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2 kHz wide in the forward (downstream) direction. In the context of a phone system, the

downstream direction is defined as transmissions from the central office (typically
owned by the telephone company) to a remote location that may be an end-user (i.e., a
residence or business user). In other systems, the number of tones used may be widely
varied. However when modulation is performed efficiently using an Inverse Fast

25  Fourier Transform (IFFT), typical values for the number of available sub-channels
(tones) are integer powers of two, as for example, 128, 256, 512, 1024 or 2048 sub-
channels.

The Asymmetric Digital Subscriber Lines standard also defines the use of a

30 reverse signal at a data rate in the range of 16 to 800 Kbit/s. The reverse signal
corresponds to transmission in an upstream direction, as for example, from the remote

location to the central office. Thus, the term Asymmetric Digital Subscriber Line comes

from the fact that the data transmission rate is substantially higher in the downstream

direction than in the upstream direction. This is particularly useful in systems that are

. 35 intended to transmit video programming or other video signals to a remote location over
the telephone lines. By way of example, one potential use for such systems allows

residential customers to obtain video information such as movies over the
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systens is standard unshielded tw sted pair (UTP) tel ephone |ines.
A nunber of nulti-carrier nodul ati on schenes have been proposed for use in
15 the VDSL and W f@nberaofomnidiscaftier moduldtionrschéniiis/ Haveé Geen proposedofoo asel in
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si gni fi cant | ndOFRM which is a simph&de'etsmldoﬁbw cImomdeptoaachibvbthe dataABBE . By
way of  SRMPidguirtd By VBRLATPTE U He! transmission bandwidth must be significantly broader
than the bandwidth contemplated by the ADSL. By way of example, the discrete multi-
tone system adopted for ADSL applications utilizes a transmission bandwidth on the
order of 1.1 MHz, while bandwidths on the order of 10 MHz are being contemplated
for VDSL/FTTC applicatiohs. In one proposed DMT system for VDSL/FTTC
25  applications, the use of 256 “tones” or "sub-channels” that are each 43.125 kHz wide
is contemplated.

The use of these wide band multi-carrier modulation approaches have some
inherent obstacles that must be overcome. One particular problem relates to radio
30 frequency interference. As is well known to those skilled in the art, amateur radio
operators utilize several x'eiatively narrow frequency bands in the 1 MHz to 12 MHz
frequency range. By way of example, the following approximate frequency bands are
reserved for amateur radio operators use: 1.8 to 2.0 MHz; 3.5 10 4.0 MHz; 7.0 t0 7.3
MHz and 10.1 to 10.15 MHz. Thus, it is important that any subscriber line based
35 modulation scheme not output significant interference in those frequency bands and, of
course, the system must be arranged to handle particularly high levels of interference in
those frequency ranges. The present invention provides a mechanism for handling

such matters.
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In some embodiments, a pair of dummy tones are transmitted over distinct
~.dummy subchannels located on opposite sides of the restricted frequency band. The
20  actual location of the dummy subchannel(s) may vary in accordance with the needs of a
-particular system. By way of example, the dummy subchanne] may be a subchannel
located immediately adjacent the restricted frequency band. In another example, the
dummy subchannel may be a subchannel located two tones away from the restricted
frequency, with the immediately adjacent subchannel being a designated quiet tone. In
25 transmission systems that have multiple restricted frequency bands, separate dummy
subchannel may be associated with each of the restricted frequency bands.

In a second aspect of the invention related to handling RF interference received
by the modem, at least one of the subchannels near a frequency where RF interference
30 is expected is designated a quict tone which does not transmit any signal. However,
the noise received on the quiet subchannel is detected and used to effectively estimate
the RF interference that will likely be present on selected adjacent active tones. The
detected noise is thus used to facilitate the canceling of RF interference imposed on the

data signals received the adjacent active tones.

35

In some embodiments, a pair of quiet tones are provided with one quiet tone
being provided on each side of a designated restricted frequency band. In some
embodiments the designated quiet tones are in the subchanneis immediately adjacent the
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Figures 2 is a power spectral density graph illtistrating the magnitu‘de of the *
permissible transmission power from a remoté. unit over exposed twisted pair wiresasa -
function of transmission frequency in the 0 to 12 MHz frequency range;

25 Figure 3(a) and 3(b) are diagrammatic graphs illustrating the magnitude of the
voltage of a typical single tone in a typical discrete multi-tone transmission system as a
function of frequency;

Figure4 is a diagrammatic graph illustrating the magnitude of the voltages of a

30 couple of immediately adjacent tones having the same magnitude and illustrating the

offsetting of inter-tone voltage that occurs due to interference of their respective
sidelobes;

Figure 5 is a diagrammatic block diagram illustrating the manner in which the
35 dummy signals are created;

Figures 6 is a graph illustrating the magnitude of the maximum in-tone received
power at a remote unit as a function of transmission frequency in a typical VDSL
application over twisted pair transmission lines;
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Figure 11 is a diagrammatic representation of the signal tones in the vicinity of
the 1.8 to 2.0 MHz restricted frequency band in accordance with a fourth configuration
20 of the present invention.

Figure 12 is a diugrammatic block diagram of a central modem suitable. for
implementing a discreic multi-tone transmission scheme in accordance with one
embodiment of the present invention: and

25

Figure 13 is a diagrammatic block diagram of a remote modem suitable for
implementing a discrete mulu-tonc transmission scheme in accordance with one
embodiment of the present invention.
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vicinity of lkilometees of thet@NE.0 Thezendoyseri would haveca eemgtelunit] 18 nsuitabler fdance
with a thirdegRbhidgiisd Wih the ONUGH veRP hiphSef tatk)V 98k '1&fote units includes a
modem but may take the form of a variety of different devices, as for example, a
15 telephone, a television, a monitor, a computer, a conferencing unit, etc.. Of course, it
is possible that the end user may have a plurality of phones or other remote units 18
wired to a single line. The subscriber lines 15 serviced by a single ONU 11 typically
leave the ONU in a shielded binder 21. The shielding in the binder generally serves as
a good insulator against the emission (egress) and reception (ingress) of RF noise.
20 However, the last segment of this subscriber line, commonly referred to as a “drop” 23
- branches off from the binder and is coupled directly or indirectly to the end user’s
- remote units.. This “drop™ 23- portion of the subscriber line 15 between the remote unit
18 and the binder 21 is typically unshielded. In most applications the length of the drop
is not more than about 30 meters. However, the unshielded wire effectively acts as an
25 antenna that both emits and receives RF signals. Additionally, there is some concern
that the connection 25 between the ONU 11 and the twisted pair subscriber lines {5
may also serve both as an RF energy emission source and as the receptor of RF energy.

ESCRIPTION OF HE

The amount of energy that a particular communication system may transmit is
30 regulated by both governmental and practical considerations. As indicated above, in
discrete multi-tone systems suitable for use in the VDSL/FTTC applications, frequency
bands on the order 12 MHz are being contemplated. Within that 12 MHz frequency
range, there are several narrow bands that are allocated to amateur radio users. Thus,
one proposed transmission power spectral density for VDSL/FTTC upstream
35 communications is illustrated in Figure 2. In this embodiment the transmit power mask
32 permits a maximum of -60 dBm/Hz throughout the majority of the frequency band.
However, in selected frequeﬁcy bands where amateur radio RF interference is expected
“(i.e. 1.8 t0 2.0 MHz, 3.5 to 4.0 MHz, 7.0 to 7.3 MHgz, and 10.1 to 10.15 MHz)
transmissions are limited to significantly lower levels. The permissible output power
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line connection 25). Regardless of the actual transmission power that is eventually
agreed upon, it is clear that a conscious effort needs to be made to minimize emissions
in the prohibited ranges.
10
In multi-carrier transmissions schemes such as DMT, there will naturally be a
number of subcarriers (tones) that fall within the restricted frequency ranges.
Accordingly, a first step in reducing transmissions in the restricted frequency ranges is
to turn off those particular subcarriers. This has the advantage of both reducing the
15  emissions in the prohibited frequency range as well as reducing the adverse impacts
associated with ingress (receipt) of the radio signals. However, as will be appreciated
by those skilled in the art, it is difficult to contain the amount of power emitted for a
particular tone tightly around a desired frequency center (f,). Referring next to Figure
3(a), emissions associated with a particblar tone typically include as relatively high
20 power emission centered about the frequency center (£, ) 48 and a number of side lobes
' of decreasing intensity extending on either side thereon. Figure 3(b) illustrates the
magnitude of the absolute value of the intensity of a particular tone having a bandwidth
of 43.125 kHz and its sidelobes. The location of the sidelobe power peaks are well
defined. The first sidelobe peak is approximately midway between the first and second
25  tones adjacent to the central tone and its peak power is (2/3%)? times (i.e., about 4.5%
of) the magnitude of the power at the frequency center. The second sidelobe peak is
approximately midway between the second and third tones adjacent the central tone and
its peak power is (2/5%)? times (i.e., about 1.6% of) the magnitude of the power at the
- frequency center. The third sidelobe peak is approximately midway between the third
30 and fourth tones adjacent the central tone and its peak power is (2/7x)* times (i.e.,
about 0.8% of) the magnitude of the power at the frequency center and so on.

The magnitude and phase of the sidelobe power can make it difficult to limit the
power spectral density in a natrow range within the DMT transmission band by simply
35 turning off the tones within the restricted frequency band. By way of example,
" consider a system which uses tones that are 43.125 kHz wide If an attempt is made to
form a 200 kHz wide notch in the 1.8 to 2.0 MHz range by simply turning off the tones
within the 200 kHz wide prohibited range (e.g. tones 42 through 46 in a system that
has a transmission band of 0 to 11.04 MHz) the emission power at the center of the
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typically  obtainlthewdesiteld eeduset emtsasoaklirahdem toi2:0IMHZBrohibited freqwndy *@ngen t he

?'egf'g; S?egﬁgﬂhgé’%%ftw discidte rrnglu-xjan@§y~ ﬁ »)Eg,“hé%é@é lﬁﬂgh&ﬁg :B*}ﬁ%keﬂx} gl%o%@e
segment of tlhcgum«vrﬁ'mpnmh the reguirement of wrning off such bsgeafrequpw bangs to

branches Of f a\fcﬁd)ﬂ?nhiéﬁr RRRkerRRGce &1 Bl diﬁtlrn%%blu&r deo the
end user - renote units. This rop" 23 portion o scrlber
line 15 E%tmeen the renote unit 18 and the bi nder 21 |s typlcally

UEShi eLded 3(I)n Mo Refertig | meat i:orl’éigmbe4j eing tinterfering® offeop that the sidelobds wbr e
t han about e t

25 ant enna "Fﬁ%i'&s%t #‘_%%t nes ‘gﬂﬁéécjg?s\%gé‘gFg %na‘h%guiééh? ﬁdﬁa % asg't%ger e
i s some conceoltage level attthacenttrquomwercnf itherassaisted subshanngh 'lihﬁtydmg%mﬂ

twisted pairgj sma% tb"Rfo &;Sme xmmediwet Aplent Wi Gt mtaéne%rrrlRF) aﬂ&rgy
en ssi on SOUI’ e a&gfas t he rece t

a unt
o ener g e £As8, of i igWR %ﬁvgﬁmﬁhﬁ sidelohgs,on guasgide of
regul at ed bytdnet(h) gommnentmlshaﬂd Im appreciated chan sihe ereddtionstips Msscribed caxe ed

.ab . t t. f ..
?/Dg\li/e FI TC épsﬁ}f I catl ojril‘gé s?ﬁggq &m; ﬁ& §XQBWBHSI bésgk ri g}rﬁ%&{%% e"sltoel ng
cont enpl at edandgecandadipeent leeM-li@ hetwgen tangs (T,,,) aﬂﬂa(ﬂ’ga) The peakayaltage i%t o
narr ow bandsfacipiof 3230 ﬁ:ﬁ@ﬁﬁﬂddlﬁg@ﬁ%ﬁé‘ THaOHR Sidd6te voliabs passes throf

tral f VDSI./ FTT t
Cormun A3 | ofRSO AERA A YRS ST e Rurek S 81 'r=a¥h { afﬁw?? HEORR i
power mask the toné?.s2 'ﬁlmf majgaitadenefxihosocantd s:ﬁﬂoliBnblt@et;buabug lacfactot o€ (REhrity
of the frequg of tone TV IHE 'md C‘ﬁc‘fé SF&EC{h{rﬁmyv&?ﬁEQWfsrg

amat eur I’adIO |nt errerence Ig exp EC

to 4.0 Miz, facterof (/70 wmes theyaltags t1f tpRe ('lh)%im

30 If we consider a situation in which tone (T, ;) has the same magnitude and
phase as tone (T,), then the sidclobes from tone (T, ,) 148 essentially mirror the
sidelobes of (T,) 147, with the only difference being that they are shifted one tone to
the left (as seen in Figurc 4). The combined voltage of the T, and T, signals at any
particular frequency is the sum of their individual voltages. One important observation
35  is that the voltage of both the T, and T, , signals 147, 148 are zero at the frequency of
any adjacent tones. Additionally, the sidelobes are effectively out of phase. That is,
the sidelobe voltage of tone T, reaches its Jocal positive maximums at the same
frequencies that the sidelobe voltage of tone T, , reaches its local negative maximums
and vice versa. Thus, the sidelobes tend to at least partially offset one another as
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transm ssiQnsgare, ligg ted to significantly lower levels. The pepfrRZbRicass
out put power . 6

WD 97/ 40609 . : PR b . :

PCT/ US97/ 06454 ustrated by ing 19 in Figure 4 which illustrates the lingar spm, of the voltages of the
sonewhat bet webrrngrop signals. In the expmpple\given, ityas assmaddhat the magniply andrphgse
st andar di zat | o4F fhes IS andars WeRPHEe S8me. Naﬁ?dilyf,ﬂimﬂéomg%niﬂﬂ%bf RS tdries €
range of apprgﬁ‘_ tgl 8%]’;@1 %ﬁt 0 -léas&]dogr‘ﬂ Hz. e specific
suggest i on has HEERH 45 of T sidelohs Yokagesovewld changest em robust 5
enough to frevent significant interference with a radio |located within 50

feet of the hSsl | | i

drop 23 or the Oﬂu/egj sﬁ?%%%ﬁﬁdﬁ%ﬁég%%%#%@g%%ﬁg‘ﬁ' ebs mt(#’%e
actual transnicomhinedrfigst of aplurality eftones ia effoctively the sumeof theinysspective veltagesar
Dr o bi  od  anaxsse}éd fIEqUEBey. TR, TG idic 1 Sfiol @itk a0 Snd phase ofthd e
such as DM, tF%EYeé' WP?WXJF‘&IYWO%S‘Q&%‘S at aparticilar, %r'ﬁ"?‘eﬁ’”é‘ ?‘Jlg%hngg)
that fall 10 t donetbychoosing aa appropriste voltspe formgecsr. more of thetonex, dh vpk \aspett of

first step in ' trans Lons i r ' c [ s
to turn off th sgﬂg%]%blﬂggyéps%ararﬁ?@sw%ia?h‘é%fﬁﬁguééfg%ﬁ?%géo\ggp%g?ﬁé
reduci ng t he lnissions ins wesigicted fraquenpydiandi t ed frequency range as wel | as
reduci ng the adverse inpacts associated with ingress (receipt) of the

radi o signals. Howeyer, as, wl e reci at ed by those, skilled in
the art, it is diff em%‘%&h? gaeﬁgfffgéfaﬁﬁaﬁta &P%éznfen?%@&ff system
par ti cul a5t ondestrilggdt dbove rwhicli has alesstiotell freqeeney band awitten its ftfaawmjssion range

Referring next,to,Fi € . LS$hian icat it . fo ar
tone typicall y(eighgﬁ 38355456)? go gf‘.‘?’é@%@ﬁ%ﬁ’?% ‘ade; \Aééﬁof%rﬁﬁ grg%'n&c% #%E‘ela&m'
Sbout t he f_re;:fmq\pycscmgera; efmqu}a)_mﬁétamft?qémgaf cnteﬁtd@,,)ém half way,f
ecreasing in is

particul ar tore- - RS : t .
Thg : og at mnkdbmh&eqdeireymsmﬁﬂbmalsamajfehd\ﬁﬂblobes of thel édwercitiequéhey fonest

si del obe peak J A3 CRY  Pe t j

t ones adj acent*ﬁgefﬁé&(%%%%%mmx nggggl\%{e?r&f%‘aggﬁﬁer ] étrlrt?e
times (i.e., awdenofy 50, - of) the magnitude of the power at the
frequency center. The second si del obe peak is - approxi mately m dway

bet ween the second and third tones adjacent the central tone and
Interference = B,T, ., + BT, + B,T, 1 + ByTog + BsTos + BeTos - (D)

25
where B, is an appropriate multiplier indicative of the sidelobe voltage from tone T, at

frequency f, relative to the voltage of tone T, itself; B, is an appropriate multiplier
indicative of the sidelobe voltage from tone T, at frequency f, relative to the voltage of
tone T, , itself, and so on. Thus, the effects of the sidelobes from lower frequency

30 tones at frequency £, can be effectively canceled by applying 2 dummy tone at tone T, ,
that would have a sidelobe magnitude at frequency f, that is equivalent to the negative
of the weighted sum of the previous tones. That is, if:

. BiToss = ByTog + BsTos + BT, + BsTyos + BeThs + BiTor - (2)
35 or
Tots = 0 Tpp + 0T + 0Ty + T, + T, + 0 T,5 . (3)

9




its peak power is (2/5[err])[err] times (i.e., about 1.6% of) the nagnitude

of the poweWOR7/40609 frequency center. The third sidel ob@CEASR7/DS4
approxi mately m dway between the third 30 and fourth tones adjacent the
central tone and its peak power is (2/7[err])[err] times (i.e., about

0.8% of ) the itu f theappuer a e frequency center and so on.
The magni tud@ﬂ%ﬁ p'ﬁig/ﬁb%t'h 39&’&4% e %“?%R‘g“'i"f‘e‘{jww&ﬂ?’l‘a&%ﬁ
limt the I d§PRCHh [ ' ar I it hJ
transm ssi or ted &ésbf -y ] ﬁ%"‘*‘,“‘%ﬁ?’*m“‘n"gﬂ% 9 hie'ﬂ‘}(gqﬁgg%\;u'%n%ﬂﬁ%nfm
restricted fAYERREMRIR G218, %‘W‘ﬁ?mﬂymﬁhe magnitude afthg effects of sidelabehi ch
;3 gsk}_lcz)ns_sdtih&tﬁem;]neg.ﬂklhﬂé thefactorgise A t|f6rtliiﬂb(ﬂfetﬁfr§ie dide lt?b@!@ trélﬁtiye to th]g]fxﬁiiﬂ“ a
Wi [ : range Si urning o e
tones - irE k200 5k 2l sl B BPREGernBoBE Seving vaes son b ougn
46 in a systemmilfifliers: has a transm ssion band of 0 to 11.04 MHz) the
em ssion power at” the center of the WO 97/ 40609 :
PCT/ US97/ 06454 prohi bited range woul d only be reduced from-60 dBm Hz
to on the order of -73 dBmf Hz. (bviously, this would result in
em ssions far above the desired @St -8860  or -90 dBm Hz even in the
center Qf the prohibited frequency range. O course, the em ssi on
power atlofrequenci es closer to t far i 8430f the prohi bited frequency
5 range would be significantly higher. Thus, if an attenpt is nmade to
reduce the em ssions si npl y°‘b73(%1‘~ni ITQ-:{?H a range of tones in the
multi-carrier transm ssions - system the nunber of tones that need to
be turned off would be signifi can@‘i?:’mlgﬁero-” t han the nunber of tones
associated with a prohi bited frequency range. By way of exanpl é, in a
di screte multi-tone system as sug®e®5éP aboPe23 it would likely be 10
necessary to turn off all of the subchannels within a range of 1.6 to 2.2
MHz in order to obtain the #eSidfE=reBed enmissions in the 1.8 to
2.0 MHz prohibited frequency range. Al t hough the discrete multi-tone
system ilg very flexible in its ab®F3fl%t® pPel® and choose t he
subcarrier frequencies, the requirenent of turning off such |arge frequency
‘bands to.. avoi d amat eur radi & FB#erBde i s undesirable and may o
reduce system performance. 15 ' Referring next to Figure 4, the

interfering” effect that the sid®edbd@lst -0.14 | medi at el y-. adj acent. tones. ... .

Wi || be described. As seen therein, tone (T[)err]), has a given
0, =323= 0.13

20 As a practical matter there is generally no need to do a weighted sum of all of the
previous tones since the effects of tones that are a great distance away from the
restricted frequency range will have a negligible effect on the magnitude and phase of
the dummy tone. However, as discussed above, the sidelobes tend to be symmetrical
about the center frequency of tone. Therefore, it is generally important to consider the

25  effects of tones present on both sides of the frequency of interest. By way of example,
it may be appropriate to use in the range of approximately 5 to 20 tones on each side, or
more preferably in the range of approximately 10 to 15 tones on each side. In one
specific embodiment, the 10 closest adjacent tones on each side of the restricted
frequency band are used.

30 .

Although the described example works well to reduce the RF interference
- emissions in the restricted frequency band, there are several more considerations that
may be factored into the calculations of the multipliers. To begin with, the complete

10
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sanme nagnitude phase as tone (T[err t hen the si from
tone (T[ed®]) faetBrsanayche considgrediin thercalchlation of theappiabnktea-aﬁ:h{pﬁbtsras]wem47
with the only difference being that they are shifted one tone to t he
left (as seen in Fi gure 4) . The conbi ned voltage of the T[err] and T[err]
signal s at any Imtwweét@yem&dhh@tmmbuﬁﬂelar dundf seHtdd

vol t ages. ort n seryation 35 t hat. voI t age t he
Tler i1 and T dpotsy o ki b pBPogi sidep B AfeStristedraehelc oo Each dutngy
adj acent tonestone%kjcompqsﬂdl of then $0 gilatestodstjacent tones fwceachem;lecnﬂ thef rqstrm

That is, ﬁeﬁ?&cﬁr‘ﬁﬁﬂd"b?hﬂso'théﬂﬁ {ONEE arkl & es%ﬁrb%g |“lc‘f‘2: | %ﬂ \?quztacggte

positive ITB.XI mu |yequenC| es[ﬂrghteEl

of tone T[err]th"éa dummy tone i created as AinRULLe theFFT m “ﬁ‘ﬁﬂ Y ce versa.
Thus, the sidelobes tend to at |least partially offset one another as

VO 97/ 40609

PCT/ USO7/ 06454  WhER phedpstticted frpquency, hand js relatively hroad in relation tq the wirth of o
the |inear surnthesubchannels, itagl gendralishbe necessaiff torprgvideral paif eqummygms@rme

oo ee3TR28, Iintiiie ﬁrzg@é“ FaigEich B3 iy RAD Letiip@Viel t0Gch side of He
WY THIES O et Wi DherTEStErad FBgene aag G

tones are restri
change. narrow in relatiok\be thet bundeidie of theadubohithinelsp (a8l for exempler enly one or

consi der ed, attw%%bc%a%&&s Uﬁeq&exﬂ% cgse of the 10.1 to 10.15 MHz frequency range when
' 43.125 kHz wide subchannels are used), it may be possible and desirable to use only a

25 single dummy tone in connection with the entire restricted frequency band. On the

other hand, in applications where the restricted frequency band is quite wide and the

amount of suppression required is very high (as for example if a 40 dBm/Hz

suppression was required in the above example), it may be helpful and/or necessary to

provide a pair of dummy tones on each side of the restricted frequency band. Although

30 the calculations of the a-multipliers would be more complex, it should be appréciated

that better suppression could be obtained. Of course in other applications, additional
dummy tones could be used as well. '

It should be appreciated that the magnitude and phase of the various active tones
35 will vary from symbol to symbol. Thus, the magnitude and phase of a particular
- dummy tone will not be fixed over time. Rather, it must be calculated for each symbol.
However, the values of the a-multipliers may be maintained as constants. With this
11
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(1) 25
si del obe vol ﬂrsgermm% qaﬁmbe wired to the écﬂmnbx,s meptiquidrlyrimpartantcthato
the vol tage qpstieahf c&hﬁfuhicattéx%%t filoRd e fefnold) uARP 1OWANIS [tRe 'Behtkd] RAfFi6E 10

i ndi cati of del gbe voIt.a e fr tone T[err] at frequency f[err]
rel ative¥§o F‘Fé"e%ﬁ# %‘%B‘F“"eem's IPBRAEPOI§Mr 1] jtself, and so on. Thus, the
effects of the sidel obes fromlower frequency 30 tones at frequency

hat vwoul 0 have a 51 AT o SOABGREEty Moty *éaﬁﬁrf%yﬂfffhtf%ﬁﬁ. ERECAE

to the negat rsxgeals transrgifted h evete twistedd pairntransmission Hogso experignes . sigpificants
i f: | nuanon whenh 'thep &er&msmfueard dftively bni HistdnbE &vet the (vabted Ta' r]

e g f L TR Lo f%*rmrﬂ[r{e fEReing 1 Eigioforphhen T e peygr is on the
[err] T[err] -erdeerof]-60 elBrn}IHz theoughdijtethe transmissi¢8 pandwidth of a DMT based VDSL
9 - " modulation scheme, the receive power at a typical remote user may be on the order of - -

70 dBm/Hz at the lower end of the frequency spectrum, but may drop to as low as -125
dBm/Hz at the higher end of the frequency spectrum. Thus, in situations where the

25  dropis located relativeiy far from the source, the downstream signals may be attenuated

enough by the time they reach the drop that they are already below the permissible
power spectral density within the restricted frequency ranges 34. Thus, in applications
where the connections between the ONU and the twisted pair line are well shielded and
the twisted pair lines are well shielded for a significant distance from the ONU, it may
30  be possible to eliminate or reduce the use of dummy tones in the downstream signals.

g

(D

In the primary embodiment described, the tones within the restricted frequency
range are simply turned off and thus no data is transmitted over those tones. However,
as best illustrated in Figure 2, transmissions are not prohibited in the restricted

35 frequency bands, rather the power spectral density within those bands must be reduced
below a designated threshold. Thus, in some applications it may be possible to
transmit data over tones within one or more of the restricted frequency bands by just
reducing the power of the tones within the restricted frequency range. The use of
dummy tones to suppress sidelobe noise from tones outside of the restricted frequency
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PCT/ U597/ 06454 where [err] =-[err]; [err] = T[err]; [err] = [err]

etc., thent herzﬁxgmiﬁi}eﬁilpgfdwtusiéﬁh §m@SchPapplicatiors! STAURE A¥schribed lembddfintits,! e

si del obes woul e zero., rhys t should, b arent, that a u t Qne
can be used to %‘F‘&M‘PP%WF?”F%E&E‘&QPH&“%QAE{) cird cpgy band %Pwe er, in
sidel obe 5  somelinitednciecunistancgs,tthe usecif ar dumaty fone tthatadutnallyf falls twichini e

| ob | at | : | ! “if/ relsd issi
5752 e Bl b o e oy e e B4 B 4 o

[err]-nul ti%l i within the band. [err] = 3/5 =
-0.60 10 | [err] = 3/7 = 0.43

[Oler2r7] =39 = -0 3}’§s pointed out above, an equally impprtant preblen in the igr_leéél]nen:tat%nlgf a
[err] = 3/15 =wide Bind flti-carrier modulation scheme relates to the handling[6ff RF itefefefics”
(oit] = 321 -thatjs ipjroduced to the wisted pair transinfikioh fine Antis recrifed' By 2 mogem,

0.13 10 Ingressed amateur radio interference tends to take the form of very narrow band
interference that is less than approximately 4 kHz wide. However, the location of the
interference may fall anywhere within the restricted frequency band and may
periodically hop from one band to another. Also it is possible that the interference will
simultaneously be received from two or more specific transmitters which are each

15  transmitting on separate frequency bands. When the antennas are located relatively
close to a drop or other unshielded portions of the transmission line, the strengtl; of the
received RF interference can dwarf the strength of the tones in the affected frequency
band. The VDSL design specification contemplates the introduction of very high
intensity narrow band RF noise within the restricted frequency bands. Thus, it is

20 contemplated that several mechanism will be provided to reduce the effects of the RF
interference. ' '

~ Initially, as seen in Figure 12, a transformér 61 is provided before the AD
converter to reduce the common mode noise. Since the transmission fine is a twisted
25  pair line, the vast majority of the RF interference will take the form of common mode
noise that can be rejected by the transformer 61. By way of example, the transformer
may be capable of reducing the received RF noise by about 30. However, the
differential mode signal passed by the transformer would still have a very significant
amount of noise that must be rejected to permit detection of the DMT signals. By way
30 of example, differential mode noise intensities as high as -10 dBm/Hz are contemplated
by the VDSL specification. The output of the transformer 61 is either directly input to
the A/D converter or indirectly input to the A/D converter through other noise reducing
mechanisms such as a differential mode canceling unit. The differential mode canceling
unit is a filter arranged to reject a portion of the differential mode signal output from the
35  transformer that can be attributed to an imbalance between the RF noise received on the
two wires that constitute the twisted pair. By way of example, a suitable differential
mode canceling unit is described in provisional application Serial No. 60/016,251 filed '
April 19, 1996, by Cioffi et al. and entitled: Radio Frequency Noise Canceler. That
application is incorporated herein by reference.
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restricted fgg i§ ﬁi&ﬂﬁd rﬁﬁ\}‘le%f cl \&aftheeédge%f Jﬁ%@%ﬁ?ﬂ%ﬁeﬁrﬁaﬁhﬁ Ry
t echni ques nay e used such fa‘i; ons
suitabl e tg"F?t?é%"‘Q“H@ gemonetaﬁh%efﬁeﬁeebma sipes it §€“ chop

nunmber of ot ltl&fsxdeiﬁwsdhamdeﬂaphﬁe_nbﬁmtors may be considered in the
~cal cul at'&n of the appropriate a-nultipliers as well.
Ref erri n% next to Figure 5, one ermbodi ment which utilizes a pair of

restricted flnsunystMm bave: thel advantage of ilowers¢astss bt since theyraret ed

«frequency baggs uffed fo tié"ERquency of the RF interference, they must be tuned to a particular
frequency within the restricted frequency band (as for example the center of the
restricted frequency band). By way of example, a static notch filter for a particular

25  restricted frequency band may be centered in the middle of the restricted frequency
band. While static filters do 2 good job of filtering noise at the frequency that they are
tuned to, their performance falls off considerabiy- as the frequency of the RF
interference separates from the tuned frequency of the fiiter. Thus, a separate aspect of
the present invention provides yet another mechanism for further reducing the RF

30 interference. This mechanism is essentially the converse of the dummy tone usage
described above with respect to RF interference egress. '

More specifically, if no tone is transmitted on the subchannel located adjacent a

restricted frequency range, (i.e. subcarrier (n-1) is a “quiet” tone), the expected

35 intensity of the signal at the frequency of tone T, , due to the sidelobes of the adjacent
frequency tones would be zero due to the nature of the multi-carrier transmissions.

This is best illustrated in Figure 2. Thus, any signal intensity that is detected on quiet

tone T, , would presumably be due to the effects of the RF interference (RFIT,,),.

Once the effect of the radio frequency interference has been determined for the quiet
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tone i s comogerhmbsdgone 10 cl osest adjacent tones on each side @CTIUSY7/06454
restricted 15 frequency band. Thus, the dummy tones are wei ghted sum of

t Ee vari ous agne¢&vhttempt cantbe e td BRintIe1 TR ekptted iftetfefoabe for it \ ﬂ:pwﬁvép
t he

| FFT nodul at or .4 re i cted, fr.e an
relatively br BRES # %ﬂuflﬁ P%RPP’S"‘P'RQ W%w&u}iﬁmn °Sf1’-f'ﬁ8x%‘i‘jf?@ ﬁﬁfg ?
general |y be ndjacerdactve t@npsrwm breansimpa¢aisestietcawhen d‘mesctﬁairfrcquemzoof the RF
restricted fr ran W t e du he, bein OVI ded . on each de
of the Teteriprebes & Wakadvan Ve ggg/ SRRSO, TR, HEORUORY, Brighof A
frequency pand i.s [elatlvel nar inre atlontothe bar,ldvmdth of
t he' subch nel'%“]"lE%'sfaBFl é?rﬁ‘i’éh%rq‘ u °¥§rca“ e calcpisted, Waichn wall pravide as

in the case o ﬂ]aqi Q@glgg 43. 125 kHz
w de subchann s ar use%ﬁﬁ St °E?§§§ﬁg§?£eé"a!fn5@g e3|j‘£5?tt°¥o use only a

25 single dummy tone in connection with the entire restricted frequency

]pand- On tBe ; ‘Fﬂe{\%rshé&d for iﬁte%&i%doe Hculbe W{%ﬂﬁﬁx&n‘\@h&r@iﬁé RFtlﬁQrferenoe
ey, oo o o By b O w e B i o
in the a?wde an adjacent, ton¢ Muhﬁng'ldiqoﬁrbfst zast/ offseo¢i.estnt thet RF noise gproeaedie
A Phough 30 PHGWaRBEnfln 18 firg bl sBbord\Bnds FitbinThe fesrlfclt FiitnB inge). the
conpl ex, it smumbgrssset forth @bom&athe magnltudatanﬂema@rofsihppnd@slgbmmmmdoube
obt ai ned. Of ‘iﬁ&iﬁié‘nd (i.&L08m, 2054 C-QHnOEt%o @&lﬁﬂ%gﬂ?% the RF inféHféfBacé a9SRI1.

-F
it @

coul d be used as wel shoul d be appreciated that the
magni t ude and Thusshe us'e ofhwesimple ‘Cmmsm \/apprcmbm &3ermining|the Asmyulfipliers syoulbd |
to synmbol. Thus, the nagnitude and phase of a particul ar dumy tone

will not b firesnitintes sanmevalbestbeing used forukd A-nmltipliers dsowerd chloulatedcfior shafirst .
- However, the values of the [err]-multipliers nay be maintained as -

constants. W isét dfhoamultipliers. That is: 11
WO 97/ 40609 .
PCT/ US97/ 06454 arrangenent , A, lre3l5ar@60itter only needs to calcul ate
t he magni tude and phase of the dummy tone(s) using a sinple summng
-ci-rcuit or the like beforetransmﬁgr:rﬂﬁeacﬂn3 : .
A, =-3/9=-0.33
20 : As=3/11= 027
Ag=-3/13=-023
A,=3/15= 0.20

Ay =-3/17= -0.18
A,=3/19= 0.16
25 A,=-321=-0.14
A, =323= 0.13, etc.

The A-multipliers are factors which when multiplied by the RF interference for the

measured quiet tone (RFIT,,), will provide an estimate of the RF interference that will
. 30 be observed on the associated tone. It is noted that the RF sidelobe interference will
begin to fall off relatively quickly as the frequency of the interference approaches a
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synbol The cal cul ation of the constants is done in conj unctlon W|th t he
desi gn of t MO 97/40609 syst em and thus the conplexity of the nul tROIIS9v/06454
calculations is not a concern when 5 constant multipliers are used.

The descr i beltsigoatedftogenmindedhdf thed R¥c imerferenceeiar deptesie] ancattone,r thet effedt ed

) caency, babreal T O o o Wty ) IR g

overl.ap the strlct fre uenc
control the ¥Ms tigpaliyy- thepclos t@?ﬁﬁ"r éterference; is oy thet genter of the: resteiefadncy

bands t hat ffaéduem}t bamd,t the Hetté? thd-fotch fmerfwmquerwyemn@ tHeNintaisity & dal 1

ol o bost ndbEefEREty Efhat ped bne e e ER ot lhegion p gg?%%nhdeﬁe@rtﬁg )

t he renote wBssaoiatad edge |oftnpp|mancn;d bizequeneyd band,t the depamtiont betwegmithe RF ar | y

i nportant t SRB &L |
t owar ds thehcentra a‘?"??@"; 10 155@?49&@?&5 re'ﬂ%er ere%\lg(gaé%qgtsrg%&r#g 'Lg
pr obl em intensity of the intgriggepee. thl&pwéa;raa ext, the use,of thegxarst| cage sognatie asir t |

hi gh freque [ I ) Lgnal s, tran ver twi sted pair
transm ssi oncﬁalsgtsotre%?%gh oz e é’imur%uﬁ eg%fﬁ“te" “ei%}[vfgn%%& FRTFRAN Y o
transni goed the fo@.h@meamlmgacéhﬁd R&fiGted RGUeALY rhiMés AR hsBifhs 1heQuidttfss. BY
way of example, referring to Figure 6, when thé transmt power 1s on the
order of - edemeyerzas dessobed abovehwith respectite thacaldidativni oft the wt-multipiers, abed
VDSL nodul ati on schene, the receive power at a typical renote user
may be on t ealculation obthe A-multipliero caitby optimized tretakeinto considaritionhe vdrietyjofncy

spectrum but drop.to | ow as Bm at, the hi gher, end of
the frequen& % rﬁenﬂ’és' thenintgnt H’é’f’fq)"ﬁ'st‘?/\ﬂéﬁ' ‘Elri"zm?f}““”cﬁhﬁﬁa?%‘!‘%e t ed
relatively fthe RFmmisetdt ¢hesantive eoneish eAghinyne leastasquare) fia lapproach is exppiopriateford
enough % the t| rre the reach the drop that they are already bel ow the

- perm ssi8l e HPlsTS| density within the restricted frequency
ranges 34. Thus |n appl i cations where the connections between the

ONU and the twi sted pair line are well shielded and the twisted pair
lines are well shlrenha@mhodnn@tmbpd@bme.dhesmw quiet tones @rusituatedney 30

be POSSi bl e dgpositd BdR3'AY M FeBEUEA kit bRA dhtifialel" Adjabeit dhe réktietad T eam

si gnal s.

. di t hed,
wi thin ihe fERGUEPEY bipd: rﬁawamythls bt ¢ ggirempqt sﬁd%%%'wpﬁ? HEBOGmEREn 80% hus

ds 2
trequency ban%@@”éﬁ%ﬂﬁ' ﬁmﬁﬁbgf‘?*@?“@*'fﬂﬁgﬁﬁm kg daid ;“dnust
be reduced bethetonesg arms?tg/ﬁ&siw oftherestsicted fmysncx bandg plp 'iemaevens

it may be pceiﬁbddhﬁeﬁtoa detector isru%edsm dstifhaterwiRstRer theiMeSmitig RIF ﬂoagme withifthe of
the restricted fre

1ower or upper end Pt?le neslhlctzﬂ:(iJ ?requency band. The tone immediately adjacent the

25  side of the restricted frequency band that the RF interference is located on is used as the
first measured quiet tone while the edge tone within the restricted frequency band is
used as the second measured quiet tone.

In an application which only requires the control of ingress, only the measured

30  quiet tones need to be provided. One embodiment that utilizes a pair of measured quiet
tones on opposite sides of a restricted frequency band is illustrated in Figure 8. In this
embodiment, the restricted frequency band 201 is 1.8 to 2.0 MHz and overlaps tones
42-46 in a DMT system having 43.125 kHz wide subchannels. The measured quiet
include tones 41 and 47. In the embodiment shown, two overhead subchannels are

35 required (e.g. tones 41 and 47). As pointed out above, instead of measuring quiet
tones 41 and 47, it may be possible to measure one or both of tones 42 and 46 (which

are within the restricted frequency band) in place of tones 41 and 47. If satisfactory
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reduci ng the W the tones within the restricted frequencyl,aﬁg%mg&
use of um"r‘gll o%es to suppress sidel obe noise fromtones outsi
age restrict ed@éﬁoi'gxég%cgan be obtained by measuring one or both of the measured quict tones

PCT/ US97/ 06454within the restritted fregpeney bandpsush an agangemant wouldgeagvaily hetprefesred| n

the described gr&oirsmites thé beerhead assELIAMEY withevoidiny Ghd BRRid&r ﬁ%@\ﬁkn@jﬁtlﬁ*ﬂe
of the restrlct d Treg&lemé) ban However, in some limted

ci rcunst ances, ¥ 6% that actually falls within the
restrict ed5requency band may prove useful in reducing the net power of

em ssi ons W t h ' ,

equal ly i rrportant pro%(f emrn ﬂlnzg)phcat.fogn\%lm: ?nlgéé(gﬁﬁk [ﬁeec%nﬁ-ﬂfofg%?%&ha:ﬂf} the
mul ti-carrier @womydenesmesd mbmprpwda@ dneembadimentagalogepsap Heguserfi that utilizes e
that is int rodusael of Qurhffy toiésIresh gaatersxaésmmbea Béncy BhnliSs 11?1?5%&3% by

a nodem 10 ressed. .amat.eur o interference . ten totak formof
very narrow baﬁ& ) quﬁtglefm@fé"?%aﬁml‘?c?@ H&ﬁ“%ﬂ?‘?r@t

Wi dﬁ HO\r/]vemBr , pbihezdlouc abavepinoretmbodiments whivhf leave very nayow @éstmﬂéd/%@iaﬂcy
within the res t d r.j.odi h

one band to angﬁ’@ ?Pg{a&eg#“jﬁgsiblg sF@F&g ?ﬁ%qgl? s &?etb&erté?é:gé%W&'? &és(ﬁ%]d
si mul t aneous| yptsformane¢.ved from two or nore specific transmtters which are
each 15 transmtting on separate frequency bands. \Wen the antennas are

| ocated relatively to g drop or other unshige d portions of
the transmi ssion i A@oﬂ\eﬁs"@eg sHt By tog necessary tPéi?@FV’eé"‘ﬁP“SWF%PF%F{SF&sé
can dwarf tse Wchrmrbeoéccbinpmmmg u:mzinbe cunilsindtiofl of rdutrgy Cohes and mdasured

The VDSL design sg';e?mfl thﬂgng errﬁ %e‘?‘Pégﬁ?‘e@tﬂ‘%ﬂ%?’éé 8(2#9 ,%segy m%ﬁs

intensity narr8WebeRaREINGFS
it is 20 conuw&mélﬂmtmy toney ondimeasswdequiies tonas is xlluetramd)m re; 10.r dulwkis

the effects ofg xﬁﬁlpt tone 40 Rﬁl‘fcr IB%thlfrgma tone, tone 41 is thz}odvél‘ quiié! toie, taﬁe ggen

in Figure 12, a transt or ner ore

con
to reduce the tsdhﬁﬂ‘RP?Fcﬂ}ﬁetn'GP%e‘“ ‘?‘Fc@s t"ng’et‘ﬂ%myownﬁ & 'F§‘°&"dt§\£¥’ @8
25 pair 20 nedumhfy tenes arepreférably sithatbd outsideioftths ineasureipquiet tonesk Potitienihgr m

of common MAe e measpfbd difer!tBill tefWlochnd Flsfifchedl trdhehdiPoddc?db b Wolndy! tordé

way of exanpl e,
serves to provide a buffer around the restricted frequency band which helps suppress

the effects that the sidelobes have within the restricted frequency range. Additionally, if

-

the measured quiet tones 41 and 37 arc considered when calculating the value of the o-

25 multipliers, the values can be optimized to further reduce power within the restricted
frequency band (tones 42-36) since the magnitude and phase of the total power in tones
41 and 47 is not restricted. '

In another embodiment represented by Figure 11, a pair of dummy tones are
30 provided in subchanncls 30 and 47 while the measured guiet tones are provided in
subchannels 41 and 46. That is, onc of the measured quiet tones is within the restricted
frequency band. Alternatively, the dummy tones could be provided on subchannels 41
~ and 48 with tone 47 being utilized as a measured quiet tone. When satisfactory
performance can be obtained with this arrangemenf, it is preferable when compared to
35 the embodiment of Figure 10 since it requires the use of just three overhead
subchannels as opposed to the four overhead subchannels required by the embodiment

- of Figure 10.
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may be capable of reducing the received RF noise by about 30. However,
t He dMOrEf8M9 al node signal passed by the transformer REBUSIHOG4SS
have a very significant anpunt of noise that nust be rejected to

permit detecti on 1Bt eoterleyelplppimigtionthatapay be dkefthinesoms ¢mbodiments|
mode Nnoi se  tHa! Ay tofesiire Hr@IdED imAldidBIY sfacheHeORbERRH Ar&p) e ema' bandtjffsthe
i er I rec Yy

VDSL specifi,ca he oyt of the transfqrper, 61 is
i nput to ik i‘?ﬁa 'A% t&“&%ﬁv@h‘é‘? °B'F"P?ﬁ§f9q§€t“["§“‘? therestrieted frequensy band @rd er
t hrough ot hesedmasitbe measired guiet tones. Insth dmitlerenshodimans addhidrab deminyedonepde

[ i f filt
arrange &%%"%??3‘“‘3%%# O bs, FRYCHE A e order, o Tchiel e Aenbifea,
the 35 traReAfempance: atsuelaﬁmbedlmmﬁ tbmdemsomns wmwéd snmlbebmnuow RF
noi se recei yg@ide'oflali§ quiet toned Véﬂ’th%élﬁﬁnéxbﬁ&t &H&Wdiéﬁhﬁeﬂn@ﬂ twsted pair. By

way of exanple, a sultable di fferential de ‘canceling unit is
described in provisional application Serial No. 60/ 016,251 filed

April 19, 1996, IRefériagf hemt tal Figand2eni idehesd: nivaeimo iﬂﬁmﬁﬁcysumhéefor

% ncel er. Tt]‘%ﬂg??%% gfeéc(fi%teh ﬁﬂcxi-eﬁa xinﬁftfz{oﬁg rtraa%senqxsggxrx esEhemé’ wxngee rdgsréc

PCT/ US9WQ oehs&mbodiments which coupie; enelioe georoffiben @pfi¢ |traki lings tthaa pamaluysofpr i or

to the A'D gg rend{Wl@r Bined)ahe centrai oBERI 3R dypitalty Q\lxﬁ%\’ﬁ%e&f @2
will still in ga3| nlfcnt | Sse copponent nust
handl ed by T °Hb’§€ s%%n aﬂdo@rfat%l BIFRImitfer ﬂPna racgivers70

r ﬁSt ricted ﬁﬂ@ﬂdﬁmoi]!d?gﬂdﬂ'hh&mfﬁtrﬁlﬂdr% Tdﬁe@t? E)tﬁchﬁﬁllrl]&fthe clocks demet:embfeevent
t he em ssion | er ence eretro t re.l s ata o n
of the subc s‘”‘@} chocg &mcm@g‘ %‘FFP hfa‘F Z‘ﬁ%&}z"‘ofgﬁ'ﬂ%du &dgng
appr oachs t o frosutheiremotelraodesns: mmomaerieupswdes d:gmd datade thet tragismifter 40n
receiver | StﬂrBu %'Qﬁn&lﬂéﬁéhsf iriﬂs?érsm%érﬂ'&ﬁcﬂeﬂ ‘ifabélb&tfﬂiir ihteHhée i1 the
bands. The Lrtbs yB mt er agd lve ers or st&’tlc fllters
and nay ope 5@ pdfice 11 cap, proyide *bl?‘gﬁ"?' tasratsup 1o the fpaximpm,
filters havdaﬁahae nniwedgevmw ofthetramﬁﬁarsmap@mm tlertrmmmma@smmﬂm

since the adag ﬁ?gphkxégfxal&g%ngﬂmt q?,r;hgﬁcauons hn&h !{ﬂ{snﬁtﬁ&

i ncom n_g RFI renc wever recl a
ski |l ed20n ineorporates j seversl components yndudmg cul tenceﬂeae%r m d@c@we rwlarqwncy

~of an un?ﬂg%ﬁﬁm 45 anal AnRindewing Bl ¥6 anehkhafaaa%r A3 3serfdsatd- \HllipleR! g€ .
il ter whi cAyBEonig a0 &S%ge'%s i) BT (e BodBo G, Mare
speclﬁcally. it translates incoming bit streams into in phase and quadrature components
for each of a multiplicity of subchannels. The encoding may be done using forward
25  error correction and/or trellis coding. The encoder would typically be arranged to
output a number of subsymbol sequences that are equal to the number of subchannels
available to the system. By way of example, in a system having 256 subchannels, the
encoder would output 256 subsymbol sequences minus the number of subchannels in-
the restricted frequency band(s). These inputs are complex inputs that are passed to a
30 discrete multi-tone modulator 45. By way of example, a suitable encoder is described
in detail in the referenced ANSI standard document.

The modulator 45 is an IFFT modulator that computes the inverse Fourier

transform by any suitable algorithm. A suitable IFFT encoder is described in J.
Bingham's article entitled: "Multi-carrier Modulation: An Idea Whose Time Has

35 Come,” IEEE Communication Magazine, May 1990. Since the encoder outputs are
complex numbers, the IFFT modulator receives twice as many inputs as there are
subchannels available. The bit distribution is determined adaptively in discrete multi-
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and responsi wpp@smoéeh t he system Additionally, when the narrowpb®usstbecdss
interference is located relatively close to the edge of a restricted

L r egue?cy b?nfﬁnﬁfs &gms Tct) f?dmtﬁbéi i, ahd &thﬁézm' lulei 4091!1@%:@11168&“3% ﬂlbfutor that
istortion to the adjacent tones gsinge Lt wi el o
that overlap MOBUAG'ER COPFURIC onﬁm&’dt?rﬁm%me Igg:[pquaélfya?ﬁgacﬁ Q%th ﬁ'g%e
t he advant ag esuﬁchhmw hamesmbbdhnaitnhelxnmnyonuoe(whnch may bt partrof thet commlier
frequency of t
frequency wt n the re?%’%?‘gtgg gvele%ﬁgncy Eﬁ?ﬁ%gﬁ%ﬁgﬁgﬁg{ l;iH'Jg@rcsent er
of the ~ 5 pbicetris o cstimmate HapH of shenyubehanpels: o Thereferech
Ilh Iet er de ora aa# ?gg?geégomdwﬁdmﬁaﬂd%mwwdx%wm kit fHFf‘%‘"“ﬂ
.cte an atic fi s _do
a good job ofﬂ‘?ﬁ‘? g Lﬁ%#@ﬁd@ﬁw éPCF?Fé’?“ZF@'“Vﬂ as Wetp
to, their perhownmucledhalﬂosuaisﬁutcmmiehahtbqhmltxheiyhmmbyndptmmueoﬁﬂm
| nterference %?s‘iép?ts%erhr ﬁ(}l&ﬂe W?Mn&%ﬂ?ﬁﬁ&%@fdekgédfml &Gah(tj{ Eﬂﬁmn&ers,

separ ate aspec esent 1 nven
mechani sm@ or sthehapnel gﬂ@dﬂ@'ﬂmg%@ mnsslb!eumfr@a%m@d thm desired HagRiEBM S

essential |y t GehcaRiby il ratdle HURTROEP AL Hﬁ-.a%ous facto@Le%ea el belw@cam th
respect to RF interfe I cal I f._no

(o
oo 1§ and Beteen SUCTARGRLE S Flerd sy SR T PHBE S Most Sotpblf; fHe ity
frequency ranggalityi patameteiscmay iber repeatddly i cheeked; uindt ddjbsmnents inhthe empéudatioh 35

intensity of tn O

si del obes of %ﬁgngedﬁg en tif11¥er equenc c%{l% eEJgt &qﬁ%éﬂ}z@r% Eeﬁ"tc qutﬂhg
nat ure of 1§ he oned vanovasub@nnmla g%«im use. By wayjof examples @ spitable disgreted
in Figure 2. mm{»lﬁ-torﬁﬂiﬁo&dl%ﬁis geﬂérﬁ%ﬂ?m‘sd'xbéﬂ irl the 48he ATYY s@ndardidetument.

tone T[err] d presumably be due to the effects of the RF I nterference

(REIT[err]),. | f.f ect t.he radi uency, nt erfer e _has
been det er mi ned f orARSt éﬁg] p%qdeed si nal been moc"hﬂate(li %8 form iscrete Thdifitone

14 \\Eigndl, 4 @p€lRc prefix is appended to the discrete multi-tone encoded signal. The cyclic
PCT/ US97/ 0645 d
profix is usdd Pimal) B'siiETRYy e BesBBaIRSH ét,pgﬁ%ﬁgc@é Bl o RS

i nterference Q rema ed

that the @8I c@ndisnnt seictlyrequisede Jhedensth of ther eyglie prefix 'Fﬂ!é wide

active tones Wdy ofeRample, 4 SL2 Senpi€ kighalCa 40Dt bﬁépﬁﬁklﬁdylidmd.ency of the
. RF Interference i s unknown. However, by making sone sinple

assunptions, a set 'ﬁlf x{m&ul;ted signal is then passed through a windowing filter 46 and/or other
filters in order to minimize the out of band energy. This is desirable to help prevent the
analog interfaces in the remote receivers from saturating. The windowing can be
25 accomplished by a wide variety of conventional windowing protocols. The transmitter
also includes an analog interface 48 which applies the discrete multi-tone signal to the
transmission media. In hardwired systems.such as twisted pair phone lines and coaxxal
cables, the analog interface may take the form of a line driver.

. The central modem 30 also includes a receiver 70 for receiving multi-tone
30 signals from the remote units. The receiver 70 includes an analog interface 72, a
windowing filter 74, a demodulator 76, and a decoder 78. Signals received by the
central modem 30 are initially received through the analog filter 72. The windowing
filter 74 is arranged to effectively perform windowing and/or filtering functions on the
received signal. One suitable filter arrangement is a time domain equalizer 74. Again,
35 the windowing can be accomplished by a wide variety of conventional windowing
protocols. The demodulator 76 demodulates the equalized discrete muiti-tone signal

and strips the cyclic prefix. The decoder 78 decodes the demodulated signal. The .
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5 mul tipliers anal ogous to the a-nmultipliers can be cal cul ated which w |
priovi de a WO 9740609 |\ e y good esti mate of the expected int erBG/ESIO64%r
the adjacent tones. wor st case for interference woul d

be a situati SamRAWREr 16 ang: the, degoder gﬁcgﬁectwely p@fﬁmnanweafumum nf thedway

between an eggsl lmﬂ\hﬁmbﬁb&i&% H&‘ﬁ@bf

tone. Assum g%ghe WO se Ofi@gﬁﬂ&ﬁe@ﬂ ﬁhg'? I-Sigaglo%gg |ggﬁ oca

m dway bet we ?Fé’dﬁ Centry Atfce oi b er Riben ApPropEate &?Tr?ﬁif@dnfqrmg@hcy
range), the through rthc:rbatesfacneﬂlfoﬁﬁh ﬂimonﬁnsf Of the) @inte dBirkaind mderpbﬂsethé’f

2Ty el "8‘“‘%k38a“%'9 “‘*"ﬂmf’%f 78,08 il 4 Byl i o fihe,

the use of ath§ mhmm dmherhongtﬂés Umted States
[err]-mul ti pph@msmﬂeglszgguaesult in the sane val ues being used for the
[err]-multipliers as were calculated for the first set of

[err]- rmltlpllersR hat is: [err] =
S3/5 = -0 .60 eferring next to Fig. 13, a remote unit arch:tecturf é\nﬁble-for dmplementing 43
[err] = -3/ 9the synOhr®Biza@én of the present invention will be described. In many [réspedts the 3/ 11
= 0.27 3 3

[ err] = l% | 1 [Emote 6n02d8m will be similar to the central modenh %[tﬁtlugﬁ its %Secfx IuPs_ m, ;5
- -0.18 and downstream communications capacities may becsqmewhat 3ifferent. QA signabs
[er (r)] 1; - 3{ 2irafismifted by the central modem 30 is received by a remote unit 50 $hrohglr the¥/ 23
= : etc,

transformer 61, notch filter 185 and canceler 63. The remote unit 50 includes the
analog interface 172, a timc domain- equalizer (TEQ) 174, a demodulator 176 that

15  demodulates the equalized discrete multi-tone signal and strips the cyclic prefix, and a
decoder 178 that decodes the demodulated signal. The time domain equalizer 174
effectively performs a filtcring functions on the received signal. A windowing filter
may also be employed. The demodulator 176 and the decoder 178 perform inverse
functions of the modulator 45 and encoder 43, respectively. The decoded signal is then

20  passed from the decoder 178 1o a remote device 22 such as a video telephone, a

- television, a computer, or other suitable receiving apparatus. The funcnons of the time

domain equalizer 174, the dcmodulator 176 and the decoder 178, are similar to the
functions of the correspnndmg. components in the central modem. An analog notch
filter 185 may be provided at a location upstream of the receiver's analog filter 172 in

25  order to block energy within the restricted frequency bands to help guard against the
ingress of unwanted RF signals. A transformer 61 may be provided to reject common
mode noise and/or canceling unit 63 may be provided to reject differential mode noise
attributed to twisted pair linc imbalance. This can help prevent the analog filter from
saturating. By providing a notch or other suitable filtering mechanism for filtering out

30 of band and restricted band encrgy, lower cost receiver components can be used since it
is not necessary for the rccerver itself to handle as much energy.

Although the present invention has been described in detail only as it applies to

a few specific modulation schemes, it should be understood that the present invention

35 may be embodied in many other specific forms without departing from the spirit or
scope of the invention. For instance, although the specification has described its use in
VDSL/FTTC and other subscriber line based very high speed data transmission
systems, it may be used in other systems which experience significant narrow band

20



The ‘[ err]-mildd lﬂ‘ﬁ&ﬁ are factors which when nultiplied by the RET/US97/06454
i.-nterference TOr 't nmeasured quiet.tone (RFIT[err]), wll provide an

estimte of tﬂ?era:r?ddat&r hVeCR cehaﬁedﬂehé y Bands G&hﬁpﬁﬁjr\/ G&Igﬁ%tédhﬁansmxssxon

associ ated tone 'S noted t |deI e interferenc
begin to fal | bands. rIn teiprmary slescribed embodiment, gﬁd@ﬁ?‘}‘%fs R c?‘*?f‘é?iaesfyéfﬁ‘,'é

approaches a which utilizes a Discrete Multi-tone modulation scheme has been descnbed Hawever,
WO 97/ 40609

PCT/ US97/ 0645t can readily by mlgcfyf%ﬁ'é w}?‘ﬁﬁé’é%l °F\°‘ {rhoguﬁgol n er r e%scge}ls By
centered g awayrof examplesfiearse of dummytovescanchelp suppsess sagew band frapsmissionsn
be appreciate %h {n GltEOMRerd Srahbrdidtion %@ne@qﬁm(ﬁ m%d%ﬁﬁ)on BeRfigheaNSddhY as

the closer the erence I's to the cent e restricted
frequency ban@lsmvﬁ%tﬂ%M‘ilﬁéOWeﬂ ption OWMTY be at reducing the
intensity of the interference. Further, when the RF interference is

mbodi ed t t her f the . t ed d
frequency band °”e£t§®saﬁé§n R s abpassintod, IR o Pérton S e dinplchenleSisiA 4 ©
af fect ed gt i widé wasetywflhodent cemstractidriscit betls theaengaltandr reohoteestation locanons
ntensity Of rigedsBik b HrEARPexabhiss arPo bk collieed uh il fnddor safripVest

case scenario culating errf-mlti |ersoé
often a rel at iandithe ipyenkiomis notitodei @H‘ﬂ&%@ﬁh@léﬂaﬂ%@"?‘!)ﬁé@‘q’rh% the| Podified
adj acent a r es;iif rtscbpeer@r appéndeaclaghs used as the quiet tones.
However, as described above w respect to the calculation of the

[err] - nultlpllers, t he : calculation of the [err]-nmultipliers can be
optim zed to take into consideration a variety of ot her factors.
Generally, the intent would be to statistically maxi m ze the canceling of
the RF noise at the active tones. Again, a |least squares fit approach is
appropriate for 15 calculating the [err]-multipliers. I n
t he enbodi nent descri bed above, the nmeasured quiet tones are situated on
opposite sides of the restricted frequency band i nmedi ately adjacent the
restricted frequency band. However, this is not a requirenent. In
al ternative enbodi nents, one 20 or both of the neasured quiet, tones may
actually be a tone within the restricted :
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frequency ban The nost appropri at restricted frequency -
band woul d g % he tones at thj'lﬂﬁmnnu"umgm of the rRGEUSUOEEs
frequency band. one alternative * ¢erbodindnt} a detector is used to
estimate Mew&&ﬁe&m% RF noise is within the | ower or upper
end of the restri dhadafaemsmisions stemmaémeslcsﬁﬁmrﬁéaebxs ﬁéiivéa?%afr

side of the gﬁ}ﬁh@sc&s&%; %ﬁgenc gﬂ[pd .t hat R,\H‘%erference I's Focat ed
on is used a h SIission 8¢ W at, ias @ muylRpliciy of i discaete

wi thin the reshchannels) within aedesignited dransmission bandwﬁklths at llﬁethﬁccbfndan%’ﬂﬁtﬁﬁ ed

qui et tong. I g.ﬁﬁ&gl.l t esth ntrol
of i ngre?sa g;;u er s é‘?‘&rg’ g qlﬁ%t ofes ng’ gj&k 5p§)c§ggrdéﬁlye8
embodi nent t “@FW@F@&O@ 98 designaipsorestricted fosquency band wathmsthordesqumdt e

si des of a resﬁgﬂnaéxeﬁbﬁﬁmaeﬁmexﬁ&ﬂddé pﬁéﬂ(&ﬁ&x@%@g ft“ F'Zggfﬁmg '3 this
(0] an

enbodi nment he r strl cted fre nc
over | aps ton@ tran M%yﬂ%%a@ﬁgﬂe@msumemnme
subchannel s. dﬂﬂmatmhmnsndsscpn!ﬁndwxdth andncl ude tones 41 and 47. In the

mbod | 3 d (e.q. 41
e a7) T B, sy 8 ity REBVIE a°eltcleq Supml Silteatinell Soibiein Ohe
and 47, it nipgaiéndesndinhase of sherdummydonsis chosen do Suppiresscthe tran@missidn 46wenhi ch
are within tjane assthdad fRéqichebaRF dudR ddelott RAiffissins Rl feLTg&fé SF'the ' T

atisfactor
;S/\D |9§ / 40609ydata subchannels outside of the restricted frequency band.

PCT/ US97/ 06454 performance can be-obtained by neasuring one or both of
t he neasgy ed qU|et n r ct f u ban such an
arr angerrent vvoul d gg’m Fy r%é%%plefda'& (5 @ﬁ&rei gl"\r{h%? °§n§ hgd 8% Fhead
associ at ed wiransmitted @veg distincty é'@tlmb’civé)ahmlﬁueﬂwelb@mst oneypf dhe \dunay

I rr}or ove perf aﬂitéﬁmels {1& a fr;:;;ency higher tHan @R es@Rted ﬁéhuéﬂcﬁﬁ{ﬂd' caﬂa'aogégmt?d ch
only requires r ol eqr ones e o e
orovi ded.  OnenAb U GRS s - rbanency Iowen il e ssticied Hedieny,

of dummy "t onbandn opposite sides of a restricted frequency band is
i1 lustr din - Fi gure 9. Thus, the dummy tones are encapsulated in
- subchannel s 41 and 47. 10 0|nted out above, in sonme enbodinents which -

have very nadrow p“eersﬂlpétaem%wémyl wherein,the dymmy syhehannel psoesuhshenqeb
utilize a sifghed dHimBdiddl{ adjater therddtrichd. #fileh&¥ band and no transmissions are:

made on any subchannels within the restricted frequency band.

25 4. A method as recited in claim 1 wherein a plurality of dummy tones are
transmitted over distinct dummy subchannels, wherein two of the dummy subchannels
are located on opposite sides of the restricted frequency band.

S. A method as recited in claim 1 wherein no signal is transmitted over a quiet
30 subchannel that is immediately adjacent the restricted frequency band and the dummy
subchannel is immediately adjacent the quiet subchannel.

6. A method as recited in any of the preceding claims wherein the designated
transmission bandwidth includes a plurality of restricted frequency bands and at least

35 one dummy subchannel is associated with each restricted frequency band, each dummy
subchannel having an associated dummy tone transmitted thereover.

7. A method as recited in claim 6 wherein a first one of the restricted frequency
bands is in the range of approximately 1.8 to 2.0 MHz, a second one of the restricted
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performance. (o 9740609 In other enbodinents it nay be necesgei)isofpsass
control both rngress and egress 15 whi ch can be acconplished by utilizing

a conbi nation SRTIs | FT =Y :

exanpl e, one g%%%%%aggﬁoﬁggﬁg?%&# es tglyg:ﬂ g t?ﬁ‘a(? Mz, M%yu? p?ii&zée% %fot h
dummy tones athe muksteddreayencyt bands isdn the rapge ef appraxdmptely7.§de d-31MHz n t hi s
enbodi nent, tone 40 is the |ower dunmy tone, tone 41 is the |ower quiet

tone, tone 47 is.the u r,.quiet tone angd. tone 48 is the upper . dunmy
tone. Tt s nBted ehaRttoRcsRBte fiany of she erdiping laims bt B EBGed o e
of the nmeasur subchanmdls donetsinclids aty subchannels withih ltiee designatedfraguendy bhandesnd
bet ween the rest ki ”pﬁ{gd t rggg -~y e 0
provi de a buf ﬁér&dgggﬁﬁ fg;ﬂrgfeag%/“ C egx?ﬁilgqﬁﬁ% an@&ﬂ?cﬁlﬂf%l tphs§ ;s"é%%?’té’ss
the effects tfgguensy bapdel obes have within the restricted frequency range.
Additionally, if t he measured qui et tones 41 and 47 are consi dered

when cal cul ating the val ue of .the [err]- ) | tipliers,. the val ues, can
be optini zed Po fuﬁﬂ@&%ﬁ%‘e Y%Qﬁciﬁmﬁgum#h% f cgta transpussinsc y
band (tont® 4afhadd orwst ledse ondgfthe setehamibloRithia tied resthictedfteguemetandi n t ones
41 and 47 is not restricted. I n anot her enbodi nent

represented by Figure 11, a pair of dummy tones are 30  provided in
subchannel s 400and In 7 dats transmissionssystemetatfacilitatas omymunications betaween @ pair of

subchannel s 4inaathsAfiingTh Rhulfi-SarBief u@hsrhilGonBeremL thafl Haeh hlfifcitySof \dikéieR
the restricted t Ones coul d

frequency band., Alternatively, the du
be provided oAURGMERREL Y né?lxes. gnated fransopissign; li’?“f%ﬂ@i’rl? ’6'8% oft FUPPRSIINgs a
m_eaﬁ ur ﬁd USli efradio Mqué&yMOmmaﬁ?ﬁMy lyo occur in pelefignaed Gequency bﬁ““"“ﬁg‘iﬂ@
with this arrangement, It . ef er. onpat e enmbodi ment
of Figure 10 CPRERRRY rpitmibSoRbiSilt, G R APRRIRt b2 stdhs ot "o ™00
subchannel s aga)oppaeesiving detacsignals over erpleralitysafbsshestededata sahehanneds wythim the
embodi ment  degjofdted trinGissibh bandwidth;
17 87740600 : bchanmel. whecein it i
PCT/ US97/ 0645 detecting noise received on a selected dummy subchannel, wherein it is
20  assumed that no data has been transmitted over the dummy subchannel; and

(©)  canceling RF interference imposed on the data signals received over a first

plurality of the selected data subchannels based at least in part on the detected

magnitude and phase of the signal received on the selected dummy subchannel.

25 11. A method as recited in claim 10 wherein the selected dummy subchannel is a
first subchannel located at a first end of the designated frequency band, the method
further comprising the steps of:

detecting noise received on a second selected dummy subchannel located on a
second end of the designated frequency bﬁnd, wherein it is assumed that no data has

30 been transmitted over the second dummy subchannel; and

canceling RF interference imposed on the data signals received over a second
plurality of the selected data subchannels based at least in part on the detected
magnitude and phase of the signal received on the second selected dummy subchannel.

35 12. A method as recited in claim 10 or 11 wherein the dummy subchannel is a
subchannel located immediately adjacent the restricted frequency band and it is assumed
that no transmissions were made on the dummy subchannel or any subchannels within
the designated frequency band.
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In still another |evel of optimzation that may be useful in sone
enbodi nent s, WO 9740608c durmy tones are provided i medi ately adj BEGWSITHISS
restricted frequency band as. .~ illustrated in Figure 9, and the
out er nost t odds wi Angthed, as recited jin talaimf 1@ @ndricyhersit ther dummy subetmdnelsist e

nmeasur ed qui giibdhanssl. lodatedswithin the de§ighatedrnegdhdiRyt bl bR b ARY ﬁ%ﬁs
5 and/ or a(ilx%i tg'?'fcgf' ﬂui et t(;lnes mag ge prgl?/éi}%gctlﬁinﬁqg?%er toftgghl e%% e
r‘??é’

required ﬂ te. In such enbodi nents the dunmy tones woul d
general ly be positioned out si de of any quiet tones, although this is

not stricgly I e iSRS recited i Ref | ext, to Fig., 1
central ?bder*?ér.c?]?%cturrygrg‘altefié%ﬁ‘ey?%eron]aﬁgi%F%%ﬁ% ef%ﬁmcfgglw‘%g’egf

di scret e nul festigiedirequansybendsowithintherdesigniatedsmndmissiantbaudwidth, ihcluding the
enbodi nent s \3BiskhtePERMRne? 8 ' ' eé‘x‘égtri o, ity
of tw st eg!ilg)hai rﬂggdnggeﬂad%%?g%%t%%ﬁf% em g‘g&\;’%&f@m@ l%,k’g%ﬁ y-
take the for i BFTaggeo appf%&““#ﬂé 49 a885and ong 0 dheresirisied freguengyace
41, a Hans gbal_xdsris ithearangecef approxifately 3.5 tﬁﬂd)kMHw&ﬁcL 2t orfGof thé festricted
contro SYACRhro e 0 e ens
wth t heﬂ?:l ogrlghﬁ%dé? ﬁgm%:dgn@ ri:gtll H{erm'%lé‘éﬁ? oggfpxﬁg’ﬁ'&ﬁ@ys;%r#: e jnf ﬁiﬁra‘?‘?gg gpghe
transmitted Testricied fregpancy apde havingnen associated dhmofyf subehdithep for iwhich the

di gital dat ad&ﬁcﬁ'r&%ﬂdﬁl Aot safé)perfomthrough an asynchronous transfer
nodem swi tch 41 (label ed f ﬁb%@yi nterface in the draw ngs). The

central office 10 can provide data at any data rate up to the maxi num
data rate pedfitt e method asvrerited e dnyamenof tcllims 102 PR RiHekdily ,thé Relected data

transm sgd on .55 Ji L.t nd t t of
communi 58 i ofEoRAEdo bifinetude ant EUSBRRN Bity' B yEl kot Bldnly g B2
conponent s i At daR teansmissions e male an dnycofeths sﬂhchannel%nwithin the designatador
45 and a W ngeyhéttydanlier 46. The encoder 43 serves to nultiplex,
synchroni ze and encode the data to be transferred (such as video data).
Mor e - specifically, it translates inconmng bit streans into in phase
and quadr at ulé. copmethdas recited iff any emecdf clfing 10414 wherein tyta afansmizsivbanas s.

Th ' ' . : N trelli
coi ng, o SR ol AN et SBEHEgre o M Reighleh SebdE B 111 f

. subsynbol sequences that are equal to the nunber of subchannels

~avai | abl e to17he A fiettivd 48)rediRM iR fanf oRBIVf Rlaiis-10- 15 fifrBER kg’ step of .
subchannel s, _the ené:#)ﬁeé woualld OUtélﬁt 2.5&§Hbs§nb.ol se(ﬂgﬁn es nm nus

the number oP2RE Mg Trapixeq data signalg thropgh a fox ¢ AL e fdeAueAese

i nputs are coithiretheiregiricted fieguermydapdssed to a 30 discrete nulti-tone
nodul at og545. By way of exanple, a suitable encoder is described I n

detail in the referenced ANSI standard docupent. L The |
nodul at or 4518s adn pratp trRnsmission sysiem thabfacilitates ¢amamygjcations beiyeen @rpair of

transf or m by nft@éns Wisirgoh ehudi-gariet Bahsniissioh safdrfie kb haecmaltiplidiy oRakéeRed
'nJ. subchannels within a designated transmission bandwidth, a method suppressing radio
frequency interference in a designated restricted frequency band within the designated
30 transmission bandwidth, the method comprising the steps of:
(a) transmitting data signals over a plurality of selected data subchannels within the
designated transmission bandwidth, wherein the selected data subchannels do not
include any subchannels within the restricted frequency band and no transmissions are
made on any subchannels within the restricted frequency band and no transmissions are
35 made on a dedicated quiet subchannel; - :
(b) transmitting a dummy tone over a selected dummy subchannel, wherein the
magnitude and phase of the dummy tone is chosen to suppress the transmission power
in the restricted frequency band due to sidelobe transmissions from at least one of the
data subchannels
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Bi ngham S arwd&f;ﬁﬁ@ itled: "Multi-carrier Mdulation: An | deaPdinEss706454

Has 35 Co Commruni cati on Magazi ne, May 1990. Since the encoder
outputs are conpl ex nunbers, the | FFT nodul ator receives tw ce as
nmany inputs as(chher gecgivihg the traxﬁhhhfeﬂadigﬂﬁa@d/@hisﬁg the redeivéd lsighats tHrbugh @n
Is determ ned ad gk}%‘g&x e

18 t stuned uency thhm the restricted frequency band,;

PCT/ US97/ 06454(d) detectingzhes trmgmdeanﬂ phaseiof eiessigrial seceivéxbon a tivesdadidaeyd gifiet
al so incl udes fan . t Qi ol

determ ne the %Hﬁg%e eﬁ‘é}ﬁtxtth%sH @bava %ﬁ tﬁé’%ﬂ @fctﬁggn
enbodi ment 3 tr@wmbchmc #nd (which may be part of the cont rol |l er 60)

de}) o ;“HEEF th e§'0' seaﬂcemegcltw%eﬂereml %cﬁ}!e&ésx iri]h;fx%%&v@do%}ear g{stoh%rgl#ty
Su S. S SI |
each of the s Wﬁﬁﬁ'&?@b%ﬁqé@? g] tbagé% tl??é?mp ‘h?ﬁ d“fﬁ!“ tude and

noni tored as vphdseofthersxgnhheeewédommeﬂadxamdqum sixbehannbhd The
determ nati on of which subchannels to transmt the encoded data over as
wel | as how nmuch data to transmt over each subchannel is dynam cally

det er mi nedOon the A mullizcarrier dfansyaifter camprisingor s. The factors include the
detected |line quali &ﬂ(eﬂ&ﬂé’t’ﬁi‘éﬁ&d nk Wi 1&!‘9&‘&%%h, gain parameters, a
per m ssi bl e power nask,, and  he d XI ubcarrler bi t - er.r
rates. It is noted 8mRAd “?4‘@‘ F‘?‘@H@"‘P&ﬁi ?@Mﬁ'ﬂ%‘t amumphc:ty
bet ween subchagfhsibtasiets to)forar amylticanier \signil Havibga mnnsdlmt bmdvukitm exhe
l'ine qual .

the modul at | oriubcarmiel BREGEORGRE Y0 B absRPRio0e ﬁ*&ﬁﬁﬁ%a%ﬁgg%ﬁ%%
modul at i orl5as theenddulasonisrntanged ® transmitr daimsignals over selestas! dBMQ gheydatang
;Zﬁer :Bé/a}l\?g 3]; “g%l bedg,anatée sa *EdTI S sttggﬁ?:lvgrraseocung ubeRdtingl, Wherdin
After the oncoleMABRHGR adahae F the AUIRY0% ¢ FAOSER 0 FIERIFSY dhs, ARYISSiRR
signal, a cyclpeweriafa xesnictabﬁeqrbmdytband Ipertitinsef tectransinissidnobandidthddde to
signal. The cy, r S

denodul ati on oﬁk%lﬁbe émg%ﬂr?'{esgéhgr(qu?n L4'?onepsdlng"ril{jﬁ Wezgﬂm M%h%‘@é}]%{bﬁ tss'fdrel 8{ Iﬂ)}e
requi red. 2Phe westrigted fosqueney bapdl i ¢ prefix nmay be widely varied. By way
of exanple, in a 512 sanple signal, a 40 bit cyclic preflx may be used.

The nodul at ed gnal is then assed t.hr ndo er 46 and
ot her 110" A irapsipiich, B et i3 aifho 1 hegien o dnddi, ' pragesd o
desirabl e to Heinsmit®plerality ofdummy tones over distinct dummy subchannels

25 21. A transmitter as recited in claim 19 wherein a first one of the dummy
subchannels has a frequency higher than the restricted frequency band, and a second
one of the dummy subchannels has a frequency lower than the restricted frequency
band.

30 22. A transmitter as recited in claim 20 wherein the transmission bandwidth
includes a plurality of restricted frequency bands and at least one dummy subchannel is
associated with each restricted frequency band, each dummy subchannel having an
associated dummy tone transmitted thereover.
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anal og interfaces in the renote receivers fromsaturating. The w ndow ng
can be 25 acWO¥Ped by a wide variety of conventional w ndoRFHYSI706454
protocols. The transmtter . also includes an analog interface 48 which
applies the discrete nulti-one signal to thet/g transmssion nedia. In
hardw red systens. such as tw sted pair phone |ines and coaxi al

cables, the analog interface nmay take the formof a line driver.

The central nodem 30 qhso—iHckudes—a—+e€e+ve+|70 for receiving nmulti-tone
30 signals fromthe'renote units. The receiyer 70 includes an anal og
interface 72, a Iwi ndowi tef 74, a denodul ator 76, and a decoder
78. Signals received Hdy the / cenfral nodém 30 are initially received
through the anal og filjter 72\ Thd Wi nfowi ng | filter 74 is arranged to
effectively perform w ndoet filtering functions on the

received signal. One éuitable filtef arrangenent is a tine domain equalizer
74. Again, 35 the wi ldowi g can ﬂé acconpligﬁed by a wide variety of
conventi onal w ndow nd prot@col s. The dehodul ator 76 denpdul ates the
equal i zed di screte nuljti-tdne signal andlstrips the cyclic prefix. The
decoder 78 decodes thg dengdul ated signal. The

19 WO 97/ 40609
PCT/ US97/ 06454 denod
i nverse functions of tlhe
The decoded signal is jthen Ps
office 10 or other apqropri
interface 41. The functions
denodul ator 76 and thd dec
acconpl i shing t He des}
in Chowet al.'s Unitgqd St
Referring next to Fig., &3,
i mpl ementing t he Synchr
descri bed. |In many reépects-t
central nodem al thougH its red
conmmruni cat i ons capaci tjies ma

ator 76 and the décoder 78 effectively perform
sqdul ator 45 anli encoder 43, respectively.
S t he decoder 78 to the central
the infjormation t hrough the
qE donaip equalizer 74, the 5

el | as algorithnms suitable for
s arelall described in nore detai
ent Nunber 5, 285, 474.
agghjytecture suitable for
he, present invention will be
e modem wi-l|l be simlar to the-

treah and d stream
different. A sigrngl

transmtted by the central 'ql i ecei ved by a renptelunit 50 through .
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transformer, 6lodibédd filter 185 and canceler 63. The renote unipcragsey,

i acl udes the analog interface 172, a tine domain equalizer (TEQ 174,
a denodul ator 176 that 15 denodul ates the equalized discrete nmulti-tone
signal and strips the cyclic prefix, and a2/g decoder 178 that decodes
t he denodul ated signal. The tinme domain equalizer 174 effectively
performs a filtering functions on the received signal. A wndowng filter
may al so be enpl oyed. The denodul ator 176 and t he decoder 178 perform

i nverse functions of the nodul ator 45 and encoder 43, respectively.
The decoded signal is then 20 passed fromthe decoder 178 to a renote
devi ce 22 such as a video tel ephone, a tel evision, a conputer. or

ot her suitable receiving apparatus. The functions of the tine domai n
equal i zer 174, the denodul ator 176 and the decoder 178, are simlar to the
functions of the correspondi ng fonponents in the centrgl nodem An anal og
not ch filter 185 nmay be ovided at a location upstream of the
receiver's analog filter 172 in} 25 order to block enggrgy within the
restricted frequency bands to h inst_the = i ngress of
unwanted RF signals. A transforner e provided §O0 reject conmon
node noi se and/ or canceling uni rovided tT}&ej ect differential
node noi se attributed to fwi sted pair line inbal §ffce. This can help
prevent the analog filter from saturating. By previding a notch or
other suitable filtering nmechanfsmfor filtering out 3 of band and
restricted band energy, |ower cpst receiver conponentsjcan be used since it
is not necessary for the receiv “hamdle a3 ch energy.

Al though the present invention has been deqcribed in drtail onNy as i't

61 may

applies to a few specific, schenes, _i t_ &houl d ES under st ood
that the present invention 35 .j.nay be enbodled i n man§™ot her. €pecific
forms without departing fromthe spirit or scopejof the gnvention.

For instance, although the specf|fication has describedlits use&sin Eg
VDSL/ FTTC and ot her subscriber Jine based very high spged dat &gtransm ssiDn
systens, it may be used in othef systens which experleﬁge sig i cant &)
~parrow band s T T - w K
97/ 40609 I

- PCT/ US97/ 06454 interfereng est i ci-ed- f-’ﬁquenc bands w thin
their designated transm ssion bands. In the prinmjgjy described

enbodi ment, the invention's appjication to a system
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which utilizes_a Discrete Miulti-tone nodul ati on schene has bee ‘2@@ *g{%?%
. However, WO 97M4960% cadi | y be used in systens which use other gsf
techniques as well. By 5 way of exanple, the use of dunmy tones can help
suppress narrow band transm ssi ons igggher multi-carrier transm ssion
schenmes usi ng nodul ati on techni ques such as Di screte Wavel et

Mul ti-tone Modul ati on (DWM). Further, it should be
appreciated that the invention can be inplenented using a 10 w de variety
of nmobdem constructions at both the central note station |ocations.
Therefore, the present exanples are to be cgnsidexed as illustrative and
not. restrictive, and the invention isfnot toye limted to the details
‘gi ven herein, but may be nodified W t cope of t he appended

cl ai ns. I/\ I
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PCT/ US97/ 06454 VWHAT IS CLAI MED | S: 1. In a data transm ssion
.systemthat facilitates communications between a pair of nodens usi ng
a multi-carrier transm ssion scheme that. has gultiplicity of discrete
subchannel s within a designated transm ssion bandw dth, a nethod of
transmtting 5 multi-carrier signals in a manner that reduces the power

spectral density of radio frequency em ssions in a designated
restricted frequency band within the designated transm ssi on
bandw dt h, the nmethod conprising the steps of: (a) transmtting

data signals over a plurality of selected data subchannels w thin the

desi gnat ed transm sfron bandw and 10 (b) transm tting
over a selected du subchannel , fwherei mt he magni t Wde and phase
the dummy tone is chosen to suppress the § ransmni ssi on power in the
restricted frequencly band due to $d LSS m at | east ong
of the dat a subchannel s out $ ricted fregquency band. [15
2. A nethod as recited in clain lguherein g glurality dummy tones
are transmttped over disti ngt—jetry—stehf - ein a first o
of the dummy ubchannel s hag g Prequency] bilgher thap jthe restricte
frequency band, and} a second Lo————
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one of the dummy subchannel s has a frequency |ower than the res _
frequency  WO9H40R9? 20 3. A method as recited in cl aﬁ@%@fﬁ n

t he dunmy subchannel is a subchannel E?cated i mredi atel y adj acent the
restricted frequency band and no transm s ns are made on any
subchannels within the restricted frequency band. 25 4. A net hod as
recited in claim1l wherein a plurality of dummy tones are transmtted
over distinct dunmy subchannels, wherein two of the dumry subchannel s

are |l ocated on opposite sjdes of the restricted frequency band. 5.

A nmethod as recited in clpiml wherein no signal is transmtted over a
qui et 30 subchannel thaj is imediately adjacent the restricted frequency
band and t he dummy =70 BH nel is imediately adjacent the quiet
subchannel . 6. N\ et ho recited in any of the preceding clains
wherein the de5|gnated : transm ss bandw dth includes a plurality of
restricted frequency bandp and at |east 35 dummy subchannel is
associated with _each restficted frequency band, ea subchanne

havi ng an associP lypRY tone transmitted thereover. A
met hod as recited clarffG WheTerTh @ TITsT one Oof"the restricte
frequency bands is |[n the range of approximately 1.8 to 2.0 MHz, a
second one of the restricfed |
22 WD 97/ 40609
PCT/ US97/ 06454 fregbency bands is in the range of approxinatFIy 3.5
to 4.0 MHz, and a third obe_qf the restricted frequency bandsiis in
the range of approximately 7.0 to 7.3 MHz. 8. “A net hod gy recited
in any of the preceding clains wherein the sel ected data
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5 subchanne ldﬁﬁ
frequency Bangﬁ%gg
subchannels within the restricted

met hod as recited in any one of clainms 1 an
| east one of the subchannels within the restricted
In a data transm sshgp systemthat facilitates

10 are nmade_on at
frequency band. 10.
.comruni cati ons between a pair of

i ncl ude any subchannels w thin the desi grerais97/06454
no data transm ssions are nmade on any of the

frqu?gcy band. 9. A
-7 wherein data transm ssions

nodens ging a nulti-carrier

transm ssi on schene that has a | tiplf Y, ret e uhchannel s
wi thin a designated transmjssy o bpndw dt h, a met hgd oy sjupprepsijng 15
radi o frequency noise that |is}|ilke] y tto occur in aldesggnat ¢d §frdquency
band within the dgsi gnaf ed tyangm ssion bandy dt h, |t h¢ ngtjod
conprising the steps of: (a) rlecei ving data si gnafl s|ovkr |a
plurality of selected datalsupchan eI~ wi thin the desilgnpt 4d
transm ssi on bandwi gk=hs -2 D= @ref—fr-8-—sv ted
durmy subchannel , er eBf 3% 3§s dO Rk ﬁ AL 3 e

transmtted over the dummy subchannel,

interference inposed on the data signa
plurality of the selected data subchannel s based at
magni t ude. and phase of the signa
A nmethod as recipgg in claim10 wherein the
first subghannel

det ect ed
durmmy subchannel . 25 11.

sel ected dummy subchannel is a
end of the designated frequenc
the steps of: de
dummy subchannel | ocated]
band, wherein it is assu
second dumry subchannel ;

on the data signals_rece
dat a subchannel s ba
phase of the signa
12.

_1d,

a
band and it is assuned
subchannel or any subchannels w thin
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A net hod as reC|ted in claim10 or
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is a
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t he dunmy subchannel

frequency band at an edge of the designated
A method as recited i

plurality of

t ransm ssi on bandWhdt

wherein a first.- one of t
of approximately 1.8 to 2{0 Mz,
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A nethod as recited in claim10 or
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frequency band.
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bapds within the designated

> restri¢ted frequency bands is
f second one of the restricted frequency
btely 3.5 to 4.0 MHz,

desi gnat ed frequency band and

in the range

and a third one of

14.

the restricted 10 f €jrange of approximately 7.0 to
7.3 MHz,, each of the : ency bands having an associ ated
dunmmy subchannefl™ Tor which the | ctl - filterijpng steps are
per f or med. 157 —=Ae eaifted tn y| one:of [lainms 10-14
wherein the selfcted da nft | s g Ligplqde ny subchannel s
within the desijgnat ed {f : dat aitransni ssions are
made on any of [theisuljch I p the degi gBatled frequency band.
16. A nmethod jas tecift & of tlai $0-[14 wherej n data
transm ssions gre 20 ‘|l epst bne suthaanels within the
desi gnated frecdquenty band 1 17 A meth a$ recited in any one of
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nultlpI|C|ty of discrete

bandw dt h, a met hod suppreSS|ng radi o .
de5|gnated restricted frequency band wi thin the designated 30
the nmethod conprising the steps of:

bandw dt h,

thin a de
requency

subchannel .
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sion systemthat facilitates comunicati
using a nmulti-carrier transm ssion schene that has a

signated transni ssion
interference in a
transm ssi on

a) transmtting

data signals over a plurality of selected data subchannels within the
desi gnated transm ssion bandw dth, wherein the sel ected data subchannel s do
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frequency band and plexat
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and passi ng
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plAir al

sel ect

dunmmy
restri

308399
: N\ 1POS €Oy
ity of the data subchannels and to transmt a dummy tSoRNE er a

ed dummy PEHannel , W%E%?WH@‘H% phase

T Y, o S

-

si del d
t he 20
in cla

[151) InkepunsioiaCRetedCladsiianioet : | east dne d)fu)tlhemdmpsm&mm@ out i VO 97/4050;
odi.[97pieed frequency band. Al Atransmtter as Tecited :

i'm 19 wherein the nodulator is grra g@)dnmﬂﬁonalPublm;lQ#Ft a3qPotobex 1997 ¥30.10.97.

of dur
as re
has a
one of
freque
wher ei
frequs
each r
associ
25

My tONeS over dr STImct aunmy subchanmer s 25— 2L, A TTansmtter
(212 thteraticiabApplicafih Nvadee i 1-a PCT/USO/0604E, mnnema : AL, AM, As\mu;mznnmlm BG, BR

f%ﬂﬁ@““%@ﬁ@h&%ﬂi? Hievﬂif#’i i E'fgg,,

ncy band. : A transm ter aﬁlnenot 3
mrﬁorltxmztsgm ssi o&eggflggv%{g;qq ‘Ilﬁsrc]hl ude%ﬁﬁag Igg%|w A KE LS
ncy b¥Pd&2Znd At Y&y s u anne "

estricted frequency band, each dummy subch@g'rpe?'r m@éwaiuﬁfunﬁﬁgn%gﬁﬁﬁ
1P AppAlchitor &ildasignbib FORFR ExtdpUS): |AMATEODR! | 35 patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE,

MUNICATIONS CORPORATION [USIUIS PUAB ERnSHEET ( FALID. BO))
tan Drive, San Jose, CA 95124 (US). (WELR ?Fs/

(72) Inventor; and Published
(75) Inventor/Applicant (for US only): BINGHAM, John, C. . With international search report.
fUS/US]; 2353 Webster Street, Palo Alto, CA 94301 (US). Before the expiration of the time limit for amending the
tHEek PEG d claims and to be republished in the event of the receipt o]
(74) Agents: HICKMAN, Paul, L. ct al.; Hickman, Beyer & Weaver, amendments.

P.O. Box 61059, Palo Alto, CA 94306 (US).

(54) Title: MITIGATION OF RADIO FREQUENCY INTERFERENCE IN MULTI-CARRIER TRANSMISSION SYS%

. 201
~

36 37 38 39 12243444546

(57) Abstract

In a multi-carrier transmission system, in whnch interference is likely to occur within a restricted band, no subcarriers are used within
that band. In addition, 2 dummy tone may be used to suppress transmitted power within the restricted band; and a quiet tone may be used
to allow the receiver to detect and cancel interference from that band. mdmnmymnesandqmetmmaybeclosetotheedgesofmc
restricted band, either below, above or both. In particular, these measures are applied to VDSL systems, in which the restricted band (or
bands) corresponds to amateur radio bands.




