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Description

[0001] The present invention relates to a method to
transparently transport an incoming clock signal over a
network segment as defined in the preamble of claim 1,
a transmitting unit and a receiving unit equipped to per-
form this method as defined in the preambles of claims
8 and 10 respectively.

[0002] As is well known in the art, such a method is
to be used for instance in telecommunication networks
wherein a network timing reference signal is to be trans-
ported over the network but wherein data are transport-
ed over a network segment synchronised to atiming ref-
erence signal internal for this network segment. The net-
work timing reference signal has to be transmitted over
this network segment although it may not be used there-
in. Within a segment of an ATM (Asynchronous Transfer
Mode) network, data may for instance be transmitted
over a telephone line in accordance with the ADSL
(Asymmetric Digital Subscriber Line) specifications.
The transmission of data packed in ADSL frames over
the telephone line between a transmitting and a receiv-
ing modem is synchronised to the modem clocks. Nev-
ertheless, network layer specifications require that the
ATM network timing reference signal is transparently
transported over this ADSL network segment. From the
point of view of the network segment, the ATM network
timing reference signal thus is an incoming clock signal
which unaffectedly has to appear at the exit of the ADSL
network segment, i.e. at the output of the receiving mo-
dem. This could be done by sending the network timing
reference signal over a separate transmission means or
over the telephone line thereby using part of the trans-
mission capacity of this line. Moreover, this way of trans-
mitting the network timing reference signal implies a
considerable complexity increase of the transmitter and
receiver.

[0003] An object of the present invention is therefore
to realise the transmission of the timing reference signal
in an efficient way, i.e. without huge complexity increase
of the transmitter and receiver in the network segment
over which the clock signal is to be transported.

[0004] According to the invention, this object is real-
ised by the method defined in claim 1, the transmitting
unit and receiving unit defined in claims 8 and 10 re-
spectively.

[0005] Indeed, since transmission over the network
segment is synchronised to transmit the clock signal,
and since both clock signals, the transmit clock signal
and receive clock signal, are synchronised, the receiv-
ing unit only has to become aware of the phase differ-
ence between the incoming clock signal and a reference
signal synchronous to the transmit clock signal to be
able to generate a copy of the incoming clock signal,
providedthat it also has a reference signal similarly syn-
chronous to the received clock signal. The reference
signal may be obtained by frequency dividing the trans-
mit clock signal. Obviously, a similar reference signal
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obtained by frequency dividing the receive clock signal
then has to be used at the receiver's side in combination
with the measured phase difference value to generate
the outgoing clock signal there. Determining the phase
difference and using it in the receiver and generating a
reference signal obviously requires for less additional
complexity in the transmitter and receiverthan are need
in this known methods.

[0006] It is noticed that in European Patent Applica-
tion EP 0 705 000, also the difference is measured be-
tween the clock of a lower layer (network reference fre-
quency 28 of the network layer) and the clock of an up-
perlayer (CBR clock of the service layer). The difference
measurement as well as the transmission of the differ-
ence however occur at the rhythm of the upper layer, as
is clear from the paragraph from Col. 1, line. 55 to Col.
2, line. 25 of EP 0 705 000. If the technique of EP 0 705
000 would be applied to transfer the phase difference
measured in the above described ATM over ADSL sys-
tem, the delay between measuring the phase difference
(synchronous with the lower ADSL layer because trig-
gered by the local reference signal that is derived from
the local sampling clock) and the embedding into data
frames (synchronous to the upper ATM layer if the tech-
nique of EP 0 705 000 is used) would vary. A lower ADSL
layer data frame as a result would sometimes contain a
copy of the phase difference information of the previous
lower ADSL layer frame (because no new measurement
in between) and some measured phase differences
would not be transferred at all (because more than one
measurement in between). Compared with the present
invention, the phase difference information received by
the receiver consequently would be less up-to-date and
less correct.

[0007] Moreover, the present invention differs from
the teaching of EP 0 705 000 in that he phase difference
is measured, transmitted and used to reconstruct the
clock signal, whereas in EP 0 705 000 a Residual Time
Stamp is measured, and in that the present invention
concerns the transfer of a network timing reference from
a transmitter to a receiver, the transmitter and receiver
having synchronised sampling clocks, whereas EP 0
705 000 concerns synchronisation of the CBR clocks of
a source and destination in a system wherein a network
timing reference is available at both the source and des-
tination.

[0008] In a particular implementation of the present
method wherein the additional required complexity is
even more reduced, the reference signal equals the da-
ta frame clock signals as defined in claim 2.

[0009] In this way, the phase difference value is de-
termined by measuring the time interval between the in-
coming clock signal and the data frame boundary each
time a data frame is transmitted. The phase difference
value is measured and transmitted once per data frame.
If the data frame is sufficiently large (e.g. an ADSL su-
perframe with a length of 68 x 250 us), the additional
overhead due to transmission of the phase difference
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value from transmitting to receiving unit is negligible. As
will be seen later, the phase difference can easily be
measured by means of a counter in this particular im-
plementation.

[0010] An advantageous feature of this particular im-
plementation is defined in Claim 3.

[0011] Indeed, as will be described in detail later on
in the description, the just mentioned implementation
with a counter can be realised so that the phase differ-
ence value is measured as an integer amount of trans-
mit clock pulses. Since the transmit clock and the re-
ceive clock are synchronous, the phase difference to be
realised in the receiving unit will also be an integer
amount of receive clock pulses.

[0012] Afurther specific feature of the present method
is that the phase difference value may be embedded in
fields of the date frames, as defined in claim 4.

[0013] Inthisway, noadditional overhead isto be add-
ed to the data frames to transport the phase difference
information. This technique is particularly recommend-
ed if, in the network segment, data are transmitted
packed in data frames wherein some fields are reserved
for special use.

[0014] If the data are transmitted in the network seg-
ment in accordance with the Asymmetric Digital Sub-
scriber Line (ADSL) specifications, the phase difference
values may occupy fields reserved for so called fast
bytes, as defined in claim 6.

[0015] Indeed, an ADSL superframe contains several
fast byte fields only a part of which are used for trans-
porting operation channel related information. Conse-
quently, the remaining fast byte fields may be used to
transport the phase difference values.

[0016] Another additional feature of the present meth-
od is defined by claim 7.

[0017] Hence overhead occupancy by phase differ-
ence values is further reduced by transmitting phase dif-
ference values only if they differ from a previous trans-
mitted value. Since the receiver is aware of this previous
transmitted value, he can continue generating the out-
going clock signal without precision decrease when he
receives no new phase difference values for a certain
time period.

[0018] In an alternative embodiment, not the phase
difference itself but the deviation from the previous
phase difference is transmitted. Again, the overhead oc-
cupance can be reduced further by transmitting phase
difference deviation values only if they differ from a pre-
vious transmitted value. This technique is especially ad-
vantageous in case of a fixed clock offset of the incom-
ing clock signal relative to the reference signal synchro-
nous to the transmit clock. In this case the phase differ-
ence deviations are (almost) constant and thus need not
be transmitted.

[0019] The above mentioned and other objects and
features of the invention will become more apparentand
the invention itself will be best understood by referring
to the following description of an embodiment taken in
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conjunction with the accompanying drawing which
shows a network segment with a transmitting unit TX
and receiving unit RX performing an implementation of
the method according to the present invention.

[0020] The network segment of the figure consists of
the cascade connection of a transmitter TX, a telephone
line TL, and a receiver RX. The transmitter TX is provid-
ed with 3 input terminals; a data input DATA, a network
clock input CLK2, and a transmit clock input CLK1. The
transmitter TX further has one output terminal and is
equipped with a data embedder EMBED and a phase
measuring device PHASE. The receiver RX on the other
hand has an input coupled to the telephone line TL, a
receive clock input CLK1', a data output DATA', and a
network clock output CLK2'. The receiver RX moreover
includes a data de-embedder D-EMBED and a network
clock generator GEN.

[0021] In the transmitter TX, the data embedder EM-
BED is coupled between the data input DATA and output
terminal of the transmitter TX. The network clock input
CLK2 serves as aninputforthe phase measuring device
PHASE, and also the transmit clock input CLK1 is con-
nected to an input of the phase measuring device
PHASE. An output of the phase measuring device
PHASE and an input of the data embedder EMBED are
interconnected. The transmitter TX in the figure further
contains an unlabeled star shaped device which may
represent any kind of means which transforms the trans-
mit clock signal CLK1 into a reference signal R. The ref-
erence signal R is thus nothing but a transformed clock
signal CLK1, is synchronous with this clock signal CLK1
and is applied to inputs of the data embedder EMBED
and phase measurement means PHASE respectively.
[0022] In the receiver RX, the data de-embedder is
coupled between the input coupled to the telephone line
TL and the data output DATA'. A phase output P of the
de-embedder is connected to afirst input of the network
clock generator GEN, which has a second input inter-
connected with the receive clock input CLK1'and an out-
put connected to the network clock output CLK2' of the
receiver RX. A similar star shaped, unlabeled device is
drawn in the receiver RX to represent any kind of means,
e.g. asequence of frequency dividers, which transforms
the receive clock signal CLK1 ' into a reference signal
R'similartothe transformation inthe transmitter TX. The
reference signal R' is applied to inputs of the data de-
embedder D-EMBED and network clock generator GEN
respectively.

[0023] Twoclocks, C1 and C1', inthe figure represent
the transmit clock and receive clock respectively which
generate the transmit clock signal and receive clock sig-
nal respectively. For evident reasons, their outputs are
coupled to the transmit clock input CLK1 of the trans-
mitter TX and receiver clock input CLK1 ' of the receiver
RX respectively.

[0024] To illustrate the working of the drawn network
segment according to the present invention, it will be
supposed in the following paragraphs that ATM cells are
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applied to the data input DATA of the transmitter TX to
be transported over the telephone line TL. These ATM
cells are accompanied by a network clock signal which
is applied to the transmitter TX via the network clock in-
put CLK2. The network clock signal typically is an 8 kHz
signal, i.e. a signal with a pulse every 125us. The trans-
mitter TX and receiver RX can communicate with each
other conform the ADSL Specification. In other words,
the transmitter is an ADSL modem, which groups incom-
ing data DATA in DMT (Discrete Multi Tone) symbols
and embeds these DMT symbols in successive frames
to constitute with 68 successive frames a so called AD-
SL superframe FRAME. The functional blocks of such
an ADSL modem, and the structure of DMT symbols,
frames and superframes in ADSL are well known by per-
sons skilled in the art. The description thereof is not rel-
evant in view of the present invention. For more details
concerning these topics, reference is made to the ap-
proved version of the ANSI (American National Stand-
ards Institute, Inc.) Standard on ADSL, referred fo as
ANSI T1.413 and entitled "Network and Customer In-
stallation Interfaces, Asymmetric Digital SubscriberLine
(ADSL) Metallic Interface". The embedding of incoming
data DATA in DMT symbols and ADSL superframes is
realised by the embedder EMBED. Each time the refer-
ence signal R shows a pulse, the embedder EMBED ap-
plies an ADSL superframe via its output to the telephone
line TL. The inverse operation is performed by the de-
embedder D-EMBED in the receiver RX, triggered by
the second reference signal R'which is obtained via sim-
ilar frequency dividers from the receive clock signal
CLK1'. The reference signal R is obtained from the
transmit clock signal CLK1 by frequency division. The
transmit clock signal CLK1, in this case the ADSL mo-
dem clock, has a frequency of 2,208 MHz.

[0025] The ATM network layer specifications require
that the ATM network clock signal CLK2 of 8 kHz is
transported throughout the whole network. The ADSL
network segment comprising the transmitter TX, tele-
phone line TL and receiver RX thus has to carry the ATM
network clock signal from transmitter TX to receiver RX.
For the ATM network, the ADSL network segment is a
black box as a result of which it is not important how the
network clock signal is transported between TX and RX.
The next paragraph describes in a detailed way how the
information necessary to enable the receiver RX to re-
constitute the ATM network clock signal is determined
in the transmitter TX. A subsequent paragraph explains
how this information can be embedded in the ADSL su-
perframes to be transferred to the receiver, and a third
paragraph is dedicated to the processing in the receiver
RXto generate the network clock signal from the receiv-
er information.

[0026] Since the frequency of the ATM network clock
signal is well-known (8 kHz), no information has to be
transmitted between TX and RX with respect thereto.
Dividing the modem clock signals (the transmit clock
signal CLK1 in TX and receive clock signal CLK1' in RX)
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of 2,208 MHz through 276 results in a new signal with
a frequency of 8 kHz, i.e. the ATM network clock fre-
quency. The receiver RX thus only has to be given
phase information of the incoming ATM clock signal
CLK2 to be capable to generate a perfect copy thereof
at its network clock output CLK2'. The phase measure-
ment device PHASE thereto determines the phase dif-
ference between the incoming ATM network clock signal
CLK2 and the reference signal R which triggers the
transmission of the ADSL superframes. In the phase
measurement means PHASE, a counter value is reset
to zero when the reference signal R shows a pulse. At
that moment, the embedder EMBED transmits an ADSL
superframe. The counter value isincreased by one each
time the transmit clock signal CLK1 shows a pulse, and
the counter value P is applied via the output of the phase
measurement means PHASE to the embedder EMBED
when the ATM network clock CLK2 shows a pulse. Sum-
marising, the phase measurement device PHASE
counts the number of transmit clock pulses between the
boundary of an ADSL superframe and a network clock
pulse. This number is a measure of the phase difference
P between CLK2 and R and will be transmitted to the
receiver RX.

[0027] The embedder EMBED has the task to incor-
porate the phase difference P in the ADSL superframe.
This superframe has a length of 68 DMT symbols, i.e.
68 x 250 ps in time. Each DMT symbol contains a so
called fast byte field. This field may be used for special
purposes, such as transport of operation channel infor-
mation, STM synchronisation information, ..... . The al-
ready cited ADSL Standard Specification specifies how
the fast byte fields of the first two DMT symbols in an
ADSL superframe have to be used. The contents of oth-
er fast bytes, i.e. those of DMT symbols 3 to 68, is not
defined in the Specification. Hence, one of these bytes
may be used to transport the phase difference P from
transmitter TX to receiver RX. Since one DMT symbol
has a length of 250 us and the phase measurement
means PHASE receives a pulse on CLK2 every 125 us,
the value P is certainly determined at the end of the first
DMT symbol of an ADSL superframe. As a conse-
quence, it is no problem for the embedder EMBED to fill
one of the fast bytes in DMT symbols 3 to 68 with the
value P.

[0028] Itis to be remarked that a smart embedder first
checks whetherthe measured phase difference P differs
from a previous measured value or not. To minimise use
of bandwidth for transmission of phase difference val-
ues, the smart embedder writes the value of P in the fast
byte field only when there is a difference.

[0029] At the receivers side, the de-embedder re-
trieves the value P from the fast byte field each time an
ADSL superframe arrives, i.e. for each pulse of the ref-
erence signal R'. The phase difference value P then is
applied to the generator GEN which constitutes the out-
going network clock signal CLK2'. From the receive
clock signal CLK1' with a frequency of 2,208 MHz, an 8
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kHz clock signal is created, again by a frequency divi-
sion though 276. This 8 kHz clock signal needs to have
a phase difference of P receive clock pulses with refer-
ence signal R' to be a perfect copy of the incoming ATM
network clock signal CLK1. The generator GEN thus
manipulates the 8 kHz signal obtained! by frequency di-
vision of CLK1', e.g. by delaying the pulses so that the
first pulse appears P clock periods of receive clock C1'
after reference signal R' has shown a pulse.

[0030] Itis noticed that the above embodiment is de-
scribed in terms of functional blocks. The functional
blocks, as is clear from the description of their working,
contain no unknown components. Consequently, it is
apparently obvious to a person skilled in the art of de-
signing electronic circuits how to implement the different
blocks EMBED, PHASE, D-EMBED and GEN, giventhe
above description of the functions performed by these
blocks.

[0031] It should further be remarked that embedding
the phase difference value P in fast byte locations is not
a necessity when applying the clock transport method
according to the present invention. Many alternative so-
lutions, for instance using sync byte fields in ADSL su-
perframes for phase difference value transport, can be
thought off without inventive effort.

[0032] Itshould even be noted that the present inven-
tion is not limited to systems wherein the phase differ-
ence value P is transmitted embedded in frames, since
it is obvious to any person skilled in the art, that the
measured phase difference value may also be transmit-
ted separated fromthe frames, e.g. in atime multiplexed
or frequency multiplexed way with the frames, to enable
the receiver to reconstruct the network clock signal
CLK2.

[0033] Also aremark is that the phase measurement
not necessarily has to be executed each time a frame
is transmitted from transmitter to receiver. The frequen-
cy of phase measurements is completely free. It is evi-
dent that there exists a trade-off between precision of
the outgoing network clock and amount of bandwidth re-
sources used on the link. The more frequent phase
measurements are done in the transmitter, the more
bandwidth is needed on the link between transmitterand
receiverto transportthe phase information, but the more
precise a copy of the incoming network clock CLK2 can
be generated in the receiver.

[0034] Another parameter which may influence the
precision of the generated outgoing network clock is the
used phase measurement technique. In view of this, it
should be noted that an implementation wherein a coun-
ter is used which determines the phase difference P as
an amount of transmit clock periods is only one of the
many variant techniques to measure the phase differ-
ence.

[0035] Furthermore, it has to be remarked that al-
though the above described network segment is an AD-
SL segment receiving ATM cells at its data input and an
accompanying ATM clock signal of 8 kHz, the present
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invention is not restricted thereto. It is clear to a person
skilled in the art that minor modifications of the above
described method allow it to be implemented in other
networks, e.g. SDH (Synchronous Digital Hierarchy)
networks, wherein data and network clock have to be
transported over non ADSL network segments, e.g. VD-
SL (Very High Speed Digital Subscriber Line) segments,
HFC (Hybrid Fiber Coax) segments, and so on.

[0036] A last remark is that, although the data sym-
bols in the above described network segment are trans-
ported 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 units,
TX and RX, e.g. a cable connection, an optical connec-
tion, a satellite connection, a radio link through the air,
and so on, the present invention may be realised.
[0037] 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.

Claims

1. A method to transparently transport a network tim-
ing reference (CLK2) having a known constant fre-
quency from an input into a transmitter (TX) to an
output of a receiver (RX) wherein a transmitter clock
signal (CLK1) is available in said transmitter (TX)
and a receiver clock signal (CLK1") is available in
said receiver (RX), said transmitter clock signal
(CLK1) and said receiver clock signal (CLK1') being
synchronised,

characterised in that said method comprises
the steps of:

a) measuring a phase difference value (P) be-
tween said network timing reference (CLK2)
and a first local reference signal (R) obtained
from said transmitter clock signal (CLK1)
through frequency division;

b) transmitting said phase difference value (P)
from said transmitter (T X) to said receiver (RX);
and

¢) generating in said receiver (RX) an outgoing
clock signal (CLK2') with a frequency equal to
said known frequency, and with a phase differ-
ence from a second local reference signal (R'),
obtained from said receiver clock signal
(CLK1Y through frequency division, equal to
said phase difference value (P) number of cy-
cles of said receiver clock signal (CLK1").

2. A method according to claim 1,
characterised in that said transmitter (TX)
transmits data frames (FRAME) to said receiver
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(RX) such that transmission of each data frame
(FRAME) is triggered by said first local reference
signal (R).

A method according to claim 1,

characterised in that said phase difference
value (P) is measured in increments of said trans-
mitter clock signal (CLK1) cycles.

A method according to claim 1,

characterised in that said measured phase
difference value (P) is transmitted embedded within
a data frame (FRAME).

A method according to claim 1,

characterised in that said phase difference
value (P) is not transmitted if it is identical to a pre-
viously measured and transmitted first phase differ-
ence value.

A method according to claim 1,

characterised in that instead of transmitting
said phase difference value (P) only a deviation of
said phase difference value (P) from a previously
measured phase difference value is transferred.

A method according to claim 2,

characterised in that said transmitter (TX) and
said receiver (RX) comprise an Asymmetric Digital
Subscriber Line (ADSL) transmitter and receiver,
respectively, and said data frames (FRAME) com-
prise Asymmetric Digital Subscriber Line super-
frames.

A method according to claim 7,

characterised in that said phase difference
value (P) is embedded in fast byte fields of Discrete
Multi Tone (DMT) symbols of an Asymmetric Digital
Subscriber Line superframe.

A Digital Subscriber Line transmitter (TX) having a
first input to which data (DATA) is applied, a second
input to which a network timing reference (CLK2) is
applied, and a third input to which a transmitter
clock signal is applied, said Digital Subscriber Line
transmitter comprising:

a) embedding means (EMBED) coupled be-
tween said first input and an output of said Dig-
ital Subscriber Line transmitter (TX), said em-
bedding means being adapted so as to embed
said data (DATA) in data frames (FRAME) and
to output said data frames (FRAME) to said out-
put of said Digital Subscriber Line transmitter
(TX) upon triggering by a local timing reference
signal (R), said local timing reference signal (R)
being derived from said transmitter clock signal
(CLK1) through frequency division,
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characterised in that said Digital Sub-
scriber Line transmitter (TX) further comprises:
b) phase measurement means (PHASE) hav-
ing afirst input to which said network timing ref-
erence (CLK2) is applied and a second input to
which said local timing reference signal (R) is
applied, said phase measurement means
(PHASE) being adapted so as to measure a
phase difference value (P) between said in-
coming clock signal (CLK2) and said local tim-
ing reference signal (R), and to output said
phase difference value (P) to said embedding
means (EMBED); and further that:
¢) said embedding means (EMBED) is adapted
so as to embed said phase difference value (P)
in a said data frame.

10. ADigital SubscriberLine transmitter (TX) according

1.

to claim 9,

characterised in that said phase measure-
ment means (PHASE) comprises:
a counter, to increase its counter value, having a
first counter input to which said transmitter clock
signal (CLK1) is applied, a second counter input to
which said local timing reference signal (R) is ap-
plied, and a third counter input to which said incom-
ing clock signal (CLK2) is applied, said counter be-
ing adapted so as to increase a counter value upon
activation of said first counter input, to reset said
counter value upon activation of said second coun-
ter input and to output said counter value to said
embedding circuitry (EMBED) upon activation of
said third counter input.

A Digital Subscriber Line receiver (RX) having a re-
ceiver input to which data frames (FRAME) are ap-
plied, a clock input to which a receiver clock signal
is applied, a receiver output and a clock output, said
Digital Subscriber Line receiver (RX) comprising:

a) recovery means (D-EMBED), said recovery
means (D-EMBED) being adapted so as to re-
trieve data (DATA') from said data frames and
output said data to said receiver output, and so
as to recover a phase difference value (P) out
of a reserved field within said data frames
(FRAME);
b) local timing reference signal means, said lo-
cal timing reference signal means being adapt-
ed so as to generate a local timing reference
signal from said receiver clock signal through
frequency division;

characterised in that said Digital Sub-
scriber Line receiver (RX) further includes:
¢) clock generating means (GEN), having a first
input to which said phase difference value (P)
is applied, a second input to which said local
timing reference signal (R') is applied, and a
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third input to which said receiver clock signal
(C1") is applied, said clock generating means
(GEN) being adapted so as to generate a clock
signal (CLK2') with a frequency equal to a
known frequency of a network timing reference
and having a phase difference from said local
timing reference signal (R') equal to said phase
difference value (P) number of clock cycles of
said receiver clock signal.

Patentanspriiche

1.

Verfahren zum transparenten Transportieren eines
Netztakibezugs (CLK2) mit einer bekannten kon-
stanten Frequenz von einem Eingang in einen Sen-
der (TX) zu einem Ausgang eines Empféngers
(RX), bei dem ein Sendertakisignal (CLK1) im Sen-
der (TX) verfugbar ist und ein Empfangertakisignal
(CLK1") im Empfénger (RX) verfugbar ist, wobei das
Sendertaktsignal (CLK1) und das Empféngertaktsi-
gnal (CLK1") synchronisiert sind,

dadurch gekennzeichnet, daB3 das Verfahren die
Schritte umfaBt:

a) Messen eines Phasendifferenzwertes (P)
zwischen dem Netztakibezug (CLK2) und ei-
nem ersten lokalen Bezugssignal (R), das
durch Frequenzteilung aus dem Sendertakisi-
gnal (CLK1) erhalten wird,

b) Ubertragen des Phasendifferenzwertes (P)
vom Sender (TX) zum Empfanger (RX); und
¢) Erzeugen eines abgehenden Takisignals
(CLK2") im Empfanger (RX) mit einer Frequenz
gleich der bekannten Frequenz und einer Pha-
sendifferenz zu einem zweiten lokalen Bezugs-
signal (R"), das durch Frequenzteilung aus dem
Empfangertaktsignal (CLK1') erhalten wird,
gleich dem Phasendifferenzwert (P) Anzahl
von Zyklen des Empfangertaktsignals (CLK1").

2. Verfahren nach Anspruch 1,

dadurch gekennzeichnet, daf3 der Sender (TX) Da-
tenblécke (FRAME) zum Empfanger (RX) so Uber-
tragt, daB die Ubertragung jedes Datenblocks
(FRAME) durch das erste lokale Bezugssignal (R)
getriggert wird.

Verfahren nach Anspruch 1,

dadurch gekennzeichnet, dai3 der Phasendifferenz-
wert (P) in Inkrementen der Zyklen des Sendertakt-
signals (CLK1) gemessen wird.

Verfahren nach Anspruch 1,
dadurch gekennzeichnet, daB3 der gemessene Pha-
sendifferenzwert (P) in einem Datenblock (FRAME)
eingebettet Ubertragen wird.
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Verfahren nach Anspruch 1,

dadurch gekennzeichnet, daf3 der Phasendifferenz-
wert (P) nicht Ubertragen wird, wenn er mit einem
vorher gemessenen und ubertragenen ersten Pha-
sendifferenzwert identisch ist.

Verfahren nach Anspruch 1,

dadurch gekennzeichnet, daB anstatt einer Uber-
tragung des Phasendifferenzwertes (P) nur eine
Abweichung des Phasendifferenzwertes (P) von ei-
nem vorher gemessenen Phasendifferenzwert
Ubertragen wird.

Verfahren nach Anspruch 2,

dadurch gekennzeichnet, daf3 der Sender (TX) und
der Empfénger (RX) einen Sender bzw. Empfanger
fir asymmetrische digitale Teilnehmerleitungen
(ADSL-Sender bzw. - Empfanger) umfaBt und die
Datenblécke (FRAME) Superblécke flr asymmetri-
sche digitale Teilnehmetrleitungen umfassen.

Verfahren nach Anspruch 7,

dadurch gekennzeichnet, daf3 der Phasendifferenz-
wert (P) in Felder flir schnelle Bytes von diskreten
Mehrton(DMT)-Symbolen eines Superblocks flr
asymmetrische digitale Teilnehmerleitungen einge-
bettet ist.

Sender (TX) fur digitale Teilnehmerleitungen mit ei-
nem ersten Eingang, auf den Daten (DATA) gege-
ben werden, einem zweiten Eingang, auf den ein
Netztakibezug (CLK2) gegeben wird, und einem
dritten Eingang, auf den ein Sendertakisignal gege-
ben wird, wobei der Sender fur digitale Teilnehmer-
leitungen umfaft:

a) eine Einbettungseinrichtung (EMBED), die
zwischen dem ersten Eingang und einem Aus-
gang des Senders (TX) fur digitale Teilnehmer-
leitungen angeschlossen ist, wobei die Einbet-
tungseinrichtung dafiir ausgelegt ist, die Daten
(DATA) in Datenblékke (FRAME) einzubetten
und die Datenblécke (FRAME) bei Triggerung
durch ein lokales Taktbezugssignal (R) an den
Ausgang des Senders (TX) fur digitale Teilneh-
merleitungen auszugeben, wobei das lokale
Taktbezugssignal (R) durch Frequenzteilung
vom Sendertakisignal (CLK1) abgeleitet ist,

dadurch gekennzeichnet, daf3 der Sender (TX)
fur digitale Teilnehmerleitungen ferner umfast:
b) eine PhasenmeBeinrichtung (PHASE) mit ei-
nem ersten Eingang, auf den der Netztaktbe-
zug (CLK2) gegeben wird, und einem zweiten
Eingang, auf den das lokale Taktbezugssignal
(R) gegeben wird, wobei die PhasenmeBein-
richtung (PHASE) dafiir ausgelegt ist, einen
Phasendifferenzwert (P) zwischen dem einge-
henden Taktsignal (CLK2) und dem lokalen
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Taktbezugssignal (R) zu messen und den Pha-
sendifferenzwert (P) an die Einbettungseinrich-
tung (EMBED) auszugeben, und ferner, daB:
¢) die Einbettungseinrichtung (EMBED) dafir
ausgelegt ist, den Phasendifferenzwert (P) in
den Datenblock einzubetten.

10. Sender (TX) flr digitale Teilnehmerleitungen nach

1.

Anspruch 9,

dadurch gekennzeichnet, da3 die PhasenmeBein-
richtung (PHASE) umfaBt: einen Zahler zur Erhé-
hung seines Zéhlerwertes mit einem ersten Zéhle-
reingang, auf den das Sendertaktsignal (CLK1) ge-
geben wird, einem zweiten Z&hlereingang, auf den
das lokale Taktbezugssignal (R) gegeben wird, und
einem dritten Z&ahlereingang, auf den das einge-
hende Taktsignal (CLK2) gegeben wird, wobei der
Zahler dafur ausgelegt ist, bei Aktivierung des er-
sten Zéhlereingangs einen Zahlerwert zu erhéhen,
bei Aktivierung des zweiten Z&hlereingangs den
Zahlerwert zurlickzusetzen und bei Aktivierung des
dritten Z&hlereingangs den Zahlerwert an die Ein-
bettungsschaltung (EMBED) auszugeben.

Empfanger (RX) fur digitale Teilnehmerleitungen
mit einem Empféngereingang, auf den Datenblécke
(FRAME) gegeben werden, einem Takteingang, auf
den ein Empfangertakisignal gegeben wird, einem
Empfangerausgang und einem Taktausgang, wo-
bei der Empfénger (RX) fur digitale Teilnehmerlei-
tungen umfaft:

a) eine Wiedergewinnungseinrichtung (D-EM-
BED), wobei die Wiedergewinnungseinrich-
tung (D-EMBED) dafiur ausgelegt ist, Daten
(DATA") aus den Datenblécken wiederzugewin-
nen und die Daten an den Empféngerausgang
auszugeben und den Phasendifferenzwert (P)
aus einem reservierten Feld in den Datenbldk-
ken (FRAME) wiederzugewinnen;

b) eine Einrichtung fiir ein lokales Taktbezugs-
signal, wobei die Einrichtung flr ein lokales
Taktbezugssignal daflir ausgelegt ist, ein loka-
les Taktbezugssignal durch Frequenzteilung
aus dem Empfangertakisignal zu erzeugen;
dadurch gekennzeichnet, daB der Empfanger
(TX) fir digitale Teilnehmerleitungen ferner um-
faBt:

¢) eine Takterzeugungseinrichtung (GEN) mit
einem ersten Eingang, auf den der Phasendif-
ferenzwert (P) gegeben wird, einem zweiten
Eingang, auf den das lokale Taktbezugssignal
(R") gegeben wird, und einem dritten Eingang,
auf den das Empféngertakisignal (C1") gege-
ben wird, wobei die Takterzeugungseinrichtung
(GEN) daflr ausgelegt ist, ein Taktsignal
(CLK2") mit einer Frequenz gleich einer be-
kannten Frequenz eines Netztakibezugs und
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mit einer Phasendifferenz zum lokalen Taktbe-
zugssignal (R') gleich dem Phasendifferenz-
wert (P) Anzahl von Taktzyklen des Empfanger-
takisignals zu erzeugen.

Revendications

Procédé pour transporter de maniére transparente
une référence de synchronisation de réseau
(CLK2) ayant une fréquence constante connue de-
puis une entrée dans un émetteur (TX) jusqu'a une
sortie d'un récepteur (RX), dans lequel un signal
d'horloge d'émetteur (CLK1) est disponible dans le-
dit émetteur (TX) et un signal d'horloge de récepteur
(CLK1") est disponible dans ledit récepteur (RX), le-
dit signal d'horloge d'émetteur (CLK1) et ledit signal
d'horloge de récepteur (CLK1') étant synchronisés,
caractérisé en ce que ledit procédé comprend les
étapes consistant a:

a) mesurer une valeur de différence de phase
(P) entre ladite référence de synchronisation de
réseau (CLK2) et un premier signal de référen-
ce local (R) obtenu a partir dudit signal d'horlo-
ge d'émetteur (CLK1) par une division de
fréquence ;

b) transmetire ladite valeur de différence de
phase (P) dudit émetteur (TX) audit récepteur
(RX); et

¢) générer dans ledit récepteur (RX) un signal
d'horloge sortant (CLK2') avec une fréquence
égale a ladite fréquence connue et avec une
différence de phase par rapport a un second
signal de référence local (R"), obtenu a partir
dudit signal d'horloge de récepteur (CLK1") par
division de fréquence, égale audit nombre de
cycles de valeur de différence de phase (P) du-
dit signal d'horloge de récepteur (CLK1").

Procédé selon la revendication 1, caractérisé en ce
que ledit émetteur (TX) émet des trames de don-
nées (FRAME) vers ledit récepteur (RX) de sorte
que la transmission de chaque trame de données
(FRAME) soit déclenchée par ledit premier signal
de référence local (R).

Procédé selon la revendication 1, caractérisé en ce
que ladite valeur de différence de phase (P) est me-
surée en incréments desdits cycles de signal d'hor-
loge d'émetteur (CLK1).

Procédé selon la revendication 1, caractérisé en ce
que ladite valeur de différence de phase (P) mesu-
rée est transmise incrustée dans une trame de don-
nées (FRAME).

Procédé selon la revendication 1, caractérisé en ce
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que ladite valeur de différence de phase (P) n'est
pas transmise si elle est identique & une premiére
valeur de différence de phase mesurée ettransmise
précédemment.

Procédé selon la revendication 1, caractérisé en ce
que, au lieu de transmettre ladite valeur de différen-
ce de phase (P), un écart seulement de ladite valeur
de différence de phase (P) par rapport & une valeur
de différence de phase mesurée précédemment est
transféré.

Procédé selon la revendication 2, caractérisé en ce
que ledit émetteur (TX) et ledit récepteur (RX) com-
prennent, respectivement, un émetteur et un récep-
teur ADSL (ligne d'abonné numérique a débit asy-
métrique) et lesdites trames de données (FRAME)
comprennent des supertrames ADSL.

Procédé selon la revendication 7, caractérisé en ce
que ladite valeur de différence de phase (P) estin-
crustée dans des champs d'octets rapides de sym-
boles DMT (multitonalité discréte) d'une supertra-
me ADSL.

Emetteur de ligne d'abonné numérique (TX) ayant
une premiére entrée a laquelle des données (DATA)
sont appliquées, une seconde entrée a laquelle une
référence de synchronisation de réseau (CLK2) est
appliquée et une troisiéme entrée a laquelle un si-
gnal d'horloge d'émetteur est appliqué, ledit émet-
teur de ligne d'abonné numérique comprenant :

a) desmoyens d'incrustation (EMBED) couplés
entre ladite premiére entrée et une sortie dudit
émetteur de ligne d'abonné numérique (TX),
lesdits moyens d'incrustation étant adaptés
pour incruster lesdites données (DATA) dans
des trames de données (FRAME) et pour sortir
lesdites trames de données (FRAME) vers la-
dite sortie dudit émetteur de ligne d'abonné nu-
mérique (TX) lors du déclenchement par un si-
gnal de référence de synchronisation local (R),
ledit signal de référence de synchronisation lo-
cal (R) étant déduit dudit signal d'horloge
d'émetteur (CLK1) par une division de fréquen-
ce,

caractérisé en ce que ledit émetteur de ligne
d'abonné numérique (TX) comprend, de plus :
b) des moyens de mesure de phase (PHASE)
ayant une premiére entrée a laquelle ladite ré-
férence de synchronisation de réseau (CLK2)
est appliquée et une seconde entrée a laquelle
ledit signal de référence de synchronisation lo-
cal (R) est appliqué, lesdits moyens de mesure
de phase (PHASE) étant adaptés pour mesurer
une valeur de différence de phase (P) entre le-
dit signal d'horloge entrant (CLK2) et ledit si-

10

15

20

25

30

35

40

45

50

55

gnal de référence de synchronisation local (R)
et pour sortir ladite valeur de différence de pha-
se (P) vers lesdits moyens d'incrustation
(EMBED) ; et, de plus, en ce que:

¢) lesdits moyens d'incrustation (EMBED) sont
adaptés pourincruster ladite valeur de différen-
ce de phase (P) dans ladite trame de données.

10. Emetteur de ligne d'abonné numérique (TX) selon

1.

la revendication 9, caractérisé en ce que lesdits
moyens de mesure de phase (PHASE)
comprennent : un compteur, afin d'incrémenter sa
valeur de compteur, ayant une premiére entrée de
compteur a laquelle ledit signal d'horloge d'émet-
teur (CLK1) est appliqué, une seconde entrée de
compteur a laquelle ledit signal de référence de
synchronisation local (R) est appliqué et une troi-
sieme entrée de compteur & laquelle ledit signal
d'horloge entrant (CLK2) est appliqué, ledit comp-
teur étant adapté pour augmenter une valeur de
compteur lors de I'activation de ladite premiére en-
trée de compteur, pour réinitialiser ladite valeur de
compteur lors de l'activation de ladite seconde en-
trée de compteur et pour sortir ladite valeur de
compteur vers lesdits éléments de circuit d'incrus-
tation (EMBED) lors de l'activation de ladite troisié-
me entrée de compteur.

Récepteur de ligne d'abonné numérique (RX) ayant
une entrée de récepteur a laquelle des trames de
données (FRAME) sont appliquées, une entrée
d'horloge a laquelle un signal d'horloge de récep-
teur est appliqué, une sortie de récepteur et une
sortie d'horloge, ledit récepteur de ligne d'abonné
numérique (RX) comprenant :

a) des moyens de récupération (D-EMBED),
lesdits moyens de récupération (D-EMBED)
étant adaptés pour récupérer les données (DA-
TA") a partir desdites trames de données et
pour sortir lesdites données vers ladite sortie
de récepteur, et pour récupérer une valeur de
différence de phase (P) dans un champ réservé
dans lesdites trames de données (FRAME) ;
b) des moyens formant signal de référence de
synchronisation local, lesdits moyens formant
signal de référence de synchronisation local
étant adaptés pour générer un signal de réfé-
rence de synchronisation local a partir dudit si-
gnal d'horloge de récepteur par une division de
fréquence ;

caractérisé en ce que le récepteur de ligne
d'abonné numérique (RX) comprend, de plus :
¢) des moyens de génération d'horloge (GEN)
ayant une premiére entrée a laquelle ladite va-
leur de différence de phase (P) est appliquée,
une seconde entrée a laquelle ledit signal de
référence de synchronisation local (R') est ap-
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pliqué et une troisiéme entrée a laquelle ledit
signal d'horloge de récepteur (C1') est appli-
qué, lesdits moyens de génération d'horloge
(GEN) étant adaptés pour générer un signal
d'horloge (CLK2") ayant une fréquence égale a
une fréquence connue d'une référence de syn-
chronisation de réseau et ayant une différence
de phase par rapport audit signal de référence
de synchronisation local (R') égale audit nom-
bre de cycles d'horloge de valeur de différence
de phase (P) dudit signal d'horloge de récep-
teur.
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