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Description

[0001] The presentinvention relates to DMT transmis-
sion.

[0002] Suchatransmissionisalready known inthe art,
e.g. from the contribution to the ADSL Standard T1E1.4
with reference number T1E1.4/93-025, written by John
M. Cioffiand Po T. Tong, and entitled 'VLSI DMT Imple-
mentation for ADSL'. Therein, an implementation of a
discrete multi tone (DMT) modulator/demodulator dedi-
cated to be used in an Asymmetric Digital Subscriber
Line (ADSL) environment is described. The DMT modem
comprises a transmitting part and a receiving part, com-
bined in what is called a central office ADSL transceiver
on page 1, and a remote terminal ADSL transceiver on
page 2. As is seen from Fig. 1 and Fig. 2 of the contribu-
tion, these transceivers include a digital signal processor.
This digital signal processor (see page 5, paragraph 2.2
and Fig. 4, or see page 12 paragraph 3.2 and Fig. 7)
comprises modulation means, named a complex-to-real
IFFT (Inverse Fast Fourier Transformer), and demodu-
lation means, named a real-to-complex FFT (Fast Fourier
Transformer). As is seen e.g. from Fig. 4, the modulation
means IFFT are coupledto a digitalto analogue converter
DAC, whilst the demodulation means FFT are preceded
by an analogue to digital converter, not shown in Fig. 4
but for evident reasons present. The analogue to digital
converterinthe receiving part and the digital to analogue
converter in the transmitting part may operate undercon-
trol of one clock or different clocks which are synchro-
nised. To cancel within received data symbols, called
DMT symbols in the cited document, echoes of transmit
data symbols, the transceiver in Fig. 4 further is provided
with an echo canceller. If transmit data symbols and re-
ceived data symbols are not aligned when entering the
echo canceller, echo cancellation becomes rather com-
plex since echoes of more than one transmit data symbol
should then be cancelled within a received data symbol.
[0003] Thisproblem of misalignmentbetweentransmit
data symbols and received data symbols is also known
from another contribution to the ADSL Standard, entitled
"Modification to DMT Synchronization Pattern Insertion’.
This contribution with reference number T1 E1.4/93-089
is written by John M. Cioffi and James T. Aslanis. In par-
agraph 3 thereof, it is recommended to adjust the symbol
boundaries of transmitted DMT symbols to coincide with
the symbol boundaries of incoming DMT symbols. One
of the arguments supporting this recommendation is that
it can substantially reduce the complexity of echo can-
cellers (see page 4, lines 2 and 3).

[0004] Misalignment of transmit data symbols and re-
ceived data symbols occurs when two communicating
modems are equipped with independent fixed clocks
which control their analogue to digital and digital to ana-
logue converters. Because of the difference between the
clock periods of two fixed clocks, the boundaries of trans-
mit data symbols and those of received data symbols will
be in relative motion. The problem however not only aris-
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es when two communicating modems are equipped with
fixed clocks but also exists if these modems make use
of controllable clocks, e.g. voltage controlled crystal os-
cillators, whose clock periods can only be coarse tuned.
[0005] An object of the present invention is to provide
a transmitter and a method of the above known type, but
wherein transmit data symbols and received data sym-
bols are aligned, and consequently wherein the complex-
ity of echo cancellation is reduced.

[0006] According to the invention, this object is
achieved by the transmitter defined in claim 1 and the
method described in claim 3.

[0007] Inthis way, by rotating the phase of the carriers
whereon digital transmit data is modulated in proportion
to their respective carrier frequencies and in proportion
to the clock speed difference between transmitter clock
and receiver clock, and by duplicating or deleting sam-
plesinthe transmit data symbols, these symbols are shift-
ed forward or backward in time. Thus, boundaries of re-
ceive data symbols and transmit data symbols can be
aligned. The phase rotation applied to the transmit data
symbols will increase or decrease gradually in time for
successive transmit data symbols since the misalign-
ment between transmit data symbols and received data
symbols changes gradually in time due to a clock speed
difference between the clocks of two communicating mo-
dems. In atwo dimensional vector plane, the vectors rep-
resenting the carriers of transmit data symbols are rotat-
ingwhenthe vectorsrepresentingthe carriers of received
data symbols are fixed, and vice versa. This rotation is
compensated for by the transmit rotation means. When
the rotation to be applied by the transmit rotation means
corresponds to a time shift of half a sample period at the
transmitter, the skip/stuff means is activated to duplicate
orto delete one sample in a transmit data symbol so that
the rotation to be applied by the transmit rotation means
again decreases by an equivalent amount.

[0008] It is to be noticed that the present invention is
not only dedicated to be used in echo cancelling envi-
ronments but also is very suitable for systems wherein
upstream and downstream transmission takes place in
separate time intervals. In such time division duplexing
(TDD) systems, alignment of upstream and downstream
travelling symbols is recommended, as will be recog-
nised by a person skilled in the art. Furthermore, also in
multipoint-to-point systems wherein a central station
broadcasts downstream information to a plurality of ter-
minals which share the upstream capacity towards the
central station via time division multiplexing (TDM), syn-
chronisation of the upstream and downstream travelling
packets may be recommended.

[0009] It is further noticed that transmittet/receiver
alignment for echo canceller complexity reduction is also
already known from the publication "Frequency Domain
Echo Cancellation for Discrete Multitone Asymmetric
Digital Subscriber Line Transceivers" from the author
David C. Jones. This publication in IEEE Transactions
on Communications, Vol. 43, No. 2/4, February 1995,
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pages 1663-1672, teaches to compensate for the
number of samples by which transmit symbols lead the
received symbols through sample skip/stuff means inte-
grated in the parallel to serial converter. The accuracy
that is obtainable through this technique is 1/2 sample.
Thus, this technique is not adequate to compensate for
clock speed differences between the transmitter and re-
ceiver. Thereto, aphase rotoris needed and sample skip/
stuff means that duplicate or delete samples in proper
relation with the rotation of the carriers.

[0010] Inaddition, an optionalfeature ofthe transmitter
according to the present invention is that it further may
be equipped with activation means as defined in claim 2.
[0011] Indeed, to align received and transmitted data
symbols, it is sufficient that one of the transmitters of two
communication modems is activated. The facility to ac-
tivate and de-activate the rotation means and skip/stuff
means is therefore provided. Obviously, if one agrees in
a particular system for instance that only remote terminal
modems and not the central office transmitters have to
be equipped with rotation and skip/stuff means, their is
no need to de-activate these means. In such systems,
the activation means are not required.

[0012] An additional characteristic feature of the
present invention is that the modulator/demodulator may
also include receive rotation means and receive skip/stuff
means.

[0013] Hence, the clock speed differences between
clocks of two communicating modems are also compen-
sated for in received data symbols in a similar way as in
the above cited contribution with reference number T1
E1.4/93-025 andthe article “Echo Cancellation for Asym-
metric Digital Subscriber Lines” from authors Richard C.
Younce, Peter JW Melsa and Samir Kapoor (Super-
comm/ICC, 1-56 May 1994, pages 301-306) wherein re-
ceived symbols are also delayed for synchronization pur-
posesinthereceiver, butwherein notransmitted symbols
are delayed or rotated as proposed according to the cur-
rent invention. Since howeverthe known receive rotation
means and receive skip/stuff means have no influence
on the alignment of transmit and received symbols on
the line, they cannot be used to synchronise transmit and
received data symbols.

[0014] Afeature ofthe presentmodulator/demodulator
is that it also may be equipped with activation means as
defined by claim 2.

[0015] Indeed, as already mentioned above, when two
communicating modems are both equipped with rotating
means and skip/stuff means in their respective transmit-
ting and receiving parts, these means should be activated
in one of the modems and be de-activated in the second
one.

[0016] Yet another feature of the modulator/demodu-
lator according to the present invention, is that it may
further include communication means and decision
means

[0017] Inthis way, a communication between two con-
nected modems can be set up at initialisation of the sys-
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tem to decide in which modem the rotating means and
the skip/stuff means will be activated. Different decision
criteria can be used by the decision means. A first pos-
sible strategy might be based on the rule that the central
office modem always acts as the master of the remote
terminal modem. Thus, the remote terminal will have to
activate its rotating and skip/stuff means to adapt its re-
ceived data symbols and transmit data symbols in ac-
cordance to the central office clock. A second strategy
might be that the central office modem slaves to the re-
mote terminal modem and therefore activates its rotation
means and skip/stuff means.

[0018] Furthermore, a characteristic feature of the
present modulator/demodulator is that it may be
equipped with phase difference measurement means.
[0019] The measured phase difference between the
received pilot tone and expected received pilot tone
serves as a measure for the phase rotation that has to
be appliedto the transmit data carriers. In fact, this phase
difference variation is a measure for the clock speed dif-
ference between the clocks of the two communicating
modems. It is however evident that any other estimate
of the clock speed difference and means executing this
estimate may replace the phase difference measurement
means.

[0020] Still a feature of the present modulator/demod-
ulator is that the phase difference measurement means
may also control the receive rotation means and skip/
stuff means.

[0021] In this way, the phase rotation applied to the
received data symbols can also be made proportional to
the measured phase difference.

[0022] The above mentioned and other objects and
features of the invention will become more apparent and
the invention itself will be best understood by referring to
the following description of an embodimenttaken in con-
junction with the accompanying drawings wherein:

Fig. 1 represents a functional block scheme of an
embodiment of the modulator/demodulator MODEM
according to the present invention; and

Fig. 2 represents a block scheme of an embodiment
of acommunication system including two modulator/
demodulators, MODEM1 and MODEM2, according
to the present invention.

[0023] The modulator/demodulator MODEM in Fig. 1
includes a transmitting part TP and a receiving part RP.
The transmitting part TP comprises a serial to parallel
converter SP, a mapper MAP, a transmit rotation means
TROT, an inverse fast fourier transformer IFFT, a cyclic
prefix extender CPEX, a transmit skip/stuff means TSS,
a parallelto serial converter PS and a digital to analogue
converter DA. The receiving part RP comprises an ana-
logue to digital converter AD, a time domain equaliser
TEQ, a serial to parallel converter SP’, a receive skip/
stuff means RSS, a cyclic prefix eraser CPER, a fast
fourier transformer FFT, a frequency domain equaliser
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FEQ, a receive rotation means RROT, a demapper
DMAP, and a parallel to serial converter PS’. It is noticed
that the order of the receive rotation means RROT and
frequency domain equaliser FEQ might be reversed, and
the time domain equaliser TEQ might be missing. The
modulator/demodulator MODEM further is provided with
an analogue front end AFE, a hybrid means H, a com-
munication means COM, a decision means DEC, an ac-
tivation means ACT, a phase locked loop PLL and a clock
CLK.

[0024] In the transmitting part TP, the serial to parallel
converter SP, the mapper MAP, the transmit rotation
means TROT, the inverse fast fourier transformer IFFT,
the cyclic prefix extender CPEX, the transmit skip/stuff
means TSS, the parallel to serial converter PS and the
digital to analogue converter DA are cascade connected
between a digital data input D and an analogue signal
output S. The analogue signal output S is coupled to a
transmission line L via the analogue front end AFE and
hybrid means H. Via this hybrid means H and the ana-
logue front end AFE, the transmission line L is also cou-
pled to an analogue signal input S’ of the receiving part
RP. Inside the receiving part RP, the analogue to digital
converter AD, the time domain equaliser TEQ, the serial
to parallel converter SP’, the receive skip/stuff means
RSS, the cyclic prefix eraser CPER, the fast fourier trans-
former FFT, the frequency domain equaliser FEQ, the
receive rotation means RROT, the demapper DMAP and
the parallel to serial converter PS’ are series connected
between the analogue signal input 3’ and a digital data
output D’. An output of the receive rotation means RROT
isalsocoupledto apilottone input PT ofthe phase locked
loop PLL, a second input of which, called an expected
pilottone input PT_E, is coupledto an expected pilottone
generator not shown in Fig. 1. Output links of the phase
locked loop PLL are connected to control inputs of the
transmit rotation means TROT, the transmit skip/stuff
means TSS, the receive rotation means RROT and the
receive skip/stuff means RSS respectively. Via a bi-di-
rectional link, the communication means COM is coupled
tothe analogue frontend AFE. In Fig. 1, this bi-directional
link is represented by a single line directly interconnecting
the communication means COM and the analogue front
end AFE. A person skilled in the art will recognise that in
a more realistic implementation of the modem MODEM,
an output of the communication means COM serves as
an additional input for the transmitting part TP and an
input of the communication means COM is connected to
an additional output of the receiving part RP. In other
words, the communication means COM is not directly
connected to the analogue front end AFE but communi-
cates with this analogue front end AFE via the receiving
part RP and transmitting part TP of the modem MODEM.
In addition, a terminal of the communication means COM
and a terminal of the decision means DEC are bidirec-
tionally interconnected, and an output of the decision
means DEC is coupledto aninput of the activation means
ACT. The activation means ACT has a plurality of out-
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going connections, to the transmit rotation means TROT
andtransmit skip/stuff means TSS, to the receive rotation
means RROT and receive skip/stuff means RSS respec-
tively. An output of the clock CLK is connected to clock
inputs of both the digital to analogue converter DA and
analogue to digital converter AD. The clock CLK in Fig.
1 is supposed to be a fixed clock or a voltage controlled
oscillator for coarse tuning of the clock pericd.

[0025] Asis seen from Fig. 2, the communication sys-
temdrawn therein includes afirstmodulator/demodulator
MODEM1 which forms part of a central office CO, and a
second modulator/demodulator MODEM2 which forms
part of a remote terminal RT. Both modems, MODEM1
and MODEM2, are coupled via a transmission line TL.
[0026] In the following paragraphs, the working of the
communication system drawn in Fig. 2 will be described
in detail. Thereto, it will be supposed that both modems,
MODEM1 and MODEM2, are of the type of the modula-
tor/demodulator MODEM shown in Fig. 1. First, the work-
ing of the different functional blocks will be described,
supposing that the transmit rotation means TROT, the
transmit skip/stuff means TSS, the receive rotation
means RROT and the receive skip/stuff means RSS are
de-activated in the modem MODEM2 of the remote ter-
minal RT aswellas inthe modem MODEM1 of the central
office CO. From the desctription of the working, it will be
clear to a person skilled in the art how to implement the
different functional blocks drawn in Fig. 1. In a second
phase, the transmit rotation means TROT, transmit skip/
stuff means TSS, receive rotation means RROT and re-
ceive skip/stuff means RSS in the modem MODEM2 of
the remote terminal RT will be activated and the func-
tionality of these blocks will be described.

[0027] The transmission line TL in Fig. 2 represents a
twisted pair telephone line. One development allowing
to bring information via such a telephone line to the peo-
ples home and supporting a dedicated back channel from
the hometo the central office is called Asymmetric Digital
Subscriber Line (ADSL). Therein, Discrete Multi Tone
(DMT) modulation is used to modulate digital information
on a set of carriers with equidistant frequencies. Although
this is no restriction to the applicability of the present in-
vention, it is supposed that the central office CO and re-
mote terminal RT of Fig. 2 are equipped with Discrete
Multi Tone (DMT) modems, MODEM1 and MODEM2 re-
spectively, similar to the modem MODEM drawn in Fig.
1. According to the ANSI Standard on ADSL, entitled
’Asymmettric Digital Subscriber Line (ADSL) Metallic In-
terface Specification’, published by the American Nation-
al Standards Institute, Inc. (ANSI) in April 1994, the up-
stream and downstream channels may be separated by
frequency division multiplexing (FDM) or by echo can-
celling. It is to be remarked that the approved version of
the above ANSI Standard on ADSL is referred to as ANS/
T1.413 and is entitled 'Network and Customer Installa-
tion Interfaces, Asymmetric Digital Subscriber Line (AD-
SL) Metallic Interface’. Alternatively, time division du-
plexing (TDD) could be used. When opting for the echo
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cancelling or time division duplexing (TDD) technique,
some or all carriers may be used for modulation of data
thereon in the upstream direction as well as in the down-
stream direction. The present invention is more useful in
echo cancelling and TDD (Time Division Duplexing) en-
vironments although its application is not excluded in
FDM (Frequency Division Multiplexing) systems. Al-
though not shown in Fig. 1, the modulator/demodulator
MODEM is supposed to be equipped with an echo can-
celler between its transmitting part TP and receiving part
RP.

[0028] Next paragraphs are focused on the structure
and functioning of the modem MODEM2 in the remote
terminal RT. It is supposed that this modem MODEM2
is of the type of MODEM in Fig. 1 wherein the activation
means ACT de-activates the transmit rotation means
TROT, the transmit skip/stuff means TSS, the receive
rotation means RROT, and the receive skip/stuff means
RSS. In upstream direction, i.e. in the direction from the
remote terminal RT to the central office CO, MODEM2
modulates digital data D on a set of carriers, each one
being modulated by QAM (Quadrature Amplitude Mod-
ulation) modulation. Obviously, other modulation
schemes could also be used. The digital data stream D
which is a serial sequence of bits, thereto is parallelised
by the serial to parallel converter SP. The mapper MAP
then allocates to each one of the carriers a dedicated
amount of bits to be modulated thereon. These different
amounts are calculated taking into account parameters
such as the signal to noise ratio and the line attenuation
on each carrier. Obviously, a carrier which is less atten-
uated by the line is allowed to carry more bits than a high
attenuated or disturbed carrier. As a result, three bits will
for instance be modulated by 8 QAM modulation on the
first carrier, 9 bits will for instance be modulated by 512
QAM modulation on the second carrier, and so on, there-
by generating frequency domain DMT symbols. By the
inverse fast fourier transformer, these DMT symbols are
transformed from frequency domain to time domain. The
cyclic prefix extender CPEX then extends each DMT
symbol with a fixed length prefix to preventively protect
transmit DMT symbols against intersymbol and intercar-
rier interference due to transmission over the telephone
line TL. Successive DMT symbols are then serialised by
the parallel to serial converter PS and converted into an
analogue signal S by the digital to analogue converter
DA.

[0029] In the opposite direction, i.e. the downstream
direction from the central office CO towards the remote
terminal RT, an analogue signal S’ arriving at MODEM2
is demodulated by the receiving part RP thereof and con-
verted into a digital output signal D’. The analogue signal
S’ is digitised in the analogue to digital converter AD. To
compensate for intersymbol interference on the trans-
mission line TL, the time domain equaliser filters the re-
ceived samples with a digital filter that is constituted to
shorten the length of the transmission line impulse re-
sponse. Successive samples in the digitised stream that
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belong to the same DMT symbol are parallelised by the
serial to parallel converter SP’. The cyclic prefix is erased
from the DMT symbols in the cyclic prefix eraser CPER,
and the fast foutier transform processor FFT transforms
the time domain DMT symbols into frequency domain
DMT symbols. The demapper DMAP is aware of the bit
constellations of the different carriers and QAM demod-
ulates the different carriers to obtain the exact number
of bits therefrom. Via the parallel to serial converter PS’,
the demodulated bits are then serialised and applied to
the digital data output D’ of the receiving part RP.
[0030] The analogue front end AFE and hybrid means
H convert and condition the signals, S and §’, to and from
the transmission line. Front-end filtering and transmis-
sion line coupling for instance are performed with the
appropriate levels of linearity and noise. Plain analogue
telephone signals transmitted in the lower frequency
bands, are separated from the digital data by a splitter
provided thereto.

[0031] The functional blocks constitutingthe DMT mo-
dem MODEM2 will not be described in further detail in
this application since such details would be irrelevant with
respect to the present invention. For more details about
the implementation and working of the modem compo-
nents, reference is made to the article’A Multicarrier E1-
HDSL Transceiver System with Coded Modulation’, writ-
ten by Peter S. Chow, Naofal Al-Dhahir, John M. Cioffi
and John A C. Bingham, and published in the issue Nr.
3, May/June 1993 of the Journal of European Transac-
tions on Telecommunications and Related Technologies
(ETT), pages 257-266, and fo the article 'Performance
Evaluation of a Multichannel Transceiver System for AD-
SL and VHDSL Services’ from Peter S. Chow et al., pub-
lished in the issue Nr. 6, August 1991 of the Journal of
European Transactions on Telecommunications and Re-
lated Technologies (ETT), pages 909-919.

[0032] Forthe modem, MODEMH1 in the central office
CO, a similar structure can be described. The working
thereof in up- and downstream direction is completely
equivalent to that of the DMT modem MODEM?2 in the
remote terminal RT. Only the clock that is used in the
central office CO to control the digital to analogue con-
verter DA and analogue to digital converter AD is different
from that used in the remote terminal RT. It is assumed
that, in each one of the modems, MODEM1 and
MODEMZ2, the same clock is used for the analogue to
digital converter and the digital to analogue converter.
Alternatively, in each modem, the analogue to digital con-
verter clock could be derived from the digital to analogue
converter clock or vice versa. As a result, upstream and
downstream travelling DMT symbols are sampled differ-
ently. Attransmission, upstream travelling DMT symbols
are sampled under control of the remote terminal clock,
whilst downstream travelling DMT symbols are sampled
under control of the central office clock. When arriving at
the remoteterminal RT, downstreamtravelling DMT sym-
bols are sampled under control of the remote terminal
clock which is slower or faster than the central office
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clock. The same holds for the upstream travelling DMT
symbols when sampled at the central office CO. Without
further actions, the received DMT symbols are sampled
too fast or too slow. This would cause a loss of DMT
symbol alignment and a rotation of the received QAM
modulated symbols. Therefore, in the following para-
graph, it is supposed that the activation means ACT in
the remote terminal RT activates the receive rotation
means RROT and the receive skip/stuff means RSS.

[0033] The sample clock speed difference is compen-
sated for by the receive rotation means RROT and the
receive skip/stuff means RSS in the modem MODEM2
of the remote terminal when it is supposed that these
means are activated. According again to the earlier cited
ADSL Standard, one of the carriers of DMT symbols is
reserved as pilot tone. This pilot tone is observed in the
received DMT symbols at the output of the receive rota-
tion means RROT and is applied to the pilot tone input
PT of the phase locked loop PLL. The phase locked loop
PLL then measures the phase difference between this
pilot tone PT and a pilot tone that was expected to be
received PT_E. The resulting phase difference variation
is a measure for the clock speed difference between the
clocks of the modem MODEM1 in the central office CO
and the modem MODEMZ2 in the remote terminal RT. To
compensate for this clock speed difference in the re-
ceived DMT symbols, each carrier thereof has to be ro-
tated over a phase that is proportional to the measured
phase difference, and proportional to its own frequency.
Indeed, to shift received DMT symbols over a time petiod
which corresponds to the difference between the clock
period of the central office clock and the clock period of
the remote terminal clock, carrier 1 has to be phase ro-
tated over aphase «, carrier 2 having a double frequency
of carrier 1, has to be phase rotated over a phase 2.a,
and so on. The factor o depends on the measured phase
difference between the pilot tone PT and expected pilot
tone PT_E, and will increase gradually since this phase
difference grows stepwise for each successively re-
ceived DMT symbol. The magnitude of the step depends
on the already mentioned difference in clock speeds.
Thus, when activated by the activation means ACT, the
receive rotation means RROT under control of the phase
lockedloop PLL is able to compensate forthe clock speed
differences between central office CO and remote termi-
nal RT. Once the leading or lagging of the central office
clock compared to the remote terminal clock reaches half
the sample period, the receive skip/stuff means RSS is
activated to duplicate or to delete one sample in the re-
ceived DMT symbol, so that the phase rotation that has
to be applied to the different carriers by RROT again re-
duces. It isto be remarkedthat the presence of a receive
rotation means such as RROT and a receive skip/stuff
means such as RSS to compensate for clock speed dif-
ferences in received DMT symbols is already described
in the Contribution to the ADSL Standard cited in the
opening part of this application, more particularly in par-
agraph 2.2.7, 2.2.8 and Fig. 4 for the central office mo-
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dem, and in paragraph 3.2.7, 3.2.8 and Fig. 7 for the
remote terminal modem.

[0034] Besides compensation for clock speed differ-
ences in received DMT symbols, it is also recommended
to align upstream and downstream travelling DMT sym-
bols to reduce the complexity of echo cancelling To align
the transmitted DMT symbols, with the received DMT
symbols, the transmitted symbols have to be processed
before applying them to the transmission line TL. Since
thisalignmentimplies a shiftin time, forward or backward,
and a rotation in phase which is proportional to the clock
speed difference between remote terminal RT and cen-
tral office CO and in proportion to the frequency of the
respective carrier, the processing can again be per-
formed by a rotation means and skip/stuff means. In Fig.
1, the transmit rotation means TROT and transmit skip/
stuff means TSS are included thereto. When activated
by the activation means ACT, the transmit rotation means
TROT and transmit skip/stuff means TSS of the remote
terminal RT will apply phase rotations to the different car-
riers whereon the transmit data D are modulated so that
the transmit DMT symbols in S are virtually aligned with
the received DMT symbols in S’ at the transmission line
TL. Samples of the transmitted DMT symbols are dupli-
cated or deleted by the transmit skip/stuff means TSS
whenever the time shift to be applied to transmit DMT
symbols reaches half a sample period of the central office
clock.

[0035] Itshouldbe remarked that synchronisation and
coarse DMT symbol alignment is realised during system
initialisation. Thereto, the central office modem
MODEM?1 sends for instance a pilot tone to the remote
terminal modem MODEM2. Thismodem MODEM2 locks
on this pilot by adjusting its receive clock. Next it adjusts
its transmit clock in accordance to the measured clock
difference between MODEM1 and MODEM2. Further,
each modem measures the transmission line and calcu-
lates an optimal DMT symbol alignment. Thereto, each
modem can transmit known data sequences. Each mo-
dem then adjusts its symbol alignment in accordance to
the measured value.

[0036] As supposed above, both modems, MODEM1
in the central office CO and the modem MODEM2 in the
remote terminal RT, are equipped with a transmit rotation
means TROT, transmit skip/stuff means TSS, receive
rotation means RROT, and receive skip/stuff means
RSS. Obviously, to compensate for clock speed differ-
ences and to align upstream and downstream travelling
DMT symbols, these means, RROT, TROT, RSS and
TSS, haveto be activated in only one of the two modems,
MODEM1 and MODEM2. For this reason, the modems
MODEM1 and MODEM2 include communication means
COM which allow the two modems, MODEM1 and
MODEMZ2, to communicate at initialisation of the system.
Upon thisinitial communication, the decision means DEC
in both modems, MODEM1 and MODEMZ2, are capable
to decide which modem should activate its rotation and
skip/stuff means, RROT, TROT, RSS and TSS, and



11 EP 0 820 171 B1 12

which modem should de-activate these means, RROT,
TROT, RSS and TSS. This decision might be based on
several criteria, as already indicated in the above intro-
ductory part. It should be clear that the present invention
is not restricted to any particular decision criterion used
by the decision means DEC.

[0037] It has to be remarked that, although the above
described embodiment of a modulator/demodulator, ac-
cording to the present invention, is used in an ADSL en-
vironment, the present invention is not restricted thereto.
It is clear to a person skilled in the art that minor modifi-
cations of the described embodiment allow it to be im-
plemented in any application wherein bi-directional trav-
elling cells or symbols for whatever reasons have to be
aligned. If these symbols are constituted by digital data
modulated on at least one carrier, the present invention
is applicable.

[0038] A further remark is that, although the data sym-
bols inthe above described embodiment are transported
over a telephone line TL, the applicability of the present
invention is not restricted by the transmission medium
via which the data are transported. In particular, on any
connection between two communicating modems,
MODEM1 and MODEM2, e.g. a cable connection, an
optical connection, a satellite connection, a radio link
through the air, and so on, alignment of upstream and
downstream travelling packets may be recommended,
and this may be realised by the present invention.
[0039] Furthermore, it is noticed that a person skilled
in the art will be able to adapt the above described em-
bodiment for example so that it is applicable also to sys-
tems wherein DWMT (Discrete Wavelet Multi Tone) mod-
ulation instead of DMT (Discrete Multi Tone) modulation
is used. Therein, the above mentioned fourier transform-
er and inverse fourier transformer are replaced by filter-
banks and wavelet transformers.

[0040] Yetafurther remark is that the modulation type
is also irrelevant with respect to applicability of the
present invention. In the above described embodiment,
data are modulated on and demodulated from the set of
carriers via QAM (Quadrature Amplitude Modulation)
modulation and demodulation respectively. Alternatively,
other modulation techniques such as phase modulation
may be used.

[0041] Another remark is that the upstream and down-
stream data symbols may be aligned entirely by the trans-
mit rotation and skip/stuff means at the remote terminal
RT or at the central office CO. The alignment may also
be realised partially at each side, forinstance 50% at the
central office side CO and 50 % at the remote terminal
side RT.

[0042] While the principles of the invention have been
described above in connection with specific apparatus,
it is to be clearly understood that this description is made
only by way of example and not as a limitation on the
scope of the invention.

10

15

20

25

30

35

40

45

50

55

Claims

1. Atransmitter (TP)forgenerating, froma digital trans-
mit signal (D) applied thereto, an analogue transmit
signal (S) for transmission towards a receiver (RP),
said transmitter (TP) including:

a1) modulation means (MAP, IFFT) adapted to
modulate said digital transmit data (D) on a plu-
rality of data carfiers, to thereby constitute trans-
mit data symbols;

a2) a digital to analogue converter (DA) adapted
to convert, under the control of a clock signal,
said transmit data symbols into said analogue
transmit signal (S);

a3)aclock (CLK) adapted to generate said clock
signal;

ad)transmit skip/stuff means (TSS), coupled be-
tween said modulation means (MAP, IFFT) and
said digital to analogue converter (DA) and
adaptedto duplicate orto delete asamplein one
of said transmit data symbols, so as to shift said
transmit data symbols forwards or backwards in
time,

characterised in that said transmitteris further
equipped with

ab) transmit rotation means (TROT) adapted to
apply a phase rotation to said plurality of data
carriers in proportion to their respective frequen-
cies and in proportion to a speed difference
measured between said clock signal and a re-
ceive clock signal used in said receiver (RP), so
as to realize a time shift of said transmit data
symbols,

and in that

said skip/stuff means (TSS) operates only when said
time shift exceeds half a period of said clock signal
in order to reduce a subsequent time shift to be re-
alized by said phase rotation means (TROT).

2. Atransmitter (TP) according to claim 1, character-
ised in that said transmitter (TP) further includes:

ab. activation means (ACT) adapted to activate
and to de-activate said transmit rotation means
(TROT) and said transmit skip/stuff means
(TSS).

3. Amethod of generating, from a digital transmit signal

(D) applied to a transmitter, an analogue transmit
signal (S) for transmission towards a receiver (RP),
said method comprising:

a) receiving a pilot carrier (PT) which forms part
of a received analogue signal (S);

b) measuringthe phase difference between said
pilot carrier (PT) and an expected pilot carrier
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(PT_E);

¢) modulating (MAP, IFFT) said digital transmit
data (D) on a plurality of data carriers, thereby
to constitute digital transmit symbols;

d) duplicating or deleting selected ones of said
digital transmit symbols to shift said transmit da-
ta symbols respectively forward or backwards
in time;

e) converting said transmit data symbols into an
analogue transmit signal (S) under control of a
clock (CLK);

characterised in that said method further com-
prises

f) phase rotating said plurality of data carriers in
propottion to their respective frequencies andin
proportion to said phase difference, so as to ap-
ply a time shift

and in that

said duplicating or deleting is applied only when said
time shift exceeds half a period of said clock (CLK)
so as to reduce a subsequent time shift of said trans-
mit data symbols.

Patentanspriiche

1.

Sender (TP) zum Erzeugen eines analogen Sende-
signals (S) aus einem an diesen Sender angelegten
digitalen Sendesignal (D) zur Ubertragung an einen
Empfénger (RP),

wobei dieser Sender (TP) Folgendes umfasst:

al) Modulationsmittel (MAP, IFFT), angepasst
zur Modulation dieser digitalen Sendedaten (D)
aufeiner Vielzahl von Datentransporttragern zur
Bildung von Sendedatensymbolen;

a2) Digital-Analog-Wandler (DA), angepasst zur
Umwandlung dieser Sendedatensymbole in
dieses analoge Sendesignal (S) unter der
Steuerung eines Taktsignals;

a3) Taktgeber (CLK), angepasst zum Erzeugen
dieses Taktsignals;

a4) Sende-Sprung-/Fllimittel (TSS), gekoppelt
zwischen diesen Modulationsmitteln (MAP,
IFFT) und diesem Digital-Analog-Wandler (DA)
und angepasst zum Duplizieren oder zum L&-
schen eines Samples in einem dieser Sende-
Datensymbole, um eine zeitliche Verschiebung
der Datensymbole nach vorn oder hinten zu er-
Zielen,

dadurch gekennzeichnet, dass dieser Sender
des Weiteren ausgestattet ist mit

a5) Sende-Drehungsmittel (TROT), angepasst
zur Anwendung einer Phasendrehung auf diese
Vielzahl von Datentrégern proportional zu ihren
jeweiligen Frequenzen und proportional zu einer
Geschwindigkeitsdifferenz, die zwischen die-
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sem Taktsignal und einemin diesem Empfanger
(RP) empfangenen Taktsighal gemessen wird,
um eine zeitliche Verschiebung dieser Sende-
Datensymbole zu erzielen,

und dadurch, dass

diese Sende-Sprung-/Fillmittel (TSS) nur arbeiten,
wenn diese zeitliche Verschiebungeine Halbperiode
dieses Taktsignals Uberschreitet, um eine spétere
zeitliche Verschiebung durch diese Phasendre-
hungsmittel (TROT) zu reduzieren.

Sender (TP) gemaB Anspruch 1, dadurch gekenn-
zeichnet, dass dieser Sender (TP) des Weiteren
Folgendes umfasst:

a5. Aktivierungsmittel (ACT), angepasst zum
Aktivieren und Inaktivieren dieser Sende-Dre-
hungsmittel (TROT) und dieser Sende-
Sprung-/Filimittel (TSS).

Verfahren zum Erzeugen eines analogen Sendesi-
gnals (S) aus einem auf einen Sender angelegten
digitalen Sendesignal (D) zur Ubertragung an einen
Empféanger (RP),

wobei dieses Verfahren Folgendes umfasst:

a) Empfangen eines Pilot-Tragers (PT), der Teil
eines empfangenen analogen Signals S’ ist;

b) Messen der Phasendifferenz zwischen die-
sem Pilot-Trager (PT) und einem erwarteten Pi-
lot-Tréger (PT_E);

¢) Modulieren (MAP, IFFT) dieser digitalen Sen-
dedaten (D) an einer Vielzahl von Daten-Tréa-
gern und dadurch Bilden der digitalen Sende-
symbole;

d) Duplizieren oderLéschen ausgewéhlter Sym-
bole aus diesen digitalen Sendesymbolen zur
zeitlichen Verschiebungin Vorwérts- oder Riick-
waértsrichtung;

e) Umwandeln dieser Sende-Datensymbole in
ein analoges Sendesignal (S) unter der Steue-
rung eines Taktgebers (CLK);

dadurch gekennzeichnet, dass dieses Ver-
fahren des Weiteren

f) eine Phasendrehung dieser Vielzahl von Da-
ten-Tragern umfasst proportional zuihren jewei-
ligen Frequenzen und proportional zu dieser
Phasendifferenz, um dadurch eine zeitliche
Verschiebung zu erzielen,

und dadurch, dass

dieses Duplizieren oder Léschen nur angewendet
wird, wenn diese zeitliche Verschiebung eine Halb-
periode dieses Taktsignals (CLK) Uberschreitet, um
eine spéatere zeitliche Verschiebung dieser Sende-
datensymbole zu reduzieren.
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Revendications

Emetteur (TP) destiné a générer, a partir d’'un signal
d’émission numérique (D) appliqué a I'émetteur, un
signal d’émission analogique (S) en vue d’une émis-
sion vers un récepteur (RP), ledit émetteur (TP)
comportant :

al) un moyen de modulation (MAP, IFFT) adap-
té pour moduler lesdites données numériques
émises (D) sur une pluralité de porteuses de
données, afin de constituer de cette fagon des
symboles de données émis ;

a2) un convertisseur numérique analogique
(DA) adapté pour convertir, sous le contrdle d’'un
signal d’horloge, lesdits symboles de données
émis en ledit signal d’émission analogique (S) ;
a3) une horloge (CLK) adaptée pour générer le-
dit signal d’horloge ;

a4) un moyen d’omission/bourrage émetteur
(TSS), couplé entre ledit moyen de modulation
(MAP, IFFT) et ledit convertisseur numérique
analogique (DA) et adaptée pour dupliquer ou
supprimer un échantillon dans un desdits sym-
boles de données émis, de sorte a décaler les-
dits symboles de données émis en avance ou
en retard dans le temps,

caractérisé en ce que ledit émetteur est en
outre équipé de :

a5) un moyen de rotation émetteur (TROT)
adapté pour appliquer une rotation de phase a
ladite pluralité de porteuses de données propor-
tionnellement a leurs fréquences respectives et
proportionnellement & une différence de vitesse
mesurée entre ledit signal d’horloge et un signal
d’horloge recu utilisé dans ledit récepteur (RP),
de sorte a réaliser un décalage temporel desdits
symboles de données émis,

eten ce que leditmoyen d’omission/bourrage (TSS)
fonctionne uniquement lorsque ledit décalage tem-
porel excéde la moitié d’'une période dudit signal
d’horloge afin de réduire un décalage temporel sub-
séquent devant &tre réalisé par ledit moyen de rota-
tion de phase (TROT).

Emetteur (TP) selon la revendication 1, caractérisé
en ce que ledit émetteur (TP) comporte en outre :

a6) un moyen d’activation (ACT) adapté pour
activer et désactiver ledit moyen de rotation
émetteur (TROT) et ledit moyen d’omission
/bourrage émetteur (TSS).

Procédé de génération, a partir d’'un signal d'émis-
sion numérique (D) appliqué a un émetteur, unsignal
d’émission analogique (S) en vue d’'une émission
vers un récepteur (RP), ledit procédé comprenant
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les opérations consistant a :

a) recevoirune porteuse pilote (PT) quifait partie
d’un signal analogique regu (S’) ;

b) mesurer la différence de phase entre ladite
porteuse pilote (PT) et une porteuse pilote at-
tendue (PT_E);

¢) moduler (MAP, IFFT) lesdites données nu-
mériques émises (D) sur une pluralité de por-
teuses de données, pour constituer de cette fa-
¢on des symboles numériques émis ;

d) dupliquer ou supprimer des symboles sélec-
tionnés parmi lesdits symboles numériques
émis afin de décaler lesdits symboles de don-
nées émis respectivement en avance ou en re-
tard dans le temps ;

e) convertir lesdits symboles de données émis
en un signal émis analogique (S) sous le con-
tréle d’une horloge (CLK) ;

caractérisé en ce que ledit procédé comprend
en outre :

f) une rotation de phase de ladite pluralité de
porteuses de données propottionnellement a
leurs fréquences respectives et proportionnel-
lement a ladite différence de phase de sorte a
appliquer un décalage temporel

et en ce que ladite duplication ou suppression est
appliquée uniquement lorsque ledit décalage tem-
porel excéde la moitié d’une période de ladite hor-
loge (CLK) de sorte & réduire un décalage temporel
subséquent desdits symboles de données émis.
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