COVMUNI CATI NG DATA USI NG W DEBAND COVMUNI CATI ONS TECHNI CAL FI ELD Thi s
docunent relates to communi cati ng data usi ng wi deband comruni cati ons.
BACKGROUND I n data communi cati ons, w deband transm ssion nay be used.
However, the received signal may be inpaired by noise and

frequency- dependent channel attenuation. For exanple, an entire portion of
the transmtted signal nmay fall into an attenuation null and be severely
attenuated. In addition, the intersynbol interference (ISI) and/or

i nterchannel interference (1Cl) could degrade the signal, causing a high
bit error ratea0damerderipd f A A b RO G ignpact ful .
SUMARY | 1 oniOM NCDAPATISING WIDEBANTS CORIY uég?(?gntifyi ng a
static conpoqﬁﬂﬁ%ﬁﬁyﬁJ @ﬁnission medi um f or wi deband conmuni cati ons
havi ng at | eas WO subchannel s. A function of noise or attenuation versus

frequency is : 1 t i &gﬁgﬁ jadeband nodul ati on
schenes are sg@gﬁ@cﬁaﬁgrm%t etocsgﬁlg@%‘gaﬁhlg%‘gﬂ%gs oﬁbt de function determ ned
and a datcensignaltionss conmuni cated over the subchannels. |nplenentations may
i nclude one or nore of the followi ng features. For exanple, the selected

wi deband nodulBACKOGROEMENes may be i ndependently applied to each of the
subchannel s. The sel ect ed wi deband nodul ati on schenes may be applied using
separ at e nodullatetasofmmiecativns,ofid¢Harnd tratsmassionmedyshe used.odewevepltherent at i on, the

static conmpongnt e .i ndependent | v.i.denti fi,ed ch of the
subc hannég%.w ﬁ@gﬁﬁ@’tq?e&?pﬁgﬁ’ ose gnd ZEgug %’??pgﬁde\%g?lg%?gf requency maybe
det er m negkein@ition.NBorsdkxhple, smGRTRpRRiona leaedsaitted lignslubahannebsn A W deband

nodul ati on schene may, be selected tQ optjim ze throughput on each of the
subchanndemyiien Bullaid e seveudly eitaiatat Bradien IbrIMBAnIN SUAETSEC hannel 5. A

measur e”mnﬁfwérhﬂeﬁma@kr@ﬁehm%&ﬂdu%ﬁd&héﬁ enag¥ngRYiRe taken at a

time interval other than a frane-by-frame tinme interval and the function of
t he noi si ey ratpendrendsHuG e reneeredion epging legdrwaetfulnay be det ermi ned for

the static comas onent v

In one general aspect, communicating data includes identifying a static

component of a transmission medium for wideband communications having at least
two subchannels. A fanction of noise or attenuation versus frequency is determined
for the static component. Wideband modulation schemes are selected for the
subchannels based on the function detcrmined and a data signal is communicated over
the subchannels.

Implementations may include one or more of the following features., For
example, the selected wideband modulation schemes may be independently applied to
each of the subchannels. The selected wideband modulation schemes may be applied

usmg separate modulators for each of the subchannels.

In one implementation, the static component may be independently identified
on each of the subchannels. The funciion of noise or attenvation versus frequency
may be determined for the static component of each of the subchannels. A wideband
modulation scheme may be selected to optimize throughput on each of the

subchannels based on the function determined on each of the subchannels.

A measurement of the noise or attenuation versus frequency may be taken ata

time interval other than a frame-by-frame time interval and the function of the noise
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based on the nmeasurenent. The w deband nodul ati on schene may be sel ected at
a time of the neasurenent based on the function determ ned. The function of
the noise or the attenuation versus the frequency nmay be determ ned by
averaging a function of noise or attenuation versus frequency for the
static conmponent over a period of tinme. The static conmponent may include
noise as a relatively static function of frequency, attenuation as a
relatively static function of frequency, or noise and attenuation as a
relatively static function of frequency. A dynam c conponent of the

t ransm ser the atterdiation $evsus tiiecfragueitiyanm beclstormined ftr ttergativeopmipenéntient i fi ed. An

adaptive, fil.ter, maybe created based, on e nam ¢ conpopent and the
adapt i veb?‘“iefiloﬁ@%ﬁ%hﬁ@&”&%@%ﬁw@g%ﬁ%%ﬂa%ﬁ ecge_gﬁiﬁl at a
recei ver §mbh ardasisiné@ehtibadedon By fubStichRiRtenBfhed OTh RnSB M fiRd dat a
signal on each of the subchannels for the w deband conmuni cation. The

adapt i ve or thelattenruatienversys thedequensyinny tejdetempined by pvgraeang 4 funetign ofand/ or a
f ) . j Gy ¢ e
requencysdopp) d%n&a%g 'vlehzrlﬁsfe ﬂ'qu\grﬁcﬁlaﬁlé &aﬁ@é&ﬁ:{%ﬁ% yoi@f%a Cﬁiaﬁ bililg relative to

t he dynam'c comnponent. Cc conpone e nol se that varies

as 2 Functi onral i QERi madt AN Abis0R: LN ilee sy fnct i on of

frequency, or nolse and attenuation that var unction of frequency. A
channel fredtency, atignibiorcaseatktivdly statiefuactiongf dlegurpny, ©r obise mad channel filter

based on_the static conponent. and t channel filter may be applied to the
conmmuni ¢ '%%‘3%%35 agflatﬁ‘é?y%fehcamgg’giosgrfgueﬂqﬁoi se filter may be created by
averagi ng el nts. of the nol filt %ﬁg . i ¢ conponent and
the noise fi Iggﬁeyn&n%lf%argpgngﬁgﬁtggﬁ?dﬁ%%ng%mmn%gg{ere\gldg%gg signal at a

recei ver cordmimiestionn ey e identifiel) Ual adaptive filey may be eetited blyed aveliengi Nng el enent s

of the frequency-domain ugli.zer_based on t.h tatic co ent and the

frequenc9¥rgﬂzﬂ‘h? %ﬁ‘ﬁ%ﬂaf"égg Vﬁéhﬁb’ﬂf‘f‘%%apﬁ’ﬁie‘ﬁ? f‘&‘H’i‘FﬁﬂWP@ t* data si gnal

at a recgpNRht a Rckivérl The BBNLIVE fikéraadyadit aByliciMe HRGoREdnQtddwatt | on of noi se

versus the . frequency and the filter, may be applied to the conmunicated data
e

si gnal afigselog cashydithe subchppnelgfor fagyvidebard eommapnigafiony dpaadapve he function of
attenuat 5o dﬂ%’ inbifad f'ﬁ'oi%er B S\ DnneRBffer! Bﬁ/cfr!a:ﬁeﬁﬁen@?)ﬁogﬁjrpﬁﬁﬁﬁz%ﬂ to the

comuni cat e ata signal at a receiver. Afilter 2°may be created by

averagi ng t herdiisticicempOienfiRhy Be fMsk RlatiGsHeahd GfhaMBS SspohBR. The

dynamic component may include noise that varies as a function of frequency,

attenuation that varies as a function of frequency, or noise and attenuation that vary as

a function of frequency.

A channel filter may be created by averaging elements of the channel! filter
based on the static component and the channel filter may be applied to the
communicated data signal at a receiver. A noise filter may be created by averaging
elements of the noise filter based on the static component and the noise filter may be
applied to the comununicated data signal at a receiver. A frequency-domain equalizer
may be created by averaging elements of the frequency-domain equalizer based on the
static component and the frequency-domain equalizer may be applied to the

communicated data signal at a recetver.

A filter may be created by averaging the function of noise versus the
frequency and the filter may be applied to the communicated data signal at a receiver.
A filter may be created by averaging the function of atienuation versus the frequency
and the filter may be applied to the communicated data signal at a receiver. A filter
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frequency and the filter nmay be applied to the communi cated data signal at a
recei ver. |ndependent denodul ation functions nay be applied for at |east two
of the subchannels. Separate denodul ators nay be used to apply the

denodul ati on functions for the subchannels. Separate denodul ation

al gorithnms maybe used to apply the denodul ation functions for the
subchannel s. Modul ati on schenes may be selected for at |east tw subchannel s
to optimze orthogonality between each of the subcharnels. The nodul ati on
schenmes may include offset quadrature anplitude nodul ati on (OQAM schenes.
A forwar dna;rbmemteﬁb;emteiaghgibdﬁmctmpbﬁneis& awt attnba®adenus the | ength of a frane

r detection,code be .sel ected to

d t f t
ot oo adregtindyaf MM Fist By anlied 1o, sasienBl agf Send ALaRFrg: oo an

acknow edgenent .for. a ion of ed data
communi cat ed g%‘?e@%def‘hé @@W&F@?SH@% ﬁﬁ?ﬂh‘“\;\?ﬂ%ﬁ;ﬁ%ﬁé’gh{o new data. A
data bl eakchiahadls. r%ie&&ﬂoﬁﬁlﬁ@&&ﬂ&ﬁlﬁd@ﬂd@'aj@lﬁﬁé’d&ﬁoﬁléﬁ@ﬁhed to the new
data. An _acknow edgenent or_correct reception of previously transmtted

dat a comfitions &g thesubehagnelp Separatssiamedilaipnalgnrithmadpy beuggdtdched to new
dat a. Th Hglﬁ'q &'&xﬁédu%oﬂ?xﬂic mé%l:féﬂ:ﬁ cld copper t el ephone wire between
n

and incl g a carrier aci ity and a termnation of the copper

tel ephone wi rgfx@%lmnsafeﬁmla B Blcchl B 436k b ARmNG obfiA9AM 551 O

medi um may in e a copper ne wre etween an ing a
carrier' s;rthagoﬂahtyybeam@naadmﬂm aubemnnalm Thmlmodulatmnacherrummtas and

el udes el e Sphlte molt B hafiu RIO0RMEERRE: Golect i ng a crate o
commun Gat | on%, B BaSEEONEANSL hhSbe o PSS SR TP Bl

synchroni zi ng transmni ssi ons ransm ransm ssi ons by
t he secoraﬂdhmnsﬁmhﬁmksmd&mﬂ Hete(ﬂioatceddjﬁhﬁbé siikctedltorpdtenend &t | ons may

i ncl ude gne nore of t foll ow features. For exanple, the first

channel ?@')71 {1 88te%hqﬂ|a|n§t“ﬁf?€r%mﬁ§@ “second channel may include a

second wire that g?ffe s fro i‘f"gf conmmuni cati ons
[11

may i nclude a eﬁe&E@ gﬁf@%ﬁ%ﬁ%ﬁﬁ?‘?ﬁrﬁ“@ da Mhe first channel
and the %Mw&bammhe FRjsmiion MeSdume thay Be GdeRed totreivalaROedaA I es bet ween

and i ncl ydi a
%?ocﬂ%bat requires retransmission also may be attached to the new data. An

...

acknowledgement for correct reception of previously transmitted data communicated

across the transmission medium may be attached to new data.

The transmission medinum may include a copper telephone wire between and
including a carrier's facility and a termination of the copper telephone wire at an
access point at a user premise. The transmission medium may include a copper
telephone wire between and including a carrier's facility and a cable riser in multi-

tenant units and multi-dwelling buildings.

In another general aspect, communicating data inciudes in a first transmitter
on a first channel, detecting a state of communications by a second transmitter over a
second channel and synchronizing transmissions by the first transmitter with
transmissions by the second transmitter based on the state detected.

Implementations may include one or more of the following features. For
example, the first channel may include a first wire and the second channel may
include a second wire that differs from the first wire. The state of communications
may include a receiving state and/or a transmitting state. The first channel and the
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carrier's facility and a term nation of the copper tel ephone wires at an
access point at a user prem se. The first channel and the second channel
may be included in copper telephone wires between and including a carrier's
facility and a cable riser in multi- tenant units and nulti-dwelling
bui | di ngs. In another general aspect, conmunicating data includes
identifying frequencies in a w deband comruni cati on channel that require
reduced enissions and applying a digital frequency-domain filter to a
transmtted signal to reduce the emssions of the identified frequencies.

| npl enmentsatdnd wbanmelmayks indedetia coppentnl@hoﬁe wiies tebveenwang glcwargm es. For

exanpl e, the c,onmu on_chan e_over a m ssi on
medi um A %ﬁ%ﬁﬁ@% “’H"“%étn é}fecﬁﬁgeﬁ el hog@%’“? cces AC1%di ng a
carrier' sisérgRérhibé. YTl fiksiechahiel mm&s&an@éhami\ﬂ mmaeﬁclﬁ(wdepa@per wire at an
access p0| nt at a user prem.se._The deband communi cati on channel maybe

over a t riglpRiepewirshHb %a?wtmfé‘edmmwa@'é f%Fﬂltéf@B?aéFatt BREBROMEIG re bet ween
and incl Qéﬂaﬁﬂfnﬁmﬁﬁdﬂuﬁfﬁelﬁﬁgb&hﬁﬁgsand a cable riser in mnulti-tenant units
|

and nul t ng buildings. The 1dentified frequencies may be identified

by a regul at 0Harﬁﬁﬁ?%&eﬂﬂ%sﬂe@ﬁeﬁﬁﬂuﬁ&tﬁ@dﬁ@%clﬂ'&ﬁ1de‘ﬁﬁﬂﬁﬂgf' ed frequencies
may include frequencies that interfere with other devices or communications.

These gerguincigh i sprishaidcopmpmicagomehantrd thagpqsireradaepd esiisiiprg aadst em  a
t hod, ol t t hod d
(r:rgrrpat er %?lﬁnggwﬁgﬁ’ﬁ@egﬁmﬁgu%?ﬁ be alaélli é]g&f‘ﬁ{rr‘a'?r{n"sett éensdeggrl gt?onagnd

dr awi ngs emassobné ofthe idehefiad SeguenciddSESCRI PTI O\I G: DRAWNGS Fig. 1 is a flow
chart of an exenplary process for conmunicating data. Fig. 2 is a graph of

an exenpl ary buplomenthticus heryusdlideons or BOE dfﬂuﬁoﬂqwg\@atm‘ea Fgi ngl e channel of

w deband | on n e curve. of attenuation
ver sus fré%}tﬁéﬁ ewqehandgr:ﬁmunrcgg zilﬁlﬁ%ei aX% © Oggeﬁaﬁé odul s ? Bh. Fi g. 4is a
graph of ﬂﬂmmhﬁm)dedppeﬂuhpl&)mfmrﬁhemeﬁmimbhldEg\aeﬁﬁiESSfacﬂﬁymdah a constant

percei ved si.gnal -1 0-noi se i 0 NR) . is a h of an exenpl ary
P ve of STOHBonHBF FOwer Fiepaore i shptrtpor sta Bl pie mh

wideband communication channel may be over a transmission medium that includes a

copper telephone wire between and including a carrier's facility and a cable riser in
multi-tenant units and multi-dwelling buildings. The identified frequencies may be
identified by a regulatory agency for reduced emissions. The identified frequencies

may include frequencies that interfere with other devices or communications.

These general and specific aspects may be implemented using a system, a
method, or a2 computer program, or any combination of systems, methods, and
computer programs.

Other features will be apparent from the description and drawings, and from
the claims.

DESCRIPTION OF DRAWINGS

Fig. 1 is a flow chart of an exemplary process for communicating data.

Fig. 2 is a graph of an exemplary curve of attenuation versus frequency with a

single channel of wideband modulation.

Fig. 3 is a graph of an exemplary curve of attenuation versus frequency with

muitiple channels of wideband modulation.



dynam cally adapted SNR. Fig. 6 is a table illustrating throughput versus
dynam cally varying bit error rates (BERs) for an exenplary set of
paranmeters. Fig. 7 is a block diagram of an exenplary transmt path. Fig. 8
is a block diagramof an exenplary receive path. Fig. 9 is a flow chart of
an exenplary process for conmunicating data. Fig. 10 is a flow chart of an
exenpl ary process for communi cating data. Like reference synbols in the
various drawings nmay indicate |ike elenments. DETAILED DESCRI PTI ON For
certain nedia, each of the noise and attenuation, as functions of frequency,
may exhi bit bdilig 4ds s paph of mratemplyneuryeofooisp amplitude Yersusditae weheonponent
typically refers to,a di ct abl.e average function that is independent
or rel at i%?&ﬁ?ntipﬁﬁglﬁ%ﬂ@ﬁ{"%é?mﬁrﬁgo hossibly | ocation (given the same

cabl e paraneters,..such .as. type and | ength. of cabl.e ch_lLocation). For
exanpl e, the ?ﬁﬁéﬁ?g&’l@ % .'%ﬁﬁ’a?%%‘%t%ﬁeﬁmﬁ%ﬂ%%g%ussﬁgﬁp% |%um (e.g., a
power |i ngmgﬁjcau}tﬁiap@mgm_w' re) of a static configuration and long |ength
(for exanple, several thousand feet) is an increasing function of

frequency. ThiFg #ies abk ilhstratidgathfougiiut oersaf dypivgivally edryieg bitteiron ver sus
frequency maé ge ¥redi ctabl e based upon nodel s of the particular cable.
Si mi | ar| yates Gl CHERIARY P A PRRRE T Shdependent or static val ues of

background noi_se_as function of frequency. The static conponent may
i ncl ude noi se éﬁ’na/‘%?ﬁﬁ?kt‘g?ﬂ%‘i“ Al Eem. arb’é‘la%r%‘mﬁéﬁl&} static function of

frequency. The,dynanj.c conmponent generally refers to variations in both

ti me and I_ocaﬁ’?ﬂ)ﬁl%ﬁlﬁﬂﬁcggﬁpogﬁg’m%ﬁ%\?’é’@ *frequency due to, for
Cimoe or 1 ocdie it T PR e e8ERgS mohe BB FEMEE- S EdBee. and i gnal
attenuation of,. a,,pardicuyl ar .cable having a Qiven t . | ength, the
static functi h’?r]i%{‘% W é’]fﬂlllexeé“sﬁ?mf%esosffgﬁcﬁ'f',?‘gx‘gaglflggg%nd si gnal

at tenuati on t e GRESIIOkHERH IS afibld dStinBs AEASUIGIAL Sienldhysd! 90 MY

correspond to an i me-aver ag asurenent. fansm ssi on

medi um may inﬁﬂ?@sﬁ PRRbTIy @ telephone line, a cable line, a digital
, an I ntegra

subscri ber |ine ted services digital network (I SDN)
For certain media, each of the noise and attenuation, as functions of frequency,

may exhibit both a static and a dynamic component. The static component typically
refers to a predictable or average function that is independent or relatively
independent of time and possibly location {given the same cable parameters, such as
type and length of cable at each location). For example, the typical signal attenuation
on a transmission medium {e.g., 2 power line or a telephone wire) of a static
configuration and long length (for example, several thousand feet) is an increasing
function of frequency. This average, static function of signal attenuation versus
frequency may be predictable based upon models of the particular cable. Similarly,
there may be typical time-independent or static values of background noise as a
function of frequency. The static component may include noise and/or attenuation as
a relatively static function of frequency. The dynamic component generally refers to
variations in both time and location of noise or attenuation versus frequency due to,
for example, different devices or taps being connected to the wire at different times or
locations. For example, for a measurement of noise and signal attenuation of a
particular cable having a given type and length, the static function may be a useful
estimate of future noise and signal attenuation that does not require firther



line, a radio frequency (RF) nmedium and/or other transm ssion nedia. In one
exenpl ary inplenentation, a transm ssion nedium may be identified in
different segnents and span fromwithin a carrier's facility to access

poi nts outside of buildings and dwellings, to a cable riser in nulti-tenant
units and nmulti-dwelling buildings, and to one or nore termnation points
within the buildings and dwellings. In data comruni cation systens, it may be
desirable to increase or naxim ze the data throughput for signaling between
particul ar | ocations. Two approaches to nodul ation for noisy nedia with

f r equenc yneiswemenisg it alsd may edriesponidric hul detinfald of atirh¢-ezageer nodul ati on such
as, for exanple, orthogonal frequency-division nmultiplexing (OFDM or
discretenﬁﬁggpp@ﬁé (DMI), which consists of many narrowband subchannel s, or

(2) wi deband g ul at.i on. r rowband nodul %tliri'%n e{]n?ll udlfel% sg%zg al different
defi ni ng char 108 fmedpym WAL iy ide PQW WKy A K LPPEE IS 3C00F r owband
descr i begingpsldipitdledhsetivet tiat DIM)Sareintdpeatdd eeies digitabmtwmstit(ISDMIC| udes  snal |
rel ati ve_changes of attenuatign versus frequency such that the attenuation
versus finecrafioyreayency (RE) metipnmndios qEer Brmimigsisaapedia dpgpe vely flat. In

anot her @géﬂa@%@mﬁ%%ﬁb&@ﬁh:rﬁj’ssiﬂﬁ‘ﬁfe&‘ﬁﬁﬁﬁ%rﬁﬁ%@ﬁdﬂ%@% apdidhat ed channel s
andw’dt 'y small” co

havi ng a I

that is _re;at_lve Y. ared to the carrier
f r equenc pegnvintearsippen frowatithyn a ¢ariersrfralit 4o eccesspomisquitids ofibwildingsl occupies a

| ar ge nunber. . I f.the carrier (e q. [ O%l £l reater than 50
cycl es). @%dvgl@n%g? %‘Zarb?edrésfelr %%‘%}Eéﬁ’ga?ﬁé?%%?gﬁugggwﬁg?@m@ﬁrﬁ gscri bes
transm sso omsSorvhdre tamidasiompdints auiitin tie buildivgsgd dwklliaguency typically rangi ng

from 5011z to 64kHz, which generally may be used for carrying voice
i nformation. W daehemimnmdatioasystems itsway realesidibie toenmeaat oximffimizent def i ni ng

character,j stics. n.one.defini characteristic, .w deband descri bes

nodul at e&hec%%équéwg?r ?ﬁ%ﬂg%ﬂg%@ﬁwu%ﬁkﬁﬁo&f‘hTWﬁ@]@f% %% ge relative
changes afodalatien fatnofyn mediaSuith fidgReptSTependeiciiteinibtion iftRidai(f)enuat i on ver sus
frequency over . the channel bandw dth varies and does  not appear relatively

flat. |nTaletarér mpoelahem gick A A Example prhosgp SISEHACHENE 9%es 6 nodul at ed
channel snhaaﬁlaa?g;t(@ﬁnwy«w&b a@aamﬂt&]efmﬁ)lc ShhickssidiPofhgmycarrier frequency.

More specifica , deband, one synbol | nterval occuPies a small nunber

of cycl asrewbandsubehppmels on (3) yidebandnedulatign eNprrpwbandmngylagion cycl es) . In yet
anot her  debidl Bfberal different defining characteristics. In one defining characteristic,

narrowband describes modulated channels where the frequency bandwidth includes

_small relative changes of attenuation versus frequency such that the attenuation versus
frequency over the channel bandwidth appears relatively flat. In another defining
characteristic, narrowband describes modulated channels having a bandwidth that is
relatively small compared to the carrier frequency. More specifically, in narrowband,
one symbol interval occupies a large number of cycles of the carrier (e.g.,
approximately greater than 50 cycles). In yet another defining characteristic,
narrowband describes transmissions with a channel bandwidih having a frequency
typically ranging from S0Hz to 64kHz, which generally may be used for carrying

voice information.

Wideband modulation also includes several different defining characteristics.
In one defining characteristic, wideband describes modulated chanmels where the
frequency bandwidth includes large relative changes of attenuation versus frequency
such that the attennation versus frequency over the channel bandwidth varies and does
not appear relatively flat. Tn another defining characteristic, wideband describes
6



characteristic, w deband describes transm ssions with a channel bandw dth
greater than 64kHz. OFDM or DMI nodul ation typically use many subchannel s
such that each subchannel has a band that is sufficiently narrow to
mnimze the variation of attenuation or noise over the frequency band of

t hat subchannel. The aggregate of all the subchannels fornms a synbol, which
Is sufficiently long in length to accormpbdate the slow signaling rates of

t he narrowband subchannel s (where the signaling rate of each subchannel is
slow as it is narrowband). If the subchannel signal-to-noise ratio (SNR)
can be caeghlatdchanhdleRavinyea namidivitah thﬁndm&tﬂeraﬁvé torthé aaheﬁcﬂquhﬁynel can be

determ ned, The SNR for y artlcu channel gener al s made
avai | abl eMoge speeieaily; W@”@&Hﬁ rﬂ“FtSE’F %qcﬁ'ﬁ’destar% T’s‘lmg In order to
maxi m ze tHgsdRfa caﬁ—llaf %}%%%Hﬁoxnﬁzﬁﬁy iers@mm@ bdles). YR )&%ﬂo\fh&r aeﬂ+ at ed

periodically wth the or simlar i1nformation for each subchannel. Such
updat es t ghprasteristic, andebamsk deserihes trassmigsions with avhamiebbrndiyidik gfeplém t he recei ver
at arate thgjlkl_ﬁxceeds the tine variation of the SNR For exanple, if a
time- varlfalbf'm I'h the noise or attenuation inpairs the performnce of a

| | ' hi gh
Crror rate 33?‘2@%3 DR TRl Bpichiile S SR P Rl O e O

synbol  usibchanhdldag abatﬂﬂhatthmfﬁmmtlyman@dm mdmmzbhh& weiatiowef SNR for that

channel . uent.l t.he cas ni,fj can nme-vari ati.on of noise
and/ or at i’tfaeﬁﬁ"’}f’g%nm %‘E’F’é@f’gﬁbﬂg‘ﬂcxgm%ﬁ@‘% cjé’ iﬁll DMI rmay be
conprom sgg smchirﬁels lf6ra 2 sHBBIQvhich RoduifSciaitg wﬁgan &gt to@b®isodafe t ransmtter
trai ni ng. OFDM or may be used when signjficant variations of attenuati on

as a funtesion w@m@&aé@eeméwbm ﬂmcemkéwh@ﬁék}a%@abes ey of the
channel ) %Hkuﬂ)cﬁﬁﬁb'ﬂ ik slobas itk ﬁ&&wﬁaﬁ?& nﬂhsgdﬁ%ﬁﬁﬂeﬁl aPlo-ngiRiafgd over large

nunber s .of synbo when using high data rates. single carrier w deband

modul at i ofSNEa 0@11bmcaéwmdnﬂ@qﬂwlqmmalmn@amtfoﬂéatfseh@labm@cme such a channel

\C/i\nuget)gnélh& %%F%?l ongggk m&%{&ﬂﬁﬁb@aﬁmlkencgﬁ oar?ga}'\&@%lﬁﬁ ngfi gﬁr E ::glrz) ,

single catrannehemnﬂmnminbwmdoddahatsnbahmmebdn@mrtmaxmhm the dmgler such
condi ti on th .w deba du ation .using.F t of. an i ndi vi dual
Comool ooRipehied S EHRER BRial? SR e b whhFhR N sBlincy band

information for each subchannel. Such updates typically are performed using

transmissions back from the receiver at a rate that exceeds the time variation of the
SNR. For example, if a time-variation in the noise or attenuation impairs the
performance of a particular subchannel, the data on that subcharmel may be subject to
a high error rate which may compromise the ability to recover the data in the symbol
unti] the transmitter can be updated with the lower SNR for that channel.
Consequently, in the case of significant time-variation of noise and/or attenuation
characteristics, the performance of OFDM or DMT may be compromised by the long
symbol lengths and the requirements of fransmitter training.

OFDM or DMT may be used when significant variations of attenuation as a
function of frequency (i.e., 2 high frequency-selectivity of the chanmel) would result
in intersymbol interference (ISI) spread over large numbers of symbols when using
high data rates. With single carrier wideband modulation, a time-domain equalizer
may not be feasible for such a channel due to the large number of taps that are
necessary for the single carrier wideband modulation. By contrast, with frequency-

domain equalization (FDE), single carrier wideband modulation may become feasible
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and consequently, narrowband noi se or narrowband notches in the channel
transfer function have only a snmall inpact on the error rate. Such

i mpai rments may affect OFDM or DMI without training, but with training may
be overcone. However, rapid tinme variations in the frequencies of

narr owband noi se or notches in frequency- selective channels typically do
not affect the perfornmance of w deband nodulation wth FDE, but may affect
OFDM or DMI even with training as previously noted. To optim ze throughput
at a high SNR, a nodul ation schene typically is selected with the |argest
nunber ofurdet sach esnditiond oWithrwidéeleind gnodulaberoespigdidlg the erergy eftae. For exanpl e,

in a channe) .where_the atten .0 nd/ or nojse iLs,a.static function of

f r equencySRifupksymbel senet ¥%§Lﬁ€%%‘ﬂ§?‘§?‘169&réﬂ’@f’ é‘é’@‘iﬂﬁﬁ“?’?ﬁ%‘ﬁﬂﬁr‘vﬁwﬁh frequency,
consequendniohdtfuealiR @6 WBaMaRIsdor Aarkditiaha Atcs ih HRENEREY tradskert hi s exanpl e,
If single-carrier wdeband nodul ation is used, the selection of the

nodul at i olmetisadwee only & smalhisonagtereide emer ragnbegh ippamests jay afigeibol and t he

resultin . Q%ﬁ” {'anﬁ I ' X I.f:4OFDM or DMI
are used%ﬁyﬁoq%gfg?@gﬁ sC eg%u??-g? eac ?1}5&&’63% ﬁg%lr?g?‘g'rrgl%w Sg‘“’o‘lﬁ‘{”n“m zed for

hi gh t hr dimé pariationsdn thedrequerses of harbivitengdaeise ayoinbes meHeqieryease as a
function of frequency for. each subchannel . Ho er en t noi se and

at t enuat iSBI?CWFcﬁ%ﬁ%ﬁW%ﬂW@rPOI %@?&gﬁgﬂn@%@%ﬂ%@‘ﬁ%fng@;@ﬁ%my and al so
ar e dynani;jgh EDH, Bt glay ¥ffest OFDM e DIMT &ve GHBNRIMinS & |etib@dly nétben t he

per formance of OFDM or DMI nodul ati on nmay becone inpaired for the reasons

noted above. ITo dplifrzgaidtohgtipuoat a3 FeSNR, § modubaibnh sshitdtypitelly were sel ect ed
based only. on E:vgqen static fugcti n that did not, account for the dynam cs of
the noi sElegid waththelaaest gRbEn L it RY SYBEP! PReyiding am acentehlergPT S ng OFDM or

DMI' may %y eié $ith SiREnd) YwHRRS thb Shaslathl 8dloPndisd® adfhvid Hup@sn8f the full

avai | abl e bandwi dth. The avail abl e bandwi dth may conprom sed as the

per f or narftasguericyandthe attenuatien gmenily Hcresdrs Lineraly with Sequsaeomes hi ghly
suscept i &R B Q | : a@%ﬂ pc function of
frequencg:l.c’ﬁsrégge[{rt\lgi&ﬁse ang%%ggstadtg%/n@%cﬁ I&%’%@?%r@%’% u c%??on of frequency
reduces tsimgleShRidrotidshandnmothilatesiie uskdnibe ddettiby pf thie enainlagion echemsdul at i on
schene, whi,ch was_sel ected sed onl n.the static function. to remain
operative 1|hmn °f ?{Jéeqs%métﬁé]?l% ?‘t’e)fg”dtéﬁ’%syé‘}éﬁfg élrtuﬁeerle%‘%l&%g ?ugﬁg%ibgc%n?sh noi se and
at t enuat iaciondphahisel db Yhiswextamnple, SOEDEYorDMD atetused, alid modulation scheme

for each subchannel may be optimized for high throughput and the number of bits per

symbol may decrease as a function of frequency for each subchannel.

However, when the noise and attenuation include more than just static
functions of frequency and also are dynamic and highly sensitive to frequency
selection, then the performance of OFDM or DMT modulation may become impaired
for the reasons noted above. If the modulation schemes for each subchannel were
selected based only on the static function that did not account for the dynamics of the
noise and attenuation, then the available bandwidth for using OFDM or DMT may be
compromised by not being able to take advantage of the full available bandwidth.
The available bandwidth may compromised as the performance of the selected OFDM
or DMT modulation becomes highly susceptible to further noise and/or attenuation as
a dynamic function of frequency. The noise and/or attenuation as a dynamic function
of frequency reduces the SNR below the threshold needed for the selected modulation
scheme, which was selected based only on the static function, to remain operative in

the higher frequency subchannels.



and dynam c functions, one optimal approach may include two el enents. First,
w deband nodul ati on may be used to handl e noi se and/or attenuation as a
dynam ¢ and highly selective function of frequency to increase or naximn ze
avai |l abl e bandw dth. Second, a nodul ation schene with as |arge as possible
nunber of bits per synbol may be used to maxi mi ze throughput for noise
and/ or attenuation as a static function of frequency. This may be achieved
by wi deband nodul ation not with a single carrier but with a snmall nunber of
carriers, for exanple, approximately 2 to 12, rather than the approxi mately
100 to 1000 u%dmedia@imomeaﬂﬂ\mﬁenﬁmionekam@vithﬁecmenwmsmstﬁlﬁannel, each

carrier coyl,d be aedafe hertzaa rath a few kilohertz
apart for Mﬁ%@f oaghma ff“&ﬂtsf E}IQEaCh of these
few carr 'v@iﬂ&baﬁ&)‘n&aﬁlaﬁ&l @sﬁ @@Iusb@ tARRIR Risk Eﬁﬂ/@Mﬁﬁnﬁhoﬁ@& b @dandifir oughput gi ven
the SNR due to the static function over the bandwi dth of that nodul ated

carrier. algééﬂ ghiyoseleqveiyaetionof SRIYSEFYY IFERSH aRaxiTHes 2t3hl cal Iy is i munity
to frequepg  8Rbénta nldBhIRG Ofnaﬁgﬂerﬂé%fﬁﬁ'%fai %39& Hid e b i eﬁr:gngpt' mal Iy

handl e rap| tlne vartation requency- se ective nols
at t enuat isymbalrdaylersed)trenadimize theowghai fabndise andafr atienahtiondsdetatiasabl e

wi deband MHHAPEPPHRA ARy R 51 8187 G SRR BFORLR 100°, Vi ool 1

i ncl udes sirigitagatridr but\itla Sh4ll intep DPERARS, 6 exampleiiipidgmately 2n@dizum f or
wi deband conmunj cati ons havi ng a{) | east two subch nnel s S"‘Ht ep 110). A
funct i on T&henibrstae appremately 10819, 4 (?Odﬁe‘@g‘réEBMf?r&M nEGT Framgles Brdyi ned for the

static CQERAALBhanhsll &2h é&ﬁ&couﬁwsﬁ%amew%gmqmﬁmaﬁﬁfw ected for

each of the subchannels based on t functi on determ ned él tep 130), the

e
wi deband kitebtzapp for SEREYhand BMEL. alswiiroveed or eptirhd magiylssinm finepeh qfst ep 140), and

a data si gna%& A data

si gnal natgég?neg{ﬁ%]g dat gbggée{%gedgggémg‘%m ?Hj% éﬁn%ésl?gﬂ})nter franme gaps,
and pr eariin Mdumtmestmvmttmnpvcm bandwidily Dﬁﬂlat mtbrhllmchttaumrcamponent of the
transms for t LN |dent|f|ed prior
to divi d??lgmt"ﬁogje $§‘ﬁl\grr€18fe I?aﬁﬁds o tf’ grgglﬂen% & band
subchannebse asd ﬁ&nﬁzﬂtﬁh andihe abilityf toroptimally bdndrwaple tigfed/afibticil dfgiigkat i on ver sus

frequency. is detern ned for the static 9
d ¥ equency—selec%ve noise and attenuation ancf consequently the availability of much

wider usable bandwidth.

Fig. 1 illustrates a process 100 for comrnunicating data using wideband
modulation having at least two subchannels. Process 100 typically includes
identifying a static component of a transmission medium for wideband
communications having at least two subchannels (step 110). A function of noise
and/or attenuation versus frequency is determined for the static component (step 120).
A wideband modulation scheme is selected for each of the subchannels based on the
function determined (step 130), the wideband modulation schemes are applied to the
subchannels (step 140), and a data signal is communicated over the subchannels (step
145). A data signal may include data, data gaps, noise, data frames, inter-frame gaps,
and preambles.

In one exemplary implementation, the static component of the transmission
medium for the wideband communications may be identified prior to dividing the
transmission medium into the at least two wideband subchannels (step 110), and a

function of noise and/or attenuation versus frequency is determined for the static
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conponent (step 120). Then a w deband nodul ati on schene is sel ected

i ndependently for the subchannels based on the function determ ned (step
130), applied to the subchannels (step 140), and a data signal is
comuni cat ed over the subchannels (step 145). In another exenplary

i npl ementation, the transm ssion nmediumfor the w deband comruni cations
maybe separated into at | east two w deband subchannels before the static
conponent is identified independently for the resulting subchannels (step
110). In this inplenentation, functions of noise and/or attenuation versus
f r equencycompenciefsteprii2ap dlhendepdetdadmbgulatiim schemsisatiected onponent  of

 ndependariepsteaty o e sufdemhety et B8 AtSTR Wt GRREDT uncti ons. (sten
130), ap ra%ﬁm tb metﬁamhmqhs), arfldSd & i) is ceRtnuicheddaver @pal 1S

comuni cat ed over the subc nel's (step 145). In another exenplary
i mpl enentsabohamels(ep AdHet i on of noi se and/or attenuation versus frequency
may be determ ned based gn an jnfrequent neasurenent, of the noise and/or

attenuat i on v & ¥iether FegERIpRymBlFBenteleD. the SNBSS AR A fosthep 120). The
w deband JRGL LR REARRTE #3Ye pe?gﬁ%h%s%ﬂles’gt th 8 SriddpBR ﬁfbﬁlgag)ﬂelé nf r equent

measurenent (step 130), appllfed to the subchannels (step , and a data
si gnal i deforothrersiatic eqropbrenids idehtifiedimdehendsntly fof shespsultirg) subdtiaanslsf r equent
measur e t J4RC S a . e n-regul ar basis at
atine .”ﬁ%l r %/fa(t)ﬁ‘ %‘&gl%tuél%? e@#‘éﬁ%%&%@%?%?éﬁg& agttegl?a\p‘g ggﬁltljsdi tionally or

al t er nat ifteghency trelefermnitict dndepéndatiyder thastdfiocongidnentud sitawhannelsgstsp f r equency

may be d rm.ned hy averagi the function aof. .noise_and/or attenuation
Vorsus 1 QBRI A a et et en SR A AR PR BT KB ¢ e | one
i mpl ementsaichhels\WaSkRANte GREMiRd fRRtSASBIFE I 30R pRRd $€tHe GhiRbanrdeRdependent | y

for several or each of the subchannels to inprove or optimze orthogonality
A

bet ween Hep KMHend adatasignal is gommpyicatedoier thgSpbchaaralaistsa 188 rier (i ndi vi dual
subchannel ) nay be made non-interferi ntgg r arthoganal to the others (for

exanpl e, wi t hIf3OMCE SFFRRISTY faplRgenishonn %ﬁ?“%Pﬁ‘%?@"@*m&WPé@nover a symbol
period) aRes f&mdidyaRly SO RidomiIBAeS o BY infRakrt nfeh@MhdR o£@pRbRAt | On of all

such individual® channels. This approach allows the nodul ati on schenes for

each of wndoratiepvation vesuplequengyrayvidhe weblghendiddu(stepdieOlexidapl e, to achieve
an i ncr e35&flaf mBadResH schhnay be selected at the time of the infrequent

measurement (step 130), applied to the subchannels (step 140), and a data signal is

communicated over the subchannels (step 145). The infrequent measurement
mcludes measurements that are taken on a non-regular basis at a time interval greater
than a frame-by-frame interval. Additionally or alternatively, the function of noise
and/or attenuation versus frequency may be determined by averaging the function of
noise and/or attenuation versus frequency for the static component over a period of
time.

In one implementation, wideband modulation schemes may be selected
independently for several or each of the subchannels to improve or optimize
orthogonality between the subchannels (step 130). Each such modulated carrier
(individual subchannel) may be made non-interfering or orthogonal to the others (for
example, with each carrier being an integer multiple of cycles over a symbol period)
and resultant short symbols may result from the combination of all such individual
chapnels. This approach allows the modulation schemes for each of the carriers to be
improved or optimized, for example, to achieve an increased or highest total
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10 throughput at a required error rate based upon the static functions of
noi se and attenuation versus frequency. The inprovenent or optim zation

al so may include the constraint of nmaxi numtotal power or power spectral
density. One exenplary nodulation schenme to optim ze orthogonality between
t he subchannel s i ncludes offset quadrature anplitude nodulation (OCQAM. In
one exenplary inplenentation, the w deband nodul ati on schenes may be

i ndependent|ly sel ected for the subchannels (step 130) and the sel ected
nodul ati ons schenmes maybe applied to multiple data franes (step 140). When
t he wi delthroaghpmb did myiiced esohetebasat eondhetitedubamesiofnoitelapdst at i ¢ conponent

o ocogriieBAliR pRORAERUELY, d " ERELEHET o UMM ES ettt o™ O

nodul at | QRNSEAHRVE Sarinfuns L pbRer drpo®er shaéhlal derlsh9SOné exEnpi@lul ati on schenes
may be applied to nultiple data franes (step_140). A dynam c conponent of

t he trandneddation schemedpepiipizaionbegonality besaemthe sebcharnels Beudes pBBeti dent i fi ed
(step 15 | | onponent i ncl udes noi se and/ or
at t enuat ?%lﬁd%ﬁgét aﬂrt?{dees&ghgﬂ%éggnc#lgh of frequency. A filter nmay be created
or applied to | L QF | on t-he

1h tbﬁee&&&gst H?yt | C&x@gﬁzgmﬂéﬁoﬁonem . ﬁ% aftl mBdulitRmSl&hes RAS

dynam ¢ and/ or step 160). For exanple, in one
i mpl enentisdépendentihseletiaddnn the sahrpawelst(steppl3h endibedelesed modtlatiommd apply an

adaptive filter taq the.cqnmmunicated. dat i | w-The, adaptive filter may
"ol ude aehandmberpri gt TP ade siftdsth 30) el ERRRRE. dorm n

equal i zegx/mdﬂlt&ioﬁdﬁﬁﬁiey&efsélb&ted basa?wn the sﬁﬁeadre%t:jﬂ&yt (artp:lla@imgnhfw functi oln of
noi se and/ oy ~attenuati on versus reqyency. Additionglly or alternatively,
t he adapt® ?@PF&"“‘%F%E"E‘?%“SF@&‘! B&Hﬁéﬁ% 1 %O%Véaaﬁé‘ T5PSELiR el enent s’ of
t he adaptihy/Qaiid dohpber®V Ehusdome iheddodflatioh Shembl b BRBC@ D 130y optinal |y
handl e channels with dynam c functions of noise and attenuation versus

f r equencyhess sememgddatignghemesmaay hempplicdde spyitinie day fpmesGiopilAg- short synbol
times with the energy of each _individual nodul ated carrier distributed over
a wide spect Afmamic compopa of e ranwiesion mediumder ¢idghand conponent may be

used L0 GhRaigicaths BB 1R HékiEl (lcp 18DE EAEMIPIEALAMAAL 2 si gnal at a

receiver (step 160). The'filter may "include a Cchannel filter, a noise
filter, soupovenbintludennoirepndionsitenuatiposhiat yates aypurciipn ef frequency.

A filter may be created or applied to the communicated data signal at a
receiver based on the dynamic and/or the static components (step 160). For example,
in one implementation, the dynamic component may be used to create and apply an
adaptive filter to the communicated data signal. The adaptive filter may include a
channel filter, a noise filter, and/or a frequency-domain equalizer. The adaptive filter
may be created by averaging the function of noise and/or attenuation versus
frequency. Additionally or alternatively, the adaptive filter may be created by taking
an average of the elements of the adaptive filters over a period of time. This approach
may optimally handle channels with dynamic functions of noise and attenuation
versus frequency that may be highly frequency-selective by preserving short symbol
times with the energy of each individual modulated carrier distributed over a wide
spectrum.

In another implementation, the static component may be used to create and
apply a filter to the communicated data signal at a receiver (step 160). The filter may
include a channel filter, a noise filter, and/or a frequency-dorain equalizer. The filter

may be created by averaging the function of noise and/or attenuation versus
11



maybe created by averaging the function of noise and/or attenuation versus
11 frequency. Additionally or alternatively, the filter may be created by
taking an average of the elenments of the filters over a period of tine.
| ndependent denodul ati on functions nay be applied to each of several
subchannel s based on the sel ected w deband nodul ati on schenmes (step 170).
Appl yi ng i ndependent denodul ation functions nmay include using separate
denodul ators for each subchannel s and/ or separate denodul ation al gorithns
for each of the subchannels, Fig. 2 il]ustrates a graph 200 of the steep
curve 210regpensyt dddiiopdly or aloraaiiielyy thevfilichmay betrew by&&@g@png in a higher
attenuati L i tens that experience simlar
DBabE bl el ﬁi;tﬁ% SliEE BUENGATd of BHS

characteristfFcs 1nc I'stance tel ephone wring, which may encounter
attenuation v%[ﬁd Yiidd @hct he H5Y&ch bPsvEasi Ng Wi th
frequency. As I ﬁ%{e%gle , uslng (\’Niog‘seglaazd _ &%I aticc)n as represented by
power spechehatmaicesed g thesBctaduvideban@ ogdikatiomschemep (step hzhinel 230 | eads to an
inefficiepnt . match of .the nodulati.on .220 to the steepne of the attenuation
curve 21 .pplﬁc—‘{ﬂgm@%’fﬁﬂ@é?@?@%‘ﬁgﬁ'ﬁgf’?s&ﬁayel?%lg%Eﬁlt,ge%p%jg/t%di fferent frequency
channel s dgmo@ilatoksyfor 2N sitbchannels aid/biNsepirate dembditidaatgditions foheadhengt h of t he
wre. Fig.. 3 i]lustrates a graph 300 showi ng that inproved comruni cations
may be XEMesVRABYERhoosi ng a few individual channel's 330A, 330B, 330C,

330D to preseryve. .w deband jon and b ar.yi ng nmodul ation schenes

So0n 9208 S THe2 IR ngant Al the Rl B MG BRI corve 510 of

the corr%%%ﬁ%i%@@ﬁ@%%oﬁmm at ARheFFRdqueriR! ex nodul ation may
o]

be applied he”| owest frequency . channel), while preserving the w deband
char act erSiystems hapexperiencapignilapehametansticsindnde lgng distaenedelephongly nani ¢ noi se

char act erj;shi : '[‘E‘% Eka Sk iﬂ.éﬁ]] ti W ring) over
the w dest p%gif?‘cb}{rgaﬂgﬁgw ts‘11 thgl?‘é y ac |§an\§¥%15 Igta%:tegﬁggr?gpossi bl e

t hr oughpuncreasing with fréguensyr As dinstatgd, axhng #Gdebatd nrpdidatian asotmeseniop! i t ude over
time wt con er CRl , ctg @% t. in | ower speed
dat a com%ﬁ%?ggﬁpgél%%ﬁng?&?qﬁl%ﬁﬁvgyﬁgﬁé@? llcap 6§(g%gésﬁgmrlloi se anplitude
over ti nmeneffit¢ibntanapaly cfchewaciulENR230 O th sitefinsssay Heratealatipn adap2HH by

| dentify Ingezga?n%leq maartrt]er?uaﬁgnnpx%gggi}cecg gj,r gi'ffertatnt1 Eequency channels generally

tends to vary in this manner based on the length of the wire.

Fig. 3 illustrates a graph 300 showing that improved communications may be
achieved by choosing a few individual channels 3304, 330B, 330C, 330D to preserve
wideband modulation and by varying modulation schemes 320A, 320B, 320C, 320D
according to the predicted attenuation curve 310 of the corresponding individual
channel (e.g., the most complex modulation may be applied to the lowest frequency
channel), while preserving the wideband characteristics of the modulation in order to
handle the dynamic noise characteristics of the transmission medium (e.g., telephone
wiring) over the widest possible bandwidth, thereby achieving a highest possible
throughput.

Fig. 4 illustrates a graph 400 of dynamic noise amplitude over time with a

constant perceived SNR 410, which may result in lower speed data communications.

Fig. 5 illustrates 2 graph 500 of the noise amplitude over time with a perceived
SNR 510 that is dynamically adapted by identifying the dynamic component {e.g., the

dynamic noise component), creating and applying an adaptive filter based on the

12



dynam ¢ noi se conponent), creating and applying an adaptive filter based on
the 12 dynam c conponent. This "on-the-fly" frequency-donmain equalization

i nproves the speed of the data communications. Referring back to Fig. 1,
process 100 may further include selecting error correction and/or error
detection codes (step 180). Forward error correcting codes typically are
applied to the transmtted data to achieve a particular bit error rate. The
forward error correction (FEC) is typically selected to achieve an error
rate that can  handl e worst-case channel conditions. However, in dynam c
channel s,dyp#Bicsomngness Thip ranstheliyn requsnendoraan eaupligyiondarwret he FEC are
exceeded. ygfd}ﬂﬁnﬁﬁigygﬁ&nﬁ&ﬁﬂma | engt hs and | ow | at ency processing enabl ed

: e

by this asBproac ata may be transmitted into short franmes conposed of
bl ocks incorp ﬁﬁgj'_lil\%b ot hef;0 Hss800 Hay fFEMer Sl RRe Bl Mo RHLPr detecti on,

whi ch may be g:e no e%gté%mt%yf’ ec S?Secei vagr usirng thee engor-det ecting code to
det er m neombdtivh abd/océrsondeteetionapdesdstep ¢ 8@d Foywart er¢ik@redthigsodes | ows for a

| ow | evel_ l.i nk protac hat ieve.a lower bit.error, rate through
retrans m@?"&’f “E%ﬂ?ﬁg‘?{ortgﬁg?ﬂ%%%{% 23 "fovle&ﬁghcflﬁaé%]t\ﬁg?reraﬁh Fe to be

cor r ect edofward &tfor chiréetioa SFEIE) i€ typicaly sdlactdde acldkveunl eerdg eatembiscanecei ved from

the receiver. In addition, if a retransn‘i,s%iﬂon_is necessary (step 185), an
acknow edgediewerst+ase changt sonditianss HOYEVER i Semirthpnnels fheps mavbe dat a nay be

at t ached Qs Rh BRI BrrE g Bourdd B) the PRRTLrd oX RbARAN WIS S Qhorl SmitRglvi red, the
bl ock of data that requires retransmssion to the opposite node al so maybe

at t ached lengthstand lewlatinenpreressigs wabled bylis a@m@ﬂm ﬂﬂdé@tﬁmw beor the data
transm t ?%13%48& Elgo RAGRIH S gd ﬁ&aﬂ Bﬁ:lﬁ&s m&%@ﬁ%ﬁgﬁ;}gw ﬂ%ﬁ?@ whgdgenent s

enabl es da sent i n Irections r I Ciencies. Mre
speci f i cabirgetioh and exxardeteetiod) wifvh magfeiackromdedesd bpyhelyecenenbdingethe because t he

nunber of different transm ssions tween a sende ngd r ixer are reduced
by attacﬁpﬂﬁd?tﬁcnﬁg\ﬁf’%eatf’gle © g‘i?hg’sﬂcg'ggﬁrr%‘f? EOITGB{ed%é?l?eaPm ﬁ??ons and
acknow edgewefk & 1sviddvel vk fatoco]l HRE fiay achives 1@@&{1&::@0&51@@@@ nation of (i)
pi ggyback acknow edgenments, and (ii) short frame | engths and | ow | atency

processi AYTAREEIEsIpR BY thstenyiteroagy Rigrks thateverr weablaiq be remsstaddydhabl es a

communNi C 0k RYSHnSBALYEY RRARNIEABnhE & fveaFYlARe tReiRE0Vi de | ow [ atency
comuni cations to an application.” If an acknowl edgenent for a retransm ssion

of In addition, if a retransmission is necessary (step 185), an acknowiedgement

for a retransmission of previously transmitted data may be attached to new data (step
195). When a retransmission is required, the block of data that requires
retransmission to the opposite node also may be attached to the new data along with
the acknowledgement for the data transmitted by the opposite node. Using
"piggyback” acknowledgements enables data to be sent in both directions at higher
efficiencies. More specifically, for example, higher efficiencies may be realized
because the number of different transmissions between a sender and receiver are
reduced by attaching to new data both acknowledgements for retransmissions and
acknowledgements that the data received was correct. The combination of (1)
piggyback acknowledgements, and (i1) short frame lengths and low-latency
processing made possible by using multiple wideband channels enables a
communication system incorporating these features to provide low latency
communications to an application. If an acknowledgement for a retransmission of

previously transmitted data is not necessary, then an acknowledgement indicating that
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previously transmtted data is not necessary, then an acknow edgenent
indicating that 13 the data transmtted was correct nay be attached to and
transmtted with new data (step 190). Fig. 6 illustrates an exenplary table
600 illustrating throughput versus dynamically varying bit error rates
(BERs) for an exenplary set of paranmeters. The paraneters may include a raw
bit rate (e.g., 100vbps), which is the speed at which bits are transmtted
over a comuni cations path, that is typically expressed in bits per second.
The FEC overhead (e.g., 2: 1) includes additional redundant portions of a
frame thahe data magmitiddywas iserrREE@aydd ettaphed torvad tiansreitpd wilbagwdstag rati o of

t ot al |31;§éf%hl on transmtted to actual information presented for delivery.
The prop gt ion” delay (e.g., 11.43 As) includes a tine for transit of a

signal fromo i i | 4 ﬁ’égflﬁ emto the other

poi nt. The bl g%iggl%at%g%tgﬁém{ﬁ%%gge dggl@u(gg%. s gﬂ;&ﬁ%@;‘s i ncl udes the size
of a dat alyhimicKlyovaryifig bio efrtaGates (RER o) fortah akeryslatyyspi afglataynetees fflessed i n byt es.
The bl ocks per franme .0., 32) .incl s the pupber of data . .bl ocks

cont ai ne@aw?fwmmaygwﬁgf3%3&@6@&@%@?5&%&@%@ f“i‘%“f)l? the nean
number  ofy;Qkde tRGERHEd bibr @Y metuRAtidrid path ikt it §pidafty biradsed i@ perof bits in
that interval. The block error rate’ includes the ratio of the nean nunber

of bl ock sesopdr The FEG eyerhead(es., 2i) &clpdes additional redindpntipgrtisas ob% bl ocks i n t hat
i nterval £ ) g i I ich application

i nformation %&%ﬂﬁg@p@gﬁeggﬁﬁbﬁg%@m&p@ﬁ% eﬁ Sag%tr??gf c'o time. Throughput
may be usefdrmasion tizibgmitted ®factual inforfeatongresysted foralslivary. €xcpropagstiethe over head

i nt roduc by th stem such..as .er,ror.. control .codi ng and r ot,ocol

over hond demle g B YD SRS A st S bRl SR e PaBP S a BREHC 0 (e bi ¢

st ream r ¢igkj neteorRf drepstérrto the 0at panth The bloek sipe (Headd¥EsbdyFORCEpaP| €, as the
over tipe .trajning on a fast

noi se ma varX, sLl%ni ficant]y ) tr@nsn’i ttetg

enough ti nh 2t includesthe size opddatablogeprns i EQRRrading the iy wRrabhal approach, a
nodul at | @ppraeh Ffytddl The BRcSRE HERE (4 )39 chides AR QuiberbfiBiS del iver, for
exanple, a BER of "10-9 or |ess, which conprom ses throughput. However, using

short fr binsks comtpinegvwithin esiogle femee 3¢ RBR dncludes thermido piilie meap t he FEC, dynanic
fluctuat Pngx%eﬂo@ it R oRAF by %@e rﬁ?‘g)utﬁé fobdl nﬁ%ﬂ%‘ﬁ?ﬁbité‘ﬁf thﬂ.%teﬁgﬁ of 10'9 or

| ess whi using a nore ‘conpl ex no ation an ess codi ng overhead for
hi gher t Hbheblghiperror rate includes the ratio of the mean number of block errors in any

given interval to the total number of blocks in that interval. The throughput includes
the average rate at which application information is communicated during a specified
period of time. Throughput may be used as a figure of merit for a system as it
excludes the overhead introduced by the system such as error control coding and
protocol overhead. The post-FEC BER includes a bit error rate as applied to the bit
stream lieceivcd after FEC decoding has been performed.

For example, as the noise may vary significantly over time, transmitter
training on a fast enough fime scale may not be relied upon. Under a conventional
approach, a modutation and FEC must be used for the worst case to always deliver,
for example, a BER of 10” or less, which compromises throughput. However, using
short frames and low-latency processing of both the FDE and the FEC, dynamic
fluctuations in the post-FEC BER can still deliver a final BER of 10 or less while
using a more complex modulation and Jess coding overhead for higher throughput,
through a low-latency ARQ using piggyback acknowledgements. Table 600
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through a | ow Il atency ARQ using piggyback acknow edgenents. Table 600 14
Illustrates the mai ntenance of the delivered throughput under
dynam cal l y-varying BERs for the given set of paraneters. Fig. 7
illustrates an exenplary transmt path 700 used to inplenent the features
descri bed above with respect to Figs. 1-6. Transmit path 700 typically
I ncl udes a processor 710, error correction and/or error detection encoders
720, one or nore nodulators 730, a frequency domain shaping filter 740, a
digital analog converter (DAC) 750, a low pass filter 760, and a line
driver 77ustpiesthesunintenpnce offhedqliveres thrpeshpat wdeohmamicellyveiigsystem to t he
user. Itlﬂﬁhsﬂﬂ4ﬂ gp%ngggyﬁﬁ#&ghgons protocols, for exanple, segnentation and
R 'zi'ng data, re

reassenbly,  pac retransmtting blocks of data that were

recei ved inco - ' ' r | code, and sending
acknow edgeneﬁ%g%%%ﬁgéso%nds{@%%?ﬁgﬁgﬁ %ﬁ@fé%‘é’gﬁﬁ’% sp%l? NAKs to

det er m ndeantnes dsacritied @bdes vath dspeat todigs. 1462 ednemit patr 7108dyphivallyr | ncorrect|y.
Dependi n n, the appligation and on the progessor, the sk list may

hor ude dhigieh A gt B 1By e anger Ot andlss &R SRR e bRt gaeercry B o
correct i efurépdaMatofeBOCE frejuehtl (V@S shapie BRES TIONE dighs) #alog encoding.  For

exanple, it may _ap I%/ an error _detecting code to _a block of data, followed
by a foroeieaterdAy) BortlompasyiiltarZ6y. adading drivgs’de of data within the bl ock.
The conplexity of the FEC code can be dependent on the expected quality of
the channel  8FocesspicHintertacep thedata commugications sheem &o the Wseth ATA® i s

char act e 7@d cbhmBniBht@hls plotals; fof xRS SednintaBioh NNeass2mdlyP! € code, if any,
could suﬁ‘li;ce_)c_, t he codiﬁg_ové';’r hegﬁ#@aﬁde he g_esi r_ee(ﬁjIS Synb))g}j Error Rate

( SER) or pBiketifing data, Retragsipfsting blagkstaf datp Ehab womsreceived mogpraetlfds- om t he processor
7 10 to g %;gf)g!;z 0 n ' strean(s)
could behgtncoc"ed e@?ﬁ%&rd&%ﬁn f?osdf[&r%g%%@é@éﬁ%&l%%&%@%@gpﬂa%gte | ndependent
streans aAK{) wach arpiggbacki ACKe acNAKs ve datemzde wiethee bideknof dadwerat ed by t he
nmodul ators 730. W re .onl ne bit .streagmis enco%ﬁgﬂl segnentation into

mul ti pl eTEEVEGAET ‘e‘gﬁ %ﬁhcﬂsﬁﬁ%ﬂgﬁﬁ GABPUEIPR &55%kendi ng t hat

subchann@e thsk Hsh@ayReubiakb®f fund@alifydeansriitle @ d perfobrhied BEHOPOL ation  into
mul tiple streams coul d occur before applying the error detecting code(s),
after appl yi Bfjoit dderectiohQihd/de tigedtion@nades (730 pafidmis elieadata eepdiyig.ng t he forward

rror r in
error ¢ Oi-"'mSa gxtmine, it may apply an error detecting code to a block of data, followed by a

forward error correcting (FEC) code to words of data within the block. The
complexity of the FEC code can be dependent on the expected quality of the channel
or subchannels (i.e., if the channel or subchannel is characterized by a high signal-to-
noise ratio (SNR), a simple code, if any, could suffice), the coding overhead, and the
desired Symbol Error Rate (SER) or Bit Error Rate (BER) at the receiver.

The input from the processor 710 to the encoders 720 may be one or more bit
streams. The stream(s) could be encoded either as one stream or segmented as
separate independent streams and then encoded for each subchannel to be then
modulated by the modulators 730. Where only one bit stream is encoded,
segmentation into multiple streams for each subchannel may be performed before
sending that subchannel to the modulators 730. More specifically, the segmentation
into multiple streams could occur hefore applying the error detecting code(s), after
applying the error detecting code(s) and before applying the forward error correcting
code(s), or after applying both the error detecting code(s) and the forward error

correcting code(s).
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code(s), or after applying both the error detecting code(s) and the forward
error correcting code(s). 15 The input data streans are nodul ated by the
nodul ators 730 for each subchannel with the nodul ation
constellation/conplexity determ ned for each subchannel (e.g., BPSIC, QAM
QAM 8, QAM 16, QAM 32, QAM 64, QAM 128, QAM 256, QAM 1024). The nodul at ed
streans are then conbi ned/ added together and sent to the frequency-donain
shaping filter 740. The frequency-donain shaping filter 740 can be used to
reduce emssions in particular parts of the frequency band. For exanple,
the transmi tt dte sipyhddta stepamp are mestuddinscbysthe modhlators 1301 ¢achot interfere with

the amate radio. S, s ol ands, and even
with ot héﬂtﬂ;ﬁh em&‘?ﬁeel% ?‘?‘ﬁ%}g’rn cg%ﬂ@%é&ﬁu@oéwl%%ﬁj s ngd?‘ﬁel\@a EgD of the
transm t isebchaingh &d.g., BRSK, DAM; QAM 8] QAMhES, ) AjvIt32] QAM64IQAM 188, anal og
waveform_ Lo ass._filter 76Q smpot hes the DAC out pu nd renoves the
undesi re@%gfég%ém 18]3&99?%%8@%&?9 n??’ﬁglﬂf)@%‘idegﬁ%geé%eﬁnal power to
an a_pprO%Hﬁt&ﬁléﬂe%ﬁe‘ﬂéy-ﬁéﬁﬂﬁgﬁa‘fﬂg%terEﬂ@l- 8 illustrates an exenplary
receive path 800 used to inplenent the features described above with

respect to Fi Qhe frbgfonciR86i8kii ShapdigilBOMG ubitealsbd/toirificbig@snd BW pass filter
810, an anal og digital converter (ADC) 820, a synchraonizer 830, an

equal i zepagigplar prts of thefinquenss hangls Fax eempls the tepipited gepal ¢an B and/ or error
detectio I . j : 0 acts as an
anti-ali ggfcggé:%ﬁqﬁlti]%rt ﬁ@&g@gﬁﬁ %%rﬁglﬁﬁi%ﬁtgmﬁ%%gm ng%glrl\%%’ %’%ﬁgﬁugﬁal to a

di gital signktion GYMG basisj andrev@d@itethermodeas. Thefiltdreqi baused toddjestr ecei ved

data frane. dition it 830 can be used to maintain proper bit timng
at the rggeeﬁﬁe]??%‘égéml"' H‘?ds}%’aget ernmine if a frame is received, the inconing

20721 e, be iRt 75 o ARl UL oAU RS, S0P Fhge P o e

atitonre s and determnes if the
r ecei ved 76@guesthes the DAC smpwt bnd :eniokes the andesirdd dgh frequand)l eandsl hiiae pr ocess can
a match is found. Equali 0, .for exanple an adaptive

be repeat.ed i, | y4 4

fr equenc?‘nﬂf#&br}?"%ﬁﬁ%ﬂ Y892} POVER 1At APR¥OR atFrkB’r‘Fﬁ?Bg'ﬁ“Sganﬁhnel and noi se

filter, may beFHg? g?lh}sg-atl;:g gnoééc%{npfa{*]f receive path 800 used to implement the features
described above with respect to Figs. 1-6. Receive path 800 typically includes a low

pass filter 810, an analog digital converter (ADC) 820, a synchronizer 830, an
equalizer 840, one or more demodulators 850, error correction and/or error detection

decoders 860, and a processor 870.

Low pass filter 870 acts as an anti-aliasing filter. ADC 820 converts the
incoming analog signal to a digital signal. Synchronizer 830 determines the
beginning of a received data frame. In addition, it 830 can be used to maintain proper
bit timing at the receiver location. To determine if a frame is received, the incoming
signal can be correlated to a predefined and stored transmitted preamble. Decision
logic analyzes the correlation results and determines if the received sequence is a
match to the transmitted preamble. This process can be repeated until a match is

found.

Equalizer 840, for example an adaptive frequency-domain equalizer
constructed from both a channel and noise filter, may be used to recover the
transmitted data over a noisy transmission channel with frequency-domain

attenuation. The equalizer may be designed to analyze the channel and adapt to the
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transmtted data over a noisy transm ssion channel wth frequency-domain
attenuation. The equalizer may be designed to anal yze the channel and adapt
to the 16 channel noise and to the channel attenuation/distortion. The
equal i zer reduces or elimnates noise and corrects for the channel
attenuation/distortion to reduce or elimnate inter-synbol interference
(I1'Sl) and/or inter-channel interference (ICl). In one inplenentation,
equal i zer 840 nmaybe constructed using two filters: a noise filter and a
channel filter. The conmbination of the two filters can be used to generate a
filter shamehsise Aidémthe chartiebatteonatianfdistetion. (The equaligerandwbs@r nati ve, or as

capabl e of. beln sed in ¢ tio timal . filter. Constructing
the freqf %nbt%‘f‘ g]i‘F“BH&HF&Ha 13}’?’6‘?%01‘?‘1“?%? may i ncl ude

usi ng 0”%Ixﬁﬁna%%r%ﬁﬂﬁél%eﬂéreﬁ&?lsmﬁidﬁ ihtér-éHagnd] itefertiRMICIPaR (| FO, the
recei ved preanbl e, d the transmtted preanble. Denodul ators 850 receives

the i nputong méamﬁntgtmd paralizes 869 H@Eéﬁﬁ?ﬁs@ﬁﬁ@um&@@rﬁlﬁgﬁ ampisafilieit o

subchann (R tors 850
have kno age ofﬂt@ﬁeg ?aﬂl% Ion const at | on &se%{g?ﬁn&sgge annel . Error
correcti onchesa Wenecfltepior sredio fifter 860 alismativesomkssapableesf balngweedri t h  regard

to the transm.tter in Fi ess t he decodi ng and reassenbly
of the ¥FEAHRAHOD, ?rﬁsfﬂgp%ﬁllﬁgédem?"g}gegﬁwg‘%go%@ndeterm ned by the
transm t legializ@fomSchiniel b noiddrfieeHSP inciide uking 6hé OAGresiapldadAahe OMIUNI cat i ons
systemto the user and can _al so run the conmmuni cations_ protocols, including
whet her %ﬁﬁ%@&ﬁ@r@ﬂ%ﬁ?@@ ﬂlsrecmmreérﬁb@@ ke G@WWitkd t 0 whet her bl ocks
of data bieecei ved correctly or incorrectly. Depending on the.
application and on the processor, the task list could include any

functional i t ypdegimakostssoablefvel the n@aféaﬁf SR AYesdr Sehenfie the data has

been recei ved, denodul ated, decode reassenbl ed _fromthe received

bl ocks i mcemmgmeetatmteﬁumgﬁldss angj then @@@@Mesmcwbd@m T g. 9 illustrates
a processeA0fudidis 50 REWILEAILRY of Bl froatlafbEhsRAichD Gigh |y 1 ncl udes usi ng
afirst transmtter on aftirs anne to detect a state of communications
by a secewmthamghsnitter over a second channel (step 910). Transm ssions by
the first

Error correction and detection decoders 860 used is described above with
regard to the transmitter in Fig. 7. The processing of the decoding and reassembly of
the streams is in the required order and sequence as determined by the transmitter

construction.

Processor 870 interfaces the data communications system to the user and can
also run the communications protocols, including whether acknowledgements (ACKs
or NAKs) should be sent as to whether blocks of data were received correctly or
incorrectly. Depending on the application and on the processor, the task list could
inchude any functionality deemed suitable to be performed by a CPU.

Once the data has been received, demodulated, decoded, and reassembled

from the received blocks into application data it will be sent to the user.

Fig. 9 illustrates a process 900 for communicating data. Process 900 typically
includes using a first transmitter on a first channel to detect a state of commumications
by a second transmitter over a second channel (step 910). Transmissions by the first
transmitter are synchronized with transmissions by the second transmitter based on

the state detected (step 920). The first channel may include a first wire and the
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transmtter are synchronized with transm ssions by the second transmtter
based on the state detected (step 920). The first channel may include a
first wire and the 17 second channel may include a second wire that differs
fromthe first wire. The state of comrunications includes a receiving state
and a transmtting state. In general, process 900 may be applied when the
frame sizes are fixed. Mire specifically, for nmedia with high crosstal k such
as tel ephone wiring, each transmtter may synchronize its transm ssion to
that of other wire pairs by first detecting transm ssions on other channel s
at its ersdcunﬂchd]ﬁellmqpinelndbai:mmnclswinemaodiﬁ‘zrisﬁ@mﬁlsﬁtstmmﬁsmn to coincide

in time with such transpm.ssions eli eth ef fect of
crosst al I?fS?FnP’EE‘ﬁ ’cOFLBFPC g{:‘ta%ﬂ}ﬂéggfg @ygyg,s% a% ded with

transms 6&%5@00%4}5?{ a?ﬁﬁeﬁir)hen'ﬁhél"rarﬁ@sﬂés'afésﬂﬂcﬁt es a pr ocess 1000 for
conmuni catl ng data that includes identifying frequencies in a w deband

comuni cat i OnMd?@é}i%@ilﬁcﬁlhﬁfor&ﬁéﬂlwmBl%ﬂ%@éﬂalkgﬁﬂhsa%'t&éjﬁmﬁéﬁﬁﬁl gl010). A digital
frequency-domain filter ‘maybe applied to a transntted S|gnal to reduce the

eni ssi ongad transmitierymay pyrchignize iy tranrapssion(ts thapofighey)wirg pairs §Rérdxenpl ary
| b
| mpl emen érg%eg&ik reglﬁ Blg‘sgdriﬁdiﬁér%ﬁmhﬁﬁtaﬁ éilg'so?&lerl ﬂﬁaﬁ@er ssions may be

i dentifi agenc suc Conmuni cati ons
Conmi ssi (mnc(hFdﬁﬁ)mg mnsmmah tqcomclcwmemeamﬂuvsablytranshnssfqne@mes t hat

d f
W £ ot ndF SRR A8 S ARG R R AT ICREAN P o wi deband

modul at i @Binéided Wih thssmisiclesothephitd)pl e, preC| sel y-1 ocat ed not ches may be
applied to the transmtted signal by digital frequency-donmain filtering to

reduce em ssi Bis 10 illupteatési aqutbeess PHOLST @hodidnicating datethayinchdesd and thus to
mnimze.interference w.th | e exi.st.i transm ssions, such as
amat eur F%‘F@’“ﬁﬁa‘gﬁ?ﬁlg"‘ncﬁéﬂﬁ& F‘Bﬁ ‘éﬁ%ﬂ&@ﬂé‘&?ﬁmﬁﬁlfﬂs&%l ques may be
i mpl enenfe&dssioﬂs(scypgm@y mlgﬁﬂr&aﬁ&c%%%mﬂnegb@a e kg, conputer

hardware, firmmvare, software, or in conbinations of these el enents.

Appar at udreasiges signsl torreduse thearrssans o ﬁragdenhﬁ@d frermengies (sisp 1820 Ihput and
out put deyk pl &%;m r@'%%%%h @fﬁgt ggg@l pr oduct
tangibly e I'e %y 0|B’ne re f)!lee st age ?j}cw ce 4

be 1dent1ﬁed bya regulatory agency, such as, the Federal Commumcatmns

Commission (FCC). Additionally or alternatively, the frequencies that require

reduced emissions may be identified so as to reduce interference with other devices

and commmications.

More specifically, as wideband modulation can handle notches, multiple,
precisely-located notches may be applied to the transmitted signal by digital
frequency-domain filtering to reduce emissions in particular parts of the frequency
band and thus to minimize interference with multiple existing RF transmissions, such

as amateur radio bands.

The described systems, methods, and techniques may be implemented in
digital electronic and/or analog circuitry, computer hardware, firmware, software, or
in combinations of these elements. Apparatus embodying these techniques may
include appropriate input and output devices, a computer processor, and a computer
program product tangibly embodied in a machine-readable storage device for
execution by a programmable processor. A process embodying these techniques may
be performed by a programmable processor executing a program of instructions to

perform desired functions by operating on input data and generating appropriate
18



execution by a programmabl e processor. A process enbodyi ng these techni ques
may be performed by a programmabl e processor executing a program of
instructions to performdesired functions by operating on input data and
generating appropriate 18 output. The techni ques nay be inplenented in one
or nore conputer prograns that are executable on a programuabl e system

i ncluding at | east one programrable processor coupled to receive data and
instructions from and to transmt data and instructions to, a data storage
system at |east one input device, and at | east one output device. Each
conput er qutipyr Tne wehniques napbeimpicrechtedingnh prymotespaiputer progrmpsthator

obj ect-oriente rogr anm ng | uage f= 1 N enp] r i ne | anguage if
desi red,; aé%ax%dta@ﬁfl’gEggogan%ﬂ“ab?‘?%ﬁ%&aﬁgﬁm ablg% O@oﬂ%ﬁ%gﬁg%ﬁyi nt er pret ed

| anguage prodaisior adlpledit E2EIFS A4ta ahdinktitiondffoMpandad trévediipdfta aladt h general and
speci al purpose mcroprocessors. Cenerally, .a pr oce?stsior will receive

i nst r uct PRRRICHENS top dRtarstaERBe S YStPB ot lenst Qnedaii Aovich andhst least absRMccess

menory. g i %ga Ah éxﬁ’é?%.d hg—\ggq i Gaait er program

i nstruct i%tgg{scaaﬁ%rqlﬁgt Et?I}llz:':rllﬂj de aﬁﬁé‘)%nrprlrs 0 E%ﬁ vo?g%{?)ftgerrermry, i ncl udi ng
by way ofobfechopintedgeograromihgdanguags wpmyassiaily erspackineHangeegdifasabl e

Progra bl.e Read- Onl r EP Electrical.l rasabl e Progranmabl e
Read. Onl JENESoRg P EBEHEMYTS AHEB G0N Pha Ry 4t PuebrEBRREE: o ke such as
5'c Read 1Ly NGy (G R Ay 51 L he Lo caot e T be Suppl emert 0
by, or i ﬁ‘&lﬁ?"ﬁé“&?% ﬁﬁéeggb'géf’ ICFVQ%%@ TSFRAYP | OI(Sa"ﬁ‘ﬁlqaéeé)‘?‘Bﬁ- specific

i nt egr at @ghdCodif Mieindy anh/or Wrdnkiol Actbis RlembPP BibAAE davides oMbl f i cati ons may

be made w thout departing fromthe spirit and scope of the clainms. For
exanpl e, tangitiy erabedying computer Brogep mptrucignganddlatadngludeca] fofms ofiog- of t he
di scl ose i . : FEO xol . roif
conponen?gfa;ﬁ?]é}?he glsnslc %lg%gf%géens \fgkr%%%#géﬁégﬂ%%&g%&c%%cgnt manner
and/ or r epEssgde BrogempubirReuddhlp Memdre (ERROM Fentdcally Brasabldi ngl y, ot her

i npl ement,at i ons _ar | Khinthe X following clains. 19 What is
ol 5i meq PRosRhRaRE ol O et TERPRORD Andh e el sl e & g

disks such as internal hard disks and removable disks; magneto-optical disks; and

Compact Disc Read-Only Memory (CD-ROM). Any of the foregoing may be

supplemented by, or incorporated in, specially-designed ASICs (application-specific

integrated circuits).

It will be understood that various modifications may be made without
departing from the spirit and scope of the claims. For example, advantageous results
still could be achieved if steps of the disclosed techniques were performed in a
different order and/or if components in the disclosed systems were combined in a
different manner and/or replaced or supplemented by other components.

Accordingly, other implementations are within the scope of the following claims.
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inafirst transmtter on a first channel, detecting a state of

communi cations by a second transmtter over a second channel; and
synchroni zing transm ssions by the first transmtter with transm ssions by
the second transmtter based on the state detected. 2 . The nethod as in
claim1 wherein the first channel includes a first wre and the second
channel includes a second wire that differs fromthe first wire. 3 . The
met hod as i Whitad chifnediter ei n det ecting the state of comunications includes

detecting a receivi n%bstate . The method as in claim,j wherein detecting
the state of cdmuni ﬁ?&%@’FWB’éI&%“&&P@C@FH’QmQ FPEREHTEt i ng state. 5 .
nd the.seco channel

The nmethod as in claim]l erei t channel z%

are included in R8FpHrapsp ?ﬂ‘?ﬁﬁ&’ i @gw{@?tﬁ%’éﬁaé%e? ﬁET”HH’r"fF@“%P Bagr“ er'
faci ity angsegoddardismnict &er @kechBclanidieindt el ephone wires at an access p0| nt
at a user premse. 6. The nethod as in claim1 wherein the first channel

and the second s?ﬁdhﬁﬁﬁim@ﬁ&smﬁﬁbh@mhb first oppmitdr difphanaiswoistsy thet ween and
|nclud|ngacarr|er Awth%\ and a ‘?blerlser in multi-tenant units and
mul ti - dwel |SEFRR HGPF’B’i“ﬁ’g'?se § §1Pt€?f'f‘ -or communi cating data, conprising:

a first transmitter i Lst. C and.a_.second ,t r on a second
channel , wher ei theqﬂf"f‘?{h"?%‘ﬁé; xﬁ”f}e?m'&Fﬁnggltﬁ“ﬁ%llﬁﬂa‘?%F ged to detect
a state of wigdERdthe fcb@Ichamié] inblRd&arsebshdiwisthridiffes fro@MURE filshwirsecond channel
and to synchronize transm ssions by the first transmtter with

transmi ssi ons by t he Themethdd by iartimtt evheleasdetecting thhetastaft e det ected. S. The
systemof cla rst chann$at%| ncludes a first wire and the

second charf’ﬁgjlm"lnh@ﬁhﬁféfégd‘édegg%%%lﬁg\ﬁr?cgw% iffers fromthe first wire. 20
9. Th t | | ud
Ceceiving state 10" et ha Mrhef RecERIRY MR P00 OF 1O °
conmmuni cat i conmmmahorﬁesclwdes dacmr(g tatinamgnitiingtsiate.

5 . . Themethod asin claim ! wherein the first channel and the second
channel are included in copper telephone wires between and including a carrier's
facility and a termination of the copper telephone wires at an access point at a user

premise.

6.  Themethod as in claim ] wherein the first channel and the second
channel are included in copper telephone wires between and including a carrier's

facility and a cable riser in multi-tenant units and multi-dwelling buildings.

7 . A system for communicating data, comprising;
a first transmitter on a first channel; and

a second transmitter on a second channel, wherein the first transmitter is
structured and arranged to detect a state of communications by the second transmitter
over the second channel and to synchronize transmissions by the first transmitter with

transmissions by the second transmitter based on the state detected.

8.  The system of claim 7 wherein the first channel includes a first wire

_ al_ld the second channel includes a second wire that differs from the first wire.
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i | . The systemof claim7 wherein the first channel and the second

channel are included in copper telephone wires between and including a
carrier's facility and a term nation of the copper tel ephone wires at an
access point at a user premse. 12 . The systemof claim7 wherein the
first channel and the second channel are included in copper tel ephone wres
between and including a carrier's facility and a cable riser in
multi-tenant units and nmulti-dwelling buildings. 13 . A system for

comuni cating data, conprising: in a first transmtter on a first channel
means for detecting a state of communications by a second transnitter over

a second channely a Olhird YN R GR ikl seflle bf coRERliBcationsinéldddshe fir st
transmtter vviti?' tpglr?rsgﬁl&%giognsmﬁy the second transmtter based on the state

det ect ed. 4feceivitlgstdgyst em of claim 13 wherein the first channel includes a
first wire and the second channel includes a second wire that differs from

the first wirel015 Thpmysteypof eleimfl wherimthestain et compympieatigpsineiudes,  get ect i ng

the state ogr cqmg{ageati ons includes neans for detecting a receiving state.
16 . The s§ s cl'arm 13 wherein the nmeans for detecting the state of

conmmuni cat i onsyj ncl Kﬂ-ﬁe SXEEE*H f h&6ih tECFr8t dhambs Bhd the Bgosd ate. 17 . The
system of cl ai lm 13 e?s I'n Pﬁéa@??g? channel and the second  channel are

i ncl uded i phenagipes intlatiehinenppentaepbotsatives bptwepr andiarlydingg caets rier's 20
facility and.a term nation t bnd 1 QN Gcclhd Rt @t a &der access poi nt
at a user %}@%ﬂ@%‘“ﬁ%‘"ﬁ% ‘%ﬁ?eg?é? Flaxllm {%er%i n r?%’e first channel and
the secondpgfidsnel are included in copper telephone wires between and
including a carrier's facility and a cable riser in nulti-tenant units and

nul ti-dwel I'i ng, bui | fiNYsemdFcthiin 7 Ahereinmhe st ghampl and e6p®8d on a conput er

readabl e nedi umor a ropagated signal for co ny i a, conpri sing:
a first trchoseldeweludot “cOPRPREANPhERE @rqsibpga[ecréﬁ%%gu?ﬁlgg g'ggg%acond
transmtter code S S ler AR haineki-dwdliighuildidge. first

acility and &

13 . A system for communicating data, comprising:

in a first transmitter on a first channel, means for detecting a state of

communications by a second transmitter over a second channel; and

means for synchronizing transmissions by the first transmitter with

transmissions by the second transmitter based on the state detected.

14 | The system of claim 13 wherein the first channel includes a first wire

and the second channel includes a second wire that differs from the first wire.

15 . The system of claim 13 wherein the means for detecting the state of

communications includes means for detecting a receiving state.

16 . The system of claim 13 wherein the means for detecting the state of

communications includes means for detecting a transmitting state.

. 17 . The system of claim 13 wherein the first channel and the second
channel are included in copper telephone wires between and including a carrier's
20  facility and a termination of the copper telephone wires at an access point at a user

premise.

18 . Thesystem of claim 13 wherein the first channel and the second
channel are included in copper telephone wires between and including a carrier's
facility and a cable riser in multi-tepant units and multi-dwelling buildings.
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transmtter code segnent causes the conmputer to detect a state of

communi cations by the second transmtter code segnent over the second
channel and to synchronize transm ssions by the first transmtter code
segnent with transm ssions by the second transmtter code segnent based on
the state detected. 20 . The conputer program of claim19 wherein the first
channel includes a first wire and the second channel includes a second wire
that differs fromthe first wre. 21 The conputer program of claim 19
wherein the state of conmunications includes a receiving state. 22 . The
conput er program of claim 19 wherein the state of comunications includes a

transmtting statg. 23 . The copputer program of cl.ai,m19.wherein the first
channel and the rlgs}éco%(ﬁmgﬁlgﬁr é?%é?qrﬁ%?%%%oﬁiﬁu °’E°c§‘8€bé? ne "gb?Fo%e W res

bet ween and propakateti dighabfor eatunugitatingfdany tdniprisiagd a term nation of the copper
tel ephone wires at an access point at a user prem se. 24. The conputer
program of cl ai ma figst whremettsr codecsefimesttoncifastekinnalldnd he second channel are

i ncl uded in copper tel ephone wires between and including a carrier's
facility and a &%gsprd transraittes godpptament e sacondshaaneh yehegeit thefistel 1 i ng

bui I di ngS. pgkmitter code segment causes the computer to detect a state of communications by
the second transmitter code segment over the second channel and to synchronize
transmissions by the first transmitter code segment with transmissions by the second

transmitter code segment based on the state detected.

20 |  The computer program of claim 19 wherein the first channel includes
a first wire and the second channel includes a second wire that differs from the first
wire.

21 . The computer program of claim 19 wherein the state of

communications includes a receiving state,

22 | The computer program of claim 19 wherein the state of

communications includes a transmitting state.

23 . The computer program of claim 19 wherein the first channel and the
second channel are included in copper telephone wires between and including a
carrier's facility and a termination of the copper telephone wires at an access point at a

user premise,

24. The computer program of claim 19 wherein the first channel and the
second channel are included in copper telephone wires between and including a

carrier's facility and a cable riser in multi-tenant units and multi-dwelling buildings.
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