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COVMUNI CATI ONS TECHNI CAL FI ELD Thi s docunent relates to comruni cati ng data
usi ng W deresh21iemmuni cati ons. 5 BACKGROUND | n data conmeumesians;

wi deband transm ssion nmay be used. However, the received signal may be

i npai red by noi se and frequency-dependent channel attenuation. For
exanple, an entire portion of the transmtted signal may fall into an
attenuation null and be severeI attenuat ed. In addition the i_nt er synbol
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the signal, causing a hlgh bit error rate and renderlng an error
correction endiB(HINESSL FHdet ful . SUMVARY I n one general aspect,

comuni cating data includes identifying a static conponent of a

transm ssi on fihid dovuinent relatks hanemownivaingdats osisg widdbagd at | east 15 two
subchannel s. A.function of noise or attenuation versus frequency is

det er mi nEGMWHCAARS- st at i ¢ component. W deband nodul ati on schenes are
selected for nel s based on the function determ ned and a data
signaP is con#gﬁiggggﬁﬂgg t he subchannel s. Inplenentatlons may i ncl ude
one or nore of the follomnn re For. 20 exanpl e e selected
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separate nodul ators for each t he subchanne I n one H}pl enentation, the
static caftporgng. anemmpimaepmqenmop qfdwtrarfsn@aed signad g falf intean

subchannel s. he f on 0 e _or uat Lon v y 25 may
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w dehgnd (191Psd/ @t ihRRchafhie MRerf@ e (3€T) Q6ﬁladiegﬁd@ﬂiel sigrag chivinyghipht on each
of the subchannels based on the function determ ned on each of the

subchannéitsrronrate srdireadesing anferiof someition coeingless HORASHh versus frequency
maybe taken at a tine interval other than a frame-by-frane tine interval

and t he functiSSAMMAR¥e noise 1

In one general aspect, communicating data includes identifying a static

component of a transmission medium for wideband communications having at least
15  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
20  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
25  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 at a

time interval other than a frame-by-frame time interval and the function of the noise
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WO 03/021845 PCT/ US02/ 27567 or the attenuation versus the frequency may be
determ ned for the static conponent based on the neasurenent. The w deband
nodul at i owosislemasmay be selected at a tine of the nmeasurrmerdozhzwed on
the function determ ned. The function of the noise or the attenuation
versus the frequency may be determ ned by averaging a function of 5 noise
or attenuation versus frequency for the static conponent over a period of
time. The static.conmponent ' ' td tatic
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created by a‘éﬁ[dﬁg&g c%hlgyp}?«?lft of e t%]@ggmggi%ﬁ%dﬂrh kdr8he widkbh@sed on the static

conponent an ann I'ter e applied to the conmmunicated data
si gnal  adonemtgcaione mayAendinsifieli Ahexaptive (ter oraydesteatsd based egytheg el enent s

of the noise filter based on,the atic co nent .and_t he.noi ilter ma
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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
20 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 receiver. A frequency-domain equalizer
may be created by averaging elements of the frequency-domain equalizer based on the
25  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 function of attenuation versus the frequency

30  and the filter may be applied to the communicated data signal at a receiver. A filter
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2 WD 03/ 021845 PCT/ US02/ 27567 maybe created by averaging the function of
noi se and attenuation versus the frequency and the filter may be applied to
t he conmuwiccatei4slat a si gnal at a receiver. [ndependent demakekaticon
functions nay be applied for at |east two of the subchannels. Separate
denodul ators may be used to apply the denodul ation 5 functions for the
subchannel s. Separate denodul ation algorithns nay be used to apply the

demodul ot of. LHAEHIRNIS L0t e BRGNSl S A Opraag g TeS may be

sel ect ed™fd S to optimze orthogonality between

each of frbguentpahbiadi®r mbyde apsliddas ilerconunenestedrata signallahd eccstves et
quadrature anplitude nodul ati on (OQAM schenes. 10 A forward error

correction cofgepadehedsdldatiion fiarseas may be beplipdifondt least tvanef thand a rate of
retransm ssion. An error_detection code nmay bemstg[%ﬁcte tp determi ne a

| evel of subchgmelseSeprintsriicandulatoramay §e Ust PARE FROIUMHI % knowl edgenent
for a repransi f%ts{h%gflﬁ%%aﬁfla@é(' Sitate &iﬂtﬁfl‘é\t{o&lea\ii%cgﬁhﬂs QR CRE ed across

the transm ssion ne be"attached to ne ata. A'data 15 bl ock that
requi r esappdy terdemicslalation dinstionefpr tie sab¢lmohed t o t he new data. An

acknow edgenent for correct reception of previously transmtted data
communi cat ed Magubsionstienissamgrhessieoted fedit leashimo swbclnnels tedptimizaew dat a.

The transm ssion nedi um may | ncl dﬁ a copper telephonge wire between and
i ncl udi nertiegoarliyhetweon gar P#tge é‘#ﬁ ?am’cegsr Ella’r‘?é{“i) at Sf’ﬁ%“‘ft?d’ﬁ??’er t el ephone
Wre at gy el o‘?ﬁ&%ﬁ%ﬁﬁ@t&n@ﬁnﬁe HRAL1A6E (OOAM) RBeineansm ssi on medi um may

i ncl ude a copper one"wre between and including a carrier's facility

and g, cabl e riAlsi%fwélja 3k EbrrectiBf @5 IH? b scedBstd of WedHgter Dt ngs. In

anot her general aspect, communicating data includes in a first transmtter
on a firasid £ anofdetranketiedon. nin arret ditection codemmay be a¢leaed togdetamaracdnd
transmtt{er over 25 second, channel and synchroni zing transm ssions by
the fi rs{e"? %fWgF@Fu%‘%W%’}aEﬁfgﬁ?%aﬁmmﬂy the second transnitter based on

the state detected. |nplenentations may include one or . of the
fol | owing feat®h® .OVPEIGHEGI’%%Eﬂilaé,e“_r%rﬁgnﬁsﬁlqnscﬁr}cpéﬁ‘ﬁﬂw&' gwlﬂ%‘%‘%ﬁ%le a first
Wi re and.§h68RGRAAcFREMNG aniR¥sioh REEIHAE nRy 8 @aHcheWd Bew Aath. M ddters from
the first wre. The state of conmmunications
15  block that 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 medium may include a copper telephone wire between and
including a carrier's facility and a termination of the copper telephone wire at an
20  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 includes in a first transmitter
on a first channel, detecting a state of communications by a second transmitter over a
25  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

30 may include a receiving state and/or a transmitting state. The first channel and the
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30 may include a receiving state and/or a transmtting state. The first
channel and the 3 WD 03/021845 PCT/ US02/ 27567 second channel may be

i ncl uded wo @opmas t el ephone wires between and incl udi ng aCTCesRREG7 S
facility and a term nation of the copper tel ephone wires at an access point
at a wuser premi se. The first channel and the second channel may be
included in copper teI ephone wires between and including a carrier's
faC|I|tyan t i ' 1ing

bui | di ng&°°M alé %ezlﬁlera %Dbftstefe n‘yfggytl%eﬁvé at a Pﬂ{cldlg

i dent i foﬂ@lerJfa@lmbeﬁtﬁi @’@rrhﬁaﬁoﬂ\bﬂﬁbaﬂpbeﬁmimphnnemﬂeeat a:xfme@lponﬂata require
reduced em ssions and_ applying a digital g]aﬁa4n filter to a

transmi t user pegrgipral Theotiisbehaaackand hf‘esr?P%@W £ ¥ Q8PFr equenci es.
10 I nple t f o the@t ures. For
exanpl e, @ﬁ} ihe %g’%an g%r?rf%{u&jn?lggl%ﬁ% H{gr?\%\ga&lfﬁy alﬁﬁg C%Eig?{,ygflt ransmi ssi on

medi usn ltéilahtmﬁlelaudiﬁﬁﬂt&dwebmgrbuﬂdingﬁ)hone wire bet ween and including a
carrier's facility and a termnation of the copper tel ephone wire at an
access point a aivtiugeengralenpe, coﬂnnunimtitigtdatadneludm,idbm'a"yingn channel may be

over a transm ssi on n@l um t hat Jncl u es% ? qlﬁ}éerdteae hone wi re between
and i ncl GEARGCES énp Midsbard eopamupicgtiopchannel hat Foquig pdycgd SIUSSIONS gIiG 2 e ni t 5
and mul “P@ olal %ta@lﬁleh rf&%o Thenitdest inhhafitlen ApMaNGiesuceae be i dentified

by a regu ency ‘tor uced em ssions. The identified frequencies
may i ncl ledﬂssfdneqﬂmaad@mﬁeﬂﬁtequmcmsf ere with other devices or

communi cations. These general and specific aspects maybe inpl enented using
a sysbem a Inﬁpllmtehtadpns)mamrrcmmwlepr mooxpfdhe fdlowing feabrdy. A& on of

systens, net hod put er ra QL her ur appar ent
fTom t he S4&8 6&[‘%&“‘% ‘g‘] g %’ﬁﬂnﬁ%bet%vgr%lrgmé%mﬁgjéﬁﬁglﬂ ON OF
DRAW NGS g9 ch'hﬂies &cb@e@teﬁé né Wetbeﬁ)f/eeﬁ Rn@ XeMRliag ¥ careeessilitpind a

comuni cati ng data is a graph of an exenplary curve of attenuation

ver sus f tegusation O\ﬁﬁhemoaperstﬁlﬁgh@ledﬁaﬂﬁ@n apgesypIBhe ANSebRIEMEsS die Fig. 3 is a
graph of wideband ¢ r!n%ru}/u Hon'€ annel mé}%] L&t @ BradShRYSn TR BEY intddbs 2

15  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
20  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
25 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

multiple channels of wideband modulation.



nul tipl e channel s of w deband nodul ation. 4 WO 03/021845 PCT/ US02/ 27567
Fig. 4 is a graph of an exenplary curve of noise anplitude versus tinme with
a const anwoperesissed signal-to-noise ratio (SNR). Fig. 5 ikTargeapds7of an
exenpl ary curve of noise anplitude versus tine with a dynam cally adapted
SNR- 5 Fig. 6 is a table illustrating throughput versus dynam cally varying
bit error rates (BERs) for an exenplary set of paraneters. Fig. 7 is a

bl ock di agram.of ,an ex i : i I : i agr am of
an exenpl arynfgcéi1§/%gr6§l%”ﬁf§£%(xgﬂpgﬁs'% eﬁqptél\?\}sgﬁglkg tugg Vg%ugggﬂﬁgﬁglrg p?ocess
for comugtiseat pegeidat AgnalddnbisgratibQSNR)a flow chart of an exenpl ary process
for communicating data. Like reference symbols in the various draw ngs may
indi cate |ikepg| em@akmph oDl MehiphublSERI P hbisblampiitde vesiatimediith a each of
the noise and attenuation, as functions of frequency, may exhibit both a
static asivhamiegllyadeptcd SMFenent . The static conponent typically 15 refers
to a predictable or average function that is_independent or. rel atively

i ndependent oFig Prsa tehle IBessting Yhrppghpuf wersysyivparmially vanie [EBTY par amet er s,
such as atté’sp(%ﬁ;é?{Ar%ﬂ%{c%}noﬁtarﬁ%%ﬁfﬁﬁm%ﬁh | ocation). For exanple, the

typi cal §{ gn enua on a transmssion nmedium(e.g., a power line or

a tel ephone wire) ;of @ SabLG, ofANGIAMIALA0:RRGabong | ength (for exanple,
W 7 feapieok d ")

several thous: n i ncreasi unction of frequency. This
average, static functjon.of si I [ i sus frequency may be
pr edibct abl e bgbgeg lﬁ?)%fr?&f‘rgﬁglfa%n gﬁ'ﬁ} %’%h z%}??%dﬁﬁ}%rp\écam e. Sinilarly, there
may be typical, tine-i,ndependent or stati ; nd noise as a
function of frHgdéhd 9Wfﬁ%rt§fgﬂF%en@ﬁ%’d)ﬁé%e;ééﬁggg?jﬁi g%glh%gl&g'e and/ or
attenuation as. rel ativel tatic function of e e dynam c
conpdhent geng}gaﬁp)lls ?@?‘@Fﬁ#ﬁ%ﬁ?&?ﬂ??ip N frgl’r B%‘%“hﬁ%%%ﬁe%{%%%gl ocation of
noi se or attenuation vers frequency due to for..e -l If erent

fjevi ces or tagﬂ(%fé eﬁedlcf:@ﬂﬁ@@f Ehtﬂfa’ apﬁ%s ngggfnaa'il?qlgg}%%é E 1|6Hrrl(1§iéﬂ!csi)r
ocations. Fo surenent of noise and signal attenuation
of ab parti cgbﬁ%@%biﬁéemﬁgl ven type and length, the static function
ey be a use lIji‘or 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

15  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., a power line or a telephone wire) of a static
configuration and long length (for example, several thousand feet) is an increasing

20  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

25  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



estimate of future noise and signal attenuation that does not require
further 5 WO 03/021845 PCT/ US02/ 27567 neasurenents; it also may correspond
to an estwuoais@od4sa ti ne-averaged neasurenent. A transnm IXITwsorREcaM may
include a power line, a telephone line, a cable Iline, a digital subscriber
line (DSL), an integrated services digital network (ISDN) 5 line, a radio
frequency (RF) nmedium and/or other transm ssion nedia. In one exenplary

i npl enent at i on transn ssi ;Haq_j: i %ﬁ@-&\fejr din different
segnent sTEHY'S eé‘ﬁs’ftrag Wf%ér?}é}% car ;élﬂ‘ee?ﬁ%a S’éﬁ ity togggccess poi nts outside
of bui |l dhBfxsrensomgl dwel lings, to a cable riser in nmulti-tenant units and

multi-dwelling buildings, and to one or nore termnation points wthin the
bui | di ngs andadm@kiseids . médurh magtahdudoapamérdate] otelaphoneliss, aiceblray be
desirable to increase or maxinize .the data thrau hﬁ%qt f%ﬁgyal i ng

bet ween e, pidigitahpubiseabariling §DSpngn APpFEIEE FEY1GH U Py noi sy nmedi a
with freguencys t blof AEbUERskissionTHbdid CRfdrie€r MUl at i on
such Jas?ﬁ?eog%%cgg%ﬁg%%gﬁ(ﬁ%%gﬁa ’ realtj(gncy-disvi s}ogn. rlru_l tiplexing (OFDM or
di scr et eetatpliry dmelepiBYionwhiratsmissivei rmediumfmapals/idestifiedrin dilfast subchannel s,
or (2) w deband nodul ation. .NarrowQapd. ulation. .incl: : al

differ en?egﬁ@msﬁi‘lﬁép@hgi;’%‘c"t"g}m acpers F‘?}‘fﬂg}[ﬁ)go EPTSRONYS 8‘%’%51:&??? gﬁli?&éﬁsp,

nar rowbang fGSAtRSa B G SSmERRRAGk SIS Bheniite dhemAYeUIYnbaRda dt h

i ncl udes  snm el'ative changes of attenuation versus frequency such that
t he at t etouate cpmore tesmgnatipn gqumésieighio e buildingstead detells@hdwi dt h appear s

relatively flat. In another defining 20 characteristic, narrowband
deschi bes nodid dittedommanivetion systeinsgit maydbedissigabthe tohaerepss or mExERiZGel y snal |

dto th i f. . More. i fi.call [ d,
cymbol 1 ediliogebi aesige B e Bericaht et el g pbraBhiERATC o one
appr oxi Ngi,altih &Hirisyltidia Wih BGh&Ry-depéhdeti atnoitiarinclede (1) ng

characteristic, narrowband describes transm ssions with a channel
bandwi dt multzoaimiey naoduﬂ@@uéndyaszbrtey@mplal q)lihqgﬁﬁ@lifff‘@ufﬂmdrﬁl?‘féw to 64kHz, which

ol 50 | nciededt B ABPl B ront L) A o a5 o et T
char agt episdwisandWuB&hanss de $Tridesandonsduddtiog. Memondlasd wodnlatiomhe
includes several 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
20  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
25  typically ranging from 50Hz 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 channels where the
frequency bandwidth includes large relative changes of attenuation versus frequency
30  such that the attenuation versus frequency over the channel bandwidth varies and does

not appear relatively flat. In another defining characteristic, wideband describes
6



frequency bandw dth includes |arge relative changes of attenuation versus
frequency 30 such that the attenuation versus frequency over the channel
bandw dt hwoansiess4and does not appear relatively flat. |n ramowseer7sdefi ni ng
characteristic, w deband describes 6 WO 03/021845 PCT/ US02/ 27567 nodul at ed
channel s having a bandw dth that is wide relative to the carrier frequency.
More specifically, in w deband, one synbol interval occupies a small nunber

of cycles af ecarier.e. ). In yet
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i nf or mat nltfrsubdfanﬂeis forsuslacdyarbod | whiuissulijpdatly dontgyipilength o ancempwdéator med usi ng
transm ssi ons bac fromt recei i)er tb ﬁq-f}"%%% hhat excea ds tthe tinme

vari 49 ofeoHoY pignaligatep ot t and jubg Varsedy S84 ngrrﬁgoﬁm se or
attenuat iggfh éuBH?ahﬁél it BBw A&t i‘s%%%augf Iﬁh@amchﬁuieaglgﬁmﬁhme edtio t he data
on that subchannel may be subject to 20 a high error rate which may

conpr om $8NRheandisi dalawated; theadbe eptlmﬁen@hlﬂﬁlomﬁmt that shpghasinel gaate| t he

b h,. R
t(:{)ﬁgzg]uteh%ir 0%19‘?1 ﬁﬂeeglggs@r ﬁyt tll?'r Sggﬁ%n{é'régn%/rgﬂ %S{}Iﬁ %(}16 0 ﬂ%g\g Le and/ or

at t enuat igQh the Ranasiter how t¢had ume sRhimenanced®fo GlRivhiee tHidhtaray be
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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 subchannel may be subject to
20  ahigh 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 transmitter training.

25 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, a time-domain equalizer
may not be feasible for such a channel due to the large number of taps that are

30  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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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
20  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
25  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
30  scheme, which was selected based only on the static function, to remain operative in

the higher frequency subchannels.
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wider usable bandwidth.

Fig. 1 illustrates a process 100 for communicating data using wideband
modulation having at least two subchannels. Process 100 typically includes
20  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
25  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

30 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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A w deband nodul ati on schene is selected for each of the subchannel s based
on the function determned (step 130), the w deband nodul ati on schenes are
appl i ed twad@Essubchannel s (step 140), and a data si gnalct/ssoecanssani cat ed
over the subchannels (step 145). A data signal may include data, data
gaps, noise, data franes, inter-frame gaps, and preanbles. In one

exenpl ary inplenentation, the static conponent of the transm ssion nedium
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t he det efrequeady fnerdetermired (sdeppndeady fordbpstpiéeicaraparsat ef ybehernds &te st ep

140), an dat.a si.gnal . s ni,cat ed_ov th (step 145). In
anot fer g%éﬁﬁﬁ&&}%?"ﬂ %%ﬂ?@ﬁ%,@eﬁ?sfaﬂ%gﬁ:{%&eﬁ lgfl ép%%ﬁ%gfy;ﬁ% Sr attenuation
versus fgaanamel ik &ethd deRiAInee thnkased(sep 130), applieioend suelesmelsment  of

the noise 15 and/or attenuation versus frequency over thg‘lsgsabl e bandw dth

(step 126Jep ITAh anil dalotardgnndifqommbyicated s thespbeliangels e At the time of
the infrequent neasurenment (step 130), applied to the subchannels (step
140), and a dbtanottiegexemplery immhemantationete drstion o neise apd{Andieauationep  145) .
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wideband modulation scheme may 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 measurements that are taken on a non-regular basis at a time interval greater
20 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

25  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

30  channels. 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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and/ or attenuation versus frequency may be determ ned by averaging the
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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

20  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

25  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
30  include a channel 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



adaptive filter to the conmmuni cated data signal. The adaptive filter may
include a 20 channel filter, a noise filter, and/or a frequency-donain
equal i zerwolism2esdapti ve filter nmay be created by averagi rgwiss2fissect i on of
noi se and/ or attenuation versus frequency. Additionally or alternatively,
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aver in f. RMAdd & safe 11 WO 03/021845
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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

20  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

25  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

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

12



Fig. 3 illustrates a graph 300 show ng that inproved conmunications may be
achi eved by choosing a few individual channels 330A, 330B, 330C, 330D to
preserve wa ashsad nodul ati on and by varyi ng nodul ati on scdvane®2326A, 320B,
320C, 320D 20 according to the predicted attenuation curve 310 of the
correspondi ng individual channel (e.g., the nost conplex nodul ati on may be
applied to the | owest frequency channel), while preserving the w deband

char act efnahii¢ Sordfordolte 1YY i any iﬁ%ﬂrg%rﬁ?fdot(n?din banghgidahifmpehveatiec noi se

characteristic transm ssi-on ium(e.g., telephone wring) over
t he wi deseedobihic dhta doamawiicitions.t her eby achi eving a hi ghest possible 25
throughput. Fig. 4 illustrates a graph 400 of dynam c noi se anplitude over
time with a Relsimytackeés Eii Ugoo@hIRl G0LBay Wikriheh inchyderseloating ¢1¥rl ower speed

data communications. Fig. 5 illustrat ra 500 of the [ se anplitude
over ti n¥orictn an @r%r@gﬁcﬁ,‘?ﬁ@%&f?aﬁ%}?%&f%% ﬁofeﬁtél}ugp(fo@%g by ™

| denty fyf-ygﬁ fl?%e%?ﬁgﬁfb RO RRRERLd dRa & achidve a&ﬁﬁidﬁ%@ﬁeﬁoﬁf&téﬂl@@@onem) :
creati ng na l'y o]

app ng an adaptive filter based on the 12 WO 03/021845
PCT/ US0 2fo2w &l rrod gomedtond BRE disdypicalipraetectedrio eplietq aperfqr &g 8¢ gaonai n

equal i zaf i [ oves. t he. speed of, t he dat ] [ [ erring back
to Fig. aé@%&,%gégasiﬁbaw§cgﬁﬁ{%é.r i‘i"Wér’?fd%l @gﬁ%@{’%ﬁ %%’rt%lf}é " (r%{eect i on

and/ or efk0¢ wilel 8%lcbR8ctERdRIndSéRRe EBO)are Hveeddd With die shonspaboing codes 5
typically are applied to the transmtted data tqo achjeve a particular bit

error rateagthyhed lovolaivacy percessingccaebled by dhis pparegeh, thedalimay Py sel ected to

achi eve an error. rate t C : St - 2ROBEHt 1 ons.

T S e e e R
bounds oforfde€iofr Efel afrér dxetienedhichinah bt hekmiwdedged ytiid recéivergtstng theid | ow

| at ency processing enabled by this proach, the dat .transmtted
i nto shosworrdeigpbiag @9%@5‘1%‘31‘61@%‘1"1861&gﬁdﬁ%ﬂ?ﬁ&"éf‘?lﬁﬁtﬁw grgg&a}]guser ror
correcti It : j i PenvkagoRe thdbukhe recei ver
usi ng thgl%wag-ﬁgdgtkg%?lﬁﬁ%ﬁcog%gl%tﬂghg@g(?ﬂn?‘%gal\%hgﬁéch bl ocks vverutg not

cor r ect eghidaysthisgolr BEthefnamsmitsdrlofwsy blocksthatoverk auahle td bekcopreoted bylthe hat may

of iy bFBEKES T HEL B R AD N B E A B BB FEC, as det er m ned

by the ackn meegd%(lat?gnr,] tifs a 1rreter(a:lr?sirr\llises(iiorlc irs %%réetsga?ry r(seigpei ¢: 5‘3{ 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

20  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

25  acknowledgements that the data received was correct. The combination of (i)
piggyback acknowledgements, and (ii) 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

30  previously transmitted data is not necessary, then an acknowledgement indicating that

13



In addition, if a retransm ssion is necessary (step 185), an

acknowl edgenent for a retransm ssion of previously transmtted data may be
attached wo s@mumsdata (step 195). Wien a retransm ssion | POTaRIREd7 t he

bl ock of data that requires retransm ssion to the opposite node al so may
be attached to the new data along with 20 the acknow edgenent for the data
transmtted by the opposite node. Using "piggyback" acknow edgenents

enabl es gdat o be ' AT i fhbwidanaci es. More
speci fi ctg? F@?ETF%SF“%%%@%? %&%?éﬁé’?"em |I%?§I%I?;egmr?g€§ %dewgfelal i zed because the
nunber qtegitbher ent transm ssions between a sender and receiver are

reduced by attaching to new data both acknow edgenents for retransm ssions
and 25 acknowtigdpigiietitss dnhadentplery tibla600etiestiatingwersughyput #etsus The conbi nati on

f (i) piggyback acknow edgement d (ii) short f | d
o | bt byl ntentnit: SO0 RoRSERYo0y TR BRETGRON Channel s
enablees o GORTUIAGALLED, SXSbR T NEL! RRMMNOVIiBeRanE atanesnich provi de | ow

| at ency *"communi cations to an application. If an acknow edgenent for a
r et r ans bisironarsmidal preewicomsiunidatiamspritt, tlead ivapisally cxpessad seliEDNY, t hen an

acknow edgengent indicatjng that .13 034.02184 7267 the data
transm tf’teé?fl%éé"ecl:g%b %%etrf‘ eﬁeEa]t)t”é@t\{uga a?%l%g aﬁr?dr@?%ﬂn#}%%é%ﬁ h new data
(step 190)me fiafis aBddd bk FHCESHRANE KRR dpiesécdls @ rifidof fotdlst r at i ng

t hroughput versus dyrnamcally varying bit error rates (BERs) for an

exenpl aripfeshtiof tramsnsttet wrastuaTidomBition prasented ordgliveryc Thgarop2galittbi t rate

(e.qg., 100Mops), ich.i he .speed . \Wh { A over a
conmifhi c‘geg?yo(%g’r}&%, ”SSI F’Fﬁ:?uqteg attﬂggel f%fr%sn\ég}[% r gg@ %gérlnﬁ&%ir%ogﬂ % 2? ctnrggc’o nd. The
FEC overi@ade®ld or s¥stdnh td ﬂﬁ'dﬂl‘iﬁi‘gwoﬁﬁdifhé oioal size headanbodo CRQtsgof a frame
that is added by the FEC code and that is expressed as a ratio of total

i nf or mat .64, Lxiaclsdes thedize of adetaRlockprist e E o fgRdiethpES t%?aﬁléfel ivery. The
propagation 10 d i Rk papsit of a

si gnal f?xc?ﬁ?%%demg’ It (Iglﬁggjcglg’?’%rﬂﬁ?@(ei%r']’?lg?lgﬁ%%%m, or%gf/)gt emto the other
poi nt. Thiecl akimidaatiHiheatgte fritodyTheBER ifcdudps the @fio®f thepednnc| udes t he

size of a data block prior to FEC encodi ng.that is.typicall xpressed in
byt e® THENR GERE cpeFs In PRKEIVER .ng}?ljvagtﬁ)tﬁ? tﬁgﬁlf} o4 ?feblﬁdﬂglﬁ 1%?“"’§at a bl ocks
cont ai negh WbAl B rafeNHliBdds REBrio D ehcBREN Mhded 85blobR efrdisiiRagf the nmean

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

20  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 received 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
25  approach, a modulation 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 less coding overhead for higher throughput,

30  through a low-latency ARQ using piggyback acknowledgements. Table 600
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15 nunber of bit errors in any given interval to the total nunber of bits
in that interval. The block error rate includes the ratio of the nean
nunber of wid a3ok1sasrors in any given interval to the totalpaudsenr7ssl bl ocks
in that interval. The throughput includes the average rate at which
application information is communi cated during a specified period of tine.
Throughput nay be used as a figure of nerit for a systemas it 20 excludes

the OVeri*Pﬁét‘i‘athé;%%j#&%n%' of i€ dSNRdrEdMHE G RpASIRAES @naGRedifyObarpiggi ng and

prot ocol over e post-FEC BER i ncludes a bit" error rate as applied to
t he bit BERsdarthe eiven vaobf phtameteFEC decodi ng has been perforned. For

exanpl e, as the noise may vary significantly over tinme, transmtter

trai ni ng on aFigagillwstretashn txeneplanydtansmitypathiot00hsed tof impdernegibe Under a

conventi gnal 5 roach, . a noduyl ati o nd. FEC. nust used. for the worst
case to %PW& ea@‘ﬂaf?e\aéﬁ?vefwﬁé?a?ﬁﬁ It%?lgé'nbERqB?nsT&-f?ab7&Fté’§§°,a Bhi ch

conmprom ek dbk BIZBRBE 710HEMEY &irectish BEl/or5dHr Welet@dtBéncateéts 700y dnatognCy
processi ng of both the FDE and t he FEC, dynamic fluctuations in the

post - FECnBERmodulatots 730, g Ekinency domiaingghaeR figfer 145, 9 dagital asaogihi | e using a
nore conpl ex .no tion and | i [ r hi gher throughput, 30
throughngquSWIi@#AL@C‘{;%A?Z%VEB?S%&S?Z&Q’Q/%%%%{%SEﬁg%{é gements. Table 600 14
WO 03/021845 PCT/ USO 756 illystrates th i nt elivered
t hr oughput un @rceﬁ%ﬁﬂzlggf{aﬁgsvth? §?%§°@Eﬁ§“%?‘{%¥§w§%n®gﬁee‘é%§' %t:’h? %gr amet ers.

Fig. 7 ihdnust c@hREnRBHENIBOAGLY, fbf @nsdpld, spahdntaAdD dndaedassemblypl ement t he
features descri bed above wth respect to Figs. 1-6. Transmt path 700

T, M | Figs. 1-6.
t ypi ¢l | packeiiziog defesreiapsnbttimgdincks pbdata tha wergesdred WROBHANGE err or

det ecti op_.en 7 r£dWRgH y domai n
shapi ng ??tF?glggﬁégfheég‘glr g'?[? (étﬁ{gacr?g? ’o%d con@%%?wzeéggﬁgggs@aﬁ F)gw pass
filter 7TROK$ dhchaé piggytdck VIKJAANARS de dstaimting Fhethat slotleceSlatdwerdat a
comuni cations systemto the_ user. run the conmuni cations

It ma
pr ot ocol Eceived CRXEEHRY Ioé}n°§€§?ﬁbht%?ﬂeéﬁmgﬁa%h%mm%ﬁndlﬁ QEKEr™2bng dat a,
retrans ”%h%%b&%ié?h&?!ﬁ%ohﬂie aggtﬁq&igﬁamygi!’eané@gﬁﬂaﬁﬁqo bBSeFbRELd B Aaspudet er i ned
etecting code, and se K

by the error ing acknow edgenments (ACKs or NAKs),
such,as pi ggyE%Fccﬁ‘géﬁoﬁ) %M@et%c‘ﬁoq%g&fd@cﬁnﬁom%ﬁﬁ§ el dagkshcBdingat a were

received correctly or 1ncorrectly. pendi ng ‘on the application and on the
pr ocessoFor example, 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-
20  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

25  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

30  code(s), or after applying both the error detecting code(s) and the forward error

correcting code(s).
15



the task list may include any functionality deemed suitable to be perforned
by a CPU. 15 Error correction and/or detection encoders 720 perforns the
dat a encodiong/21Her exanple, it may apply an error detectirg/cmde7ico a

bl ock of data, followed by a forward error correcting (FEC) code to words
of data within the block. The conplexity of the FEC code can be dependent
on the expected quality of the channel or subchannels (i.e., if the
channel or | r$2h20 noise ratio
(SNR), a si rrpuﬁ% date{ reglﬁ%&g%u &@@P?ﬁ%n@&@&g&c’%gﬁg over head, and the
desired @bal*mhelﬁwiﬂ@theRamaﬂa(tfsﬁR)ansjelmon/cﬁrnpdﬁxnﬁahe‘@nwe&)fora@acln he receiver.
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then 25 the nodul ators 730. Where only one bit streamis
encoded, andssegnnrth@fre@rcncy}ﬂmnmulsmmh@ﬁkt@lr@éhs for each subchannel may be
perforned before sending that subchannel to the nodul ators 730Q0. More
speci fically, Thdwﬁecpmgcrpd@mam(shapmglﬁbelrﬁﬂthapIbé uged toandice GUIIBEdr bef or e

appl ying the error tin aft rQr detectin
bt o aaugmars oL oGt iy e MR A GhE, (1S o0 1
after applieadubeitat ft Ran abt ﬁferfé@é ®ah ireRearsdio QHAM)”&nﬂ@,ramﬂmcEr ror

correcting code(s). 15 WD 03/021845 PCT/ US02/ 27567 The input data streans

are mdumadlddtlwy(mbmmqymw‘@@th%m%&ﬁ Ehtkiensaa P G\H;F?dﬁo Shodul at i on

const el %g{ %em . (ﬁ/%at erlm ned for each subchannel (e.g., BPSK, QAM
éﬁ 8x: QAM 128, QAM 256, QAM 1024). The modul at ed

streams are t ined/ t t

frequency- donﬁ?& Z%Wﬁ%@?g@tag%ggal%anftéal%gﬁ?:eg orrguo‘;r‘\’r]]‘)gl Safbllteﬁg filter
740 can hs) #86Ahdsahé M@utpﬁﬂ a8@iréM6vdsihe pedesiralhigh fiqudnsy bindshd ifie equency
band. For exanple, the transmtted signal can gig not ched such that it wll
not i nt edfieard7 bphsttﬂltﬁéﬂﬁrﬂép@ﬁ@r tp 4BiaBPIOPIME 1eveh tra&?FB’ISFIPHde nmodul ati on
(AM bands, and even with other nodens. The filter can be d to adjust
10 the PSD of Figh8 illystratesrae ?Wﬁﬁ@’rfﬁ@wqy@l F8Quediio dpplemenit 8 GHES si gnal

to aly an&‘e':sggbe\:/gi vbofv(e)r r%é%)\é/ctptgﬁgsf I1|6t Heceive 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
20 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
25  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

30 attenuation. The equalizer may be designed to analyze the channel and adapt to the
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760 snoot hes the DAC out put and renoves the undesired high frequency bands.
Line driver 770 boost the signal power to an appropriate |level for

transm sswan3/gisgs 8 illustrates an exenplary receive pat PE0SeREE7t O

i npl enent the features 15 described above with respect to Figs. 1-6.

Recei ve path 800 typically includes a low pass filter 810, an anal og
digital converter (ADC) 820, a synchronizer 830, an equalizer 840, one or

rore Semihal e 5Raf Sl ESRRURRsPAlo e sk o decoders

860, and® ass 0 act as an anti-aliasing
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can be resBatadVisaes filter opapether flter a3 om afterpatiys ?Tz%src corbgigussd) e an
adapt i veyf L GHHeRO!- ORI, ﬁ%@hltéﬁ@on@@nﬁb?dnguﬁé geqlaneyaibeif @ channel and
noi se fllIter may be used to recover the transmtted data over a noisy
transm sequahzaﬂwruhelhnah/andhncblseﬁhmmw molmrdc Hsigg one t)élﬁ@’é@tﬁaﬁmlesﬂﬁéleequal i zer

may be desi t ze hannel nd WO 03/ 021845
PCT / USO2R< eyﬁg?fnﬁé’i‘y%?ﬂ @E&%{ 1&‘“&‘38611’ nni—:ﬁgn tﬁ? uqatll}[g(}\/ di stortion.

The qguai,fegl%ler educes or elimnates noi se and corrects for the channel
attenuation/distortion to reduce or elimnate inter-synbol interference

(1'Sl) and/or pehRhnkhe)8s rebélb@sf&@hﬁﬂﬁﬁre(ahﬁbﬁbdﬂnﬂes e gineqik @reent at i on,
equal i zer 840 may be constructed using filters: a noise filter 5 and a

channel tricbming stffam intortvbelzaninels, @ﬂthqwmufﬁtqste@?]w%ha% uk¥d to generate
2(;;);13} gr ggnl{%ﬂ.]l%&rsﬁéév&l%@? f | l ¢ eer ofthe 1@1’38&1'33511 I:drls%e?lr 181§ f({i‘%g ternative, or as

Fhation, or - as ter.
Const r uctiyedardlRe frequency dOITB.I n equal i zati on channel and noise filter
may i nclude using one or nore sanples of the noise in the inter frame gap

(1 FGy5 the reggbyesirdtienahl Beteatitth debsiers @6 busetl iedestfiber sbanbivith

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
20  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

include any functionality deemed suitable to be performed by a CPU.

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

25  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 synchronized with transmissions by the second transmitter based on

30 the state detected (step 920). The first channel may include a first wire and the
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Denodul at ors 850 receives the input stream subdivides or segnents the
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applied when_ the frane sizes are.fixed..Mre i ficall. media with
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15  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,
20  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
25  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
30  be performed by a programmable processor executing a program of instructions to

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



10 Fig. 10 illustrates a process 1000 for conmunicating data that includes
identifying frequencies in a w deband conmuni cati on channel that require
reduced wumamas (step 1010). A digital frequency-donai redrisoen7ssay be
applied to a transmtted signal to reduce the em ssions of the identified
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Appar at us enbodyi ng t hese tec ues may i ncl ude%(fproprl ate input and

out put c&utab&proaess@apmme WWeiégﬁ@kamI&%dmﬂlmb SpepiabBPRASr oduct

tangi bl y enbodi e d r. xecution by a
progr amw’ﬁlﬁr%prﬁ?%gé%rgsﬁner %blﬁé)é%ceggo %’E IECC%E\% ?ﬂ@gg&%( ﬁﬁnéagﬁgglﬁrmy 30 be

per f @y megadynBy rﬁé@@fyadiiﬂhw%earﬂfoﬁcﬁfcswm&na@utﬁmggadm@gmmb@é farnst r uct i ons
to performdesired functions by operatj.ng o i npﬂélugq-ﬂg andﬁ)ﬁeneratl ng

appr opr i tangibly enbydyom OMPEES PRETRRSRSIU HeE A frEs ok Plies may be
i mpl erren\t,cgg ﬂe’}ne &%041%1((;{{%8 bﬁ%&mﬂ f%%ﬁﬁ'&mﬁﬁb%r ﬁéﬁoﬁ?‘@e‘if&ﬂe@%@h on a

pr ogr anmabf e "sys east one programmuabl € processor coupl ed
t 0 recei aEdadble Bfa)@ramnﬁztwaEadaﬁ)sl}f Memorya('EPR(d\/Ir),rEn@mzﬂl}d&tasam d

instructions to, a t.or age at | t one i.nput device, and at
| east onRrogtATERb] SR&é‘i/%é‘ M@g{%ﬁym aﬁﬁdofgﬁsagmeﬁjeﬁyyg‘é IF%F]@%%% ed in a
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as se ly or machine language if desired; and in any case, the |anguage nmay
be a conPbipdctddisé ReakPniytMembanGiaBOM). 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
20  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.

25 What is claimed is:
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Sui t abl e processors include, by way of exanple, both general and speci al
purpose mcroprocessors. Cenerally, a processor wll receive instructions
and dat a Wwoorsaisk® read-only nmenory and/or a random accesPaTendRR756%t or age
devices suitable for tangibly enbodying conputer programinstructions and
data include all forns of non- volatile nenory, including by way of exanple
sem conduct or nenory devi ces, such as Erasable Programmabl e Read-Only
Menory (EPROV), Electrically Erasable Progranmabl e Read-Only Menory
(EEPROV), and flash nenory devices; nmagnetic 15 disks such as internal
hard di sks and renpvahl e, di sks: g i i -sapd  Conpact Disc
Read- Only IVERJDry ?%@e&a%grﬁ?@mg#ﬁ%?@%&%%%@%&0%§%§H51§g-ppl enent ed by, or
i ncorporated .in,.specially-designe e [ QR hfic integrated
circuits). Itlth}fg'Pn@é‘ %ﬁﬁecrog}p% t?ﬁ%@%sgilf%glgmﬁggﬁ Foggfliéég%ga may be nade

Wi t hout e HeReHHonE Gating M lehke tePhubichararls; scope of the claims. For exanpl e,
advant ageous results still could be achieved if steps of the disclosed
technj ques WefferRBhihS aTRAbtHoR ofinoidk bi Ateatiticy desusdrdharcyifér thespeents in the
di scl osed systens were conbined in a different manner and/or replaced or
suppl ensoingebnbyt; ot her conmponents. Accordingly, other inplenmentations are

within the scope of the following clains. 25 Wat is clained is: 19 WO
03/ 021845 PCTyelygting viddand modpatien shemesfordemsnpshamelsdgsuanthet he met hod

conprising: .identif.yin static conmponent of a transm ssion medium for

Wi debandﬁgﬁtb%r‘f?ﬁ?rﬁrﬁ%{?({o]%g@havi ng at |east two subchannels; 5 determining a
function of noise or attenuat.ion ve cy for the static

conmponent ; se?oé’%?i%angae@ag?ﬂgﬁl?g(?mat?‘?g%gcéc e?r%s for the subchannel s based
on the functjon deierm,ned;.and c ni | - j yger the
subcHannel s. !?L'O 2.1?%@%?%5”;%@ ﬁ%aef m&ﬁ) %??h@%%g%?}?@prl\% £

independﬁe%mc@@%a&wﬁd niddglaGeh atbeds W dehanthenmbetaanélan schenes to each of
t he subchannels. 3. The nmethod as in claim2 wherein independently applying

the selected 3 The method as in claim 2 wherein independently applying the selected

wideband modulation schemes includes using separate modulators for each of the

subchannels to apply the selected modulation schemes.
15 4. The method as in claim 1 wherein:

identifying the static component includes independently identifying the static
component on each of the subchannels;

determining the function includes determining the function of noise or

attenuation versus frequency for the static component of each of the subchannels; and

20 selecting the wideband modulation scheme includes selecting a wideband
modulation scheme to optimize throughput on each of the subchannels based on the

function determined on each of the subchannels.
5. The method as in claim 1 wherein:

determining the function includes taking a measurement of the noise or
o5  attenuation versus frequency at a time interval other than a frame-by-frame time
interval and determining the function of the noise or the attenuation versus the

frequency for the static component based on the measurement; and

20



wi deband nodul ati on schenes includes using separate nodul ators for each of
the subchannels to apply the sel ected nodul ati on schenes. 15 4. The net hod
as in clamoa/oetsasei n: identifying the static conponent i rdTacs®s/27567

i ndependently identifying the static conmponent on each of the subchannels;
determ ning the function includes determ ning the function of noise or
attenuation versus frequency for the static conponent of each of the

subchannel's; gig;r2n s GhRBL Mokl dRBARSHARAN LAkl (BE faiBaiqcl udes

selecting a ati1on schene to optimze throughput on each of

t he subchrdoktisn bagert an tinkeof themetsuommahg besediometic fmctiae Hetefminers
subchannels. 5. The nethod as in claim1 wherein: determ ning the function
i ncl udes takigg a Mhasistleniestin okhirh hevheodis determintg the fenmtian inshndger sus
frequency at .a tine interval other than a frame-by-frang.tine interval and
det er mi nPYRGREIAS 2 fUNFEER O NEJSC PHAUICHRFIOR VEFSUS fRedusney rfﬁratﬂjlegﬁu%?r%%nep e
frequency, &, diidd ostififld. ¢ conponent based on the nmeasurenent; and 20 WO

03/ 02184 PC'P/ US02/ 27567 selecting the wi deband nodul ati on schene i ncl udes

sel ecting the,w de%@%&ﬁ%ﬁ%é}%kfa@%%&}ﬂ@nﬂes@atiéé&i@heﬁthﬁcm@eawserrent based
ned. .

on the function determ e nethod as in claim1l wherein

det er mi nangrdtevetwsiatid mciiocofifi@mencyver agi ng a functi on of noise or
attenuation versus frequency for the static component 5 over a period of
time. 7. The 8et hodhasmsétiodedsan rdaiim Wvdreedin thestatint comiponewinipdndast i ncl udes

noise as a relatively, static functi of frequency. 8. The nmethod as in
claim 1 RitEpaion ﬁ%re%%ﬁ’teiycst@&r%ﬂﬂm&%%P%& attenuation as a relatively
static functign of frequency.. 10.9. The .nethod. as in cl ai wherein the
stati'® conponént iA&f E‘Ef‘g]%"dr%ilgégmﬁﬂd"’-liﬁ‘f‘?lgﬁ%f’ﬁ%&ncoé?%pOé‘e’?te‘f@l"&??élloyest atic
function,of atf:énggﬁ'&{lgsya relRivell @t BHAMEN ¥F flefudicyd m 1 further conpri sing:

identifying a dynam c conponent of the transm Ssion mediumfor the
wi deband commypi cat@RSthod as in claim 1 further comprising;

identifying a dynamic component of the transmission medium for the

wideband communications;
15 creating an adaptive filter based on the dynamic component; and
applying the adaptive filter to the communicated data signal at a receiver.

11.  The method as in claim 10 wherein applying the adaptive filter
includes applying the adaptive filter to the communicated data signal on each of the

subchannels for the wideband communication.

20 12.  The method as in claim 10 wherein the adaptive filter includes a noise

filter.

13.  The method as in claim 10 wherein the adaptive filter includes a

channel filter.

14.  The method as in claim 10 wherein the adaptive filter includes a

25  frequency-domain equalizer.

15.  The method as in claim 10 wherein the static component is static

relative to the dynamic component.
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15 creating an adaptive filter based on the dynam c conmponent; and

applying the adaptive filter to the communi cated data signal at a receiver.
11. The matdhasgh2esasi n cl ai m 10 wherein appl yi ng t he adapti weThudoeerser ncl udes
appl ying the adaptive filter to the conmuni cated data signal on each of the
subchannel s for the w deband comuni cation. 20 12. The nmethod as in claim

10 wherein the adaptive filter includes a noise filter. 13. The nethod as

in claim10 whgrei mptheerRstpptih eihilotilerdin tletB@tnic coipones] infludidser . 14. The
met hod as in claim 10 wherein the adaptive filter includes a 25

f r equencyoio theit Mamesuralai fanetionid frefhenciret hod as in claim 10 wherein the
static conponent is static relative to the dynam c conponent. 21 WO

03/ 021845 PCTAWS02/Thg B&thod s, inTheém t@twhserin the eamaprngalinelidest he dynani c

conmponent i ncl.udes. noi se that. vari.es as a function of frequency. 17. The
met hod a?ﬁ?wah?%ﬁ'fﬁtxﬁ‘lwgra Ct{oﬂé’f&%'éer%%% conponent includes attenuation

that varies as,a functi f frequency. 5 18.,The.nethod as._in,claim10 .
wher ePn t he djﬁam’ h8&%ﬂ?fg?ﬁmicf?%fﬁ@ggher%gi%l_geedyélﬁﬁl_l%ﬁné%odlgﬁtls%ﬂug Tat vary as
a functi ggisehnd hHHaIGYthal Gary BB 6 fIREBPET ASqueAcE! @i m 1 further conpri sing:
creating a channel filter by averaging elenments of the channel filter based

on the statigoconupeemdthoPdtdn bhidAMthétdohipeismannel filter to the
comuni cat ed data signal at a receiver. 20. The nethod as in claim1l

further conmpricgdafifs a Gh&flel ety WResBins didBéntPVf tRY ShamleNFlté baggns of the
noi se filter based on the static conponent; and applying the noise filter

to the cdmnaiaticocmngett andi gnal at a receiver. 15 21. The nethod as in
claim1 further conprising: creating a frequency-domain equalizer by
aver agi ng el eapplymngdhe channel filter to the communicated data signal at a receiver.

20.  The method as in claim 1 further comprising:

creating a noise filter by averaging elements of the noise filter based on the

static component; and
applying the noise filter to the communicated data signal at a receiver.
15 21.  The method as in claim 1 further comprising:

creating a frequency-domain equalizer by averaging elements of the

frequency-domain equalizer based on the static component; and

applying the frequency-domain equalizer to the communicated data signal at a

receiver.
20 22, The method as in claim 1 further comprising:
creating a filter by averaging the function of noise versus the frequency; and
applying the filter to the communicated data signal at a receiver.
23.  The method as in claim 1 further comprising:

creating a filter by averaging the function of attenuation versus the frequency;

25 and
applying the filter to the communicated data signal at a receiver.

24.  The method as in claim 1 further comprising:
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frequency-domai n equal i zer based on the static conmponent; and applying the
frequency-domai n equalizer to the communi cated data signal at a receiver.
20 22. Theowsthodsas in claim 1l further conprising: creatipgg/esoti2zticer by
averagi ng the function of noise versus the frequency; and applying the
filter to the communi cated data signal at a receiver. 23. The nmethod as in
claim1 further conprising: creating a filter by averaging the function of
attenuation versus .t ; FXeleN ' hatibi t he
conmuni cat ed %S%ngidgﬁeéfjglg?&g& rﬁég%el 1\%@? Z@B %%%g@grrg%l%%ggggéﬁs 11(}:II@ai m 1
further gpemphégiang: 22 WO 03/ 021845 PCT/ US02/ 27567 creating a filter by
averagi ng the function of noise and attenuation versus the frequency; and
appl yi ng t he fgplyigs the Gilteh® the somnivnivatd ddatsigmsl graldecaivera recei ver. 25. The
method as in claim1 further conprising applying independent 5

denodul ati on 43nctTi@ngethed agin digiast firter edmprisingsapptyiaginelepend26t. The met hod'
as in claim25 wherein applying i ndependent qem)dul ation functions

i ncl @desdqqu%ﬂtlansf@kﬁﬁpﬁi%fééﬁb‘gﬁwatoéfhefs&]?&{aﬁ%e it least two subchannels to
apply the denodul ations functions. 27. The nethod as i.n claim25 wherein
appl yi ng i ndeendehte methgd apimalaim Shwhersirapglhdng Wderfgdetappl yi ng separat e
denodul at i on, al.gar. . 5]%\55 The net hod
as in cl ﬁ%df?a&ﬂggrf%écﬁggse{ne@td%%gmﬁgS%ﬂ%%g%)gn n%%u a? P{gﬁiﬁesacszﬁtgfr?es i ncl udes
sel ect i ngibsharbR e appdytHeatedubtivenfmcfiorn. t he at | east two subchannels to
optim ze orthogonality between each of the subchannels. 15 29. The net hod
as in clai m 2g7.wherigi methbé agipcilhiat 2 Hwhereheapplyingimidepbadentf f set quadr at ur e

anpl i tude nodul ation (OQAM schenes. 30. The od as in cl.ai further
conptd si dmedilaionfimgtions Biclides2RNYBE SCRAFHP g@?ﬁr’%}t‘\a P&oeig%étg@ﬁ f?fr{ﬁ]%%tl ength of
a frame %QQt\‘i‘rorsﬁﬁcﬁaﬁfeli et ransm ssi on.

28.  The method as in claim 1 wherein selecting the wideband modulation

schemes includes selecting wideband modulation schemes for the at least two

subchannels to optimize orthogonality between each of the subchannels.

15 29, The method as in claim 28 wherein the modulation schemes include

offset quadrature amplitude modulation (OQAM) schemes.

30.  The method as in claim 1 further comprising selecting a forward error

correction code based on a length of a frame and a rate of retransmission.

31.  The method as in claim 1 further comprising selecting an error

20  detection code to determine a level of error detection and a rate of retransmission.

32.  The method as in claim 1 further comprising attaching to new data an
acknowledgement for a retransmission of previously transmitted data communicated

across the transmission medium.

33.  The method as in claim 32 wherein attaching to the new data includes

25  attaching to the new data a data block that requires retransmission.

34.  The method as in claim 1 further comprising attaching-to new data an
acknowledgement for correct reception of previously transmitted data communicated

across the transmission medium.
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31. The nethod as in claim1l further conprising selecting an error 20
detection code to determne a |level of error detection and a rate of
retransm v a3218432. The nmethod as in claim1 further conmdTEUsSvy2atst achi ng
to new data an acknow edgenent for a retransm ssion of previously

transm tted data communi cated across the transm ssion nedium 33. The
nmethod as in claim32 wherein attaching to the new data includes 25

at tachi ng 10 he Rew dahd A iffan il AkohRl chREHASmEGREARIISS On. 34,

The net hod a er conprising attaching to new data an

acknow @Qliﬂfkmﬁé’lépﬁdﬁé v Heandenraad epfluding o tapiesy faoility ynd 7 tensinatier el dat a
comuni cated across the transm ssion nedium 23 WO 03/021845
PCT/ USO Zieoqupper telpphone wire i s PPNt &Y 4157 P& ei n t he transni ssi on

medi um i ncl udes a copper telephone wre hetween.and ingl udi carrier's
facility and 38t erFhermpetheshasdp clamd ‘%Afé%ﬁé‘rtﬁ‘? EASHHSHE P lgmgbag(ril@saaccess poi nt

2 25U SLoBL SO Sfinere KAPCATHAOH A0 B SHRLTTLIN @IPA Balbidviansm ssi on

medi dm | copper te one wire between and including a

carri er 'wgulfiaendni tiyitoad muldalwelling meldings. nul ti-tenant units and

mul ti-dwelling buildings. 37. A nethod for comunicating data, the method
conprising: i37.a fA hsthddrfansmrhteicatong datd, thesnetbbdpereprisiggt ecti ng a state of
conmuni cations by a second transmitter over a second channel; and 10
synchr oni zi ngntrfaRsrns@itensn byirsthharlret, stetecting 8 siatetaficomimuanicatigsPy ssi ons by
the second transmtter based thel_ state detected. 38. The nethod as in
claim 3?%@?@@@113?%%63@%‘%566%%‘12%@“? ntfudes a first wire and the second

channel includes a second wire that differs from.the first w 39. The

nmet éd as in aynahrﬁmzmg\&mﬁré}sﬁoa%&é@&egjﬁ@t tfﬁ‘i‘ém%t[eétw ﬁ‘&?anilglsélgrﬁ%{ﬁ?%ati ons

i ncl udes daﬁ?&y{gﬂ?ﬁ&b%?e‘&edn“ché‘&at%tcﬁfe%ted@- The method as in claim37 wherein
state o

det ecti rf‘ﬁc?rhe comuni cations includes detecting a transmtting

state. 41. Thg net ’Pl?edmgtlﬁ Bs dl(le il Fwhbemahe fitdh ehdnhsishelabes st and t he

4
second channdl’ are i nctadad in copper tel ephone wires between and
i ncl udi ngiraagdibeiseéond channel includes a second wire that differs from the first wire.

39.  The method as in claim 37 wherein detecting the state of

15  communications includes detecting a receiving state.

40. The method as in claim 37 wherein detecting the state of
communications includes detecting a transmitting state.

41.  The method as in claim 37 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.

42.  The method as in claim 37 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.
25 43. A method for communicating data, the method comprising:
identifying frequencies in a wideband communication channel that require
reduced emissions; and

applying a digital frequency-domain filter to a transmitted signal to reduce the

emissions of the identified frequencies.
24



20 facility and a term nation of the copper tel ephone wires at an access
point at a user premse. 42. The nethod as in claim37 wherein the first
channel aww® @heissecond channel are included in copper telramosee/2meres
between and including a carrier's facility and a cable riser in
multi-tenant units and nmulti-dwelling buildings. 25 43. A nethod for
communi cating data, the nethod conprising: identifying frequencies in a

wi deband commyni caty QR GOAANGlc1hAAs ifgkh iR wiRBHEEhlasiRs, and

applying a digital guency- domai n ter to a transmtted signal to
reduce tdagnnediE S&t aManahistibe niedmnt ihht indiuflessyicmnper teiephoue We DSFEON 845

PCT/ US02/ 27567 . 44. T_hq nmet.hod as in. cl.ai 3 wherei,n .t he_ w nd
comuni cadipuding A sarrier's fasldy a %Fgﬁgﬁlgg% eﬁgmﬁ%@%@eyﬁ%eldagggs a copper

tel epho%.%cé@sé?in{?ﬁtt%s%? redfge.including a carrier's facility and a

term nation e copper telephone wire at an access point at a user

premise. 5 45 Theriel HAdq 4Sin dhiff! A WhdSinHheneidbatd Gortindgioansh. comuni cat i on

channel is over a transm ssion nediumthat includes a copper telephone wire
bet ween chameklinelenditngsmissian mediuns thatinicludes/a eeppea tedepbpae Wirg betwesn

multi-tenant units and multi- dyelling buildings. 46. T .hod as in

cl ai m 43ngHBeladipg pgamier ggéfchl&ylaﬂ&g??béﬁﬁé‘ﬁé? gkultl'%ﬁ]a%%lﬁc?gg nﬁ@{l ntifying
frequencj ] idifided by a regulatory agency for reduced em ssions. 47.
The net h%‘ﬁagggﬁﬁ éﬂtl%i m 43 wherein identifying the frequencies includes

| dent i fying fls‘?quegl?é Sethbdas irl MY éfﬁxﬁfﬁex’él_ntiﬂetﬁif?ﬁg tiefbQRacioy

communi cations. 48. A systemfor comrunicating data, conprising: 15 a

pr oces s oncludeiidenttfiya fresjuenaiesddentiigd ana ragulatameeeney fdapiiced a static
conponent of a transm ssion nmedium for w deband comruni cati ons havi ng at

| east t%S¥OBthannel s, determine a function of noise or attenuation versus

f f th tat] d. sel . W pdul at i h
For 't he Subcrihnel ShtelRd ST THG FLABCT brCHirep AERRN e ot on scheres

includes identifying frequencies that interfere with other devices or communications.
48. A system for communicating data, comprising:

15 a processor module that is structured and arranged to identify a static
component of a transmission medium for wideband communications having at least
two subchannels, determine a function of noise or attenuation versus frequency for the

static component, and select wideband modulation schemes for the subchannels based
on the function determined; and
20 a transmit module that is structured and arranged to communicate a data signal
over the subchannels.
49.  The system of claim 48 further comprising a modulator module having

one or more modulators that are structured and arranged to independently apply the

selected wideband modulation schemes to each of the subchannels.

25 50.  The system of claim 49 wherein the modulator module uses separate

modulators for each of the subchannels to apply the selected modulation schemes.

51.  The system of claim 48 wherein the processor is structured and
arranged to:

independently identify the static component on each of the subchannels;
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20 a transmt nodule that is structured and arranged to comruni cate a data
signal over the subchannels. 49. The system of claim48 further conprising
a nodul at wo osadd4e havi ng one or nore nodul ators that arecavsesekwssed and
arranged to independently apply the selected w deband nodul ati on schenes
to each of the subchannels. 25 50. The system of claim49 wherein the

nodul at or nodul e uses separate nodul ators for each of the subchannels to

apply the sel ggte eWBgﬁldlr%{égl? gfn %&Q@&Eﬁtenuagl%? g-gﬂ%s BUGLEIY 9br thé FatR 48 wher ein

t he processor 15 struc arrange i ndependently identify the
static aemitof eachesfahe afbchimmebyimhannel s; 25 WD 03/ 021845

PCT/ US02/ 27567 determ ne the function of noise or attenuation versus
frequency f orgeldden Siddbhed modutptinesthemt teemimize thrheghpubohaahaifdhe and sel ect
a w deband nodul ati on schenme to opti.m ze thho ﬂihepub on ch of the
subchannwibshasaels hassd opribe fupgtion defcupest R A8 Og e ﬁh%‘flg@he subchannel s. 5
52. The system of claim48 wherein fhe processor is stru tuaed and
arrarfged to: ¥2ake Bhanvaieny ifddm 4 whefeny E@cﬁsﬁo%lsgﬂff&’fel%@ﬂ ver sus
frequenc%,r:i;llt%e time interval other than a franme-by-franme tinme interval and
det erni n& 1 Re function of the noise or the attenuation versus the

frequency for the Shablief MFRRIHN. d3RGHaADn VBSus AgRgsurpamat . and sel ect

the w deband Ion schene at a tine o measur erent based on the
funct i oninetet2 oticnfn aftamdFbe fiaysttane mfercdl andnddigrmine tles functien ¢hitbeessor is

structured and, arranged to average a function of noise or nuati on
versus fRes@ibgatiguationvasusihe e‘%ﬁ?n‘% g?‘?e%?tlco‘ifél?poél%tg%s%%g%@"%ti nme. 54.
The st fijry48 wherein the static conponent includes noise as a
rel aﬁlyve gﬁsg%eélﬁnd a?lgncti on of frequency. 55. The system of claim 48 wherein

the static cogRAngRtybsnt desiuiftichebhid 12 tAfe &f the hidabiteh¥ntasdd ¢ f unction

of frequency.
the function determined.

53.  The system of claim 48 wherein the processor is structured and
arranged to average a function of noise or attenuation versus frequency for the static
15  component over a period of time.
54.  The system of claim 48 wherein the static component includes noise as

a relatively static function of frequency.

55.  The system of claim 48 wherein the static component includes

attenuation as a relatively static function of frequency.

20 56.  The system of claim 48 wherein the static component includes noise

and attenuation as a relatively static function of frequency.

57.  The system of claim 48 wherein the processor is structured and
arranged to identify a dynamic component of the transmission medium for the

wideband communications, and further comprising:

25 an adaptive filter that is created based on the dynamic component and applied

to the communicated data signal at a receiver.
58.  The system of claim 57 wherein the adaptive filter is applied to the
communicated data signal on each of the subchannels for the wideband

communication.
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20 56. The system of claim48 wherein the static conponent includes noise
and attenuation as a relatively static function of frequency. 57. The
syst em of wal @io21848 wherein the processor is structured andcrawrsvangsd t o
identify a dynam c conponent of the transm ssion nediumfor the w deband
comuni cations, and further conprising: 25 an adaptive filter that is
created based on the dynam ¢ conponent and applied to the comunicated

data signal a$9 a r?%ee% X ofscqalm-rg*?wﬁ&shpﬂﬁk Qa g@ll‘/@'ﬁ%ﬁlﬁclﬂﬂ% £héisé he adaptive

filter is applied conmmuni cat ed data signal on each of the
subchanngli&g. for the w deband communi cation. 26 WD 03/021845 PCT/ US02/ 27567
59. The systemof claim57 wherein the adaptive filter includes a noise
filter. 60. Th@ syShesystein of daim 57 whireircthn addptiva didtor ingludes & ckarmehcl udes a
channel filter. 5 61. The system of claim57 wherein the adaptive filter

i ncl udesﬁ]éer-frequency domai n equalizer. 62. The system of claim57 wherein

the static conponent is static rela to.the nam ¢ conponent. 63. The
syst ém of cl aft 57 %@ﬁ@%ﬁﬂ%‘%?ﬁ ﬁi"F’@l @Frﬁgarpé‘r‘ft:’??ﬁl‘?fﬂnﬁ@gg 210 noi se that

varies ag, efnUg%hQﬁ Jegquency. 64. The system of claim57 wherein the
dynam ¢ co@il) Inclu es attenuation that varies as a function of

frequency. 65¢ Thegﬁé’ %’s?e% of cl&lh‘?b'ﬂ\w%&em% 8laflc ESRpSNRIN FatkGERAGENT

i ncl udes noi S€ an tenuation that vary as a functl on of frequency. 15
66. The gythtdpnahiccbmponesB further conprising a channel filter that is
created by averaging elenents of the channel filter based on the static
conponent andé63.appiThesystem bheaiaoffwhierat the dyaanaicsogpahedtndudescei ver . 67.

The system of clajm 48 further ]gprlm ng a noise filter that is created

by a ra@‘i’lﬁ@ﬂ’éF%ﬁt%ag‘Fncp%oﬁgP% If¥1 ter based on the static conponent and
I

applied to 64. The system of claim 57 wherein the dynamic component includes

attenuation that varies as a function of frequency.

65.  The system of claim 57 wherein the dynamic component includes

noise and attenuation that vary as a function of frequency.

15 66.  The system of claim 48 further comprising a channel filter that is
created by averaging elements of the channel filter based on the static component and

applied to the communicated data signal at a receiver.

67.  The system of claim 48 further comprising a noise filter that is created

by averaging elements of the noise filter based on the static component and applied to
20 the communicated data signal at a receiver.

68.  The system of claim 48 further comprising a frequency-domain
equalizer that is created by averaging elements of the frequency-domain equalizer
based on the static component and applied to the communicated data signal at a
receiver.

25 69.  The system of claim 48 further comprising a filter that is created by
averaging the function of noise versus the frequency and applied to the communicated

data signal at a receiver.
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20 the communi cated data signal at a receiver. 68. The system of claim48
further conprising a frequency-domain equalizer that is created by

aver agi ngwel ®mem4s of the frequency-domain equalizer basatTorsoehesest atic
conponent and applied to the communi cated data signal at a receiver. 25
69. The systemof claim48 further conprising a filter that is created by
averagi ng the function of noise versus the frequency and applied to the
conmuni cat ed at a~.si gnal r [ :nﬁ:}i 02/ 27567
70. The system?of a@%ﬁﬁ%ﬁ%&?c&r %ﬁ@é%pcrl H%Qaé)@%t%%a?ﬁtsﬂg%&ii?cr eat ed by
aver agi ngetdpend tho Giiriction of atedntistivmatdron thefrspentnend apptiedtectheand applied to
the comunicated data signal at a receiver. 71. The system of claim48
further coommpynisiteddaiasignelat 2¢¢e§tVefs created by 5 averaging the function of

noi se and attenuation versus the frequency and applied.to t comuni cat ed
data signal afl-a rEeesyism OWIW@EE@WWSH@ %ﬁﬁ‘?rzfgat%?r??\%&g%onpri sing a
denodul at or. aodul i . dernd vl ok Qfus 531'@11@ Bedfor uct ured and
arra%geaavte(%)agéumﬁn%/%lqcﬁg}égg%%lgﬂﬁl é[tﬁoﬂg%[ gti on funcﬂuorrlls fora%gt | east two of

t he subciharsghfmichfediBita sTihel styesteeeivef cl ai m 72 wherein the denodul at or

nodul e is structured and arranged to using separate denodul ators for the
at | east two gybchahnelstent of dgipl 48 fitrther clenmibingd donsdulaiocmpdde. 74. The

systemof claim72 wherein the denodul ator nodule i structured and .
ar r angedhavéensehs §f %@Séﬁ@?@ula@ﬁﬁfgﬁq 14 F%‘?‘Ft'érleﬁa?‘?fuﬁ%ge%‘)ra € at least two 15

subchannglisye e dEfiaiNabe Prpfiof @F B g WACOPID silaiecessor is struct ured

and arranged to select w band nodul ati on schenmes for the at | east two
subchannel's tg; opij ol BHPE]@%E%'ME\&%%Bdﬁ%hnfaﬁukhﬁstﬁimﬁb@nnels. 76.
The Iis@stem of%c'l ai %h%}zs%ﬂgéfeﬁn t he rmdhl ation schenes include of fset 20
quadr at uiel arguiged tdesimpapbrate demodaianivy fadheatdsast o suppleansplstte APRIY cl ai m 48

further conprising an_ error correction nodul e
the rIl}gmodulagons functions.

74,  The system of claim 72 wherein the demodulator module is structured
and arranged to apply separate demodulation algorithms for the at least two
15 subchannels.
75.  The system of claim 48 wherein the processor is structured and
arranged to select wideband modulation schemes for the at least two subchannels to

optimize orthogonality between each of the subchannels.

76.  The system of claim 75 wherein the modulation schemes include offset

20  quadrature amplitude modulation (OQAM) schemes.

77.  The system of claim 48 further comprising an error correction module
that is structured and arranged to select a forward error correction code based on a

length of a frame and a rate of retransmission.

78.  The system of claim 48 further comprising an error detection module
25  that is structured and arranged to select an error detection code to determine a level of

error detection and a rate of retransmission.

79.  The system of claim 48 wherein the processor is structured and
arranged to attach to new data an acknowledgement for a retransmission of previously

transmitted data communicated across the transmission medium.
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that is structured and arranged to select a forward error correction code
based on a length of a frame and a rate of retransm ssion. 78. The system
of cl ai m w® d3ueidaer conprising an error detection nodul e MI/tvaR7363
structured and arranged to select an error detection code to determne a
| evel of error detection and a rate of retransm ssion. 79. The system of
claim48 wherein the processor is structured and arranged to attach to new
data an ackn edgenent, for. a. I ] §SJ [ transmtted
data communi %yt edglgj@rsﬁtgmtqﬁe&tlﬂr}lg%gﬁi{% Zég#gﬁe'@rgcl t%orﬁlq£ %ﬁc\?&\bé%érlldww%
PCT/ USO2%42d@&i%o a8fch tBhBe 83 detmacfatadladknthQeqhiessatiarsissimocessor i s
structured and arranged to attach to the new data a data bl ock that
requires retrg@nsnifei9item cTklainhig vesdie theofrocdsaomis dBuohired eiih t he processor
is structured and arranged to attach to ne%w dat a an _acknqowl edgenent for

t

correct angogyt toaiadt ooyt &1 iadkpovedaeRet QreqrEeehreg i r?l(%cat ed across the
tran m ?pﬁ%vﬁﬂlggng'aaﬁs%ittggdatl@&Pﬁ%ﬁfcgﬂgh QErokd @b Rafléniebich meﬂidlnﬁ]e transmi ssion

medi copper telephone wre between and including a carrier's

faci ity and @ t erginglion, @l A%, G0RRGk: FELERARIENNITA iAlludR Access poi nt

at a user prefise. systemo 8 wherein the transm ssion
medi um idaﬁlfbétd@@pl@nemr@mween irdl irgihding awhrrier'h &toilig and a termirgitiodiog a
carrier's facility and a cable riser in nulti-tenant units and

mul ti - dvibe eonpgt islaphanayére aBan ackes\POIU 3f # B3eT OEFATi cati ng data, conpri sing:

a first transmtter on a first channel; and a second (ﬁ.ransa]}l ter on a

second channei3. whBtesysternel daimAs Wherpid g frasopesioemeipi a4 g ar r anged
to detect _a f QE{WQ. i : (aT=X tah@BeAbIt kigér inover the
secoﬁ’d cﬁ?gﬂ%re%%éﬁodl%tv&ﬁés)ynch%%%dzlgaﬁglgggrﬁa &%ﬁ%@%ﬁ a%lhe first transmtter

W th tradsifessitands iyd mbki-deedingibuitdimgsmi tt er based on the state detected.
85. The system of claim84 wherein the first channel includes a first wire
and the secongh channreiteimrfot cohesudcamgalath, eomprisihgt differs fromthe first
wire. 20 86. The system of claim 84 wherein the state of conmunications
includes a rgfgt Whignigtediea first channel; and

a second transmitter on a second channel, wherein the first transmitter is
15 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.
85.  The system of claim 84 wherein the first channel includes a first wire
and the second channel includes a second wire that differs from the first wire.
20 86.  The system of claim 84 wherein the state of communications includes
a receiving state.
87.  The system of claim 84 wherein the state of communications includes
a transmitting state.

88.  The system of claim 84 wherein the first channel and the second
25  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.
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87. The system of claim 84 wherein the state of conmmunications includes a
transmtting state. 88. The system of claim 84 wherein the first channel
and t he sewosh2185 channel are included in copper tel ephorreTwseg7iset ween
and including a carrier's facility and a term nation of the copper

tel ephone wires at an access point at a user premse. 29 WO 03/021845

PCT/ US02/ 27567 89. The system of claim 84 wherein the first channel and

t he second channel..are .incl j apha i ween and
including a L@r ri epiedystp c(?fllé:ijateféi/L ééﬂ”dl%gafgggﬁ %I%J?l seralearlllwrtrliiﬁeﬁc?[?&enant uni ts and
mul ti - dvgbhied SreiHEILdidiaopH&: teléplsons trdres between andi chatingg catders, conpri si ng:
5 a processor that is structured and, arrangl%.d tq..i dgg}ﬁéfé frequencies in a
wi debandaeibiyrandiacsblegisct Hempkl-tepam miteand PR dwelling PWHLES ons: and a
digital frequency-domain filter that is applied to a transmtted signal to
reduce the efi0ssi oh§Y&§¢mthWEmlF¥m§§at@r@§W?%s 91. The systemof claim
90 wherein the w deband comuni cation channgl 10 .is over. a transm ssion
medi Bm t hat  iawbersess thatde pisstured padHERmEeh e WM RSN Mi8ncl udi ng a

car i er' o LAkl bt A0t An AL AL Q00! reilEaaRBGEnd Bhephone wire at an

access p‘g t prem se. e systemof claim 90 wherein the

w deband conmuni catd on_ cha .ol LSShAraEdhug t hat i ncl udes
a copper tel eap(ﬁgﬁgl IHEGDE ({/\q%lel%ﬁg%%t%tggﬁ (}Fe[(}gpﬁg}ag%arri@g@' s facility and a
cabl e rig@ceithe Biiskions 6nMmBLddntifies framebnoieb.t i - dwel | ing  buil dings. 93. The
system of claim90 wherein the identified frequencies include frequencies
identified bya repwd skREYoRIEAcI0 Fhereiahewhitbend ssimnsicatdeh chimiel syst em of
claim90 wherein the identified frequencies include . Zg frequenci es that

i Nt et eris oWk hirasHessiaonpdiag that iBgRdRS 3 CORPSISREPDAS WIFC RSIWEEAYC,

conmuni catj ng dat.a. iy % fo¥nd GRpti flpRSneAwit afdnC conmponent  of
a transrﬁngfélla%ﬁ an%ag?eur‘r%q oi;ﬂ W %églgﬁgﬁgjgncﬁun% %@?l on}sephavi ng at | east two
subchanngiesss point at a user premise.

92. The system of claim 90 wherein the wideband communication channel
is over a transmission medium that includes a copper telephone wire between and

15  including a carrier's facility and a cable riser in multi-tenant units and multi-dwelling
buildings.
93.  The system of claim 90 wherein the identified frequencies include
frequencies identified by a regulatory agency for reduced emissions.
94. The system of claim 90 wherein the identified frequencies include
20 frequencies that interfere with other devices or communications.
95. A system for communicating data, comprising:
means for identifying a static component of a transmission medium for
wideband communications having at least two subchannels;
means for determining a function of noise or attenuation versus frequency for
25  the static component;
means for selecting wideband modulation schemes for the subchannels based

on the function determined; and

means for communicating a data signal over the subchannels.
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means for determning a function of noise or attenuation versus frequency
for 25 the static conponent; neans for selecting w deband nodul ati on
schenes fwo @heisgsbchannel s based on the function deter mprEdysoantseneans
for conmunicating a data signal over the subchannels. 30 WO 03/021845
PCT/ US02/ 27567 96. The system of claim 95 further conprising neans for

i ndependently applying the sel ected w deband nodul ati on schenes to each of

t he subchann : . Jhe s j ﬁﬁ% ' or

i ndependent | ?ipp%@ensﬁ%%%écg%ﬁe%%lgh%Cglerﬁ)glr? rm%tﬂ@af{nﬁgﬁé%gﬁ%}rﬁgs i ncl udes
means f ogpplihdthe Selpeted iveddband diodalatos sthemee ictnchfof thessubdlirmhelanel s to apply
the sel ected nodul ati on schenmes. 98. The system of claim95 wherein: the
neans for idegitifyThgsyklet off diiincocwhgeindin memd fod éxlepemiestly applying

i ndependently identifying the static ,CO{LEOI’IGI’I'[ on each of the subchannels;

t he neantesdecteibwedehprd mgduladon sehewpsiciudes Hgars fﬁ%ﬁﬂ’égf‘?ﬂa”&%t ermning the
10 fynct| | bR Y55 H elceRu M4t schdndst at i ¢
com%en@gg?lgéggﬁfgﬁh%[fﬁ@%uﬁ C anng? s@’gnd St he means for selecting the

wi deband nod g’iti S ot 35k h ns for selecting a w deband

nodul ati on schéne 10 dptim ze throughput on each of the subchannels based
on the function d I f 9@1?&@%‘1& & 99. The system of
cl aim 95 vvhertglf:%eg{ﬁ%%pﬁ%glﬁgﬁﬁ%rﬁ%§gugrcﬁ1 E?%egﬂt e functin%n i ncl udes neans for
t aki ng aindsgadertBngaitifoigtthestaii senmmertdaneracabf the subehsuselr equency at a
tinme interval other than a frane-by-frane tinme interval and neans for

det er mi ni ng t {he nfdans for deteahirimeths distion includes nettefiwaeiconineg thes t he
frequency for the static conponent _based on_the 20 nmeasurenent: and the
meant0 f oFINGEITEREoiNF aT HECRYAtER YREUHBEAHEREY &ﬁﬂ%ecﬁ%t}f‘ecqmﬁﬂnﬁﬂteog%@ s for
selectin etsﬂﬁch%ﬁjezp%ﬂg nodul ati on scheme at a tinme of the neasurenent based
on the unction déterm ned. 100. The system of claim 95 wherein the neans

for determ nigg 106 for selecting the wideband modulation scheme includes means for

selecting a wideband modulation scheme to optimize throughput on each of the

subchannels based on the function determined on each of the subchannels.
15 99.  The system of claim 95 wherein:

the means for determining the function includes means for taking a
measurement of the noise or attenuation versus frequency at a time interval other than
a frame-by-frame time interval and means for determining the function of the noise or
the attenuation versus the frequency for the static component based on the
20 measurement; and
the means for selecting the wideband modulation scheme includes means for
selecting the wideband modulation scheme at a time of the measurement based on the
function determined.
100. The system of claim 95 wherein the means for determining the
25  function includes means for averaging a function of noise or attenuation versus

frequency for the static component over a period of time.

101.  The system of claim 95 wherein the static component includes noise as

a relatively static function of frequency.
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25 function includes neans for averaging a function of noise or attenuation
versus frequency for the static conponent over a period of tine. 101. The
syst em of wd @015 wherein the static conponent includes rraTES0227562
relatively static function of frequency. 31 WD 03/021845 PCT/ US02/ 27567
102. The system of claim95 wherein the static conponent includes
attenuation as a relatively static function of frequency. 103. The system

of claim95 wher el L6, St Ai i SRTHARGAINI AldEHABhsRinaRd attenuat ion as

arelatively ion o requency. The system of cl aim95

further Jgefiitiosiaedrelamanssthiie findg of fyéqugnay. dynami ¢ conponent of the
transm ssi on nmediumfor the w deband comuni cations; neans for creating an
adapt i ve filtgs, bagrdyaBmtdTelsnkereianposiativ congraentripendestmpiseappl yi ng t he
adaptive filter to the communi cated data signal at a 10 receiver. 105. The
syst em chdetgnuationss eralatiiely siaie waghen ofdFediEMYi ng the adaptive filter

i ncl udes neans for applying the adaptive filter to the comuni cated data
signal on eaddH. ofThewStgmb%Wéﬁmeﬂ%ﬁW?fqoﬁﬁ’Wnééband comuni cation. 106. The
system of claim 104 wherein the adaptive filter includes a .noitse 15
filter. 107. mbansdyrsdenifipihgel dnamiepmpeassioh theeansmissianmeditndat i ncl udes a
channel hfi I.(ﬁﬁ%r. 108. ‘I'.ha System of claim 104 wherein the adaptive filter

i ncl udedheWidPaRT EFRDUHSTINS equal i zer. 20 109. The system of clai m 104

wherein the stati ﬁorgq(%g'?l‘,f}ﬁ%gkd%ﬁi\%tfﬁwrBﬁggﬁgﬁtﬁﬁé’@yﬂaﬁﬁc thgpshenahg conponent .

110. The syst8ft5 _ erein t nam'c conponent includes noise
whor el n 1 he aPRERIS BBNOR Bk RRNEIEY o Gk oS AR AR Fd T % o
f uncfyi onegdivés equency.
105. The system of claim 104 wherein the means for applying the adaptive
filter includes means for applying the adaptive filter to the communicated data signal
on each of the subchannels for the wideband communication.
106. The system of claim 104 wherein the adaptive filter includes a noise
15 filter.
107. The system of claim 104 wherein the adaptive filter includes a channel
filter.
108. The system of claim 104 wherein the adaptive filter includes a
frequency-domain equalizer.
20 109. The system of claim 104 wherein the static component is static relative
to the dynamic component.
110. The system of claim 104 wherein the dynamic component includes
noise that varies as a function of frequency.
111.  The system of claim 104 wherein the dynamic component includes
25  attenuation that varies as a function of frequency.
112. The system of claim 104 wherein the dynamic component includes
noise and attenuation that vary as a function of frequency.

113. The system of claim 95 further comprising:
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112. The system of cl aim 104 wherein the dynam c conponent includes noise
and attenuation that vary as a function of frequency. 113. The system of

cl aim 95 Wwardashers4sonpri sing: 32 WO 03/ 021845 PCT/ US02/ 273&/usweans7f or
creating a channel filter by averaging elenents of the channel filter

based on the static conponent; and nmeans for applying the channel filter to
the communi cated data signal at a receiver. 5 114. The system of claim 95

further conprising: neans f j ' j b¥nhamer firng el ement s
of the noi ser’?qapfgqrcﬁ%‘ziggacggrlnnt%gﬁéﬂt% craggir%;%%ﬁleﬁt%@ﬂgﬁd means fér appl yi ng

t he noi $@sddidi 16 staflc thapeeaanicated data signal at a receiver. 10 115.
The system of claim95 ?urther conprising: neans for creating a

f requency- dongéss Qﬁ{h%biyzx%rthbyhmerﬁlgérmg thel comamirscaddd dateesighal@bgency- domai n
equal i zer based on the static conponent; and nmeans for applying the
frequengecetistai n equal i zer to the communi cated data signal at a receiver.
15 116. The system of claim 95 further conprjsing: neans for creating a

filtér by averdgi rchetsystemypietaisPodurthesicOBPFE8us t he frequency; and neans

for applying the filter to the comuni cated data si.gnal .at ecei ver.
117. The systmeeansfordredting@moisgitliee by avipsing Pﬁﬁ?enwfﬂ%@aﬂﬂsef @?"*@F‘%@ti ng a

filter b veraging the. function of attenuation versus the frequency; and
neans f tf)fﬁ?@?ﬁ(&%}?%nee%%iaﬁ@er to the comuni cated data signal at a

receiver. 118, The system of ' icGRARLISI G atgeans for
creating a fim?wqu&%?%?%ﬁ%%@%ﬁ%% ?%ﬂrj\ﬁ%lcnoi seaangg1 attenuation 25
versus thgiddrequency; and neans for applying the filter to the comuni cated

data signal at a receiver.
10 115. The system of claim 95 further comprising:

means for creating a frequency-domain equalizer by averaging elements of the

frequency-domain equalizer based on the static component; and

means for applying the frequency-domain equalizer to the communicated data

signal at a receiver.
15 116. The system of claim 95 further comprising:

means for creating a filter by averaging the function of noise versus the

frequency; and
means for applying the filter to the communicated data signal at a receiver.
117. The system of claim 95 further comprising:
20 means for creating a filter by averaging the function of attenuation versus the
frequency; and
means for applying the filter to the communicated data signal at a receiver.
118. The system of claim 95 further comprising:

means for creating a filter by averaging the function of noise and attenuation

25  versus the frequency; and

means for applying the filter to the communicated data signal at a receiver.

33



33 WD 03/021845 PCT/ US02/ 27567 119. The system of claim 95 further
conprising neans for applying i ndependent denodul ati on functions for at

| east twowaXosiohes4subchannel s. 120. The system of cl ai m 11PannesSoenrset he
means for applying independent denodul ation functions includes neans for
using a separate denodul ator for the at 5 | east two subchannels to apply

t he denodul ati ons functions. 121. The system of claim 119 wherein the neans

for ‘applying gde s HRG bHpEking Heahn s €dr iggeans for

appl yi ng sepalrlgt e%%&%?a#ﬁﬁwal gorit hiﬂirrizis5 for% t he at Q?gggt t wo
subchanngdepend? deribéulstjet fanctidns ddreat leagsigwarndites subchanngsans for sel ecting
the wi deband 10 nodul ati on schenmes i ncludes neans for sel ecti ng wi deband

modul ati on scleresTHexsystetohef chiiml ldstherain theubedna foredpp!yiag wgepads

orthogonal ity between each of the _subchannels., 123. e t of claim
122 wherdsmedplfEopHIAIaRs BRUdeHBRS f?’h‘%ﬁl%aesepﬁaf%‘i?n%?d‘lag?raﬁﬁlg%?np| i t ude

modul at hon, cPaﬁ{éme%gg&ihel@Anodﬁmoﬁm@ﬂbﬁ clai m 95 further

conprising nmeans tor selectirng a forward error correction code based on a

Length of a f{AME ARyaehb i 1I0GHERARMSREAR fol dfplyiTgmdsperidem of claim
95 further colpiising°means for selecting an error detection code to

det er mi néepsdubnieh finfctions mcludes mesrisdor appdylng sepatato flemed aiodini ssi on. 20 126.

The system of claim 95 further co i sing means for attaching to new data
an ackn&%ﬂ%é‘@ﬁéﬂttﬂéﬁ?le '%F‘@?F'éh‘fg‘?ﬁr%&ion of previously transmitted data

i cat ed the t i ssi 2di 127. The. lai m 126
e e B 0o Dt T perBndhe Meaitior sl bding i SRind” 2 M 22
data,p data Rtekntial ikRAYE fBss'tt JohRERL $8deband 2oddRBon Idhemsy fdrem of ¢l ai m

95 further conprising means for attaching to new data an acknow edgenent
for cor rthett eestewo sabchafingls tvaptindteorthogarality belvegmedeh f dhgvuni cat ed across

t he translgl ssion nedium 34 WD 03/021845 PCT/ US02/ 27567
subchannels.

123. The system of claim 122 wherein the modulation schemes include

offset quadrature amplitude modulation (OQAM) schemes.

15 124. The system of claim 95 further comprising means for selecting a
forward error correction code based on a length of a frame and a rate of
retransmission.

125. The system of claim 95 further comprising means for selecting an error

detection code to determine a level of error detection and a rate of retransmission.

20 126. The system of claim 95 further comprising means for attaching to new
data an acknowledgement for a retransmission of previously transmitted data

communicated across the transmission medium.

127. The system of claim 126 wherein the means for attaching includes

means for attaching to the new data a data block that requires retransmission.

25 128. The system of claim 95 further comprising means for attaching to new
data an acknowledgement for correct reception of previously transmitted data

communicated across the transmission medium.
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129. The system of claim95 wherein the transm ssion nmedi umincludes a
copper tel ephone wire between and including a carrier's facility and a

t erm nat i wo @fo214be copper tel ephone wire at an access poirur/edo2azsser
prem se. 130. The system of claim 95 wherein the transm ssion nedi um
includes a 5 copper tel ephone wire between and including a carrier's
facility and a cable riser in multi-tenant units and nmulti-dwelling

bui | di ngs. 13bg Aﬁﬁéss&?c@?ﬁfd}{clﬁ&%&éhitﬁkgtréiﬁhﬁssicﬁﬂﬁ%ihﬁli iRgluddst a first
transmtter on"a first channel, means tor detecting a state of

communi cappartslefhona veeckatdet ansintludisg acewier's fasdityaad efigpretiongfd 10 neans
for synchroni zi

n? ﬁ?r ansm ssi ons gs)rlﬂ th fi rest rtl,ra(_rgsn‘i tter with

t ransni si8f 69RPeR{FIaPRaNE WS Abn PRSRAYS 2 B3 ¥Rt he state detected. 132.
The system of cl aim 131 wherei.n e first channel incl.ude irst wire
and the secondl haﬂ??e?yStF’f’i’c‘Pf[fg"égl g@%%@ﬂghwr?‘?qlﬁéqn %‘”ﬁh rlzlcﬁfi%srﬁ the first
wre. 13 NoieO Obetibal Mdlidduninga@haRidrd eaciignad heabdeisedhi ng t he
state5 of&pféhglgﬁmuni caﬂ)eons I ncl udes %eans for de?ecti ng a receiving state.
134. Themslstegmt ohitcirai multiddwelling buikdingse neans for detecting the state of
comuni cations includes neans for detecting a transmitting state. 135. The
system of cl aldh 13A sydtendomncaneuficatylg detraneraprising t he second channel are

i ncl uded in copper tel ephone wires between and including a carrier's 20
facility and ia atfestniranemitter onfa firsecheoppaneans fepdeseséingiarstsde af an access poi nt
at a user prem se. 136. The systemof claim 131 wherein the first channel
and t he %@@B%cat@ﬁéhﬁélse%ﬂ“gefﬁ’%mﬁﬁéave'frr"i‘ SSBCBHe?%a%%@Q%hdgne wires between and
including a carrier's facjlity and a cable tiser in.mul.ti-tenant units and
mul t1¢ dwel | | ngeBSHPEHRGEonZES .Smlés?%?}éﬂ}ef%ﬁsf_s %’r?%?i‘?ré”a@ ng data,
conpri si Q%‘isrrﬁ&?d?@ bp%e A6 irhpbhiiferUa86HUBNGE Sftd dbtettal. deband communi cati on
channel that require reduced em ssions; and neans for applying a digital

frequency- donpgon fihd SselPofolhihAISIMELEH tBd SRALhdnAe] inclddesn fillewaei ssi ons of
the identified frequercies. 35 WO 03/021845 PCT/ US02/ 27567
and the second channel includes a second wire that differs from the first wire.

133.  The system of claim 131 wherein the means for detecting the state of

15  communications includes means for detecting a receiving state.

134.  The system of claim 131 wherein the means for detecting the state of
communications includes means for detecting a transmitting state.
135. The system of claim 131 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.
136.  The system of claim 131 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.
25 137. A system for communicating data, comprising:
means for identifying frequencies in a wideband 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.
35



138. The system of claim 137 wherein the w deband comuni cation channel is
over a transm ssion nediumthat includes a copper tel ephone wire between
and i ncl udiowg/aisaarrier's facility and a term nation of tPEROPPRTS6T

tel ephone wire at an access point at a user premse. 5 139. The system of
cl aim 137 wherein the w deband communi cati on channel is over a

transm ssion nmediumthat includes a copper telephone wire between and

i ncluding a agri aiheSyliafidrbindad vhefdPHR WididiBriiridatioanant units and
ngs. :

mul ti- dwelling bui The system of claim 137 wherein the neans
for i derhhingd bpvehe trhsnfissoumeadivesthpniorludes: ¢apanistelephonewiie Peiicay

frequencies identified b regul atory,.. a cy for .em. ssi ons. 141.
The syst@@fhipfudingp fRHeH %?Iﬂiu? %gn}%gﬂ%gf @H‘;%P St ‘{;1 yréﬁgq‘flﬁergt §J§r equenci es
i ncl ude ink 2 hdERehfisd ng frequencies that interfere with other

devi cessdgg%ggrgrlrrrlu%tlracastlie@ﬁs.l 15 142. A conputer program stored on a conputer

readgbl e medi 4@ orrA < AEARAIALA 39ivHadin R widekadios Rt tdat a, conpri sing:
a processor code segmgnt that causes the conputer to identify a static

conponenshanfel & dvean srssisson medivonibabinclidebeappetEphane WP §FVeRAvi ng at

| east twq .sybchannels, determ ne funct.i i nuati on versus
f r equen@PdiiBsluding 2 serict %fiﬁcﬁﬁ%%‘ﬂfg%ﬁ":bﬂ? ?Sgﬁ%g{s&ggee&gﬁ%ﬁgtg%%%g&&%dul ation

schenes {nihdsuikihannel s based on the function determned; and a
transmt code segnent that causes the conputer to conmunicate a data

signal over tfig subehgaesl of.claldhd.37 Mikrsia iy hedms fooideatifyofg the ai m 142 furt her
conprising a nodul atof 25 code segnent that causes the conputer to

i ndependieyueyciepiptipdesmeans|fecdenfifiingdirgaencissddentdicd by :eREANE t 0 each of
t he subchannels. 144 Tirge gsorrput er program of claim 143 wherein the
nmodul at o¥8°E%4 ”%délﬁ?ge ¥80%es the conputer to use separate modul ators for

each of the suhchannels (g ARR! ¥ oSl AE G T oAt Ehemes. 36 WO
frequencies includes means for identifying frequencies that interfere with other

devices or communications.

15 142. A computer program stored on a computer readable medium or a
propagated signal for communicating data, comprising:
a processor code segment that causes the computer to identify a static
component of a transmission medium for wideband communications having at least
two subchannels, determine a function of noise or attenuation versus frequency for the

20 static component, and select wideband modulation schemes for the subchannels based
on the function determined; and
a transmit code segment that causes the computer to communicate a data
signal over the subchannels.
143. The computer program of claim 142 further comprising a modulator

25  code segment that causes the computer to independently apply the selected wideband

modulation schemes to each of the subchannels.

144. The computer program of claim 143 wherein the modulator code
segment causes the computer to use separate modulators for each of the subchannels

to apply the selected modulation schemes.
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145. The conputer program of claim 142 wherein the processor code segnent
causes the conputer to: independently identify the static conponent on each
of the subwhwsmned4s; determne the function of noise or atRGAMIKRA2TIG7Ver sUs
frequency for the static 5 conponent of each of the subchannels; and

sel ect a wi deband nodul ati on schenme to optim ze throughput on each of the
subchannel s based on the function determ ned on each of the subchannels.
146. The conpypier r@ﬁ@&{,ﬁﬂ%&f rﬁé@mmf%ﬁmmgrﬂ%ihmﬁbggg&&gﬂe code segnent
causes the conputer to: 1 akeé a neasurenent of the noise or attenuation
ver sus fgegomeencapsatthacempuger tont erval ot her than a frame-by-frame tine
interval and determine the function of the noise or the attenuation versus
t he frequencyinflependhelysitetify teosgemponastan cach pfite swiechewiadsient ; and

sel ect the w deband nodul ati on schene at a tinme of the neasurenent based on
15 the funct i dsetdhe theifmadion b4 fioisd heattemoptinreverprsdipqaencyffothasiafie 42 wher ei n
the processor code segnent. causes the conputer to average a function of
noi s& orCORMRAsHLeS gRh okths gebe f’?’@g%@’ﬁ y for the static component over a
period of time. 148. The conput.er program of .claim.142 wherein, the static
conponent  20S416f¢ pyEdDaRG modulalion sehepis tp pRppIZG quéhﬂlﬁﬂgteﬁ%}h()fg?efrequency.
149, Theq SORRHERhaROG ERlcri6h BLMinitdd VHAGH T thiigubehainefs. Component

i ncludes attenuation as a relatively static function of frequency. 150. The
conput er prog o] i i fLy bi E@ﬁfg@&g&gcodgncl udes noi se
and attenuati g?\énasfrgg!r:%{@tlérﬁé?%? stcglcg%hl]‘h%r%é%?%ﬁﬁéf frequency. 25 151. The
conput er seghrgt edausef the camputddd: wherei n the processor code segnment causes
the conputer to identify a dynam c conponent of the transm ssion medium
for {he w debahd atosmsuwineatdfoinsnoiseat diientdimn veosup fiegiangy aBFtUM© 03/ 021845

PCT/ US02/ 27567 . an adaptive filter code se t hat, causes t conputer to
create aWtedﬂﬁpﬁtlil‘?Féh%q 3 g@m- ydEpeime H&efa%?g‘ﬁ?%%%}%h%ﬁwﬁ%°§t§8| y the
adapt i ve,diid b e bReddBon versus the frequency for the static component based on the

measurement; and
select the wideband modulation scheme at a time of the measurement based on
16 the function determined.
147.  The computer program of claim 142 wherein the processor code

segment causes the computer to average a function of noise or attenuation versus

frequency for the static component over a period of time.

148. The computer program of claim 142 wherein the static component

20 includes noise as a relatively static function of frequency.

149. The computer program of claim 142 wherein the static component

includes attenuation as a relaﬁvely static function of frequency.

150. The computer program of claim 142 wherein the static componerit

includes noise and attenuation as a relatively static function of frequency.

25 151. The computer program of claim 142 wherein the processor code
segment causes the computer to identify a dynamic component of the transmission

medium for the wideband communications, and further comprising:
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communi cated data signal at a receiver. 152. The conputer programof claim
142 wherein the adaptive filter code 5 segnent causes the conputer to
apply thewadspeisse filter to the comuni cated data si gnalpcanmusaehseof the
subchannel s for the w deband comuni cation. 153. The conputer program of
claim 151 wherein the adaptive filter includes a noise filter. 154. The
conput er program of claim 151 wherein the adaptive filter 10 includes a
channel filter. ,155. e c i rghhitdre adaptive
filter incl {4842 erri:ré1 688@%%%2@5@%&%{2@%% %‘%?tg’%é‘%ﬁ%?%‘ﬁ pr ogr am of
cl ai m 15enbadegion thd@yrsindt cémpammpagipplysthe adattive filiet mtthee to the dynanic
conponent. 15 157. The conputer program of claim 151 wherein the dynam c
conponerpmnjunitatededatysignd af RZgcelsTi es as a function of frequency. 158. The

conput er program of claim 151 wherei n,thi dynam cgnlgonei{?r¢ff i hcl udes
attenuation ti#at vEhe eosmpader Progiae of sl 43 WG G 293y ° BHCE QEhput er
program of claim.1 i E;y&@'] : neudifgéges noi se and

at t eruatTER® thcgyse\slglg‘%lgga}lgﬂlgé&arﬁﬁﬁ?,% o] ﬁi@%ﬁgw%o. 'Il'%é conput er program
of cl ai nigAPorf sadhhFtheamphirmieBdorthe hadebehd Eohinenicatote segment that causes
the conputer to create a channel filter by averaging elenents of the
channel filterssbasp @mputd psé@imof chimdsémther thepdbgtivefdtec hannel  fil ter
to the communi cated_data signal at a receiver. 25 161. The conputer program
of cl ai rindludesfapaistciilieonprising a noise filter code segment that causes

the conputer to create a-noise filter. by _averagi | emre of the noise
filter based ¥t hﬂl@%ﬁﬁ%efd%%ﬁﬁ@ﬁ@a&ﬁdsgﬁ‘&eﬁ?ﬁ%ﬁﬁf’%"?fﬁl&l’ft er to the

co ni cat.ed_ da ' at a receiver. 38 WD 03/021845 PCT/ US02/ 27567
162. hem%lgﬁ%su éehr%n%é#%?e%m of claim 142 further conprising a frequency

domai n equal i zar cpgle ?E@%@J}%gér%tofﬁf’aﬁ&ﬁ%lRﬂﬁr&ﬂfﬁ%‘%d%ﬁti\ﬁefﬁlﬁd%eate a

frequency- dormain eqeu% I averagi ng el enents of the frequency-donmain
equal i zepclpasesifrequency-domain equalizer.

156. The computer program of claim 151 wherein the static component is

static relative to the dynamic component.

15 157. The computer program of claim 151 wherein the dynamic component

includes noise that varies as a function of frequency.

158. The compufer program of claim 151 wherein the dynamic component

includes attenuation that varies as a function of frequency.

159. The computer program of claim 151 wherein the dynamic component

20 includes noise and attenuation that vary as a function of frequency.

160. The computer program of claim 142 further comprising a channel filter
code segment that causes the computer to create a channel filter by averaging
elements of the channel filter based on the static component and apply the channel

filter to the communicated data signal at a receiver.

25 161. The computer program of claim 142 further comprising a noise filter
code segment that causes the computer to create a noise filter by averaging elements
of the noise filter based on the static component and apply the noise filter to the

communicated data signal at a receiver.
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the static conponent and apply the frequency-domain equalizer to the
comuni cated 5 data signal at a receiver. 163. The conputer program of

cl ai m 142wiowstohesssconprising a filter code segnent that cauzes2pss7
conputer to create a filter by averaging the function of noise versus the
frequency and apply the filter to the comuni cated data signal at a
receiver. 10 164. The conputer program of claim 142 further conprising a
filter code g t a &efidnter by

aver agi ng thel%?'unc |e§hﬁ§%te?§@g%ﬁ§??gﬁ&\%gﬁghe%%elﬁr?lséeiﬁ%encg an% apply the
filter t@nideepalimimodatashaatiat singesahe canpuieriecetajer fred@BCcy-The conput er

program of clalm_142 further conpris| a filter code t that
causes tdeEaibegatias: QY&VE%&’&&%{H%W ‘Pfletﬂggﬁqwg 3&%‘5‘ ?%%ﬁ?eﬁﬁbg | oﬁ of noi se
and att i ¥R gmandohalizee té tHetcdmnimidabed

conmmuni gg%]g%ﬁcg%ﬂé&%ﬁgan&g%gyggr egg?hsg?. 166.qh%'he conput er program of claim
142 fsur tdaes sigmairpr 4 saceigera denodul at or  code segnment that causes the conputer

to apply independent denodul ation functions 20 for at |east two of the
subchannel s. 1587. Thescongmpartpesgrpmedchim 642 &irtiercamprising A dillsr ¢996 denodul at or

code segnent causes the conputer t epar . .f.or the at
oast { viOBmEHSEHAANES (8 TR TR A NA ) A ARt et i ) 2
conput er e?gug%@f%cglfen@} AidapbBpineiiBterionthé bsmaanistel dharsignatist a 25 segnment
causes the conputer t'o apply separate denodul ation algorithns for the at

| east twecawdychannel s. 169. The conputer program of claim 142 wherein the
processor code segnent causes the conputer to select w deband nodul ation
schemes for t6d. atTheasputenprogratetshia (142 fathey comprang adisHenisl i ty bet ween

each of the subchannels. 39 WO 03/0218 : ‘ The conput er
pr ogr am $EUEH %%ﬁsﬁﬁ%?wwt?rhtg ¢ gﬁlﬂ tgl??ro g%%{ﬁgﬁ-{ gﬁ?ﬁécgﬁggf f set
quadr at UgieasRinivierd tieled udhéPind paMhe Sitbessrbe cdifthunithted detapigner  pr ogr am

of claim 142 further conprising an error
at a recerver.

165. The computer program of claim 142 further comprising a filter code
15  segment that causes the computer to create a filter by averaging the function of noise
and attenuation versus the frequency and apply the filter to the communicated data
signal at a receiver.
166. The computer program of claim 142 further comprising a demodulator
code segment that causes the computer to apply independent demodulation functions

20 for at least two of the subchannels.

167. The computer program of claim 166 wherein the demodulator code
segment causes the computer to use separate demodulators for the at least two

subchannels to apply the demodulations functions.

168. The computer program of claim 166 wherein the demodulator code
25  segment causes the computer to apply separate demodulation algorithms for the at

least two subchannels.

169. The computer program of claim 142 wherein the processor code
segment causes the computer to select wideband modulation schemes for the at least

two subchannels to optimize orthogonality between each of the subchannels.
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correction code segnent that causes the conputer to select a forward error
correction 5 code based on a length of a franme and a rate of
retransm o @n218k¥2. The conputer program of claim 142 furkdrevsoeerisri si ng
an error detection code segnent that causes the conputer to select an
error detection code to determne a level of error detection and a rate of
retransm ssion. 173. The conputer program of claim 142 wherein the
processor co 1 , . it aGfioh ecHeawsdat a an
acknow edgengﬁp fgp%“%ﬁg%g?n&zgfgﬁmg?%g%%utgfﬁr ansnmtted data
conmuni ailedk FRseP@RdidieretarplisudesnodratiomgIQAN) sctemeThe conput er program of
claim 173 wherein the processor code segnent causes the conputer to attach
to the new data aThetamplejsroghah of elgini i 43 furthér canprisingiseian. 175. The

conput er program of clalm 142 wherein the prpcessor code s t causes
the co _rrwarre@t(igqncmd? segaent glaﬁ%wsasaf?la Caﬁpﬁt@kw&ﬁﬁéﬁfﬁ g"r‘%’?ﬁ FoF ¢ %rg(gg)c% t
recent | QRa0h, B Gl iy of 4 BAAELAA 6 dudar AnaRiIALEAL ed acToss he

transm ssron” nedi um” e conputer program of claim 142 wherein the
transmi ssion {31 Yhe chRGhHE ioofei 8PBRIm 161 ARMRAEMpGnDEl wean and i ncl uding
a carrier's facCility and a “termnation of the copper tel ephone wire at an
access pRiditioftods segaentphacheses the7comphier te seleal eaerpr dgjedinngede foaj m 142

wherein the transni_ssion dium includes. a co t el ephone wire between
and i ncldesarmge ¥l o éﬁo%g?‘%%%‘iopiaflg aZyg Ogre %Bff’%ﬁggé' riser in nulti-tenant

units and multi-dwelling buil dings.. 178. onpuier _pr.oar tored on a
conput er readeBl e %ﬁoﬁ}%“wpépgrﬂgﬁﬁﬁé%éééyiaﬁ?% %W@fgcgg%%ezati ng dat a,
conmpf| Sk%g‘ﬁ&‘?ar‘/‘%‘é%%ﬁ%‘f%}ﬁﬂar% SftadhQd 8 R BIRA acRAWlel gersdnt ghrannel ; and 40 WO

03/ 0418 second transm tter code segnent on a second
channel , reitnesneisiort dferéviosdy tramnsitted daa copunisaighamost GILESPIEBonput er to
detect a state of communications by the second transmtter code segnent
over theM8¥¥®nd channel and to synchronize transm ssions by the first

transmtter code sgament with LLanGTS8198%mRei AR 6680 code

segment causes the computer to attach to the new data a data block that requires

15  retransmission.

175. The computer program of claim 142 wherein the processor code
segment causes the computer to attach to new data an acknowledgement for correct

reception of previously transmitted data communicated across the transmission
medium.

20 176. The computer program of claim 142 wherein the transmission medium
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.

177. The computer program of claim 142 wherein the transmission medium
includes a copper telephone wire between and including a carrier's facility and a cable

25  riser in multi-tenant units and multi-dwelling buildings.

178. A computer program stored on a computer readable medium or a

propagated signal for communicating data, comprising:

a first transmitter code segment on a first channel; and
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5 transmtter code segnment based on the state detected. 179. The conputer
program of claim 178 wherein the first channel includes a first wire and
t he seconwooisanmas i ncl udes a second wire that differs fr@uomwise2biscst
wire. 180. The conputer programof claim 178 wherein the state of 10
conmmuni cations includes a receiving state. 181. The conputer program of
claim 178 wherein the state of comunications includes a transmtting

state. 162 Tne SOMPULEIRCO8 Shitht 6 AdBodd ShaiEr Gihardidhcltinitst channel and

the second channel are 1nclu I'n copper tel ephone wres between and
i ncl udi Rganemitfer ¢add degment dansdsithd goraputersiotdetent sttt off cohmupicaidBr t el ephone

W res at an access point at a user prem se., 183 The co . pr ogr am of
cl ai m 17Be sivene frAnSIHHCT oS FeIARHE AEFT tgﬁ%@ﬁi“*‘aé’gglo%&q% ﬁ%%ﬁ‘ggr e included in
copper t ' MBI A RIdé Shitat Rith Frandhdiksibey bysthbaeddndt y and a
cabl e ritgié‘rglguﬂgﬂ’?rlﬁpw@tsfgﬁg‘%t Units and multi-dwelling buildings. 20 184. A
conput erirgsmittanpdd egmdnttased cothewstase deteeiehbl e medi um or a  propagat ed

signal for communicating data, conprising. a processor code segnment that
causes the coIfout eFhetconipdtamiprdgraodglaimdi’8 svhiersimthe firsteabaner] éxhydsai cat i on

h | that r [ duced em ssi , bol tal  f donmi
i [ or conigt Bug N e spa R TR Snp L e el AT HETENC CPe ¢

frequenc‘yfrgonai n filter to a transmtted signal to reduce the enissions of
the identified frequencies. 185. The conputer program of claim 184 wherein

the w deband 1&9%&3{811%} SORRRRIE clFmAVe fwlirdif @RRMES6f on medi um t hat
i ncl udes a copper 1 0 /po 1845 PCT/ US02/ 27567 tel ephone wire between

and ionc| eotimynisatooms iichrdes a fereiving statgnd a termi nation of the copper

tel ephone wire at an access point at a user prem se. 186. The conputer
program of cl BIm 184 eeingrugsrpregremwiidtimnds vhsremtiecsaie 8h channel is over a
transm ssi on nedi um.th i ncl ud copper 5 tel ephone wire between and

i ncl udi nEPTEIERLFHADS CTy Eﬁlniafl?ngt?féga%atgabl eriser in mlti-

182. The computer program of claim 178 wherein the first channel and the
second channel are included in copper telephone wires between and including a
15  carrier's facility and a termination of the copper telephone wires at an access point at a
user premise.
183. The computer program of claim 178 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.
20 184. A computer program stored on a computer readable medium or a
propagated signal for communicating data, comprising:

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
25  apply a digital frequency-domain filter to a transmitted signal to reduce the emissions

of the identified frequencies.

185. The computer program of claim 184 wherein the wideband

communication channel is over a transmission medium that includes a copper

41



tenant units and nulti-dwelling buildings. 187. The conputer program of
claim 184 wherein the identified frequencies include frequen(F:)i eg

i denti fi ewadns/aisegul atory agency for reduced em ssions. Ravushherssonput er

program of claim 184 wherein the identified frequencies 10 include

frequencies that interfere with other devices or comunications. 42
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.

186. The computer program of claim 184 wherein the wideband
communication channel is over a transmission medium that includes a copper
5 telephone wire between and including a carrier's facility and a cable riser in multi-

tenant units and multi-dwelling buildings.

187. The computer program of claim 184 wherein the identified frequencies

include frequencies identified by a regulatory agency for reduced emissions.

188. The computer program of claim 184 wherein the identified frequencies

10 include frequencies that interfere with other devices or communications.
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