TI ME- DI VI Slejmml RANSCEI VERS BACKGROUND OF THE INVENTION I. Field
of the Inv | 2002 The present invention relates to dat
transm ssi on sysésess, and nore particularly, to data transm’%é%&@?stems
utilizaning tinme-divistan duplexing. 2. Dcscription of tire Related Art
Bi-directi on‘“‘“[‘mmlﬂ&@ﬂ@at a transm ssion systens are presently being
devel oped fo . data communpcations. One standard for high-speed

data communi cat*e®eE* over tw sted-pair phone |ines that has devel oped is
known as Asymmetric Digital Subscriber |I~incs (ADSL). Another standard fbr

hi gh-speed data COMETH®@D ONS SYSYEMFORSYNEARONPZENGdi nes that is
presently proposed | i e i gi Subscri ber Lines
(VDSL). The AILiancbﬁBbggﬁgﬂgﬁy§§ﬁﬁ?tb%&gﬁﬁﬁVﬂ$%¢ﬁ£?ﬁ Sol utions (ATIS))
wWiich is a group accredited by the ANSI (AmericanNatiooal Standard
institute) Standard G oup, has finalized ct discrete nulti tone based
approach far the transm ssion of digital data over tw sted-pair phone
| ines. The standard) known as ADSL) is intended primarily for transmtting
video data and fast Internet access over ordinary tel ephone |lines, although
it may be used in a variety of other applications as well. The North
Anerican Standard is referred to as the ANSI Tl .413 A DSL Standard
(hereinafter ALl7SL standard), and is hereby incorporated by reference.
Transtni ssion rates under tltc ADSL standard are intended to facilitate the
transm ssioa of information at-rates of up tn 8 mllion bits per second
(Moits/s) over twi stedpair plionc lines. The standardi zed system defi nes
lihe use of a discrete nulti tone (DMI) systemthat uses 2SG "tones" or
"sub-cbannel s" that are each 4.3125 kHz wwde i n the forward 4 April 2002
2 (downstream direction. In the context of a phone system the downstream
direction is defined as transmssions fromthe central office (typically
owned by the tel ephone dbhpESBOUNDOFBHEINVENTIQR t hat may be an
end-user (i.e., a residence or business user). In other systens) the nunber
of tonds Eiskldofnthy Iheettlotel y vari ed. The ADSL standard al so defines the use
of reverse transnm ssions at a data rate in the ran~o of 16 to 80Q Kbitls,
Tho rcver se Thapeaingdiventon otlalowtoadrtapansnssson bystams, end maare particakalhplte,
fromt : i ' : " | Thus) the terns ADSL cones
hﬁta{ G%hﬁ#l&??}; le?t%% ﬁtglz%r@guﬁ@&tﬁs%n ﬂfrpgé[)égﬁg . )
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fromthe tact that t'he dat nsSm ssi on substantially higher in

the downsprapelia Gt idcb@Ryt N the upstreamdirection. This is
particularly useful in systens that are intended to transmt video
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twisted-pair phone lines that has developed is known as Agymmetric Digital Subseriber Lines

) (ADSL). Another standard for high-cpoed data communications over (wisted-pair phone
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«lines that is presently proposed is known as Very High Speed Digital Subscriber Lines
(VDSL). -

The Alliance For Telecommunications Information Solutions (ATIS), which is a
group accredited by the ANSI (American National Standard Institute) Standard Group, has
finalized a discrete multi tone based approach for the transmission of digital data over
twisted-pair phone lines. The standard, known as ADSL, is intended primarily for
transmitting video data and fast Internet access over ordinary telephone lines, although it may
be used in a variety of other applications as well. The North American Standard is referved to
as the ANSI T1.413 ADSL Standard (hercinafier ADSL standard), and is hereby incomorated
by reference. Transmission rates under the ADSL standard are intended to facilitate the
transmission of information at rates of up to 8 rillion bits per second (Mbits/s) over twisted-
pair phone lines. The standardized system defines the use of a discrete multi tone (DMT)

system that uscs 256 “tones™ or “sub-channels” that are each 4.3125 kHz wide in the forward



is, they arc duplcxcd) they nust be separated from each other in sone way.
The met hod of dupl exing used in the ADSL standard is Frequency Division
Dupl cxi ng (FDD) or echo canceling. Tn frequency division duplexc st ens,
t he upstream and downstream si gnals occupy different frequené?‘ and
are separated at the transmtters and receivers by filters. In echo cancel
systens, the upstream and downstream g8i gnals occupy the sane frequency
bands and are separated by signal processing. ANSI is produci ng anot her
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receivers 1B .5 a Si I|f| onal renote
receiver %@@I’gﬁ)dre aa’drru B arrrmclzorn WIQ arﬁf)&rtr‘gjg%g%% ﬁhﬂﬁ_ﬁ%m gzﬁ’ﬁﬁ)bﬁgl renot e
recei ver &CSSQarlﬁydeb@d @ﬁ@ﬁlﬁfgﬂnc suitabl e for DMI denpdul ation in ADSL or
VDSL, systems, efpte diecelver, 130 iaceluas, anal og, signal s that, have
been transmitt °e‘1ra - é‘ﬁﬁSF“B" Fangm tter h‘I"'ﬁ‘e N CeES Ve Aal og
si gnal s alacgsupphited ottontzon dusdd wit@d@tagtranamw@@h\ret%@w e )IG. 42 isthe ADC
-152 COny@rmmédhﬂoa@&i@gﬂéadotarbah@@usw fahsnitter Wogbt @muRicgiedrsuodihaiodi gi t al

signals arc then%]sc Ba?n%%n al%alngrﬁf&%t def)qwfbxeéxay A tﬁgmd(gEBuTm&d&ﬁ it,hat

denodul at &'tHe convertin igital signals froma
time domain to a frequency dormai n. Tlte denodul ated digital signals are
then supplied to a frequency domain equalizer (FEQ unit | SG The FEQ unit
1S6 perfornms an equalization on the digital signals so the attenuati on and
phase arc equalized over the various frequency tones. Then, a data synbol
decoder 1S8 receives the equalized digital signals. The data symbol decoder
158 ~oper at es to decode t he equal | zed di gi tal sr gnal s to recover thG data
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The bit allocation tables and the energy allocation tables utilized in the
conventional transmtter 100 can be inplenented as a single table or as
individual tables. L,il:cwisc) the bit allocation tables and the

all ocation tables utilized in the renDte recei ver 150 can be fﬁﬂlgﬁgnted as
a single table ar as individual tablegs. Alsp) the transmtter | Op is
notn~ally controlled by a controller; and the renote receiver 1S0 is
normal |y controlled by a controller. -) Typically) the controllers are

progr amm 8r OIS c%tss ﬂlheankzhmeemd&eavésm@ i S J&f@,&&d&&cﬁl ver 150
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channel ) PEHEECTES & ﬁ}fb a‘W@%‘m&éﬁﬁgﬁﬁ% (84 s ety 2 @PWE’@ ‘aﬁmw g’é tNIcE:ClJ| ar
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of 1he T eiPiBolild BuofdlioRURRAR w& afifgll FERALBR hPukRl 1o Rafiftir A
offrce i é‘l de8" A" cen nodem central unit) and renote unit

i ncl udes a renote rmdem These nodens are transceivers that facilitate data
transm ssion between the. central office z<nd the renpte unit. Tha central
office thus normally includes a plurality of eaiitral sido transcoivors,
etich of which has a central side transmtter and a central side receiver,
and the renote unit normally includes a renote side tralisceiver having a



6 synchronized in tinme so that transm ssion and reception do not overlap in
time. In a data transm ssion system downstreamtransm ssions are froma
central side transmtter to one or nbre renote side roceiver ar_]; stream
transm ssions are fromone or nore renpte side transmtters 456 Obgntral
side receiver. The central side transgritter and receiver can be conbi ned as
a central side transceiver, and the renpte side transmtter and receiver
can be conbined as a renote side transceiver. Cenerally speaking) in a tine
di vi si orheddyrh eXRElday Shiled Gpsi dacttofithSirgnuehey Bhes iBlti@IBatRdcdiotthe downst r eam
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with DMT it is often rcferrcd to as synchronized DMT (SDMT).

A common feature of the above-mentioned transmission systems is that twisted-pair
phone lines are used as at least a part of the transmission mediut that connects a central
office (e.g., telephone company) to users (e.g., residence or business). Even though fiber
optics may be available from a central office to the curb near a user's residence, twisted-pair
phone lines are used to bring in the signals from the curb into the user’s home or business.



(b) conputing an alignment error estinate based on the neasured energy
anounts. 4 April 2002 7a broadly speaking, the invention relates to

i nproved techni ques for synchronizing transm ssions and rece&tlons of a
data transm ssion systemutilizing tinme division duplcxing AptrZd ﬁg to
one aspect of the invention) the inproved synchroni zation techni ques
utilize the time-varying nature of the energy of the received data to
obt ai n syncl uoni zat i on. In one enbodi ment) the inproved syncGronlzatlan
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FIG IAis a sinplified block diagramof a conventional transmtter for a
mul ticarrier nodul ation system FIG 1B is a sinplified block diagramof a
conventional renote receiver for a conventional nulticarrier nodul ation
system FIG 2 is a block diagram of an exenplary tel econmuni cations
network suitable for inplenmenting the vnvention; FIG 3 is a block diagram
of a processing and distribution unit 300 according to an endo&brir@002 of t he
invention; FIG 4 is a diagramillustrating an exenplary superfranme fonnat
in which a certain level of service is provided; FIG SAis a flow diagram
of synchroni zation processing accord| ng to a basic embodi ment of the
invention; FIG SB is a fl owliMagyRy THEJNVENAKON at i on processi ng
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invention; and FIG 12 is a flow diagram of a synchroni zati on processi ng
for syacl u~oni zrng adjacent trai~snutters to conpensate for small .
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NEXT i n{,REER] @B &Rt Eer Brb&ulfid @fkindhasy A oini@ processing and
distribution unit 300 according to an enbodi nent of the invention. For
cxarnpl e, thasdakeeeipir doesdiaignanissdnsystemutsing limerditisida@upkxmgdetheined

P CTPOA RSOl b6 RICRERTLES A0 bRLE LRI WPl Fihdchimgidt o 1)

FIG 2 rocessi ngtand d ion uni es a processing
unit 302 amwd@gtedelt\ab@wam tamenadanidsdigial goneeier @cgatwaimdwattmhe dat a

L1 nk 30de GO @inifted o®¥ @rmt;ﬁet tB EheRUAV & Anl QO@F&@% R g makhe 1srinto
t €l ephone netgﬁrk or usi it 0 m ds to

B % k, The cess 9

e ot OBt gt Slen D PR st R b et s R RETEA | ons
of the pnﬂnessemgxmnhMK@GBnnThemdhkanwrdaeséﬂanandddnsﬁnhhmuhnmcmmut 300
furt her gl %tﬁgts%mhvam thgtge%oﬁa&nﬁn RLUTR! d bty BPRIQE Cr IS 310.

The out roces |ng uni cou S arrangenent
308. Théa‘mi% ﬁe@ﬂumt fiame sm@mr@@e@wﬁmf@hsmﬂéowe«gesrﬁwgc {ime baguaphus

direct qut Wétm\ﬂﬁbﬁnf:f QMR IH OHEESeOn U imS0dying nfahﬁe apmreeaéﬂggbe tianal og

cards 310 as rec t he ana .car

processi hcéluﬁ?ﬁyt ?%@r%&u%r@u&% Etugén %/L}q%e i a[lioeﬁﬁnﬁ?ble

utili zedhbyllcmeopméeggtcngttalmi:a b mformatuoe qusinn trmsm)ttt att being piceiakfly nore
ef fici endthye petiver, IRy hBoRIRBRE, (EOTRLBRALS dbdddBr #5tiRgs the Gichadncpr OCeSsSsi Ng

by the pICARY! %H%a%od%?gts 04 m‘%&é@&ﬂh% &Qﬁa@c %'o%u{?hit oh{ %f%@%cl ncl ude

filters, transforners) ana ters. or |g| anal og
converteqf‘iaﬂ“‘3E‘ét’(<51?'1bé‘f’adt°|‘1éh<’ath‘c‘;ﬂ‘g@i"L teosy i fB‘P@mh?‘%’ BUpP &t algcatiogi trleraedin i ne.
Typi cal | yutpad buffdrdod diaresy thedecadgi Merasdatoxeded datsm ssi on system 300 are
bundl ed into a binder including about fifty (SO lines (LINE-t through

LI 1~ E50). Hence, in such an enbodinent, there are fifty (SO anal og cards
310 respectively coupled to the fifty (50) lines. hi one enbodi nent, the
lines are twisted-pair wires. The processing unit 302 may be a
gener al - pur pose conputi ng device such as a digital signal | processor (DSP)
or a dedi cated special purpose device. The pus al-rangenent 308 may take
many arrangenents and fornms. The anal og cards 310 need not he designed for
|nd|V|duaI Iines, but could |nstead be a S|ngle card or C|rCU|try that

o o o o o " o o -



4 April 2002 14 is within a shiel ded binder that would) for exanple, hold
fifty (SO tw sted-pair wires) and the remining distance is over single
unshi el ded twi sted-pair wires. Because all these lines (e.qg,), t.Ww d-pair
wires) are held in close proximty in the binder and indivi 61’1‘\8”]/\?/ fer
little shielding against electron |agngtic coupling fromother of the tines
in the binder, crosstalk interference (nanely |I~TEXT interference and FEX T

Dopend g on ot Ao ekl Sionisl (@R kb DIUIRy B e Bl o

oo eitetey e Smnal & Wb B R Seu iR s R aredioe: O
upst r edarnsmitetowmsstuiedats tor wosntiEsivitis supttfhinefomedt induding atleag Sine mhiddMI
symbol $,cH88% kA b é},@.a%ﬂa%%d dafd {BnkAIHBhI Bi0a BivER Ghh MiBtel Y othdYH (he

durations. ln o r words) thé duration ipn wic synbol s are

tr ansmtfat“é@“éﬁﬁ%qs‘glfzéa‘?ﬁ‘i?éu‘t HEOWHIFO 48 cwﬂaﬁaﬁwaqfr VARG 'eﬁﬁléﬁﬁrﬂ@mm s are
t r ans mdft mdaspsigrtbaconergy inthagyietpetind essbeiadsd mithdhopiveDhinsyitteodse toaduda t 0 be
transth&r@Qxi%Mth&ﬁﬁ{@Jﬁ?efrof‘tl#e?f&ﬂﬁﬁitt@f‘éraﬁﬂe%ntm% e;gﬁﬁgfaﬁﬁgkhcl lgea}éla%d it has
been proposed to have a super rams‘gél{ucture I nclyding a Tixed nunber
(e.g.) 678 Vifhedhreqhqld amaent: sndanedibang e awybronigaben i@rihe Harsumssgmoly . Wt h
such a tge gienf(emnemi ter ien tiercaaperod indlcatse thabtlemgeasmed chagy dovdegs tgam
transm sisgnﬁi and tt_he dunmber of frames being used for upstream

transmi Ssi°OnS %%%u‘\/ary. As a result, there are several different superfrane

formats t hat Agg%?@%wr-rcaﬁx@i:ﬁﬁhwn c&tﬁ%ﬁ&%&gfﬂ% %r&%étiioﬁatsffogyn@hx%ﬂgi]?%{ eam

burst of several frapes_ and an, upstream Severa rranes
francs %#a laRgBIssiens Bohdale Hanspissinasyrtenhaxing aphualigwidrepaaticsiaiacentral al | ow

(t e chadrewhée caaitdrialkiicREgnilicudivaidile R spichiondlisgmissrabmiters ienged. FI G

4'is a diagramillustrati.ng an,exe ary supe ane. format 400.in W~jcl~ a
cer & ar ndnEOURS; ol Bl R3-ARa S TR Y Rl SERSE ORI Rl b e i
asymret peigod, rareeiltodanent-of thenavontiers inalud camfistt serapwicpund dtda ca2cvicey tivret

ortion . i 12t y O ui et
Borti onénA& ur.l"%tjldjﬁg??“g’gg‘?mﬁ%ﬁ{%gﬁ%{?ﬁ%&%e po‘g} ?Fgﬁ{éga@mcgé\l@%ﬁe&% |
downst r &gnsmissiess fiost othermf thedrangmipicssat drasceniglistc ¥rendeamprder e ecfradtc
(ot etheralth drascentpgl dy adady

f or mat Wash i b v 1t ot ird( C. 0.
. l onger ggg?sgihﬁm %heﬁﬁa?g%ﬁ%ndsggé?g?%? i%%lm%fﬁhm.ga?&é ‘rf{]gﬁn{é d1g.org % IS
Usef ul PG eARBle oA DGiioes FOt bR TR YRt Pt i G et er
t han t hehagsen dansihtift fvhen thasomparmeangiicates thatthe mespeed enapgFeGeeds thehe

super f TR fQHMBlo@P0 can include |6 synbols downstream 1 quiet period;, 2
synbol s upstream and 1 quiet period. Wth proper syncluonization al a

central unit rocessin d. distribution usiit 204 or cessi unit 302)
and uni form sﬁgfé? Vraﬁﬁgcg%ﬁﬁ%'tné’ffﬁ?ﬁﬁﬁ? Ry (%rfcaaéél %‘Hfi%%ﬁg)%lﬁg "B’T'mggﬁéﬁ tha

dur at i orsyackropramtibdeah boachaived bveneas theipreasncez f nadiel Elequoney ¢RB) mgdripreddee
<~IC~"T | rf ecr] i i i . .
synclir oéﬁﬁr_azlgf idgél?%%gag{éforgg%& 3 grf' 5‘&?‘?&@%&@%@%@9‘3‘@‘5 ttl-‘rZ{sE?la{F <6 “i mpor t ant
foy accurdted fandaia trevuowierign syFlsasetibigime torrivisien duslesing snele ety nrhronizedApr | |
2002 15, pyne B ORicheshizMBESS BNY e SlalVhes ¥&la6Be o AGE 2@hiigh fsaniheisiranandiyon,

i mproved. synchroni zati.on techni ques. are descri bed below with respect to
FIGS. S- Tf.xns.‘t‘ﬁ e nog ‘Pghca&?ﬂ %{}g’a‘fsé’gﬁ’f)éﬁ?%‘?“ synchroni zati on processi ng S00

according to & Rasi c&m%didggrgg%cg%fIh@wermmvhp@eoohwus,ballcl\yfm,mﬁg

synchroni zation processing asures S02 energy Iin n consecutive funes
of recei ¥ipvdasotelad dpseghnhiaken F‘b?oné“é‘tcp?n‘h‘t"éﬂi&? CRHPHBAPLLEY B4 based on
t he neasutedagngbYyvad(ersmplethdfidicipl@eisedutdniensf rames. Fol | owi ng bl ock
504, the synchroni zation processing 500 is conplete and ends. FIG SI3 is a
flaw di agraru of synchroni zation procassitlg 5S0 according to an enbodi nment
of the invention. );uitiail di.e._sy N 7.3 '0|_p&8 essi ng 550 neasures
S52 energy in n consecutis PRS0 dcetved RNt ) an edge is
detected 554 i cel : . for
the n consecuI?@%gﬁ?%ﬁ%gkmﬁﬁrgﬁﬁgﬁﬁgﬁgﬂg@gg%ggg.'ng?gggg ﬁ%ﬁ%géﬁgﬂﬁg“%5e
from t he 1pSSPIMNEHoRBFVIthke wapmPIGYIRE ¢TaYingggyperein k'% BCtrence meiraligeiipnite
synchr oni iad itartpanaessittgnd "whishabl e to adj ust 558 its synchroni zation
reference in accordance with the alignnment error estimate. |:ollow ng bl ock
5588, the synchronization processing 550 is conplete and ends. By detcnuni ng
and adj usting synchroni zation of receivers of the renpte units to

transm ssions froma central unit in accordance with the synel uonization
processing 500 or SSO, the renote units are Atalc to establish

synchroni zation with the central unit. Once synchroni zed the central unit
and the renotcunits arc able to share a channel (transmission line) in a

ti me-division dupl exed manner. Al so) the synchronization processing S00 or

—r—eN " o - N o r N T o - -, =




FIGS. GA and 6B are fl ow diagrans of synchronization processing GO0
according to a' '1 nore detail ed enbodi nent of the invention. Onec the.
syncl woni zation processing G00 is .'"initiated, FFT outputs a{s rﬂ%@%ned @02
for rr consecutive frames of received data Typically) a rece g e of a
transceiver will receive data froma transmssion |ine and forward the
received data to an anal og-to-digital g¢gnverter and then to a FFT unit,
such as illustrated in FIG 1B. >:-lencc, the FFT outputs nay be obtained

£ om the ool LAGEERHDL b KB ST BNBHI U L PIIRGBRLY, |,

dr oppetirodplationisygemenzai ni ng FFT out puts are then used for subsequent

processi ng. pically me, i,ncl ud a plurality of different freauency

t ones. Each FI?% i‘ﬁ &1 %‘gaﬁ@%@‘%ﬂ@g‘ %&Scaacﬁgg‘?né“)&?‘l rﬁé\?ﬁfgﬁ}c‘aé‘f"a‘r"é Acoded

t her eopodventipnamswitsaiicnrmodybstipnaystewprt ai n of the frequency tones are nore

susceptible to RFE interference than others. In the cast where the RF

i nt er f er enc&Ps2dnvblegk digsmametienrexeaplen (glseerapupicatiansrayypilysuitablarfonhi ch

f r equehaplehtintiagdiie inkentibhame are |ikely subjected to the RF interfcrcncce

due to amateur radio users. In the cast of a renote unit of a 4 April

2002 16 syndfifediiyzablogkfippnar of aprovdshs sybdismbutibeneit 300 paedingso 265G

f r equenrabodaRERofkaavGRey; t ones G tlvough ~0 are generally free fromRF

interference due to amateur radi o users, |ess attenuated because | ower

frequency t dfi€s 4Haudidgessilmttrainganieaemplarybupbdnafeabansuf Witiientedanobtain a

reliabl Is ' result. hence, in one enbodi nent) frequency tones
1%@ ﬁgﬁ%%@ lggl‘ékﬁ

G t hroug ome of’ n consecutive franes are used for subsequent
priocessi ng. NeXIsA RRGIEVANELHESE sbAhrd 180 %@gﬂga&égmﬁﬁ@%bﬁﬁc the

r émai ni n% FET ou&ggts are determ ned 60G an exanple, 1 f the frequency
t ones € BGht AEhSEH@Png utilized) then the corresponding outputs from

the FFT unit C tain d co rted to.ener .val ues d,.sumred
t oget her so ggé‘tsoé) %rag%)ﬁlg%ag&a %%%Ché%‘g};ﬂglﬁn\%qcﬁ%“f%?ccg%dé“g {‘oa%?‘%dé\‘“éf‘bbl Y,

t he enesfghe iieaieniar e power val ues for the franes. As an exanple) the

singl e energié value for a frane can be obtained by sunm ng the squared
modul i of al FIGLGHusnd G5 are fewrdaerays pt sYnalyenizaléon progesaing Acesingttovel y) t he
ener gy matdégaiteldmbddgmahioditrddvdiyiogunm ng the energies of tinme domain
sanples, after having altered out those tinme domain sanples that are

subj ect ed t o F§Gb%isenfidvaliagrroued &igo fletRFionmrescteneaserdi@nteat frebedieregyoal ues
for thegp gpaspeutive frames have been determ ned G06) the synchronization
processing 600 détects 608 a burst edge within the recei ved data based on
the det er ni ngdGered gflow dlagesn oByligaicacdridgstigtidiyiisteseidgbcRdingagiamer is
able to jdentif en the received data burst froma transmtter begins.
The bur §t* ggﬁléeri{ﬁ) SERPYN i e~ the bzl rinni ng (or end) of a roceived tr;
~nsnZi ssion f i s b LW i i, £l

synchroni zat if_lggg}f %)$ %‘ig§? éngrrgghé %5%%?{? Pﬁg‘qt:éa} g@ﬂ%gtaﬁﬁ rclg?(%g d?igics:rgi?c\}: ed hffastt e

Rl or dPiaiesgived datejo¥er apfeayense SEpnhyEmes{ super frama i nf ormati on) can al so
be deteeted : 6\& a#@&gmant error %slti mat e foru(fgfi azne 1bou dary .setting
i s determ ned 1894t LPLEE BBy S Y& B RGBT P eBEGER IV BECE, LYY t he
bur st edgé ¢Veata shees dfdwantsdtagos o (5O&antpiveillabtrayedvierflGar 9 Srané 96 afetrancan be
determ rhg%nﬁ'c%ﬁ hsBheh! 1BTB AOMRERN Yo &b E‘G/ithltﬁeeﬂ%&d&x“' ar) fromthe

determ ned eaergy values in tile burst edge _rem)té uni t

synchroni zat i 1 prnae 8 $&dcRAidgPn bba ARLRctRosltng T RE chliSdidldngpn@iRt error for
a frame (i.e,, _O\A@r in frame syncluoni zalion). Typically, the alignnment
error isEEYMPBY as a fraction o f a frame. Thercafler, the frame

boundary can ady ust Y i 8 i : -

est | mat & mC,E*“%df’iu*ﬁ?é%%‘ﬁé;?”#ﬁﬁ%ﬁ%@?ﬁﬁﬁsﬁ%ﬁ%ﬂ% B g oacen
est abl | sHEYPMIHERAD SPPPHISEL Pfasé‘i“gl,syf‘ OMEHOR O£t on pr ocessi ng 600
continues to confirmthat the synchroni zati on teas been achi eved.

Specifically) follow ng block 612, a decision block G114 determnm nes whet her
the absolute val ue of pEha IAEENISTRIPTION GFINBIRVENTRSN than a

pr edet cnni ned . hr.cshol'd. . T1T The r timate 1 s not. lcss than a
pr edet er mi ned Wr‘@‘é"r?glfjﬁ,rel?tﬁ%{? lmgg‘}se%%ﬁl?h%%i @Qf’f_“gﬁmﬁ%%g%‘i‘sﬁasw ¥ uns to
regeat blromiptiGo2bnadals teasreigsion syshinpellizingptimeg divisipr evplexing] |0 pecipect e
mag~ut ude of the error. On the other hand) when the decision block G 14
determ nes that the alignnent error csticnate is |l ess than tho

predeterm ned threshold, Men the 4 April 2002 17 superfranme information
is output 616. As an exanple) the superfrane infonnation can indicate the
begi nning of the received transm ssion and the end of the received

transm ssion andl or the nunber of frames in the burst. Follow ng bl ock 6l

-, = o . Y. Y. o o,




the alignnment error estimate is greater then the predetennined threshol d.
Hence, the synchroni zation processing 600 will repeat and ahaul d produce a
smal |l alignment etTOr anobunt which is | ess than the predeter‘{n' n &(9

tl ueshol d. Then) the syncluonization processing G00 is able 6p§ 02ed to
bl ock bt6. Alternatively, the deeislon block 614 can be elimnated when the
alignnment error estimate i s producedlaccurately wth a high degree of

confi dence. ,~ FIG 7 is a flow diagram of edge detection processing 700

accordj,ng to.air i i i o L i.on cessin
700" tolin} Gyt (CTRBA PP GcRlonllfiod @UEME gk IE: RHUSATNERARIL AL HEsS! N9
bur st eRRyay P§ thraeeriyddatatp abagymeprigitionn Iyarntheraspgt offbeinvontian, the

conput Bfipréded SiHEcheSELa¥6n RRIigYesAitilizeEroneaBididerédie 18veiabebimed ener gy

val ues. l1’hese succ e.ener differences lma be |nfiexed from 1%0 i
Next . EYREOFGigRaR: QREh (G imPRME] svehroBizaton St femPledeeetyist Ot e dal: 704,
The entrgymsichasysamease sble forsghiveheenitd topntead trajjmitfprsacamtinhrepeistoirethe706 f ar

| ater B@far&zﬁféﬂ’ﬁssifxpéy’st@ﬂiawaﬁ?é R éiEnizt RGeRIRAAShART, 9Rd PLRGESSI ng 700 is
conpl ete and. the ns to block GLO of the sy~ichro~~ization

t
pr oces SR BHES ”igll%éﬁ’ ggﬁ’?ﬂ‘%nﬁgéﬁ&b‘?%ﬁpﬁ of alignment error estimation

processi ng 80C) accordi ng to _an enbodi nent of the invention. The aligrunent

error esti mathosfynghresigan errnd inasismerdivsionduplex symem savires hiabn t he bl ock
6: 0in tﬁinﬁnis%wb@[sgmfmaeagﬁﬂiemup_efﬂfaﬁ{ggaﬁédxm@n:v&ugwtmrﬂ}aeﬂrainggg

al | gnnen error.esti 1 O rocessi n ur gl erer I Nes a

G 1 Por anebods i eadRorna B rarals it e ind losl sap b o amelia gty & The
ener g_y oyelici@sefdd, ate not refinlsle bedause of thatikdly prkyenae of RRdnterferegse wedlid@sceive

| I ak e | . _ener

s e P Ragags and AT AL oL 6L el SRS MBNLAS 1 AERL, By

val ues. acKusete techuiquestle ayehioaizi@aHRisFiansis At g-divtFi@oinpley syrleaEntYliea

al i gNMERF i Qeffofenestdnd@s the tingd ddnidis si%ﬂilQﬂ}cllAfﬁlﬁlE., Thbﬁe@hdngﬂ Hﬁrﬁﬁin&ilrpbﬂfacﬁs'f i mat e
CC e crL.uon

t f N . t ..of. . di l. th Lzati
B L A
fracti oimadrigrande. dh onhembodament, folitpmivadysymclrokizsteh (ctlineéquad profenabby umsor

estimat| ' ' : : [ . to bl ock

a2 of tROEHRIRA %1#"%%%%2@??%%%@‘ OPIRAGRRS NS St 0,

di agr amebibity tnavqiy freatcnesstones)thatrige suseengplede radie @h@@“%(%gn’(@d&)@nﬁ@r

recei ved data_over a seguen.ce of twenty frapes. In FIG 9A) a (gi agram 900

plots the endigyedinepeor the) inyepioggre disshsd PrgKe¥th nelreense Mukes-ofAddta in
t he vi ciHYwWavepf thbsast@itedGntihe anoghililremilyAghpadeiaex drpkie, ddtdikdateeftionagives (e)

arc produced e, [ ; I di ol
uCcosoETE iy Shaaet, R e 110y skfefisdty, olibodty A AR F-HGn BBt
det er ni eyorhthegy limardiesbodinentsuccessi ve energy difference val ues (de)
identify regions associated with edges or transition points in the received
data. A firstFgds pdpek g afnd aiemphry gamppunicgdoustughyorgf209 shiipldle of

dad a andot EnpRARMIGE teddvchiich. aleatgicotmD0f}at At nawsecDIinerides DO tepr esent s

a‘traili e , ~Qr an rst qf t a,,..and Jis sornewher ithin a
regi on g{}g‘cc g\giagg%%%{}%{s%ﬂc?%%ﬁé:%?‘%ya pﬁ%?@yozgé%%vugloﬁ S Stf éoe_?mé”r ¢ &Néat cm~i ncd
by bl ockraBmissiorFio@ndfroupde sewrrl p icgI20S o0 Byioantbagitgunithdn s ekaraplains ri ot
proper | Yo ySGhidanicaafofthd dlstiBRtdNSAN 04 pldceg Hatd@ diddl@ichramaasrgsnh el y

| ocated transm tter%ﬁartl cul Iy .the i nNi Q\jgff’ﬁf HI he?g rstl.of datda

r ecei vedTR? BIACEHENE NS Itio Wi GOH S SUREIARPE SRR PG oRRY e high chied.

pr oper | ynsjtiidbxaintirasdjssioh &inb @06 thabmag gaka terform phie fibemomicil e e Tywisallyg, begi n
exactly ahch g RESIQININCH0E IATBLE dpllc i, thcradalife aRY did&ibibod OBt 20819y

diff ~S the tech h b, tial ty t
noi se | eUaPSEbiF v et ek EFLCORNE. RRERRBE LA Bual TR « Pa
edge of t Methandstoupies daethetpsossising and distribelingimitgrot shown), thwghhadrpeed.t hi n

FTfiTl Onﬁui@%ﬁe& ﬁ@igsn{iﬂﬁmtlfr@% ho®snEirea b@font Elgéés&ﬁ"l‘g‘j’f :ﬁ@bﬁ)ckéiﬁgﬁrdte gieﬂt the

region UG r.e., somewhere wthin frane 14. and 10B re

ener gy VARSI uRn AR ar gy 1Y e B ) Por ST medrg Sl RH v er
a seri es voft 20dvieclujies quaivemotomotétas Erampedpiblust rated in FIGS. 9A and 9B
after an alignnent adjushnent has been nmade in accordance with the
invention, that is, with uroper synchronization. In FIG 1QA a diagram 000
i ndi cates a burst of data betts~con frames 6 and 14 with an initial edge

| 002 at the beginning of frane G and a trailing edge 1004 at the end of
Crame 14. In FIG 106, a diagram 100G illustrates the successive energy

di fference values (dc) over the twenty frames, including an initial maxinmm
poi nt 1008 and a trailing maxi num point 1010. The initial edge (fratnc Q
of the burst of data tndicates the starting frame of the received burst of

. . o - AN o, "




19 When the data transm ssion systemoperates to delete a cyclic prefix at
the receiver) a dead-zone nay be created in the frameJsuper &ne al i gnnment
that is the wwdth of the cyclic prefix because the renoval of th clic
prefix drops sanpl es useful for frame synchronization but thd§ﬂ1‘ﬁ%@/ﬁ | abl e
fromthe FFT unit. One technique to resolve this deadzone where the frane
has S 12 sanples and the cyclic prefix has 40 sanples is to use energy
estinmates from sanl pies 41 through 5522as well as using sanples | to 512,
and their tahc the nean of these ene estimates to get a conbi ned energy
esti mat e whi cHid BrOg¢ssiAg a@bﬁsmhumﬁeu%hi%ltscmemlxblrrplmt(ﬂ@éﬂsspwg; subb@iber

synchr onjrzabien tﬂfd@x@ﬁ%ﬂ-ﬂgfigdtﬁs%.&&ﬁ)@rMQ cABNBRAds Y AN cddQﬁQlf eTho

t d tr t h
br ocess: i apt ths Eu&ﬁ.s?‘?ab?f%eéﬁ%ﬁ%a#%‘vﬁgx& c?c%s%y.ié’f%é% fiPYien and
mai nt ai ngutsgﬂfcﬁr\@m bigh damragst Metapartiontadly.gremateomit 208 ef atfsyt qmimherazx 6

t ransnutit ebugikd t&&c@%&ssa{g 28 distritstioh Akt awsﬁn@@wﬁhbmm&mqqs ghdg at a
e cen unit ac mal Nt ai ns

tral t t
cynchrortewers B s frd@paaehl vl 0% SRl B P BrocoRi LR aRB iRt o s
renot e ui4by the sybeeribaodi2l 2-pe fihe remete anitctidomd 238 invhudesa dmmaged by setting
0 2] USSR ARG HEATR S CURSAodL10 A RRUGRY Bl Bt T ansr se ons
the ti nmePrecespiecHRdAistipion aareOd aﬁswcﬁﬁb@ﬁ"ﬁmbr‘r‘i%@ﬁtwf@um#t@m\r%’a@h@s a

central s@ithod¥nhd. PRr¥maBanitd 114 B{APABIcak Be meorb&ta&dbwmne vlabxctylaedif?d?atth of
t he rounge\;l§<l,sp gﬁld@[g f‘oIr cﬂ&éﬁ; Eirtgg?ﬂo?lg altgllo%qg a m§& ?orrg% h&'f\gl%tﬁt he Central

un| t nee nz'uen COI’I’eCt
tf'ecei ve gcarfsqe@gmsumé tieedithoreh REGr 2 Hbisyees Qitly ¢ Fagledeine gl unififobpled rrea

p:‘ ocessi fgpeaivel sabsooitibr lade, it Elebuqkené feabgm!mdtthak epheip bl rctusoté 8fi® 048 ter ane
al i gnnment

t d.ab f
the remoteef 1o @h‘gﬁé’wss@sﬂ e DRy R R T e BE B giDea ! s
measur ed dovebutinduntiid 20 beifig aerémlical presgusingliitahotld bemecdgeirgd Haothet he
t It

tood Lo PSRt A8 Bl trald AR AGUBERL ROl bndof ARy EIZANOHAL O
det erni i ﬁé%“&ﬁe%ﬂ‘i‘iir?ﬂr%nt correctl on to align the receive fraliie boundary

t tl t th t t.. FIG 11
Dbl ook di agr anior P PEClRs 2 PASuseE R B arars e O S TR e
i nvent i orbundled in acshlcmd bmaﬂmkas ($iaer ubedribar hmeh L&) thavaitin pdogekexedhd
" : Ly . q
Fa T SR EU L 6 20 IRt MReEhy [1aB s RRELIRE, 1 Qe LTERIET ane
the r ermtaegm mnsylpign sgadsy e emmwnr(eeréi:s\)emd mgmoné@srrevséyfahaur@ga@cgnal s 1102

t hat Haveint&‘féﬁer{céalﬁﬁmcb&?@e %Eé'cg&‘eﬁh@ﬂlﬂ@;k: sﬁﬂ’s&rﬁ@hhésaﬁ&ﬁhiotngf rcf&neﬁ 19 a8la

tral affi I t I
fﬁ”arnaan&daé,“f%ma? b7 ot Pt R A e e e e & Gt SR
gnal s teddisgi's a¢meticgnidd. SThCTﬁB)PaI[JQﬂt(EIIOfShogﬂubﬂcslbaﬂBlCtU@BMCQ‘nUhlprB[EIZttINO an
i'nput buf fc8lotd uhR8nd n@tshffeﬁ'w nﬂE:‘ 12}2 |§59ﬁ19§lﬁtaﬂﬁnﬂhaéfédt ﬁlns&'d wﬁrc Thén Eu £t ar

unit 1108 retrieves frane dat a I nput
1106 in a W&U%ﬁ*ﬁc‘ée%“ﬁw(ﬁ‘h ap et orethep thoyh? Q/UBWYM er 11 IO) and then

produces frequ nal S,. I n accordan ntio t he
FFT unit 1108 g%?%;&q‘ég‘?ﬁgﬂ di}féﬁ%‘?gB&Wﬁ"%’ﬁﬁﬁgl@hﬁﬁ“f foang F%&’ﬁ%%

synchr oni FAEXEh pumianly ddcdrs if e diucddel Eydec A2owherathieaubsariber lings2QR eper ates to
perform t eng bﬁ@&l&@“!ié&%'\%nﬂfa%ﬁ%%hﬂﬂut@a SEAHRESE tﬁ@%%cr‘{‘ﬁctrhn&ei@r\@ﬂﬁ@ to

FI GS. 5- 10 5’3 ncl uoni zation unit 1114 E":l L{ alﬁ gnment error
estimate P! }cri% 5L°8 %Fr{‘éﬁﬁ 6?‘1%%‘“&‘? (825 HGAMEGR SN tlnciqvg Stolzéﬁv’&&jaff’sts t he
recei ve fbamg froviddarlye gosstulleinfdrindeinduned baoses h pghstdndaliagpainnea tdatrapdrr om

the input r?&éﬁ ﬁﬁ okd!itQGHck&nEﬁ:)vc{cgﬁlc tfu@rﬂgob?éﬁp(dgtr erﬁﬁHAR& Wrﬁ% g@%ﬁfriﬂﬁé"” des

for frane roni zat1 on omali n azi 1.0n system
in a mannét F‘I’fé‘i °Y¢§“§\Hﬁb‘i‘§ﬁfﬁé‘?l‘?b? Pfﬁ‘ifﬁlé“‘?dr"é‘fﬁl #ﬁn?@?f“é‘?‘-‘@ﬁlﬁ‘é’“{@“@“s such
as from amatweonk 208 fay engapls,)is pattieuledy tvel sligd fdrldl §melrsoized FDDcashlisiaver al |
operation gﬁtcm\% J. BSREMEBRIzdd YDALQP snmq]&ﬁb%&a frednt 1&1.& ofk@kicgxanpl e,
controls the recetver 1100 to performt initialization processing and
to nonitor st eali)inéﬂ; sdfandgtcatht SBMTRsintigsiotFsystemshaphéy FIGe, daat rol | er 11
8 AN oo GIRGRORELS b Brdlzfh tlne Shith AR RAocidhdE AV RORSARE o8

m er ocont r% ém or specialitzed circul . In the case where the receiver 1
| 00 forns hart of a transceiver, the controller | 1 18 can be used by both
transmt and receive sides of ti | e transcei ver, shared anong a plurality of
transceivers, or individually provided for each transmtter and receiver.

Li . hewi se, the frane syncluoni~atian unit 1114 can be inplenented by a
digital signal processor) a mcroprocessor or mcrocontroller, or

1 c



The receiver 1100 illustrated in FIG 1 | optionally includes other
conponents. For exanple, when a corresponding transmtter adds a cyclic
prefix to synbols after an I FFT not) the receiver 1100 can renove the
cyclic prefix before the FFT unit 1108. Al so, the receiver 14 APHH2Q%2n
provide a time domain equalizer (TEQ unit between the ADC 1104 and the FFT
unit 110G Additional detnils on TEQigits are contained in U S. Patent No.
5,285,474 and U.S. Application Serial No. &0/046,244 (Att.Dkt. No.:
é&;ﬁ?%&ﬁb?ddd @flt dncedlo B&%h clvodized)t A4 duel, achﬁ’vPl@t;l'&sl cﬁldﬂ&ti%ﬁ Ap% e | 2002
i re or por at.ed. ref erence. .. ri
21 Mor é’é%‘écﬁfl%g\?%@?%ﬁmg?@%%d%&;% é%ﬁﬂll %glqg%sasy%éﬁ?cgﬁflééc‘t ransm ssi ons
at a calownatrean de upstream) se entorsabstytially elingioate NEXRE Iited¢reest. t r anscui ssi ons  at
t he central side, the NEXT intgrfercn_cc i ,sujgstanti.all el i m nat ed,
provi ded al ITYG- el adlock dinerga pl pprosessingan P%%vmb?oi%‘i%’fdd%g Qar )
super &adimbddimpng of thétwentin) Fof cxdnepld, tigndan [esdensisg anddistribatioenhitaboss gde over
lines ig, 1e%'iﬂa%%m§{tﬁioﬂ%tfu%rp‘%$§—‘ %ﬁ(gﬁé’d‘&iﬂﬁﬁ?&ﬂ&%ﬁk}t JoRqu N h(th ih%@f erence 1s
IFpedi ment to erfic

a subs_tan;_?l al I men 0 ciént” and accurate operation of 'the data
transm ssi onTHY gh& ProcRRendldifibdiieaRhit 300 RlcRRePLPioRERMelRI{ RA! diiaues to
adj ust a t,ranémt r%ge boundaa{rjf% aﬁ k?}g%e%ral ?lB‘c(ig %r&g tter of data

t r ansni ¥SFIYFS <3fa padronth dalg auaradatplinlitGey Lae faa figk 483 cideior fXasppler hice from
ot her cesiplad tosi fFigertoptinisablsst orphdric HetworiNep@cabid watwerke ritte firscasgihgsinitong
enough (o)l i ; ! bl b ssuned
o be i 0% BT SRk ) RinsReABeRTYARhi canBRERIsclHEdod beclbdans o FESCL
necessapipcess/ et 3&hallodata nrecessing skdistribwtionunitey08 faftheriecledastats si de can

fto‘Z)n tc Er ORfré®zeidnb 3089 end a pREAiEsf Mdloz kardd SIMITIR AOFITRN (BRSb&Sssiak: @ak 3puAp! | ed
e cen

t i de. Ho , i h Kk t
Ll U g 0 D530 B0 RN T e
var i ous unit 302 st drest cwpltdlabdiqo diapreseesingaunitslG2do theappreptaty anabeg ¢drdns f rom

the mMashgp o6 WK sIMEGEPE FroAS tHeQnRBY SRS TR th tiMft6eHs ARk aaf 30D, thEbgiigpces
bet ween the various transm ssi onsl, n on techni gues

e, fhe.synghronjzati
accor di f'%E3 LOmEOYIAG ar I UK Wileg 8\9@&‘&%581 Sitehiftas it i mat it
t ransm sgpiofldy miord dicieatty patortied evithrh&og t@npaneats ftthamw siligad) pgahpodcedsing

synchroni 1.0n._processing far I R\, Z | ransmtters to
conpensate % Bros g%?gcgrgigndc}h r%oﬁ .gg%r?@gﬁﬁ%?rﬁ%%? ﬁ%:‘(lgg %a{f‘ﬂl Ct] lﬁd‘éggtcéstrml I

synchr ortranafdrowersiafifleg-éndigalweneerters gdiginkranelogagnvaiass. Eqovefttheandog ee of
B S e T e
central SEH& 3%?@)"“&8@ Hye &L%Héiﬁf ﬁéﬂ”fi"&&g’? ?Pﬂé’ﬁéﬁdirﬁé?ﬁg\ﬁ)‘ thropgh m%éi ng
recei veds@)r dbamot hiarsutlt ananbddiers, tibretahefifiyefS0) alaley dedd 3l 0megsatieddyby t he

. ; ane t fa A 5 s Yo
transn s BREPE B NSO TSl GRRELERERS tolinfs dioif BICpl! VRS The (10
format. PioseEingmi(302 may bee seRerdunaRsprmiEng dodce sushpap dfel tigstl eam

tr Bnsni s§ideBdsol BDYBESt £ RAMRAF Ui hrHo BN Y Thehusardnienentedaay aibe | ess
echo present. t~lcxt,

a decisian block 12,04 determ nes t her. t he
roast hearenggynE S e SERTR e e Pe et B vl WP PR ERBE Dt ¢ e
measur ed lickgbgycalld insgeatl be aginght capkor cdwluitry tické seppeita et tigle beegr eat er t han
the predaterm ned threshold anobunt, then the presence,of NEXT interference
is detected. ShpacasNeEkTeilitrspsestianisaof eondalizedt BePracessing Wb HEC the
transm t tcer Sc adplidid byanddeals {5t €heh af e Mats. SHheprocasizefbr ckidna@he tihes danm ng
al ignment, at, the tr ptter i Wf 1 2¢d R I jze its
al i gnrrentlh'%] lf%B?r(gésfgggt%rﬂcgg?t{%hg{%&l}drfgfrqcslhﬁ_?e t Iedr@lsgc'[ag%e‘ﬁ%élggg%{?ﬁyyg@de. For
exanpl e, nlaeed ani mgingle ahidgdonenviticthalagaleeciraydlivti ed by al tering an oscill ator
frequency or elLanging (incl ~ase decreas the | ength of the superfrane.
On the ot her h'g%l,%%g’i’@f'f’r@ﬁé‘c?ﬁ‘é’g ‘éﬁ“@t‘?@? %5 PErt ?fﬁit?]&?‘f”gp‘ﬁéﬂﬁlé‘és t han
t he predatrecessimgdintikiigtsiiaiod varmdon: Withmespeet th dhethleakstigresridusitatedhia ént3y al

side are @leaiERTiXeRErencis AR pre?Ald néZ tdduidtd &Nthé ¥nabg e8L3 BNBedallbS this
6l oclc 120G.i s

assed. rollow n | ock, 120 r.foll ng. . 1204 when
the predctcYHfcs ﬁé R ARSI P 8 “?1%1"3& %delbaé/a@e & gg%/tr?g)\r%eé%}tgcg rﬁ‘é‘)‘%a’e weett
processi ngaddfifted and ompived sigaale). dndther words Sione theontnuaof the N5p@eUssang 1200
i's perfor gRe:hMiR nid 10 df BRSGEIVAbRardE tehenaenhital Usiatlg, mByt dfeipedisiange t he
synchroni zati on processing 1200, gradually the alignnment will reach a nore
| ess steady state) particularly if adjustnents to alignnent are nade in
only one direction. Recall, as illustrated in FIG 4, the super~frane
format Iras two qui et periods 404 and 408. The syncl uoni zati on processing
1200 uses one of the two quiet periods 404 and 408. Wen a receiver at the
central side hears the NEXT interference during the quiet period 4@8) it

o 2 1. " - - o o o, o e
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subsequent downstream transm ssion. The advantages of the invention are
numer ous. One advantage of the invention is that synchroni zation can be
achi eved even in the presence of radi b4frequency (R h) interference) such
as due to amateur radi o signals. Another advantage of the invention is that
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(d) comparing t nrucnt error estimat (c)
repeat i 4§ 18359 beaycon%(wpstfﬁw rod He dew%ﬁ!inﬁﬁpr ERT ‘é’é@‘&‘“@‘ﬂétﬂe‘f le
al i gnmed {osy therdiestioetiankBiskiva$s éiaaged he threshol d anount. Al so incl uded
is the nethod as recited herei nabove) wherein the nethod further

FIG. 4 is a diagram illustrating an exemplary superframe format 400 in which a

certain level of service is provided. The superframe format 400 is an asymmetri¢ frame that

) includes a downstream portion 402, a quiet portion 404, an upstream portion 406, and a quiet

‘ Pportion 408. The quiet portions (quiet periods) 404 and 408 are positioned between the
downstream and upstream transmissions. With this asymmetric supecframe format 400, (he
downstream portion 402 is substantially larger (c.g., longer burst) than the upstream portion
406. Such a superframe format is useful for situations in which downstream traffic is
significantly greater than the upstream traffic. As an example, with respect to FIG. 2, the
superframe format 400 can include 16 symbols downstream; 1 quiet period; 2 symbols
upstream; and | quiet period.

With proper synchronization at a central unit (processing and distribution unit 204 or
processing unit 302) and unifonn superframe formats, synchronized transmissions of equal
duration are provided for all lines within a binder. Accordingly, the NEXT interference
problem is effectively eliminated. The synchronization of the central unit and the remote
units is also important for accurate data recovery. These synchronizations are needed in



conprises: (f) outputting superfrane identification information. Al so
uicludcd is the nethod as recited hcrcinabove) wherein the conputing (b).
conprises: dctcctiug pct ccl~Gin the piurality of consecutive t( s of
the recei ved data based 4 April 2002 24 on the neasured ent nts;
and determ ning the aligncncnt error estimte using the edge detected in
the plurality of consecutive franes.15AI so included is the nmethod as recited
her ei nabove, wherein the edge detected is a burst edge. Also included is
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ti tct I t6r&“frﬂ}5is’lof15r&°8})‘grfﬁﬁn§°§§umif) out putting superfratne identification

i nformtion. g(Gs. 6A and 6B are flow diagrams of synchronization processing 600 according to a
") more detailed embodiment of the invenation. Once the synchronization processing 600 is
sinitiated, FFT outputs are obtained 602 for n consecutive frames of received data  Typically,
areceiver side of a transceiver will receive data from 2 transmission line and forward the
received data to an analog-to-digital converter and then to a FFT unit, such as illustrated in
FIG. | B. Hence, the FFT oufputs may be obtained from (he output of the FFT unit. The FFT
outputs are frequency domain signals.

Next, the FFT outpults that are susceptible to RF interference are dropped 604. The
remaining FFT outputs are then used for subsequent processing. Typically, a {rame includes
a plurality of different frequency tones. Each of the frequency tones is capable of having data
encoded thereon for transmission. However, cettain of the frequency tones are more
susceptible to RF interference than others. In the case where the RF interference is caused by
amateur radio users, it is usually known which frequency tones of the frame are likely
subjected to the RF interference duce to amateur radio users. In the case of a remote unit ofa



Al so included is a nethod as recited herei nabove) wherein the f first
transceiver is a renote unit and the second transceiver is a central unit.
4 April 2002 25 Also included is a nethod as rocited herein 2} g 0d(iperein
the second transceiver is a renpbte unit and the first trans ? I's a
central unit. Also included is a method as recited herci nabove, wherein the
energy anount is a power anount. Also included is a nethod as recited
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FIG. 11 1s a block diagram of a receiver 1100 according to one embodiment of the
invention. The receiver 1100 is part of a time domain duplexed transmission system. The
construction of the receiver 1100 illustrated in FIG. 11 may be used in ¢ither or both of the
central office transceiver and the remote unit {ransceiver.

The receiver 1100 receives analog signals 1102 that have been transmiitted over a
channel from a transmitter (e.g., 2 central office transmitter). The received analog sigunals are
then supplied to an analog-to-digital (ADC) 1104 which converts the received analog signals
to digital signals. The digital signals are then supplied to an input buffer 1106 that

terporarily stores the digital signals. The FIT unit 1108 retrieves a (rame of data (rom the
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é/ domain signals 1112 output by the
FFT unit 1108 arc then cqualized by the FEQ unit 1120. The equalized signals are then
supplied to a data symbol decoder 1122, The data symbol decoder 1122 opcrates to decode
the cqualized signals to recover data that has been transmitted on each of the {requency tones
of the symbol being received. The decoding by the data symbol decoder 1122 is performed
R based on bit allocation information stored in a receive bit and energy allocation table 1124,
The decoded data is then supplied to the FEC unit 1126 and then stored in an output buffer
1128. Thereafier, recovered data 1130 (stored decoded data) may be retrieved iom the

output buffer 1128 as needed.

The receiver 1100 illustrated in FIG. 11 optionally includes other components. For
example, when a corresponding transmitter adds a cyclic prefix to symbols after an IFFT
unit, the receiver 1100 can remove the cyclic prefix before the FFT unit 1108. Also, the
receiver 1100 can provide a time domain equalizer (TEQ) unit between the ADC 1104 and
the FFT unit 1106. Additional delails on TEQ units are contained in U.S. Patent No.
5,285,474 and U.S. Application Serial No. 60/046,244 (Att.Dkt.No.: AMATPO021+), filed
May 12, 1997 and cntitled POLY-PATH TIME DOMAIN EQUALIZATION, which are
hereby incorporated by reference. N



an anal og-to~igital converter) said anal og-to-digital converter receives
anal og data that has been transmtted over a channel to said receiver and
converts the received analog signals into received digital sij nqli' an

i nput bufrer for tenporarily storing the received digital srbgavg 02

mul ticarrier denodul ation unit, said nulticarrier denodul ation unit
denodul ates the received digital signals fromsaid input buffer to
freauency domain data for a plurality2aef different carrier frequencies; a

fraG-te syn ane, syrtCGhr.Ani zatt.on unit

syncl t ronzag'géc rveccr:’ég%/lenvf; méor"rlepr%‘b‘gscﬁ&g:mCPS‘? tos%" Feonits nﬁranQW?sé‘f“sd‘}eﬁﬁm}f%t i on
uni t baded-carsential ttmth:e%ﬁrgmnﬂgommdﬁr@smsmnea!éh@wyabmd@ tlec NE&Juency donai n
daL ? %&Q&Q&d;lclhy sERtEh AN I:luhﬁ@&d,l[%wmmﬂeabf OBindéy 6f%’er&hé3iafmealkb&(&§t i on
table, said allocation tore ornmpti on used in
transml gé At & el ng}°?‘é‘c§ ﬁo\}? Ve? ‘Phggnéeugg&{;/dé% da th s ol decoder,

sai d dbli%ﬁ l§>¢rﬁ)@¢“d&:@?ﬁéﬁ°ﬁ¢é‘déb’%&°“ﬂ% the BRXShieriSERES it mtbataa% dedodes

]EJI ts aﬁﬁp&dx@mckowrﬁ&eﬁmdfa&@wmc@tlodwmm@s&tsvmtsbacﬁaern@é the
rcquen

L on et aRg gyt Dol CRUELE s BORR AR Y shBy e s s

r ecov etreustiidieno Hdata framsmoission sysfam Mihegensralayincipliesis I&avSerIéEXTphﬁ@rfatenw of

;(r: 22? g‘rzfr?fggéﬁmﬁéerﬁm? §iat [r@igsanﬁgéﬁ% : trg‘}tﬁe ?Qggi%{eké}dnbé st §r51{gadﬁ5g$ﬁe g{oqgcte ?I '03 .
ot hod O 6F o HeHRERIORT SO BRNIO. drcrt B0) BBy eLio g VRRet fSHUANT RS o

ol | ~er rafeptibe, dndahaniors eyr&hﬂ)hmhthm iceotreaéssayt e, sai d ruethod conprises the

acts of: (2)cJRARMLLANG, % A0B ENhitelIE ufl fibal BRE L E- ARARGIANG, Y04 N the

gyen transm ransni ssions fromt
trans maf‘f)%‘PEbéPut“ﬁ'é‘g@eQ‘?ﬁ’ﬁ‘P“ Byt clock puppliep 40 ShaGeR R sifgatiorsdcienergy with a
t (u- asholmdtiareuwoth a anetef clbclmadtbn‘avnih@lé fe oay rakanariah@thbi. oflsh ogveh ieugh

e of o . i
that ¢ R HRIE Y bty SRt ORRR e iR s RO FRMBATS R o' °°
r eadabl reastedilosk santeaiorrsity cpxsagnaalhuymn!smnmmméferbmcs Spivoten ol wiregs dat a
transm s ORssiddd, 4{&‘1@& qnd E;ﬁ{aﬁfghé& ﬁﬂe&%ﬁﬁ?&c%\m g tf%c R\quﬁt?dd do¥ a8 be

transmttesat a C c~lt ~~da ere ah external cloc S|gna 'S
unavai | 48 éofmchscgm%v%muiﬁwm%@whﬁhgﬁm%fﬂée the 4 Aprif 2002 32

FIG. 12 is a flow diagram of a synchronization processing 1200 {or synchronizing
adjacent transmitters to compensate for small synchronization differences. If these small
synchronization differences were {0 go uncorrected, over time the degree of the lack of
synchronization worsens. The synchronization processing 1200 initially measures 1202
cnergy received from other transmitiers at the central side. Here, during quiet periods (or
guard periods), energy being received fromn other transmitters at the central side is measured

) by the receivers associated with the transmitters (i.e., transceivers). The transniissions from
' {he various transmitters all follow the same superframo format. Proferably, the second quiet
period (i.e., afler the upstream (ransmission) is used to measure the cnergy because there
tends to be less echo present. Next, a decision block 1204 determines whether the measured
energy is greater than a predetermined threshold amount. If the measured energy during the
quiet period is detenmined to be greater than the predatermined threshold amount, then the
presence of NEXT interference is detected. Since NEXT interfercace is detected, it is known
that the transmitters at the central side are not synchronized. Hence, the timing alignment at
the transmitter is modified 1202 in order to synchronize its alignment with respect to the
other transmiltters at the central side. For example, the timing alignment could be modified
Ly altering an ascillator frequency or changing (increase or decrease) the length of the
superframe. On the other hand, when the measured energy is determined to be less than the
predetermined threshold amount, then the transmitters at the eentral side are deemed to be
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synchronization can be achieved even in the presence of radio frequency (RT) interference,
such as due (o amateur radio signals. Another advantage of the invention is that it is well
suited for data transmission systems utilizing time division duplexing such as synchronized
DMT or synchronized VDSL. Yet another advantage of the invention is that it is relatively
insensitive to background or receiver noise.

Thus, the present invention includes a method for adjusting an alignment for a first

N transceiver to receive frames of data transmitted from a second transceiver over a
{ transmiission medium to the {irst transceiver, the first transceiver and the second transceiver

being associated with a data transmission system providing two-way data comumunication
using time division duplexing the method comprising the acts of: (a) measuring an energy
amount for each of a plurality of consecutive frames of received data; and (b) computing an
alignment error estimate based on the measured energy amounts.

Also included is the method as recited hereinabove, wherein the alignment error
estimate is an estimated alignment error as a fraction of a frame

Also included is the method as recited hereinabsve, wherein the data transmission
system transmits data using a superframe structure having a plurality of frames, a {irst set of
the frames in the saperframe transmit data in a first divection, and a sccond set of the {rames
in the superframe transmit data in a second direction.

Also included 1s the method as recited hereinabove, wherein the first transceiver uses

’ a frame boundary pointer to identify a beginning of a frame in the superframe being received,

~ and wherein the method further comprises: (c) adjusting the frame boundary pointer in
accordance with the alignment error estimate.

Also included is the method as recited hercinabove, whercin the alignmient crror
estimate is an cstimated alignment ctror as a fraction of a frame.

Also included is the method as recited hereinabove, wheren the method further
comprises: (d) comparing the alignment error estimate with a threshold amount; (e)

repeating steps (2) - (d) until the comparing (d) indicates that the alignment etror estimate is
less than the threshold amount.

Also included is the method as recited hereinabove, wherein the method further
comprises: (f) oulputting superframe identification information.

Also included is the method as recited hereinabove, wherein the computing (b)
comprises: dotecting an «lge in the piurality of consecutive frames of the received data based
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on the mcasured cnergy amounts; and determining the alignment error estimate using the
edge detected in the plurality of consecutive frames.

Also included is the method as recited hereinabove, wherein the edge detected is a
burst edge.

Also included is the method as recited hereinabove, wherein (he detecting comprises:
computing successive energy differences in the plurality of the measured energy amounts;
and identifying a largest one of the successive energy differences, the largest one of the
successive energy difference carresponding to the burst edge.

Also included is the method as recited heroinabove, wherein the computing (b)
comprises: identifying a prior energy difference and a subsequent energy difference, the
prior energy difference being the one of the successive differences immediately preceding the

) largest one of the successive energy differences, and the subsequent energy difference being
(he one of the successive differences immediately following the largest one of the successive
encergy differences; and determining the alignment error estimate based on the prior energy
difference and the subsequent energy difference.

Also included is the method as recited hereinabove, wherein the determining of the
alignment error cstimate computes a difference amount between the subsequent energy
difference and the prior encrgy difference.

Also included is the mathad &s recited hereinabove, wherein the determining of the
alignment error estimate compuies a difference amount between the subsequent enecgy
difference and the prior energy difference, and then normalizes the difference amount to
produce the alignment etror estimate.

Also included is a method as recited hereinabove, wherein the first tanscetver uses a
frame boundary pointer to identify a beginning of a {rame in the superframe being received,

) and wherein the method further comprises: (¢) adjusting the frame boundary pointer in

i

accordance with the alignment error estimate.

Also included is a method as recited hereinabove, wherein the alignment error

cstimate is an estimated alignment error as a fraction of a frame.

Also included is a method as recited hereingbove, wherein the method further
comprises: (d) comparing the alignment error estimate with a threshold amount; (e)

repeating (a) - (d) until the comparing (d) indicates that the alignment error estimate is less
than the threshold amount.

Also included is a method as recited hereinabave, wherein the method further
comprises: () autputting superframe identification information.

Also included is a method as recited hereinabove, wherein the first transceiver is a
remote unit and the second transceiver is a central unit.
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Also included 1s a method as recited hereinabove, wherein the data transmission
system transmits data using a superframe structure having a plurality of {rames, some of the
frames transmit data in a first direction, some of the frames transmit data in a second
direction, and some of the frames contain a cyclic prefix for the superframe structure, and

wherein the measuring (2) of the energy amounts comprises: measuring encrgy
amounts of a first set of consecutive {rames of received data for the superframe structure:
measuring energy amounts of a second set of consecutive frames of received data for the
superframe structure, the second set of the consecutive frames being offset from and

{ ) overlapped with the first set of the consecutive frames; and combining together the energy
amounts from respective consecutive frames from the first and second sets of the consecutive
frames to produce the energy amounts for the computing (b).

Also included is the method as recited hercinabove, wherein the number of {rames in
the first and second sets of the consecutive frames is equal to the length of the superframe
structure less the length of the cyclic prefix.

Also included is the method as reeited hereinabove, wherein the combining
detennines mean energy amounts for each of the frames of the superframe structure including
the cyclic prefix.

Also included is a computer readable medium containing program mstructions for
adjusting an alignment for a {irst transceiver to receive frames of data transmitted from a
second {ransceiver over a transmission medium to the first transceiver, the first transceiver
: and the second transceiver being associated with a data transmission system providing two-
o way data communication using time division duplexing, the computer readable medium
comptising: first computer readable code devices for measuring an energy amount for cach of
a plurality of consccutive frames of received data; and second computer readable code
devices for computing an alignment error estimate based on the imeasured energy amounts.

Also included is the computer readable tedium as recited hereinabove, wherein the
second computer readable medium comprises: computer readable code devices for detecting
an edge in the plurality of consecutive {rames of the received data hased on the incasured
energy amounts; and computer readable code devices for determining the alignment error
cstimate using the edge detected in the plurality of consccutive frames.

Also included is the computer readable medium as recited hereinabove, wherein the
second computer readable medium further comprises: computer readable code devices for
cotuputing successive energy differcnces in the plurality of the measured energy amounts;
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sccond computer readable medium comprises: computer readable code devices for

identifying a prior energy difference and a subsequent energy difference, the prior energy

difference being the one of the successive differences immediately preceding the largest onc
of tho successive energy differences, and the subsequent energy difference being the one of
the successive differences immediately following the largest one of the successive energy
differences; computer readable code devices for determining the alignment error estimate
based on the prior energy difference and the subsequent energy difference.

Also included is the computer readable medium as recited hereinabove, wherein the
data transmission system transmits data using a superframe structurc having a plurality of

f( ) franics, some of the frames (ransmit data in a first direction, some of the frames transmit data
in a second direction, and some of the frames contain a cyclic prefix for the superframe
structure, and wherein the first computer readable code devices for measuring of the cnergy
amounts comprises: computer readable code for measuring energy amounts of a first set of
consecutive frames of received data for the superframe structure; computer readable code for
measunng energy amounts of a second set of consecutive frames of received data for the
superframe structure, the second set of the consecutive frames being offset from and
overlapped with the first set of the consccutive frames; and computer readable code for
combining together the energy amounts from respective consecutive frames from the first and
second sets of the consecutive frames to produce the energy amounts for the second computer
rcadable code devices.

Also included is the computer readable medium as recited hereinabove, wheren the
combining determines mean energy amounts for each of the frames of the superframe

. structure including the cyclic prefix.

‘ Also included is the computer readable medium as recited hercinabove, wherein the
number of frames in the first and second sets of the consecutive frames is equal to the length
of the superframe structure less the length of the cyclic prefix.

Also included is a recetver for a data transmission system using tune duvision
duplexing (o alternate between (ransmission and reception of data, the recetver comprising:
an analog-to-digital converter, the analog-to-digital converter receives analog data that has
been transmitted over a channel to the receiver and converts the received analog signals into
rececived digital signals; an input buffer for temporarily storing the received digital signals; a
multicarrier dermodulatian unit, the multicarrier demodulation unit demaodulates the received
digital signals from the input buffer to frequency doniain data for a plurality of different
carrier frequencies; a frame synchronization unit, the frame synchronization unit

synchronizes a receive frame boundary for the multicarrier demodulation unit based on the
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lime-varying naturc of the cnergy of the frequency domain data produced by the multicarrier
demodulation unit; a bit allocation table, thie allocation table stores bit allocation information

10

used in transmitting data being received at the receiver; a data symbol decoder, the data
symbol decoder receives the frequency domain data and decodes bits associated with the
frequency domain data {rom the carrier frequencies based on the bit allocation information
stored in the bit allocation table; and an output buffer for storing the decoded bits as
recovered data.

Also included is the receiver as recited hereinabove, wherein the frame
synchronization unit detenmines an alignment adjustment amount, wherein the receiver
further comprises a controller for controlling overall operation of the receiver, the controller
receives the alignment adjustment amount from the frame synchronization unit and

) accordingly adjusts a receive frame boundary pointer for the input buffer.

Also included is the receiver as recited hercinabove, wherein at least one of the frame
synchronization unit and the controller are implemented by a processor.

Also included is the receiver as recited hereinabove, wherein the frame
synchronization unit is a processor.

Also included is the receiver as recited hereinabsve, wherein the 1eceived data signals
undasirably include radio frequency interference, and wherein the frame gynchronization unit
ignorcs the portion of the frequency dorain data that ovetlaps with frequency ranges of the
radio frequency interference.

Also included is the receiver as recited hereinabove, wherein the data transmission
system is a synchronized DMT system, and wherein the multicarrier demodulation unit
includes a FFT unil.

Also included is a receiver for a data transmission system using time division

) duplexing to alternate between transmission and reception of data, the receiver compnising:
an analog-to-digital converter, the analog-to-digital converter receives analog data that has
been transmitted over a channel to the receiver and converts the reccived analog signals into
received digital signals; an input buffer for temporarily storing the received digital signals, a
multicarmier demodulation unit, the multicarrier demodulation unit demodulates the received
digital signals from the input buffer to frequency domain data for a plurality of different
carrier frequencics; frame synchronization means for synchronizing a frame boundary for the
multicarrier demodulation unit based on the time-varying nature of the energy of the
frequency domain data produced by the multicarrier demodulation unit; a bit allocation table
the allocation table stores bit allocation information used in transmitting data being ceceived
at the receiver; a data symbol decoder, the data symbol decoder receives the frequency
domain data and decodes bits associated with the frequency domain data (ront the canier

frequencies based on the bit atlocation information stored in the bit allocation lable; and an
output buffer for storing the decoded bits as recovered data.
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Also included is, in a data transmission systems having a plurality of transmitters at a
central sitc, the transmitters transmiting data in accordance with a superframe format
including at least onc quiet period, a method for synchronizing data transmissions by a given
transmitter to other of the transmitters at the central site, the method comprises the acts of:
() mcasuring the energy in the quiet period associated with the given transmitter due to data
transmissions from the other of the transmitters at the central site; (b) comparing the
measured encrgy with a threshold amount; and (¢) modifying the synchronization for the
transmissions by the given transmitter when the comparing (b) indicates (hat the measured
energy exceeds the threshold amount.

Also included is the method as recited hereinabove, wherein the data transmission
system transmits data using time division duplexing, and wherein the transmitters are part of

transceivers at the central site.

Also included is the method as recited hereinabove, wherein the data transmission
system is a multicarrier data transmission system.

Also included is the method as recited hereinabove, wherein the modifying (¢)
comprises adjusting timing aligurent to reduce crosstalk interference.

Also included is the method as recited hereinabuve, wherein the adjusting increases or
decreases the length of the superframe format.

Also included is the method as recited hereinabove, wherein (thie adjusting alters the
frcquency of a local clock for the given transmitter.

Also included is the method as recited hereinabove, wherain the data transmission
system is a multicarrier data transmission system, and wherein an cxtemal clock signal is
unavailable for synchronizing the transmitters, and wherein the modifying (¢) comprises
adjusting timing alignment to reduce crosstalk interference.

Also included is the method as recited hiereinabave, the measuring (2) of the energy 1n

- (he quiet period associated with the given transmitter due to the data transmissions from the

other of the transmitlers at the central site operates to discnguish between outgoing data
transmisstons from the other of the transmitters and incoming dala receptions, so that the
measuring (a) measures the energy in the quiet period due ta (he outgoing data transmissions
from the other of the transmitters and not due to the incoming data receptions.

Also included is @ computer readable medium containing program instructions for
synchronizing data transmissions in a data transmission systeras haviug a plurality of
(ransmitters at a central site where an external clock signal is unavailable (or eynchronizing
the transmitters, the transmitters transmit data in accordance with a superframe fonnat
including at least one quict period, the computer readable medium comprising: first computer
readable code devices for measuring the energy in (the quiet period associated with a given
transmitter due to data transmissions from other of the transmitters at the central site; second
computer readable code devices for comparing the measured energy with a threshold amount;
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Also included is the computcr readable medium as recited hereinabove, wherein the
data transmission system is a multicarrier data (ransmission systen that transmits data uses
time division duplexing, and the transmitlers are part of transceivers at the central site, and
wherein the third computer readable code devices operates to adjust timing alignment to
reduce crosstalk interference.

The many features and advantages of the present invention are apparent from the
written description, and thus, it is intended by the appended claims to cover all such features
and advantages of the invention, Further, since numerous modifications and changes will
readily occur to those skilled in the art, it is not desired to limit the invention to the exact
construction and operation as illustrated and described. Hence, all suitable modifications and
equivalents may be resorted to as falling within tlie scope of the invention.
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What is claimed is:
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3. A method as recited in claim 1, wherein the data transmission system tiansmits data

using a superirame structure having a plurality of frames, a first set of the frames in the

superframe transmit data in a first direction, and a second set of the frames in the superframe
transmit data in a second direction.

4. A method as recited in claim 3, wherein the first transceiver uses a frame boundary

pointer to identify a beginning of a frame in the superframe being reccived, and
wherein said method further comprises:

(c) adjusting the frame boundary pointer in accordance with the alignment
error estimate.

. ,-l .o A method as recited in claim 4, wherein the alignment error estimate is an estimated
alignment crror as a fraction of a frame.

6. A method asrecited in claim 4, wherein said method further comprises.
(d) comparing the alignment error estimate with a threshold amount;

(e) repeating () - (d) until said comparing (d) indicates that the alignment error
estimate is less than the threshold amount.

7. A computer readable medium containing program instructions for adjusting an

aligrunent for a {ivst (ranscelver (o receive frames of data transmitted (rom 2 second
lransceiver over a transmission medium to the first transceiver, the first transceiver and the
second transceiver being associated with a data transmission system providing two-way data
communication using time division duplexing, said computer readable mediwm comprising:
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8.

A receiver for a data transmission system using time division duplexing to altermnate

between transmission and reception of data, said receiver comprising:

an analog-to-digital converter, said analog-to-digital converter receives analog data
that has been transmitted over a channel to said receiver and converts the received analog

signals into received

digital signals;

an input buffer for temporarily storing the received digital signals;
a multicarrier demodulation unit, said multicarrier demodulation unit demodulates the

received digital signals from said input buffer to frequency domain data for a plurality of
different carrier frequencies;

a frame synchronization unit, said frame synchronization unit synchronizes a receive
frame boundary for said multicarrier demaodulation unit based on the time-varying nature of
the energy of the frequency domain data produced by said multicarrier demodulation unit;

a bit allocation table, said allocation table stores bit allocation information used in
transmitting data being received at said receiver;

a data symbol decoder, said data symbol decader receives the frequency domain data
and decodas bits assaciated with the frequency domain data from the carrier frequencies
based on the bit allocation information stored in said bit allocation table; and

an output buffer for storing the decoded bits as recovered data

9.

In a data transmission systems having a plurality of transmitters at a central site, the

“wansmitters transmit data in accordance with a superframe format including at feast one quiet

period, a method for

synchronizing data transmissions by & given transmitter to other of the

transmitters at the central site, said method comprises the acts of:

(a) measuring the energy in the quiet period associated with the given transmitter due
to data transmissions from the other of the transmitters at the central site:

(b) comparing the measured energy with a threshold amount; and

(c) modifying the synchronization for the transmissions by the given transmitter when
said comparing (b) indicates that the measured energy exceeds the threshold amount.

10.

A computer readable medium containing program instructions for synchronizing data

{ransmissions in a data transmission systems having a plurality of transmitters at a centeal site
where an extemal clock signal is unavailable for synchronizing the transmitters, the
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third computer rcadable code devices for modifying the synchronization for the
transmissions by the given transmitter when said comparing indicates that the measured energy

exceeds the threshold amount.
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