoh&n @@@ PéipédBVE&h@ sthifvol mesmmmgnmaan the

threshold vaI %ey tfo%rrodurég Ia% ‘19 of corre?zichon resu {8 €5chohn roﬁ&fné% 59&pect1ve

time shift; .
determining from the plurality of correlation results a time shift for restoring frame

synchronization; and
adjusting a frame boundary in accordance with the determined time shift to restore
frame synchronization.

2, A method as claimed in claim 1 wherein each correlation result is produced by
multiplying each complex amplitude by a corresponding complex amplitude from the
stored information representing the synchronizing pattern, and summing the real parts of
the complex products.

3. A method as claimed in claim 2 and including the step of weighting the complex
amplitudes being multiplied.

4. A method as claimed in claim 3 wherein the weighting for each complex amplitude
being multiplied is dependent upon a signal-to-noise ratio of a multicarrier channel
associated with the respective complex amplitude.

5. (Amended) A method as claimed in claim 1, 2. 3 or 4 wherein the step of determining
from the plurality of correlation results a time shift for restoring frame synchronization

i@



byacorresg litude fromthe stored infollmate on.............iouuee.
Fepresentin zng pattern, and summ ng the res—=parts—of=the—
conpl ex products. . A nmethod as-¢lainmed in claim 13 and including the
step of weighting . the conplex a 1.t udes bein ltiplied. . 15. A net hod
as cl ai nedc?rﬁp%ﬁegﬂﬁ?w&wwof%@%¥%m Bﬁﬁl ‘R%SH‘E?’;@EO fatonsand i t ude

bei ng nul t sgidting thestirde sidftdonésponding o the bestborialationi remltrifithe besticomelation

mul ticarrier. channel as | ] the respective conpl ex anplitude.

16. (Arrendge&?ﬁﬁ%??ﬁ&?%ggg(?gl?ésﬁglgmalé{éi on transm ssi on systemreceiver

conpri si ng: a denodul ati on [Fast Fourier Transform (FFT)] unit for

transformgg ti %m%@??h@cl&ﬂdd‘iﬁcﬂaﬂﬁ?wﬁﬁ%%s@d&hkﬁr&%@ﬁiﬁlﬁéi@@r&ﬁeﬁ%ﬁncy

domai n; er. for. supplying received tine domain values to the
[ FFT] denothethreshald yalue f?fﬁn%e%gaé?ﬁ@?m SYDGOIOIHEANOD, ndar y; a

correlator for correlating conplex anplitudes of a synchronizing franme of

the systemw,.th a nghrani.zi ng. . n_stor t | 0 _nroduce a
corr el at o (e Of et iRl h il . 3T 254, K or difer b BRElelSHhyck
correl at i omadektibo tisnsmigsioesystens indiudingibe stepaiplie t o adj ust the frane
boundary by a ti | ] ' j 0%t

correl ati ons be{u %@%Q?%éehag%%reﬂa% %ﬁ%gﬁpﬂ%?ggﬁauﬁﬁd%ﬁh%ﬁﬁgn%%t% ex
anpl i t udes befieen pirapymitter e @afeeeiss of BESYS¥IMN ed] by a respective conpl ex
val :Jet rgpr esent ifihe Jrah SNBSS ,E:bﬁ&%rtﬁ@mh@léx(iﬁfpﬁhﬂei mh@fx?qﬁeﬁcﬁddmbiﬁmm_ _
anpl i tudes .corresponding to a respective fi shift of the synchronizing
frane, andt’fnﬁé{? b ?Sﬁ‘&m{gr?é‘ %’@gﬁ’?ﬁgppgIﬁgftirl%ﬁnf’rei’ﬁ?‘%mﬁ’ 17." A receiver
as clained in clanplidgtinedomainlvaliena the marlstitr ata samplingdieghenicy gvhidhes |
synchr oni ?H&%g%%@é@e&ﬁn%ﬂ%}?%h&@?%a?fiﬁfé@ialbé’w&fﬁf%@o{ &gl 0s of the

mul ticarrié

20 13. (Anended) A nmethod as clained in claim7, 8, 9, 10:5 wchwﬂ
each correl at ﬁ ama‘ ‘ mu oduced by nul tiplying each cgpnpl ex B
L
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at the receiver, converting time domain values into complex amplitudes in the
frequency domain using an N-point Fast Fourier Transform;

wherein each of said complex derotations corresponds to a respective one of N/ j
time shifts within the duration of one frame.

8. (Amended) A method as claimed in claim 7 wherein the synchronizing frame is
periodically transmitted once every Q frames, where Q is an integer [greater than N/j].

9. A method as claimed in claim 8 wherein said plurality of correlations comprise
N /j correlations corresponding to time shifts in either direction up to half the duration of
one frame.

10. (Amended) A method as claimed in claim 8 or 9 wherein N=3512,j=8,and Q =
69.

11. (Amended) A method as claimed in claim 7, 8. 9 or 10 wherein the step of
determining from the plurality of correlation results a time shift for restoring frame
synchronization comprises determining a best correlation result from the plurality of
correlations and selecting the time shift corresponding to the best correlation result if the
best correlation result exceeds a second threshold value.

12. A method as claimed in claim 11 wherein the second threshold value is greater
than the threshold value for indicating a loss of frame synchronization.



18. A receiver as clainmed in claim16 or 17 wherein t eREEhﬁféﬁw a‘t‘r ém‘ Gm
[i,5 a Fast Fpurlem A nmethod for transmpittin

a multicarrier n'a ﬂg mlil &i’sm on systemutili zing pﬂeuﬁaﬁ ey ow
frequency tones, gal rising: T T

21

obtaining a pattern, the pattern being a pseudo-random sequence
of* N values, the N values are determ %d by the foll ow ng equati ons:
x[p]=1 forp= % t 09, x[p] =
X[ p- 4] [ er riB. XAmeRdied) Amnetipodasbimed M, claitne. 8. B 16, ldror 1P wheseingaehat er t han

pseudo r adBRLeh el ﬁﬁ&%&?ﬁ‘myﬁ‘“ﬁé@%ﬂ%ﬁ@ﬂ@%% e e

transm tt icogpdax queplitedesfrors thg {nformation renspsgnting{b BrosizingRatedhng t hose
of the valdﬂggu@nﬁgmepampgﬁgofmaboﬁpkggme@ to the frequency t ones t hat
are active A nethod as recited in claim19, wherein the val ues of

the pattern being transmtted are consecutive or non-consecutive val ues of
the patterm, Rlncthodﬁasnﬁiﬂn&ﬂnﬁﬂametﬁarﬂdndludingﬂierstep@fweighﬁpgm@m{ﬂﬂ{sai d

transmttin |od|callytransmt the pattern. 22. A
met hod as qn%@ﬁ)igea%gﬁﬁfé 9 20 or 21, wherein when N is greater then
130, then the 129[err] and 130[err] values in the pattern are converted to

zero.  23s, %%&ﬁ%%@&iﬂ&ﬂmmﬁh&émﬂ&w gﬂnn &ichedmpaerein Nis
512. 24. A net hod as, rejte in claim 5 ng%H whelrngln .when Nis

512, the HmRiiydabaingauip @dsaqnfismﬁlpapés’@nw&?@m“& SLEHEFFEt val ves,
each of t haapidl aSsotiatedemfinhe rssgedtive aohpleramplipnde.one of the nul ticarrier
nodul ati on transm ssion system and wherein the

16. (Amended) A multicarrier modulation transmission system receiver comprising:

a demodulation [Fast Fourier Transform (FFT)] unit for transforming time domain
values into complex amplitudes in the frequency domain;

a buffer for supplying received time domain values to the [FFT] demodulation unit
in accordance with a frame boundary;

a correlator for correlating complex amplitudes of a synchronizing frame of the
system with a synchronizing pattern stored at the receiver to produce a correlation result;
and

a control unit responsive to the correlation result being below a threshold value to
adjust the frame boundary by a time shift determined by performing a plurality of
correlations between the stored synchronizing pattern and the complex amplitudes
multiplied in each case [multiplied] by a respective complex value representing a
respective complex derotation of the complex amplitudes corresponding to a respective
time shift of the synchronizing frame, and then selecting the best correlation result.

17. A receiver as claimed in claim 16 and including a muiltiplier for weighting the
synchronizing pattern in dependence upon signal-to-noise ratios of the multicarrier
channels.

18. A receiver as claimed in claim 16 or 17 wherein the demodulation unit is a Fast
Fourier Transform.

19. A method for transmitting a pattern in a multicarrier modulation transmission
system utilizing a plurality of frequency tones, said method comprising:



129[err] and 130[err] values in the pattern are convertedn%d?&’&ﬁ&—f"or t Rl E

in ol om0 2o A IAIEINIE S o™ r ansmitti ng of ¢ ne’ pa daie ar oups ?%d I

val ues of the pseudo- Fan@lom sequence into N 2 pairs of val bress
met hod as reC|ted in claim25, wherein2d first of the N2 pairs of vaI ues

is used for and i St ,sub-carriers within,the nul ti ri.er
nodul ation t ran nglig%g‘g% %pﬁwpﬁ@gﬁﬁﬁ?‘# dweéquen% %ﬁyqlgesofhevm ues
i s used fd¥ valuesaredetesmingd by thwrfollewingequasions: 27, A nethod as recited in

claim25, wherein a ,%ljr_qlity of the I\szogix,i__r§t(p§ val ues are used for tones
of a nulticarrier

22 28. A net hod asx[p]aeud[pd] anxiptRi m 27forphet@toNf he nul ticarrier synbol
is a synchronizing franme nulticarrier synbol. 29. A met hod as reC|ted
in clai m2%heroN lé@nzweg%eqa&qrﬂlﬂ@a)&nmw ¢re xﬁd.mmts\pehm valve of therp's

conpl ex nu net hod as r 7 v\/nere n each of
ChaPox BRIt e BSbpdoradPRA S en AR bBfosetts rBbih T daadiiata o7 e
pairs determ ”er§an§ h€1%astH on%&‘&fer ttern&[h@ oﬁxﬁﬂl %dﬁ%oﬁhe
constell ati ozgw in rmdul atlon 5 @ Itlcarrler nbol _Tor transm ssi on.

31. A net et dbaticarrespp &Y ipnesy ‘F?é‘ﬂg’ﬁ\ tting conprises:

groupi ng the val ues of the pseudo random sequence into a plurality of pairs

posi t1ve Aer oy ARt e i TRBR 19108 e ol ot AE R VR o, ©

negati ve draasoyitedapetonsecutive or non~consecut1ve values of the pattern.

21. A method as recited in claim 19 or 20, wherein said transmitting operates to
periodically transmit the pattern.

22. A method as recited in claim 19, 20 or 21, wherein when N is greater then 130,
then the 129" and 130™ values in the pattern are converted to zero.

23. A method as recited in claim 19, 20, 21 or 22, wherein N is 512,

24. A method as recited in claim 19, 20 or 21, wherein when N is 512, the binary
values of the pattern are grouped into 256 pairs of values, each of the pairs corresponding
to a frequency tone of the multicarrier modulation transmission system, and wherein the
129" and 130™ values in the pattern are converted to zero for the 64" frequency tone
which is a pilot tone.

25. A method as recited in claim 19, 20 or 21, wherein said transmitting of the pattern
groups the values of the pseudo-random sequence into N/2 pairs of values.

26. A method as recited in claim 25, wherein a first of the N/2 pairs of values is used
for d.c. and Nyquist sub-carriers within the muiticarrier modulation transmission system
and the remaining (N/2 - 1) pairs of values is used for tones of a multicarrier symbol.

27. A method as recited in claim 25, wherein a plurality of the N/2 pairs of values are
used for tones of a multicarrier symbol.
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23 where | and N are integers greater than 1, j is less than or equal to N,
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32. A method as recited in claim 31,
wherein each of the mapped pairs corresponds to a frequency tone of the
multicarrier modulation transmission system, and
wherein said transmitting further comprises:
modulating at Jeast a subset of the frequency tones in accordance with the
mapped pairs.

33. A method for transmitting a predetermined time domain signal in a multicarrier
modulation transmission system, said method comprising:

obtaining a predetermined time domain signal to be transmitted, the predetermined
time-domain signal is defined such that if an inverse transformation of the predetermined
time-domain signal were performed after inverse mapping positive energy levels to one
binary value and negative energy levels to another binary value, the resulting frequency
domain version would be a set of j values, with the j values corresponding to at least a
subset of frequency tones being used by the multicarrier modulation transmission system
to carry information, the set of j values being chosen from a sequence of N values
determined by the following equations:

x[pl=1 forp=1to9,

x[p]l = x[p-4] @ x[p-9] forp=10to N,
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36. A method as recited in claim32, 33, 34 or 35, wher 'iFr‘f"?\Ti}'“sJ“'Slz.\ i
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val ue of the se&uencé@ﬁgﬁ%pﬁ%ﬁd‘rﬁ%{or esgélr?%lﬁfrgﬂ[ 0-2 addition; and

an output circuit to couple the data streamto a transm ssion path. 38.

A transm t8gr ay mefholl 8freciledin@ 38, wherein said tHBSHffify Gk stt5§eﬁ6m£&1$r
conpri ses: ) . a m)dgl ator, said nodul ator "'nodul ates the
encoded f r SARNmifs{he predeterpined fime degaigsignak o he the data stream and
wherein said pattern supplier supplies the pattern into the data stream

ei ther befqce or, af i -at.or . ioay

24 35 AS0r aneHirliEl af RefaBUR £ on4, whersin g Nds regies ap 43 then the

t ransmi ssi dA9°pandnl305 valuesvin- thejpseude edandpmonguenabotNivielnes hierzero desplite the A
transmttepgagiopgcited in claim38, wherein said nodulator is a discrete
multitone transmtter . 41. Atransmtter as recited in claim37, 38 or
39, wherein if Nis greater then 130, then the 129[err] and 130[err] val ues
in pattern3ére 2zemethddapidoited eclgiguaa,i3aN34 or 35, wherein N is 512.
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37. A transmitter for a multicarrier modulation transmission system, said transmitter
comprising:

a coder, said coder receives a data stream divided into frames and encodes the
frames into frequency domain multicarrier symbols;

a pattern supplier, said pattern supplier inserts a pattern into the data stream, the
pattern is a set of j values chosen from a sequence of N values, the N values are
determined by the following equations:

x[pl=1 forp=1to9,

x[pl = x[p-4] @ x{p-9] forp=10to N,
where n and N are integers greater than 1, j is less than or equal to N, and N is greater
than 10, and where x[p] represents a binary value of the p® value of the sequence, and @

represents modulo-2 addition; and
an output circuit to couple the data stream to a transmission path.

38. A transmitter as recited in claim 37,
wherein said transmitter comprises:
a modulator, said modulator modulates the encoded frames into
multicarrier symbols to be the data stream, and
wherein said pattern supplier supplies the pattern into the data stream either before
or after said modulator.



42. Atransmtter as recited in claim37, 38, 39, 40 or 41 V\hEﬁ&&lor '.
10 coupl i nﬁmnﬂ"ﬁmnumuﬁ to the transm ssion path, said trabdn !
groups the pattern into a plurality of pai rsuof ..bi.nar y-

val ues, and ma s 'on@ of the binary values to a positive energy=feveF- arrd
maps the other of the binary values 40 a negative energy |evel. 43. A
transmtter as recited in claim42, wherein each of the napped pairs
correspond$t o £ tyangmytten ag rec in cfaimdd o3y Wherpiniths transaission Reth 8 a4WenNi ssi on
system  vite telephohé sutgtfibdrdineas recited in claim37, 38, 39, 40, or 41,
wherein prior to coupling the data streamto the transm ssion path, said
transmtter maps one of the binary values of the j values to a positive
energy | evd0. and tranpwitiehas xecitaskin gfaim 38, whereinysaid shodutaterfis 8 iscietemiiltitonet o a
negative epgsehundrevel , and then groups the mapped energy |evels of the
pattern intoaplurality of pairs of val ues. 45, Atransmtter as
recited in claim43 or 44, wherein said transmtter further includes
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synbol s to at ulatin ast subset of the
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as recited in cIa|m37 38 39, 40 or 41, wherein sald transmtter
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plurality of pairs of val ues; ng one

val ues of @ﬁéaﬁaémﬁpﬂ@tanmwm@heﬁmwsmwram wl\mg the pattREY  of
the val ueSmafapllu bfﬁamdf@uﬁrm@éslm rcﬁﬁéoraiéeimaryvﬂﬁestoa‘pdsﬁi&esmtter
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system and wherein said transmtter further includes

a modul at of3 - Sapqr AR L OfeclRA MifiHot R0 bt the iEBSed PHiR corresponds

to a frequency tone of the multicarrier modulation transmission system.

44. A transmitter as recited in claim 37, 38, 39, 40, or 41, wherein prior to coupling
the data stream to the transmission path, said transmitter maps one of the binary values of
the j values to a positive energy level and maps the other of the binary values of the j
values to a negative energy level, and then groups the mapped energy levels of the pattern
into a plurality of pairs of values.

45. A transmitter as recited in claim 43 or 44, wherein said transmitter further includes

a modulator, said modulator modulates the encoded frames into multicarrier
symbols to be the data stream by modulating at least a subset of the frequency tones in
accordance with the mapped pairs.

46. A transmitter as recited in claim 37, 38, 39, 40 or 41, wherein said transmitter
comprises:
means for grouping the values of the pattern into a plurality of pairs of values; and
means for mapping one of the values of the pattern to a positive energy level and
mapping the other of the values of the pattern to a negative energy level.

47. A transmitter as recited in claim 46,
wherein each of the mapped pairs corresponds to a frequency tone of the
multicarrier modulation transmission system, and
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set of j values being chosen from a sequence of N values determined by the following

equations:

xfpl=1 forp=1to9,

x[p] = x[p-4] ® x[p-9] forp=10to N,
where j and N are integers greater than 1, j is less than or equal to N, and N is greater
than 10, and where x[p] represents a binary value of the p® value of the sequence, and @
represents modulo-2 addition; and

an output circuit to couple the data stream and the predetermined time domain

signal to a transmission path.

49. A transmitter as recited in claim 48, wherein the transmission path is a two-wire

telephone subscriber line.

50. A transmitter as recited in claim 48 or 49,

wherein said transmitter comprises:
a modulator, said modulator modulates the encoded frames into

multicarrier symbols to be the data stream, and
wherein said storage area supplies the predetermined time domain signal into the

data stream after said modulator.,
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54. A transmission system as recited in claim 53, wherein said transmitter transmits
the transmitted symbols in a superfame, the superframe includes a plurality of data
symbols and a synchronization symbol.

55. A transmission system as recited in claim 54, wherein the synchronization symbol
is the last symbol of the superframe.

56. A transmission system as recited in claim 53, 54 or 55, wherein said receiver
utilizes the synchronization patterns extracted from the received symbols to monitor frame
synchronization.

57. A transmission system as recited in claim 53, 54, 55 or 56, wherein said frame
synchronizer monitors the frame synchronization by comparing the values of the receive
symbols containing the synchronization pattern with corresponding values stored at said
receiver for the synchronization pattern to produce a comparison result, and then
comparing the comparison result with at least one threshold value to provide an indication
of existence or loss of frame synchronization.
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monitoring frame synchronization, and for updating the frame synchronization as needed.

60. A transmission system as recited in claim 59, wherein said frame synchronizer
monitors the frame synchronization by comparing the values of the receive symbols
containing the synchronization pattern with corresponding values stored at said receiver
for the synchronization pattern to produce a comparison result, and then comparing the
comparison result with at least one threshold value to provide an indication of existence or
loss of frame synchronization.

61. A transmission system as recited in claim 60, wherein said frame synchronizer
monitors the frame synchronization by further determining an adjustment amount to
restore frame synchronization when the frame synchronization has been lost, and then
adjusting a frame boundary in accordance with the adjustment amount to restore frame
synchronization.

62. A method of monitoring frame synchronization in a multicarrier modulation
transmission system in which a synchronizing frame containing at least a synchronizing
pattern is transmitted, said method comprising:
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64. A method as recited in claim 62 or 63, wherein said method further comprises:
(d) determining an adjustment amount to restore frame synchronization when said
comparing (c) indicates that the frame synchronization has been lost; and
(e) adjusting a frame boundary in accordance with the adjustment amount to
restore frame synchronization.

65. A method for transmitting a synchronization frame for frame synchronization in a
multicarrier modulation transmission system having a transmitter and a receiver, said method
comprising:

transmitting a set of data, the set including a plurality of data frames;

utilizing, within each of the data frames, at least one of the carriers at the transmitter of the
multicarrier modulation transmission system to transmit a frequency synchronization signal to the
receiver; and

periodically transmitting a synchronization frame interposed between the set of data and a
next set of data, the synchronizing frame containing at least a synchronizing pattern, wherein the
synchronization frame is used at the receiver to monitor and/or restore frame synchronization as is
needed.

66. A method as recited in claim 65, wherein said multicarrier modulation system
includes a discrete multitone transmitter, and said discrete multitone transmitter performs
said transmitting.

l B



_________——-———-—-

-corri)ri si ng: transmttl n a set of data, the set |hc| i ng &Y PHEET ’:

-plural ity of dat utilizing, within each of the fptmr
at | east one o mg the transmtter of the nylitieartrer 7" j
-nmodul ati on tra an Bysi emto trapsmt a frequency synchronrzatlon
signal to the receiver; and pef? odi cal | y transmtting a

synchr oni tlonf I nt er pos we t of dat.a ext .set of
data, the nctﬁ&?ﬁgﬁrﬁ ‘tﬁ“ﬁﬁé“@ g#ﬂt%‘” “t“é a&*"‘&%‘i!‘h?%ﬁ“ﬁ%’%’é‘ﬁern
wher ei n thelept;umetsubmnbathrmn frame is used at the receiver to nonitor and/or

restore franme synchronization as is needed. 66. A nethod as recited in
claim65, wherein said nulticarrier nodul ati on systemincludes a discrete

mul ti t one 68 ansArimethad asappited iy elaim 63106108 Crruvbereisthe FAmBASACRIABZABER f or ns

said tran ﬁl'lﬂéludes i values the j values are chosen from N values of a sequence determined?9  67.
A net hod té fﬂ;}tq in cl.aim®65 or 66, wherein the transm ssion path is a
two-wi re 03t FAIORIRg eauationse . | ne. 68. A nmethod as recited in claim

65, 66 or 67, whereix[pl®d franme synchronforat=+ dbtoPattern includes j val ues,
the j values are chosen from N val yes of a se%lenﬁe determ ned by the

fol | ow ng equatlons x[p]l = x[p-4] ® x[p-9] x| pjforp forp= 1 to9,

x[p] = (R

greater th 4“1 gl{d’il]aé% %L {sré%{t%rﬁhan ﬁgllggo ananﬁi“%lilosﬁgra (elglt %rg? dﬁé}ﬁt 10f§§ﬁd
wher e X[ plwhkeé® kfb] 26Preschtstd Bidry viRik e tiefp tvakiendf elid dequetict andfe kdpeeseats nesinkn-2
and [err] represénts nodul o-2 additi on. 69. A method for transmtting a

frame syndcdiionzati on pattern in a multicarrier nodul ation transm ssion
systemutilizing a plurality of frequency tones, said method conprising:

obtaining a frame synchroni zatjon patter n haV| g val ue gr oupi ng
t he val ue%-nt OAg%ﬁtg fgftrgpsgg@g@ ragpesynchronization pattern T4 multicarrier

modulation transmission system utilizing a plurality of frequency tones, said method
comprising:

obtaining a frame synchronization pattern having values;

grouping the values into pairs of binary values;

mapping one of the binary values to a positive energy level and mapping the other
of the binary values to a negative energy level;

assigning each of the mapped pairs to a corresponding one of to the frequency
tones of the multicarrier modulation transmission system;

modulating at least a subset of the frequency tones in accordance with the mapped
pairs corresponding thereto to produce modulated frame synchronization data; and

transmitting the modulated frame synchronization data.

70. A method as recited in claim 69, wherein the modulated frame synchronization
data is a multicarrier symbol.

71. A method as recited in claim 70, wherein each of the pairs of binary values
determines a complex number, each of the pairs of binary values is represented as (X,
Y), and each of the pairs determines a complex number Z; = X; + Y, for a constellation
used in modulation the multicarrier symbol for transmission.

72. A method as recited in claim 69, 70 or 71, wherein the frame synchronization
pattern includes j values, the j values are chosen from N values of a sequence determined
by the following equations:
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