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distribution system--comprised of copper wire pairs- This Invention relates
to methods of communicat-  -Is and will continue to be the mechanism for
deliver- <_-   This Invention relates to methods of oommunicat-  ing
high-speed data to the central office. Ing data over a local telephone
loop, and to network  Indeed, telephone engineers have been success-
terminations.                                  5   ful In providing
transmission schemes that allow for Perhaps the most flexible and least
expensive   high-speed data transmission from the customer approach
fortransmitting data overtelephone lines is  promises to the central
office. In the mid-1970s, for to use the existing voiceband telephone
channels   example, there was Introduced In the United States a normally
used to carry speech. The channel between  digital data communications
network--the Digital the transmission endpoints may be either a switched
io   Data System (DDS)--in which data at rates of up to 56 network
connection-established by the user at one  eb/s was transmitted from the
customer premises to endpoint by simp y dialing the telephone number of
the central office using a four-wire local circuit, I.e., the other endpon
--or It may be a permanent, pOrvate  two two-wire pairs. The essence of the
transmission line connection which Is set up for the user by toe tel-
scheme was to use bipolar baseband transmission in ephone company.)ln
either case, once the conn4ction   15  combination with, Interalla, fixed
equalization tocom- has been established, data from the user's datacom-
pensate for linear distortion and thereby provide a municatlon/proceislng
equipment is Input to a voi-  channel with flat loss up to frequencies
sufficient to band modem which generates an output anal g line   transmit
at the required bit rate. This scheme allowed signal having a friquency
spectrum which martches  forunrepeatered transmission of almost eight miles
at the paseband of the volceband telephone channel. At  20  the 56 kb/s
rate (and even greater distances at lower the receiving end, a matching
modem recovers the   rates), thereby truly providing high-speed customer-
data from the received line signal and passes it to
premises-to-central-office transmission over the lo- user's equipment at
that end.                      cal loop" for a significant base of
customers. (See, for For a given level of noise and distortion, the rate
example, E.C. Bender et al, "Digital Data System: Lo- at which data car! be
communicated over a channel  25  cal Distribution System.wThe Bell System
Technical Is limited by its bandwidth. The bandwidth of the typ-  Journal,
Vol. 54, No. 5, May-June 1975.) Ical volceband telephone channel Is about 4
kHz. For   Subsequently, a 1.544 Mb/s speed was added to typical levels of
noise and distortion, this limits the  DDS, and data transmission at that
rate was there- transmission rate over such channels to a theoretical
after provided in other digital data transmission offer- maximum of about
23 kb/s (kilobts per second). For  30  Ings. This transmission rate was
achieved by using many applications-such as database Input/retrieval  the
technology developed for the so-called TI carrier or other applications
typically Involving a human be-  system--which had to that point been
principally used ing at at least one end of the transaction--data rates  to
Interconnect telephone central offices. Here again, well below this
theoretical maximum are wholly satis-  the transmission scheme Involved a
four-wire circuit factory. Indeed, alvast number of modems opetating   35
and a bipolar transmission format. Indeed, the design at bit rates ranging
from 1.2 to 19.2 kb/s are In cyrrent  of DDS was based on the previously
existing TI tech- use In a wide range of applications.
nology. At the 1.544 Mb/s rate, however, compensa- For many other
applications, however, suph as  tion for channel distortion and noise
required equali- _   computer-to-comRuterflie transfers, videotext, trans-
zation and regeneration of the line signal at no more mission of digitized
speech or video, etc., volcqband   40  than every 6000 ft (6 kft).
telephone data transmission Is unacceptably plow.      The above approaches
are certainly technically Advantageously, Tnost of the transmission
facilities  sound and are used quite extensively. They are In va-
Interconnecting telephone switching offlces around  rious ways, however,
not up to the demands of the the country communicate their Information In
the form  1990's. For example, the keystone oftelecommunica- of
multiplexed, high-speed digital bit streams. These   4s  tions In the
coming decade will be the integrated Ser- facilities can be Configured to
provide not only the  vices Digital Network (ISDN)-a telecommunications
standard 4 kHz voIceband channels, but also wide-  facility that will
provide, using a) a unified addressing band channels capable of carrying
customer data at,  and signaling scheme and b) a single physical point for
example, the so-called DS-1 rate of 1.544 Mb/s  of access, the capabilities
that are now provided by a (megabits per second) or even higher.         so
host of separate networks, such as voice, circuit-data, The challenge,
however, is to get the customer's  packet-data, telex, private-line
networks, etc. Central high-speed data to the central office from the cue-
to the Implementation of ISDN is the notion of com- tomer premises. In the
future, It is anticipated that this  plating the digitalization of the
telephone network by need will be met by optical fiber ubiquitously linking
providing the customer with duplex, I.e., simultaneous the customer
premises with the central office. It will  es  two-directional, digital
transmission capability to the be well Into the t   nty-first century,
however, before  central office over a single two-wire pair at a distance
this promise becomes a reality. At present, ther, and  of up to 18 kft at
speeds ranging from the so-called for the Immediat4uture, the existing
telephonilocal  ISDN "basic (2B + D) rate (with framing, mainte- 2 ;~~~.
3                   EP 0 334 549 B1                 4 



nance and control bits) of 160 kb/s up to the so-called  The dramatic
Increase In data transmission primary" (23B + D) rate (again with framing,
mainte-  speed afforded by the Invention arises from a number nance and
control bits) of 1.544 MbIs and even be-  of considerations. For example, a
passband signal yond.                                              can be
positioned at any desired location in the fre- Disadvantageously,
transmission based on TI   5   quency spectrum. Advantageously, then, It
can be so technology, although usable in this application, is rel-
positioned within the frequency spectrum as to opti- atively expensive to
provision and maintain. This is  mize the amount of added noise, taking
Into account principally due to the requirement for closeiy spaced  both
low frequency noise such as Impulse noise and regenerators and,
secondarily, to the requirement of  voice cross talk, and high frequency
noise, such as a separate two-wire line for each direction of trans-  10
near-end crosstalk (which arises from other signals of mission. Success of
ISDN, by contrast, demanded a  like spectrum In neighboring loops within
the same low-cost solution, at least for transmission at the 160  cable).
In addition, a passband signal has no signif i- kb/s "basic"rate. DDS type
of transmission scqeme,  cant energy at or near dc. We have recognized that
by contrast, could be used In ISDN application., but  this characteristic
avoids several echo canceller do- is not feasible for date rates much In
excess of the   1s  sign problems that occur when baseband transmis- ISDN
basic rate.                                   slon is used and which are
exacerbated as the symbol Ultimately, telephone engineers chose the solu-
rate increases. It also avoids a problem with so-called tion described,
fori example, in document T1 D1.388-  "dc wander", which Is exacerbated in
a baseband 145R1 dated October 13, 1988 prepared by the       transmission
scheme as the number of bits per sym- CCITT Ad Hoc Group on Draft Standard
and entitled   20  bol is Increased. "Draft Standard for ISDN Basic Access
Interface for    The passband signal may be a so-called carrier-
Application atthe Network Side of NTI, Layer 1 Spec-  less amplitude
modulation/phase modulation signal. If Ication." Basically, this approach
uses a four-level  A trellis code or other code that provides coding pulse
amplitude modulation (PAM) transmission      gain may be used In
conjunction with maximum like- scheme, referred to as 2B1Q (because it maps
two   25  lihood sequence estimation, also referred to as Viter- bits Into
one quaternary symbol) in combination with  bi decoding, at the receiver to
provide enhanced re- a) adaptive equalization, which Is a much more pow-
ceiver noise Immunity. erful technique for compensating for linear
distortion  The Invention will now be described with refer- In the channel
than the fixed equalization previously  evce to the accompanying drawings,
In which: used and b) echo cancellation, which permits duplex   30  FIG. I
shows fourtelephone local loop data trans- transmission over a single wire
pair. This approach,   mission schemes, two of which are prior art although
providing two-wire data transmission over     schemes and two of which
embody the present the local loop at the basic rate, pushes the state of
the  Invention; art for transmission of high-speed data from the cus-
FIGS. 2 and 3 are graphs helpful in comparing the tomer premises ip the
central office. Where. data  35  various transmission schemes depicted in
FIG. 1; rates significantlyiin excess of 160 kb/s over an b8kft  FIGS. 4-6
are various one-dimensional signal loop are needed, it has to this point
been envisioned  constellations helpful in understanding the prior that TI
technoloy will have to be continued to be      art approaches to data
transmission over the lo- used.         r
cal loop; According to one aspect of this Invention there Is  40  FIG. 7 Is
a block diagram of a duplex wideband provided a methol as claimed In claim
1.               network termination used in one of the transmis- According
to janother aspect of this Invention     son schemes of FIG. I and
embodying the Inven- there Is provided a network termination as claimed In
tion; claim 8.      ;                                        FIG.8 shows
the signal consteliation used In the Central to known schemes for
transmitting high-  46  duplex wideband network termination of FIG. 7;
speed data over the local loop has been the use of     FIG. 9 Is a table
useful In explaining the operation baseband transmi sion schemes, such as
the bipolar     of the coder within the duplex wideband network scheme used
In DPS and T1 and the four-level 2B1Q      termination of FiG. 7; and
scheme proposed'for ISDN. In the present Invention,    FIG. 10 is a trellis
diagram graphically depicting we have realized that passband transmission
of the   so  the so-called convolutional code used In the du- type that has
been used for many years In, for exam-   plex wideband network termination
of FIG. 7. pie, voiceband data transmission and digital radio    In FIG. 1,
digital signals originating from various systems can be employed In an
environment-local    pieces of terminal equipment 1, 2,3 and 5 located on
loop transmission-- where the age-old standard has  respective customer
premises are communicated to a been baseband signaling, In order to provide
for data  ss  telephone central office 90 from which they are rout-
transmission speeds significantly greater than that  ed through the
telephone network (not depicted) to provided by curre  technology at a
commercially ac-  their respective destinations. For simplicity, the vari-
ceptable level of erformance.                      ous pieces of terminal
equipment 1, 2, 3 and 5 are all .               \      ~~~~~~3 i i
a ::             .   <~~~~~~~~~    
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telephone stations each intercon-  The Inbound line signals Invariably
Incdude so-called nected with a personal computer. In general, how-  echos
of the outbound data, the principal echo com- ever, each of thevarious
pieces of terminal equipment  ponent being the so-called Onear echo"
comprised of may comprise any type of digital signal source, such  energy
from transmitter 311 which "leaks" through hy- as a simple computer
terminal, a cluster controller, a   8   brid 316. In order to remove these
echos, echo can- minicomputer, a digital video signal source, etc.  celler
317 generates an estimate thereof as a func- By way of Illustration, each
of the differently  tion of the stream of outbound channel symbols,
numbered pieces of terminal equipment communi-     which Is supplied
thereto from within transmitter sc- cate their data to the central office
using a respective  tion 311, and that estimate Is subtracted from the in-
different transmission scheme, two of which are prior  io  bound line
signal in a subtractor 318 prior to applica- art schemes and two of which
embody the present In-  tion of that signal to receiver section 313. The
output ventlon.                                           of subtractor 318
is also used as an error signal by In particular, terminal equipment 1 Is
comprised  echo canceller 317 to update Its transfer function In of a
single telepi one/computer combination  hich  such a way as to minimize the
residual echo In that generates digital diatb in the ISDN "basic rate  2B +
18  signal. D) format. The information data bits themselves,       As
discussed In further detail hereinbelow, the which are at a rate of 144
kb/s, are combined with va-  above-described approach for providing 160
kb/s rious framing, maintenance and control bits by gircul-  transmission
from the customer premises to the can- try with the termloal equipment
Itself to generate an  tral office seems to be commercially viable, but may
outbound data stream at 160 kb/s. This data stream   20  not be practical
for use at higher transmission rates. is Input to a network termination 31
which utilizes the  Attention is thus directed to another prior art trans-
aforementioned prior art 2B1 Q transmission scheme  mission scheme, which
Is used to communicate data to communicate the data to central office 90
via two-  at significantly higher rates to central office 90 from wire
local loop 51 ,the latter having a maximum length  terminal equipment 3. of
18 kft per ISDN standards. In ISDN parlance, net-  25  In particular,
terminal equipment 3 Is comprised work termination 1 Is referred to as an
"NTI" and It  of a number of digital signal sources, each of whose will be
so denominated hereinafter,                output data streams Is applied
to a multiplexer/demul- Within central office 90, the ISDN-formatted bit
tiplexer (muxIdemux) 13. The latter embeds the sig- stream Is recovered
from the transmitted 2BIQ sig-  nals from these sources in an outbound data
stream nal bya so-called line termination 71 and Is thereupon   30  on lead
24, that signal being In the ISDN "primary passed to a digital switch 91
within the central office.  rate" (23B + D) format. The Information data
bits Switch 91 Is Illustratively a 5ESS digital switch man-  themselves,
which are at a rate of 1.536 Mb/s, are ufactured by AT&T which includes
software which    combined with various framing, maintenance and processes
the framing, maintenance and/or control  control bits by circuitry within
mux/demux 13 to gen- Information carriel In the so-called "DO channel of
the   35   erate an outbound data stream at the so-called DS- ISDN signal.
For t1i reason, switch 91 Is denoted In  I rate of 1.544 Mb/s. The signal
on lead 241s commu- the FIG. as an 'IS;N switch".         O
nicated to central office 90 by way of transmitter sec- In each direclion
of transmission, the functions  tlon 331 of T1 carrier service unit 33,
outbound two- performed by linetermination 71 and NT1 31 are the  wire pair
54 of a TI link 53 and T1 line termination 73, opposite of what they are In
the other direction. Thus,  40  the latter being within the central office
Itself. The data from switch 9I destined for terminal equlijment  output of
T1 line termination 73 is demultiplexed by a 1, also at 160 kb/s, Is passed
to line terminaticn 71,  mux/demux 83 and the component data streams are
which generates I 2B1Q line signal representing that  thereupon applied to
switch 91. data. The line signal Is then transmitted over local
Similarly, In the Inbound direction, data from loop 51 to NT1 31 which then
recovers the data and   45  switch 91 destined for the various pieces of
terminal passes It to terminal equipment 1. Indeed, the circul-  equipment
3 are formatted Into a primary rate signal try within each o$ these two
units is very similar to  by mux/demux 83, also at 1.544 Mb/s, and are
passed that in the other !nd, as far as the generation and  from switch 91
back to mux/demux 13 by way of T1 processing of linesignals is concerned,
they may be  line termination 73, Inbound two-wire pair55 of TI link
regarded as being Identical.                  5o  53, receiver section 333
of T1 carrier service unit 33 As specifically shown for NTI 31, that
circuitry Is  and mux/demux input lead 25. Mux/demux 13 there- principally
comprised of a transmitter section 311, a  upon demultiplexes the signal on
lead 25 Into Its com- receiver section 313, a hybrid 316 and an echo can-
ponent data streams for distribution to the various celler 317. Outbound
data generated by terminal    piaces of terminal equipment 3 that it
services. equipment I Is converted to 2B13 format by transmit-  6s  As with
NT1 31 and line termination 71, the funo- ter section 311 and is extended
onto loop 51 by way  tions performed by T1 carrier service unit 33 and T1
of hybrid 316. At tle same time, hybrid 316 directs In-  line termination
73 are the opposite of one another In bound line signal'on loop 51 to
receiver sectio1313.  the two directions of transmission and the circuitry
4 I i .    



7                   EP 0 334 549 B1                  8 within them that
generates and processes line signals  acceptably low probability of error
Is easily achiev- is substntially identical.
able. A bipolar transmission scheme is not, however, Use of T1 caflier
transmission facilities for corn-  commercially feasible In local loop
environments at municating data ata DS-1 rate of 1.544 MbIs between
frequencies significantly higher than 160 kbWs, e.g., a central office and
terminal equipmentasjustdescri-   6   three times that rate, or 480 kb/.
This Is because the bed Is, indeed, a technically viable approach. As pre-
spectrum of a bipolar signal Is coextensive with the bit viouslymentioned,
however, it Is avery expensive ap-  rate. That Is, the spectrum of a
bipolar signal at 480 proach, owing principally to the need for
regenerators,  kb/s would extend out to 480 kHz, or even higher if the
denoted as 66, spaced at no greater than 6 kft Inter-  aforementioned
second lobe Is not filtered out of the vals, as discussed hereinabove.
io  transmitted line signal. Since, as shown by the shape The present
Invention, by contrast, provides a   of curve 216, the transfer function of
the near-end mechanism for communicating data over unrepea-       crosstalk
Increases with frequency, the level of such tered, two-wire local loops a)
at speeds significantly  crosstalk at 480 kHz would so corrupt the line
signal in excess of that vhlch can be provided using, for ex-  as to make
it virtually Impossible to achieve accept- ample, a pulse amplitude
modulation (PAM) trai*mls-  15  able error performance over most loops. son
scheme, suc as 2B1Q, and b) at low costsSpe-        As another approach,
consider a four-level PAM cifically, our Invention enables data to be
transmitted  transmission scheme, such as the 2B1Q scheme pro- at at least
three times the ISDN basic rate, I.e., at at  posed for ISDN, as discussed
earlier. The signal con- least 480 kb/W, ovor an 18 kft loop and at at
least the  stellatlon for this scheme Is shown In FIG. 5. Again, ,;  ISDN
primary rate of 1.544 Mb/s over a 12 kft l6op.   20  this approach Isa
commercially feasible transmission In order to explain the principles of
the present In-  scheme for 160 kb/s transmission. Specifically, the
vention attention is now directed to FIGS. 2-3.      four-level format
means that each signaling pulse car- In particular, curves 211 and 213 In
FIG. 2 show  ries two bits of Information, yielding a symbol rate of the
amplitude response In dB, as a function of fre-  80 kbaud. An Illustrative
spectrum for this signal Is quency, of typicat,24 gauge telephone local
loops of  25  represented by curve 362 of FIG. 3. The upper fre- length 12
and 18 411ofeet (kft), respectively. As is evi-  quency limit of the 2B1Q
signal Is well below the 160 dent from these carves, the loss In the loop
Increases  kHz upper limit of the bipolar 160 kb/s signal spec- as a
function of signal frequency. Curve 216 Is a typ-  trum, thereby making it
all the more Immune to near- Ical near-end crosstalk transfer function,
which    end crosstalk than the bipolar signal. Unlike the bipo- shows that
the level of crosstalk reflected Into a par-  90  lar signal, however, the
PAM signal has a significant ticular loop from other loops In the same
cable in-  energy component down to very low frequencies. creases with
frequency--specifically as a function of  This may be a problem In a
certain, albeit probably rel- the 3/2 power of the frequency-this being the
result  atively small, number of connections due to the pres- of inductive
and capacitive coupling In the telephone  ence at the lower frequencies of
voice crosstalk and cables.                                         95
perhaps Impulse noise caused by switching equip- Given the curuves of FIG.
2, It Is possible to. ana-  ment, power supplies, etc. In general, however,
the lyze the performa ce characteristics of the locqj loop  signal points
of a four-level PAM signal can be spaced transmission schemes known In the
prior art.        sufficiently apart from one another In local loop ap-
Consider, for1example, the particular trarsmis-  plications that achieving
a commercially acceptable slon scheme used in the Digital Data System (DDS)
4o  level of error performance, e.g., a bit error rate of 1 0o, as
described abode. As previously noted, this aa bl-  should not be a
significant problem using such a sig- polar transmissloO scheme, meaning
that the rans-    nal. mitted signal can take on one of two non-zero lvels.
Consider, now, using a PAM  transmission The signal constellation, I.e.,
the assemblage of pos-  scheme In this environment at significantly higher
sible transmitted signal points, for this scheme Is  45   bits rates, such
as 480 kb/s. For example, 480 kb/s shown In FIG. 4. At a transmission rate
of 160 kb/a,  PAM can be provided using eight levels and three bits the
spectrum of spzch a signal looks like curve 361 of  persymbol at 160 kbaud.
The spectrum of such a sig- FIG. 3. (Dependirg on the implementation, a
bipolar  nal isshown as curve 367 In FIG. 3 and thesignal con- signal
spectrum inay have a second lobe at higher    stellation thereof In FIG. 6.
Here, a more bandwidth frequencies. It Is assumed for the purposes of the
5o  efficient signal shaping scheme, using a smaller ex- present discussion
that that lobe Is filtered out of the  cess bandwidth than for the 160 kb/s
PAM scheme, line signal prior to transmission as, Indeed, is often
Is-illustratively employed so that the spectrum has a the practice.)
much sharper rolloff. Again, near-end crosstalk would Used In conjunction
with standard adaptive       not be a significant problem. There would be a
bit equalization and echo cancellation, a bipolar trans-  u5   more concern
about an eight-level PAM scheme, as mission scheme Is a commercially
feasible approach   compared to the four-level, because the transmitted for
160 kb/s because the level of near-end crosstalk  line signal Is subject to
maximum power level con- lntroduced into subh a signal is sufficiently
lowth atan  straints and, therefore, in order to increase the num- 5i
s 51 I,    9                   EIP 0 334 549 131               10 



ber of signal points In the constellation from four to  smaller adaptation
step size, as previously noted. eight, the points would have to be closer
together  Thus, the above-discussed problems relating to arith- than in the
four-lqvel case. This can be seen from a  metic precision and the ability
to adapt to time varia- comparison of Fl0S. 5 and 8. In general, however,
It  tions In the echo channel are exacerbated. Indeed, may well be the cede
thatthe error performance of the   5   the capability of the echo canceller
to adapt to time eight-level PAM will be at an acceptable level.
variations In the channel may be so compromised as Using a PAM scheme,
however, does have other,  to make the acceptable echo canceller
performance potentially more serious, limitations. One problem re-
difficult or impossible to achieve at, for example, an lates to the fact
that the group delay of the near echo  80 kbaud symbol rate. channel
transfer function--which characterizes the   10  Another limitation with
PAM in this environment near echo appearing at the input of the receiver
see-  relates to the existence In the local loop of a well- tion, e.g.,
receiver section 313 (FIG. 1), as a function  known phenomenon referred to
as "do wander", of the transmittedsignal increases dramatically In the
wherein the average value of signals on the loop voiceband region at the
low end of the spectrumr This  tends to drift up and down over time,
resulting from increase in gro+p delay results from par 1cular  i5  the
fact that hybrids cannot pass signals at or close pole/zero combinations In
the transfer funrtion   to do. The effect of this do wander on receiver
perfor- caused principalbyby the presence of the hybrid; e.g.,  mance
becomes more pronounced as the number of hybrid 316, in the 9earecho
channel. This large group  bits per symbol Is increased because the number
of delay means thatithe Impulse response of thelecho  signal points in the
constellation would have to be cor- LG   channel in the lov-frequency
region will exten4. over  20  respondingly Increased and thus the minimum
dis- a significantly longer time Interval than In the higher-  tance
between them would have to be decreased. frequency regions, where there is
much less group  (On the other hand, keeping the number of bits per delay.
Thus, the effect of a particular symbol in the  symbol the same and
Increasing the symbol rate echo signal is manifested for a longer period of
time  would exacerbate the above-discussed echo cancel- In the
low-frequeppy components of the echo. In or-  25  ler step size problem.)
Unfortunately, automatic gain der for the echo 0anceiler to effectively
synthesize  control (AGC) circuits--which might otherwise be such
low-frequeny components, then, the memory     used to tracksuch
time-varying channel effects asdc In which It stores the transmitted
symbols must span  wanderand thus remove them--cannotbe used effeo- a
greater number of symbol intervals than It would if  tively in echo
cancellation applications. the group delay at low frequencies was not as
large   30  One possible approach to solving the foregoing as it is.
problems might be to create a null at de In the PAM In turn, the
requirement of an increased number  signal (using known bit coding
techniques), thereby of symbol Intervals In the echo canceller memory
minimizing the energy at or near do In the first in- span means that the
so-called adaptation stop size  stance. Indeed, It appears that this
approach Is being used in the coefficient updating algorithm within the
so  taken by engineers currently designing circuitry to echo
canceller--eg., the parameter a In U.S. Patent  implement2BIQ.
Disadvantageously, however, such 4,484,545 cited blow-must be made smaller
In rder  solutlons, although they ameliorate the problem, do to maintain
aparti larlevel of echo canceilatio:. Dis-  not completely solve it. \.W
advantageousy, decreasing the step size means that     All In all, then,
use of a PAM transmission scheme the arithmetic Uset In the echo canceller
must be car-  40  over an 18 kft ISDN loop at, for examplej 480 kb/s or
rined out at a higher level of precision, I.e., to a greater  higher,
appears highly problematic and, Indeed, may number of fracto al places.
This adds not Ins nift-  not be achievable. In addition, If the desire is
to trans- cantly to the cost Zf Implementing the echo cansiier.  mit at bit
rates significantly higher than 480 kb/a, e.g., Moreover, using 9 smaller
step size reduces the ca-  the DS-1 rate of 1.544 Mb/s, the necessity of
spacing pability of the echo canceller to adapt to time varia-  45  the PAM
signal points even closer together may well tions in the echo channel.
mean that the signal would have Insufficient margin It Is not believed that
this effect precludes an ac-  against low-frequency noise and residual do
wander ceptble level of icho canceller performance using a  to provide a
commercially acceptable level of error PAM transmissbr scheme at a 40 kbaud
symbol rate.  performance. The problem gets Worse, however, as the symbol
rate  6o  We have realized that passband.transmission of is Increased. The
reason for this Is that as the symbol  the type that has been used for many
years in, for ex- rate Is increased, the symbol Interval correspondingly
ample, volceband data transmission and digital radio decreases. Thus the
memory span in the echo can-   systems can be employed In an
environment--local celler, although always extending over the same time
loop transmission--where the age-old standard has period--as determined by
the time duration of the low   us   been baseband transmission, In order to
provide for frequency Impulse response as previously dis-      data
transmission speeds significantly greater than cussed--will now extend
overan Increased numberof  that provided by current technology while still
achlev- symbol Intervals. Again, this necessitates an even  Ing an
acceptable level of error performance. a                               6 I
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365 In FIG. 3. In particular, curve 365 represents the  vention at such
high rates, it will thus probably be nec- spectrum of a two-dimensional
signal which can ac-  essary to put more stringent limitations on the loop
commodate a 48d4kbls, 6-bit-per-symbol data stream  over which the line
signal Is transmitted. For example, within a bandwidth of approximately 80
kHz. This sig-   5   It will probably be necessary to limit the loop length
nal may advantageously be a carrderless amplitude-  so thatthe maximum
attenuation, or loss, in the chan- and-phase modulated (AM/PM) signal as
described In  nel will be smaller and thus the signal-to-noise re- further
detail hereinbelow. Unlike the spectrum of a  quirement of the receiver can
be satisfied. Note from baseband signal, such as represented by curves 362
curve 211 of FIG. 2 that the loss Introduced by a 12 and 367, the spectrum
of a passband signal falls off  10  kft loop at a symbol rate of 257.33
kbaud--which at low frequencies. Moreover, a passband signal can  would be
the symbol rate needed to support data at be positioned at any desired
location In the frequency  1.544 Mb/a, again assuming a 6-bit-per-symbol
spectrum. Advantageously, then, the passband sig-  scheme-Is quite close to
loss introduced by an 18 kft nal represented by curve 365 can be so
positioned  loop at an 80 kbaud symbol rate. Thus it Is expected within the
frequo cy spectrum as to mInImz the   15  that the signal-to-noise ratio,
at the receiver Input, for added noise, takig Into account both low freq
ency  a line signal carrying a 1.544 Mb/s bit stream over a noise such as
lmpuise noise and voice crosstal[, and  12 kft loop should not be much
lower than the signal- high frequency nolse, such as near-end crosstalk
to-noise ratio for a line signal carrying a 480 kb/s bit (which arises
from, other signals of like spectrum In  stream over an 18 kft loop.
neighboring Ioops wthn the same cable). In adlition,  20  In addition, In
order to ensure adequate perfor- since the passbar d signal does not
Include signrals at  mance at, for example, a 1.544 Mb/s data bit rate, it
or near dc, all of tfe various factors discussed above  may be desirable to
place further restrictions on the as rendering diffipult, expensive and/or
not practical  loop. For example, it may be desirable to limit the the
ability to use PAM or other baseband transmis-  number and placement of
so-called bridge taps, sion schemes at rates significantly In excess of the
25   whose presence Introduces additional amplitude dis- ISDN basic rate do
not exist.                      tortion In the channel. It may also be
desirable to limit Moreoever, in order to enhance the receiver's  the use
and character of mixed wire gauges, which margin against npise, we have
realized that trellis  can create additional echos in the received line
sig- codes (or other codes that provide so-called coding  nal. In regard
tothese furtherloop restrictions, as well gain"), In conjunction with
conventional Viterbi decod-  30  as the 12 kft maximum loop length, we
believe that if Ing in the receiver, can be employed In this local loop
the loop meets the already-established design re- transmission environment
Just as they are already  quirements for so-called "carrierserving area"
(CSA) used In volceband data transmission, for example.  loops, a network
termination embodying the inven- COMPUTERDESIGN, vol.25, no. 8, pages
71-74, Lit-   tion can, Indeed, be used to communicate 1.544 Mb/ tleton
(MA), US; E. von Taube et al.: 'Modem design   35  data over the local loop
with acceptable error perfor- boosts data processing throughput discloses
the use  mance. of trellis coding In'a modem.                          The
aforementioned CSA design requirements At data rates ignificantly higher
than 480 kb/s,  are, In particular, as follows: such as the O    rate of
1.544 Mb/s used v41 the       1) Only non-Ioaded cable can be used. ISDN
(23B. D)      I rmat, it may not be possible, 'given   40  2) 26 AWG cable,
whether used alone or In coin- current technolo   and the characteristics
oft local   binatlon with other gauge cables, should not ex- loops as they
cuentiy exist, to achieve an aqcept-     coed a total length of 2.73 km (9
kft) including so- able level of eros performance over an 18 kf local
called bridge taps (spurs). loop, even given the approach of the present
iven-     3) For single gauge 19, 22 and 24 AWG cable, the tion. The reason
1I that such a bit rate implies a sig-  45  total length including bridged
taps should be less nificant increase In the symbol rate and/or a signifl-
than 3.68 km (12 kft). cant increase In the number of points in the signal
4) The total bridged tap length should not exceed constellation. As oeen
from curve 216 of FIG. 2, sig-  0.762 km (2.5 kft) and no single tap should
ex- nificantly Increas: g the symbol rate would result in a  ceed 0.609 km
(2.0 kft) In length. significant Increa e of near-end crosstalk, thereby
re-  -o  5) Multi-gauge cable Is restricted to two gauges. ducing the
signal-to-noise ratio to a point that accept-  Referring now back to FIG.
1, terminal equipment able error recovery might not be possible. On the  2
Is comprised of a number of digital signal sources other hand,
significantly Increasing the number of  whose output streams are applied to
mux/domux 12. points in the signal constellation would mean that the  The
latter embeds the signals from these sources In points of the constellation
would be much closer to-  55   an outbound 480 kb/s data stream on lead 21.
That gether, thereby Increasing the receiver's signal-to-  data stream
could be formatted, for example using an noise ratio requirementtoa level
not achievable given  ISDN-type format, although an ISDN standard r480 the
capabilities fcurrent technology.              kb/s has not yet been
adopted. The data stream on 7                  3                 f~~~~~~~~
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lead 21 Is input toWa network termination 32.      the level of detail
being presented, the major differ- 



Network termination 32Is more specificallyrefer-  ence being the symbol
rate at which they operate. '    red to herein as a duplex wideband network
termina-  Indeed, a DWNT can be manufactured with the capa- tion, or DWNT.
The lattercommunicates its input data  bility of operating over a range of
bit rates, with the to central office 9D via two-wire local loop 52 which,
5   bit rate actually used at a particular time being either like loop 51,
has amaxlmum length of 18 ift per ISDN  selected manually via, say, a front
panel control or standards. Within central office 90, the bit stream is
adaptively by the DWNT/DWLT pair themselves dur- recovered from the
transmitted line signal by a duplex  Ing their start-up sequence. wideband
line termination, or DWLT, 72 and, after be-  . Specifically, the 480 kb/s
signal received by Ing demultiplexed by mux/demux 82, Is passed to dig-  so
transmitter section 321 within DWNT 32 on lead 21 Is Ital switch 91. At the
same time, 480 kb/s digital sig-  applied therewithin to a scrambler 712.
The latter, In nals are passed from switch 91 back to terminal
conventional fashion, randomizes the data so as to equipment 2 via
mux/demux 82, DWLT 72, local loop  eliminate the possibilities of
generating tones within 52, DWNT 32 and mux/demux 12.
the line signal ultimately to be generated. Scrambler As with NT1 al and
line termination 71, thegfunc-  i.  712 may be, for example, of the type
shown in U.S. tions performed bty DWNT 32 and DWLT 72 In each    Patents
3,515,805 Issued June 2,1970 to R. Fracassl direction of transmission are
the opposite of.-what  and 4,304,962 Issued December 8, 1981 to R. Fra-
they are In the other direction. Moreover, as far as the  cassi et al.
Scramblers of this type are also described processing of line signals is
concerned, DWNT32 and  in polynomial form In CCITT V.32 Recommendation,
DWLT 72 may be regarded as substantially ideptical.  20  "A Family of
2-Wire, Duplex Modems Operating at In addition, DWNT 32 has a structure
generally sim-  Data Signaling Rates of up to 9800 Bit/s for Use on
ilartothatofNTI 1.ThusinparticularDWNTb32in-     the General Switched
Telephone Network and on dudes a transmiter section 321, a receiver section
Leased Telephone-Type Circuits," Red Book, Volume 323, a hybrid 326 and an
echo canceller 327. What  Vill - Fascicie VlII-1, Data Communications Over
the principally distinguishes DWNT 32 from NTI 31 Is the   25  Telephone
Network, VIIFh Plenary Assembly, Mala- fact that the fornger uses a
passband transmission  ga-Torremolinos, pp. 221-238, Oct. 8-19, 1984. The
scheme, as previously discussed, in order to achieve  output bits of
scrambler 712, still at a 480 kb/s rate, 480 kb/s transmilsion over the 18
kft local loop.  are thereupon converted to six-bit words by serial-to-
Further, terminal equipment 5 communicates     parallel converter 713, the
bits of each such word be- with switch 91 via mux/demux 15, DWNT 35, local
30  Ing denoted X1 through XS. These six-bit words, oc- loop 56, DWLT 75
and mux/demux 85. Mux/demuxes     curring at 480,000 + 6 = 80,000 per
second, are there- 15 and 85 could be arranged to operate, for example,
upon mapped bya coder 714 Into a stream of channel in ISDN (23B + D) mode
or, alternatively, the so-cal-  symbols--one symbol for each word-yielding
a sym- led non-channelized ISDN packet mode, or NIPM. As  bol rate of 80
kilobaud. before, DWNT 35 and DWLT 75 are substantially  35
Specifically, coder 714 expands the six-bitwords Identical to one another
and, again, use a passband  received from serial-to-parallel converter 713
Into transmission sch"me. The latter differs from the   seven-bit words
comprised of bits YO through Y6. Bits passband transmision scheme used In
DWNTf32 In     YO, Y1 ,and Y2 are generated by a trellis coder 740 that,
although It a!so uses six bits per symbol, i em-  within doder 714 In
response to bits XI and X2, as de- ploys a symbol ra8 of 257.33 kbaud,
thereby a4hiev-  4o  scribed in further detail hereinbelow, while bits Y3
Ing a 1.544 Mb/s it rate. Terminal equipment 5 may  though YB are identical
to bits X3 through XS. Still thus be comprise of more data sources thaii
say    within coder714, bits YO through YBare applied to bit- equipment 2
or n Iay include sources that ger:erat  to-symbol converter 777, which maps
each of the 27 data at higher bit eats.                           = 128
different combinations of the values of those In order to actommodate this
bit rate, iocs! loop   45  bits Into one of a predetermined constellation
of 128 56 Is Illustrativelylilmited to a maximum length of 12
two-dimensional channel shown in FIG. 8. More spe- kft, as previously
described. If, on the other hand, it  cifically, each of the 128 channel
symbols of the con- were desired to provide 1.544 Mb/s data communica-
stellation is assigned to a particular one of eight par-
tioncapabilityovrdistancesgreaterthan12kft.this    titions, or subsets,
labelled a through h, as denoted could be easily atmpolshed by, for
example, termin-  0o  In the FIG. The values of bits YO, Y1 and Y2
Identify, ating the two-wiredloop at a DWNT which feeds Its dig-  in
accordance with the assignment scheme shown In Ital output Into a four-wire
repeatered system, such as  FIG. 9, the particular one of the eight subsets
the a so-called "subscriber line carriernsystem (SLC), ex-  symbol
currently being Identified Is to come from tending back to the central
office.                while the values of bits Y3 through Y6 identify a
par- Byway of example, FIG. 7 shows a blockdiagram   so  ticularone of the
sixteen symbolswithin the Identified of duplex wideband network termination
32. It will be  subset. appreciated, however, that duplex wideband network
The assignment of each of the sixteen different termination 52 will! be
substantially Identical thereto at  combinations of the values of bits Y3
through Y6 to a 8    15                  EP 0 334 5491B1                 16
particular symbol >ithin the identified subset can be  umn is so labeled.
With the coder now In state 001, arbitrary. Howeve*, by appropriate choice
of a) the so-  the next signal point to be output will come from one called
trellis code used by trellis coder 740 to gener-  of the subsets en, 'T,
"gm or hm, depending on the up- 



ate bits YO, Y1 and Y2, b) the constellation, and c) the  coming values of
XI and X2. partitioning of the constellation Into particular sub-   5  The
trellis codes that have developed to date, In- sets, so-called coding gain"
is achieved. Such cod-  cluding, for example, the code represented by the
ing gain manifests itself in the form of enhanced re-  trellis diagram of
FIG. 10, are known to provide coding ceiver Immunity to channel noise as
compared to the  gain in the presence of Gaussian, or"white", noise. In
channel noise Immunity of an "uncoded" system in   the local loop
environment, by contrast, colored, rath- which each symbol of (in this
example) a 64-symbol  10  erthan white, noise--arising from crosstalk
within the constellation would be used to directly represent a
transmission cable--is the dominant noise type. We different one of the 26
= 64 different combinations of  nonetheless believe that the use of this
particular the values of bits XI through X6.                  code In the
local loop environment will still provide a Acircuit embodimentof trellis
coder 740 Is explic-  significant measure of coding gain. If, In the
future, itly shown in FIG.7. Specifically, trellis coder 740 is  15
techniques are developed which will enable one to a finite-state maciine
which Includes delay eleroents  design codes optimized for a colored noise
environ- 781, 782 and 78i and exclusive-OR gates 784 and    ment, the use
of trellis orsimilarcodes will be of even 785. Each of the delay elements
Imparts a symbol In-  greater benefit In a DWNT. terval delay of T seoonds
to Its Inputs, where T is the  Bit-to-symbol converter 777 provides on its
out- reciprocal of the symbol rate, I.e., T - 1180,00q. The   20  put leads
702 and 703 the so-called In-phase and Inputs of exclusevfOR gate 784 are
bit XI ark the  quadrature phase components, respectively, of the output of
delay element 781. The Inputs of exclusive-  channel symbol identif led by
bits YO-YV. In terms of OR gate 785 are Spit X2 and the output of delay
ele-  the constellation diagram of FIG. 8, these compo- ment 782. Delay
element 781 receives as Its Input the  nents represent the we and Y
components of the se- output of delay element 783; delay element 782 re-
25  lected symbol. Leads 702 and 703 extend to complex celves as its Input
the output of exclusive-OR gate  shaping filter 716, which generates the
passband sig- 784; and delay eliment 783 receives as its Input the  nal
whose spectrum is represented by curve 385 In output of exclusive-OR gate
785. The output of delay  FIG. 3. As previously mentioned, that signal Is
Illus- element 783 also Ierves as output bit YO.          tratively a
carrierless AM/PM signal. The underlying premise of trellis coding Is that,
at  30  Implementationally, complex shaping filter 716 is any point In
time, only the points in particular subsets  illustratively comprised of
two finite-impulse-re- of the constellation are allowed to be transmitted,
de-  sponse digital filters of conventional design--in-pha- pending on the
so-called state of the trellis coder. The  se filter 791 and quadrature
phase filter 792-which trellis diagram of FIG. 10, for example, represents
the  filter the signals on leads 702 and 703, respectively. operation of
trellis coder 740.               35   Each of these filters is
Illustratively realized as a In particular, trellis coder 740 has eight
"statebs,  transversal filter which generates a passband signal binary 000
through binary 111, given by the values of  having a frequency domain
amplitude characteristic the bits currently stored In delay elements 781,
782  substantially as shown by curve 365. Filters 791 and and 783. Thus, fr
example, If the coder is In'stat  792 differ from each other only in that
their phase 001, this means hat delay elements 781 anT 782   40
characteristics are offset from one another by x/2. each currently holt a
u0" and delay element 783 cur-  This phase difference enables the receiver
section of rently holds a "1"0 The two vertical lines of poipts In  DWLT 72
to separately reconstruct the signals on FIG. 10 represent the eight
possible coder staes at  leads 702 and 703. The outputs offiters 791 and
792 successive time itervals, and the lines, or e.ges,  are combined in an
adder 793 to provide a digital ver- connecting various pairs of states
Indicate the possi-  45  slon of the desired outbound line signal. ble
state transitiols. Thus, for example, it Is possible  It Is important to
note that the approach taken for the coder to transition from state 010 to
state 001  within complex shaping filter 716 for generating a but not to
state 100.                              passband signal in response to the
two-dimensional Each of these connecting lines bears a label In-  symbols
represented by the signals on leads 702 and dicating which subset the
symbol being generated Is  so  703 is different from the modulation
typically used in, to come from. Thos, continuing the example above,  for
example, voiceband modems, such as quadrature assume that the current state
of the coder--i.e., the  amplitude modulation, or QAM. In the latter,
specifi- contents of delay elements 781, 782 and 783--is 010  cally, an
explicit or Implicit (depending on the Imple- and that, after the next
six-bit word is supplied by ser-  rqentation) rotation of the symbols by a
carrier-fre- lal-to-parallel converter 713, the new state is state  as
quency-dependent angle occurs. However no such 001. This means thatthe next
signal pointto be output  explicit or implicit rotation is performed with
carrier- Is to come from subset ua" since the line connecting  less AM/PM.
This is significant because unless there state001 intheleftcolumntostate111
intherightcol-  happens to be an integral relationship between the 9 I
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frequency And the symbol Interval T (which is  and 703, generates digital
samples each representing not likely to be the case If the carrier
frequency and  the echo component of a respective one of the sam- symbol
interval values are chosen to optimize the  pies on lead 749. This echo
replica signal is subtract- performance of the transmission scheme as a
whole),  ed from the samples on lead 749 In subtractor 328 to 



the aforementionod rotation operation will Involve a   a   provide an
echo-compensated signal on lead 752. non-trivial multipilcation, thereby
adding not Insignif-  (Note that, for convenience of Illustration,
subtractor Icantly to the costof the transmitter section. Afurther  328,
along with the circuitry which proceeds It, Is II- advantage is that
carrierless AMIPM is more simply  lustratively shown as being within
receiver section processed at the receiver than, for example, QAM.  323--a
minor difference in representation of DWNT Additionally, carrierless AM/PM
is potentially more ro-  10  32 in FIGS. I and 7.) bust In the presence of
non-linearitles, such as may   The echo compensated signal on lead 752, In
ad- be introduced in the analog-to-digital conversion per-  dition to being
further processed as described below formed In the receiver.
to recoverthe bitstream communicated from mux/de- The output of complex
shaping filter 716 Is con-  mux 82 (FIG. 1), is also used by echo canceller
327 verted to analog form by D/A converter 717 whose   15  as an error
signal In response to which It adapts its output Is then passed through low
pass filter 7S,18 to  transfer function in such a way as to minimize the
re- remove the highet-frequency Images of the desired  sidual echo
component of the signal on lead 752. signal. Hybrid 32~ thereupon extends
the resilting  Echo canceller 327 Is Illustratively of the type shown
outgoing line signal appearing on transmitter section  In U.S. Patent
4,464,545 Issued August 7, 1984 to J. output lead 719 to Its two-wire side
and thence onto  20   Werner, hereby Incorporated by reference. Among Its
local loop 52.                                     more significant
parameters, echo canceller 327 ii- Turning now to the inbound transmission
pirec-  lustratively has a memory span of 40 symbols, adap- tion, the line
signal generated on local loop 52 ly du-  tation step size of 2-2D and
arithmetic precision of 28 plex wideband linp termination 72 Is received by
hy-  bits using fixed point arithmetic. These parameters brid 326 which
routes that signal on to receiver see-  25  are expected to provide at
least 65 dB of near echo tion 323 and more particularly, low pass filter
742  attenuation, this being the likely minimum necessary thereof. The latt
filters out energy In the received  level of near echo cancellation for
this application. signal at frequencies nominally above the spectrum
The three line samples on subtractor output lead of the transmittedisgnail.
The resulting filtered signal  752 generated during the mth receiversymbol
Interval passes to gain control circuit 747 which Is program-  3o  are
denoted r1,,, r2, and r3,,. These line samples are mable to adjust the gain
Imparted to its Input so as to  passed to adaptive equalizer 750 for
further process- make maximum use of the precision of A/D converter  ing,
as described below. It may be noted at this point, 748 which follows. The
gain of circuit 747 Is set, based  however, that line samples rum, r2, and
ra, are also ap- on the level of its Input signal during modem Initiali-
plied to timing recovery circuit 753, which uses them zation or retraining,
and Is thereafter held at the Ini-  35  to control timing generator745.
(Othertypes oftiming tially set value, In accordance with standard practice
recovery schemes, such as those employing out-of- for echo-canceller-based
data communications.       band tones or other out-of-band signals might
alter- Receiver seton 323 further Includes a dock      natively be used.)
Although, as noted above, the 743, which generats a predetermined num er of
DWLT 72 may be regard as substantially Identical to clock pulses everj T
seconds on lead 744. Tha.e are  40   DWNT 32, one small difference Is that
DWLT 72 Illus- received by rec ver timing generator 745, Which    tratively
does not include a timing recovery circuit counts the pulse on lead 744 and
generates timing  corresponding to timing recovery circuit 753. Rather,
signals on a numler of output leads to control the se-  the receiver timing
generator in DWLT 72 operates quencing of the vprious signal processing
functions  exclusively In response to the clock therein, the latter, within
the received One of these leads, shown cpic-  45  In turn, being controlled
by a network timing signal Itly, Is lead 746. The latter extends pulses to
A/D con-  provided from within central office 90. The frequency verter 748
at a rate which causes A/D converter 748  of the clock In DWLT 72 thus
becomes the controlling to generate on its-output lead 749 samples of the
re-  frequency for the operations of both the transmitter calved signal
referred to as 'line samples", at 3/T  and recelversections of both DWLT 72
and DWNT 32. samples per secobd.                           50       As
previously noted, line samples rim, r2e, and rum Each of the Oamples on
lead 749 Includes an     are further processed by adaptive equalizer 750.
echo component that is dominantly comprised of so-  Equalizer 750 is of
conventional design and may be, called "near echo In the form of energyon
transmitter  for example, of the type disclosed In U.S. Patent section
output lead 719 that "leaks through hybrid  4,247,940 Issued January
27,1981 to K.H. Mueller et 326 and Is secondarily comprised of so-called
"fir   5   al, hereby Incorporated by reference. Since equalizer echoP
arising from reflections of the transmitted sig-  750 receives and
processes more than one Input for nal in the transmission channel. Echo
canceller 327,  each symbol interval, It Is referred to as a 'fractionally
In response to the symbols represented on leads 702  spacedu equalizer. it
Is, more specifically, referred to 10 r i1    19
EP0334549B1                     20 as a T/3 type of frctionally spaced
equalizer a ce It  in the receiver as to what the transmitted symbols ac-
receives and processes inputs at a rate of three per  tually were. The most
accurate way to generate that symbol interval, and thus has a so-called
"tap" spac-  error Is to use the decisions made In Viterbi decoder Ing of
T13. Afractionally spaced equalizer is advanta-  755. However, there is a
significant delay in Viterbi 



geous as compared to a so-called synchronous or   c   decoder 755. As a
result, using the decisions formed symbol-intervai-saced equalizer because,
for exam-  in Viterbi decoder 755 would, for example, necessi- ple, it is
insensitive to phase distortion in the channel  tate the use of a smaller
stop size In the equalizer and to the epochl with which the line samples
are  coefficient updating relations (the factor A In the formed. Moreover,
In this particular embodiment, a  above-cited U.S. Patent 4,247,940) than
Is optimum T/3 fractionally spaced equalizer is used because it  10  for
tracking time variations In the transmission chan- avolds allasing of the
sampled signal that would occur  nel. If, say, a T/2 tap spacing were used.
The outputs of   As an alternative, receiver section 323 includes equalizer
750 on lead 754 are generated once per   a slicer 758 which provides on Its
output lead 757 symbol interval and are, respectively, the real and im-
quantized versions of ym and Am, denoted a'; and a. aginary components ym
and Am of complex recovered   16  These so-called "tentative" decisions may
occasion- sIgnal point Ym. A nong Its more significant parame-  ally vary
from the corresponding decisions ultimately ters, equalizer 750
Illustratively has a memory span  arrived at in Viterbi decoder 755 as to
the values ofthe of 22 symbols, adaptation step size of 2-12, andlarith-
corresponding transmitted symbol. The tentative de- metic precision of 6i
bits using fixed point arithietic.  cisions are, however, a sufficiently
accurate measure Returning now to FIG. 7, complex recovered sig-  20  of
what the final decisions will be that they can be ad- nal point Ym will, (n
general, be somewhat displaced  vantageously used for equalizer error
generation. To In the complex pline from the corresponding frans-  this
end, a subtractor 758 provides on its output lead mitted symbol. This Is
due to such factors as a) t1e In-  759 the real and Imaginary components of
a complex ability of equalizer 750 to perfectly compensate for  error
signal Em having real and Imaginary compo- channel distortionland b) noise
added to the transmit-  25  nents em and em, where em = (y. - am) and Am =
(Ym - ted signal both In the channel and within DWNT 32 I-  A* self--the
latter being discussed in further detail here-  a r). The complex error
signal E ice suppled to equai- Inbelow. In order  Identify the transmitted
symbols,  Izer750fbrthe purposeofcoefficientupdating i con- components Ym a
d 5)m are fed Into a Viterbi decoder  ventional manner. 755 of           a
tioe, i d.coder                     The foregoing merely Illustrates the
invention 7of a type dfor example, in G. Unger-  30  and those skilled In
the art will be able to devise nu- boeck, 'Channel Coding With Expanded
Signal        merous arrangements which, although not expicilty Sets," IEEE
Trans. on Information Theory, Vol. IT-28,  shown or described herein,
embody the Invention. By No. 1, January 1982, and G. Ungerboeck, "Trellis-
way of example, but not limitation, some possible va- Coded Modulation With
Redundant Signal Sets, Part  nations and alternatives AllI now be
described. I and I," Communications Magazine, IEEE Commu-  35     For
example, the Invention has been disclosed In nication Society, February
1987. Also of Interest Is  t onext of a   t-oriented hs   environen the
discussion In. G.D. Forney, SThe Mtbrbi Aigo-  the context of a
circult-oriented ISIDN environment. rithm", Procsdin.s of the IEEE, Vol.
781, pp. 2e 8-  However, It can also be used to provide high-speed 278,
March 1973.JDecoder 755 operal.s on succes-   data transmission In totally
packetized non-ISDN en- ~~j  278,            operates on succes-I
vironments, as well. It Is, In addition, usable for use sive signal points
utput by equalizer 750 to form de-  40  notonlIntelephne oca lo tr n,
but cisbs, bsed r; a knoledg of he telilcodenot only In telephone local
loop transmission, but cunbased coder I4pas knowlede of the motrkelyscode
other suitable environments. Thus, for example, a used In coder 74p, as to
what the most likely se-DWTebdigtenvtoncudeusdoi- quence of transmlgttd
two-dimensional symbols. was.  DWNT embodying the invention could be used
to In- quenceofranlsd two-dimensionalhos symbol~s.        tre
outputrconnect-- overa telephone local loop - a local area Signals
Identifylng those symbols are output b   tr-network and a wide area
network; a telephone central b decoder 755 on lead 781 to
symbol-to-bit-conoerfer  e  and a wide area network; a  PBand  central b82
dicodper 75orn*  the Inverse function of i&lt-to-  office and a local area
network; a PBX and a central 762 which poerteor   there rectin of I
office, two PBXs, etc. In addition, In particular appli- symbol converter
777, thereby recovering the value  ain  tmyb  datgost  mlmn  h of bits YO
through Y7. Since the values of YO through Y6 are Identical with the values
of X0 through X8,  DWNT in a "data over voice" mode in which the speo- Y
are dluenticalbe withthe valuessofed through arallel-6  trum of the DWNT
line signal is positioned so as to these values can eedirectly passed
through parallel-  so laero   tth  oe  n  fth  rqec  pc to srialconvrbp784
nd dscrable 785In oderleave room at the lower end of the frequency speo-
to-srialconvrter764 nd escrmble 765in odertrum for the Insertion of an
accompanying voice sig- to provide the bit stream that was Input to duplex
wi-  nanv deband line termination 72. Descrambler 765 may be     Tos
i of the type described In the above-cited Fracassi p    The invention has
been disclosed using carrier- tents and CCITT standard.
66 less AM/PM. However, other passband transmission Equalizer 750 uses as
an Input an error signal In-  schemes, including non-carrierless schemes
such as dicative of the difference between the recovered sig-
quadrature-amplitude  modulation, can be used to Im- nal points on lead 754
and decisions thereafter made  plement the invention. Similarly, although
the Illus 11 e   
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utilizes a two-dimensional Imod-  commercial standpoint, however, symbol
rate echo ulation scheme, -tie Invention can be Implemented  cancellation
may be the preferred approach, particu- \..rx  using modulation schemes of
any other desired dl-  larly at 1.544 Mb/s, until the cost of very high
speed mensionality, Including, for example, one-, four- or  A/D converters
comes down. eight-dimensions Advantageously, a multi-dimen-   6    Other
alternative configurations for DWNT 32 re- sbonal modulated signal may be
more robust in the  lattotthemethodofequalizationused.Equalizer750
presenceofparti larchannelimpailrmentsthatsay,    is is a so-called
feedforward, or linear, equalizer a one-dimensions , e.g., single sideband,
modulated  which compensates forilneardistortion in the channel signal. In
addition, as long as the coordinates of the  via an adaptive filtering of
line signal samples In order symbol In each dimension are dependent-that
is,  io  to provide a relatively distortion-free digital replica- each
coordinate is a function of all of the data bits that  tion of the
transmitted line signal. There Is, however, the symbol represents, rather
than being an indepen-  an alternative form of equalization, usually
referred to dent function of some subset of those bits--       as decision
feedback equalization, or DFE. This ap- increasing the dimensionality of
the symbols increas-  proach combines the use of some linear equalization-
es the margin against noise and various channel Im-   15  -needed to
equalize the so-called precursors In the pairments. Indeeq, the Improved
receiver error per-  line signal-with an adaptive fil tering of priorly
formed formance may be sufficiently significant to make   data
decisions-used to equalize the so-called post- worthwhile the added
implementational complexity of  cursors. As a general proposition,
equalization en- using, say, four ordeight dimensions. It Is Importpnt to
hances noise present In the signal being equalized, note In this contex
however, that any gains achieved   20   but the noise enhancement attendant
to DFE can be by going to, say, four or eight dimensions may be of
significantly less than when linear equalization i little value unless the
recelver--and particularly its  used exclusively. It should be pointed out,
however, equalizer--Is carefully designed to minimize Is re-  that in
implementing a decision feedback equalizer In quired Input signal-to-nolse
ratio.                a DWNT which employs trellis coding, the aforemen-
The Inventlonihas been Illustrated In the context  25  tioned delay
introduced by the Viterbi decoder in pro- of a network termination which
operates at at least  viding Its output decisions should be taken Into ac-
480 kb/s. Howeverl It could be used at lower bit rates,  count. e.g., 160
kbls, If t is were found to be desirable.    The Illustrative embodiment
discloses the Inven- A particular c cult configuration for DWNT 32 is  tion
In the context of transmission over a two-wire shown In the Illustrative
embodiment. Here, too, how-  30  loop. An alternative, however, is to use a
four-wire ever, many variations are possible. For example, the  loop, I.e.,
a separate two-wire loop for each direction arrangement shown in FIG. 7
Implements a so-called  of transmission, In which case, of course, no echo
Nyquist, orminterpolating,m echo cancellerwherein the  cancellation would
be needed. Incoming line signal is sampled at at least twice the  Finally,
the Invention Is disclosed herein In a form highest frequency present In
that signal, and the echo   35  In which the various signal processing
functions are replica samples, generated at that same rate, are sub-
performed by discrete functional blocks. However, tracted prior to
equalization. An alternative approach,  any one or more of these functions
could equally well however, Is to generate the echo replica samples at  be
performed by one or more appropriately progam- <    the symbol rate ad
subtract them after equalizktion.  med microprocessors, microcoded digital
signal proc- There are advant ges and disadvantages to eaqh ap-  40  essing
phips, etc. proach. For example, the cost of an SD conjerter generally
Increas  as the required speed of opera- tion Increases an Indeed, a
NyquistrateA/D co~nver-  Claims ter for a DWNT oprating at 1.544 Mb/s could
beiquite expensive. In suh applications, then, symbol rate  46  1. A method
of communicating data over a tale- post-equalization jscho cancellation
might be prefer-  phone local loop (52) connecting apparatus red. A further
advantage of symbol rate echo cancel-  (2,12,32) at one end thereof to a
local central of- lation is that the echo canceller itself requires signif-
fice (90) In the public telephone network, CHAR- Icantly less circuitry,
thereby reducing the overall   ACTERISED BY the steps of, at the local
central DWNT cost. On thi other hand, symbol rate echo can-  so  office,
generating an outbound passband signal collation requires that there be
synchronization be-  representing a stream of outbound data bits, ap- tween
the transmitter and receiver clocks within the   plying said outbound
passband signal to said tel- DWNT. This can give rise to timing jitter in
the sym-  ephone local loop, receiving over said telephone bols supplied to
the echo canceller which, In turn, can  local loop an Inbound passband
signal represent- significantly degrade echo canceller performance.    56
ing a stream of Inbound data bits, and recovering All In all, we believe
that Nyquist rate echo can-  said inbound data bits from said Inbound pass-
cellation, such as shown In FIG. 7, Is probably the    band signal, at
least one of said bitstreams being technically superior approach for a
DWNT. From the     at a rate of at least 160 kb/s. 12    ,
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embodimekt utilizes a two-dimensionalmod-  commercial standpoint, however,
symbol rate echo ulation scheme, the invention can, be implemented
cancellation rnay be the preferred approach, particu- using modulation
schemes of any other desired di-  larly at 1.544 Mb/s, until the cost of
very high speed mensionality, Including, for example, one-, four- or  A/D
converters comes down. eight-dimensions. Advantageously, a multi-dimen-   5
Other alternative configurations for DWNT 32 re- sional modulatedlsignal
may be more robust in the   late to the method of equalization used.
Equalizer 750 presence of particylar channel impairments that, say,  Is Is
a so-called feedforward, or linear, equalizer a one-dimensional, e.g.,
single sideband, modulated  which compensates for linear distortion in the
channel signal. In addition, as long as the coordinates of the  via an
adaptive filtering of line signal samples in order symbol in each dimension
are dependent--that is,  1o  to provide a relatively distortion-free
digital replica- each coordinate is a function of all of the data bits that
tion of the transmitted line signal. There Is, however, the symbol
represents, rather than being an indepen-  an alternative form of
equalization, usually referred to dent function of some subset of those
bits--        as decision feedback equalization, or DFE. This ap-
increasing the dimensionality of the symbols Increas-  proach combines the
use of some linear equalization- es the margin against noise and various
channel Im-   15  -needed to equalize the so-called precursors In the
pairments. Indeed, the Improved receiver error per-  line signal-with an
adaptive filtering of priorly formed formance may be sufficiently
significant to make    data decisions--used to equalize the so-called post-
worthwhile the added Implementatlonal complexity of  cursors. As a general
proposition, equalization en- using, say, four oneight dimensions. It Is
Important to  hances noise present In the signal being equalized, note In
this context, however, that any gains achieved   20  but the noise
enhancement attendant to DFE can be by going to, say, four or eight
dimensions mayjbe of  significantly less than when linear equalization Is
little value unlesq the receiver--and particularly its  used exclusively.
It should be pointed out, however, equalizer--is carefully designed to
minimize i1s re-  that In implementing a decision feedback equalizer In
quired Input signal-to-noise ratio.                 a DWNT which employs
trellis coding, the aforemen- The invention has been illustrated In the
context  25  tioned delay introduced by the Viterbi decoder In pro- of a
network termination which operates at at least  viding its output decisions
should be taken into ac- 480 kb/s. However, it could be used at lower bit
rates,  count. e.g., 160 kb/s, If tl~ls were found to be desirable.   The
Illustrative embodiment discloses the inven- A particular circuit
configuration for DWNT 32 Is  tion in the context of transmission over a
two-wire shown in the illustrative embodiment. Here, too, how-   30  loop.
An alternative, however, is to use a four-wire ever, many variations are
possible. For example, the  loop, I.e., a separate two-wire loop for each
direction arrangement shown In FIG. 7 Implements a so-called  of
transmission, In which case, of course, no echo Nyquist, or interpolating,"
echo cancellerwhereln the  cancellation would be needed. incoming line
signal is sampled at at least twice the  Finally, the Invention is
disclosed herein In a form highest frequency present In that signal, and
the echo   35  In which the various signal processing functions are replica
samples, generated atthat same rate, are sub-  performed by discrete
functional blocks. However, tracted prior to equalization. An alternative
approach,  any one or more of these functions could equally well however,
is to generate the echo replica samples at  be performed by one or more
appropriately progam- the symbol rate arid subtract them after
equalization.  med microprocessors, microcoded digital signal proc- There
are advantages and disadvantages to eac~ ap-  40   essing chips, etc.
proach. For example, the cost of an A/D conyerter generally Increases as
the required speed of opera- tion increases an4 indeed, a Nyquistrate A/D
conver-  Claims terfor a DWNToperating at 1.544 MbIs could bequite
expensive. In sUIh applications, then, symbol rate  45  1. A method of
communicating data over a tele- post-equalization cho cancellation might be
prefer-    phone local loop (52) connecting apparatus red. Afurther
advantage of symbol rate echo cancel-    (2,12,32) at one end thereof to a
local central of- lation is that the echo canceller Itself requires signif-
fice (90) In the public telephone network, CHAR- icantly less circuitry,
thereby reducing the overall   ACTERISED BY the steps of, at the local
central DWNT cost On thp other hand, symbol rate echo can-   so  office,
generating an outbound passband signal cellation requires: that there be
synchronization be-  representing a stream of outbound data bits, ap- tween
the transmitter and receiver clocks within the   plying said outbound
passband signal to said tel- DWNT. This can give rise to timing jitter in
the sym-  ephone local loop, receiving over said telephone bols supplied to
the echo cancellerwhich, in turn, can  local loop an inbound passband
signal represent- significantly degrade echo canceller performance.    5s
Ing a stream of Inbound data bits, and recovering All In all, we believe
that Nyquist rate echo can-  said inbound data bits from said inbound pass-
cellation, such as shown In FIG. 7, is probably the    band signal, at
least one of said bitstreams being technically superior approach for a
DWNT. From the     at a rate of at least 160 kb/s. 12    23
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as  iaimed In claim 1 wherein alleast     Inbound data bits, said Inbound
passband signal 



- one of said b streams Is at.a rat of at least 480  Including echoes of
said outbound passband sig- kbWs.
nal, means (750) for generating an adaptively equalized version of said
inbound passband sig- 3. A method as claimed In claim I wherein at least
5  nal from which said replica has been subtracted, one of said bistreams
Is atarate of at least 1.544  means (755) for recovering said stream of In-
Mb/s.     t                                        bound channel symbols by
Viterbi decoding the resulting equalized signal, and means (762) for 4. A
method as claimed In claim 1,2 or 3 wherein      recovering said inbound
data bits from the recov- said outbound passband signal is a carrieriess
io  ered Inbound channel symbols, at least one of amplitude-and-phase
modulated signal.             said bitstreams being at a rate of at least
160 kb/a. 5. A method as claimed In claim 1,2,3 or 4 wherein said outbound
passband signal Is a signal repre-  9. A network termination as claimed in
claim 8 senting a stream of channel symbols selected   i5  wherein each of
said outbound and Inbound from a predetermlned signal constellatlon, said
passband signals Is a carrlerless amplitude-and- channel syml ois being
selected as a function of   phase modulated signal. a trellis code version
of sald stream ofoutbound date bits.
10. A network termination as claimed in claim 8 or 9 20      wherein at
least one of sald bit streams Is at a rate 6. A method as claimed In any
preceding daim          of at least 480 kb/s. wherein said $elephone local
loop Is a tw9-wire loop, and salk Inbound passband signal Inojudes  11. A
network termination as claimed in claim 8 or 9 echoes of se d outbound
passband signa and         wherein at least one of said bit streams is ata
rate comprising the steps of generating a replica of  25  of at least 1.544
Mb/s. said echoes, and subtracting said replica from said Inbound passband
signal prior to the recov- ery of said In ound data bits therefrom.
PatentansprOche 7. A method ao claimed in any preceding claim   30  1.
Verfahren zur Obertragung von Daten Ober slne wherein said' inbound
passband signal repre-       AnschluBschaltung (2,12,32) einer lokalen
Fern- sents said Inbound data In a stream of channel
sprechschlelfenieltung (52) an elnem Ende der symbols selected from a
predetermined signal       Schielfenleitung zu einem Ortsamt (90) Im of-
constellation, said channel symbols being select-  fentlichen
Fernsprechnetz, ed as a function of a trellis coded version of sald  35
gekennzelchnet durch die Schritte Im Ortsamt: stream of Inbound data bits,
and said receovering  Erzeugen sines abgehenden Durchiagbandel- step
comprises the stps of adaptively equalizing   gnals, das elnen Strom  von
abgehenden said Inbound passband signal, recovering said      Datenbits
darstellt stream of chInnel symbols by Viterbi decoding      Anlegen des
abgehenden Durchlaebandsignals the resulting Xequalized signal, and
reco4.ring   4o  an die lokale Fernsprechachlielfenleitung, said inbound
data bits from the recovered 6han-    Empfangen elnes ankommenden, elnen
Strom nel symbols.                                       von ankommenden
Datenbits darstellenden Durchlafbandsignals Ober die Fernsprechschlel- 8. A
network te mination (72) disposed in talie-      fenleltung und phone
centre office (90) and comprising l ans-  45  Wiedergewinnen der
ankommenden Datenbits mitter means (321) for generating an out~ound
aus dem ankommenden Durchiagbandsignal, passband sig al representing a
stream of chan-     wobel nel symbols selected from a predetermined sig-
wenigstens elner der Bitstrome sine Rate von nal constellation, said
channel symbols being se-  wenigstens 160 Kb/s besitzt. lected as a
function of a trellis coded version of  6o a stream of oAtbound data bits,
means (326) for  2. Verfahren nach Anspruch 1, bel dem wenigatens applying
saild utbound passbandsignal to a two-    elner der Bitstr8me sine Rate von
wenigstens wire telephone local loop (52), means (326)forre-  480 Kb/s
besltzt cerving an Inbound passband signal representing a stream of Inbound
channe! symbols selected  ws  3. Verfahren nach Anspruch 1, bel dem
wenigstens from said predetermined signal consteilation,      einer der
Bitstrome sine Rate von wenigstens sald channel symbols having been
selected as a     1,544 Mb/s besitzt. function of a trellis coded version
of a stream of 13    25                 EP 0 334 549 i1                26 8
*     L I 4. Verfahren naph Anspruch 1, 2 oder 3, be[ dem      den
Datonbits gewihit sind, wobel das ankom- das abgehenie Durchlaebandsignal
sin t(iger-     mends DurchlaBbandsignal Echos des abgehen- loses,
amplituden- und phasonmodullertes Si-     den DurohlaBbandsignals enthilt,
gnal Ist.                                        einer Einrichtung (750)
zur Erzougung elner 



c      adaptiv entzerrten Version des ankommenden 5. Verfahren nach
Anspruch 1, 2, 3 oder 4, bel dem   Durchlagbandsignals, von dem eln Abbild
der das abgehenje Durchlailbandsignal olnen Strom    Echos subtrahlert
worden ist, von Kanalsynibolen darstellt, die aus elnervorbe-  einer
Elnrichtung (755) zur Wiedergewinnung stimmten Sighalkonstellatlon
gewahItsind, wobel  des Stroms von ankommenden Kinalsymbolen die
Kanalsymbole  als  Funktion  elner  to      durch sine Viterbl-Dekodlerung
des entzerrten Trelliskodlierten Version des Stroms von abge-   Signals und
henden Datenbits gewahit sind.                   elner Enrichtung (762)
zurWiedergewinnung der ankommenden Datenbits aus den wiedergewon- 6.
Verfahren nach elnem der vorgehenden AnsprG-      nenen, ankommenden
Kanalsymbolon, wobel che, bel dem dle Fernsprechschlelfenleitung el-  1
wenigtetns elner der Bltstrome sine Rate von ne Zweldraht-Schlilfenleltung
lst und das an-    wenigatens 160 Kbis besitzt. kommende
DjirchleMbandsignal Echos des ab- gehenden Durchlalfbandsignals enthalt,
mit den  9. Netzwerk-AbschluSelnrichtung nach Anspruch Schritten: Erzougen
eines Abbildes der Fchos     8j bel derJedes der abgehenden und ankommen-
und Subtrahleren des Abbildes von dem arikom-  20  den DurchlalbandsIgnale
gin tragerloses, amp- menden Durchlallbandslgnal vor der Wiederge-
lituden- und phasenmoduliertes Slgoal ist. winnung der Fnkommsnden
Datenbits aus die- gem Signal.                                   10.
Netzwerk-Abschluielnrichtung nach Anspruch 8 A                      t
oder9, bei derwenigatens elnerder Bltstrome ei- 7. Verfahren ns+ih elnem
der vorhergehenden An-  25  ne Rate von wenigatens 480 Kb/s besitzt,
sprCiche, bel dem des ankommende Durchlal3- bandsignal die ankommenden
Daten In elnem     11. Netzwerk-Abschlufelnrichtung nmch Anspruch 8 Strom
von aus elner vorbestimmton Signalkon-     oder 9, bol derwenigstens
elnerderBitstrome ei- stollatlon gef4hlten Kanalsymbolen darstelit, die  ne
Rate von wenigstens 1,544 Mb/s besitzt. als Funktion tiner
Trollis-kodierten Version des  30 Stroms ankommender Datenbits gewahit
sind, und bol dem der Wiedergewinnungsschritt die   Revendicatlons Schritte
aufwelst: Adaptives Entfernen des ankommenden Durch-    1. Un procWde de
transmission de donn6es sur une laibandaignals, Wiedergewinnon des Stroms
3s    ligne t6lephonique locale (52) connectant un ap- von  Kanalsymbolen
durch  eine  Viterbi-         pareil (2, 12, 32) A une extr6mit6 de la
ligne, A un Dekodlerung des entzorrten Signals und Wleder-   centre de
commutation local (90) dans le reseau gewinnen der ankommenden Datenbiteaus
den        t6l6phonique public, CARACTERISE PAR les wledergewonvenen
Kanalsymbolen.                  Mtapes suivantes: au centre de commutation
lo- 40     cale, on genere un signal en bands transpos6e S. Netzwerk-Ab
chluBelnrichtung (72) in finem        sortant repr6sentant un train de bits
de donnees Fernsprecharit (90) mIt                          sortants, on
applique Is signal en bands transpo- elner Senderelnrichtung (321) zur
Erzeugung el-  se sortantA Is ligne t6lephonique locale, on regolt nes
abgehenpien DurchiaBbandaignals, dp ei-      cur la ligne tiliphonique
locale un signal en ban- nen Strom vop aus elner vorbestimmten Signal-  45
de transposee entrant repr6sentant un train de konstellatlon 4owihlten
Kanalsymbolen dai teilt,  bits de donnees entrantes, et on recupere ces die
ale Funktkqn einerTrollls-kodlerten Versibn el-  bits de donn6es entrantes
A partir du signal en nee Stroms vbn abgehenden Datenbits gewahit
bande transpos6e entrant, I'un au momns des eind,
trains de bits 6tant A une cadence d'au momns 180 siner Einrichtyng (328)
zum Anlegen des abge-  6o  kbit/s. henden Dun hlaBbandsignals an sine
lokale Zweidraht-Fe nsprechschlelfenleltung (62),    2. Un procede selon la
revendlcation 1, dans loquel elner Einricht ng (326) zum Empfang elnes an-
I'un au momns des trains de bits est A une cadence kommenden
DurchIaBbandsignads, das elnen         d'au moins 480 kbit/s. Strom von
ankommenden, aus der vorbestimm-  55 ton Signalkonstollation gewahiten
Kanalsymbo-  3. Un procede selon la revendicatlon 1, dans lequel ion
darstellt, die ale Funktion ainer Trellis-   I'un au momns des trains de
bits est A une cadence kodierten Version elnes Stroms von ankommen-
d'au moins 1,544 MbMt/s. 14 4             ~~~.    27                 EP 0
334 549 B1                28 1           1 |||||  1111| 111111 *  C  L  N
S  * 4. Un proc6de salon la revendication 1, 2 ou 31dans  A codage en
trelillis d'un train is bits cs donnees loquel le signl en bands transposes
sortaht eat  entrantes, le signal en bands transposes entrant un signal en
rpodulatlon de phase at d'ampiitude  comprenant des echos du signal en
bands trans- sans porteuse.                                    pos6e
sortant, des moyens (750) pour g6n6rer 



c      une version 6galls6e de fagon adaptative du si- 5. Un proc6d6 selon
la revendication 1, 2, 3 ou 4,   gnal en bands transposee entrant, duquel
des dans lequel 1 signal en bands transposee sor-   echos reprodults ont
6te soustraits, des moyens tent eat un sienal qui repr6sente un train de
sym-  (755) pour r6cup6rer le train de symboles de ca- boles de canal
selectionnes parmi une constela-  nal entrants, par d6codage de Viterbi du
signal tion de signal pr6d6termin6e, ces symboles de  io  6gallse
r6sultant, et des moyens (762) pour recu- canal etant s6lectlonn6s en
fonction d'une ver-   perer lea bits de donnees entrantes A partir des sion
A codage en trellis du train de bits de don-  symboles de canal entrants
recuperhs, I'un au neas sortantes.                                  moins
des trains de bits precit~s etant A une ca- dence d'au molns 160 kbit/s. 6.
Un procede selon l'une quelconque des revendl-  ms cations precidentes,
dens lequellIa lignetelhpho-  9. Une terminalson de r6seau selon la
revendica- nique locals eat uns ligne bifilalre, et le signal en  tlon 8,
dens laquelle chacun des signaux en ban- bands transpo*sh entrant contlent
des echps du   de transposee entrant et sortant est un signal signal en
baroe transposae sortant, le pr"cOdA   module en phase et en amplitude sans
porteuse. comprenant les etapes qul consistent A ge.n6rer  20 une version
roprodulte des echos precitbs, et A  10. Une tbrminaison de reseau salon la
revendica- soustralre cete version reprodulte du slgroal en  tion 8 ou 9,
dans laquelle l'un au molns des trains bands trans asee entrant, avant de
rec+6rer      de bits est A une cadence d'au molns 480 kbitls. dans ce
signp les bits de donndes entrantts. 25  11. Une tenminaison de reseau
solon la revendica- 7. Un procede s lon l'une quelconque des revendl-
tion 8 ou 9, dans laquelle lNun au molns des trains cations prec6dentes,
dans lequel le signal en    de bits est A une cadence d'au molns 1,544
bands transposee entrant representb lee don-     MbItIs. nees entranb 3
dons un train de symboles de ca- nal s9lection es parmi une constellation
de si-  3o gnal pred6eb Winee, ces symboles de canal btant selectionnes en
fonction d'une version A codage sn treillis du train de bits de donnees
entrantes, et l'btape de recuperation comprend les btapes qui consistent A
egallser de fagon adaptative le si-  35 gnal en bands transposea entrant, A
recuphrer Is train de symboles de canal par decodage de Vi- tbrbi du
signal.6gal ise resultant, etA recuperer les bits de donn~ps entrantes A
partir des symboles de canal r6cuperes.                       40 S. Une
terminalson de r6seau (72) dispos6eodans un centre de icommutat n
telephonique (90) et comprenant es moyens emettburs (32  qui sontdestinis
genererun signal en bande rans-  45 posee sortanirepresentant un train de
syn oles do canal sle tionnes dane une constellat n de signal predetrminee,
ces symboles de canal etant selectionnes en fonction d'une version a co-
dage en trelills d'un train de bits de donnees sor-  50 tantbs, des M yens
(326) pour appliquerle signal en bands trar 9pos6e sortant A une ligne
telepho- nique locale filalre (52), des moyens (326) pour recevoir un
signal en bands transposee entrant representant un train de symboles de
canal en-  m trants selectionnes dans la constellation de si- gnal
pred~termines, ces symboles de canal ayant ete selectionnes en fonction
d'une version 15    


