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System and method for network synchronization and frequency

dissemination

Field of the invention

The present invention relates to a system and method for time and

frequency synchronization in communication networks, in particular duplex

optical fiber networks such as DWDM (Dense Wavelength Division

Multiplexed) transmission systems.

Background art

The international telecommunication needs for data transmission

are rapidly growing in recent years, the main drivers being video,

supercomputing applications and data traffic via mobile communications.

Under these conditions, terrestrial optical fiber transmission systems, such as

DWDM (Dense Wavelength Division Multiplexed) transmission systems have

been developed to meet the increasing demands for more cost-effective,

bandwidth-rich telecommunication service. Furthermore, in order to

accommodate the different types of traffic on the network (e.g. voice, data,

video) and to increase the utilization of the available bandwidth in the

network, network architectures migrate from circuit switched networks (which

reserve bandwidth whether used or not), to packet switched networks.

Such migration implies a shift away from the synchronized network

architecture, like SONET (Synchronous Optical Network) and SDH

(Synchronous Digital Hierarchy). SONET and SDH were originally designed to

transport circuit mode communications, e.g. DSl, DS3, from a variety of

different sources. Additionally, these network architectures support real-time,

uncompressed, circuit-switched voice encoded communications in a so-called



PCM (Pulse Code Modulation) format. Circuits in SONET/SDH are

provisioned with a fixed reserved capacity in a so-called VC (Virtual

Container) inside the SONET/SDH payload. Furthermore, a network

architecture such as SDH uses a basic transmission format, i.e. an STM-1

(Synchronous Transport Module, level 1) frame. The distribution of timing,

and thus network synchronization, is natural. In the network nodes, a

reference frequency is retrieved from a received signal via a clock recovery

circuit. Only the position of the VC relative to the position of the STM-1 frame

needs to be known, which results in an absence of the need of an absolute

timing reference for proper circuit operation.

Packet switched networks do not use such a fixed framing

architecture, and therefore do not have a natural synchronized timing

distribution. In these networks data frames need to be transmitted without

overlap with other frames and with as little as possible unused and stranded

capacity. Therefore, packet switched networks have stringent requirements

concerning frequency dissemination as well as phase and time synchronisation

to guarantee proper call connection and data transport, such as, for example,

transfer of streamed data. These communication networks thus do need an

absolute timing reference.

As the vast majority of mobile backhaul networks are upgraded to

(Carrier) Ethernet, the base stations become unsynchronized. The use of GPS

(Global Positioning System) receivers for providing an absolute timing

reference, such as time of day information, in combination with a local

oscillator for providing a reference frequency could be a solution. However, this

approach is expensive and can easily be tampered with. Currently, the two

most widely used methods to synchronize the base stations are 1) the ITU-T

Synchronous Ethernet (G.8261) protocol and 2) the so-called Precision Time

Protocol (PTP) described in IEEE-Standard 1588 version2.

The Synchronous Ethernet solution is centered on very similar

frequency dissemination as used for SONET/SDH networks. That is the



frequency in each network node is derived from the frequency from upstream

nodes. In terms of frequency, the Synchronous Ethernet solution provides

excellent frequency synchronization of the nodes in the network between base

stations. However, Synchronous Ethernet is not capable of providing accurate

time and phase information as is needed in packet networks. For example,

Synchronous Ethernet does not take effects such as latency into account.

PTP is also similar to the SONET NTP (Network Time Protocol).

PTP is a 2-way time transfer protocol with hardware time stamping. The

master and slave end-points transport the timing information within MAC

(Media Access Control) frames. Using PTP avoids the need to upgrade the

intermediate nodes. Furthermore, PTP enables time and day synchronization,

which is required for Time Division Duplex (TDD) mobile networks. However,

to use PTP, additional hardware and boundary clocks are needed for

regeneration and jitter compensation of timing signals in extensive networks.

Furthermore, with PTP only limited synchronization accuracy can be achieved,

typically of the order of 1 microsecond.

Summary

It is an object to provide accurate timing to nodes in a packet based

telecommunication network,

In embodiments it is a further object to do so in particular for a

telecommunication network for next generation mobile devices, with an

improved performance compared to techniques used in present day

SDH/SONET or GPS timing packet-based mobile networks.

According to a first aspect a method according to claim 1 is provided.

Herein a network that uses different optical fibers of a fiber connection to

transmit telecommunication data back and forth between nodes

unidirectionally in each fiber, is modified to transmit timing data and a

response to that timing data back and forth over a same one of these fibers.



This provides for better synchronization accuracy. In an embodiment

synchronization comprises transmission, from the first node, of a timing signal

by a first clock, followed by detection of this timing signal in the second node

by a second clock and correction of the offset of the second clock's counter for

latency, that is, the propagation delay experienced by the timing signal during

transmission. The optical return timing may be used to determine the time

period that has elapsed between sending an optical frequency and timing

signal and receiving the optical return timing signal over the same fiber. The

latency of the signal transfer then equals the corrected time period divided by

two. A first and second timing signal are used. In an embodiment these are a

reference frequency and timing signal generated in the first node and an

optical return signal generated in the second node, in response to the reference

frequency and timing signal. In an embodiment of the method according to

claim 1, an updated reference frequency and timing signal including the

latency information may be generated and transmitted to the second node.

In an embodiment mutually different wavelengths are used for back

and forth transmission of the timing data and the response. This prevents

unwanted cross talk between upstream and downstream data due to Rayleigh

scattering.

In an embodiment wherein an optical amplifier system is used in the

fiber connection between nodes, the optical amplifier system is modified to

allow for a small amount of upstream optical traffic over one of the fibers of the

fiber connection, compared to the amount of main downstream traffic over that

fiber. In a further embodiment, filters that may already be present to split off

and combine light for an optical supervisory channel (OSC) may be used to

handle the upstream traffic. This makes it unnecessary to intervene with the

main telecommunication traffic over the fiber.

In a further embodiment optical network nodes for two-way optical

traffic by unidirectional transmission in different directions over respective

different fibers of a fiber pair are modified to provide for an amount of



upstream traffic for two way communication of timing signals over the same

one of the fibers. In a further embodiment, filters that may already be present

to split off and combine light for an OSC channel may be used to handle the

upstream traffic.

Short description of drawings

Various aspects of the invention will be further explained with

reference to embodiments shown in the drawings wherein:

Figure 1 is a block diagram illustrating a system for time and

frequency distribution and synchronization according to an embodiment of the

present invention;

Figure 2 is a block diagram illustrating an embodiment of a

transmitting portion of a local node that may be used in the system of FIG. 1 ;

and

Figure 3 is a block diagram illustrating a system for time and

frequency distribution and synchronization including a bypass amplifier.

Detailed description of the preferred embodiment

An embodiment of the invention provides an optical filter for use in

a transmitter in a Dense Wavelength Division Multiplexed, DWDM,

transmission system, the optical filter comprising: a first port for

communicative coupling to a reference frequency and timing circuit; a second

port for communicative coupling to an optical supervisory channel, OSC,

transmitter unit; and a third port for communicative coupling to a further

optical filter arranged for enabling transmission of DWDM optical data over an

optical fiber; wherein the optical filter is arranged for: receiving a reference

frequency and timing signal via the first port; receiving an OSC signal via the

second port; combining the frequency and timing reference signal and the OSC

signal so as to form a combined signal; transmitting the combined signal



towards the further optical filter via the third port. The reference frequency

and timing signal that is combined with the OSC-signal enables a receiver that

receives the combined signal to determine the clock frequency used in the node

where the filter is located as well as the absolute time at which the signal is

generated. Based on this information, a synchronization accuracy in a network

using PTP can be improved. The addition of such optical filter to a transmitter

in a DWDM transmission network can be executed without interruption of

data traffic. Consequently, the timing and frequency signal can be added to an

existing DWDM transmission system without substantially affecting its

performance.

In some embodiments, the filter may be further arranged for:

receiving an optical return timing signal via the third port; and forwarding the

optical return timing signal towards the reference frequency and timing circuit

via the first port. Based on the information in the optical return timing signal

the reference frequency and timing circuit may determine the latency of data

transfer between two nodes. The determined latency may then be included in

the reference frequency and timing signal to improve the synchronization

accuracy even further, in some cases a synchronization accuracy down to the

order of 10 ns may be achieved.

Some embodiments of the invention further relate to a transmitter

for use in a DWDM transmission system, the transmitter comprising: a

reference frequency and timing circuit for generating a reference frequency

and timing signal; an optical supervisory channel, OSC, transmitter unit for

generating an OSC signal; an optical filter as described above for combining

the reference frequency and timing signal and the OSC signal so as to form a

combined signal; a DWDM optical data transmission unit for generating a

signal comprising DWDM optical data; and a further optical filter for

combining the signal DWDM optical data comprising signal and the combined

signal. The reference frequency and timing circuit, as well as the optical filter,



can be added to the transmitter without interruption of DWDM optical data

traffic.

Some embodiments of the invention relate to an optical filter for use

in a receiver in a Dense Wavelength Division Multiplexed, DWDM,

transmission system, the optical filter comprising: a first port for

communicative coupling to a reference frequency and timing circuit; a second

port for communicative coupling to an optical supervisory channel, OSC,

receiver unit; and a third port for communicative coupling to a further optical

filter arranged for enabling transmission of DWDM optical data over an optical

fiber; wherein the optical filter is arranged for receiving a combined signal

from the further optical filter via the third port; separating the combined

signal into a reference frequency and timing signal and an OSC signal;

transmitting the reference frequency and timing signal to the reference

frequency and timing circuit via the first port; and transmitting the OSC

signal to the OSC receiver unit via the second port. The reference frequency

and timing signal enables determination of the clock frequency used in the

node where the signal originates from as well as the absolute time at which

the signal was generated. Based on this information, a synchronization

accuracy in a network using PTP can be improved. The addition of such optical

filter to a receiver in a DWDM transmission network can be executed without

interruption of data traffic.

In some embodiment, the filter is further arranged for: receiving an

optical return timing signal via the first port; and forwarding the optical

return timing signal towards the further optical filter via the third port. Based

on the information in the optical return timing signal the latency of data

transfer between two nodes may be determined. The determined latency may

then be included in an updated reference frequency and timing signal to

improve the synchronization accuracy even further, in some cases a

synchronization accuracy down to the order of 10 ns may be achieved.



Some embodiments of the invention relate to a receiver for use in a

Dense Wavelength Division Multiplexed, DWDM, transmission system, the

receiver comprising: an optical frequency and timing retrieving unit arranged

for communication with a remote timing and frequency unit circuit for

retrieving a frequency and timing reference signal; an optical supervisory

channel, OSC, receiver unit for receiving an OSC signal; a DWDM optical data

receiving unit for processing a signal comprising DWDM optical data; an

optical filter for separating an optical DWDM data signal from a combined

signal comprising a reference frequency and timing signal and an OSC signal,

and forwarding the separated optical DWDM data signal to the DWDM optical

data receiving unit; and a further optical filter as described above for

separating the reference frequency and timing signal from the OSC signal, and

for transmitting the reference frequency and timing signal to the optical

frequency and timing retrieving unit, and for transmitting the OSC-signal to

the OSC receiver unit.

Some embodiments of the invention relate to an amplifier system for

time and frequency distribution in a Dense Wavelength Division Multiplexed,

DWDM, network, the system comprising: a first port for connection to a first

optical fiber; a second port for connection to a second optical fiber; an optical

amplifier for amplifying an optical DWDM data signal received at the first port

over the first optical fiber and to be transmitted at the second port via the

second optical fiber; a first optical filter for separating the optical DWDM data

signal from a combined signal comprising a reference frequency and timing

signal and an OSC signal, and forwarding the separated optical DWDM data

signal to the optical amplifier; a second optical filter for combining the

amplified optical DWDM data signal and the combined signal, and forwarding

the combination of these signals to the second port; and a further optical

amplifier for amplifying the separated reference frequency and timing signal.

Such amplification system enables the amplification of optical data in an

optical data signal as well as amplification of a reference frequency and timing



signal. The use of a reference frequency and timing signal may improve the

synchronization accuracy in a DWDM transmission network. The addition of

the further optical amplifier can be executed without interruption of data

traffic.

Some embodiments of the invention relate to a transmission system

for distributing reference frequency and timing information in a network, in

particular a Dense Wavelength Division Multiplexed, DWDM, network, the

transmission system comprising: a transmitter as described above; a receiver

as described above; an optical fiber for connecting the transmitter and the

receiver; and a remote frequency and timing unit for providing frequency and

timing information to the receiver.

Finally, some embodiments of the invention relate to a method for distributing

reference frequency and timing information in a network, in particular a

Dense Wavelength Division Multiplexed, DWDM, network, comprising an

optical data transmitting node and an optical data receiving node, the method

comprising: generating a reference frequency and timing signal in the optical

data receiving node; combining the reference frequency and timing signal with

the optical data signal so as to form a combined signal; transmitting the

combined signal to the optical data receiving node; separating the reference

frequency and timing signal and the optical data signal in the optical data

receiving node; processing the reference frequency and timing signal and

generating an optical return timing signal in response; transmitting the

optical return timing signal to the optical data transmitting node; processing

the optical return timing signal, determining latency information regarding

the latency of data transfer between the optical data transmitting node and

the optical data receiving node, and generating an updated reference frequency

and timing signal including the latency information; and transmitting the

updated reference frequency and timing signal to the optical data receiving

node



Exemplary embodiments of the present invention will now be

described in detail with reference to the accompanying drawings. The

invention may, however, be embodied in many different forms and should not

be construed as being limited to the embodiments set forth herein. It is noted

that shapes and sizes of elements in the drawings may be exaggerated for

clarity.

Throughout the description certain expressions refer to the

following. The expression "frequency" refers to the number of cycles per second

of a periodic signal. The expression "time" refers to the total number of cycles

that have passed since a certain reference point in time. In other words, the

"time" may be looked at as the total accumulated phase of the periodic signal

since the reference point in time. The expression "clock" refers to a device

which keeps time by counting the number of cycles of a local periodic signal

generated by a device, generally denoted by local oscillator (LO).

The expression "synchronization" refers to the adjustment of a

number of N (N > 1) clocks so that their respective reference points in time

correspond to the same time instant. Synchronization may be achieved in two

steps. In the first step a "timing" signal is transmitted by a first clock, followed

by detection of this timing signal by a second clock. The detection may be

based on the shape of the timing signal, which generally includes a portion

with a steep slope that is easy to detect. Upon detection the cycle counter in

the second clock is triggered. The second step consists of correcting the offset of

the second clock's counter for the propagation delay experienced by the timing

signal during transmission, further referred to as "latency". The information

regarding latency is preferably measured and then the latency information

obtained by the measurement is transferred to the second clock. The two steps

together achieve synchronization of two clocks and do not necessarily need to

be executed in the order given above.

Finally, the expression "synthonisation" (more usually written as

"syntonisation") refers to the action that forces the oscillators of N clocks to



cycle at the same frequencies, so that clock drifts between different clocks are

minimized after synchronization. Efficient syntonisation and prolonged

synchronization may be achieved by disseminating a "reference frequency" of

high accuracy and spectral purity to multiple clocks.

Figure 1 schematically depicts an optical transmission system for

providing synchronization and frequency dissemination. The optical

transmission system includes a local node 101 for providing an optical timing

and frequency reference to one or more remote nodes 102. In the embodiment

shown in Figure 1, local node 101 and remote node 102 are communicatively

coupled by using an optical fiber pair comprising optical fiber 103 and optical

fiber 104. Optical fiber 103 is configured to arrange the transfer of data from

local node 101 to remote node 102. Optical fiber 104 is configured to arrange

the transfer of data from remote node 102 t o local node 101. Note that at least

optical fiber 103, in some embodiments also fiber 104, can transmit data in

both directions to achieve the desired data transfer. Throughout the

description the local node 101 is used as an optical data transmitting node,

whereas the remote node 102 is used as an optical data receiving node.

Local node 101 comprises an optical data transmitter 105 for

transmitting optical data via the optical fiberl03 to remote node 102. The

optical data transmitter 105 comprises one or more optical transmitters, each

transmitter arranged for transmitting data over a different wavelength. In

particular, as shown in FIG. 1, the optical data transmitter 105 may be

configured as a DWDM (Dense Wavelength Division Multiplexed) comprising a

plurality of transmitters, typically arranged for transmitting data over a

wavelength between about 1525 and about 1565 nm.

Remote node 102 comprises an optical data receiver 106 comprising

one or more optical receivers for receiving optical data from the transmitter

105. Typically the number and wavelength handling capability of the receivers

corresponds to the number and wavelength handling capability of the

transmitters within the optical data transmitter 105 in the local node 101. For



example, in case of DWDM, the receiver may comprise a plurality of receivers

arranged for receiving data over a wavelength between about 1525 and about

1565 nm.

Local node 101 further comprises an OSC (Optical Supervisory

Channel) transmitter 107, and an optical filter 109a. An exemplary operation

of these elements in the local node 101 is as follows.

The OSC transmitter 107 is arranged for transmitting an optical

supervisory signal comprising management and alarming information. The

supervisory signal, hereafter referred to as OSC-signal, is an optical signal

that is transmitted over a wavelength preferably different from a wavelength

within the wavelength range used for the transmission of the optical data. For

example, the OSC signal may use a wavelength in a range of about 1504 nm to

about 1518 nm, e.g. 1510 nm. This wavelength is standardized by the

International Telecommunication Union (ITU), and used in commercially

available DWDM transmission systems.

The optical filter 109a is arranged for combining signals that are to

be transmitted from the local node 101 t o the remote node 102 via optical fiber

103. The filter 109a thus combines the optical OSC signal from the OSC

transmitter 107 and the optical data transmitted from the DWDM transmitter

105.

The local node 101 further comprises a reference frequency and

timing circuit 108. The reference frequency and timing circuit 108, hereafter

referred to as RFT-circuit 108, is arranged for generating an optical reference

frequency and timing signal with high accuracy. The reference frequency may

correspond to the clock frequency used within the local node 101. The reference

time is an absolute time. For example, the reference time may correspond to

Coordinated Universal Time (UTC). The reference frequency and timing signal

may further include latency information which accounts for the latency of

signals transmitted between the local node 101 and the remote node 102.

Further details regarding the determining of the latency will be described



later. The signal generated by the RFT-circuit 108 is generally transmitted as

an optical signal, where the optical signal is transmitted over a wavelength

that is different from any of the other wavelengths used within the local node.

For example, a suitable wavelength of the optical signal may be in a range of

about 1484 nm to about 1498 nm, e.g. about 1490 nm. Such wavelength lies

within the standardized grid for CWDM (Coarse Wavelength Division

Multiplex) transmission systems. As a result costs may be limited, since cost-

effective lasers operating at a wavelength of about 1490 nm may be used.

Finally, the local node 101 in FIG. 1 comprises a further optical filter

110a. The optical filter 110a is arranged for combining the optical frequency

and timing signal from the circuit 108 and the OSC signal from the OSC

transmitter 107. The combined signal may then be provided to optical filter

109a which is arranged for combining the combined signal from optical filter

110a with the optical data from DWDM optical data transmitter 105. The

output of the optical filter is then provided to optical fiber 103 for transmission

to remote node 102.

The optical filters 109a and 110a are bidirectional filters, i.e. they

can handle with signals running through them in different directions. In a first

direction, the filters combine signals of different origin and forward the

combined signal over a single line towards a further destination. In a second

direction, opposite to the first direction, combined signals are received and

separated, and the separated signals are forwarded to their respective

destinations. In some embodiments, such bidirectional filters are configured to

transfer signals having a first wavelength in one direction, while the signals

running in an opposite direction through the filter are transferred using a

second wavelength different from the first wavelength. Throughout this

specification, a filter that is used on a transmission end of the signal transfer

between nodes will be denoted with an extension "a", while a filter used on a

receiving end of the signal transfer between nodes will be denoted with an

extension "b".



Remote node 102 also comprises optical filters 109, 110. The optical

filter 109b of remote node 102 is arranged for receiving the signals from local

node 101 via optical fiber 103 and for separating the OSC signal and the

optical frequency and timing signal from the DWDM optical data. The OSC

signal and the optical frequency and timing signal may then be provided to an

optical filter 110b. The optical filter 110b is arranged for separating the OSC

signal from the optical frequency and timing signal. After separation, the filter

110b provides the OSC signal to OSC receiver unit 112 and provides the

optical frequency and timing signal to remote timing and frequency unit 111,

respectively.

The remote TF unit 111 comprises circuitry arranged for retrieving

an electrical frequency and timing signal from the optical frequency and

timing signal generated by RFT-circuit 108 in the local node 101. The remote

timing and frequency unit 111 in remote node 102 may comprise a loopback

circuit arranged for retrieving the timing signal from the optical frequency and

timing signal and optically transmitting it back as an optical return timing

signal to RFT-circuit 108 in local node 101 via fiber 103. The optical return

timing signal may use yet another wavelength than any of the wavelengths

described above, for example the optical return timing signal may use a

wavelength in a range of about 1465 nm to about 1478 nm, e.g. about 1470 nm.

The optical RFT-circuit 108 comprises a circuit arranged for

receiving and processing the optical return timing signal from the remote TF

unit 111. The RFT-circuit determines the time period that has elapsed

between sending an optical frequency and timing signal and receiving the

optical return timing signal. The latency of the signal transfer then equals the

corrected time period divided by two. Because the latency is measured on one

and the same optical fiber, i.e. fiber 103, slow length variations in the fiber due

to for example temperature and vibrations can be taken in to account. Using

this technique, the absolute time in the remote TF unit 111 in the remote node

102 can be determined with an accuracy down to about 10 ns, which is a



considerable improvement compared to the accuracy that can at present be

achieved in SDH/SONET or GPS timing packet-based mobile network. The

RFT-circuit 108 includes the determined latency of optical fiber 103 in the next

optical reference frequency and timing signal that is transmitted to remote

node 102 over optical fiber 103. Based on the absolute time information in

combination with the determined latency, the remote node 102 is now able to

provide the optical data received by the DWDM-receiver 106 with an accurate

timing label, e.g. the time of the day, for example in the form of a time stamp.

The addition of one or more components 108, 110a, and 110b can be

executed in-service, i.e. without interruption of optical data traffic.

Consequently, the timing and frequency signal can be added to an existing

DWDM transmission system without substantially affecting its performance.

The addition of one or more filters 110a, 110b may merely cause a small

additional power loss on the channel carrying the OSC-signal, also referred to

as OSC-channel. However, such loss can be easily bridged by the OSC

transmitter since the OSC-channel usually transfers the OSC-signal at a much

lower bit rate than the bit rate used in the channels carrying the optical data

transmitted by the DWDM-transmitter 105, and therefore has a larger loss

budget.

In some embodiments, the remote timing and frequency unit 111

comprises a photo detector. The photo detector is arranged to convert the

received optical frequency and timing signal to an electrical signal. In such

embodiments a clock recovery circuit may be arranged within the remote unit

111 to retrieve an electrical frequency signal with high accuracy from the

electrical signal.

As shown in FIG. 1, the local node 101 further comprises a DWDM

optical data receiver 106, an OSC receiver 112 and an optical filter 109b.

Similarly, the remote node 102 further comprises a DWDM optical data

transmitter 105, an OSC transmitter 107 and an optical filter 109a. The

optical filter 109a within remote node 102 and the optical filter 109b within



the local node 101 are connected to each other via a fiber 104. The components

105, 107 and 109a within remote node 102 and the components 106, 112 and

109b within local node 101 are used for data transmission from the remote

node 102 towards the local node 101.

Preferably, the DWDM transmission system uses the C-band for the

data channel wavelengths. The C-band typically uses wavelengths between

about 1525 and about 1565 nm. The different data channels may be, for

example, 10 Gb/s, 40 Gb/s and 100 Gb/s channels. The modulation formats that

may be used include but are not limited to NRZ (Non-Return-to-Zero), RZ

(Return-to-Zero), CSRZ (Carrier-Suppressed Return to Zero), PM-QPSK

(Polarization Multiplexed Quadrature Phase Shift Keying), DPSK (Differential

Phase Shift Keying) or DQPSK (Differential Quadrature Phase Shift Keying).

As already mentioned above, the OSC signal may use a wavelength

in a range of about 1504 to about 1518 nm, for example about 1510 nm. This

wavelength is standardized by the ITU, and used in commercially available

DWDM transmission systems. Additionally, the optical frequency and timing

signal typically uses a wavelength below 1500 nm, in particular a wavelength

in a range of about 1484 nm to about 1498 nm, such as about 1490 nm. Such

wavelength lies within the standardized grid for CWDM (Coarse Wavelength

Division Multiplex) transmission systems. As a result, costs may be limited,

because low-cost components, such as cost-effective lasers operating at a

wavelength of about 1490 nm may be used.

The use of these wavelengths for the optical OSC-signal and the

optical reference frequency and timing signal enables the use of optical edge

filters for optical filters 109 and 110. The use of optical edge filters alleviates

the complexity of the system.

In case an optical return timing signal is used, such optical return

timing signal preferably uses yet another wavelength, for example a

wavelength in a range of about 1465 nm to about 1478 nm, such as about 1470

nm. In such case, optical filter 110a within the local node 101 is not only



capable of combining the reference frequency and timing signal using a first

wavelength with the OSC signal using a second wavelength, and forwarding

these signals in a combined form towards the remote node 102. In addition, the

filter 110a is arranged for receiving the optical return timing signal using a

third wavelength and forwarding the optical return timing signal towards the

RFT-circuit 108. Similarly, optical filter 109a is capable of combining the

combination of the OSC-signal and the reference frequency and timing signal

with the optical data sent by the DWDM-transmitter, as well as arranged for

receiving the optical return timing signal and forwarding this signal towards

optical filter 110a.

The exemplary wavelength given for the OSC-signal above is

particularly suitable for DWDM-systems using C-band transmission for optical

data. However, in some countries, e.g. Japan, the so-called L-band is used,

where the typical optical data transfer wavelength lies between about 1565 nm

and about 1625 nm. In such case, the OSC-signal wavelength is preferably

longer than the wavelength of the DWDM-signal, e.g. about 1630 nm. The use

of a longer OSC-signal wavelength enables in particular the implementation

into DWDM systems using DSF (Dispersion Shifted Fiber) or ITU-T G.653

fiber which is the vast majority of installed fibers in Japan. In this case the

frequency and timing and the optical return timing signal should have longer

wavelength if compared to 1630nm, for example about 1635nm and 1640nm.

These wavelengths should not be too long to avoid excess loss in the fiber due

to increased bending loss at long wavelengths.

Figure 2 shows an embodiment of a transmitting portion of a local

node in more detail. In this embodiment, the optical filter 110 comprises two

concatenated sub-filters 202, 203. The optical sub-filters 202 and 203 are b i

directional. Furthermore, RFT-circuit 108 comprises a receiver 204 and a

transmitter 205.



The first optical sub-filter 202 is arranged for functioning in a

similar way as filter 110a in the embodiment shown in FIG. 1 . However,

instead of receiving the reference frequency and timing signal directly from the

RFT-circuit 108, first sub-filter 202 receives this signal from the second optical

sub-filter 203. Similarly, the return timing signal is not directly forwarded

towards the RFT-circuit 108, but is forwarded towards the second sub-filter

203.

The second optical sub-filter 203 is arranged for receiving the

reference frequency and timing signal from the transmitter 205 in the RFT-

circuit 108, and forwarding this signal to the first optical sub-filter 202. The

second optical sub-filter 203 is further arranged for receiving the optical return

timing signal from the first optical sub-filter 202, and forwarding this signal to

the optical receiver 204 within RFT-circuit 118.

The RFT-circuit 108 may further comprise a converter for converting

the optical signal received by the receiver 204 into an electrical signal, a

processor for processing this signal such that the measured latency can be

included in a frequency and timing signal. Generally, the signal is an electrical

signal, and therefore the transmitter 205 in RFT-circuit 108 may include a

further converter for converting an electrical frequency and timing signal into

an optical frequency and timing signal, which may include the measured

latency. All these functions may be integrated in receiver 204, which in such

case could take the form of a transceiver 204. The conversion of the electrical

frequency and timing signal within the RFT-circuit may be executed including

the use of NRZ (Non-Return-to-Zero) which is a cost-effective modulation

format. The conversion may also be executed using DPSK (Differential Phase

Shift Keying). An advantage of DPSK is that it comprises less AM (Amplitude

Modulation). In some embodiments, the transceiver for converting an electrical

signal into an optical signal may be an SFP-transceiver (Small Form factor

Pluggable, see http://www.sffcommittee.com/ie/Specifications.html). Preferably,

the receiver 204 is arranged for receiving signals at a first wavelength, e.g. an



optical return timing signal at a wavelength of about 1470 nm, and the

transmitter 205 is arranged for transmitting signals at a second wavelength,

e.g. a frequency and timing signal at a wavelength of about 1490 nm.

In some embodiments the remote TF unit 111 comprises an SFP for

receiving the optical frequency and timing signal from reference circuit 108,

retrieving an electrical frequency and timing signal from the received optical

signal, and for providing the electrical signal to an optical transmitter

arranged for converting the electrical signal into an optical return timing

signal that is transmitted back to the local node 101 for measuring the latency

of fiber 103.

In some embodiments, the SFP in the remote TF unit 111 is

complementary to the SFP in circuit 108. In such case, the SFP of the circuit

108 is arranged to receive signals at a first wavelength and to transmit signals

at a second wavelength, while the complementary SFP within the remote unit

111 is arranged to receive signals at the second wavelength and to transmit

return signals at the first wavelength.

Figure 3 is a block diagram illustrating a system for time and

frequency distribution and synchronization including an optical amplifier

system 301. The optical amplifier system 301 is included between a first fiber

pair 103-1 104-1 and a second fiber pair 103-2, 104-2 between the local node

101 and the remote node 102. The optical amplifier system 301 is arranged for

compensating the loss of the first fiber pair 103-1, 104-1, between local node

101 and bypass amplifier system 301.

The optical filter 109b connected to fiber 103-1 is arranged for

receiving the plurality of signals at the output of optical fiber 103-1 and for

separating the DWDM signals from the OSC signal and the optical frequency

and timing signal. The DWDM signals are then provided to optical amplifier

302 arranged for amplifying the DWDM signals. Optical filter 109b is further



arranged for providing the OSC wavelength and the optical frequency and

timing signal to optical filter 110b within the amplifier system 301.

The optical amplifier system 301 further includes a further optical

amplifier 303 for amplifying the optical frequency and timing signal, and

providing the amplified signal to optical filter 110a in amplifier system 301.

The advantage of using filters 110b, 110a in combination with an amplifier 303

in the trajectory between circuit 108 and remote unit 111 is that the timing

and frequency signal can be added to an existing DWDM transmission system

without affecting its performance. The addition of one or more components

108, 110a, 110b and 303 can be executed in-service, i.e. without interruption of

data traffic. Furthermore, although the addition of one or more filters 110a,

110b may cause a small additional power loss on the OSC channel, such loss

can be easily bridged by the OSC transmitter since the OSC channel usually

transfers data at a much lower bitrate than the bit rate used in the data

channels.

Typically, the optical amplifier 302 is a so-called EDFA (Erbium

Doped Fiber Amplifier), which is capable of amplifying the optical data signals

originating from DWDM-transmitter 105, but is incapable of amplifying

typical wavelengths used for purpose of this invention, e.g. the wavelengths

used for the reference frequency and timing signal and the optical return

timing signal. Therefore, the further optical amplifier is a different type of

amplifier than optical amplifier 302.

Preferably, the optical the optical amplifier 303 is a bi-directional

amplifier. Such a bi-directional amplifier is not only arranged for amplifying

the optical frequency and timing signal, in the transmission direction from the

local node 101 to the remote node 102, but also for amplifying the optical

return timing signal, in the opposite transmission direction from the remote

node 102 t o the local node 101. The amplified optical frequency and timing

signal is then provided to optical filter 110a, whereas the amplified optical

return signal is provided to optical filter 110b in amplifier system 301. As a



result, the optical frequency and timing signal and the optical return timing

signal use the same optical path between local node 101 and remote node 102.

The relatively short round trip time of these optical signals (due to the large

speed of light), if compared to the relatively long timescale of the variations of

the optical path length (due to, for example, vibrations and temperature) make

the latency measurement very accurate. As a result, the absolute time in the

remote TF unit 111 in the remote node 102 can be determined very accurately,

typically with an accuracy down to about 10 ns.

A suitable amplifier for the further optical amplifier 303 in the

amplifier system 301 would be an SOA (Semi-conductor Optical Amplifier).

This type of amplifier is arranged for amplifying typical wavelengths

presented above, for example wavelengths of about 1470 nm and about 1490

nm. In embodiments where circuit 108 comprises a transmitter 205 and a

receiver 204 or a transceiver using DPSK, the transient behaviour of the SOA

is reduced as a result of the relatively low amplitude modulation that is

present in the reference frequency and timing signal.

Although an embodiment has been shown wherein a further optical

amplifier 302 is used to amplify the optical frequency and timing signal, in an

alternative embodiment this further optical amplifier may be replaced by a

passive optical connection, so that the optical frequency and timing signal may

be passed without amplification.

In some embodiments, the further optical amplifier 303 may comprise

two further identical amplifiers placed in parallel to each other, each placed in

series with an optical isolator and a transmission filter which transmits only

one of the typical wavelengths. In an example, the first of the two further

amplifiers transmits only wavelengths of about 1490 nm travelling exclusively

in the direction from the RFT-circuit 108 to the remote time and frequency

unit 111, while the second of the two further amplifiers transmits only

wavelengths of about 1470 nm travelling exclusively in the direction from

remote time and frequency unit 111 to the RFT-circuit 108. This arrangement



has the advantage that cross talk, due to the transient behaviour of the SOA,

between the data streams at the two different wavelengths is avoided. In

addition, using such an arrangement amplitude-modulation (AM) signal

formats may be employed for the exchange of frequency and time signals. In

some embodiments, such AM signals may be generated by low-cost SFP

transceivers.

In an embodiment, the timing signal may be a digital optical OOK

(On off keying) signal with frames comprising a timestamp. In a further

advantageous embodiment it may be a phasemodulated optical digital signal,

e.g. a differential phase shift keying DPSK signal or a differential quaternary

phae shift keying DQPSK signal, with frames and a timestamp and which

comprises less intensity transitions if compared to OOK which decreases the

negative impact of transient gain in a SOA (Semiconductor Optical Amplifier)

on the performance of the timing distribution if a SOA is used for the

bidirectional amplifier 303.

As will be apparent from the preceding description, as used herein

optical filters are devices that selectively direct light from a filter wavelength

range from an input to an output. In particular, filters with one input and

more than one (e.g. two) outputs may be used, or more than one input and one

output, wherein light from different filter wavelength ranges at the input are

directed to different outputs respectively, or light from different filter

wavelength ranges at different inputs are directed to the same output. These

optical filters may be bidirectional in the sense that a filter that directs light

from different filter wavelength ranges at the input to different outputs

respectively, also works in the other direction to direct light from different

filter wavelength ranges at different outputs to the input. Commercially

available filters such as the 1510/1550 and 1550/1625 filter wavelength

division multiplexers from JDSU may be used for example. These use thin film

filter based interference filters to add a supervisory channel for active fiber



monitoring. A filter may in fact comprise a combination of elements that are

filters themselves.

Although examples have been described wherein the functions of

splitting and wavelength selective filtering have been combined in the filters.

It should be appreciated that in certain embodiments these functions may be

performed by different components. For example the OSC receiver, the

reference frequency and timing circuit 108 of node 100 and/or reference

frequency and timing circuit 108 of node 101 may transmit or receive optical

signals via a splitter and a filter with a single input and output. In another

embodiment, the reference frequency and timing signal and the OSC signal

may be combined electronically and the combined electronic signal may be

used to generate an optical signal. Similarly, the reference frequency and

timing signal and the OSC signal may be optically detected in combination and

split electronically. However, this involves modification of existing OSC

transmitters or receivers. Use of optical filtering makes it possible to use

existing OSC transmitters or receivers.

As described, method is provide for distributing reference frequency and

timing information in a network with pairs of first and second optical fibers in

optical fiber connections between network nodes, for transmission of optical

data signals separately in mutually opposite directions between the network

nodes respectively, the method comprising:

- generating a reference frequency and timing signal in a first node

(101) of the network;

- optically combining the reference frequency and timing signal with

a first optical data signal so as to form a combined optical signal for

transmission from the first node (101) to a second node of the network;

- transmitting the combined optical signal to the second node (102)

via a first optical fiber (103) of an optical fiber connection with a pair of optical

fibers between the first node (101) and the second node (102);



- separating the reference frequency and timing signal and the first

optical data signal in the second node (102);

- processing the reference frequency and timing signal and

generating an optical return timing signal in response;

- transmitting the optical return timing signal from the second node

to the first node via the first optical fiber (103);

- receiving the optical return signal at the first node (101);

- processing the received optical return timing signal, determining

latency information regarding the latency of data transfer between the first

node and the second node.

Although such embodiments have been described wherein the

optical reference frequency and timing signal is transmitted via the first fiber

that is also used to transmit the optical data signal from the node that

generates the reference frequency and timing signal, it should be appreciated

that the roles of the fibers may be interchanged in this respect. In another

embodiment, the optical reference frequency and timing signal is transmitted

from the first node via the second fiber, which is used to receive the optical

data signal at the first node. In this embodiment, the optical return signal is

also returned from the second node via the second fiber, optionally via optical

filters that are used to transmit an OSC signal from the second node via the

second node. In this way equal delays for upstream and downstream

transmission can be ensured.

As used herein, the language stating that a first element is "coupled"

to a second element does not exclude that the first element is coupled to the

second element via one or more other elements. In particular an coupling

between elements that exchange signals may include one or more other

elements that pass these signals.

The reference frequency and time may be derived from a clock

external to local node 101. The RFT-circuit may therefore be arranged for

receiving and processing an external frequency and time signal, and



converting it to an optical reference frequency and timing signal. RFT-circuit

108 may comprise an external clock input channel 206 for this purpose. The

RFT-circuit may comprise a converter circuit for converting the external clock

signal, received through the external clock input channel, to the optical

frequency and time signal to be transmitted by transmitter 205. Alternatively,

the RFT-circuit 108 may use the clock of local node 101 as a time and

frequency reference.

In an embodiment, information may be added to the optical return

timing signal in the remote timing and frequency unit 111 to represent a

known intrinsic delay which may occur between receiving the optical frequency

and timing signal and transmitting the optical return timing signal. Usually,

this delay will be small. Furthermore, information about a known intrinsic

wavelength-dependent difference in propagation delay of the optical frequency

and time signal and the optical return timing signal may be added in the

remote timing and frequency unit 111 to the optical return timing signal.

The RFT-circuit may correct this time period for small and known

intrinsic delays as retrieved from the optical return timing signal transmitted

by the remote timing and frequency unit 111.

Although examples of wavelength ranges have been provided for use

in C-band DWDM systems with data transmission in the wavelength range of

about 1530-1565 nm and OSC at 1510nm, it should be appreciated that other

wavelengths may be used. For example, in some countries known L-band

DWDM systems are used, with data transmission in a wavelength range of

1570-1610nm and an OSC wavelength of 1625nm. In this case the wavelengths

described in the preceding may be changed accordingly. An optical filter

(110a) is provided for use in a transmitter in a Dense Wavelength Division

Multiplexed, DWDM, transmission system, the optical filter comprising:

- a first port for communicative coupling to a reference frequency

and timing circuit (108);



- a second port for communicative coupling to an optical supervisory

channel, OSC, transmitter unit (107); and

- a third port for communicative coupling to a further optical filter

(109a) arranged for enabling transmission of DWDM optical data over an

optical fiber (103);

wherein the optical filter (110a) is arranged for:

- receiving a reference frequency and timing signal via the first port;

- receiving an OSC signal via the second port;

- combining the frequency and timing reference signal and the OSC

signal so as to form a combined signal;

- transmitting the combined signal towards the further optical filter

via the third port.

In an embodiment the reference frequency and timing signal has a wavelength

in a range of about 1484 to about 1498 nm. In an embodiment the OSC signal

has a wavelength in a range of about 1504 to about 1518 nm. In an

embodiment the DWDM optical data are transferred using a plurality of

wavelengths within a wavelength range from about 1525 to about 1565 nm.

In an embodiment the filter may be further arranged for:

receiving an optical return timing signal via the third port; and

- forwarding the optical return timing signal towards the reference

frequency and timing circuit via the first port. In a further embodiment the

optical return timing signal has a wavelength in a range of about 1465 nm to

about 1478 nm. In an embodiment the filter of claim further comprises a

fourth port for a further communicative coupling to the reference frequency

and timing circuit (108), and wherein said forwarding of the optical return

timing signal towards the reference frequency and timing circuit is performed

via the fourth port.

According to another aspect a transmitter for use in a Dense Wavelength

Division Multiplexed, DWDM, transmission system is provided, the

transmitter comprising:



- a reference frequency and timing circuit (108) for generating a

reference frequency and timing signal;

- an optical supervisory channel, OSC, transmitter unit (107) for

generating an OSC signal;

- an optical filter (110a) according to any one of the preceding claims

for combining the reference frequency and timing signal and the OSC signal so

as to form a combined signal;

- a DWDM optical data transmission unit for generating a signal

comprising DWDM optical data; and

- a further optical filter (109a) for combining the signal DWDM

optical data comprising signal and the combined signal.

In an embodiment the transmitter further comprises an output arranged for

connection to an optical fiber (103). In an embodiment the reference frequency

and timing circuit (108) comprises an optical transceiver for converting an

electrical frequency and timing signal into an optical frequency and timing

signal. In an embodiment the transceiver comprises a small form factor

pluggable, SFP, transceiver. In an embodiment the optical filter is an optical

filter according as described in the preceding, wherein the reference frequency

and timing circuit is arranged for:

- receiving the optical return timing signal;

- determining the latency of the transmission medium between the

transmitter and a predetermined destination;

- adding latency information in the reference frequency and timing

signal; and

- sending the reference frequency and timing signal including the

latency information towards the predetermined destination.

In an embodiment the optical filter (110) comprises a first optical sub-filter

(203) and a second optical sub-filter (202), wherein the first optical sub-filter is

arranged for:



- receiving the optical return timing signal from the second optical

sub-filter and forwarding the optical return timing signal to the reference

frequency and timing circuit, and

- receiving the reference frequency and timing signal from the

reference frequency and timing circuit and forwarding the reference frequency

and timing signal to the second optical sub-filter; and

wherein the second optical sub-filter is arranged for combining the OSC signal

and the reference frequency and timing signal.

According to another aspect an optical filter (110b) for use in a receiver in a

Dense Wavelength Division Multiplexed, DWDM, transmission system is

provided, the optical filter comprising:

- a first port for communicative coupling to a reference frequency

and timing circuit (111);

- a second port for communicative coupling to an optical supervisory

channel, OSC, receiver unit (112); and

- a third port for communicative coupling to a further optical filter

(109b) arranged for enabling transmission of DWDM optical data over an

optical fiber (103);

wherein the optical filter (110b) is arranged for

- receiving a combined signal from the further optical filter via the

third port;

- separating the combined signal into a reference frequency and

timing signal and an OSC signal;

- transmitting the reference frequency and timing signal to the

reference frequency and timing circuit via the first port; and

- transmitting the OSC signal to the OSC unit via the second port.

In an embodiment the reference frequency and timing signal has a wavelength

in a range of about 1484 to about 1498 nm. In an embodiment the OSC signal

has a wavelength in a range of about 1504 to about 1518 nm. In an



embodiment the DWDM optical data are transferred using a plurality of

wavelengths within a wavelength range from about 1525 to about 1565 nm. In

an embodiment the filter (110b) is further arranged for:

- receiving an optical return timing signal via the first port; and

- forwarding the optical return timing signal towards the further

optical filter via the third port. In an embodiment the optical return timing

signal has a wavelength in a range of about 1465 nm to about 1478 nm.

According to another aspect a receiver for use in a Dense Wavelength Division

Multiplexed, DWDM, transmission system is provided, the receiver

comprising:

- an optical frequency and timing retrieving unit arranged for

communication with a remote timing and frequency unit circuit (111) for

retrieving a frequency and timing reference signal;

- an optical supervisory channel, OSC, receiver unit (107) for

receiving an OSC signal;

- a DWDM optical data receiving unit for processing a signal

comprising DWDM optical data;

- an optical filter (109b) for separating an optical DWDM data signal

from a combined signal comprising a reference frequency and timing signal

and an OSC signal, and forwarding the separated optical DWDM data signal

to the DWDM optical data receiving unit; and

- a further optical filter (110b) according to any one of claims 14-19

for separating the reference frequency and timing signal from the OSC signal,

and for transmitting the reference frequency and timing signal to the optical

frequency and timing retrieving unit, and for transmitting the OSC-signal to

the OSC receiver unit. In an embodiment the receiver further comprises an

input arranged for connection to an optical fiber. In an embodiment the

receiver further comprises an optical transceiver for converting an electrical

return timing signal received from the remote timing and frequency unit

circuit into an optical return timing signal, wherein the receiver is further



arranged to forward the optical return timing signal towards the optical fiber

via the input. In an embodiment the transceiver comprises a small form factor

pluggable, SFP, transceiver.

According to another aspect an amplifier system (301) for time and frequency

distribution in a Dense Wavelength Division Multiplexed, DWDM, network is

provided, the system comprising:

- a first port for connection to a first optical fiber (103-1);

- a second port for connection to a second optical fiber (103-2);

- an optical amplifier (302) for amplifying an optical DWDM data

signal received at the first port over the first optical fiber and to be

transmitted at the second port via the second optical fiber;

- a first optical filter (109b) for separating the optical DWDM data

signal from a combined signal comprising a reference frequency and timing

signal and an optical supervisory channel, OSC, signal, and forwarding the

separated optical DWDM data signal to the optical amplifier;

- a second optical filter (109a) for combining the amplified optical

DWDM data signal and the combined signal, and forwarding the combination

of these signals to the second port; and

- a further optical amplifier (303) for amplifying the separated

reference frequency and timing signal. In an embodiment the reference

frequency and timing signal has a wavelength in a range of about 1484 to

about 1498 nm. In an embodiment the DWDM optical data are transferred

using a plurality of wavelengths within a wavelength range from about 1525 to

about 1565 nm. In an embodiment the amplifier system further comprises:

- a third optical filter (110b) for separating the reference frequency

and timing signal from the OSC signal, and for transmitting the reference

frequency and timing signal to the further optical amplifier;

- a fourth optical filter (110a) for combining the amplified reference

frequency and timing signal and the OSC signal so as to form the combined

signal. In an embodiment the OSC signal has a wavelength in a range of about



1504 to about 1518 nm. In an embodiment the further optical amplifier is a

semiconductor optical amplifier. In an embodiment the system is further

arranged for

- receiving an optical return timing signal via the second port;

- forwarding the optical return timing signal towards the second port

via at least the second optical filter and the first optical filter; and

- transmitting the optical return timing signal via the first port. In

an embodiment the optical return timing signal has a wavelength in a range of

about 1465 nm to about 1478 nm.

According to another aspect a transmission system for distributing reference

frequency and timing information in a network, in particular a Dense

Wavelength Division Multiplexed, DWDM, network is provided, the

transmission system comprising:

- a transmitter according to any one of claims 8-13;

- a receiver according to any one of claims 20-23;

- an optical fiber (103) for connecting the transmitter and the

receiver; and

- a remote frequency and timing unit (111) for providing frequency

and timing information to the receiver.

In an embodiment, the remote frequency and timing unit in this transmission

system comprises a loopback circuit for retrieving a timing signal from the

optical frequency and timing signal and optically transmitting said retrieved

timing signal back as an optical return timing signal to the optical frequency

and timing circuit in the transmitter via the optical fiber.

In an embodiment, the transmission system, further comprises an amplifier

system.

According to another aspect a method for distributing reference frequency and

timing information in a network, in particular a Dense Wavelength Division



Multiplexed, DWDM, network is provided, comprising an optical data

transmitting node and an optical data receiving node, the method comprising:

- generating a reference frequency and timing signal in the optical

data receiving node;

- combining the reference frequency and timing signal with the

optical data signal so as to

form a combined signal;

- transmitting the combined signal to the optical data receiving

node;

- separating the reference frequency and timing signal and the

optical data signal in the optical data receiving node;

- processing the reference frequency and timing signal and

generating an optical return timing signal in response;

- transmitting the optical return timing signal to the optical data

transmitting node;

- processing the optical return timing signal, determining latency

information regarding the latency of data transfer between the optical data

transmitting node and the optical data receiving node, and generating an

updated reference frequency and timing signal including the latency

information; and

- transmitting the updated reference frequency and timing signal

to the optical data receiving node.

The invention has been described by reference to certain

embodiments discussed above. It will be recognized that these embodiments

are susceptible to various modifications and alternative forms well known to

those of skill in the art without departing from the spirit and scope of the

invention. Accordingly, although specific embodiments have been described,

these are examples only and are not limiting upon the scope of the invention,

which is defined in the accompanying claims.



Claims

1 . A method of distributing reference frequency and timing information

in a network with pairs of first and second optical fibers in optical fiber

connections between network nodes, for transmission of optical data signals

separately in mutually opposite directions between the network nodes

respectively, the method comprising:

- generating a first timing signal in a first node (101) of the network;

- optically combining the first timing signal with a first optical data

signal so as to form a combined optical signal for transmission from the first

node (101) to a second node of the network;

- transmitting the combined optical signal to the second node (102)

via a first optical fiber (103) of an optical fiber connection with a pair of optical

fibers between the first node (101) and the second node (102);

- separating the first timing signal and the first optical data signal

in the second node (102);

- transmitting a second timing signal from the second node to the

first node via the first optical fiber (103), wherein the first and second timing

signal are respective ones of a reference frequency and timing signal and an

optical return signal generated in response to the reference frequency and

timing signal;

- receiving the second timing signal at the first node (101);

- determining latency information regarding the latency of data

transfer between the first node and the second node from a time period that

has elapsed between sending the reference frequency and timing signal and

receiving of the optical return timing signal.

2 . A method according to claim 1, applied to a network wherein the

first node (101) comprises a first optical filter (109a) coupled to the first optical



fiber (103), and an optical supervisory channel transmitter (107) coupled to the

first optical filter (109a) for transmitting an optical supervisory channel signal

to the first optical fiber (103), the first optical filter (109a) being a bidirectional

filter; and wherein the second node (102) comprises a second optical filter

(109b) coupled to the first optical fiber (103) and an optical supervisory

channel receiver (112) coupled to the second optical filter (109b), for receiving

the optical supervisory channel signal, the second optical filter (109b) being a

bidirectional filter;

the method comprising

- performing said optical combining and said receiving of the second

timing signal at the first node (101) via said first optical filter (109a);

- performing said separating and transmitting the optical return

timing signal using said second optical filter (109b).

3 . A method according to claim 2, comprising using a further optical

filter coupled (110a) between said first optical filter (109a) and said optical

supervisory channel transmitter (107) to optically combine the first timing

signal with the optical supervisory channel signal, the optical supervisory

channel signal and the first timing signal having mutually different

wavelengths.

4 . A method according to claim 2, wherein the optical supervisory

channel signal and the first timing signal having mutually different

wavelengths, the method comprising using a further optical filter (110b)

coupled between said second optical filter (109b) and said optical supervisory

channel receiver (112) to optically split the first timing signal and the optical

supervisory channel signal.

5 . A method according to any one of the preceding claims, applied to a

network wherein the optical fiber connection comprises an amplifier system



and first and second connection parts, each connection part with a pair of

optical fibers, coupled between the amplifier system and the first and second

node (101, 102) respectively, the amplifier system comprising

- an optical amplifier (302),

- a first optical filter (109b) coupled between a first optical fiber (103-1) of the

first connection part and the optical amplifier (302), the first optical filter

(109b) being a bidirectional filter;

- an optical supervisory channel receiver coupled to the first optical filter

(109b) for receiving a first optical supervisory channel signal;

- a second optical filter (109a) coupled between the optical amplifier (302) and

a first optical fiber (103-2) of the second connection part, the second optical

filter (109a) being a bidirectional filter; and

- an optical supervisory channel transmitter (107) coupled to the second optical

filter for transmitting a second optical supervisory channel signal,

the method comprising

- separating the first timing signal and the first optical data signal by means of

the first optical filter (109b)

- amplifying the first optical data signal from first optical filter (109b) to

provide an amplified first optical data signal;

- separately amplifying the first timing signal from first optical filter to provide

an amplified first timing signal;

- combining the amplified the first optical data signal and the amplified first

timing signal in the second optical filter (109a) for transmission to the second

node (102) via the first optical fiber (103-2) of the second connection part;

- receiving the second timing signal from the first optical fiber (103-2) of the

second connection part in the amplifier system via the second optical filter

(109a);

- amplifying the second timing signal from the second optical filter to provide

an amplified second timing signal;



- providing the amplified second timing signal to the first optical filter for

transmission to the first node (101) via the first optical fiber (103-1) of the first

connection part.

6 . A method according to claim 5, wherein the first timing signal and

the second timing signal are both amplified in a bidirectional amplifier of the

amplifier system.

7 . A method according to any one of the preceding claims, wherein the

first timing signal and the second timing signal are transmitted at mutually

different optical wavelengths.

8 . A method according to any one of the preceding claims, wherein the

optical data signal is transferred using a plurality of wavelengths within a

wavelength range from about 1525 to about 1565 nm, and the first timing

signal and the second timing signal have wavelength in ranges of about 1484

to about 1498 nm, and about 1465 nm to about 1478 nm.

9 . A method according to claim 2, wherein the optical data signal is

transferred using a plurality of wavelengths within a wavelength range from

about 1525 to about 1565 nm, the optical supervisory channel signal has a

wavelength in a range of about 1504 to about 1518 nm, and the first timing

signal and the second timing signal have wavelength in ranges of about 1484

to about 1498 nm, and about 1465 nm to about 1478 nm.

10. A method according to any one of the preceding claims, wherein the

network is a Dense Wavelength Division Multiplexed, DWDM, network.

11. An optical fiber network node for distributing reference frequency

and timing information in a network with pairs of first and second optical



fibers in optical fiber connections between network nodes for transmission of

optical data signals separately in mutually opposite directions between the

network nodes respectively, the optical fiber network node comprising

- an optical data transmitter (105) for transmitting the optical data signal to a

first optical fiber (103) of an optical fiber connection to a further optical fiber

network node,

- a reference frequency and timing circuit (108) configured to generate an first

timing signal and to receive an second timing signal for determining latency

information, wherein the first and second timing signal are respective ones of a

reference frequency and timing signal and an optical return signal generated

in response to the reference frequency and timing signal;

- an optical filter (109a) coupled between the optical data transmitter (105) and

the first optical fiber (103) and to the reference frequency and timing circuit

(108), the optical filter (109a) being a bidirectional filter, the optical filter

(109a) being configured to combine the first timing signal and the optical data

signal, and to receive the second timing signal from the first optical fiber (103)

and forward the second timing signal to the reference frequency and timing

circuit (108).

12. An optical fiber network node according to claim 11, comprising

- an optical supervisory channel transmitter (107) coupled to the optical filter

(109a) for transmitting an optical supervisory channel signal to the first

optical fiber (103) via the optical filter (109a).

13. An optical fiber network node according to claim 12, wherein the

reference frequency and timing circuit (108) and the optical supervisory

channel transmitter (107) are configured to generate the optical first timing

signal and the optical supervisory channel signal at mutually different

wavelengths, the optical fiber network node comprising a further optical filter

(110a) coupled between said optical filter (109a) on one hand and said optical



supervisory channel transmitter (107) and the reference frequency and timing

circuit (108) on the other hand, for combining the first timing signal to the

optical supervisory channel signal.

14. An optical fiber network node according to claim 12, comprising a

further optical filter (110a) coupled to the optical filter (109a), the optical

supervisory channel transmitter (107) and the reference frequency and timing

circuit (108), the further optical filter (110a) being a bidirectional filter,

configured to combine the optical first timing signal and the optical

supervisory channel signal and to forward a combination of the optical first

timing signal and the optical supervisory channel signal to the optical filter

(109a), and to forward the second timing signal from the first optical filter

(109a) to the reference frequency and timing circuit (108).

15. An optical fiber network node according to any one of claims 11-14,

wherein the first timing signal and the second timing signal are transmitted

and received at mutually different optical wavelengths.

16. An optical fiber network node for use involving distribution of

reference frequency and timing information in a network with pairs of first

and second optical fibers in optical fiber connections between network nodes

for transmission of optical data signals separately in mutually opposite

directions between the network nodes respectively, the optical fiber network

node comprising

- an optical data receiver (106) for receiving an optical data signal from a first

optical fiber (103) of an optical fiber connection to a further optical fiber

network node;

- an optical data transmitter (105) for transmitting the optical data signal to a

second optical fiber (104) of the optical fiber connection,



- a timing and frequency unit (111) with a loopback circuit configured to

retrieve a timing signal from a first timing signal from the further optical fiber

network node and optically transmit back the second timing signal, wherein

the first and second timing signal are respective ones of a reference frequency

and timing signal and an optical return signal generated in response to the

reference frequency and timing signal;

- an optical filter (109b) coupled to the first optical fiber (103), the optical data

receiver (106) and the a timing and frequency unit (111), the optical filter

(109b) being a bidirectional filter, configured to separate the first timing signal

and the first optical data signal and transmit the second timing signal via the

first optical fiber (103).

17. An optical fiber network node according to claim 16, wherein the

first timing signal and the second timing signal are received and transmitted

at mutually different optical wavelengths.

18. An optical fiber network node according to claim 17, comprising

- an optical supervisory channel receiver for receiving an optical supervisory

channel signal an optical supervisory channel wavelength that differs from a

wavelength of the first timing signal,

- a further optical filter (110b) coupled between said optical filter (109b) on one

hand and said optical supervisory channel receiver (112) and the loopback

circuit on the other hand, to optically split the first timing signal and the

optical supervisory channel signal.

19. A transmission system for distributing reference frequency and

timing information in a network with pairs of first and second optical fibers in

optical fiber connections between network nodes for transmission of optical

data signals separately in mutually opposite directions between the network

nodes respectively, the transmission system comprising, an optical fiber



network node according to claim 11, and a further optical fiber network node,

the further optical fiber network node comprising

- an optical data receiver (106) for receiving the optical data signal from the

first optical fiber (103);

- a timing and frequency unit (111) with a loopback circuit configured to

retrieve a timing signal from the first timing signal and optically transmit

back the second timing signal, wherein the first and second timing signal are

respective ones of a reference frequency and timing signal and an optical

return signal generated in response to the reference frequency and timing

signal;

- a further optical filter (109b) coupled to the first optical fiber (103), the

optical data receiver (106) and the timing and frequency unit (111), the further

optical filter (109b) being a bidirectional filter, configured to separate the first

timing signal and the optical data signal and transmitting the second timing

signal via the first optical fiber (103).

20. A transmission system according to claim 19, wherein the optical

fiber network node comprises an optical supervisory channel transmitter (107)

coupled to the optical filter (109a) for transmitting an optical supervisory

channel signal to the first optical fiber (103) via the optical filter (109a), and

the further optical fiber network node comprises an optical supervisory

channel receiver (112) coupled to the further optical filter (109b) for receiving

the optical supervisory channel signal from the first optical fiber (103) via the

further optical filter (109b).

21. A transmission system according to claim 20, wherein the reference

frequency and timing circuit (108) and the optical supervisory channel

transmitter (107) are configured to generate the optical first timing signal and

the optical supervisory channel signal at mutually different wavelengths, the

optical fiber network node comprising a further optical filter (110a) coupled



between said optical filter (109a) on one hand and said optical supervisory

channel transmitter (107) and the reference frequency and timing circuit (108)

on the other hand, for combining the first timing signal to the optical

supervisory channel signal.

22. A transmission system according to claim 19, wherein the optical

fiber connection comprises an amplifier system and first and second connection

parts, each connection part with optical fiber pairs, coupled between the

amplifier system and the first and second node (101, 102) respectively, the

amplifier system comprising

- an optical amplifier (302),

- a first optical filter (109b) coupled between a first optical fiber (103-1) of the

first connection part and the optical amplifier (302), the first optical filter

(109b) being a bidirectional filter;

- an optical supervisory channel receiver coupled to the first optical filter

(109b) for receiving a first optical supervisory channel signal;

- a second optical filter (109a) coupled between the optical amplifier (302) and

a first optical fiber (103-2) of the second connection part, the second optical

filter (109a) being a bidirectional filter; and

- an optical supervisory channel transmitter (107) coupled to the second optical

filter (109a) for transmitting a second optical supervisory channel signal,

- amplifying means coupled to the first and second optical filters (109a, b),

configured to amplify the first timing signal from the first optical filter (109b)

to provide an amplified first timing signal to the second optical filter (109a)

and to amplify the second timing signal from the second optical filter (109a) to

provide an amplified second timing signal from the second optical filter (109a)

to the first optical filter (109b).

23. A transmission system according to claim 22, wherein the

amplifying means comprise a bidirectional optical amplifier.



24. A transmission system according to claim 22, wherein the amplifier

system comprises

- an optical supervisory channel receiver coupled to the first optical filter

(109b) for receiving a first optical supervisory channel signal;

- an optical supervisory channel transmitter (107) coupled to the second optical

filter (109a) for transmitting a second optical supervisory channel signal.

25. A method of installing a reference frequency and timing information

function in a network with pairs of first and second optical fibers (103, 104) in

optical fiber connections between network nodes (101, 102) for transmission of

optical data signals separately in mutually opposite directions between the

network nodes (101, 102) respectively, wherein the network comprises an

optical data signal transmitter (105) and an optical data signal receiver (106),

a first and second optical filter (109a,b) coupled between a first optical fiber

(103) of an optical fiber connection and the optical data signal transmitter

(105) and the optical data signal receiver (106) respectively, an optical

supervisory channel transmitter (107) coupled to the first optical filter (109a)

for transmitting an optical supervisory channel signal, an optical supervisory

channel receiver (112) coupled to the second optical filter (109) for receiving

the optical supervisory channel signal, the method comprising

- coupling a reference frequency and timing circuit (108) to a connection of the

first optical filter (109a) for the optical supervisory channel transmitter (107),

the reference frequency and timing circuit (108) configured to generate an

optical first timing signal for transmission over the first optical fiber and to

receive an second timing signal from the first optical fiber for determining

latency information;

- coupling a loopback circuit of a timing and frequency unit (111) to a

connection of the second optical filter (109b) for the optical supervisory channel

receiver, the loopback circuit being configured to retrieve a timing signal from



the optical first timing signal from the first optical fiber and optically transmit

back the second timing signal over the first optical fiber via the second optical

filter (109b).

26. A method according to claim 25, comprising adding a further optical

filter (110a) between a connection of the first optical filter (109a) on one hand

and the reference frequency and timing circuit (108) and the optical

supervisory channel transmitter (107) on the other hand, the further optical

filter (110a) being a bidirectional optical filter configured to optically combine

the optical first timing signal and the optical supervisory channel signal and to

direct the second timing signal to the reference frequency and timing circuit

(108).

27. A method according to claim 25, comprising adding a further optical

filter (110b) between a connection of the second optical filter (109b) on one

hand and the loopback circuit and timing circuit (108) and the optical

supervisory channel receiver (112) on the other hand, the further optical filter

(110a) being a bidirectional optical filter configured to optically separate the

optical first timing signal and the optical supervisory channel signal and to

transmit the second timing signal to the first optical fiber (103).

28. An amplifier system for use in the network according to claim 22, 23

or 24.
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