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1. A method of synchronizing at least 4 first clock signal of a first station with. at least

a second clock signal of a second statien, comprising the steps of sending a first

synchronization signal containing the first clock signal from the first station to the second

station and carrelating the first synchronization signal in the second station with a second
synchronizatios: signal containing the second clock signal to obtain a correlation signal,

. wherein the correlation signal is sent from the second station back to the first
station in response to the transmission of the first synchronization signal,

. wherein the correlation signal is evaluated in the first station, and wherein the
result of said evaluation is used to adjust the first clock signal of the first station,

. wherein the first and second synchronization signals are formed by a first
synchronization bit sequence and second synchronization bit sequence,
respectively, and

. wherein the fwo synchronization bit sequences are correlated by passing the first
synchronization bit sequence through a switching device eontrolled by the second
synchronizotion bit sequence, said swiiching device generating a correlation bit
sequence and sending it back to the first station.
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Invention Title;

"CLOCK SYNCHRONIZATION"

The following statement is a full description of
this invention, including the best method of

performing it known to us:-
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This inventio:. elates to a method of synchronizing a first clock of a first station
with a second clock of a second station comprising the steps of sending a first
synchronization signal containing the first clock signal from the first station to the
second station and correlating the first synchronization signal in the second station
with a second synchronization signal containing the second clock signal to obtain a
correlation signal.

Fibre-optic data transmission generally imposes new requirements on clock
synchronization. It is desirable to accomplish clock synchronization by optical means
and dispense with optical-to-electrical transducers.

A synchronizing unit is known from a known transmission system which
comprises a transmifting unit and a plurality of access nodes and: in which the clocks
of the access nodes are to be synchronized with the clock of the transmitting unit. The
transmitting unit is connected to the access nodes by an optical fibre and transmits a
bit sequence as a synchronization signal o the access nodes. In the access nodes,
this synchronization signal is coupied from the fibre and fed to a synchronizing unit.

This prior art synchronizing unit contains an electrically controllable optical
switching element, and optical-to-electrical transducer, a clock generator, a sequence
generator, an integrator, and a controller.

The sequence generator generates a bit sequence at the clock rate of the clock
generator. By means of the switching element, this bit sequence is correlated with the
bit sequence extracted from the fibre, which serves as the synchronization signal. The
transducer converts the resulting optical signal te an electric signal, which is
integrated in the integrator, and the result of the integration is fed to the controller.
By means of this result, the controller determines the offset betweenithe clock
generator and the clock signal on the fibre, and it controls the clock generator so that
this clock difference disappears, i.e., that the clock generator is in lock with the clock
signal on the fibre.

The disadvantage of this synchronization method is that it only represents o
specific solution for & distributed switching system. It only permits clock
synchronization for the transmission of data packets from a clocking station to one or
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more clock-synchronous stations. Thus, the method is not suitable for the transmission
of data packets from terminals to a central exchange at the clock rate of the
exchange, for example.

It is an object of the present invention to synchronize the clock of a first,
clocking station with the clock of a second, clock-synchronous station.

According to the invention, there is provided a method of synchronizing at least
a first clock signal of a first station with at least a second clock signal of a second
station, comprising the steps of sending a first synchronization signal containing the
first clock signal from the first station to the second station and correlating the first
synchronization signal in the second station with a second synchronization signal
containing the second clock signal to obtain a correlation signal, wherein the
correlation signal is sent from the second station back to the first station in response to
the transmission of the first synchronization signal, that the correlation signal is
evaluated in the first station, and that the result of said evaluation is used to adjust the
first clock signal of the first station.

According to a second aspect of the invention, there is provided a
synchrenizing unit for a first station, for synchronizing. at least a first clock signal of the
first station with at least a second clock signal of a second station, comprising a
generator for generating a first synchronization sigrnal containing the first clock signai
and a transmitting device for transmitting the first synchronization signal to the second
station, wherein the synchronizing unit is provided with a receiving device for
receiving o correlation signal from the second station, with an evaluating device, and
with a controller, that the evaluating device is adapted to determine from the
correlation signal the offset between the first and second clock signals, and that the
controller is adapted to adjust the first clock signal by means of the clock offset
determined by the evaluating device.

According to a third aspect of the invention, there is provided a synchronizing
unit for a second station, for synchronizing at least a first clock signal of a first station
with at least a second clock signal of the second station, comprising a generator for
generating a second synchronization signal containing the second clock signal and a

correlator for correlating the second synchronization signal with a first synchronization
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signal containing the first clock signal, wherein the synchronizing unit is provided with
a transmitting device which is adapted to received from the correlator a correlation
signal corresponding to the result of the correlation of the first and second
synchronization signals, and to transmit said correlation signal to the first station.

According to a fourth aspect of the invention, there is provided a terminal for
connection to an exchange, comprising a synchronizing unit for synchronizing at least
a first clock signial of the terminal with at least a second clock signal of the exchange,
wherein the synchronizing unit is provided with a generator for generating a first
synchronization signal containing the first clock signal, with a transmitting device for
transmitting a first synchronization signal to the exchange, with a receiving device for
receiving a correlation signal from the exchange, with an evaluating device, and with
a controller, that the evaluating device is adapted to determine from the correlation
signal the offset between the first and second clock signals, and that the controller is
adapted to adjust the first clock signal by means of the clock offset determined by the
evaluating device.

According to a fifth aspect of the invention, there is provided an exchange
comprising a synchronizing unit for synchronizing at least a first clock signal of at least
one terminal with at least a second clock signal of the exchange, wherein the
synchronizing unit is provided with a generator for generating a second
synchronization signal containing the second clock signal, with at least one correlator
for correlating a first synchronization signal containing the first clock signal with the
second synchronization signal, and with ot least one transmitting device, and that the
transmitting device is. adapted to receive from the associated correlator a correlation
signal corresponding to the result of the correlation of the first and second
synchronization signals, and to transmit said correlation signal to the terminal.

The basic idea of the invention is that the correlation of the synchronization
signals takes place in the clocking station, whereas the resulting correlation signal is
not evaluated in this station but is transmifted to the clock-synchronous station, where
the clock of the latter is then adjusted by means of the result of the evaluation.

Further advantageous aspects of the invention are apparent from the
subclaims.
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fhe invention has the advantage that only optical switches and no optical-to-
electrical transducers are required in the clocking station, i.e., that clock
synchronization can be achieved there by all-optical means. Thus, in a
communications system comprising a plurality of clock-synchronous terminals and a
clocking exchange, no optical-to-electrical transducers are required at the exchange
to synchronize the terminals with the clock of the exchange. Since, by the invention,
the terminals are synchronized with the clock of the exchange, it is not necessary to
provide any buffers at the exchange for clock synchronization. Such buffers are
difficult or impossible to implement by optical means. It is thus possible to construct
an all-optical exchange.

In an optical transmission system, the received optical data must be converted
to elecirical form in the terminal, so that the correlation signal is already available in
electrical form. Thus, in the terminal, no additional optical-to-electrical transducer is
required for the correlation signal, so that one optical-to-electrical transducer per
connected terminal is saved.

The invention will becorme more apparent from the following description of an
embodiment taken in conjunction with the accorpanying drawings, in which:

Figure 1 shows several terminals according to the invention and an exchange
according to the invention;

Figure 2 shows one of the terminals of Figure 1 with a synchronizing unit
according to the invention, and

Figure 3 shows a portion of a synchronizing unit according to the invention for
the exchange of Figure 1.

The embodiment explains the use of the method according to the invention in v
communications system comprising two or more terminals according to the invention
and an exchange according to the invention, each of the terminals and the exchange
including a synchronizing unit according to the-invention.

It is also possible to apply the invention to another communications systems
with two or more stations provided that one of the stations is the clocking station and
is connected 1o the other sfafions via bidirectional data paths.

Figure T shows three ferminals E1 to E3 and an exchange EX. The exchange
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EX is connected to the terminals E1 to E3 by bidirectional links LE1, LE2, and LE3,
respectively.

The exchange EX contains a clock generator CLOCK2, a switching network SN,
and a synchronizing unit SYNC2 with a bit sequence generator GEN2 and three
synchronizing subunits SUB1 to SUB3. The synchronizing subunits SUB1 to SUB3 are
connected to the bit sequence generator GEN2, to the switching network SN, and to
the links LE1, LE2 and LE3, respectively. The clock generator CLOCK? is connected
to the switching network SN and to the bit sequence generator GEN2.

The terminals E1 to E3 are arbitrary communications terminals, such as
terminals for voice, data or video communication. Each of them has an optical
input/output for communication with the exchange EX. Via this input/output, they
exchange data packets with the exchange EX.

It is also possible that the terminals E1 to E3 communicate with the exchange
EX by a synchronous transmission method.

Each of the links LE1 to LE3 is formed by two fibre-optic cables, one for each
direction.

It is also possible to use only one fibre-optic cable with two channels. These
channels could be formed by the use of optical hybrid circuits, by single-frequency
duplex operation, or by frequency-division multiplexing, for example.

The links LE1 to LE3 may also be elediric lines, and the synchronization method
according to the invention may also use all-electrical means.

The exchange EX has optical input/output ports and switches data packets
which are sent to it from the terminals E1 to E3.

It is possible to connect further terminals or further exchanges to the exchange
EX. Such terminals or exchanges could also use a different synchronization methed or
switch the data packets by eledirical instead of optical means.

The terminals E1 to E3 send data packets over the links LE1, LE2 and LE3,
respectively, to the exchange EX, which then switches the data packets and sends
them over one of the links LE1 to LE3 to the respective destination terminal, which is
one of the terminals E1 to E3. To permit this switching, the terminals E1 to E3 send

synchronization signals fo the exchange EX, where these synchronization signals are
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correlated with a synchronization signal containing the clock signal of the exchange
EX, and which sends the resulting correlation signals back te the terminals E1, E2, and
E3, respectively. By means of these correlation signals, the clocks of the terminals E1,
E2, and E3 are then synchronized with the clock of the exchange.

The terminals E1 to E3 are identical in construction. Therefore, only the
construction of the terminal E1 will now be described by way of example with the aid
of Figure 2. The internal construction of the exchange EX will be described below with
reference to Figures 1 and 3.

Figure 2 shows the terminal E1, which transmits data on the link LE1 @ind
receives data from the link LE1. The terminal E1 contains a processing unit PROC, a
clock generator CLOCK1, and a synchronizing unit SYNC1 with a transmitting device
SEND, a receiving device REC, and a synchronizer SYNCHRON.

The transmitting device SEND, the receiving device REC, the processing unit
PROC, and the synchronizer SYNCHRON receive clock signals from the dlock
generator CLOCK1. The transmitting device SEND receives data packets from the
processing unit PROC and transmits data packets on the link LE1. The receiving
device REC receives data packets over the link LE1 and sends data packets to the
processing unit PROC. The synchronizer SYNCHRON sends data to the transmitting
device SEND, receives data from the receiving device REC, and send control signals to
the clock generator CLOCK].

The processing unit PROC executes the functions of the terminal E1, and
communicates with the other terminals E1 and E2 by exchanging data packets.

To this end, it sends data packets to the transmitting device SEND at a frame and bit
rate determined by the clock generator CLOCK1, and receives data packets from the
receiving device REC.

The transmitting device SEND inseris synchronization signals befween the data
packets, the synchronization signals coming from the synchronizer SYNCHRON. The
data stream thus obtained is transmitted on the link LE1.

The receiving device REC separates the correlation signals from the data
packets in the data stream received over the link LE1, and passes the correlation
signals on to the synchronizer SYNCHRON, and the data packets to the processing
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The clock generator CLOCK] provides the frame- and bit-rate clock for
controlling the transmission of the data packets from the processing unit PROC and
the transmitting device SEND. It is also possible that the clock generator CLOCK1
provides further or other clock signals or fixes further or other clock relationships.

The synchronizer SYNCHRON sends to the transmitting device SEND
synchronization signals containing the frame- and bit-rate clock of the clock generator
CLOCKT1, and receives from the receiving device REC correlation signals, by means of
which it changes the frame- and bit-rate clock of the clock generator CLOCKT.

The processing unit PROC executes the functions of the terminal E1, and
communicates with the other terminals E1 and E2 by exchanging data packets. To
this end, it sends data packets to the transmitting device SEND at a frame and bit rate
determined by the clock generator CLOCK1, and receives data packets from the
receiving device REC.

The transmitting device SEND inserts synchronization signals between the data
packets, the synchronization signals coming from the synchronizer SYNCHRON. The
data stream thus obtained is tfransmitted on the link LE1.

The receiving device REC separates the correlation signals from the data
packets in the data stream received over the link LE1, and passes the correlation
signals on to the synchronizer SYNCHRON, and the data packets to the processing
unit PROC.

The clock generator CLOCK 1 provides the frame- and bit-rate clock for
controlling the transmission of the data packeis from the processing unit PROC and
the fransmitting device SEND. It is also possible that the clock generator CLOCK1
provides further or other clock signals or fixes further or other clock relationships.

The synchronizer SYNCHRON sends to the transmitting device SEND
synchronization signals containing the frame- and bit-rate clock of the clock generator
CLOCK}, and receives from the receiving device REC correlation signals, by means of
which it changes the frame- and bit-rate clock of the clock generator CLOCK].

The transmitting device SEND contains an inserter INSERT and a transducer
CONVI.
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The inserter INSERT passes the data packets from the processing unit PROC to
the transducer CONV1, and receives synchronization signals from the synchronizing
unit SYNC1.

The frame-rate clock of the clock generator CLOCK1 is chosen so that there is
a guard time between every two data packets received by the inserter INSERT from
the processing unit PROC. These time intervals are necessary for clock rates in the
Gb/s range, since the exchange EX requires a certain time botween two successive
data packets to switch the optical components. During the infarval corresponding to
this guard time, e.g., 5ns, the exchange EX is not in a position to switch a new data
packet.

The inserter INSERT inserts into each of these time intervals a synchronization
signal which it receives from the synchronizer SYNCHRON. If the synchronization
signal is a digital signal, the inserter INSERT can be implemented with an. OR gate. 1t
is.also possible to insert a synchronization signal not into each of those time intervals,
but into every other time interval, for example.

The transducer CONV1 is an electrical-to-optical transducer, which converts
the eledrical data stream to an optical data stream.

The receiving device REC contains an extractor EXCERP and a transducer
CONV2.

The data stream received over the link LE1 is passed through the transducer
CONV?2 and the extractor EXCERP to the processing unit PROC. The extractor EXCERP
receives clock signals from the clock generator CLOCK1 and sends correlation signals
to the synchrenizer SYNCHRON.

The transducer CONV2 is an optical-to-eledrical transducer and converts the
optical data sfream received over the link LET to an electrical data stream.

The extractor EXCERP extracts the correlation signals from the time intervals
between the data packets and passes them on to the synchronizing unit SYNC1. To
detect these fime intervals, the exiractor EXCERP receives the bit- and frame-rate clock
from the clock generator CLOCK1.

The trarsmitting device SEND or the receiving device KEC can also be of a
different design.
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In particular, it is possible 1o insert and extract the synchronization and
correlation signals at a particular peint within the data packets rather than in time
intervals between the data packets. It would also be possible to separate the
transmission of the synchronization signals from that of the data packets and provide
separate channels.

Furthermore, it is possible to transmit the data packets from the terminal E1 to
the exchange EX1 not in optical form, thus eliminating the need for the transducers
CONV1 and CONV2.

The synchronizer SYNCHRON contains a bit sequence generator GEN1, a
controller CONTR, and an evaluator ANALY.

The bit sequence generator GEN1 receives clock signals from the clock
generator CLOCK1 and sends bit sequences as synchronization signals to the inserter
INSERT. The evaluator ANALY receives correlation signals from the extractor EXCERP
and transfers data to the controller CONTR. The controller CONTR sends control
signals to the clock generator CLOCK1.

The bit sequence generator GEN1 generates a pgriodic bit sequence
containing the bit- and frame-rate clock of the clock generator CLOCKT and serving
as the synchronization signal. The bit sequence is a correlatable sequence, such as a
Hardamard code. Such a bit sequence is, for example,
1110010011101000011111000000111. This bit sequence is generated ot the bit
rate of the clock generator CLOCK 1 at a given instant within the frame clock period
of the clock generator CLOCKT1. This instant is chosen so that the generated bit
sequence falls into one of the time intervals between the data packets. The frame-
clock and bit-clock information is thus contained in the timing position and in the bit
rate of the clock sequence. The bit sequence generator GEN1 can be replaced by a
generator which provides an analog synchronization signal instead of a digital
synchronization bit sequence.

The evaluator ANALY receives a correlation signal from the extractor EXCERP.
With the aid of this correlation signal, the evaluator ANALY determines the offset
between the bit- and frame-rate clock of the exchange EX and that of the terminal E1.
The evaluator ANALY is, for example, an integrator which infegrates over the
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correlation signal, the resulting value being a measure of the synchronization of those
clocks.

By means of the result provided by the evaluator ANALY, the controller CONTR
adjusts the bit- and frame-rate clock of the clock generator CLOCK1.

Thus, the inserter INSERT inserts a synchronization bit sequence between every
two data packets coming from the processing unit PROC. This synchronization bit
sequence is generated by the bit sequence generator GEN1 at the bit and frame rate
of the clock generator CLOCK1. The data stream thus obtained is converted from
electrical to optical form by the transducer CONV1, which transmits the optical data
stream over the link LE1 to the exchange EX. The data stream received from the
exchange over the link LE1 is converted from opfical to electrical form by the
transducer CONV2. After that, the correlation signals, which are representative of the
response of the exchange EX 1o the synchronization bit sequence, are exiracted from
the time intervals between the data packets by the extractor EXCERP and evaluated by
the evaluator ANALY. By means of this evaluation, the bit- and frame-rate clock of
the clock generator CLOCK] is adjusted by the controller CONTR. The data packets
are transferred from the extractor EXCERP to the processing unit PROC.

The structure of the exchange EX is shown in Figures 1 and 3.

As shown in Figure 1, the exchange EX contains the synchronizing unit SYNC2,
the clock generator CLOCK2, and the swifching network SN. The terminals E1 to E3
are connected via the synchronizing unit SYNC2 to the switching network SN. The
synchronizing unit SYNC2 and the switching network SN receive clock signals from
five clock generator CLOCK2,

The switching network SN is an all-optical switching network. it switches data
packets which are supplied 6 it in optical form at the bit and frame rate of the clock
generator CLOCKZ. Because of internal switching times, the frame-rate clock is
chosen so that between the data packets there are time intervals in which the internal
switching operations can take place.

The dock generator CLOCKZ generates the bit- and frame-rate clock ofihe
excharge EX.

The synchronizing unit SYNC2 synchronizes the bit- and frame-rate clock of the
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terminals E1 to E3 with the bit- and frame-rate clock of the clock generater CLOCK?2.

As a result of this constant synchronization, the data packets from the terminals
E1 to E3 arrive at the exchange EX at the correct instant and can be fed immediately,
without temporary storage, to the switching network SN. The swit Ying network SN
then switches the data packets and sends them to the destination terminals.

The synchronizing unit SYNC2 centains the synchronizing subunits SUB1 to
SUB3 and the bit sequence generator GEN2. The bit sequence generator GEN2
sends data to all synchronizing subunits SUBT to SUB3. The synchronizing subunits
SUB1 to SUB3 send data packets to, and receive data packets from, the switching
network SN and the terminals £1, €2, and E3, respectively.

The synchronizing subunits SUB1 to SUR3 are identical in construction. The
construction of the synchronizing. unit SYNC2 will now be explained with reference to
Figure 3.

Figure 3 shows the cloek generator CLOCK?2, the bit sequence generator
GEN2, and one of the synchroniiing subunits, the subunit SUB1. The clock generator
CLOCK?2 sends clock signals to the: bit sequence generator GEN?2, which, in turn,
sends data to the synchronizing subunit SUB1. The synchronizing subunit SUB1 sends
and receives data streams over the link LE1 and over the link 1o the switching network
SN.

The bit sequence generator GEN2 generates periodic bit sequences which
serve as synchronization signals: These bit sequences contain the bit- and frame-rate
clock fixed by the clock generator CLOCK2.

These bit sequences are recurrent, identical bit sequences which are equal o
the bit sequence generated by the bit sequence generator GEN1. As inthe case of
the bit sequence generator GEN1, the bit and frame dlock information is contained in
tha timing position and the bit rate of such a bit sequence.

The synchronizing subunit SUB1 correlates the synchronization signals
contained in the d_dtu stream from the terminal E1 with the synchronization signals
from the bit sequence generator GEN2, and sends the resulting correlation signals
back to the terminal E1.

The synchronizing subunit SUBT contains two switches SW1 and SW2 and two
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delay devices DEL1 and DEL2.

The switch SW2 receives bit sequences as control instructions frem the bit
sequence generator GEN2, and the switch SW1 receives bit sequences as control
instructions from the bit sequence generator GEN2 via the delay device DELT. The
switch SW1 receives data streams from the switching network SN and sends data
streams over the link LE1. The switch receives data streams over the link LE1 and
sends data streams to the switching network SN. It sends data to the switch SW1
through the delay device DEL2.

Each of the switches SW1 and SW2 is formed by an optical switch which is
controlled electrically. The switch SW1 has two optical inputs and one opfical output,
and the switch SW2 has one optical input and two optical outputs. By means of an
electric control signal, a path can be switched between one of the inputs and the
output in the case of SW1 and between the input and one of the outputs in the case of
SW2. Each of the switches SW1 and SW2 is thus formed by an integrated optical
directional coupler as is described in PCT Application WO 91/15907.

The delay device DEL2 delays an optical data stream coming from the switch
SW2 and passes it on to the switch SW1. The delay-is chosen so that a correlation bit
sequence generated with the switch SW2 is inserted precisely into the time interval
between the dafa packets sent by the switch over the link LE1. The delay device DEL2

is.implemented, for example, with a fibre delay loop and possibly an optical amplifier

. for attenuation equalization.

The delay device DEL1 delays the bit sequence from the bit sequence generator
GEN2 by the same time interval as the delay device DEL2. Since the signals to be
delayed by the delay device DEL1 are electric signals, the delay device DEL? is
implemented, for example, with a shift register.

An optical data stream consisting of a sequence of data packets and
synchronization bit séquences inserted there between arrives at the input of the switch
SW2. The switch SW2 is controlled by the bit sequences gernerated in the bit
sequence generator GEN2. Such a bit sequence is transmitted by the bit sequence
generator GEN2 af the bit rate of the clock gerierator CLOCK2 one within the frame
clock period of the clock generator CLOCK2. If the bit- and frame-rate clock of the
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terminal E1 and that of the exchange EX are in synchronism, these bit sequences wil
coincide with the synchronization bit sequences between the data packets. During the
remaining time, the switch SW2 is controlled by a 0...0 bit sequence from the bit
sequence generator GEN2 so that the incoming data stream is fransferred to the
switching network SN. As the switch SW2 is switched in accordance with the bit
sequence from the bit sequence generator GEN2, the synchronization bit sequence
coming from the terminal E1 and the synchronization bit sequence generated by the
bit sequence generator GEN2 are correlated. If, for example, an optical 1 and an
electrical 1 coincide, an optical 1 will be sent o the delay device DEL2. All other
combinations result in an optical 0 or, in case of a small phase difference, in a
narrower optical 1 at the input of the delay device DEL2. The correlation bit sequence
thus generated is delayed in the delay device DEL2 until it can be inserted precisely
into the time interval between the data packets addressed to the terminal E1.

The switch SW1 receives, besides the data from the delay device DEL2, an
optical data stream consisting of a sequence of data packets and free fime intervals
between the data packets. The switch SW1 is controlled by the bit sequences from the
bit sequence generator GEN2 which were delayed in the delay device DEL1 by a time
interval equal to the delay provided by the delay device DEL2, so that the switch SW1
transfers the data packets from the switching network SN to the terminal E1 and
inserts the delayed correlation bit sequence into the fime intervals between the data
packets. Thus, if an electrical O is applied to the switch SW1, the data stream from
the switching nefwork SN will be transmitted on the link LET; if an electrical 1 is
applied, the correlation bit sequence from the delay device DEL2 will be transmitted.

It is also possible that the bit sequence generator GEN2 sends bit sequences to
the swifch SW1 which are different from those sent to the switch SW2. For example,
the bit sequence generator GEN2 could send to the switch SW1 a 1...1 bit sequence
for the duration of a correlation bit sequence and a 0.,.0 bit sequence during the
remaining time. Thus, the correlation bit sequence would also be inserted between
the data packets with the switch SW1.

it is further possible to replace the switch SW1 or SW2 by an optical directional
coupler which couples the synchronization or correlation signal out of or inte the link
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LE1. If the switch SW2 were replaced by such an optical directional coupler, an
additional correlator controlled by the bit sequence of the bit sequence generator
GEN2 would be required. lt is also possible that such a correlator generates an
analog correlation signal from two analog synchronization signals if analog

synchronization and correlation signals are used in place of digital ones.
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The claims defining the invention are as follows:-

1. A method of synchronizing at least a first clock signal of a first station with at least

a second clock signal of a second station, comprising the steps of sending a first

synchronization signal containing the first clock signal from the first station to the second

station and correlating the first synchronization signal in the second station with a second
synchronization signal containing the second clock signal to obtain a correlation signal,

. wherein the correlation signal is sent from the second station back to the first
station in response to the transmission of the first synchronization signal,

. wherein the correlation signal is evaluated in the first station, and wherein the
result of said evaluation is used to adjust the first clock signal of the first station,

. wierein the first and second synchronization signals are formed by a first
synchronization bit sequence and second synchronization bit sequence,
respectively, and

. wherein the two synchronization bit sequences are correlated by passing the first
synchronization bit sequence through a switching device controlled by the second
synchronization bit sequence, said switching device generating a correlation bit
sequence and sending it back to the first station.

2. A method as claimed in claim 1, wherein a first bit- and frame-rate clock of the

first station is synchronized with a second bit- and frame-rate clock of the second station.

3. A method as claimed in claim 2, wherein the first station sends first data packets

fo the second siation af the first bit clock rate and at the first frame clock rate, and

wherein a first synchircaization bit sequence is sent from the first station to the second
station between a first sequence of data packets.

4. A method as claimed in claim 2, wherein the second station sends second data

packets to the first station, and wherein a correlation bit sequence is delayed by a

constant fime interval which is chosen so that when the clock signals are in synchronism, {

the correlation bit sequence is sent from the second station to the first station between the

second data packets.

5. A method as claimed in claim 1, wherein the first station sends a first sequence of

datfa packets to the second station at the first bit elock rate and at the first frarme clock

rate, anid wherein the first synchronization bit sequenice is sent from the first stafion to the -
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6. A method as claimed in claim 1, wherein the second station sends second data
packets to the first station, and wherein the correlation bit sequence is deloyed by o
constant time interval which is chosen so that when the clock signals are in synchronism,
the correlation bit sequence is sent from the second station to the first station between the
second data packets. |

7. A synchronizing unit for a second station, for synchronizing at least a first clock
signal of a first station with at least a second clock signal of the second station,
comprising a generator for generating a second synchronization signal containing the
second clock signal and a correlator for correlating the second synchronization signal
with a first synchronization signal containing the first clock signal, wherein the
synchronizing unit is provided with a transmitting device which is adapted to receive from
the correlator a correlation signal corresponding to the result of the correlation of the first
and second synchronization signals, and transmitting the correlafing signoal to the first
station, wherein the first synchronization signal and the correlation signal are optical
signals, and wherein the correlator and the transmitting device each contain an optical
switch controlled by the second synchronization signal.

8. A method substantially as herein described with reference to Figures 1 to 3 of the
accompanying drawings.

9. A synchronizing unit substantially as herein described with reference to Figures 1

to 3 of the accompanying drawings.

DATED THIS SEVENTH DAY OF SEPTEMBER 1998
ALCATEL N.V.




ABSTRACT

This invention relates to synchronization of the clock relationships between two
stations in an optical communication system.

According to the invention the correlation takes place in one station, but the
correlation product is evaluation in the other station (E1 to E3), and the clock signal of
the latter is controlied accordingly.

A first synchronization bit sequence from a terminal (E1 to E3) is looped back in
an exchange (EX) at the bit rate of a second synchronization bit sequence, and the
clock generator of the terminal (E1 to E3) is controlled according to the received
correlation bit sequence.

Advantages of the invertion are:

At the exchange, synchronization requires only optical switches, but no optical-
to-electrical transducers; all-optical exchanges are permitted, and cne optical-to-
eledtrical fransducer per connected subscriber is eliminated.

Main Figure(s): 1
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