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of two, as f Orrhe)i@%' Rimeisan Sthofid 3 e 0f o 0 O AN T 413 ADSL, Standard and is
incorporated herein by reference. Transmission rates under the ADSL standard are intended to
facilitate the transmission of information at rates of at least 6 million bits per second (i.e., 6+
Mbit/s) over twisted-pair phone lines. The standardized system defines the use of a discrete multi
20  tone (DMT) system that uses 256 “tones” or "sub-channels” that are each 4.3125 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.c., a residence or business user). In other systems, the
number of tones used may be widely varied. However when modulation is performed efficiently
25  using an inverse fast 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 reverse signal

30 atadatarate 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 intended to transmit video programming or video
. 35  conferencing information to a remote location over the telephone lines. By way of example, one

potential use for the systems allows residential customers to obtain video information such as
movies over the telephone lines or cable rather than having to rent video cassettes. Another
potential use is in video conferencing.
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Si mul t aneously, the Digital, Audio and Video Council (DAVIC) is
A number of modulation schemes have been proposed for use in the VDSL and FTTC

standards (hereinafter VDSL/FTTC). At the time of this writing, all of the proposed VDSL/FTTC
modulation schemes utilize frequency division duplexing of the upstream and downstream signals.

20 By way of example, one proposed multi-carrier solution utilizes frequency division duplexed
discrete multi tone signals with the upstream communications being accommodated at the lower
frequency bands and the downstream communications being accommodated at the higher
frequency bands. This approach is illustrated schematically in Figure 2(a). Another proposed
approach contemplates frequency division duplexed carrierless amplitude and phase modulated

25 (CAP) signals with the upstream communications being accommodated at the higher frequency
bands and the downstream communications being accommodated at the lower frequency bands.
This approach is schematically illustrated in Figure 2(b). '

However, both of these approaches have potential drawbacks. Most notably, in
30 applications that have relatively longer loop lengths, the higher frequency signals are significantly
attenuated which makes the transmissions much more susceptible to noise and hinders the
permissible transmission rates. Indeed in systems which transmit upstream signals at higher
frequency bands, there is a real risk of losing the upstream signals altogether, which is not
acceptable. In asymmetric applications, there is also an increased risk that narrow band noise will
35 significantly degrade the system's performance. Accordingly, an improved method of
coordinating very high speed data transmissions {i.c. those having the capability of transmitting at

least ten million bits per second over each transmission line) would be desirable.
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transm ssi on el awadividedintalsymbol perods? In thls embodiment, the downstream communication
periods each include a plurality of symbol periods, the upstream communication periods each
include at least one symbol period, and the quiet periods each include at least one symbol period.
20 Inone specific embodiment that contemplates a multi-carrier modulation scheme, the downstream
communication periods consist of in the range of eight to sixty symbol periods, the upstream
communication periods consist of in the range of one to thirty symbol periods and the quiet

periods each consist of in the range of one to four symbol periods.

25 The described invention may be used in conjunction with a wide variety of modulation
schemes, including multi-carrier transmission schemes such as Discrete Multi tone modulation
(DMT), as well as single carrier transmission schemes such as Quadrature Amplitude Modulation
(QAM); Carrierless Amplitude and Phase modulation (CAP); Quadrature Phase Shift Keying
(QPSK); or vesigial sideband modulation. It may be used in binders which include wires used to

30 transmit lower speed signals, independent of whether the lower speed signals are time division
duplexed and/or synchronized with the high speed signals. This is because standardized lower
speed signaling systems tend to operate at lower frequencies which are not as susceptible to near
end crosstalk as the higher frequency signals.

35 The invention has particular advantages in very high performance systems, such as those
that contemplate the use of signal carriers having frequencies above approximately 1.0 MHz and
those having the capability of transmitting downstream signals at a bit rate of at least ten million
bits per second over a each of the distinct transmission lines.
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20 Figure 1a is a block diagram of a subscriber line based communication system havmg a

plurality of twisted pair phone lines that extend from a central unit to respective remote units;

Figure 1b is a particular case of Figure 1a in which the central unit takes the form of an
optical network unit that acts as a junction between an optical fiber trunk line and a plurality of
25  twisted pair lines.

Figures 2a and 2b are each graphs illustrating conventional frequency domam duplexing
transmission schemes for asymmetric subscriber line transmissions;

30 Figures 3a and 3b are each graphs illustrating a time domain duplexing transmission
scheme for a single line, with Figure 3a representing downstream communications and Figure 3b
representing upstream communications;

Figures 4a - 4d are each graphs illustrating an unsynchronized time domain duplexing
35 transmission scheme for a pair of transmission lines that share the same binder, with solid lines
indicating transmission and dotted lines indicating reception;

Figures 5a - 5d are each graphs illustrating a synchronized time domain duplexing
transmission scheme for a pair of transmission lines that share the same binder, with solid lines
40 indicating transmission and dotted lines indicating reception;
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DESCRI PTI ON B5eposeg es contemplate transmissions in carrier frequency bands significantly
above 1 MHz. The present invention overcomes the near end crosstalk problem by synchronizing

time division duplexed transmissions for very high speed data transmissions that share a binder.

20 A typical subscriber line telecommunications local loop is illustrated in Figure la. As seen
therein, a central unit 201 communicates with a plurality of remote units R1-Ry over discrete lines,
which may take the form of conventional twisted pair phone lines 206. The remote units may be
end user units that may exist in a home, office or the like. Typically a number of remote units are
serviced by a particular central office. In currently installed systems, the remote units are often

25 telephones, however, they may be fax lines, computer terminals, televisions or a wide variety of
other devices capable of connecting to the "phone lines". The central unit 201 may include a
transceiver 208 for each line that is functionally broken into a transmitter 209 and a receiver 210.

In some embodiments, the central unit is a master server located at a central office that

30 originates the communications. In other embodiments, the "central unit” may be a lower level
distribution component in the system architecture that receives and retransmits signals. One
embodiment of such a distribution component is illustrated in Figure 1b. As seen therein, a trunk

line 202 terminates at a distribution unit 204. In the embodiment shown, the trunk like takes the

form of a fiber optic cable and the distribution unit takes the form of an optical network unit

35 (ONU). The distribution unit 204 communicates with a plurality of remote units Rj-Ry over
discrete lines, which again, may take the form of conventional twisted pair phone lines 206. As in

the previously described embodiment, the remote Bnits may be end user units that may exist in a
home, office or the like. Typically a number of remote units are serviced by a particular ONU.

By way of example, in North America, typical ONUs may service on the order of 4 to 96 remote

40 units. In this embodiment, the ONU receives downstream source signals over one or more trunk
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The invention may be applied to a wide variety of data transmission schemes. It is

.particularly useful in transmission schemes which contemplate significant transmissions at carrier

frequencies above 1 MHz. By way of example, in subscriber line applications, the synchronized

time division duplexing concept may be applied to both multi-carrier approaches such as Discrete

20 Multi tone modulation (DMT), as well as single carrier approaches such as conventional

Quadrature Amplitude Modulation (QAM); Carrierless Amplitude and Phase modulation (CAP);

Quadrature Phase Shift Keying (QPSK); andfor vesigial sideband modulation. The described

system may also be used in binders which include wires used to transmit lower speed signals,

independent of whether the lJower speed signals are time division duplexed and/or synchronized

25  with the high speed signals. This is becanse standardized lower speed signaling systems tend to

operate at lower frequehcies which are not as susceptible to near end crosstalk as the higher

frequency signals. When lower frequency noise or crosstalk presents a problem, the problem
frequency bands can often be avoided altogether.

30 A representative time division duplexing data transmission scheme is illustrated in Figures
3(a) and 3(b). As seen therein, the downstream communications (illustrated in Figure 3(a)), are
transmitted during periodic downstream communication periods 111.  The upstream
communications (illustrated in Figure 3(b)), are transmitted during periodic upstream
communication periods 113 that are interspersed between associated downstream communication

35 periods. Inthe embodiment shown, quiet periods 115 are provided at each transition between the
downstream and upstream communication periods. The combined time from the beginning of a
first downstream communication period to the beginning of the next downstream communication
period is referred to herein as a "superframe”. The actual duration of the upstream, downstream
and quiet periods as well as the superframe may all be varied extensively within the scope of the

40 present invention.



5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON One general |y known bi-directional
transm ssi on approach contenplates a tinme division duplexed (i.e. "ping
pong") based data transm ssion schene. That is, the downstream signals are
first sent using the entire bandw dth. Thereafter, the upstreamsignals are
sent using twoemessse 10 bandw dth, etc.. The applicant' spctrushsasris
suggest that in subscriber |line applications, this approach woul d work

reasonably at | ow f uenci.es. Ho r._when. higher carrjier frequencies, are

used, as 1¥or exanpl ie’l%gt v%grh#ﬁfpﬁeﬁ%gﬁeﬂﬁqsggss%o’gge’ﬁew,éﬂ'é"ai’”@ﬁcﬁﬁ‘?@%éhat have
tal k between wiiserstet symbolshaln suete sysigns, she:aumba06f sygbals thab constinité iac “dutwingtream
degrade the syghffRniiEdibn 'pERBE'S - anth &® . "updtrebmCcdmmitRication HeRod" Wil rl&ﬁﬁ%&% integer
di vi si on dupl exed, trapsm,ssi os_ have not. been .proposed.for VDS[L/ Qr Tée

other subsct i bAPRPSTH 8t Rmbele.  Hiis cetiess foF the i sfne Y be, i fnteger GH“‘Lﬂp‘Pfl Fabolsranost
si nce” most  suchypisaliponsdcalthough this is mot sttiethyesquiredt dnine tdesdribed suilth-edrrierscnibodiment
carrier frequey uiis distreivkl il iindhietith, lealft upeHifing haS & leali {2 BNEP ymbol

overcones the near, epnd crosst al obl em by ‘synchroni zing ti1 ne Vi X
dupl exed t r ansBf&FofiSuf ?svmwwﬁﬁ?@hgﬂg‘&‘@*%m%@rﬁmIﬂl@tfﬂ%&?a?félgiﬂt°
bi nder. 20 sixty DMTtsymbelaperiodisthe ipstrearh icommiunitation ipetiod afay ibenia the eage bbefe to
is illustragedag | mﬁ‘s?l r.el | 1 _
comuni catglg Wﬂi{lﬁyé pl Lé'eerjolﬁ?y 0 e @?rtotirg&ua%@gt Oseir?%ﬁ-l!?ferrd%]%’g'er di screte

i nes, which nmay take the form of conventional tw sted pair phone |ines

206. The renote uniBymyfmmwimeembaﬂimenﬂsmiﬁaiignﬁxs'm)dnaseb)mBmframehas

par i cul ar  cont'uef ighéibat poiods BTBER diles DB £ B bl SR IS)E T i, e v
are often 25 thigky-gixsymbel peHadiktpde divided batwcenithe wpstream ged dowwstrsam cpmmunications.
terminal s, 15 el Awypita eeativnstp utgbeemduwmeancéndaph@mcbgﬁaﬁm if &E?Eggﬁgﬁppﬁcaﬁons is
Cranscei ver 208 1 SPELERfet sradd & AL, oHBlin 15 BofBen egtifinaton period is
transnitter 20thigiwesymbelpesiods andothe ppstecanmecommypigationpesiod ishfour symbok peniods: This
oo oA AR heu et ikl eyt S S sy
f:g\r;’rer}J ndi stri buP?rtl)orr;'lis- c%?’fﬁ%ﬁgnqpp?'ﬁio{'%e%sﬁpe% tﬁ? b i Tﬂdte&{e@w'?sgﬁﬂ? \eumypigation
retransmit 30 si perinds. Thatds.camob¥1:A8:A tappartionmadnt may| be usgdy uOF oenrsss rthe namberiof symbol
i 'l ustrated i npéricds aspottioned't® theRidtréddS Ecthifunicatiohs idy vary anywhere from one to eighteen or
even more, if the upstream communications need more bandwidth than the downstream
communications. Another specific discrete multi-tone example contemplates a twenty symbol
superframe. In such systems, 16:1:2:1 or 8:1:8:1 symbol distributions might be used. Of course,
25  the number of symbol periods in each superframe as well as their respective apportionments may

be widely varied.

When the symbol rate is 32 KHz, the symbol period is 31.25 microseconds. In a system
that has a 32:1:4:1 symbol distribution in a thirty eight symbol superframe with a symbol rate of
30 32 KHz, the maximum access time for the remotes is 38 symbol periods or approximately 1.2
milliseconds. If shorter access times are required, shorter superframe times may be appropriate.
If more upstream bandwidth is required relative to the downstream bandwidth, it may be desirable
to reduce the number of symbols allocated to the downstream communications and increase the
upstream symbols. If more system bandwidth is desired, it may be advantageous to increase the
35  superframe length or reduce the length of the quiet periods. Indeed, in some applications, it may
be desirable to eliminate the guiet periods altdgether, although it should be understood that
elimination of the quiet period increases the likelihood of interference. It should be appreciated

that all of these factors may vary widely in accordance with the needs of a particular system.



line 202 termnates at a distribution unit 204. In the enbodi nent shown,
the trunk like takes the formof a fiber optic cable and the distribution
unit takes the formof an optical network unit 35 - ('ONU). The distribution
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the ONU recei Ve Smkia gﬁ} G gnals fromthe renotes and
transmts the in ormac?E We% H){% %iﬁﬁ as upstream source signals. The
source signals may be passed to a central office, another distribution unit
or any 5  other SuiRefdifig hexe¢iFigudes 4[He- ﬂdﬁﬂﬁﬁﬁwﬁhel&svﬁﬁﬂ vnbyicERBizEd systdth twill be
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up to 1000 f eettinfe3diyisiam duplyxedi discrase: mydd rtone signals; Baghnliner prowides a sixicen symbol
communi cati ons %vnﬂt%am comrfheniddtifn 1|1Wa|t¥m syRBAl tpSitéi\SonBhunidatib® 13 with

M and I oop | SHEle el aiiag ”“esfaégs rebime ] Hasherkah ﬁg?l’” Ry e polRimgptions
downst r eam comummat aynchronized. Thusodowwstreanteonwniiication a'pqmmatoadxwﬂdﬁa)saad 206(b)
skilled in jshe gakirs m&ﬂegﬁﬂun@aslu&mh%ﬁshﬁam &S1irids DOE(BY dndl 208(a) FIPRBJely And will

hi gher achi evatl)'!es%l %i ;[néiar {an& crosstalk into both of the distribution unit's associated receivers. Similarly, the

upstream transmitters RT(a) and RT(b) will cause (albeit somewhat reduced) near end cross talk

into each other's receivers. That is into the receivers at RT(b) and RT(a) respectively. Thus, as

illustrated by arrows 217 and 219, the system experiences near end crosstalk, which can
20 - significantly hinder system performance.

To overcome this problem, all of the very high speed transmissions that share a binder are
synchronized as is illustrated in Figures 5(a) - 5(d). In the synchronized system, the downstream
communication periods 111 all begin and end at the same times, and the upstream communication

25 periods 113 all begin and end at the same time. Such synchronization of the upstream and
downstream communication periods effectively climinates the problems caused by near end
crosstaik.

A modem timing and synchronization arrangement suitable for implementing this type of

30 structure is illustrated in Figure 6. In the embodiment shown, the synchronization is effected by a
master clock unit in the central unit (or ONU) that supplies a super-frame clock to all of the central

unit transmitters 209. More specifically, the central unit 201 includes a master oscillator (master
clock) 220 that feeds a sample clock 222, a symbol clock 224 and a superframe clock 226. Each

of the three clocks 222, 224, 226 provides a single clock signal that is fed to each of the

35 transceivers 208. The transceivers synchronize their respective symbols and superframes based
on the inputted clock signals and transmit data downstream to the remote units 204. The remote

units 204 each include a receiver 231, a transmitter 233 and a controller 235 that captures the
superframe, symbol and sample clocks from the downstream signals and synchronize the
upstream signals therewith utilizing any one of a variety of clock recovery methods that are well

40 known to the art. Typically, the controller 235 takes the form of a phase locked loop. Of course,



15 The invention may be applied to a wide variety of data transm ssion
schenes. It is particularly useful in transm ssion schenes which
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transni tted dumilhbe peed koctiny mmrmumm%mnmo@m%d@ iyes that pa benefi
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during periodic u tre
bet ween associ &P’é g’gﬁﬁ S er| Qggcr%gswgéoﬁéﬁﬁeﬂa{i%%é?gg&iﬁ&lem .
3 hown, qui et geamedfreqmiclm belpwoappdmmmhehm IS% comppnigatione vjll npt significantly
ownst r eam;gn t
? W W Bhéeal bioRigh edrtiérdFoqudries time divibion duplexedfsigand thieutilize

begi nning o m co nicati on peri od to the begi nning of

the next dovvns thesynehronizatan MVERHNs | oferred to herein as a

"superframe”. The act uaI uratlon of the upstream downstream and qui et

periods as well as é?ﬁ@%%tﬁ@ﬁf?ﬂsmkt&ﬂ iCIRhISUNS kwislel pat shbikd belable to
scope of the 40 rese I.nvent | 6
multtplexed commumcatlons to multiple set top units (referred to as STUs) within a single

20 customer premise. Each of the set top units receives, demodulates and decodes the full
downstream signal, and selects whatever is addressed to it. Each STU transmitter must also be
granted access to the shared upstream channel. Each STU may be granted access in successive
time periods; this is known as Time Division Multiple Access (TDMA). Alternatively, each STU
may be assigned separate frequency bands; this is known as Frequency Division Multiple Access

25 (FDMA). Both TDMA and FDMA are well known in the art, but they have usually been
combined with frequency division duplexing for separating the downstream and upstream signals.
However, the present invention is well adapted for handling the assignment of upstream
bandwidth in such multi-point to point upstream communications. The coordination of the
upstream signals from multiple STUs is known as Media Access Control (MAC). By way of

30 example, the information for this media access control may be included as an overhead in the
downstream signal using methods well known in the art.

As an example of TDMA, consider an embodiment in which four STUs share a single line

as illustrated by remote 204(e) of Figure 1b. In an embodiment that uses a 32:1:4:1 symbol use

35 pattem, each STU can be assigned a designated one of the upstream symbols. In embodiments
which have more upstream symbol periods available than STUs, specific STUs can be allocated
multiple upstream symbol periods. In embodiments which have more STUs than upstream
symbol periods, a slightly more complicated media access control routine would assign symbols

less frequently than once per super-frame. As an example of FDMA, consider an embodiment in

40  which a plurality of STUs share a single line as illustrated by remote 204(e) of Figure 1b. One
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PCT/ US96/ 10713 Most very high speed data transm ssion schenes are frane
based systens that have discrete synbols. In such systens, the nunber of
synbol s that constitute a "downstream communi cation period”, and an
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four synbol paebilityds ohwoefghe BYUséey cammunicatspwith the wenttal unith Of icownse, sedtointerleaving of
Fi gures 3(a) mcggmwwmqﬁg&%&as thirty eight synbol periods and
o 0

each qui et peri 'S one synb period long. Thus, there are thirty-six
synbol periods to be divided between the upstream and downstream
communi cati ons. 15Althohgh yRi predentr iabention hasbepn desciibaionly us1it apslieswam tbvw protuladon

nthe 11 d0r o SR it WioRf B WaRele Gl o plesect difbaflor i B8 frldet 1y ner
symbol per i od§pesifis femms withopt depprting Frmthe $pirit o sqops phthe imvention: Egripstance, although
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the upst r eam S e Y3blso Tttt 3 hld be A 5, GBer RRRI, AN olpigRE ek cod
18: 1: 18: 1 appérosstall gewellndp the primaty. endyodirasnt, s the invention'siapplicetions pngy system which
D 42 380, sBaeddueee g et N it s s S ehon oo by
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mul ti-tone exdmplizde dindulatiom(QAM); Gapariess Amplisnde andoRyase medulation (GAR); Quadrature
systems, 16: 1pRash Shift Reying(@PSK)N Rd/oriesipial SHbastmodilativh sy aSRcused Ifipottatly,
the invention may be used even if different modulation techniques are used on lines that share the
20 same binder. When high carrier frequency signals are transmitted using different modulation
techniques, it is important only that their time division duplexed upstream and downstream
communication periods be synchronized. When lower carrier frequency signals are transmitted
over adjacent wires that share a binder, signals that are time division duplexed and synchronized
will be carried well independent of whether the lower carrier frequency signals are time division
25  duplexed and/or synchronized with the high speed signals. This is because standardized lower
speed signaling systems tend to operate at lower frequencies which are not as susceptible to near

end crosstalk as the higher frequency signals. '

Further, it should be appreciated that the invention can be implemented using a wide

30 variety of modem constructions at both the central and remote station locations. Therefore, the

present examples are to be considered as illustrative and not restrictive, and the invention is not to

be limited to the details given herein, but may be modified within the scope of the appended
claims.

35
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25 the nunber of symbol periods in each superframe as well nﬂlll“l\mlllaluu;“I’HlIIIl
respective apportionnents may be widely varied. \Wen the sy

KHz, the synbol period is 31.25 microseconds. In a system thaf hs

32:1:4:1 synbol distributionin a thirty eight syrrbol super frane W|th a
synbol rate gio@3see32 KHz, the maxi mnum access tinme for thepceoshemriss 38
symbol peri odww@tﬁzy 1.2 mlliseconds. If shorter access tines

are required, "shorter superfrane tinmes my be appropriate. |If nore upstream
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| i kel i hood of % ﬂ'erenc%ﬂoltﬁgélﬁ]tﬂu&&fgéem appreC| ated that all of these

factors may vary vmpmn ding perigdicngiseasie corumypieatien periads dgring, whichtthe: piugglity of remote

E )é?_} 8 g96/7 713 I h 4} 3RAEmit mformatxon to the central unit, theI upstream communication penods bemg
t S |at e carrier .transm.s

Sohens 1 wavéh b B 9B, F feelin I e Ao eaiE Bl |

of exanpl e, rred,atabteammmhes wnl:iarﬁmbmdermums divisioa) duplexed and ﬁmoyrommd §u@hthat the

systenms, a subigingmiskishs witHiffhe Bindetdib Ghnsafittei BRly Sné'divection &latihéled i n each
of the downstream upstreamand qui et periods. By way of exanple, periods
on 5 the order of approximtely 1000 to 20,000 synbols for the downstream

communi cat i on Jer i cAlmethodas recitddn dylnbblfm‘ﬂit‘focommmaah%stepef prowiding qhiet perieds that

10, 000 synjaol sge e ttﬁ@uﬁé&é&ﬁ% doNEEHAIC @drhritih BiwhBiRirA REHHEP ipsedm nor
Referring next Figures 4(.a). - gr(edt;an t he %ravx/o C of an, u e}@ch oni ze
system wi | | bed own communications smitted during the qmet period, w owns

communication periods each include a plurality of symbol periods and the upstream
communication periods each include at least one symbol period.

20 3. A method as recited in claim 2 wherein the downstream communication periods consist of |
in the range of eight to sixty symbol periods, the upstream communication periods consist of in
the range of one to thirty symbol periods and the quiet periods each consist of in the range of one
to four symbol periods.

25 4. A method as recited in claim 3 wherein a selected one of the remote units includes a
plurality of set top units, wherein each set top unit is apportioned at least one distinct one of the
upstream communication period symbols periods.

5. A method as recited in any of the preceding claims wherein both the upstream
30 communications and the downstream communications are Discrete Multi-tone modulated signals.

6. A method as recited in any of claims 1-4 wherein the upstream and downstream

communications are selected from the group of: Carrierless Amplitude and Phase modulated

signals; Quadrature Phase Shift Keying modulated signals; Vesigial Sideband modulated signals;
35 and Quadrature Amplitude Modulation modulated signals.

7. A method as recited in any of the preceding claims wherein the upstream and downstream

communications associated with a first selected one of the transmission lines utilize different
modulation schemes.

11



10 described. In the exanple shown, tw sted pair transm ssio

206(a) and 206(b) both transmt time division duplexed discret ulmm'" IIIMI'I " I“l
signals. Each line provides a sixteen synmbol downstream commini &atfon- "
period 111 a two synbol upstream communication period 113 with single
synbol qui et paFImTRsERs 115 arranged therebetween. In this enbopcTrasssiotihe
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upetr sam tr ans PRRER 5 SRR Tt 81135 oot Hespuion s 1 it fodulain
result in near sehminesr osstalk into both of the distribution unit's

associ ated receivers. Simlarl y the upstreamtransmtters RT(a) and RT( b)
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recei vers. %n ' Y'\,{’]‘g%s @%“ Beceing dms Wheretine et i vel y. :
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overcone this progig ii h?trﬂ e ver'gl\é drqﬂg’gege%ﬁransm segl oﬁs 8ﬁsat shar elow
a binder are syﬁP |IIustrated in Figures 5(a) - 5(d). In the
synchroni zed syst emallhlaﬁs:diesimstmﬁmmnmmumad wnmpm binder thatlare bt frdimenciesadbdve

end at the me_tines t Wy periods 113 all
begi n and enhd ApProginaLe ﬁ%ﬁe“@%ﬁsyn ron éng?:, on o he upstream and
downstream com‘ru&tu C(ilo;[(l o& eri ods eff%hﬁ%ﬁi%%@é?&#&\gé%l ens cgati;sed
by near end cr oSst alfkme W’Wﬁ

sui tabl e for i npdneiesibnsng this type of 30 structure is illustrated in

Figure 6. In the e Fﬂﬁ”ﬁ% fmﬁle KD ¥nd

mast er cl ock unit |mr?1 r]‘ie%‘t ur?:h?’ @%% éﬁé‘}&gﬁﬂo |esi)§P2upeFX?rane
clock to alls of thehéW?ﬁ#PaB‘HF}W gf @réﬁzmﬂmm &r pf 4t Jepst gen million
central unit 20Obitsipetdetishdover ¢aol bfthe distindt irﬂtsﬁﬂss{oﬁ&ﬂéﬁfveﬁir@ﬁki}te&ﬁﬂr trdnsiniskien dises.
a sanple clock 222, a synbol clock 224 and a superframe clock 226. Each of
the three clocks 222, 224, 226 provides a single clock signal that is fed

to each of the Bb tAmathed pseeisedingny of the Arecading elpipsveh P PRIt s A gptical

respecti ve synmbghsorkifit thdper f r anmes based on the inputted cl ock signals and

transmt d downst r {ﬂ: :

include a r oélel ver f?%mg&%nsm ?@e %gé%%-ﬁ; ‘(’Jﬁier a“hi?s{‘g%f°%§&“

captures the  embodiedin the downstream source sxgnals as downstream communication signals wherein the
downstream communication signals are only transmitted during the downstream communication

period; and

transmits information embodied in upstream communication signals that are received
25  during the upstream communication periods over the optical fibers as upstream source signals.

12. A central modem suitable for use in a subscriber line based communication system that
facilitates communications between the central modem and a plurality of remote units over distinct
transmission lines that share a binder, the central modem comprising:

30 a plurality of transceivers, each transceiver being arranged to communicate with an
associated remote unit over an associjated distinct transmission line that share a binder using a time
division duplexed transmission scheme;

a synchronizing unit arranged to coordinate the signals transmitted by the plurality of
transceivers such that the transceivers only transmit information to their associated remote units

35 during synchronized downstream communication periods; and

wherein the transceivers are arranged to receive information from their associated remote
units during synchronized upstream communication periods, the upstream communication periods
being arranged such that they do not overlap with the downstream communication periods,
whereby data transmissions within the binder are time division duplexed and synchronized such

40 that the transmissions within the binder are transmitted in only one direction at a time.

12
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t he actual construction of the receiver, the transmtter and the controller
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from the syncH|40n| Acrentsa] modeny as aesited inclaim 18 sdhiereinghe synchronizing anib irther outputs a
consi der ed fOfsmeleidE ;ﬁ;&mﬂaabﬁﬂﬂeaﬁmﬁgﬁmm 5ffmém§&wefs€tohfrﬁue{ﬁ&ﬁ over

10 l\/blt/s conte | at.e rler encle,s above 1. MHz and can
benefit great IS°¢H209% g‘ﬁ?‘%@"l‘ﬂ‘i YIRS Gospmunica P’ép‘?ﬂﬁ’td%d that in many

applications, sone lines that share a binder will be used to carry very

hi gh speeqtrqum %%ﬂﬁﬂm&eﬂﬁs%%ﬁﬁtclaﬂﬁlé% V{ﬂﬂfélnﬁﬁlﬁﬁzﬁgﬂmpﬁgﬁ { the

nost fromthe I'nes w

scribe sync &@ i.zatlon sc
carryi ng conventi oﬁé‘I‘P"F%@ﬁ %as'lgﬁgg@'ﬁ@a? k signal toeachof thg q’é’nF@“ﬁ@e
generally a seri ouasmhﬁlcbckmatmapmewmmqm;mttdmbwmmmeimaicy 1

MHz such communi ca SHpt @Wﬁ%{? qg ﬁw 1z hi gh
speed, or high cartraFer rgkq;téﬁg I me Vi sl on g'(;jlﬁt?exe gha g%?ataggtl lize

the synchroni zat i ofvhgteinthec %@Msqrwsﬁbys'ﬁmmewe@ﬁ«ycmﬂ%%msﬁremm@ of
VDSL/ FTTC 1§y s tdewnstreatn/vaimnaundcation pdriods.pai r shoul d be able to provide _
mul ti pl exed communi cations to multiple set top units (referred to as STUs)

within a single 20 custonmer prem se. Each of the set top units receives,
denodul at es ar® dedsgatalimedem gsirecited in any one of claims 12 - 15 wherein the transceiver are

arranged to both transmit and receive signals selected from the group consisting of: Quadrature
Phase Shift Keying modulated signals; Carrierless Amplitude and Phase modulated signals;

20  Vestigial Sideband modulated signals; Quadrature Amphtudc Modulation modulated signals and
Discrete Multi-tone modulated signals.

17. A central modem as recited in any one of claims 12-16 wherein the central modem is
amanged to insure that all transmissions over transmission lines within the binder that are at

25 frequencies above approximately 1 MHz are time division duplexed and synchronized and each
transceiver has the capability of transmitting downstream signals at a bit rate of at least ten million
bits per second.

18. A central modem as recited in any one of claims 12-17 wherein the central modem is an

30 optical network unit that:

receives downstream source signals over at least one optical fiber and transmit information

embodied in the downstream source signals as downstream communication signals, wherein the
downstream communication signals are only transmitted dunng the downstream communication
period; and

35 transmits information embodied in upstream communication signals that are received
during the upstream communication periods over the optical fibers as upstream source signals.

19. A modem suitable for use in a subscriber line based communication system that facilitates

communications between a central unit and a plurality of remote units over distinct transmission
40 lines that share a binder, the modem comprising:

13



downstream signal, and selects whatever is addressed to it

transmitter nust also be granted access to the shared upstréaﬂlﬂﬁﬁ“"l“"ll””“l
Each STU may be granted access in successive tinme periods; thig i$ khown

Tinme Division Multiple Access (TDMA). Alternatively, each STU may be

assi gned sepawsyendsswsquency bands; this is known as Fr equencycﬂuggsﬁh%

Mul tiple Access 25 3 tfafddhRer suied %@,H }Qﬁlémﬂ e a

but they have usuaII been nbliér.lfo;r ’?%E uency&%m on %ﬁ%ﬂﬁ'ﬁ“ﬁ#ﬁ'm
separating t he 260FRL i‘?‘é?ﬂﬁ’é ‘ﬁ‘r‘-ﬁ'gs. However, the present

invention is wel |l adageiver Mablmﬁ;nnacemgngtdbwnm@mmmmn wigRals 61 thoAmhiding

i n-such mul ti - pRédthe 44 %@M{Q&g{oﬁﬁgb%mm cations. The coordination of
t he upstre si gnal s fro 5 le STUs Is known as Media Access Control
consglop R

(MAC) . y of 302 fag p sgrple lorkssienal  symbal cloekipignal gada super-frame
control may be clock kignlal dn the dawnsiresm bemrhunicationaighelsand syACHIDMELAEME upsiicaf

nmet hods wel | k consi der an

enbodi nent in |cuh?'a‘§ Q@HS m%ﬁ"e a%emﬂ{eﬁg%bd £aymypicption signals
204(e) of Fi gusechthat aBhand dowastreamcemmpnisation signals are: timesdivisioh duplexeds
pattern, each Siicrebg mehﬂo@ﬁﬁs@s@ﬁnﬁcdiﬁﬁmﬂéhﬁbﬁﬁgﬂlﬁr@%mﬂﬁsmm ol s.
spect 1 S0k eammbcaftas Faifiilca 5 o) Epie i A mHBIE quth the contal
enmbodi ment s whio¥¢r distipet trapsmissiam Jines Hhatshapesa binderwith rﬂtvcdesxgmtedctthnsmissmﬁ lind) twhgreby
nor e comllcatadmmﬂsﬂsa&ﬁ%ﬁunﬁ@&ﬁaérafémﬁémw% Flexdd %%ﬁ Giied Lﬁﬁ,gtnme

frequently than once r .super exanple of
enbodi nent in "StF?J “’s‘ﬁ’gf@eg“g‘it‘ﬁﬁﬁ'é?mﬁe as
illustrated by rermte 204( e) of Fi gure | b. One 9 WO 97/ 03506

PCT/ US96/ 19313 pr ef w&;&&nﬁ&'@&%ﬂﬁ%ﬁmﬂ%%vlﬂm%ﬁm&f%ﬁm@%égg? tg%tglgﬁrs&nalgnd

during the upstre ni_cation per
nu rrbe? of s UE ﬁ?%%ﬁ%gw ng of: %ﬂamer ess Amplitde and Phase modulated signals;
Quadrature Phase Shift Keymg modulated signals; Vestigial Sideband modulated signals;

Quadrature Amplitude Modulation modulated signals.

20 21. A modem as recited in claim 19 wherein the transmitter is arranged to transmit Discrete

Multi-tone modulated signals and the receiver is arranged to receive Discrete Multi-tone modulated
signals.

22. A designated remote unit for use in a subscriber line based communication system that
25 facilitates communications between a central unit and a plurality of remote units over distinct
transmission lines that share a binder, the designated remote unit comprising:
‘a plurality of set top units each including 2 modem as recited in any one of claims 19-21,
wherein each of the plurality of set top units are arranged to share the designated transmission line.
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di screte multi-tone nodul ation) or a frequency sub-band (when using
single-carrier nodulation) in accordance with its data transm ssion needs.
Typically, it is desirable to interleave the sub-carriers 5 assigned to
each STU to reduce the probability that |ow bandw dth noise significantly

i npai rs the o dwdss60of one of the STUs to conmuni cate with pleosssnein!

unit. O course, such interleaving of the allotted sub-carriers is not
required. Although the present invention1?€s been described only as it
applies to a few nodul ati on 10 schenes, shoul d be understood that the
present invention may be enbodied in many other specific forns w thout
departing fromthe spirit or scope of the invention. For instance, although
the specification has described its use in VDSL/ FTTC and ot her subscri ber

| i ne based very high speed data transm ssion systens, it may be used in
ot’her systens which experience near end crosstalk as well. In the primry
enbodi nent, the invention's applicatiemsto a systemwhich 15 utilizes a
discrete nulti tone nodul ation scheme S been described. However, it can
readily be used in systens=whi ch use er nodul at#=~Qn techni ques as wel|.
By way of exanple, Quadratde Anplitugty Modul ati oRX QAM); Carrierl ess
Anmpl i tude and Phase nodul on (CAP); adrature glase Shift Keying (QPSK)
and/ or vesigi al sideband lation nmay, al | be usgd. Inportantly, the
i nvention may be used eve [

|l i nes that share the 20

are transmtted using dif it is inportant only

that their tinme division xqd upptreamjand downst f eam contmuni cati on
peri ods be synchroni . wer T fr=oaégcy sigpals are
‘transmtted over adj nt {wi rés jt hat shp [ , pignafy that are tine

di vi si on dupl exed angsyn& et || endent of

whet her the |ower cagpier freq i me diviSNon 25 dupl exed
and/ or synchroni zed g{th the hig This is ause
standardi zed | ower spged signaling t | ower

frequenci es which are d _
Al s. Furt her, S eci at el t hat==ke
s e using alw y& pdem
t central angq r ons. ket ef or e,

hi gher frequency sig
i nvention can be i npl
constructions at bot
t he

FIG. 1
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present exanples are to be considered as illustrative and not restrictive,
and the invention is not to be limted to the details given herein, but my
be nodified within the scope of the appended clains... 35 10 WD 97/ 03506
PCT/ US96/ 10713 WHAT IS CLAIMED IS: 1. In a subscriber |ine based
communi cat i onvyswe3sest hat facilitates bidirectional data trapgiyRddgeis
between a central unit and a plurality of2ygenote units over distinct
transmssion lines 5 that share a bindg, a nethod of coordinating data
transm ssi ons conprising the steps of: p&oviding periodic domnstr@ém
comuni cation periods during \#jch the cghtral unifgmay transmt <
infrormation to the plurality remote urgts; providing periodic Ebstream
comuni cati on periods during ich the p =y ORjrenote units nay
transmt information to the ceftral unit| t@e ppstrgam conmperi-eedt
periods being 10 arranged suc i
downst ream conmuni cati on perio

! !
bi nder_ are tinme division duple ypeht
transm ssions within the &ndelgrgd r agsn

time. 2. A nmethod as rggited in | ai @} rrpri‘5| ng f
providing quiet periods tfat 15 sepd th eam and jdey
comuni cati on periods, whefein neithex Wpstf downst rjeg#
comuni cations are transm i t hq qi peri od, whqrgt n \ihe
downst ream conmmuni cati on (S IuFe a plurality d ods
and t he upstream conmuni ca edch iqclude at |-east
period. 20 3. A nethof @&s rE C aim%/\/nerein e downstream
comuni cati on periods consis ga
=
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in the range of eight to sixty synbol periods, the upstream conmunication
periods consist of in the range of one to thirty synbol periods and the
qui et periods each consist of in the range of one to four synbol periods.
25 4, A nethod as recited in claim3 wherein a sel ected one of the
renote units wootessess a plurality of set top units, wherein reansosmrid op
unit is apportioned at |east one distinct one of the upstream conmuni cati on

peri od synbol s periods. 5. A met hod as3féecited in any of the preceding
cl aims wherein both the upstream 30 comuni cati ons and the downstream
comuni cations are Discrete Milti-tone nodul ated signals. 6. A net hod as

recited in any of clains 1-4 wherein the upstream and downstream
comuni cations are selected fromthe group of: Carrierless Anplitude and
Phase nodul ated signals; Quadrature Phase Shift Keying nodul ated signals;
Vesi giral Si deband nodul ated signals; 35 and Quadrature Anplitude
Modul ati on nodul ated signals. 7. A nethod as recited in any of the
preceging clains whereif the upstream and downstream conmuni cations
assocliated with a firgt Jsel ected one of the transm ssion lines utilize
di fferent nodul ati on BcHenmes. 40 WD 97/ 03506
PCT/ US96/ 10713 8. et hod as recited in any of clains 1-6 wherein the

[ ' 4 pcond ones of

downst r eam conmuni catgo NI

the transm ssion |ine®€ ili Ell!ﬁll;llll 0. A
nmet hod as recited in cldi ‘ ‘Ii sl an

addi tional transm ssion|lLine thdiidi§ 5']! di sti nct

transm ssion lines is arrahged to transmt non-time division dupl exed
signals at carrier frequencies that Bregueacyw

FIG. 2A

Amplitude

Frequency
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approximately 1 MHz; and all transm ssions over transm ssion lines within

the binder that are at frequencies above 10 approximately 1 MHz are tine

di vi si on dupl exed and synchr.oni zed. 10. A method.as recited in any one of

clainms 1-8 wherein the tine division duplexed data transm ssions: include a

signal carriwge9gsseérrier frequencies above approximately lpdrdddéaorad 15

have the capability of transmtting dowstreamsignals at a bit rate of at

| east ten mllion bits per second over edCh of the distinct transm ssion

| i nes over are twisted pair transnmssion lines. 11. A nethod as recited in

any of the preceding clains wherein the central unit is an optical network

unit that: 20 recei ves downstream source signals over at |east one

optical fiber and transmt information enbodied in the downstream source

signal s as downstream comuni cation signals wherein the downstream

comfuni cation signals are only transnmtted during the downstream

communi cation period; and transmts information enbodied in upstream

conmni cation signals that are received 25 during the upstream

comuni cation periods over the optical fibers as upstream source signals.

12. A central nodem suitable for use in a subscriber |ine based

comuni cation sysfemthat facilitates conmmuni cati ons between the central

nodem and a plurajity of renote units over distinct transm ssion |lines that

share a binder, gf pe central nodem conprising: 30 a plurality of

transceivers,n§g£1 transcei ver being arranged to conmunicate with an

associ ated remoEef unit over an fppoci ated distinct hﬁansnission | i ne that
ng a tine digision duplexed tra g i'ssion schene; a

synchroni zi ng ? Y ¥

plurality of tran

UE- ar r agged—to coorurgt ' =t grte amIE
scei vers such that thhq trangceivers o §
ir asqociated renot ¢sunitsj35  dur

share a bi nder

information to th
downst ream comu iy ame etz
to receive |nfornatlon.f{on1the|rngsgglatepl
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units during synchroni zed upstream communi cati on periods, the upstream
conmuni cat.i on periods being arranged such that they do not overlap with the
downst ream comuni cati on periods, whereby data transmssions within the
bi nder are tine division duplexed and synchroni zed such 40 that the
transm ssi wgomedsés n t he binder are transmitted in only ongrdissgéT®dnN at a
time. 12 WD 97/ 03506
PCT/ US96/ 10713 13. A central nodem as?/Becited in claim12 wherein the
synchroni zing unit outputs a super- frane clock signal tor*gach of the
transceivers to facilitate cbdidination of thdlbsjyeam adad downstkam
comuni caty pegi pdsONU1L4. A central noderyas recitedsiin claiyn 13
wher ei n thEibnMni g ur Ot T 3quTpo 2 SyTISI = CNETR T
sanpl e clock signal to each gf thg tra c_el\ie_r_§_t_o_frther’ facilitate
coordi'nation of the upstreanfand dqeggtream communi cail ogq@efi 0ds.” 10~ "1,
A central nodem as regltedfh.claj wherel 0 the synchYonizing unif . o
i ncl uges: a super-fragg.,cl otk thai] ofed its a super - fyjanme ¢Bock signal to
each of thF@a%ﬁ Ve, abatl oA - G-l &= Sybhalclack signhal
to each of " t'M€* trdmnscei very; and a sample clock that outputs a sanple cl
signal to each of the é12-~ceivers; antl wherein the clock signals are used
by the transceivers to~¢0ofddi nate the fJpRt®am and 15 downstream
conmuni cati on periods. 16. A ce-H al J rodem as reawted i ?ny one of
claims 12 - 15 wherein the Y4 ansceiverf are 1&[5aQM'?.Q_bO1‘| transmt and
receive si ﬁ;aﬁﬁcwz nthe)grglip consisting,ef : Qupdrature Phas
Shift Keyi ed sighal’s; arrierless AplTtiyfe and Phase goduT 4fe
signals; 20 Vest i gi al. Sikebhangloodil ated osilgnalsalQiadrat ure Aspli e
Modul ati on nodul ated signals and
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Di screte Multi-tone nodul ated signals. 17. A central nodemas recited in
any one of clains 12-16 wherein the central nodemis arranged to insure
that all transm ssions over transm ssion lines within the binder that are
at 25 frequenci es above approximately 1 MHz are tinme division dupl exed
and synchr orwopadessoel each transcei ver has the capability ofpdungsdgisisi ng
downstream signals at a bit rate of at least ten.mllion bits per second.
18. A central nodemas recited in any ghe of clains 12-17 wherein the
central nodemis an 30 optical network unit that: receives downstream
source signals over at |east one optical fiber and fransmt information
enbodied in the domnstrean1sourc§55ignals as domnstéganlconnunication
signals, wherein the downstream &8nmuni cati on signa® are only transmtted
daring the downstream comuni cat £8n period; and 35 =g transmts

i hf of mati on enbodi ed i n upstreamego ni cation sianEs that are received
during the upstream communi cati ofRpdri ods over th¢ Bptical fibers as
upstJeam source signals. 19. use in a subscriber

| i ne based comuni cation YV T U1 TarTgns bet ween a
central unit and a plural ifty of e , tinct tfansm ssion 40

| ines that share a binder i§'« 3 WO 97403506
PCT/ US96/ 10713 a transm tfer r ting upstrg¢am
comuni cation signals fro WWHH Junit over @§ designated

transm ssion line; a receifver SuUjsia ‘ downst r gam
communi cation signals fro
transm ssion |line;, and
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(54) Title: TIME DIVISION DUPLEXED HIGH SPEED DATA TRANSMISSION SY?I/AND METHOD

(57) Abstract

A method of coordinating very high speed
bi-directional data transmissions between a cen-
tral unit and a plurality of remote units over dis-
tinct twisted pair transmission lincs that share a
binder is described. Specifically, periodic syn-
chronized and downstream communica-
tion periods are provided that do not overlap with
one another. The upstream and downstream com-

Amplitude

munication periods for all of the wires that share
a binder are synchronized. With this arrangement,
all of the very high speed transmissions within
the same binder are synchronized and time divi-
sion duplexed such that downstream communica-
tions are not transmitted at times that overlap with
the transmission of upstream communications, In
some embodiments, quiet periods are provided to
scparate the upstream and downstream communi-
cation periods. The described invention may be
used in conjunction with a wide variety of modula-
tion schemes, including both multi-carrier and sin-
gle carrier transmission schemes. It is backwards
compatible with existing systems and has particn.
lar advantages in very high performance systems.

Ampliitude

Frequency
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