COVMUNI CATI NG DATA USI NG W DEBAND COVMUNI CATI ONS TECHNI CAL FI ELD Thi s
docunent relates to comuni cati ng data usi ng wi deband conmuni 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 ([Si) and/or

i nterchannel interference (1Cl) could degrade the signal, causing a high

bit error ratg~aRdHER ' L e5sgd Mpact ful .

aASPE ) a
static conpo sm ssi on medi um for w deband communi cati ons
havi ng at Iea@?EE@ﬁ A@S?@%gnnels. A function of noise or attenuation versus
frequency is [ 1M I -ald { deband nodul ati on
schenes are sgﬁé? ¢ %ggrrelaimﬁéo5@%@%%&@&%@8%@%@3 e function determ ned
and a datemsiugieations.s conmuni cated over the subchannels. |nplenentations may
i nclude one or nore of the followi ng features. For exanple, the selected
wi deband noduBACKGROIENBNes nmay 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 nodulnataty @niomicetarls, widebdsl temboissiomalay be isedo dlowengr, theent at i on, t he
static conponent e. i ndependent | v, i dentifj ed n,each of the
subchann&f lye‘ﬁﬂ%“aﬁﬂaﬂ%g??ww&)ﬁ%f@ée#féﬁqf’lgﬁt‘j ei’%\ﬁle@é#‘%ﬂ??frequency may be
det er m ngiebntistiont Fer &lagiiplef arc @itipOp@tibn of the eaksntfied signabiiby €lbinfedns. A w deband
nodul ati on schene maa/Pbe selected to i.mze throughput of each of the

opt .
subchann@ eI SR Phe vl PR tfe (R AORTHRRY thsrintes mieHgrea¢fchannel s. A
nmeasur engsy) a8d/of RferéRhntEin®irfeadnts (10T doll deBhad thelsipRaL BRI IgPE taken at a
time interval other than a franme-by-frame tinme interval and the function of
t he noi skit ergrratetgad rendasing anicBpr parestion engmefless Hopastyl nay be det ermined for

the static conponent
SUMMARY

In one general aspect, communicating data includes identifying a static
component of a transmission medium for wideband communications having at least
two subchannels. A function of noise or attenuation versus frequency is determined
for the static component. Wideband modulation schemes are selected for the
subchannels based on the function determined 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

using separate modulators for each of the subchannels.

In one implementation, the static component may be independently identified
on each of the subchannels. The function of noise or attenuation 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

transm sgitphatiEReitevERSs thé GreqiedlOpmag be ﬁaéfﬁiiﬁﬁdqaﬁ the Baticegmpumeident i fied. An
adaptive filter may be created based on the ynam ¢ conponent and the

adapt i veb2ped quethe W@b plheswdeland W@%ﬁﬁ%?ﬁh@&? gavaseelected gdal at a

recei verg, LGkt &n GONBERL GAked data
signal on eg@@&?%éﬁgﬂ (g{)llh wg?ﬁ?ﬁ V\néiebangﬁt:comrum catalfson The
adapt i veor thd ditenmammnyemmhm&eqmcmapbé ddter&ﬁneda)y@haﬂgmg affimbction of and/ or a
frequen domajn e allze The ti onent ma itic relative to
t he dynéi‘{ﬁ‘sf 68‘?&5’8% me‘h f?f@lc%’% {’%mneﬂtavef%!?%‘ﬁ%’fﬁcse that varies
as a function.,o uenc a.tt uat. i on t ari.e Sid f.unction of
frequency, Drhﬁ(ﬂa g 5%/%2%18?1}1@ T atsa\fgave statie °P|°(§n of frequency. A
channel ffdghérmyy, mnu;bﬁnew&mﬁetmwve‘mgbmgf@éqamxsrmﬁsetalne channel filter
based on the static,co onengmﬁnd the channel filter may be applied to the
communi GHERPLGR a2 Tefaively stghic ocione “e%}’nm se filter may be created by
averaging elenpents of the nQi.se filter ed on the i ¢ conponent and
A Fatts

the noise fi Kt SMamscogponegy P’é(ﬁm{“ﬁmﬁﬁ@ rf?féa?&ad signal at a

recei Verconﬁ&[&ﬁb&%ﬂﬁ%rﬂi@&&hﬁe@th&@ﬁﬁc ﬁmn@q)ecc&@%ms&vomer agi ng el enments
of the frequency-donain equal i.zer. based on the static conponent and the

f r equen Gy DYBGSPRPERFIEINdARS adeptvelter sy be gprlisdip e copmmniraicde@ dat a si gnal

at a I eGRINYE a rébelvel. ['Ble aﬁﬁﬁw%%ﬁf &8} séaﬂwle@mhagdnﬁeluﬁlla&e& ghgtion of noise
ver sus the frequency and the filter may be applied to the comuni cated data

si gnal okthe Subﬁhaﬂmp]ﬁé?f theyidskand compugicaljors vEeadrpiiyet he finction of
attenuatﬂl@f‘ﬁ!ﬁf@ﬂﬁeﬁgﬁs%ﬁﬁwggﬁnd% taﬂ(@o%i#f@c@%néfrx ntl:ﬁ%e cread to the

comuni cat a signa receiver ted by

averagi ng t hgnf W6t dotboRint BiyIR sABE rdithve WAk d9fhnYie '&éﬁiﬁo&eﬁ@ 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 communicated data signal at a recetver. 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 receiver.

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 funiction of attenuation 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 sulichannels. Separate denodul ati on

al gorithns may be used to apply the denodul ation finictions for the
subchannel s. Modul ati on schenes may be selected for at |east tw subchannel s
to optimze orthogonality between each of the subchannels. The nodul ati on
schenmes may include offset quadrature anplitude nodul ati on (OQANI) schenes.
A f or war thag be @reate@ biyaotraging tedenctiay bfncdel aadtatehniatiorederan tle | engt h of a franme
and a rate of retransm ssion. error detection code y be.selected to

det erm née%{"enF%%{ tiﬁfsﬂtérrrf‘@fbetfé’f’ e ip & comupucatad daa sighat JEATEHIT on. An
acknow edgenent. for, a retransm ssi,on of previously fransmjfted data

commruni cat ed %FE%’Q&Q‘H@“PQ‘QM nﬁ?ﬁ’ﬂﬁbﬂgﬁ?ﬁpﬁﬁ@?%é‘t&ﬁt%‘h%{)&?o new data. A
data Dbl Qfkhirdels. S@%ﬁtéﬁ&m&ﬁﬂa{t@r@ﬁﬁy%h&ﬂt@%?ﬁymydeﬁﬁd@lhﬁ&f?hed to the new
data. An acknow edgenent for correct reception of previously transmtted

dat a confnatienstferthe sehcharmelsh Separdndemariyiagian glearithmsraay bsaised ached to new
dat a. Thfyﬁay&@%@nﬁﬁﬁl%ﬁﬁg&%ﬂ% fﬁ?ﬁ}eisﬂﬁéh‘aﬂr?elsa copper tel ephone wire between
s taclili a

and inc ng a carrier y ana term nation of the copper

t el ephone wr j i 1 m ssi on
mocl i may 1 i eaeh scBE e Bl 10 o R R e
carri er' ethiogonality hetwech eack abthe sutick@melsn Theinodulatiensehemestays and

mul ti-dwelli,n ild sS. | not her..qge aspect, communi cating data
i ncl udes™ udggg?e?&mdﬁ ar?smmptrﬁfuzlfimo a%\&*m@%ﬁgﬁeﬁleeﬁ detecting a state of

communi cat i ong gay, .2 é?&%ﬂeéﬁ%@@?%‘éﬁessgl‘é?{ed %aseﬁ%ﬁ%?&\ﬁlﬁ{‘ﬁ‘l"ﬁimea”d

synchroni zi ng transm ssi ons ransmtte transm ssi ons by

t he secomd amtendmettanemiskias.cAn emort deizctomatode detycetseledcted tondeteaminetaat i ons may

i ncl ude Q9n ALY) f the foll.owing features. For exanple, the first
channel I%Eéj(’?ﬁ%?ru%gecgm?ﬁdse Ia%orféetra 4 tHe second channel may include a
second wire t i ' | . : conmuni cati ons
may i nclude a&?é%%’? é’lieﬁéé%%nﬁégag%%n %)#Js%&tl &aé@%mg{i?%ﬁsg%gﬁdg&.amrhe first channel
and t he @neewtcdeddvarss die trapymisdon mediwteshyi e attaghedito heb dphoAaiatal r es bet ween
and | nClblich:knt%atarequires 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 medium 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 medivm 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 includes in a first transmiiter
on a first channel, detecting a state of communications by a second transmitter over a
second chamnel 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 em ssions and applying a digital frequency-domain filter to a
transmtted signal to reduce the emssions of the identified frequencies.
| npl ementezbidoianie ynalybe incteicd ik cappereleghont wites bétolebnwdigehdagar es. For
exanpl e, the ebangd conmmuni cafjon chan ma e over [ m ssi on
nedi um F%?’s\%’f’é 2 lerisHen °£ F&?ﬂ?&ﬁt@gﬂ#‘?ﬂg%ﬁ?\ﬁé%a@ﬁﬁﬂ H@I"“lsfdl ng a
carrier ﬁse}?ﬂnkdet maﬁ%tamh@iraﬁam@édewhd%aﬂn@ﬁnap@@ﬁmdea Bippe Wire at an
access poin t a user prem se. The w deband comuni cation channel may be

over a t tekmboncssirasibeiean avd inpldingacpmises fagilite tdresableaiisspiiondtivi r e bet ween
and i ncl r and a cable riser in multi-tenant units
and mul t%g%fﬁv\eq?% afcflﬁné ﬁﬁ&’%%ﬂé‘g%mﬁﬁ’%. dentified frequencies may be identified
by a regul at fied frequencies
e e Fb

may i ncl ude freque ere S or communi cati ons.
These gefrequahcignal as;pée:haﬁd corarapuicstn whymbkthitrpiwerrendiedd emissgnaagly st em  a

met hod, or a co m.. oL, a conbi.nat i on, of st.ens, met hods, and
conput er ) %E‘Leiﬁ?gﬁ gﬁ‘?ﬁﬂa&é%?‘f PR gféﬁ?‘fﬂ tf’rrgqs'}%éfh& description and
dr awi ngsemlaiiﬁhsfolfﬂimdédmﬁealﬁeqmcleDESCRI PTI O\I OF DRAWNGS Fig. | is a flow

chart of an exenplary process for comunicating dat& Fig. 2 is a graph of an
exenpl ary curmlenienmﬁbmuajzinolmdaensmsndreeﬂlhelﬁaﬂ;owit'xgfBam:ressingI e channel of

w deband_ nod i an. . 3 1.5 .a aph of an exenpl ar. cur of attenuatl on
versus fP2e0H gn@\‘? W&ﬁWFﬁFﬂlOgﬁgﬁgﬁ%a% e%reﬂgﬁ’rﬁm Fig. 4is a
graph ofmam&m%aﬁlcappercdwphenmuabétﬁreemlihdmtﬁﬁgyeﬁuﬁsfaungraﬁﬁtah a constant

ercelve Si aI-to n0|ser SN Fig. is a graph of an exenpl ar
(F:)ur ve off " qcpﬂ% g\xérp mezq,ﬁc[;ﬁgaoint at ausergprclglse The P y

wideband comumunication channel may be over a {ransmission 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 a 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 comrpunicating 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

multiple 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 exenpl ary 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 BRigh @ agtaph of arnednplaly nave of nasermidinide vErses tnetwith £ onponent

typi cal I%/ refers.to a predict abl? average function that is independent
or rel at %ﬁ@ﬂ%@ﬁgﬁ to-8p1ss 52k (3B possi bl y 1 ocation (given the same
cabl e paraneters,. such, as type and | ength of bl e at each . ocation). For
exanmpl e, the Pfe‘%p'i‘éélgmﬂlﬁﬁ%ﬂe’é?‘i’m&?rivﬁﬂgn%ﬁ aﬁ:‘pﬁ s?’ﬁ{Sg%ﬁB‘ﬁ um (e.g., a
power |imaﬁicaﬁyhyp§aigm wire) of a static configuration and |ong | ength
(for exanple, several thousand feet) is an increasing function of
frequency. TIHig 6AY 8 tABgllustiafihg tird ﬁtix@ﬂu@aP;rM vatyif Biedrr@n ver sus
frequency may_be predictable asedgﬂgpon nodel s of 5,t he particul ar cabl e.

Si i | ar |5§tes (BERs)dorawxgaplaryspicofiparameiers.ndependent or static val ues of
background nqi.se as_a  function of frequency. The static conponent nay

i ncl ude noi s&i&ndF &Plogk dlagraaxafgn eaemplarytepsit pathy static function of
frequency. The dynap c conponent generally refers to variations in both
time and Iocﬁg'c’%s‘ﬁ o Hagram ot gp e ?iﬁ%{?’iydﬁge%i@rpé‘ frequency due to, for

exanpl e, different devigce r taps, being connected.to t wire at different
Cines or I odd oihe DOV SERE e ERP G PO B SO GHBHIHHE it se. and 5! gna
attenuation qf .particul ar. cabl e having a.given type | ength, the
static funct icgé%alﬂ*é{/)a %WChaﬁgcgfaﬂIexe%glﬁyr%?%ssoﬁogfww%%&gg%%and si gnal
attenuation t ire f B Se it.also may
correspond t&%reesﬁ‘#@ogsﬁgy%%g%%% gglqﬁr?é&sﬂ%a?erren%m%ﬁ’r ansni ssi on
medi um may | w%@ﬁ’mﬂdﬁ a telephone line, a cable Iline, a digital
),

subscri ber line an 1 ntegrated 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 further



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 term nation 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 equencyieslRPARRE it aikb heytoirtspond HCInUBmate of a fithletdve@ged er nodul ati on such
as, for exanple, orthogonal frequency-division nmultiplexing (OFDM or

di scr et eMAWEFHFhe (DMI), which consists of many narrowband subchannel s, or
(2) wi deband podul ati.on. Narrowband nodul ation jncludes several different
defini ng charhdpavssiormedipn raydnelads #PST iRaadelephang dipg, 2 calilsr r owband

descri begn Qg &l GBeRR! (BSIIGh Gnibfigtel e@rqfe%gitﬁﬁaw&lﬁaﬁp' cludes sl |

relative changes of attenuation versus frequency such that the attenuation
versus lineeg sz freqiracy (Rifp median and/bootbsitgnsmisppemediar Bl ensi vely flat. In

anot her finin [ erLstiG...harr ! ] ated channel s
havi ng acq%glﬁgaﬂ g?%%?%hﬁo%é e laﬁsfovzq]@(ﬁ)lggmﬁpgbgg%%%}rig& tc{;)%% et carrier
f r equencyegmbshts end geaifforrcadihiy 2 camieriafacibivi@adcess poiats syridelof buildigeal occupi es a

| ar ge numhe f cycles of. the carrier (e.0.,, .appraxi | reater than 50
cycl es) H%Brf{“ﬂ?i _gé’rthal‘f@ le gagrimm, ‘@ﬂﬁ?éfﬁ%%dﬂ‘#&de"eﬂ%ggg’ag‘ﬁéﬁ escribes
transm sgiod sr Wotd temifdimnPpointddameiih tnilbags fd Bvdiimguency typically ranging
from50Hz to 64kHz, which generally may be used for carryirig voice

[ Rf ormati on. qui\iﬂdsatbba:ﬁndlumn\.dmd(;I n}?&fyht@ﬂs,&i El@ybélﬂés&dlﬂs t&ﬁﬂﬁﬁ?og&iagirﬁi&ent gefi ni ng
characteristics. _In one defiping characgteristic, w deban escri bes

modul at dhe A#a frereper Beatas betr, %ﬁ{wﬁﬁ&mm FHRPPIRACRES M ge rel ati ve

changes Iﬁéd@aﬂo%rfy@ﬂdi%y@xMﬁédi@ﬁgfagﬁéna&w&l&nhm iﬁ&l@d@({ﬂ enuation versus
0

frequency over, the channel bandw d vari es and does_ not appear relatively
flat. | AndHerHermedistionsachasalonexanmnle ortbogoppldesameydigeiribes 6 nodul at ed

channel $,1ayidisR0PBNE W Blskefalitiiofic (IS, WHidl doiSists 8¢ kldy Car ri er frequency.
More specl tical Fy, i n"w deband, one synb0l interval occupies a small nunber
of cyclragopbandwubelmrndls or (2 widebangmodyiptinm: dfayrondend whdratb® cycles). In yet
anot her ilq‘ﬁflc'iég'sg&ral different defining characteristics. In one defining characteristic,

narrowband describes modulated channels where the frequency bandwidth includes

L

s
—

_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 bandwidth having a frequency
typically ranging from 50Hz to 64kHz, which generally may be used for carrying

voice information.

Wideband modulation also includes several different defining characteristics.
It one defining characteristic, wideband describes modulated channels where the
frequency bandwidth inciudes large relative changes of attenuation versus frequency
such that the attenuation versus frequency over the chanmel bandwidth varies and does

not appear relatively flat. In 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 cadaulafi @Hanntl AivihE 8 baRivifmhA R atdlaive i@helchaier fugiehgnnel can be

determ ned. The SNR for_ any particul ar subchannel generally I S made

avai | abl e spepifigplly, fhuidebadsera wabohipipriaboqoBeigs # faell ByBesighnel . In order to
maxi m ze Hﬁmm t at ed

peri odi ca%‘lf]gS o‘}ﬁ{eacmrhe?feg%%b% 51!3 1&&5%{&5 fﬁ”r‘ggs) £ ecEor%éet){a%:ﬂﬁl%g{:ﬁigghanneI . Such
updat es tcl;zqmrmishgg vadﬁ:mdadésonbmdransmagonstmmmasmlbﬂmivbdﬂnkgréatemm t he receiver
at a rat %%gﬁ_lﬁexceeds the tine variation of the SNR For exanple, if a
time-vari n the noise or attenuation irrpairs the performance of a

particular su a.on that s ject to a high
error rate m&gﬁﬁﬂ@% %'gﬁ%ts?g%%ah&ﬁﬁﬁnﬁystu X %@%%h?lhaée ta in the
synbol umﬂch&nnélhﬁshbanstﬁm& arfficianthheropdanttinid the Virtatloawer SNR for t hat
channel . Oonse%gently, he ca e of S|tg\g|f|cant time-variation of noise

and/ or aftERELD; HOIS%ﬂ‘éFFglﬁ “E‘Eci hepangehn Lhe 3ger & DM may be
conpr om §RGuY e HekG syﬁ’)fﬁb%hlé}:ﬁﬁ ngﬁ&eﬁﬁAoﬁé‘ﬁ QAN T REBBMSdRE transmtter

trai ning. OFDM or DMI may be used when significant” variati ons of attenuation

as a f uthesloysignling minsen iy Wowbmdéumhgwd&@@m?slg@ql@eﬁtwf y of the
Cha““e')eﬁtﬂgt%g&m%ﬂsfslow&dﬁh%ﬁyﬁ%@ Ifﬂx%@ﬁﬁc‘ﬁfnﬁﬁ?ﬁgﬁl%%o Pr.8gd over large

nunber s of when usi ng gh data rates Si ng e carrier w deband
nmodul at i (MR)zae berealeitated, thendbabitineal modulgtiondfor thet fubslwinbeéleat be such a channel

due to t H& <3€ ThY M of r#;?ag%iuiapg&btc F%%ggrﬁgi?sr%ac{e%ﬁlmﬁa%?e t§' ngl e carrier

wi deband modulation.” By co n equal i zation (FDE),
si ngl e ctaini toided thit snhchamnyel bowrde t6 emasinnkethe daader such

Cynbol Ry ESRRER gl buaR e RN TE 4 SR FrEhency 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 rmpairs the
performance of a particular subchannel, the data on that subchannel may be subject to
a high error rate which may compromise the ability to recover the data in the symbol
until 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 ransnyitter training.

OFDM or DMT may be used when significant variations of attenuation as a
function of frequency (i.e., a high frequency-selectivity of the channel) would result
in intersymbol interference (ISI) spread over large numbers of symbols when using
high data rates. With single carrier wideband modulation, 2 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
nunmber ofinder bifchRefditonEb Wittpwidebaidaigodaltios teyy FIDEethe enarpy oddre.  For exanpl e,
i n a channel _where the attenyation_ and/or I se, function of

. ] i
f r equencyrdufdpal syEbal geBrRgEY tHstHEWEY %Yelrylei"fﬁrg’?eeaé@géﬁ? %ﬁé‘éﬁ%ﬂlflgwdt h frequency,
Conseque{,ﬁd dbnbddfienty S GbeRBRTs AR b Whnk nBRh& in HEEAMEAG Yrand thi s exanpl e,

if single-carrier”wdeband nodul ation is used, the selection of the
nmodul at i imcsatimmwe onlya sinall repasbers tpigarnt rateu el ingfaingients mper affeghbol and t he

resultin 0 t. c ) n s e | £, OFDM or DMT
are used,ngﬁémmpl?gﬁ%%%@t or ea@hslg?udr?c vtae%r?%e' )r%g))rﬁ) gr,{)lgﬁd; m zed for

hi gh t hrvghpidtiossid theMfeequendisrof abrbitiand peise orsnotdiek imbyqueeserease as a
function of frequency f ach b channel . However, when. the noi se and
attenuatslegeﬁh?’?l _ tglﬁiF‘g{Yt : _tja?f.g‘ftﬂ?tpi?fg@la“?% ‘ﬂdﬁﬁ%‘:‘d_cﬁ‘o‘?“ll%’(?ﬂency and al so
ar e dynapitk FBROb wlaﬁe&@mmoy@m evdnSAAREYng 86hRHouNY nofelen t he

per formance of OFDM or DMI nodul ati on nmay becone 1 npaired for the reasons

noted above. 1d optififzetR@uliiut 8% High SNRSa modulgRecBethe ipivagy iswer e sel ect ed
based onlé on the static f%nction that .djd not account for 'the dynam cs of

the nois§ Fitthelapgstingmber ¢fdpts PRYRPY) rapfive3aacaPtble 98¢ 185%i ng OFDM or

DMI' may 1% ex&RPIBIR FtERdcIbvhddhe REbdMEL SR/ ok Qoikelst Sdiaharg oof the full
avai |l abl e bandwi dt h. The avail abl e bandw dt guwngg conprom sed as the

per f or nefirauersy anf ghegiteniation srplly Rreaptinewbiluvitk fsaudserones highly
suscept'&h&%ﬁﬁémdg%ﬁ;@s @sr},dﬁﬁeﬁoﬁtokﬁ@&gﬁwmﬁise pagi ¢ function of

frequency. se anc attenuation as a ‘dynam c ction of frequency
reduces siigle-ShiRebeieband tnodulatiersisobed, thesdedioh of thehmpodiddtmntselbrmendul at i on

schene, | at L.c f i o remain
operati v%m %Q C%quﬁﬁég@g&rb%g 14 eq%&né%%ﬁ%&%%ﬁ?@ﬁ%k %'%g% ﬁg{cﬁegg%e h noi se and
at t enuata compirdraise. Viarthis exdoiplé, iEQHEBNCyr M T ot ysed tthe inodulation scheme

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

symboi may decrease as a fimction 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 Rinctions, one optinmal 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 c and highly selective finiction. of frequency to increase or

maxi m ze avail able bandw dth. Second, a nodul ation schene with as |arge as
possi bl e nunber of bits per synbol may be used to maxi m ze throughput for
noi se and/or attenuation as a static function of frequency. This nay be
achi eved by wi deband nodulation not with a single carrier but with a snall
nunber of carriers, for exanple, approximately 2 to 12, rather than the
appr oxi mat el yFat@fedizowiliDfiseené diterebiDitbioranDviEh filequenexamtpitlestatin a 10 NHz

channel, each carrier could be spaced a f.e ahertz apart rather than a
few Idl ?ﬂﬁie‘fyf‘ ‘EHOF%P“%W%H TR M yi’ﬂ%v}“g%‘g"d’eg?n% &aﬁr&{’ modul ati on for
each of widBSR th&W1#idh flag'bs usidito Rendkehdisd Bd/ot AtRBiRVA o dypimiced or opti mal

t hroughput given the SNR due to the static function over the bandw dth of
t hat nodaddughly seieqtive functiwpeof frequensy iipangRgtor srxBrizhgvalpbleband, there

Lyp ! | orloidull TR, a%?o&hfaﬁ&&'gdﬁg%% SAhE UrPas PAUBIE @RI bROBA | ON and the

ability op y “handl e rapi vartati-on

f r equencyael may beesed b mexiznat thtoughmus faor onise anl/crottsmation v ystatie avail ability
of nmuch .wi der .usabl e bandwi dih. .Fi & | il.lLustrat a _process 100 for
conmuni CHRPHRY A AFIIREY W&%hﬁﬁﬂ“ﬁvﬁ%hﬁ I‘“&‘hﬁﬁlﬁf'ﬁg&%{&n o Wgtggt t wo

s]thbchar ng@hgle cﬁﬁmsfét_ﬁaem?yﬁmpérlqtcﬁgeﬂsuﬁesﬂn@m,apﬂréi--! hﬂglﬁZﬁimi f conponent
of a transm ssign nedi um for w nd . .c ni catjons having at |east two
subchann‘@ﬂ"gr g’ﬁaPPr?WateAY*qthﬂg&?Bﬁdé‘F 853%@§Wd/1:6¥ eﬁatr?ll%‘?x&%i‘i on versus

f r equencyh Msizd8kBl B afRf cdultebSipatdda SRINYAREZ dpo @AhekAhh-a fefd W deband

nodul ati on schene is selected for each of the subehannels based on the

Rui ct i oriiipberts srarider QEPMpnd BMT. [mprovgdrsvatimelpednlationdpr ewelhefres are appl i ed
to the tﬁia%?%&i@%leén(a%b%@iﬂcﬁmw RALApRlRa S Ofthal ol AEEALGR! ed over 1 he

subehanne tep 145) data signal “may inc data gaps, noise,
dat a fr dheSNR|dye to the statiefigeipon oventhd bprdveidth|of that madwlated exceierp | Rirey

i npl ene j at gg{rnlee . ] liEﬁ*_nt I.SsiQl dium for the
Wi debangﬁbéﬂbénﬁgrﬁdnullé:% i"%‘%‘gt"dﬁr‘%‘} e eﬁ%ﬁc@%{a p%ﬂ or Egoéé&ﬁ;é}%c ishlﬁc he

t r ansni swissRndretinuatidond thehabilay td epéistally hendl tiphidinge saratbmoisetls (step | 10),
and a  TUNCLLON B I0IRS o2 SHeRlacth ER YN QR BR WPail S ARG e o deter i ned

wider usable bandwidth.

Fig. 1 iliustrates a process 100 for communicating data using wideband
modulation having at Ieast 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 widsband 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, ﬁoise, 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

9



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 equenciypnpbeent Gtepr IBON €Thdncheidebaré niokiylafior schbwme & selectedconponent  of

bchar el t 120) . gnd then wi deband .nodul at.i | ect ed
" ndopondBstPrYepE R e b Rirenei irL o 58 BEREUE CHETHRELEPG0: functi ons (st ep
130), apjﬁ%ﬁéﬁ%tﬂ% subéhanbls APNALE and SERPsIEAD]s coditBudc iRt vepingnal is

comuni cat ed over the subchannels (step 145). In another exenplary
i mpl enersubehannels (slep 1#8act i on of noise and/or attenuation versus frequency
may be determ ned based on an_infrequent measurement of the noise and/or

attenuation Vepmotker ereaplarydpplsmentations thedemsaispan mgdionior ieep 120). The

wi deband_. I Seher®, l.eqt | i nfrequent
measur e%ﬁ%@%ﬂﬁﬁ%g?m app%a%@r@%sagggﬂgﬁhgﬁ %éﬂfg;t? Se‘%gﬁg?s and a data

si gnal iteforethmstatic catpeheot/is identifedsudrphadenty for(the mpultiddiubckiineels nf r equent
nmeasur enent . jpacl udes asurenent s .t hat. are taken on . a non-regular basis at a
(et ik A g PR arRr R Mk bty P8 s fusp B R ¢ ona 1y or

al t er natfiededney ateletemiet igdepéaridentty foethe staté eompddeptufatibchamety (Sisp f r equency
may be determ ned hy averaging the function of . ndise and/or attenuation

ver sus S.zéh@glﬁgi?“ﬂggbqﬂﬁéﬂ% o %Fﬁl"c&?‘e‘F‘dﬁ’eﬁ‘é‘i"iﬂBz"r&é‘e time. In one

i mpl enenRbidhkils babsiedioihg deesvhat fudiohs RRFESOYpIRG 16 BleaGbddnndindependent | y

for several or each of the subchannels to inprove or optimze orthogonality
bet ween (§tpip140) 78 4 ¢lata signakisspmmupiratedaye, the puhchapels gt@d4€hrri er (i ndi vi dual
subchannel ) pay be nmade non-interfering or orthogonal to the others (for
exanpl e, wi t i &nether exgonlany tpplemgntatien; (e instionof poes @di 2GRl over a synbol
peri od) veRRPFERSMVAR bSOREitd BRRH on BR nfFegitt mda b id1@f eBispat i on of all

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

each of apd{er iigppatiopyersys Fequenmynverbeuwbledind widteateprlgh). fhsnpl e, to achieve
an i ncr §Ag&AnPmofISiSichiAl Ahy 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
includes measnrements that are taken on 2 non-reguiar basis at a time interval greater
than a frame-by-frame interval. Additionally or aiternatively, 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
channels. This approach allows the modulation schemes for each of the carriers to be
improved or optimized, for example, fo achieve an increased or highest total

10



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 ndependently sel ected for the subchannels (step 130) and the sel ected
nodul ati ons schenmes nmay be applied to multiple data frames (step 140). Wen

the wi de@%@hﬁmﬁt&eﬁmrweﬁhﬁ%&ed Btk Sefiefinbiae &f asisé gl st ati ¢ conponent
(step 130), then new_ nodul atiogn schenes may not be selected until a change

i s recoghferuatapversus Fegiensy- t the IMpEovement oF opHREaREAlse mpy dicluge s t he
nodul at i : r , . | ati on schene
oo eSS S RolRh ol O RSAR AR 2 o0 Seheres

may be ap ata franme step 1 c conponent of
t he tr anerilgsiiorscheat teropfimizewirtiepenality betwesu tecabthanselninslmdesesgffset | dent i fi ed

(step 150). i cal.l t he dynam conponent incl udes noi se and/ or
attenuat?@?ﬁ%gfmegyﬁ%?oglga%%Mn of frequency. A filter may be created
or applied to._the co ni.cat ed dat a,si | _at .ecekver b d on the
dynantc and/ o ot R e FSARRT o8\ e dingfhuahir SRYELs RAPEE, 17 1

i mpl enenindépentently Beleclydrthe sabihanmtyftepaytand siackeleoted hedubtiamd apply an
adaptive filter to th 0 nicated data signal. The adaptiye filter may

i ncl ude %Lereﬁséﬁ?ye}?e ?Pﬁ?étp?nﬂhw& Eﬁ%ﬂnﬁ éﬁp 1%%/%@% Wﬂ@‘%@ﬂ%y domain

equal i Zehodul onaciRAtds e diekbiel baselRY tiRatAic @Bk BSndAY (sByparay g neRe function of
noi se and/or attenuation versus frequency. Additi-onally or alternatively,

t he adaprpduationsehemegmayaotbewlcstrdppiikatbrngs is savogiarkiydh serachte el ement s of
the ada&he il édrﬁﬁ%hﬁntg‘tﬁﬁs, fnditht RdaQbtidn s?ﬁemeyl&@sef’&%QQEﬁ]IB By opt| mal |y

handl e channels wt ynam ¢ functions of noise and attenuation versus
f r equendosersame madulpbomichemes maxbg anlid toehwtple detalfiames éster Ohg short symbol
times wth the energy of each individuyal nodul ated carrier distributed over
a Wi de spect® framigcompopgriof thejraasraistion medium fepwidehand: conponent may be

used to i j %@#m ata signal at a
recei ver&) step a?%%)al&%ﬁ%eﬁﬁ%ﬂgﬁeﬁgﬁéﬂsﬁz%ﬁg&%ﬂgﬁg% e ?i Iter, a noise
filter, compopent includespmsroapddo atigonateapibativades. as Hundtion o€ 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 channe] filter, a noise filter, and/or a frequency-domain equalizer. The filter

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



may be 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 illustrates a graph 200 of the steep
curve 21fleqienayt tAdditidnahnor aliernatieslpghe fitérmdyrbeqreatedoyrtgsng 41 ng in a hi gher
attenuation ( 4) at hi g%r equenci es. stens that experience simlar
char act Y8850 er?@f“l?&@"? gf{l{ﬂss VERR RO %kBMne  wiring, which may encounter
attenuation versus frequency. that .is a steep.curve. incregsing wth
frequency. ?HGHQEEHFE PF%QPE'E‘CW%%B‘?% aﬁglbﬁﬁ]l a7 fggvefagpr esented by
pover spactkaheld 88 bi tHe BSRted WideBardBodMldtdn Actehieg (stepCiv@nnel 230 | eads to an
inefficient match of the nodul ation 220 to the steepness of the attenuation
curve 2 Applyingindepsasagldemodulation fubetions map include LB e®aras, di fferent frequency
channel s gﬁgﬁf | j : SGmAR ength of the
wre. Fi % Ia?cir%gq[rre Léc?l gg&g&%&gﬁ@%gﬁﬁ%ﬁ&%&gﬁ%@?ﬁm ove(g&jc}gﬁémni cations
may be efthe sabeltknbglschoosing a fiew i ndi vidual channels 330A, 330B, 330C,
330D to preserve w deband nodul ati on and by varyi ng nodul ati on schenes
320A, 320B, FHC illgseps agorpb2d) nfthesteepenrpe 2 dftatichuatiomimgzersing curve 3 10 of
the corre ndi i ndj. Vi L . ¢ A t.h t conpl ex nodul ati on may
be appl i e ?rgq%eﬁ%'ﬁegﬂm{érﬁlg%%e%}l%%%%{l% “gﬁ%gﬂ ?th%eﬁgé ureé%lggr?\ii ng the w deband
char act eSyssinisthat @kpdrizacershmildraharacteristicoindmde long distancé ®ldphenedynam ¢ noi se
characteristics of the transm ssion nedium(e.qg. . telephone wring) over
the wi de i OBo¥UCh ey FUAoHRiFTRHuS Br"Sﬁi}S%%e ‘iyi‘ﬂ?jlsaaﬁf’ ¥5Y° possibl e

t hr oughpidéreadmgwitf freduetiSA rAatiBastated] Ay wHAGbmE nthliRbE agvepreensedipl | t ude over
time with a cons%ght perceived SNR 410, which nqégr?sult in | ower speed
dat a corR¥RPVERERSHR densgly (PSI3) qurye O wathog single phanpel 236 Iggds toa noi se anpl i t ude

over ti NBefficicht BatBIEbAifé MBSulIR 22016 tHeltBephess ShiRGMcmaAtion cadapied by
identifying the dynam c conmponent d(be.

., the
For example, the attenuation experienced by d?fferent frequency 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 apphied to the lowest frequency
channel), while preserving the wideband characteristics of the modnlation 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 a 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
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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 handle worst-case channel conditions. However, in dynamc
channel sqynaiisreompagerte Thisi"ap-thevihé fregiracr-dpmet aqnalizatemignpreyes thfe FEC ar e
exceeded, Wth, t short . | lengths and | ow | atency processing enabl ed
by this %ﬁ%ﬁ%ﬁ%?&ﬁ%&@*ﬁﬁ% be transmtted into short frames conposed of

bl ocks i ncorgprat.in - for . i O or detection,

whi ch may be eé?ﬁ%%vﬁ%%&é%%?’ : gg%g%irﬁgefrlﬁgéli&ﬁ%%%%k er %C{rdet ecting code to
det er m nemektictantiop eltsr duescdomaidecBtepd 80 drdowariileerof-Eatrectiing codeal | ows for a

| ow-1evel link protocol that may, achieve a | ower bit error rate through
retransn‘i”%‘g‘i‘lg’ﬁ“ @pﬂt"ﬁ t‘ﬂhﬁltf?’l’ﬁn%“it%ir‘g&toé‘ﬁjﬂz‘em%Bﬂcutl?’l?t‘t%F@t%n e to be

correct egriié BRor doRectichFEE) fﬁ&j‘rﬂiéhﬁ sbléctbd® REHGOM elgese Hascaecei ved from
| are

the receiver. In addition, ransm ssion i s necessary (step 185), an

acknow dugdliaaterst-cpssrchanned eonditions- sewevenfin gyrapiie ghanpels.tbgrg ey bed data may be
att achedh Q JiRW Al rebiit gn&s%})fheﬁﬂ@&e%xée%hé@rﬂﬂéﬁgegggg:@nﬂaqu' red, the

bl ock of data that requite retransmssion to e node al so maybe
at t achedengthst dnd love lutetay arackssing enatiléd byt this apploaciuitediytemeatbef or t he dat a

transmtted t he .0 site node, j - "Dl back" - acknowl edgenent s

enabl es tzfgf%%gmg%s%ogrﬁfm ' Bor gsegic’%@g?li% o] %09—%%9%?%]0@% fo”é’!ffrpiegio%nci es. Mre
speci f i aatrestionfand erwmadgdceon, whidhanayehd dckhe@viedged byale feecivezabingdtt because the
nunber of different ,tyransm ssion etween a sender,.a elver are reduced
by at ¢ acFPRE RS e EER "R S FoB A 0o s EFEmIEE! ons and.
acknow egigesesittadowadel lilleprdrtal thf aeiy\aeHeVes 0weE bi€ 6iror rdlaghre@gidi nati on of (i)

pi ggyback ackpow edgenents, an i1).short frame | engths and | ow | atency
processirFF&“ﬁ’EEfémngglPedFaé‘Weﬁ%ﬁdqﬁéi bHﬂ‘? fhal wergupeia o e crERtied & BFabl es a

comuni gaHd, QidS¥slisdd UyEQLdRaswleliftehchRasfiead ot @S rdceiver.ovi de | ow [ atency
comuni cations to an application. If an acknow edgenent for a retransm ssion

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

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 (i)
piggyback acknowledgements, and (1) 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
franme ththt dits tramiura tlecbyast doereFtEG Chrckitached ta #ruk trangmigted vathoney déd2 a rati o of

t ot al orpRtion transmtted to actual information presented for delivery.
The propgtﬁgtl delay (e.g., 11.43 As) includes atine for transit of a

Sornt fTLZmbff*“e,% e o Bt ooiflalifh WS oy ST 0% PLTS] 2

_(I)_];] abfjatc%nbnhiml{yfrWrymgbit@nEEﬁte‘smBBHs)lrfgrdnlmte?llphrﬁﬁbt@r?mﬁmtexmhﬁisseg in bytes.
e bl ocks per frane nc e.n of da ocks

cont ai nd?frwqtqﬁ?ﬁaﬁl%qlmlaéa‘VP&ﬁée(%ef@@P PWE‘é%S’FﬁBeeldéf g“’&f t he mean

numrber Oéltsla{-ettrﬁhhﬂfea oW PEYr @R ohs Pall, m{ isttppibdS ekPlefded MBRGer Of Dits in
that interval. bl ock error rate includes thé ratio of the nean nunber

of bl ockseeandoie FECawyrhegHﬁ@ﬁ Ptiegludes additiqnabredundapt pratiensofaf bl ocks in that
int ervalﬁ‘an-lrehﬁattlpgﬁég% tF’E&?é&@%ﬁdth%h@ gﬁ?@%lécggs Jﬁh@oﬁgtﬂh' ch appl i cation

information 1s cormun ca a spec period of tinme. Throughput
may be usbdnas)natrahsxgmueétmdctu&mﬂnnﬂabon Hewpteﬁé‘m dedivery. Tbxptqumm he over head

i nt roduc t.e uch. as. error contr COdI ocol

over headerayie Lo LR AtnRp Lkt o P AR G SRR s sBPEE T o ¢ he bi
stream rmikemevseﬁkkaéﬁs@?teﬁmthé&mmpagi hﬁﬁbmmzp(ﬂiéaﬁén, B@ﬂrt CRQ) (ANl ? ?s t he
noi se ni,fi can r.ti.ne, ans ram.ng on a fas
enough@ﬁ%’%ﬁ?‘@%ﬁﬁ? SKt60 Béat?éf ]éan?fﬁ?) B‘g}rm t%é‘b‘ﬁf%’?ﬁ B¥nal approach, a
nmodul at ieRpressad iFiRftesNTHk bmkypﬁchmr(eghsz)\mﬂﬁaes@a@ﬁmmrafmys deliver, for
exanpl e, a BER of 10-9 or_less, which_conprom ses throughput However usi ng

short f ibegkeconisined wifn asingle frames Jbs BERGnelpdesdheratin of fiomesRd t he FEC,
dynani ¢ nuﬁb%f%tén%%%n'aﬂy%%ﬂﬁf@e%nﬁﬁﬂeﬁéfﬂﬂs i lad kR final BER of

10-9 or less while wusin nore conpl ex nodul ati on and | ess codi ng over head
for hi gHide blogk smetigtsincludes 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 overbead. The post-FEC BER includes a bit error rate as applied to the bit
stream feceived after FEC decoding has been performed.

For example, as the noise may vary significantly over time, transmitter
training on a fast enough time scale may not be relied upon. Under a conventional
approach, a modulation and FEC must be used for the worst case to always deliver,
for example, 2 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 less 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 T7ilOstraRsdlsmsinienahite of the deliwreabthtonghpin tuder dpranricallyt vaoyisg system t o t he

user ran.the c mTunl ations protocols, for exanple, segnentation
and reas%@%f%thcgb‘é?&?@t ?F’Wﬂwﬁ’ retransmtting bl ocks of data that were
recei ved inc S det erm r detecti code, and sending
acknowl edgen&ﬁ%ﬁuﬁé@ ﬁ’&%pﬁg%‘f gﬁ%wlmq%r NAKs t o

det er m natwhee ihRfibdd %Véwﬁﬁ réﬂ?éo@tdﬁ@@ 1-6. Lo WEth AR TOEEbicyiipr i ncorrectly.
Depending on the application and on the processor, the _task |ist may

i ncl ude MBelydesEmEedesnEr G grrereomsatien aniion P@owtqsﬁorp@qcpé?rﬁéao JI9€ & CPU. Error
correct 'ﬁ&emgforﬁfjoe g@@p&&ﬂﬁhéhaﬁ%& ﬂl&% a8 Rkt encoding.  For

exanpl e, detecting code to a block of data, followed

by a fcnwvawttr@xﬂﬁ}?f@oalce*cpasnélt@nf&’@)andoajienetd@vm‘ﬁ@s of data within the bl ock.
The conplexity of the FEC code can be dependent on the expected quality of
the channel FPoecesgbéHuinteafages(the data communieatiopssysiem toithesusst amagl i s

char act ok ol Aot 26, 1 braffle ot inl MRarsupl ! © code, 11 any,

could s I ce over eS| T e Error Rate
( SER) orpaardtlzﬁgrdeﬂa,Maus(tﬂﬁﬁgbbmkswatadbmmeermCﬁwmmﬂﬁmmthe processor 7

e oncotiaren ey teerr R P s sl bR O ¥ e pandent

st r eans NiAK s} hxen aepiggytack i&mKseaNm@xbdhaﬁmab whethbreblbdkeof damekgteaat ed by t he
nodul ators.7 re onI bit.stre encod mentation into
Tl L pl SRR S DR S BTSRRI ER e rendi ng t hat
subchanmgd takilidt Hﬁym&&hﬁﬁ&cﬂ'&ﬁm}}\@é&e& PaGbEits BE hatforidd@ bga@pent ation into
mul tiple streams coul d occur before applying the error detecting code(s),
after appl yiBagr tditecisr aid/daerctiomgicodete]20)petftfind e a4te eagdingt ng t he forward
error ¢ o{' g)(c:atnllplg 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 before 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

comecting 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., BPSK, 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 transm t tBg ifjhgdala scedinseee modtlete@bly theatiodulvadrs 730 fok kachnot interfere with
the amat eur, radi o ,(HAM .bands, anpljtude . npdyl ati.o AM . bands, and even
with ot HePchagaelth @Oﬂiﬂﬁfe%‘rm&&%@ﬂ@e@ale{‘ﬁy gﬁff&%?e% fg"hg"bw of the

transm tg,gchahgak, BPAR, GaM o, QAM K6, gmiﬁbmga,amwm} anal og

wavef orm Low pasS filter 760 smoothes the DAC out put and renoves the
undesi r €dAM ,Q@é&déh@yl'hm@lattdmamém‘e\ibqﬂ@mmégéﬂeﬂqﬁﬂ@rgnal power to
an appr opfri | . SS hg. 8 illustrates an exenpl ary
receive %gts%;tgﬁbl%\ge%&}%g—d%#p%}r%@ﬁé?ﬁ% 71|‘£:1g‘at ures described above with

respect to FiqgS.q.k= F i\ i i a . Low pass filter
810, an anal (}gl%(geé}l%é?%g%%esrﬁ%pgﬁé ?l,&%%)% gﬁéggeégonﬁgﬁgg%ggis}&g%, an
equal i z qrarig4ly pateofche frequencyehandlUion txansp18 56 travsmoted signalehbon and/ or error

detection, .deco .860, an rocessor, 870.,. ss filt 70 acts as an
ot S Pt SRt e B Re DL BB B et B St Bl 0, °00° 4
di gi t al séduldion (W) GAK)hrdveB3th deleLmiaes Thb filtedrag bensdigo afijust r ecei ved

data frape__In tahddition, it 5?30 can be used to mai-ntain proper bit timng
at the rBeRIDSf thedragsmird sigitldet ermine if a frame is received, the inconi ng

signal can be cqrrelated to a.predefined and stored fransmtted preanble.
bect st on 1| oS TG rGrESs bR el SERLi 0 RBE avEoSh dLURPER Milses | { ¢ he

r ecei vedcseaidemeSthe DAC olfpht@hd Fendveetht hadsied higH fitfeatPbands.Thie process can
be repeated until a match is found. Equalizer 840, for exanple an adaptive

f r equenVEOHEI AP GhTIERa POWEE & 2R ARPEQRERIS IE YA STaRSTISEMinnel  and noi se

filter, maybe,u to recover the | .
' y %1g. e1 ustrates an exemplary 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 determme 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 channe! 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 nay be constructed using two filters: a noise filter and a
channel filter. The conmbination of the two filters can be used to generate a

filter slaghel 38isa aW RNBRS cHahhdl Afteriatic@biofionl Thd Qfua@ser AAuedsoer nati ve, or as
capabl e of being used in conmbination, or as an optimal filter. Constructing

the freqeloniagtesiooisg and corrects for the channehattprantion/tisteision & redneesr nay i ncl ude

usi ng ong; or -Sﬁ@ b SE: i g (IFQ, the
recei vedgpr eatgg[{tgr, an iﬁﬁ?&%@?ﬂnt %@Fu%ér?é%%&eiemﬁﬁ%gﬁggpbg 850 receives
t he i nputnestnpiarantatioh tiquiltbes84drmaegnenstauctddaisingrieo filterg: shoisafiltarnt o
subchannel,s, .and en,. denodul at es .each bchanpel . .-The denodyl ators 850
have knodidddammst Lﬁpﬁe’rﬁ%ﬁ‘tﬂ%ﬂ?ﬁﬁﬁ 06‘%}‘?3?8?#%??8%9? 8§3d1%§7f‘m§%%gﬁ%fnnel . Error
cor r ect i g6h anslwiedep Gltkodt adewadElies aS8Daltsetve, Br desprblbodbahowedwi th  regard
to the transmtter in Fig.. 7. The processing of the decoding and reassenbly

of the BrPERmaLon of s eptime, fitere d-opFEreiog HE frgneneHe™aR determined by the
transm t {@hlizaG00 ShanHloh RoisEiRG GRS AhcIBIOudinll SeloR Bffe LIk freCOMUNI cat i ons
systemto the user and can_ also run the communications protocols, including
whet her modseriniiccuige frame san AR} thegecaiyPreantbln lbad he teamitted t o whet her bl ocks
of data M@Jn?blgecei.ved correctly or incorrectly. Dependingon the

appl i cation and on the processor, the task list could include any
functional i t iy leciiRih:s W56 ABLiGesRe RButRGEiA! MB&VRK: & hldeniéice the data has
been received, derm_d:lﬁat ed, decode u and T eassemsa?red from't he received

bl ocks iintwmiag pir¢arniniombehannels,tanditien dpmodwates ¢ash sehwhael Thei g. 9 il lustrates
a processg S i t % ical |y includes using
a first C%Pg'gglﬁl]{o?{ 8er on gﬁ@ﬁ%& %g%geﬁﬁ%qu‘f’;ngﬁgg%éej{ﬁﬁgﬁ gogggcg of communi cati ons
by a secobhchatmeddnsm tter 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 commurucations system to the user and can
also nm the communications protocols, including whether acknowledgements (ACKs
or NAKSs) 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
include 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 communications
by a second transmitter over a second channel (step 910). Transmissions by the first
transmitter are synchromized 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 eggkofd ciaifel 9RnaHEk 4 SREshdSVIRCIRkQRTers BOm the fifst #RENTESEt@E t 0 coi ncide
intime with such transm ssions (to reduce or elimnate the effect of
cr osst al Rf epmmpwdestiensincingesta rgeaiviag gategrd p rapspuiing sige- 18 genesdlded wi t h
transm sgj i i - tes a process 1000 for
gto(a@ss@g% @%9 tﬁh g}ﬁﬁfle& %e% glg% | Qigel %{g?ﬁ%&l

conmuni cat'1 ng nclu entitTying frequencies in a w deband
conmuni cati on (e 1SS0S Fs&,ﬁ.ﬂ 1010). A digital
frequency-don%@??#?‘fq?gérlﬂﬁfg§ggg%$ﬁ%§g#g§s%mtﬁi%%g{r?l 1?%14 Si gﬁ’al to reduce the
en ssi onsachftrah$meitterdeat syhclednike Bsfranmission (s thepof ERO Wirelpairs byfrsexenpl ar y

i npl ementation, the frequencies that .requi educ em ssi ons may be
i denti fi é%teng@sgafﬁl%sgﬁpyﬁn%%as td@l‘?ﬁggh%? ﬁﬁoé’pr—aﬂgg'}eﬁl Conmmuni cat i ons
Conmi ssi syhchio@izing iv@Ehinhiesied loyolicidalid BB aiith et rankisiohedo efdates t hat

require reduced em ssi ?ns be identified so as to reduce interference
with ot hetelprpaig te etiseof eronsiaik or secepfinn thalpronldaceps if eesplidR,  as wi deband

nodul at i giinGada Wi edr8mineba be Sth itsh.pl €, precisely-located notches may be
applied to the transmtted signal by digital frequency-donmain filtering to

reduce em ssi H?.Sldﬂluﬂi&febh Hdoaés 1080 Fst cOfnmiufRafingeditedhstinclbde’d and thus to
mnimze interterence with nultiple exjsting RF_transnm ssions, such as
amat eur %dﬁﬂq@‘ngaﬁffﬂ’é‘fnc%g’ HWEP@BQB%%W C%W%QH.EECQWGPE‘@Hni ques may be
i npl enenggflsibhs (seh moioa.} AliSfl KeqehcRAch AR fBGhA0bCdppBe fofay, conput er

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

Appar at uSansritadysignagl tp medyee the emirsiggeef thaidentifind) fpguensins(se 182% Ionput and
devd : . . nr: d
out put dgyd r%(g@}ﬂgg; @%Mﬁaﬁﬂfﬂéﬁi@g@%ﬁﬂ@t & ufrd ?@Hé&@d emil gxg,fn%p product

tangibly e a machi’ne-r age devi ce
be identified by a regulatory agency, such as, the Federal Communications

Commission (FCC). Additionally or alternatively, the frequencies that require
reduced emissions may be identified so as to reduce interference with other devices

and communications.

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 nput and output devices, a computer processor, and a computer
program product tangibly embodied in a machine-readable storage device for
execution by a prograrmmable 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
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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 progranmabl 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 oRpeg TSR qitS miayble SipRirRetel fn anerUrgkbré E3tBput@TpRE@ENE dlat Or

obj ect-oriented, progranm ng | anguage in_assenbly or machi ne | anguage if
desi r ed; 2§ s¥equtabler AR apregamighle s ary@wt#@staonemﬁrwaw i nt erpreted

| aNgUAYE 00 iR sdmrr&%ﬁmfa%na mad Bfiref@RbRanfOt h general and
speci al “pur pose Croprocessors. nera a processor w I | receive

i nst r uctinstmectiansitodadza ftorage systeme atlieast bye mpmeylcamdﬂ et leastoaadapwtaccess

Tt r ot SORE. SR AT ACEIRAL Ty b FOp REar MARSY B ARGy | nob udi ng

by way Oﬁbjwt@ﬁaitedp@gﬂa@m@nhgfagaw ysselably oe mackite angwge B asabl e
Pr ogramrabl e Read-Only I\/En})ry (EPROV), Elegtrically Erasable Programmbl e

Read- Onl4Fsivetndpq Iy anesrsenic laniese maytbepesopnyiedienipientetedoanguagec  di sks such as

i nt er nal gkl prbeksdrsandudeCBPWAP b THES boMBINEEANE B dcEA §ks; and Conpact
D sc Read- Onl ;y%NErmrs 5 %\0? A?\y of t?\e f or egoi Eﬁ crrmk/m%g suppl ement ed

by, or imissmsesessosd d/meraglp@mr@geﬁ%pra@%rqgﬁéam@@@nﬁ asbdate Eeidn- speci fi ¢
i ntegratgg;. &ﬁl&%ﬁ% andldr a domba%c n?&rrf?ogito} leviads! sQ#:?blﬁﬁg' fications may

be nmade w't arting romt t and scope o claims. For
exanpl e ta@bhmﬂzgémcmtﬂrpmgrm mshu@mmls dndointzioblndy el farfssf es of t he

di scl oseg LG AN INERMREE bSTL QIR0 Bric AL GT SO 8/ Rfccpnglor 1
corrponents 'n e d stens re conoi ne erent nanner

and/ or ras[braszbld Mgmﬁlemeﬂywembﬂye(EPkompElecthsally Basdiedi ngl y, ot her
i mpl eme atlons r t he fﬁbé‘u O||OWI .clainms. .19 What is
cl ai med B\I%rét’wgﬁ‘l}flgf’mﬁ’@’m ﬁ%fi’é"emt% ‘feﬁoﬂlaﬁ?ﬂﬁrl si ng:

dlSkS 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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identifying frequencies in a w deband communi cati on channel that require
reduced em ssions; and applying a digital frequency-domain filter to a
transmtted signal to reduce the em ssions of the -identified frequencies.

2. The nmethod as in claim1l wherein the w deband conmuni cati on channel is
over a transm ssion nediun1that i ncl udes a copper tel ephone wire between

and including a carrier's facility and a termnation of the copper telephone

wWre at an Ye sdaimed i at a user prem se. 3. The nmethod as in claimL
wherein the w dehand co catlon n r.a trapnsm ssion rredlum
that includes a BOppéAf %‘ glﬁﬁetgﬁmeghgcmﬁgf'ﬂﬂ 'ng a carrier's

facility and a cgb HSW% C%lglllcrl]%mj %deﬁ:?ﬂh\?\ﬁmﬂﬁﬂu&ﬁgﬁ ltﬁitr?qgl pel 11 ng

bui | di ngs. 4. TH Parm erern i yi ng e frequencies

i ncl udes i dedided gmivgiohs;andienci es identified by a regul at ory agency for
reduced emssions. 5. The nethod as in claim1 wherein identifying the
frequenci es i napplyig adiginl fréqrengy-donsinSltwites tretsatittidri gl trredueetle ot her

devi ces or cammuni gg}e &nﬁ cgfr A s stemfor comuni cating data, conprising: a
processor tTidt" 78 %St fig rranged to identify frequencies in a

w deband comunication channe| that ui, re em ssions; and a digital
frequency- domai A fil 8%?“‘3{1193@311‘5“%16 e S“Fgeiﬁgﬁf?r’ﬁ%‘ﬂmgq ’Qﬁal to reduce

the eni ssi@@nePfs dvhea ﬂrﬂﬁmgsfoh%d{mmmsaczppeirt@epmsﬁémaéw@é@l m 6
wherein the wi deband conmmuni cati on channel is over transm ssion msdl um
that i ncl vaddnchudingypearriers|fegility aed sdermaingtiongf dhe copper tﬁlﬁzhoaa Wirg ahakcarri er' s

faci lity apges@pbifif daalrPdmd, the copper tel ephone wire at an access point
at a user prem se. 20 8. The system of claim6 wherein the w deband

comuni cation channghe mefho@ & dhuhrﬁ%%}eﬁfdheﬂrxdf%ﬂbdléﬂxﬁxhﬁhcdn'aﬁ' udes a copper
tel ephone wire between and including a carrier's facility and a cable riser

in nul ti - tBpensl iseReratrapswission medigmehatirdudep g cppnen tpephone wire between

and including a carrier's facility and a cable riser in multi-tenant units and multi-

dwelling buildings.

4, The method as in claim 1 wherein identifying the frequencies
includes identifying frequencies identified by a regulatory agency for reduced

emissions.

5.  The method asin claim 1 wherein identifying the frequencies

includes identifying frequencies that interfere with other devices or communications.

6. A system for communicating data, comprising:

a processor that is structured and arranged to identify frequencies in a

wideband communication channel that require reduced emissions; and

a digital frequency-domain filter that is applied to a transmitted signal to

reduce the emissions of the identified frequencies.

7. The system of claim 6 wherein the wideband communication channel
is over a transmission medium that includes 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.
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9. The systemof claim6 wherein the identified frequencies include
frequencies identified by a regulatory agency for reduced em ssions. 10. The
systemof claim (> wherein the identified frequencies include frequencies
that interfere with other devices or communications. 11. A systemfor
communi cating data, conprising: neans for identifying frequencies in a

w deband communi cation channel that require reduced em ssions; and neans
for applying a digital frequency-domain filter to a transmtted signal to
reduce the em ssions of the identified frequencies. 12. The systemof claim
It wherein the wi deband communi cati on channel is over a transm ssion nmedi um
that includes a copper tel ephone wire between and including a carrier's
facility and a term maé éyeRn0éf idi@ & aerin theldjshamteommenieatioashanadcess poi nt

at a user premse. 13.  The stemof claiml erein.t i and

conmuni Catilﬁﬁ"eréWMFS]anmB‘ﬁép that frc gsrﬁ%"?P‘g#elﬁ% |nﬁrvﬁ]'ier?gﬁve:%rl\c ciades a copper
tel ephone whdigiiRes WaBE's fadiltyiafg b uslilogsepincanltiHenransudiscnt ntuti-dwellisg cabl e ri ser
in multi-tenant units and nmulti- dwelling buildings. 14. The systemof claim
11 wher ei n buHdingeans for identifying the frequencies includes nmeans for

identifying freqyencies identjfied by a.reqgul ater n reduced
em ssions. 15. THe s ?@'ﬁjieﬁ’f"‘lcqtlaéﬁ“rﬁ emtﬁgf%n{iﬁ%dy%%%gm%ﬁ?&?{?enti fying the
frequenci esydyi&lctid §dentiBA Sy 4 REula@e igehdy fofrefiticeqemissions. that interfere with
ot her devices or comuni cations. 21 16. A conputer program stored on a

conput er readabl®, rreq‘hugps&gn @fclaimcﬁ)?g?theé?hsi@nédied‘qumm’ '?filu,fkii n_gddat _a],c
conprising: a processor code.segnent.that causes.the conputer to identify
f r equenci esﬁqqr\e%ws\maa%%f?aﬂ \‘i’&ﬁrﬂ&‘ﬁf %é{’tc%?{ ¢ Héf”‘llrliléc%h%’%'at require reduced

em ssions; and a digital frequency-domain filter code segnent that causes

the conputer to !apphygyderafogicommunicalingsiatsy CHBRRIYE fi | ter to a transnmitted

signal to reduce the emn ssi.on of the i tified frequenci es
g means for identifying %requenmes in auglgé?)an communication channel that

require reduced emissions; and

means for applying a digital frequency-domain filter to a transmitted signal to

reduce the emissions of the identified frequencies.

12, The system of claim 14 wherein the wideband communication .
channel is over a transmission medium that includes 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 nser premise.

13, The system of claim 1§ wherein the wideband communication
channel is over a transmission medium that includes a copper telephone wire between
and including s carrier's facility and a cable riser in multi-tenant units and multi-

dwelling buildings.

14.  The system of claim 1] wherein the means for identifying the
frequencies includes means for identifying frequencies identified by a regulatory

agency for reduced emissions.

15. The system of claim 11 wherein the means for identifying the
frequencies includes means for identifying frequencies that interfere with other

devices or communications.
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17. The conputer programof claim 16 wherein the w deband comunication
channel is over a transm ssion nediumthat includes a copper tel ephone wire
between and including a carrier's facility and a term nation of the copper
tel ephone. wire at an access point at a user prem se. 18. The conputer
program of claim 16 wherein the w deband conmunication channel is over a
transm ssion nmediumthat includes a copper telephone wire between and
including a carrier's facility and a cable riser in multi- tenant units and
mul ti-dwel ling buildings. 19. The conputer program of claim 16 wherein the
Identified frequencies include frequencies identified by a regulatory
agency for reducdé erft %@MP‘WW@%M{“@WCWWW%“@I%Fm 16 wherein

the identifj ] | hes that interfere with other
b3 afeﬁ%aléﬁa%&%mzr%ﬁlﬁéaﬁﬂgditﬁ,%%ﬂﬁhf

devices or co ni cdati ons.
a processor code segment that causes the computer to identify frequencies in a

wideband communication channel that require reduced emissions; and

a digital frequency-domain filter code segment that causes the computer to
apply a digital frequency-domain filter to a transmitted signal to reduce the emissions

of the identified frequencies.

17.  The computer program of claim 16 - wherein the wideband

communication channe] is over 2 transmission medium that includes 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.

18. _ The computer program of claim 16 wherein the wideband
communication channel is 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.

19.  The computer program of claim 16 wherein the identified frequencies

include frequencies identified by a regulatory agency for reduced emissions.

20. The computer program of claim 16 wherein the identified frequencies

include frequencies that interfere with other devices or communications.
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