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SUMMARY

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 foliowing 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 attenunation 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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frequency may be determ ned for the static conponent based on the "
measur enent. The w deband nodul ati on schenme nay be selected at a t { feMA5£2006
t he neasurgr{)etgga @ﬁssed on the function determ ned. The function of the noise
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conponent maymesﬁﬁ%m&it%wmmaﬂymﬂy%ﬁpmﬂénoﬂhe dynam ¢
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the co icated data si.anal. at ecejver. A freguency-.d .0 equalizer

may ben’(r:nrég%%‘a Wg%%%#gad&a%v@%{eﬁm% ?‘Pé’hf’dr%écfﬁee OW%S??E%A%quaI | zer based
on the 25igakldt beeceive) OTheataptive filitrandy lecippliaite trevammudipardidaar nmay be appl i ed
to the comunicated data signal at g receiver.. Afilter may be created by
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filter may include a noise filier, a charmel filter, and/or a frequency-domain equalizer.

15 The static component may be static relative to the dynamic component. The
dynamic component may include noise that varies as a function of frequency,
attenuation that varies as a function of frequency, or noise and attenuation that vary as

a function of frequency.

A channel filter may be created by averaging elements of the channel filter
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 recetver. 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 recetver.
A filter may be created by averaging the function of attennation versus the frequency
30 and the filter may be applied to the communicated data signal at a receiver. A filter
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frequency and the filter nmay be applied to the communi cated data signal at a
receiver. A filter may be created by averaging the function of attenuation
versus the frequency 30 and the filter nmay be applied to the conmuni gagdis
data si gna,ly %%m receiver. Afilter 2 2 9 MAY 2006 WD 03/021845
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Separ at e ﬁlg@gg%gl Q% oY dul ati on
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anpl i t udesubcithnhels. i o)tulsmnermdretmeiwabply\mﬁdbnmdnhuomorrect I on code may
be sel ect bas?d on | engt h, O ra and a _rate ansni ssi on. An
error %Ieté?‘fq Wﬁﬁm rsk@’ é‘BmP‘gﬁ WQ%VEF& error

det ectiowwdmﬁnﬁ%ﬁmﬁammmm,acknow edgerrent for a

retransm ssion of previously transmtted data communicated across the

transm ssi on m&mmmﬁywmmdomwﬁmm&mtaﬁpﬁh@ek t hat

requires retransm.sssion also may, he a ed 1o the new data. An
acknow edegonalibyhetiesn cach of thesubg H%?ﬁ}? §FHEMESAY ¢t od dat a
comuni ¢ g} Qdde hehFIEAY mcduPitio WD Rienh@. at tached to new dat a.

The transm ssion nedium may I nclude a copper 't el ephone wire between and

i ncl ugd Ng a CA fdrhrdSerbPédrtecion BBSImAy b& SRR Bastll i a 1bA)h 60PRARe t €l ephone
wire at an 20 access point at a user prenise. The transm ssion medi um may

i ncl ude amd@gpeof retrapsamssime A orier deteation Godataay broselrgied dp deteminezer' s facility

and a cablL&;kk rdb@cﬁﬂﬁlainh € PR fradidsinand mul ti-dwel I'ing buildings. In
anot her general aspect, comunicating data includes in a first transmtter

on a first chan@lmowlelgflchiBr Frefbiisst SRS HabHiRedatdt SECON
transm tc?):nn(lju\glacrated across the transmission medium may be attached to new data. A data
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 tramsmission medinm may include a copper
telephone wire between and including a carrier's facility and a cable riser in rounlti-
tenant units and multi-dwelling butldings.
In another general aspect, commmunicating data includes in a first transmitter
on a first chanmel, 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
incinde 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
3



25 second channel and synchronizing transm ssions by the first transmtter
with transm ssions by the second transmtter based on the state dete &eqd

| mpl enent ati ons may i nclude one or nore of the foll ow ng feat ur es? JFBH 2006
exanpl e, t%@of).o%] channel may include a first wire and the second channel
may i ncl ud@ % ond wire that differs fromthe first WEEHUSORREEIt ate of
communi cations 30 may include a receiving state and/or a transmtting state.
The first channel and the 3 2 9 MAY 2006 WD 03/021845 PCT/ US02/ 27567
second channel may be included in copper tel ephone wires between and
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mul ti-dwel Li bui | di ngs. | not her geperal.. aspect, conmouni cating data

i nchi des Ph’@ﬁ%‘fwgm'gﬁéﬂﬁgﬂ@ 8??&%%3{8&&8‘968%%%3{%@'channe| t hat
require r e e SRiliPavelag builBiisyi ng a digital frequency-domain filter to
a transmtted signal to reduce the emssions of the identified frequencies.

to Inpl enent atmmwwwmmmr@meﬁcmﬁeﬁﬁm ng features. For

exanpl e, the w_deband_conmuni cation channel nmay, be over a transm ssion

medi um  t Fequepgies|ip g dadchand copanunication chapacl that reaBie duced srussions ppthi ng a

Cart | er' Subiihd d i Hbqfbmoy- G5k HikO o HonddiBeF HBRETo fehefione wire al an
access point aélus_er prem se. The vz\i/i eband c%?r‘ﬁuni cation channel may be
over a tremissionsof the idatifiedfrequenciesacl udes a 15 copper tel ephone wire between
and including a carrier's facility and a cable riser in nmnulti-tenant units

and mi® t i - dwellmiplegpeptatiprs maysinclpdeonede mores ¢fdkp follevwingfedtass. oy be i dentifi ed
y a-regu%iéinﬁ’:feythggﬁm ﬁﬁ%@ﬂf@%&%&%@gg efﬁéggﬁf&zbﬂkn%ﬂuﬁnr equenci es

may i nclude Tréquencl es at 1 nter W Vi Ces or conmuni cati ons.
These gentbatdhcleded aspgrer felephapeicd ltwieen b inchydingramatréeds (wilitgard ssystem a 20
e O oY 2 coBh Ui Mbn hind fhn SOER! R PR ok pRYSLS R o1 PGS, and

conput er
wideband commumcation channel may be over a transmission mediwm that includes a

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

Fig. 3 is a graph of an exemplary curve of attenuation versus frequency with
multiple chanmels of wideband modulation.



QO her features will be apparent fromthe description and drawi ngs, and from
the clains. DESCRIPTION OF DRAWNGS 25 Fig. | is a flow chart of an_

exenpl ary process for comunicating data. Fig. 2 is a graph of an éxéifl2Efy
curve of a‘tvb%n ﬁgison versus frequency with a single channel of w deband
nodul ati on il‘?f.Ig is a graph of an exenplary curve of at PERUS 287 ver sus
frequency wwth multiple channels of w deband nodul ation. Z 9 MAY 206 WO
03/ 021845 PCT/ US02/ 27567 Fig. 4 is a graph of an exenplary curve of noise
anplitude versus tine with a constant perceived signal-to-noise ratio

(SNR). Fig. 5 Hig 4is gemphofyn axgmplasypires of noise gaphifude Bersus s With dde ver sus
time wt ' LV . myYy Fig. 6 is atable illustrating
throughpnﬁ(ﬁgg& us %%%:g{?%é%}{ it error rates (BERs) for an
exenpl ar et el ' ' aexenpl ar
xemplary s ﬂééﬁgg Igf %‘I ?F%:E)?r%cdn?e & @ks?%gﬂu@@&fﬁs%n@ﬁﬂ?% mpl ary

transmt path. I'agram o exenplary recelve path. Fig.
9 is a fldyvamivally adabted SNBxenpl ary process for communicating data. 10 Fig.
10 is a flow chart of an exenplary process for comruni cati ng data. Like
reference synifig.$ is atabledllnstrating thromgbpuit morsushyparically varping bit erret enent s.

DETAI LED DES .TON For .cert.ai.n dj a, each of the noise and attenuation,
as functirgﬁg%fg%‘gﬁ ,mﬁéff&%eﬁboth a static and a dynam c
conmponent. The.s ' oRpPOnN ' | ers to a predictable or
aver age funct &%%ﬁgﬁlm%@%é&g%éﬁﬁ%%&%ﬁﬁ@?y I ndependent of time and
possi bly | ocatg.on -( 0i . % g%rg rs, such as type and length
of cable at egé%%lléggl\ég(;%’%. 2’?%% l%? egﬁé}gi cal signal attenuation on
a transm ssi of; iRy Fhﬂt QWE"QH E!IQ of phgoe.i re) of a static
confi gur ationr}?é%g%‘g eng?fﬁﬁ(egor exanpl e, Orsg?/ntgrﬁa 1 %aaaand feet) is an

| ncrepsing  2Gud Y06 d 88 Sard dr sl eRGpary PRbciss T Loiifmisia bfaf Uncti on of

signal attenuation versus
Like reference symbols in the varions drawings may indicate like elements.

—)

DETAILED DESCRIPTION

For certain media, each of the noise and attenuation, as functions of frequency,

may exhibit both a static and a dynamic component. The static component typically

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 medivm (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 it both time and location of noise or attennation versus frequency due to,
for example, different devices or taps being connected to the wire at different times or
locations. For example, for 2 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
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frequency may be predictable based upon nodels of the particular cabl e.
Simlarly, there may be typical tinme-independent or static val ues
background noi se as a function of frequency. The static conponent rfrdy\m 2006

i ncl ude n% B.% or attenuation as a relatively static _function of
frequency. " Tha dyhani c conponent general ly refers to 25 YaFPP{2843 in both
time and Iocatlon of noise or attenuation versus frequency due to, for
exanpl e, different devices or taps being connected to the wire at different
times or |ocations. For exanple, for a neasurenent of noise and signal

at t enuat |mmﬁmmmphﬂmwmﬂ@ﬁamte@fghwmﬂas@d and | ength, the

static f y be a useful estimate of future noise and signal
at t enuat iq(ﬂ;%%?%ﬁf&goes not requi re further 5 Z 9 MAY 2006 WO 03/021845

measurenents; 4 : Po@&lﬁfétdﬁﬁggongf]m@ ddapR- aver aged

measur enent PCTI A transm ss on ned y include a power line, a
tel ephondiﬂej anégitd solzsotiber ling (RSL)sandintyigtated senvisss dighalmetworle(ISDN) ) , an

i nt egrat s di t wor | i.n d o frequency (RF)
medi u %Pa} ?@ﬁ@“‘%@"@é’g §9\%M§%Jﬁ5’ re'gwglﬁ‘p aar’%/e I npl ement ation, a
transm S%xaﬁpngdmpl&ﬂmmbﬁ,wtﬁﬁmgﬁmﬂemﬂmdnéymrme&ﬁgﬁﬁam and span from
within a carrier’ Sfac"'ggHO acce% Eﬁlnts outside o ‘{?‘ﬂ?g and

dwel | i ngSeepetsand 5y  itacility, tp-Access pPts it I I i ng

bui | di Ng$ind @AItnkL t4 CabR ristPinGndte iéHahiAintte Bnd R velfirlgHullaaBE afapii | di ngs and
dwel I'ings. 10 In data communi cat i on SéSterrBrmrlbt may be desirable to increase

or maxi mteenemmnitahmmgﬁpmﬂlme en particular |ocations.
Two approaches to nodulatjon for noisy nedia with frequency-dependent

attenl¥ati on i Aedaiaeormmymicatign systans; itapaybs dasizblede ingtrase Qgnaxitgize exanpl e,

(oM - e R B Wl bl ch Rl oA bl bR 0, ™ eband
nodul at i amdubition Swineisyl medawitht fregnencyrdcpandent agennatien indudé @) ent  def i ni ng
modut at e By 4L A SaRaRl) SRR eapen R Sral rerati ve
changes aéulpleng (OFDM) vedistde fobRitere (DM BUwhich badsistshd naieyy enuat i on ver sus
15  narrowband subchannels, or (2) wideband modulation. Narrowband modulation
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 charmel 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 chanmels 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 over the channel bandw dth appears relatively flat. In another
defining 20 characteristic, narrowband describes nodul ated channel s having a
bandwi dth that is relatively snmall conpared to the carrier frequenfc@.MﬁK/B&@
specificaI\kﬁ, w'y;#garromband, one synbol interval occupiges a Iarsge nunber of
cycl es of VU o (e.g., approximately greater thanP%BUW‘EY 'é). In yet
anot her defining characteristic, narrowband describes transm ssions with a
channel bandwi dth having a frequency 25 typically ranging from50Rz to
64kHz, which generally may be used for carrying voice information. Wdeband
nodul at i omodulaied ¢haonelohayinga hapdwidi thitds wide relativicitp thy cemier fequepgYstics. I n one

defi ni ng rggxﬁg tl C.: 34 ﬁ!f : %ﬁ:gﬁﬁ | s where the
frequencyﬁ%an W af@’l‘hg?% es F’gg%e rZﬁg Ive C %égé]g%?ﬁlgﬁ}gﬁuation ver sus
f r equencyeydles efithe cartiat (elgh) apmbriamtedy lesrthanci0saysle$) dn yeiraagthendefininge channel
bandw dt h ,varj es. and, does., not appear. relatively flat.. ].n another defining
ohar act er SEEFieSg HlsaR dsdibrs BRETRsnSvTha e s

PCTI USD2/ @4b64kzpdul at ed channel s having a bandwidth that is wide relative
to the carrier frequency. More specifically, in w deband, one synbol

i nterval occummmaxmmoaumzz‘cmﬁwhﬁﬁy Qibchd@ele iidhi et edch. J-

approximately |l ess than 50 cycles). In yet apother defining characteristic,

wi deband #behanne) Bas 3 band that pRTOY toraigHwize he Yaustomigr eat er 5 than
64kHz. OF m%{ ' ,H,?J% th?ﬁﬁbm S ch that each
subchanne ‘g{sn a band t atbiﬁgqsu. %’Plg%; y narr_o?/l\i ?gg ni mie?égltllhe variation
of at t entbasubshanoels fuyins ¢ spmboel, which issuffigientdy lopg inllepgthihagcommod#tennel . The
aggr egat e I e | chy. | ficiently | ong
] R o slemlal B AP ARECW b bt (e RleflideRal || 000
subchannedash fubkieanaeltisigdow iag itdd nanpwbaid). Hithe smhcansel bighalrtoaloise satisl ow as it i s
nar r owban If the. s hannel si.gnal -1 0-.noi.se rat,i NR) can be

cal cul at e&}mt)ﬁwet%“%gcﬁi ﬁﬁ‘i‘ﬁ’ﬁﬂ@ g‘tq‘%j&}?ﬂflf}? fqrﬁl}iag S%B?ngﬁ‘f‘?ﬂl ®can be

det er m neghterhbRd SHR $)R fékiny paftichleiduBéhafintd ERMNG is Giafesvalidtle oS nade

available to train the transmtter how to | oad that_ subchannel. In order to

maxi mi ze ¥aikthe fkpasmitterhapdadendithat syhshannels da ardes termaxagize theidatai s updat ed

peri ol Cagdoheiul hd Riffsrmitfer Bpicailfisuplated periodically with the SNR or similar
information for each subchannel. Such updates typically are performed using
transmissions back from the receiver at a rate that exceeds the time variation of the
SNR. For example, if a time-variation in the noise or attenuation impairs the
performance of a particular subchannel, the data on that 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 attennation
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
fimction 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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I nformati on for each subehannel. Such updates typically are perforned using
transm ssions back fromthe receiver at a rate that exceeds the ti B wav 2006
variation of the SNR For exanple, if a tine-variation in the noise or *
attenuatio‘g i@}?%i s the performance of a particular subchanel, the data on
that subchBRP&P?*Ey be subject to 20 a high error rate WRSEHSBRISEonpr oni se
the ability to recover the data in the synbol until the transmtter can be
updated with the I ower SNR for that channel. Consequently, in the case of
significant time-variation of noise and/or attenuation characteristics, the

per f or mariwderstc] Dtk widebped wodilstionusiag FBY, teenergnef asynbol | engt hs

and the r. ' ag’h oyl - PM# may be used
when si gnﬁ@ﬁ%ﬁ%@iﬁ?@r@go aﬁﬁ&%ﬁ@%a@%%@gﬁ 0 dfrequency
(i.e., a dndgboskiquenihe nayewisdnd abisy bt sardvbadtnotdhasinethg chaondldranderul t i n
intersynbol jnterference (ISl) spread over,large.nunbers of synbol s when
using ~ hi? %QV?%EYMW%PHS{'%%HW'QWMM‘%&B% on, a

ti me- GOMEHFDMIGY BME RithoTBeindid bievittnihibs Ray B ovdiédine? HdVeg kapitie to the

| arge nunber of taps _ that are 30 necessary for the single carrier w deband

nodul at i diee Bylationsin the frequgmeiss of naewhasd noiss PRNofokss wa frPQueneYsn (FDE), singl e

carrier g?@%’ma'ﬂgl‘?‘q“@%? 2fRECH | an%%&?ﬁ]ﬁﬁﬂG WO 03/ 021845
PCT/ USOZ)I% under “suc lg?%%t | onsgﬁv\;ta v@pggggdrfﬁ nodul at1 on usi ng FDE,

t he ener gyithofDEB but maylaffacti OEDMsomBMIT ayemwith irhiningsss gievtouslympted. over t he whol e
avai |l abl e frequency band and consequently, narrowband noi se or narrowband

not ches in t hdoontmize throughputrab p highi SNR. iagepdnlatien soheme typically fis | npact on t he
error,.rat | ' . 0 | rai ni ng, but
£ 107 eBiers iy gL TR SR it bt vl bt Bk 11 1L D

f r equenciFes exdmpes i Dckianwd whedetke aitenmdion bedion noisk g staticcmctivmlofct | ve channel s
typically. do not fect the performance of w de d nodul ation wth FDE,
Ut Sty b Gfpmenraral Breres ety S8 HudSus y noted.  To

opti m ze cohdegutditp e SMR deckiagh aShRmcBolStqaéicp N EbHRABmpPiFcal |y is to
selected with the | argest nunber of bits per synbol providing an acceptable
error ratstgle-gagia Kidehadamodulation it used.the seirstien efithe medwation sebseind/ or noise is

a stafi C it hE bdtBeqbnt mmber of bits per symbol and the resulting throughput becomes
a compromise. In this example, if OFDM or DMT are used, the modulation scheme
for each subchannel may be optimized for high throughput and the number of bits per
symbol may decrease as a function of frequency for each subchannel.

However, when the noise and attenuation include more tham just static
20 fumctions 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 meodulation becomes highly susceptible to further noise and/or attenuation as
a dynamic function of frequency. The noise and/or attenuation 2s a dynamic fimction
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.



frequency and the attenuation generally increases linearly with frequency,

consequently the SNR decreases as a finction of frequency. In this exanple,
if single-carrier wideband nodul ation is used, the selection of theMay 206

nmodul atior\yﬁﬁgﬁz 15 with the consequent nunber of bits per s nbol and the
resul ting nﬁ‘fﬁut becones a conpronise. In this exan%‘F ’P75éi:DIVI or DM
are used, the nodul ation schene for each subchannel may be optim zed for

hi gh t hroughput and the nunber of bits per synbol nay decrease as a

function of frequency for each subchannel. However, when the noise and
attenuation i Fet madia with@oisyaml ﬁ}tﬁs‘ﬂa‘l%ﬁ%aﬂfarymfft?ﬂWbﬁ%b%h“ﬁ%quency and

al so are QI %m E‘ISHI t hen the
performnce%%r %ﬁ%g‘ %E%@ggﬁg&%iﬁiﬁgtf? for the reasons
not ed abmnéebahdﬂaﬂﬂﬂmﬂnﬁ;ahemed&dimﬁeaot&mmdﬁamhmbmhamﬁhmre sel ect ed
based onl he static fi m{: I on at did not account. Qr t he dynam cs of
t he n0| EWE‘{ Mﬂ e{“ﬁ’ PP BRRE R BPRf or usi ng OFDM or
DM mybmﬁ&ﬂmmm@mowaﬁm@cﬁ&imm lie@e Eﬁﬁ&sxalé\haﬁibagﬁ'bﬁﬁ péthe full

avai l abl e bandvvl dt h. The avail abl e _bandw dt h y conprom sed as the

per f or narfyebe ma %@F@@WMHSBP“*W%GHWQE stispuAOR gRR &AM ghl v

suscept i %&Ph E&;ﬁﬁf Haah@ tho@slati Qafiac function of
frequency e nol n g'{r?%g‘{ S?ng yna%ac %ctlgn of frequency

r educes tsilel@ﬂﬁldnéumhmsnﬂmwmbﬁbm@u ekanpleappoxineaielr d tovbYul ati on 30

schene, sel ect e unc . to remain

oper at i V%Qh%n‘nﬁg Wﬂg\yequg%k@ﬂé%%ﬂﬂgﬁl &ﬁmgé] KM&% 03/ 021845
PCT/ USOZIIBMHZQIEmneIth mrriertcbxﬂﬂ(hlespaca:mdfa\tmegdheﬂz qmttrkthér tharafewi t h frequency
as both a an ctions, .one oac y include two
el errents aP %Wﬁ““é aIFﬁp&’fe‘iirﬁ "ig’ggm?‘?:fp Hgi se and/ or

att enuat 'tﬁH%ePe’iv &nﬁ@t@ﬁﬁj«ﬁe sed’e‘%%dhda ﬁl&hhébe%ﬁin%@&d M%pﬁhhﬁpﬂdoﬂghlﬁft fveigquency to

i ncrease or nexim ze avail able 5 bandw dth. Second, a nodulation scheme with
as | ar ge tasSNR due 19/ the stefiafunction oprithe bandwi idgh ofifhat nadilated camiet e maxi mi ze

t hr oughp b%@v&rﬁl t ASinfin f frequency.

Thi s nayq%éﬁegéz h%ﬁ‘g gb%h’ntg W@Fl on n‘g:{l@‘ttd ﬁ%qu%é%%m@car rier but

Wit h 1§ smelst amdattvonatioh andithe akility, to optimalkychepiile rapig imo xanintion bils@ht o 12,
frequency-selective noise and attennation and consequently the availability of much

wider usable bandwidth.

Fig. 1 illustrates a process 100 for commumnicating data using wideband
modulation having at least two subchannels. Process 100 typicaily 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  subchammels (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

9



rat her than the approximately 100 to 1000 used in OFDM or DMI. For exanpl e,
in a 10 10 MHz channel, each carrier could be spaced a few megahert\l%g WJ&
rat her than a few kilohertz apart for OFDM and DMI. | nproved or [

nmodul atior\lyggg S h of these few carriers nmay be selected to achi eve

i mproved of OopH t hr oughput given the SNR due to thePSTEIR27¥incti on
over the bandw dth of that nodul ated carrier. Due to the nodul ati on being
wi deband, there typically is immunity to frequency-sel ective 15 noi se and
attenuation and the ability to optinmally handle rapid tine variation of such

f r equenc eomppnent (step 130) s'@eaﬁd“@qbﬁ-@rmm sFhsmedh Wnt ly the availability

of nmuch W Qm&h{\eg | ss 100 for
comuni cat | at'a using w de ane Bt déﬁuh‘% ﬁaw ng a egst t wo
subchannmbﬂedl% thesslchinils (siep ¢40)) andianetasifnal i8 Oomohenicatbd ovegthe st ati c
conponent of a transmssi on nmediumfor wi deband comuni cations having at

| east tmﬁmgﬁ%gl%step 110). A function of noise and/or attenuation
versus frequency [.s_deterni ne fo the.s comnmpopen tep 120). A

wi deband mduf}hﬁ‘%"ﬁ’?&“ﬁ@mf‘&ﬁ é%’s %%WMWB%%' fchannel s based on
the f unciiishandmahtitidns e be s’hﬁﬂ)ned hh@mmemclesﬁulswchmeﬁc henes are

applied to_the 25 subchannel S (step 140)e!§]|a dat a, si g‘l‘} I S communi cat ed
over t he bsforcthe ﬁﬂ’é‘?%""{@l“%‘ﬁ 3%111@5%?91@5 bawglst o, data gaps,

noi se, daha, {1of ﬂﬁ%ﬁ&%moﬁ&&%ﬁﬁéﬁﬁnoﬂwe exenpl ary
i mpl enment atlon the static conponent of the transm ssion nediumfor the

wi deband ﬁﬁmﬁhmdﬁmumdf?@ﬁﬁ!flmq @@cmpn@mﬂmmﬂm@s éste0 30

transp s gmg els (step 110),
and am fﬁ%@ tion of nol se %ﬁ%ﬂ %ﬂfft I on vers he r qulgﬁgy I s determ ned

for the sula:tmnnelabﬁseaomheW:Mﬁﬁﬁﬁﬁﬁxﬁdﬁlmdmﬁ&woﬂéﬁlﬁchaﬂn@mnent (step
120) l.ation sc cte I n endently for the

subchannzg?a%%é’ﬂ‘?ﬁﬂmf ﬁE?’?‘B'FF"d" é’rvﬁ’itﬁ%ﬁﬂ{cs?@ﬁgﬁtﬁ) fj4esﬁ)appl ied to the

subenannel s (i fuks Qempie st dalofarh B8 huo Sord YR b heieion ' O

subcbar nel s (
versus ﬁ'equcncy may be determined based on an infrequent measurement of the noise

15 and/or attenmation versus frequency over the usable bandwidth (step 120). The
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 subcharmels to improve or optimize
orthogonality between the subchammels (step 130}, Each such modulated carrier
(individual subchannel) may be made non-mnterfering 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
10



5 I n anot her exenplary inplenentation, the transm ssion nediumfor the

w deband communi cations nay be separated into at |east two “”debandZE}WM a06
subehannel s before the static conponent is identified independently “for %%
resul ting els (step 110). In this inplenentation, functions of

noi se andlg}qgﬁﬁ uation versus frequency are detern1neﬂt?ﬂﬁgﬁgﬁaently for
the static conmponent of subchannels (step 10 120) and then w deband

nodul ati on schenes are sel ected i ndependently for the subchannels based on
the determned functions (step 130), applied to the subchannels (step 140),
and a daﬂumsﬂynahawgﬁumﬂnmwnmnmb@$ﬂamemﬂmh@heﬁbchmﬁﬁﬁngwﬁ@Mbp 145). 1In

vorsus. 1 FERRBHRy e RegEr ST ppt ek hinRaton 84 A% B0 TV

noi se 1&0ﬁﬂﬂhﬁbfmhhmuabhbmmbspmérwﬂrdequvﬂnetdmnphqbl e bandwi dt h

(step 120)., The w deband Jdu hene sel.ect at the tine of
t he infréé%'lﬂ“n g‘ﬁ@ﬁ“%gﬁcb"t"é%%a%’t?% tpfffel s (step
140), ganqlﬁmgﬁfe%ﬁjﬁmlmdm (ogAMyat ed over the subchannel S (step 145).
The i nfrequent neasurenent |ncI udeS measurenents that are taken on a

non-regul ar bﬁé&&ﬁ&mﬁhﬁ@ldﬁ&a&ﬁ&ﬁ'&éﬁﬂ%@ﬂnﬁﬂuﬁﬂéﬂﬂe&é@ﬂyw frame

interval. Additionall aI ternatively, the function of noise and/or

at t enuat iindepemsientlyse: m@sﬁtﬂpéﬁ% anddheselegtedmpdulgorsne function of
noi se an%&%;wa@%%ﬂfyﬁpﬁ%%%wcﬂdﬂ@% ﬁﬁleﬁﬂﬁt‘hﬁ cthfponent over a

period of tine | 'ation schenes may be
sel ect ed m@mlationismbemesoare bqlecmtbasd\mthet stajic complonait (stépel 30 ednanewel s t o i nprove

or opLimz rt hogonal it behannel s 30 Each such
modul Bt e wp%ﬂ@wﬁgﬁg g‘ﬁ%%‘ﬁ@hﬁ asu ngn'%ﬁ%‘gﬂhﬁp&nf Perferi ng or
ort hogonahemcwbmpmeher&uéfdmeﬂﬁmmﬁhﬁonmmmmwa(mp 13®j ng an i nteger
mul tiple of cycl es. over synbol peri o and !tant sho synbol s may

resul t f rBQse e B¢ eﬁfnaé{le ‘VHH‘I“P s¢rehift®-s. " Thi s

approach allo the rmdul ation, schenes, for nac he, carriers to be
i nproved or x"r ES%Q'P!% of Dy ‘itl? Bdased or hi ghest total

10 2 9 MRymaRfearitks 9136 %}%ﬁeﬂ@é&@@@dﬁ%@}pmaﬂy, the dynamic
15  component includes noise and/or attenuation that varies as a function of frequency.

A filter may be created or applied to the communicated data signal at a
receiver based on the dynamic and/or the static components (step 160). For example,
in one implementation, the dynamic component may be used to create and apply an
adaptfive filter to the communicated data signal. The adaptive filter may include a

20  chanmel filter, a noise filter, and/or 2 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 charmels 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 individnal 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 filier, and/or a frequency-domain equalizer. The filter

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



t hroughput at a required error rate based upon the static functions of noise
and attenuation versus frequency. The inprovenent or optim zation 2%? o
i nclude the <constraint of maxi numtotal power or power spectral ﬁe

One exenpl 3 ﬁg%ylation schenme to optim ze orthogonali betmeen t he
subchannel S 1 ncl tdes of fset 5 quadrature anplitude nDdulgﬁT B¥022¢8%AM) . I n one
exenpl ary inplenentation, the w deband nodul ati on schenes nay be

i ndependent|ly sel ected for the subchannels (step 130) and the sel ected

nodul ations schenmes maybe applied to multiple data franmes (step 140). When

t he wi delfERadenciyp ddil os alpativelyy the Sliprpanhe GertedPYdAKREAR st ati ¢ conponent
(step 13Q), Eh not be selected until a
change |% ogné@%ﬁ%@ggg%%%tg%gw eéfstatlc conmponent. Thus, once the

modul ati on Scwé‘"ﬁ’fﬁl“ﬁﬂ%hﬂgﬁ wg%@cﬁgﬁg dRdul ati on schenes
may be applie mul t 1 at a frarres (st% 140) . vnam c conponent of

t he transsnb@mlsbmdianﬁt&mlecwdde mdviﬁmmhmistmls )}maybe identified
(step . 150 al | he t inc noi se and/ or

at t endat |‘%ﬂ’]¥‘ﬁ§¥'ﬁm@&%ﬂ§%ﬁmm %@e‘?ﬁ}eﬁ? sgp%%‘ﬁ?l |ter may be created
or appl i aidmbaulhides fooEmh RibeRingels dad/er sepagite debdulation @lpeiithads foeaell on t he

dynam c and/or_ the static conponents (step 160). For exanple, in one
i mpl enmentod thegwbebangs ynam c conmponent may be used to create and apply an

adaptive filter to. the co nicated data sign Theadatlvefllter may

i ncl ude a 20 ?&%MTE‘W Z&M I“E‘B’F% @H{ﬁ €y- domai n
equal i Zeryjth; éﬂ:@ﬁééﬂé&gﬁﬁkh@ﬁmaﬁ%aﬂ&&ﬂ@h%ﬂh?ﬂer%&ﬁ@gﬂeﬂg the finction of
noi se and/ or attenuation versus frequency, Addrtionally or alternatively,

t he a@aptswmﬂmemmtf"wst%@deﬁ o%f the el ements of

t he adaptg;ua ﬁﬁr%%ﬁh aa?{ lﬁ%&u may optimally
handl e chann%’l S Wt ynam unctions o negllggﬁtalgg Qt?enuatlon 25 versus

f requencynqrmmgrmgh foeguéricyh Ay iltustateds msipg sideband medubatiopasspreséntied short synbol
times with the en of i nd ate r_distributed over
a wide SpECTFLAHFe Wﬁ?ﬁ"%’f’?&ﬁ?@ﬁ%‘ﬁp m& Faéfsi fponent nay be
used to @iﬂﬁ&ﬂ&ﬁhﬂchcﬁﬂﬁxﬁo@lﬁﬂoh&%totmeit@nessrmﬂﬂﬁlanaﬁﬁdowwaenngnal at a
receiver (step 16Q). The filter 0%3 ncl deac annel filter, a noise

filte® i > fheatiRirton epmEsared by, eqpeney cpqugls gepstdlshe creat ed by
aver agi NGerds & @&ﬁﬁitﬁﬁ&zﬂﬁam%nméﬂﬁmaf&:@%& I on versus
Fig. 3 illustrates a graph 300 showing that improved communications may be
achieved by choosing a few individual channels 330A, 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 iltustrates 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 dynamicatly adapted by identifying the dynamic component (e.g., the
30 dynamic noise component), creating and applying an adaptive filter based on the
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11 2 9 MAY 2006 WD 03/021845 PCT/ USQ2/ 27567 frequency. Additionally or
alternatively, the filter maybe created by taking an average of the

el ements of the filters over a period of time. |ndependent denodul atiddhdy 2006
fi mtionsvﬁgéggzﬁagppl ied to each of several subehannels based on the

sel ect ed nodul ation schemes (step 170). 5 Appl YsHESRHHEpendent
denodul ati on functions may include using separate denodul ators for each
subchannel s and/ or separate denodul ation algorithns for each of the

subchanne|s. Fig. 2 illustrates a graph 200 of the steep curve 210 of
at t enuat | GyRamis cpmpencry Thip t%‘@?’ﬂﬂ%%‘ﬁ“‘%yég’maﬁ priyalizatign IRIONES e ¢ onuat i on

(H G&H) at?%d%%e&fa%ggﬂﬁﬁ onsi N Systens that experience simlar

characterfstics inclu | ong di stance tel ephone wiring, which may encounter

attenuation Veefbitnd B0 HEREY1, pRRbss160 fap iBARr fifudEselécifig 826 Ng Wi th
frequency. As illustrated, using w deband nodul ation as represented by

power s peotrection dedfot enor deteptioncodos ésteptRO) Forwardserragicerrechiagierdes 230 | eads to an
i nef ficiept. t A ' : attenuati on
cur ve 1 PieED as eglied dind Bitutlel Bke £ iR  pEBHEPRNGRE o, 1HE 21

f r equenc orwhaderfor sogestion FEQ) is typiaaldy delecied iy achieve lah sroraatedltat based on t he
length of the wire. Fjg. 3 illustrates a gyaph. 300 show ng that inproved
comuni cé\“ﬁ“gﬁg"’%‘?“sﬁé E‘Efsb;ﬁa‘ﬂﬁgs\n%{%’“ﬁnﬂcé\gﬂnﬁg’i tyfrag?fp’q’_@hannel s 330A,
330B, 33 Qimes 3R HeCoRbAB by s b 8 FROGreBABRAT WithaickBi syiaboll g modul at i on
schenmes 320A, 320B, 320C, 320D 20 according to the predicted attenuation

curve 31dengthstapdlovpletcacyprrenssng eabied by this appeenshytbe dtemay be t he nost conpl ex

nmodul gt i m iﬁﬂ"ﬁ%f?ﬁ]ﬂﬂf&% 801'%}?7@3& kaRag! whi | e
presefbvi(rill%n. e w deban c%ra er.‘?}”’i@“%&?’ﬁgﬁ%ﬁﬁ ation f%ﬂ’r?rorder to
handl e t lverrebtionmdernmidstectidnawhich ey be adsiowledpbdbyt tha resetiversising theedi um (e. g.
t el ephone_ wiring) oyer .the W des si bl e bandw di h r achieving a
i ghost . SEREIAHER ST gttt VR pRE ot et PREETh ge KBR' 385 of aynant c
noi se anpllowsifbe a tovelevel link protbdol that ©ayn sdhivve apewaditendr @hbigh whi ch may

result in | ower speed data co ni cat.i ons.
reu'ansmirss:orP bygxetransmlttero any blocks that were unable to be corrected by the

15 FEC, as determined by the acknowledgements received from the receiver,

In addition, if a retransmission is necessary (step 185), an acknowledgement
for a retransmission of previously transmitted data may be attached to new data (step
195). When a retransmission is required, the block of data that requires
retransmission to the oppostie 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  ackmowledgements 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



Fig. Sillustrates a graph 500 of the noise anplitude over time with a
perceived SNR 510 that is dynam cally adapted by identifying the dynamc
conponent (e.g., the 3o dynanic noi se conponent), creating and appl 4B i a#b
adapti ve f@r%,%to%r2 sed on the 12 2 9 MAY 2006 WD 03/021845 PCT/ US02/ 27567
dynam ¢ coNpOReHt™ This "on-the-fly" frequency-domain eqBEFUSRHA i nproves
the speed of the data communi cations. Referring back to Fig. 1, process 100
may further include selecting error correction and/or error detection codes
(step 180). Forward error correcting codes 5 typically are applied to the
transm t thedatstransmisted Mep eqreechmay, be § %ﬁ“%qwedr"ﬁﬁ’e‘?"“ﬂ% forward error
correcti,\gagéﬁg) Is typically selected to achieve an error rate that can
handl e rst-case channel conditions. However, in dynam c channels, there

may be timesgyt ﬂh#mesc%ré’ I'aggaﬁ WoFStustatih afvergy¥ceeded. Wth the
short synbol ;ﬁ;ﬁgt S an xgl\%l ten)gé process?%geg bl ed byﬁ;hi S approach,

t he dat a dysamitadlytveryimgbiterrarirates (BFRs) fohay exemplane set obpaawetarsofhd)| ocks
incorgorati n both’i%l%rngard el%,i{ o (650 WS?QVQ& glrer r da‘f%v‘ﬁxchi on, which may
be acknoW‘@H’%‘gﬁ%‘V $ R Ve Lfg'g'h ’error- etsgc“fdl ng ¢ode to deternine
}"'hi Eh bl wka]em?]@ﬁﬂaiomabmmch?onsmmmtﬂsibﬂlyeecbfe@maiﬁbhsh@r| ow-| evel

i nk protoco t achieve_a Jower hit errar rate thro
retransmmnmq(ﬂgy???ﬁé?ﬁ't%:i}mﬁ%ﬂg&ww p%?’é‘qg%abl e to be

cor rect egrah¥ iR ali@edt5the RECUBALHAUIIR T Rprebddl adf lulidWf Bsiglenent s recei ved from

the receiver. In addition, if a retransmssion is necessary (step 185), an
acknow edefermation trimgmitied te petupldpforsation prspenteddipr delivery. (Thepsppgation dat a may be

at t ached LRR AT aﬂ.}ﬁm: Sy IS ired, the

bl ocﬁ'raof dtélg{(g@%\lhl(ai?&%g% res re %tf;%sm sso?grf%.n{l)l the og%osiotng nog al so maybe
at t ached link, ietworig @wsykismatocthe oifenpioit. TROblodkesiza(herdied, bodpe CRED) (6.9 t he data
transmtte . th asi t . LuUsin »pi back!. acknow edgenent s

enabl es éa%Bfgc%gmgggwqf%?%ng{gw #g#%ﬁ@m%‘f i enci es. More
speci f i cakprissed @IbyR¥ AT BocksipghBime{elg, GRpinciudss theyuhiberio€ddth zed because the
nunber of_ djfferent transm ssions between sender and receiver are reduced

by at t ac Blosks qogtamed, athina sesle frape n Dhe BRR: the gtio o thefneai ssi ons and

15  number of bit errors in any given interval to the total number of bits in that interval.

The block error rate includes the ratio of the mean number of block errors in any
given interval to the total number of blocks in that interval. The throughput includes
the average rate at which application information is communicated during a specified
period of time. Throughput may be used as a figure of merit for a system as it

20  excludes the overhead introduced by the system snch as error control coding and
protocol overhead. The post-FEC BER includes a bt 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 cormplex modulation and less coding overhead for higher throughput,
30 through a low-latency ARQQ using piggyback acknowledgements. Table 600
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25 acknow edgenents that the data received was correct. The conbi nati on of
(i) piggyback acknow edgenents, and (ii) short frame | engths and v 2008
| ow | at ency processing nade possible by using rmultiple w deband chazn%g‘l%
enabl es a nication systemincorporating these features to provide | ow
| at ency C%W%dgtions to an application. If an acknow ‘{5@} or a
retransm ssion of 30 previously transmtted data is not necessary, then an
acknow edgenent indicating that 13 2 9 MAY 2006 WO 03/021&45 PCT/ USQ2/ 27567
the data transm tted was correct. ma thge gttached to a transmtted with new

data ( stBystratssihe npamgenance of thedelix 8 pfer dyngmeplly-¥BHMmE | | ustrat i ng
t hr oughpWeEk égivgﬂ&%ﬂfﬁﬁiﬁﬂeﬁ.aryi ng bit error rates (BERs) for an
ar amet

exenplary set o neters. The s paraneters may include a raw bit rate

(e.g., 100Mpgio 74ihiskrited s dxipRRPRthsAlt piit 760 ubid!ts imdplembhaRem tted over a
comuni cations path, that is typically exEressed In bits per second. The

FEC over Heatares desgribed abave withsespgetdo Xt H-bodrpnsmié peth d@htypisely i ons of a frame
t hat i.s t ' Les Shkod L.q.of total

i nfor rsrat %ﬁg%%ﬁ%%&%@%ﬁ%ﬁéﬁ present g’é%lzg’?"t“he ivery . The
pr opagat intore iddaletors)730ca fjequerdcy dbhalisshaping filletdd0.m digtad ahdog t ransit of a
signal from one, poi on a cirgui fin et , or systemto the other
poi nt . TWW@%@qéﬂ(ﬁQgﬁﬁ%BW’@6@?@“@”\/\% 2, 64, 2) includes the
size of a datg bloc r.ior. to.FEC encoding.that  is, typical expressed in
bytes. The bl &“B‘é?‘aﬁ?‘sﬁ%’&t@egmw %@t%?%EM‘rhéaydata bl ocks
cont ai negmy\ih Rofimanisitidgs ProtdcaBEfor dXienphd; Ebgnivalaticie snd resssérdblyo of the nean 15

nunber of hit errors in an iven interval to the total nunmber of bits in

t hat wntwmmﬁéﬂ&g@wg{mmﬂ%ww@mwﬂwﬂhe mean number
of bl ock ggfehRindd bythe Bitor dtetRhy dodk St déndiry dckifowiQigtineild (REKsBf DI ocks in that
interval. The throughput includes the average rate at which application

i nf or mat NAKS)ssuch At mIEgYbackedCKE Pt NYKS tasdrtermineshethse blodks affdakiwase  Thr oughput
ot roduo SR et editeclp blpenihg Bn eSpATAS s dnepeaory | 7 Overnea
over head thelthsk lpomiry FelidOty funcionality decrividt sugtabdoto be pedomedhyCHd to t he bit
15 Error correction and/or detection encoders 720 performs the data encoding.
For 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 chammel
or subchannels (i.¢., 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 tnput from the processor 710 to the encoders 720 may be one or more bit
streams. The stream(s) counld 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 subchanmel 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



streamrecei ved after FEC decodi ng has been perfornmed. For exanple, as the
noise may vary significantly over tinme, transmtter training on a §asuay 20t
enough time scale nmay not be relied upon. Under a conventional 25 approach,
a nDduIaILQQ %ﬂﬂ%FEC must be used for the worst case to almags del iver, for
exanpl e, = 10-9 or | ess, which conprom ses througﬁ% 0208%éver , using
short franmes and | ow | atency processing of both the FDE and the FEC, dynanic
fluctuations in the post-FEC BER can still deliver a final BER of 10-9 or

| ess while u3|ng a nore conplex nndulatlon and | ess_codi.ng overhead for

hi gher t hr ougipemputdata streameare modglited By dhrtpodulgtprs 3R T sty back
acknow e@ﬂﬁﬁﬁﬁfe with & ifodifiBort fordteHafdNconipiti ity @eterdiRedlfBf eackCT/ US02/ 27567

illustrates the mal ntenance of the delivered throughput under

dynami calshlychomne} (ergy, BRESERQAM QANES, AN 65 @AM B2, &ﬁM 1 Q@AM 138.9. 7

illustra ﬁm B&H} 700 nent the features
descri begﬁgﬁgéw Xﬁ%ﬁl %ﬂ Egﬂh%?gog%bm aﬁﬁ%cﬁ typ| cally 5

i ncl uges aﬁdﬁiﬁﬁﬂhéﬁéqnﬁ@—«kﬂdi@ihapmglﬁﬁeﬂm and/ or error det ection encoders
720, one or nore nodulators 730, a frequency domain shaping filter 740, a

digital anal o%eﬁmmﬁ%ﬁﬁ@mi%%dmhea&ﬂt&mﬂh&rmﬁﬁﬁomamd a line
driver 770.. Pr ocess 710 | nt er f es the data co nLcallog?s systemto the

user. It 'E) ¢ segment ati on
and feas%&ﬁh&ﬂmﬂ&aﬂﬁ@iﬁ%ﬂﬂt&%ﬂﬁﬁtﬁ&éﬂd&ﬁﬂ%&Gl&ﬂ)b&dﬂﬁ&ﬁnﬂ&d&ata that were
recei ved |ncorrectl determ ned by the error detecting code, and sendi ng
aci mowl e G@S’@Pdemk‘é‘ﬁ othey mpdgms. ihs dijtsEear b tgadmsiks t o

det er, E%emmﬂ ta were received correctly or incorrectly.
Depen ng on applicati and on the processor, the task list may

i ncl ude any f oGt JN@hiddd tbeRERS sighl PR Salod R eRRR! DoWEHsdHter CPU. 15 Error
correction and/or detection encoders 720 perforns the data encoding. For

exanpl e, 760W%W?A@mumtmdmomﬂWMém&mmmbmﬂs dénea, fol | owed
b f t thin the bl ock.
Tﬁea comr) exit 78‘ooc?sccﬁ%@@%@%%gﬁéﬁ%g%&%ﬁpt{&g%%%g.aeip‘gct eelnqualei tyogf
the channel Hh:%@ﬂ%”& méﬂ;}a&mﬂeﬁaﬁ?ﬂdbﬁ&éﬂ‘t%hﬂfm%ﬁﬂﬁ@%&%s s

| sign

characteri zed
15  described above mth respect to Figs. 1-6. Receive path 800 typically includes a low

pass filter 810, an analog digital converter (ADC) 820, a synchronizer 830, an
equalizer 840, one or more demodulators 850, error correction and/or error detection
decoders 860, and a processor 870.

Low pass filter 870 acts as an anti-aliasing filter. ADC 820 converts the

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
stgnal 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  maich 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 channe! with frequency-domain

30  attenuation. The equalizer may be designed to analyze the chanmel and adapt to the

16



20 noise ratio (SNR), a sinple code, if any, could suffice), the coding
overhead, and the desired Synbol Error Rate (SER) or Bit Error Ratg (5 5}
at the receiver. The input fromthe processor 710 to the encoders 7 8 (13
one or nore streans. The stream(s) could be encoded either as one
stream or ‘383% ¥3d as separate independent streans andP¢HEH2@H6bded for
each sub channel to be then 25 nodul ated by the nodul ators 730. Were only
one bit streamis encoded, segnmentation into nmultiple streans for each
subcbannel may be perfor rred before sending that subcha nel to the

modul at orchmMmdmét@ﬂschﬂmdaﬂﬁbmahoﬂdélsmﬁh@Wﬂmdwml tiple streans

could ocCr fore a I n rr ter applying the
error det% gﬁ)‘gﬁﬁﬁ%ﬁgﬂs ?eh@mé%ﬁﬁg%u%&(cﬁao‘% &é\rreéucg%ror correcting 30
code(s), dﬁhu@f&éﬁfwaﬁﬂbdmﬁa—fa&ida eformtadﬁmmtbgfemd@asl)) and the forward
error correcting code(s), 15 2 9 MAY 2006 WO 03/0 45 PCT SO2/ 27567 The

i nput datore SEplememtatione cqrglizar $00 ayhe canstryRicd Rsmedwe h subchannel

wth the idtef. SR o Fitielsea BE h subchannel
(e.g. ,fhBF%%':JléilQ%’k]/lb Molgl,%t‘%&k/lﬁ%%m@M 32, QAM 64, ﬁ&eﬁ‘t@g% Q%?/I&ZSG QAM

1024) . Tmmmmm»mmwmmmmepéme5 and sent to
the frequen n shapin e omai n shaping filter
740 can ﬂé‘gﬂ&l ?‘@8&85"%‘%’%@%9‘2 cunglﬂ{ éa@ﬁ%w par agl of the frequency
band. Foreqﬁﬁﬂﬁin&haﬁdeeaﬂdmmthyﬁcmﬂahmmehﬁmmtmmoSMh that it wll
not interfere with the ama adi qQ and l'i tude nodul ation (AM
bands, ar?&‘sé%‘# W‘?‘M"rﬁl’ mef‘ﬁ%% iﬁeﬁgﬂ% to adjust 10 the
PSD ofg t hgealdbIsm tted signal. DAC 750 converts the digital signal to an
anal og waveform Low pass filter 760 snoothes the DAC output and renoves

t he undesi r ed DaindulbtoRMBSOREN VS ke Snpul 4iitam, ﬁﬂ)ﬂiﬁﬁfes@ﬂﬁg&@%ﬂmt he signal power

to an appropriate level for transm ssjon. 8 illustrates an exenplary

recei ve [RRORISWrenmdriosebchannelsnid @I@Wé&lﬁ'@? each sybrhanmel 'Thsed above wit h
respect tnbhfstors k56 haR3noWIdg P a1 e RBRuIANGN oRYbNatib flr4dgs a | ow

subcharmmel.

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

Processor 870 interfaces the data communications system to the user and can
20  also run the commmmications 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 commmicating data. Process 900 typically
mmcludes using a first transmitter on a first channel to detect a state of commumnications
by a second transmitter over a second chammel (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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pass filter 810, an analog digital converter (ADC) 820, a synchronizer 830,
an equalizer 840, one or nore denodul ators 850, error correction a?gé@& o
error detection decoders 860, and a processor 870. Low pass filter taddbts
as an anti-?%igsing filter. ADC 820 converts the 20 incom ng anal og signal
to a digi tXPYPYRRT. Synchroni zer 830 deternines the begPGHEME2E%7 a recei ved
data frane. In addition, it 830 can be used to maintain proper bit timng
at the receiver location. To determine if a frane is received, the inconm ng

signal can be correlated to a predefined and stored transmtted preanble.
Deci si on sedond chanae] sayinduderascemdrvarethit diffareGomnitke Amowidet Bhaftaies 1 f t he

recei ved seguence.is a 1%3 itch Lo th Lt r I Thi s process
can be ré’ge Fe ng mat ch Vslﬁg%t%tﬁgl.ﬁ Equaﬁgﬂlit%{legggtgoﬁg%ﬂxanpl e an
adapt i ve prdcess 900 asy 8o applied adon theZtane stenat fined.ed from both a channel and
noise filter, may be used to recover the transmtted data over a noisy

transm ssi on Modespedifivallyhfol nedizevithyhigineredstalk3mch bd elephdédeoviringhe equal i zer may
be desi gw ze the chapnel and. adapt, to.the, 16 2 9 Y 2006 WO
03/ 02 634 SoAPETPERS) Bre PR Y THERESOR bR PTOMET B Afe) by s

at t enuat igejbieStaRdikGéhs o dthef BiRhélS Aitsledl UCEE 100p andltieli Nat es noi se and
corrects for the channel attenuation/distortion to reduce or elimnate

i nt er - sy Spshronipngritsdrapmeission ©)cpingidyg itime with suchHeansraissipng (g fedweence (1C). In
one i npl LQn, i ' t. ing two filters: a
noi se fiﬁ%@%%eﬁﬁgwgﬁ?@@?ﬁgﬂ% I na i%%c%ﬁoﬁhe two filters can

be used toingdatwel waramissiohen otteupdirshis a Wener filter or another filter as
an alternative, or as capable of being used in conbination, or as an

opt i nta:c _ [i | t eFig. Iﬂ_iﬂsstratml y mimesdﬂ@ﬁﬂf@c}mnmc' atingadata thd](c:imzillrl]dezat ion c_hannﬁl and
nol se 11 el.. V. | NCcl ude uslt ne_ or e sa s, of .t he nel se I n the
ooy 1y AR eBelés f A b TR BEAR B8 it B S o g’ T

preambl e embsiobeislcp1010y. ASHgith Greiuency-ddiain fiketimbiteapplicdvladi vi des or segnents

the incomng streaminto subchapnel nd en denpdul at es each subchannel .
The transuitted si tore&uce the emissions of the %enﬁéeg ﬁ'equenr&)es (step 1020). In

one exemplary implementation, the frequencies that require reduced emissions may
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
inchude 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 fimctions by operating on input data and generating appropriate
18



denodul ators 850 have know edge of the nodul ati on constellation for each
subehannel . 15 Error correction and detection decoders 860 used is;deggfjfhed
above with regard to the transmtter in Fig. 7. The processing of the
decodi ng qgg r?assenbly of the streans is in the required order and
sequence as d¥8MNi ned by the transmitter construction. PEFEIBREST 870

I nterfaces the data comruni cations systemto the user and can 20 also run

t he conmuni cati ons protocol s, including whether acknow edgenents (ACKs or
NAKs) shoul d be sent as to whether bl ocks of data were received correctly or
i ncor r ectouput. CEhsdechniggesonay hecmplsmantedin oRe QmproeorEprierREEaRs®At t he task

list coul ' gg!] ;“Q&ﬁ' |t | F?‘“”Eg performed by a
CPU. Onceapet?#e aqg%gg% een rk%gﬁ%%lﬁg&ﬁgﬁagﬁaggw eco %@? and reassenbl ed
25 from tpeeessoresupled tdlecsikesdatnird insnicliomtfrony ankbtodransmindata abé sent to the
user. Fig. 9 illustrates a process, 900 for comruni caijng datg. .Process 900
typi cal | Mﬁ'&qnﬁg%§dﬁ‘§isﬁ?€gﬁgﬁ?%£{e?§ﬁ§wwe‘&wﬁﬁ agﬁpffreggogﬁgtﬁwgl to detect a
st at e 50f JeEEIIURich3bs préad nS MR fplehdied i 4 Hh- @velpracedafmomd channel (step
910). Transmi ssions by the first transmtter are synchronized with

transm sopP [PECESBEBIRG nottip @ssemblyon maphine lapguage ifht e det ect ed (step
920). Th E%‘(,E%ls : %&9@%5 ' ' 1M 29 MAY 2006 WO
03/ 02184 %‘Q&Q HTIs%)eic c n%e%w y%‘éﬁ"g‘g&g&%&%& Wi re that

di f f er s Smiablé procéssors inclnile, by whyef sxanpde, both geoeraliand spciad parposec| udes a

recei ving.state and transmtting state. Ln ner al ocess 900 may be
hopl 1 od THERPORESTT ety o Piepesayt ol docsiys AR URier M dafioRas, redia w t h

hi gh 1or oseakdadoly eebryand/oed RpdaN Geosky méiGoryd SRR devissssshitileformay synchroni ze
its transm ssion to that of other wire pairs by fjrst detecting

transmi s &USHYY RO COBPYRRIPEARInTRtions e fait nglude alh formd of R
Yo SR o R 98 AR TRt IRl 0 2o o
occur i f as Emeshis BregrammableRead-finhhMemans(EPROMY ElsatrigalijcEragable <) .
Programmable Read-Only Memory (EEPROM), and flash memory devices; magnetic
15  disks such as internal hard disks and removable disks; magneto-optical disks; and
Compact Disc Read-Only Memory (CD-ROM). Any of the foregoing may be
supplemented by, or mcorporated 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 exampie, 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 marmer 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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10 Fig. 10 illustrates a process 1000 for conmunicating data that includes
identifying frequencies in a w deband conmuni cati on channel that rzg il{@ﬁﬂﬁ
reduced em ssions (step 1010). A digital frequency-domain filter ;}4
applied to woobhagsM tted signal to reduce the em ssions ﬁHTn#ﬂ% Jsgentified
frequencies (step 1020). In one exenplary inplenmentation, the %requencies
that require reduced em ssions may 15 be identified by a regul atory agency,
such as, the Federal Conmunications Comm ssion (FCC). Additionally or
alternatively, the frequencies that require reduced em ssions may be
identified so as to reduce interference with other devices and

conmuni cati ons, Nor i1 : ] %%ﬂ'h Li0on can handl e

not ches, nulti [131 e, Kf%%@e%%%%@%%@%%mﬁnotc eim%gﬂf?%iggappl ied to the

transmtted si L b oGk e [ =Y ol teerds reduce em ssions
g{%@%@gﬁ@g%@mw&%ﬂm ediluh 6 +iBshah®

in particular guency and and thus to mnimze interference
wi t h mul t icpinmusications havirgatileastiwaisshohanmels; such  as amat eur radi o bands. The
descri bed systens, nethods, and techniques nmay be inplenented in 25 digital
el ect r éni ¢ andfeemyniag a funstiercefinpisg or altsryation vetsey egency for thedglice, sof tware,

or in coggﬂni;@&ehpns of these el enents. Apparatus enbodyi ng these techni ques
may i nclude® appfopriate input and output devices, a conputer processor, and
a conputer  progLay RAQHAGEmIRRELE boheRBPRH IR dubdhathe MR theadabl e storage
device for execution by a programmabl e processor. A process enbodying these
t echni quefunetign dderpunedettidor med by a progranmabl e processor executing a
program of instructions to performdesired functions by operating on input
data and gener%&%@mméﬂ?ﬁgé@eﬂ%eﬁh@smﬁi% WO 03/ 021845 PCT/ US02/ 27567

out put. The techni ques be i npl nted in _one or re copputer prograns
that Mre execfrt abl Wé{gg%ﬁ?lmgﬁgeWﬂpmhﬂo%ﬁg%ﬂﬁ%ﬁpp g&st one
pr ogr amreijeRelchte® #RfebaHd MotHRisH schembLoRhiEo AR dbaidsindifiSt ructi ons from and

to transmt data and instructions to, a data storage system at |east one

i nput device, and arhde&bid Bieclaint Pwherbindtdepetlenthpspplytthe beléctgdr ogr am may be

i mpl emented,in hi gh- | evel ocedur al or
P w?deban mocitgation schemeg fncluﬁes us%g 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
25  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
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obj ect-oriented programm ng | anguage, or in assenbly or nmachine language if
desired; and in any case, the |anguage may be a conpil ed or interqrﬁ& 2006
| anguage. Suitable processors include, by way of exanple, both general "and

speci al purPY§He21dksCroprocessors. Generally, a processor pprhlsed 888 Ve
instructions and data froma 10 read-only nenory and/ or a random access

menory. Storage devices suitable for tangibly enbodyi ng conputer program
instructions and data include all fornms of non- volatile nmenory, including

by way of examél&t%%%ecﬁﬂ%g%{o%gﬁ@sﬁhE inCi8des ﬁ#gﬁhértﬁéwﬁeﬁaﬁabl e

Programuabl e Read- Menor ectrical rasabl e Programmabl e
Read- Onl y dushitatipn cGEPREH). tima nfithe measuremeenbbasedien the Sanctinm determined1 5 di sks such
as internal hard disks and renovabl e di sks; magnet o-optical disks; and

Conpact Di sc Réad- OFhgmethas ps/inclapn Ropereindpfermining the fnickigninglydetay be

suppl enent 5 st 64 @du¥ndast @0 satAR t

(appl i cat iagﬁ?géég?ﬁcg%?gﬁ%ﬁgte h%fopir%ts) &u?ﬁtl w{? be unggr%g?%od t hat

vari ouss nodterfa praiodohmmay be nade without 20 departing fromthe spirit and
scope of the clains. For exanple, advantageous results still could be
achieved i f stéps oi‘hmethedga:mb@n1wé@wm§aetguwn@op§mﬂmm@an¢mp a different

or der and/a%rél;ﬁv%gfr?g#ﬁ%ﬁc?ioinBffr%ﬁgxgy?c' osed systens were conbined in a

di fferent nmanner or replace suppl ement ed by ot her conponents.

Accordingly, ogher ihpleBhehicRRtE 1 Where hbbitid QfnmREnddet he fol | owi ng
clains. 25 What is clainmed is: 19 2 9 MAY 2006 WD'03/ 021845 PCT/ US02/ 27567

1. A met hodertugtionananglatively statc fastien of Fequetihod conprising: identifying a
static conmponent of a transm ssion medium for w deband kK corimuni cations
havi ng'%t | eas®- t woThemethiahaeinglaim § whexery the statigcomponet incidesroisti se or

at t enuat i Qfq Ynaktfon 4s QIEERTYy ftc fhlifiod bfkddRencgOMPONEN | sel ecting w deband
f

nodul ati on schenes for the subchannels based 6n the function determ ned;
and 10.  The method 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.  Themethod 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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comuni cating a data signal over the subchannels. to 2. The nethod as in _
claim1 further conprising independently applying the selected w deband
modul ation schemes to each of the subchannels. 3. The nethod as 4 hMAY 20fn 2

wherein i n%&mj&qg |y applying the selected w deband rroggjﬁ/g@zgzq? chenes

i ncl udes using Separate nodul ators for each of the subc apply the
sel ected nodul ati on schenes. 15 4. The nethod as in claim1l wherein:
identifying the static conponent includes independently identifying the

static conpongpt oa, e ] ; y : 1-ning - function
i ncl udes det er(ring'ni ngh?’%g&f)ﬁ%sc F%ﬁg?%%@gﬁ%rm%f%on%ﬁkﬁg#c\i}@&us frequency
for the stmmisethatearjsaenfunofioreafdtequdncy.he subchannels; and 20 selecting the

wi deband nodul ati on scheme includes selecting a w deband nodul ati on schene
to optimze thiddughphe methodagin chim iHwhergizdhedimemic ¢nmpogendincludes f uncti on
determ ne gp 8 . . The nethod as in claiml| wherein:
det erm ni gaét e@%ﬁg{?&%&%@?ﬁﬁgg’?ﬁlﬁ%‘%a nmeasur enment of the noise or 25
attenuation vensus TESAUEREYs Alclain b WherblRd 3ol Affpobft Trcfhdby aTe- Dy~ Frame
time interval and determning the function of° the noi'se or the attenuation
ver sus t hewisk petatteneation dhat viry as # nctionof ifysqeesny. based on t he neasurenent; and
20 2 9 MAY 2006 WD 03/021845 PCT/ US02/ 27567 sel ecting the w deband

modul ati on schdbe i hkd mefbad axinglaim f durthsecammtisiig@hd nodul ati on scherme at a
time of the nmeasurenent based on the function determ ned. 6. The nethod as

in claiml whefSptingfshannsl fiterpyayeraging elesisnts piibe chasgel figebased o7y a f uncti on

of noi se qfe @itc2BHPbieAN M@r SUS frequency for the static conponent 5 over a
period of tinme. 7. The nethod as in claiml| wherei:n the static conponent

i ncl ud@s noi seagslyiag ielcBinnéEfier$d @t bemhuicdédhtLéiglal ieasder. 8. The net hod
as inclaiml erern the static conponent includes attenuation as a
relatively stato.c fuRChetBod & infclagf U €ithér 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 signai 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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109. The nethod as in claim1l wherein the static conponent i ncl udes noi se
and attenuation as a relatively static function of frequency. 12 PL@%T t hod
as in claiml further conprising: 5identifying a dynam c conpon ﬁt f*%he
transm ssi ' for the w deband comuni cations; creating an adaptive
filter basggog%&?ﬁgldynanic conponent; and applying the égﬂﬁpygmfﬁlter to
the communi cated data signal at a receiver. 11. The nmethod as in claim10
wherei n applying the adaptive filter includes applying the adaptive filter

to the comuni cat ed dﬁ%;ngi nal, otg ach off the s channel s for the w deband
communi cat i on. “B#ig2 %ﬁ%’%ﬂ% © HRetqua Apiss PR RESE bt i ve filter
i ncl udes Fef@dng ahiil ter. 13. The nethod as in claim 10 wherein the adaptive

filter includes a channel filter. 14.The nethod as in claim 10 wherein the

adaptive filteapplyiag the Giersto 2l contuimieddaasighalagasdceizrar . 15. The nmet hod as
in claim10 wherein the static conponent is static relative to the dynamc
conponent. 21 25.9 NA Ol Addh CI3ind 2 fidther (RGIpHIBE 2P yibG independdite net hod as i n

claim 10 erein.the nam ¢ ,conponent includes noise that varies as a
functi 8n gg@&%&?g&wgg”fﬂ#ﬁ?s t°H’(§ e 5ub¢ Sﬁai m 10 wherein the dynanmic
conmponent i ncl ydes t %g A a%p | X f l.on of frequency. 5
18. The net hodgtgs iIr‘lh%c A (5'9 ergél‘ﬁv %Eﬁ%%ﬁ%&ﬁﬁde@%%%nent I ncl udes noi se
and at t endahbduiation diinctiansyineledea uéing a6 séparateacdferdodwlaioe for the at ®eastftve net hod as in

claim1 further rising: creatin .channel filter by averaging el enents
of the ¢ hﬁ'ﬁl?‘l’g?mF 515 BppE demylitions Rndtions

27.  Themethod as in claim 25 wherein applying independent ‘
10 demodulation functions includes applying separate demodulation algorithms for the at

least two subchannels.

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  aftaching 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 comnmumicated

across the transmission medium.
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the static conponent; and 10 applying the channel filter to the comruni cated
data signal at a receiver. 20. The nethod as in claim1l further conprising:
creating a noise filter by averaging el enents of the noise filtzej Pﬁ@ﬁfg on
the statiqygQimpqpgent; and applying the noise filter to the commﬂ C d
data signal at a receiver. 15 21. The nethod as in cl ai BCO/YYMEHEY
conprising: creating a frequency-domain equalizer by averaging el enents of
the frequency-donain equalizer based on the static conponent; and applying
t he frequency-domai n equalizer to the communi cat ed data siq%%gaat a

receiver. 20 P2. Tihe MrEiodaynplaim] whetgip he tragspission creating a

filter bycippertaighithie Wi bbiwded i indladiA®h SATIMRITRNE kiiPa tenaideRLr and
appl yi ng tdr%,)e5 fiallgff)er to the comuni c%?%d data signal at a receiver. 23. The

met hod asthp forRentelpphone yire At An ACERISIOLY Al USErISEMISelg a filter by averagi ng the
function of attenuation versus the frequency; 25 and gppl.ying the filter to
the comuni cat¥d ddibgmsthod a5 nglaim lr%‘&?éwéw.tranww%eﬁ&@ 82 claim1

furthes Couppkitelbsibne ¥ire BeeMd2RAGIND: 03402 k84, BET4 bSRAR7R67 creating a
filter by averaging the function of noise and attenuation versus the

f r equencymuliidignagppits ang mukiedwellinghuildmes.he conmuni cated data signal at a
receiver. 25. The nmethod as in claiml further conprising applying

i ndependent 5 denodul ation functions for at |east two of the subchannels.
26. The nethod as in claim25 wherein applying i ndependent denodul ati on
functions includes using a separate denodul ator for the at |east two
subchannel s to apply the denodul ati ons functi ons.
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27. The nethod as in claim25 wherein applying i ndependent 10 denodul ati on
functions includes applying separate denodul ati on al gorithns f?réﬁﬁﬁ' t

| east two subchannels. 28. The nethod as in claim1l wherein se g gﬁthe

wi deband 5%@%&@& schenes includes sel ecting wi deband nodul ati on schenes
for the at | east two subchannels to optim ze orthogonal i¥§"H¥#EEh each of
t he subchannels. is 29. The nethod as in claim28 wherein the nodul ation
schenmes include offset quadrature anplitude nodul ati on (OQAM schenes. 30.
The nethod as in claiml further conprising selecting a forward error
correction code based on a length of a frame and a rate of retransm ssion.
31. The nethod as in claim1 further conprising selecting an error 20
detection code to determne a | evel of error detection and a rate of
retransm ssion. 32. The method as in claiml further conprising attaching to
new data an acknow edgenent for a retransm ssion of previously transmtted
data communi cated across the transm ssion nedium 33. The nethod as in
claim 32 wherein attaching to the new data includes 25 attaching to the new
data a data block that requires retransm ssion. 34. The nethod as in claim1l
further conprising attaching-to new data an acknow edgenent for correct
reception of previously transmtted data communi cated across the
transm ssi on nedium 23 WO 03/021845 2 9 MAY 2006 PCT/US02/27567 35. The
method as in claim1l wherein the transm ssion nediumincludes a copper

t el ephone wire between and including a carrier's facility and a term nation
of the copper tel ephone wire at an access point at a user premse. 36. The
method as in claiml wherein the transm ssion nediumincludes a 5 copper

t el ephone wire between and including a carrier's facility and a cable riser
in multi-tenant units and nulti-dwelling buildings. z4

37 . 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.

38 .  The system of claim3 7 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 39..  Thesystem of claim 38 wherein the modulator module uses separate

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

40 .  The system of claim> 7 wherein the processor is structured and

arranged to:
independently identify the static component on each of the subchannels;
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Z 9 MAY 2006 WO 03/021845 PCTI US02/ 27567 37. A system for conmunicating
data, conprising: 15 a processor nodule that is structured and arranged to
identify a static conponent of a transm ssion medium for w debagaay 2506
comuni catiQB%_nylgjsng at | east two subchannels, determ ne_a function of
noi se or attenuation versus frequency for the static confoRE2™8hd sel ect
wi deband nodul ati on schenes for the subchannels based on the function
determ ned; and 20 a transmt nodule that is structured and arranged to
conmuni cate a data.signal .over the S&lb hannel s, 38 . The system of

cl ai nB7f urt her ?W‘?@'Fﬁﬁ‘c ° 13506 Fgeﬁﬁm‘?ﬂj‘m%nfg%?s e nodul ators
that are sbimgéderf acH 6ty subtig@flel§;and Nndependent |y apply the sel ected

wi deband nodul ati on schenes to each of the subchannels. 25 39 The system of
cl ai 89 wher ei geléche wideiaidxhodulatiod stirme sesptitipathadughputed vhai afitle f or each of

t he subchannel s appl y, the sel ected dul atL.on schenes. 40. arranged to:
The syster aﬂegg’ﬁﬁa\ﬂ‘f\éﬁ‘%ﬁﬂct{%@e'ﬁ%&%{r@o °€8%@FF'§9€QW§- and i ndependent |y
identify the gf{ati c,conponent. o ach of, t he subchannel s; 25 WO 03/021845 2
o NAY 2006 PEL USODIVREH LR o7 RESPROT RS AN SRomasor at tanuat | on

versus freguspdye:for the static conponent of each of the subchannels; and

sel ect .a wi deband nodul ati on schene to optim ze throughput on each of the
subchannel s basikela araduemdntiof the avisclertatemmiti@ovensus deqienoy atdBmsubchannel s. 5

Lo take AeRSTeeRe T e ey oS B eut i D PR e ency ar o

time noise or the attenuation versus the frequency for the static component based on the

10  measurement; and

select the wideband modulation scheme at a time of the measurement based on
the function determined.

B3 The system of claim3 T wherein the processor is structured and
arranged to average a function of noise or attenuation versus frequency for the static

15  compongnt over a period of time.

%2, The system of claim 37 wherein the static component includes noise as

a relatively static function of frequency.

k4 The system of claim37 wherein the static component includes

attenuation as a relatively static function of frequency.

20 5. The system of claim 37wherein the static component includes noise

and attenuation as a relatively static function of frequency.

4 The system of claim 37 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.
47.  The system of claim & wherein the adaptive filter is applied to the
comniunicated data signal on each of the subchannels for the wideband

communication.
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interval other than a funme-by-frame tinme interval and determ ne the function
of the noise or the attenuation versus the frequency for the static

conponent based on the to neasurenent; and sel ect the w deband. WMI ﬁ}%i on
schene at a‘gg)l ne. of the measurenment based on the function det & dib 41.
The syst em B ®¥PHPI87wher ei n the processor is structured BFUSOHREhged to
average a function of noise or attenuation versus frequency for the static
15 conponent over a period of time. 43., The system of claim37wherein the

static conmpongnt includes nojse gs .a relatively_ static function of
frequency. 44§9Tahe @%?Yéﬁ?iﬂoqfciﬂ“ﬁ?fﬁ‘[%"hﬂ%@i?é‘?aﬁn‘(%@t?ﬂ%'ﬂd&sEBWﬁ%nent i ncl udes

attenuati ogteas a relatively static function of frequency. 20 45. The system
of claim37wfierein the static conmponent includes noise and attenuation as

a relatively $4thti cTheeindt chitm fHeadisritCthe adbptivd it Yadeles athaheli nB7wTner ei n
the processor is structured and arranged to identify a dynam c conponent of
the transnfl&%i on nediumfor the wi deband communications, and further

conprising: 25 an adaptive fjlter, at .is creategd bas on the dynam c
conponént and>%bpl i %W#&l%rﬁ]%e’(?&{tzﬁa{fﬁwé’@%ﬁ&%ﬁaa recei ver. 47.
The systeméghe@y%ﬂ%ﬁgqme@i n the adaptive filter is applied to the
comuni cated data signal on each of the subchannels for the w deband

communi cati on.526 Wehdssealdtehind 4 wilkeéirhe siati(ebipgoeht s/504iit rdlbivesy st em of

claim46whereé{1 the adaptive filter includes a noise filter. The system of

cl ai -6 vEF‘\él?‘3 YRATRIG SO _§°ve filter includes a channel filter. 5 '50 . The
system of cl alé&él(ﬂvg]s%fgt%ﬁlnoft cpmem.a—ga ; Ie\lluethg h}ln}agnlic cl;or%;(l:plollegn%slnc’ilugles

10 noise that varies as a function of frequency.

B3. The system of claim 44 wherein the dynamic component includes

attenmation that varies as a function of frequency.

Bi4. The system of claim 4 wherein the dynamic component includes

noise and attenuation that vary as a function of frequency.

15 - 585, Thesystem of claim 37 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.

5e. The system of claim >? Frther 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.

57. The system of cIaim3'?; 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 ata

receiver.

25 5§ .  The system of claim 37 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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frequency-domain equalizer. 5 r. The systemof claim!tGnaherein the static

conponent is static relative to the dynam c conponent. S2: The system of

cl ai M6 wherein the dynam c conponent includes to noise thztg g{%g] as a
d? ant c

function of fr cy. 53. The systemof claim6 wherein th
conponent i“rlléloﬁ%g%g attenuation that varies as a functi oF IS0 ¥3¢ency. 51 +.

The system of claimyY wherein the dynam c conponent includes noise and
attenuation that vary as a function of frequency. 15 57, 5. The system of

claim~7 further conprising_a channel filter th i .created by averagi ng
el ements of t qehamFeﬁYStP‘inl"F“élP“’bgz EfifOMpESEE & gtEr ﬁ%‘gﬁ%?ffb)énd applied to

t he comupi&asigiind Ftih SNdemdtioRvérafshe/Réquelt§ and Bgplisy &5 hen of cl ai m 37
Thither conprising a noise filter that is created by averagi ng el enents of

t he noi secemmupicatsddatysignal ehareedi¥di ¢ conponent and applied to 20 the

comuni cat ed data signal at a re Eig.‘\étﬁr' 57.. The ystégm of é:Aai m"-7 further
conprisi ng a favequeRissysiemef plaimd d firthsrbomprsipe p fltgntaatiseredisd B er agi ng

el ements Qferhdify fnb FHBDE ¥ TR atBiiRloh 4Bfsus 8 FregheRty dndQpplicditbC conmponent
and applied to the conmunicated data signal at a receiver. 25 fig . The

syst em of the ceppupicated datatsigpal Bbminceisting a filter that is created by
averagi ng the function of nqise versus the frequency and applied to the
comuni cat ed &dat a Shegapmef claing £ Bythercomprisipgy danerbuatorm MAY 2006

PCT/ US02124ABd onex? mord B&ncEtREMaS ark statlciireti/ank Wirhd}R0 1Py 1 Sing a filter that
is created by averaging the function of attenuation versus the frequency

and appl i inflependenslempdinietionfanctions fanatdeast iyieaf thesubeharnelsi ver . eo . The system
of claim37 further_conprising a,filter that is created by- 5 averaging the
functi®n of néDse ahf sypERQfeHiPHA WE‘F@G@QW@’@W@G&%‘H@?%%%“&'B@i ed to

and arranged to using separate demodulators for the at least two subchannels to apply

the demodulations functions.

63« The system of claim &/ wherein the demodulator module is structured
and arranged to apply separate demodulation algorithms for the at least two
15  subchannels.

44,  The system of claim 37 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.

‘ 65.  The system of claimé & wherein the modulation schemes include offset
20  quadrature amplitude modulation (OQAM) schemes.

¢4.  The system of claim37 further comprising an error correction module
that is structured and arranged fo select a forward error correction code basedon a

length of a frame and a rate of retransmission.

67. The system of claim 37 further corprising 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.

_ (8. The system of claim 37 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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t he communi cated data signal at a receiver. Il , The systemof claim
37further conprising a denodul ator nodul e having one or nore denodul ators
that are structured and arranged to apply independent dem)dukgti‘@rb0
functions f&r % | east two of the subchannels. 10 62. The sys M8 208 ai m 61
wher ei n t heVaSHBH8at or module is structured and ar r angeRCEBS03TSAY separate
denodul ators for the at |east two subehannels to apply the denodul ati ons
functions. 63. The system of claim4l wherein the denodul ator nodule is

structured and.arranged to a&%l; separat e denodul ation algorithns for the
at |east two 6% .subBiscstenof .g?whﬁméi@tmﬁe@f@lsﬁpm erein the

processor _j LG b4 aﬂq‘, aspg@ LAehand modul ation schenes

for the at gg‘y&j’ WO E’&Bc an%ﬁg#s 0 g%]{)‘??trsrf?ilg&%lf%ogo%'ty bet ween each of

t he subchannels. 65ptN8e5 %206 DT wharéh Bk procthef RisBudthed aRdul ation schenes

i ncl ude offsejt-,8 ZOSHﬁa rature arrpl‘i”t ude rrgg%l ati or? (OQAM schenes. 46. The

syst em of a@mﬁﬂiﬁlﬂa& tomsw dataRracksiorriedgement foscoment reseptionrefnodul e that is

structyre : f (s i on code based on a
Y gre@@%%faﬁsﬁgan B 4 &S ca a@omﬁé’uﬁfsfn%g?ﬁ%ﬁe{]dﬁﬁﬁ.

| engt h of "a a rate of retransm ssi on. e system of claim 37

further compriging "ﬂiésgét&ﬁrof ‘Ei}r@?&ﬁé?eixgg%e‘ﬁl s éoﬁiﬁ@&iuﬁﬁn&v]ﬂdek'ﬁt ured and

arranged to select an &rror detection  to determne a evel of error
det ect i oncenper talephane vife hebreen andinglydiog a c88er'sTheilityyaod e tarminatibmof 87 wher ei n

h ' h d
t he procegé%%éépzéyhg&iﬁggaggg:essapro ggae%ﬁge@eg}sgac to new data an

acknow edgene ransm ssi‘on rously transmtted data

communi cat ed J 0S st i . 21340 9 MAY 2006

PCT/ US02/ 27567 50 Smﬁ%gst&s’?/?? A3 %ﬁ%%@‘%ﬁ?‘%g‘gﬁ% s € |

st r uct1@r edoppatitelephona wjeecetveeen andiotiuding & barietsiaclityand adahleriser ork t hat

requires gﬂtf-%ﬂérﬂhﬁﬂ &ﬁ'mlﬂg—‘awdﬂﬁfbﬁféﬁ{ggm of clai BT wherein the processor is
an

structure

=)
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arranged to attach to new data an acknow edgenent for correct reception of

5 previously transmtted data conmuni cated across the transm ssion nmedi um
71 . The system of cl ai nB7wherein the transm ssion nediun1inz|§$e2m®] copper
t el ephone 'éﬁw&ﬁﬁyeen and including a carrier's facility an SR nat i on
of the co\& éphone wire at an access point at a usd@CTHS@378€. 7.3. The
system of cl ainB7 wherein the transm ssion nmediumincludes a to copper

t el ephone wire between and including a carrier's facility and a cable riser
in multi-tenant units and nulti-dwelling buildings. 2~ WD 03/021845 2 9 NAY
2006 PCT/ US02/ 27567 -73. A system for communicating data, conprising: neans
for identifying a static conponent of a transm ssion nediumfor w deband
comuni cations having at |east two subchannels; neans for determning a
function of noise or attenuation versus frequency for 25 the static
conponent; means for selecting w deband nodul ati on schenmes for the
subchannel s based on the function determ ned; and neans for comrunicating a
data signal over the subchannels. 30 WO 03/021845 2 9 MAY 2006

PCT/ US02/ 27567 74 The system of clainv3 further conprising neans for

i ndependently applying the sel ected wi deband nodul ati on schenmes to each of
t he subchannels. _75- The system of claim 74 wherein the nmeans for

i ndependently applying the selected w deband nodul ati on schenes incl udes
means for using separate 5 nodul ators for each of the subchannels to apply

t he sel ected nodul ati on schenes. -76. The system of clain¥3 wherein: the
means for identifying the static conponent includes neans for

73. 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 fimction determined; and

means for communicating a data signal over the subchannels.
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I ndependently identifying the static conponent on each of the subchannels;
the nmeans for determning the function includes neans for determning the
10 function of noise or attenuation versus frequency for the Zéa‘al 0
conponent gf, gﬁ f the sub channels; and the neans for_sel eéf A{; ®he

wi deband nodul ation schene includes neans for selecting BET 'Ahd

nodul ati on schene to optim ze throughput on each of the subchannels based
on the function determ ned on each of the subchannels. 15 -77. The system of
claim 13 whergi n: the neans fﬁ%?-gse er n ni nﬁ_ the fun t{glan i&egkhudes means for
taking a meddtrenmehte yremple e BReLAOPRRBIRE MRS B LGP PR Yency at a time
i nterval apP9ingiHdaslectdd WMdbRIdModulAOR schei®s olthel ofahe abchapens for

determ ning the function of the noise or the attenuation versus the

f requency for7tg|e sTiai syste @f plaiie T whersiadheanednd forAfdepemienlyesppiiing and t he
means for seIF I n he. wi deband .nodu] ati,on _schene .i ncl udes neans for

sel ect i ng B4 W@@%&hﬂ‘% atiop Sehemier, wRlydesmeans forusigg s $reasur enent based
on thes f yiduia@fs BLERKGE iHe dubchdrrels 16 8pphy the 8¢Teddéd mbdilation sékualeei N t he neans
for determning the 25 function includes nmeans for averaging a function of
noi se or atteﬁ;éatiome\@gtsms)fcfarr@‘mlﬁnaﬁnfor the static conponent over a
period of time.” '79, The system of clain¥3 wherein the static conponent

i ncl udes noi sethaseans foeidahtifyingthesdtaticicomponeat indodesfmdanefpuency. 31 WO

03/ 021845 .2, 9 2006. .PCT/ USQ2/ 27567 - Th f .clai ni73" wh [ h
static coﬁ%ﬁ@%ﬁyﬁg‘? F?ﬁﬁﬁc’ﬂq%ﬁﬂqgg°%°hreoé-l%1§ﬁtu§‘£a§}‘_0m§%a? : c func_te irglnnmE ©
frequency. V1. yﬁlee t%}t?e%rgafiniﬁ ﬁe%%P§W§§§?%C$¥% %r%&cgmj%ﬂ]g%nent I ncl udes

noi se and attenuation as a re I've nction of FMrequency. 5 Fs. 2.
The syt efugtiorcdfaioine 68attennitivarversasfrequenaydor tive stasc ¢omiponeretnf edcitiofig a dynam c
conmponent _of y}e tisansc{ﬁ ssion nedi um for

the subc els; an

the means 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 ~77,  Thesystem of claim 73 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.

7% - The system of claim73 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.

19, The system of claim 73 wherein the static component includes noise as

arelatively static function of frequency.
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t he wi deband communi cations; neans for creating an adaptive filter based on
the dynam c conponent; and neans for applying the adaptive filter to the
comuni cated data signalat a 10 receiver. '93. The system of ﬂgﬂ@ 1
wherein they % PhsdsOr applying the adaptive filter includes a

appl yi ng the adapttve filter to the communicated data si gHaVUS9YA™Ehch of the
subchannel s for the wi deband conmuni cation. 8+. The system of clain®.’
wherein the adaptive filter includes a noise 15 fiIter S' 5. The system of

claim 81 wherej,n t fidter inclu sachan filter. 86 The
system of cl ai Qﬁtﬁﬁ g‘f‘ﬂ}lelﬁ@-}a%ﬁ’b?rla’%hefsi HE SPIPORE 8’%“1%% frequency- donai n
equal i zer attefdafoh akhAeelatiel tﬁfﬁuiﬂnahﬁ’fﬁalueﬁdjverel n the static conmponent iIs -
static relative to the dynam c conponent. 8 8. The system of claim $2.
wherein the dygani clieeypanefitlaini’3 whasin thwstsie compénentincladesamisa function of
frequency The s em of erein the dynam c conponent

i ncl udes a@é%ﬂ‘t‘@?ﬂ&? E?ﬁ? tst"‘@&?‘fnegg%\%y@q’f‘ﬂ’ﬁ}ftlon of frequency. RO The
system of cl ai wherei n.t.he c _conponent includes noise and
attenudtion th g]tl v arhy syt of ¢l | ”t'%g%’ TPPREMR®Fcy. 01 1 . The system of

clainv3 further _cq 3 03/ 021& S02/ 27567
nmeans for crea?’ie%%“(ﬁ:%gﬁﬁneg %{nl &% %lei?/ng?gé?ng e %sgrf%lotﬁ 'g llJ'he channel
filter bémeriderand enmbrdtations;onponent ; and neans for applying the channel
filter to the communicated data signal at a receiver. 5 Q.. The system of
cl ai M73 f urt hemeagwsdprcrsiingjan adaptive filter based on the dynamic component; and

means for applying the adaptive filter to the communicated data signal-at a

10  receiver.

B3,  The system of claim §2 "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.

€4, The system of claim & wherein the adaptive filter includes a noise
15  filter.

¥5. The system of claim €2 wherein the adaptive filter inchudes a channel
filter.

3. The system of claim §72. wherein the adaptive filter includes a

frequency-domain equalizer.

20 _ ¥7. The system of claim $2 wherein the static component is static relative
to the dynamic component.

¥8. The system of claim §2 wherein the dynamic component includes

noise that varies as a function of frequency.

89. The system of claim 82~ wherein the dynamic component includes

25  attenuation that varies as a function of frequency.

‘30: The system of claim 82, wherein the dynamic component includes

noise and attenuation that vary as a function of frequency.
9. The system of claim }3 further comprising:
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means for creating a noise filter by averaging elenments of the noise filter
based on the static conponent; and neans for applying the noise filter to

t he communi cated data signal at a receiver. 10 R3 .. The sy,ztem of claini73
fiuther co r?g) nlg‘i means for creating a frequency-domain eq QIMAiég%by
averaging e Rt%&*%of the frequency-domain equalizer basBEFBW2RHE7 static
conponent; and neans for applying the frequency-domain equalizer to the
comuni cated data signal at a receiver. 15 9 it. The system of clainv3
further conprising: nmeans for creating a filter bé averagl n the function of

noi se versus tmeansereierting ¢ chaanel flienbravemeing giteri o t he
comuni capeds drkR find ?&ln Men@agecel ver. Cl3. The syst em of clain473 further

conprising: 20 neans for creating a filter by averaging the function of
attenuation vepsyg S@plyidpaad@Rael fitddo MRadmnTica®@RA kidgallabg filter to the
communi cated data signal” at a receiver. 96 . The system of clain¥3 further
conpri si nfeCelNeans for creating a filter by averaging the function of noise
and attenuati 25 versus the f-[ guency; and neans for applying the filter
to t hedcomuni bRt edThfasweng Flaie 1 RgherbRpUERE 33 WO 03/ 021845 2 9 NAY 2006
PCTI US02/ 27567 97 The s em of im7-3 fy ther ris ns for

appl yi ng i ndef5ESPfcr ﬂﬂ?‘éﬁﬁ]g"ﬁ%ﬁ’ﬁﬁ‘?f?g‘% @W%{ﬁ%ﬁ%ﬁba@a t he
subchannebs the@tatic EhBpsntat @ of cl ai m 97 wherein the means for applying

i ndependent denDduIatlon functions includes neans for using a separate
denodul at or fomeadae‘maatppﬁxdg&besﬁoﬁememhnéwme&xﬁcatsa dappignal sta denodul ati ons

functi ons. gf The systemof claim 17 'wherein the neans for applying
i ndependeFReeiv ; -
10 43.. Thesystem of claim/3 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 Q4 The system of claim73 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.
45, Thesystem of claim73 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.
9¢ . The system of claim?73 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.
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denodul ati on functions includes neans for applying separate denodul ati on
algorithns for the at | east two subchannels. 100. The systemof claimi 3
wherein the nmeans for selecting the wi deband 10 nodul ation szgfﬂgmhbncl udes
means for s@'o%%h?% wi deband nodul ati on schenes for the at |le
subchannel s to optim ze orthogonal ity between each of thePCHUMERE hel s. 101.
The system of cl ai n500 wherein the nodul ati on schenes include offset
guadrature anplitude nodul ati on (OQAM schenes. 15 10-1. The system of
Clain-13 furthgt, conprisin a o selecting a forward error correction
code based on itﬁ en %S%W%’&Eﬂﬁﬁﬁ&%°°@%%?“%ﬁ§?%ﬁ%sion. t 03. The
syst em of iedepértiént detholitlgfioncfan@ionsfon gt 1BBER® dfdlic HBLHAGAIINY an error detection
code to determ ne a level of error detection and a rate of retransnission.
20 10 The syst 8i#.of Tkd sjistem/oF claitn BVewhereintiic iBéang forappiging dudepéridanthi ng t o new
data an acknow ed nt for retrapsm.ssion o reyi.ous transmtted data
comuni catd§@°¥g?t5’g‘g$cﬁ‘8n‘°t WQH@%MY%%@”&&W@W %# thei2hi m 104.
wher ei i t hausteanabdherinefith asdly @ deMedulsiRdas filegds. for attaching to the new
data a data block that requires retransmssion. 25 ! 06 . The system of
cl zi rrEMS gurt heﬂq?orrpme S8 ofenfs? T Owhatih dethags fdiaﬁﬁydngﬁiﬂlcpmﬂ&g .
acknow edgenent. for, correct reception of .previous rapsmtted data
communi catERodise NS CHAGHTERL AT BPP GPET&W\?E&@@B‘?PB% 2 9 MAY 2006
PCT/ US02/ Z¥Hfthnis forthe atMB@t tesduBthatelsc| ai nV3wherein the transm ssion nmedi um
I ncludes a copper telephone wire between and including a carrier's facility
and a term nat Dﬁn Ofhe iyl?telneﬁbllaﬁjﬁ-ﬂﬁhﬁ'ﬁih@lli’anwnﬁﬁ)rable&ﬁlg&ﬁ&ﬁﬂsb@dijnt at aI uger
prem se. 105.. The stem of clainy3 erei transm ssi on i um i ncl udes
D e b BHRE Y SO R ST bR ot PR FRPne FBei |11y and o
cabl e ri seie gt Reastb bibch@ameRtto bftinkige Hdgofality betivehlehdioftthy | di ngs.

subchannels.

I0l.. The system of claimfo 0 wherein the modulation schemes include
offset quadrature amplitude modulatign (OQAM) schemes.

15 toa. The system of clain] 3 further comprising means for selecting a
forward error correction code based on a length of a frame and a rate of

retransmission.

{03. The system of claim{3 further comprising means for selecting an error

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

20 ioq-_,'. The system of claim¥3 further comprising means for attaching to new
data an acknowledgement for a retransmission of previously transmitted data

communicated across the transmission medium.

105 . The system of claim 104 wherein the means for attaching includes

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

25 {06 . The system of claim73 further comprising means for attaching to new
data an acknowledgement for correct reception of previously transmitted data

cormmunicated across the transmission medium.
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35 WD 03/021845 2 9 MAY 2006 PCT/US02/ 27567 15 109, A conputer program
stored on a conputer readable nmediumor a propagated signal for

comuni cating data, conprising: a processor code segnent trwgggﬁpgﬁg t he
conput er thBQ9ﬁh§%y a static conponent of a transm ssion nediumTtor

wi deband communi cations having at |east two subchannel s, PCEY¥MSEE a
function of noise or attenuation versus frequency for the 20 static
conponent, and sel ect w deband nodul ati on schenmes for the subchannel s based
on the function, det.erm ned; .and |,transmt. code se ng causes the
computer to d&uni ‘gléetsg&gm(ﬁf @'m? 23?}" '“gf?/eet?mglﬁﬁ"ﬂgﬁ&%“%h’élfh@aﬁf 10. . The
conput er ok tebephdneciites bgwed ahd idch@ding @ @afpiet'sfatifityeandeceindtaion o£S5 code

segnment that causes_the conputer to.independently apply the sel ected
wi deband tﬁ%@ﬂ?ﬁﬁ?ﬁmg%ﬂ’éﬁﬁn@n@ﬁ“éﬁﬁwt&faﬁ??ﬁp’?%\“?hannel s. Ill. The conputer

program of clgim 110 wher ei h ul ator, code ., se nt. causes the conputer
to use separ a@ﬁmﬁeﬁ§%$8%ggm TAOSHHIR P@m'flf)lugeﬁﬁl y the

sel ect &d reepper flephdheSarectEbSeenAfd WOluAiRE Q248148 fAcilin MY a8 e Th USC2/ 27567 | i
a : The con‘ﬁut er pr_og%%m‘ﬁf_ clajm 1_(I)(§nmherei n the processor code segnent
causes t h&EGHRFattanits Id My #dentify the static component on each
of the subchannels; determ ne the function of noise or attenuation versus
frequency for the static 5 conponent of each of the subchannels; and sel ect
a w deband nodul ati on schene to optim ze throughput on each of the
subchannel s based on the function determ ned on each of the subchannels.
113, The conputer programof claimldi wherein the processor code
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segnent causes the conputer to: 10 take a nmeasurenent of the noise or
attenuation versus frequency at a tinme interval other than a frame-by-frane
time interval and determine the function of the noise or the atggiuatd on
ver sus the‘@bﬁggﬁggy for the static conponent based on the_ neasurenment; and
sel ect the w deband modul ation scheme at a time of the neasuYEHERE” based on
is the function determ ned. 114- The conputer programof claiml Qg wherein

t he processor code segnent causes the conputer to average a function of

noi se or attenuation versus frequency for the static conponent over a
period of tinme. 115. The conputer program of claim10qg wherein the static
conponent 20 includes noise as a relatively static function of frequency. |
| & The conputer program of claimlog wherein the static conponent includes
attenuation as a relatively static function of frequency. 117- . The
conput er programof claimlQOg wherein the static conponent includes noise
and attenuation as a relatively static function of frequency. 25 11$% , The
conput er programof claiml pg wherein the processor code segnment causes
the conputer to identify a dynam c conponent of the transm ssion nediumfor
t he wi deband conmuni cations, and further conprising: 37 WD 03/021845 2 9 MNAY
2006 PCT/ US02/ 27567 an adaptive filter code segnent that causes the
conputer to create an adaptive filter based on the dynam c conponent and
apply the adaptive filter to the conmunicated data signal at a receiver. |

| The conputer programof claimo4: wherein the adaptive filter code 5
segnent causes the conputer to apply the adaptive filter to the comruni cated
data signal on each of the subchannels for the w deband comruni cation. i
.20 The conputer programof claiml | $ wherein the adaptive filter
includes a noise filter.

15 to9. 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 compornent, 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.

110, ", The computer program of claim/ 0¥ further comprising a modulator
25  code segment that causes the computer to independently apply the selected wideband

modulation schemes to each of the subchannels.

tt1, . Thecomputer program of claim 10 wherein the modulator code
segment causes the computer fo use separate modulators for each of the subchannels

to apply the selected modulation schemes.

3
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The conputer programof claim 118 wherein the adaptive filter 10 includes a
channel filter. I 2 . The conputer programof claim1ll 9 wherein the
adaptive filter includes a frequency-domain equalizer. 123 ngi @Wﬂé er
pr ogr am of ‘%%%9964359 wherein the static conmponent is statli to the
dynani ¢ conponent. 15 1213 The conputer program of clai miCH Gk %in t he
dynam ¢ conponent’ includes noise that varies as a function of frequency. 12
5 The conputer programof claiml IS wherein the dynam c conponent includes
attenuation t varjies as.a functi .of freqgue 1 . e conputer
program of cl 23#\ 1 %"W@F"éﬂ?g{%o%&ﬁlg#ﬁw g‘f?ﬁbntﬁéﬁlfmé%% c|°;ril-'£(gl udes noi se and
at t enuat i gegrhdidtausey the eamputdracnct i on of frequency. 2'I  The conputer program
of claiml OQ further conprising a channel filter code segnment that causes
t he conput er t independemlyddentifinthe ktafic ¢angponént on eashadithegubehasmebnt s of t he
channel filter based on the static conponent and apply the channel filter
to the comuni dettxmineitie finstiomed noise onatteppasionoersuPfequercysormhessteihput er program
of cl aism %:91%33&%5{9&3&%&@%:%&5@8&% filter code segnment that causes the

conput ér t'0 €feate a noi se r ’by averaging el enents of the noise filter

based on the s ' Rl 4 @ [?J ] I 5&%};

communi cat ed dg‘?%f!tgivgna atgéimﬁg’ggl veré.{o%%g g%dégfﬁe%% 2006

PCT/ US02| 2#txBannels tasdd-onThefupdionudetermipedop cach of the saticharm®@B. f urt her conpri si ng

a frequency- dommin equalizer code segnent that causes the conputer to

create a freqlidacy- Threeaiphtes prostanyeficlaim (G sharsinthe proesseancedadf t he

frequency, | i ed on the static conponent and apply the
oG BB, L B

frequency- 0 the communicated 5 .data signal at a receiver.

130. Tige COMPULEE aRidaiabnbe ik Abilh dAabibd Rlreds @icks) Btk ind [ | ter code

segnent that causes the conputer to create a i bﬁmayer agi ng the
functi on dftemyal atker than a frame-by-frame time interval and determine the function of the

noise or the attenuation 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
15  the function determined.

14- . The computer program of claim /0§ 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.

I15.  The computer program of claim 104 wherein the static component
20 includes noise as a relatively static function of frequency. '

Il  The computer program of claim 109 wherein the static component

includes attenuation as a relaﬁvely static function of frequency.

t17.. The computer program of claim {09 wherein the static component

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

25 118 . The computer program of claim |9 wherein the processor code
segment causss the computer to identify a dynamic component of the transmission

medium for the wideband communications, and further comprising:
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versus the frequency and apply the filter to the communi cated data signal at
a receiver. 10 131. The conputer programof claim (oq further conprising a
filter bode segnent that causes the conputer to create a filter by

aver agi ng tﬂ@of)én jon of attenuation versus the frequency andZ 3pf\006he
filter tot 2 ni cated data signal at a receiver. 13BTUSRE™€bnput er
program of claim 109 further conprising a filter code 15 segnent that
causes the conputer to create a filter by averaging the function of noise
and attenuation versus_the frequency and apploy the filter to the

comuni cat ed da® alaptyeflar cade seamen daf gquses thmcompuier EFFeRME 81 343PRY am of clai m
109 1 Ur t heiueOPIBY b Gyrhnsl BB At e SEGRVI L lglpeCaUSES Lhe comput er

to apply independent nodul at’l on func O for at least two of the
subchannelcgmmu@ated datTbignal @hgrecadverpr ogr am of cl ai m 1 33 wherein the

denodul ator code segnent causes the conputer to use separate denodul ators
for the at | éhSt -t Whhe computenprostam ofickuim{gfY Whersin thepdamtivefilies pader unct i ons.

135.. The %ﬁgﬁ j . ' r code 25
segmsn;E cg esP%ﬁgﬁg%%nt?@rt&ﬁ%%gp%%%%ﬁkﬂtgﬁgﬁﬁﬂgﬁ%ﬁ&gﬁori thns for
the at | eigsal onvachsofliibhambeleingels B the widdbendeompounieatipnogr am of claimleq ,
wherein the processor code segnent causes the conputer to sel ect w deband
nodul ati on schaoes Fhsrconpatenprogrmsaf claimdy & whemithesdaptivedilgpt i ni ze

or t hogonal | %gggh%igee@lte?ach of the subchannels. 39 WD 031021845 2 9 MAY 2006
PCT/ t JS02 -/, The conputer program of claim136 wherein the

modul ation scheyes mhdiokipier flobaalof SiaH i B WhereRItR! ddaple Ul ation (OQAM )

schemes. 130 o. The conputer program of claim 109 .further -conp rising an
error t0comecles aehagoeldiltsegnent that causes the conputer to select a forward

error correction 5 code based on a length of a frame and a rate of
retransm ssi od2. The computer program of claim 1§ wherein the adaptive filter

includes a frequency-domain equalizer.

{23. The computer program of claim ;8 wherein the siatic component is
static relative to the dynamic component.

15 {24  The computer program of claim |)§ wherein the dynamic component

includes noise that varies as a function of frequency.

I2g, The compufer program of claim'us wherein the dynamic component

includes attenuation that varies as a function of frequency.

12¢,. ~ The computer program of claim /J§ ‘Wherein the dynamic component

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

{27, The computer program of claim 109 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 I&&  The computer program of claim 09 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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139. The conputer program of claim 109 further conprising an error

detecti on code segnent that causes the conputer to select an error detection
code to determne a level of error detection and a rate of retr ﬁﬁhgﬁéon.
140, The COHQH%B#.BJOQraWIOf claim (Og wherein the processor code

segnent causes t & computer to attach to new data an acknBAI’B¥g@TEHt for a
retransm ssion of previously transmtted data conmuni cated across the
transm ssion medium 11-1, The conputer program of claim 140 wherein the
processor code _se nt causes the cor er to attach to the new data a data
bl ock t hat rgdﬁﬂres ET§HK@¥¥aﬁ§ﬁw§§P§§BH%h hergompriSIg 3T Bgr am of cl ai m
109 Wnereidamhﬁ%qmﬁ&%aeéegﬁﬁﬂ@matméc&aitsm&&obﬁate@mué@F- to attach to new
data an acknomﬁegﬂgnent for_correct _reception of previously transmtted

data comméemainegealizenbyayeraging elementrEthe Saduepeitdemain squaligegdasedonconput er
f . . SR A
progr am ofy £ e %ﬁ%g%?b@g@l{{bﬁ%%qﬁgﬁzﬂbﬁﬁﬂn%uﬂ&gﬂ fdThd EiidRSted copper

t el ephone wre bet ] carrier's facility and a termnation
of theScopgpesignalabpteseizerni re at an access point at a user premise. 141t, The
conputer programof claim/09 wherein the transm ssion nedium includes a

copper t el ephtB@- wi Fie aoapwiseprogrm afsleiny S frthercamprising 8 fiitgesadety and a cabl e
25 11 ser st fohe dafifte Me cdftiphir SbalBd fiter B Blekdghth BY klndtidtfnoftd

versus the frequency and apply the filter to the communicated data signal at a

receiver.

10 13} .  The computer program of claim } 09 further comprising a filter code
segment that causes the computer to create a filter by averaging the function of
attenuation versus the frequency and apply the filter to the communicated data signal

at a receiver.

[23 . The computer program of claim /09 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,

{32, . The computer program of claim /09 further comprising a demodulator
code segment that causes the computer to apply independent demodulation functions
20 for at least two of the subchannels.

13§, The computer program of claim/33 wherein the demodulator code
segment causes the computer to use separate demodulators for the at least two
subchannels to apply the demodulations functions.

{35 .. The computer program of claim /33 wherein the demodulator code
25  segment causes the computer to apply separate demodulation algorithms for the at

least two subchannels,

/3¢. The computer program of claim 163, 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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/3=,  The computer program of claim /36 wherein the modulation schemes
include offset quadrature amplitude modulation (OQAM) schemes.

13%. The computer program of claim /0% Turther comprising an error
correction code segment that causes the computer to select a forward error correction

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

139 . The computer program of claim /07 further comprising an error
detection code segment that causes the computer to select an error detection code to

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

I40. The computer program of claim (09 wherein the processor code
segment causes the computer to attach to new data an acknowle&gement fora
retransmission of previously transmitted data communicated across the transmission

medium.

[%{,  The computer program of claim I bo ;avherein the processor code
segment causes the computer to attach to the new data a data block that requires
retransmission. '

14> . The computer program of claim /07 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.

{43, The computer program of claim /09 v-vh_e:rcin 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.

i4%, The computer program of claim /oq Wherein the transmission medium
includes a copper telephone wire between and including a carrier's facility and a cable
riser in multi-tenant units and multi-dwelling buildings.



