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(57) Abstract: A method 10 of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave
clock at a second client node across a server communications network. The
method comprises: mapping a first time protocol signal (TPS) carrying mas-
ter clock time protocol data onto a first transmission signal, determining a
forward mapping delay, dns, and providing dn¢ to a path delay asymmetry cal-
culation element 12; mapping a second TPS carrying slave clock time pro-
tocol data onto a second transmission signal, determining a reverse mapping
delay, dm, and providing the dn, to the path delay asymmetry calculation ele-
ment 14; applying FEC to the first transmission signal, determining a for-
ward FEC delay, dr.r, and providing the dre.r to the path delay asymmetry cal-
culation element 16; applying FEC to the second transmission signal, de-
termining a reverse FEC delay, deo, and providing de. to the path delay
asymmetry calculation element 18; calculating a path delay asymmetry in de-
pendence on duf, dmr, dieer and drer 20; and providing the path delay asym-
metry to a time protocol client at the second client node 22.
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METHODS OF TIME SYNCHRONISATION IN COMMUNICATIONS
NETWORKS

Technical Field

The invention relates to a method of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a communications network. The invention further relates to a method of
synchronising a master clock at a first client node and a slave clock at a second client node

across a communications network.

Background

Communications networks require accurate time synchronization of clocks
distributed across the network in order to properly operate. In a communications network
comprising one or more client networks connected by an OTN communications network
packet network, time synchronization information is carried across the OTN network by
transmitting packets containing timestamp information. Timestamps are generated by a
master (server) that has access to an accurate time reference, such as GPS, and transmitted
across the OTN network to a receiving system (slave). The slave runs an algorithm that
recovers the timing based on the timestamp of the packets and on their arrival times. When
time synchronization is requested, a two-way timing protocol is mandatory where the
transfer delay from master to slave shall be calculated. One fundamental assumption with
this approach is that the master-to-slave and slave-to-master propagation times (path
delays) across the OTN network are equal. This means that any asymmetry in the OTN
network will significantly reduce the accuracy of the time synchronization between the
master and slave clocks.

The solution currently proposed in the standards to allow accurate time sync
transmission over OTN networks is to use the precision time protocol (PTP) defined in
IEEE 1588 and to process PTP packets at each node in a path across the OTN network, by
providing Transparent Clock or Boundary Clock functions at each node. Several methods
have been proposed for implementing this approach including the use of the OTN packet
overhead to transmit the PTP timing data, use of an optical supervisory, OSC, channel of
the OTN network to transmit PTP data packets, and use of a general communications

channel, GCC, channel of the OTN network to transmit PTP data packets.
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Processing PTP data packets at each node during transmission across an OTN
network may make it difficult to deal with multiple time synchronisation traffic flows, for
example when multiple client networks operated by different network operators, share a
single OTN network. It also requires that each node in the OTN network must be

configured to support IEEE 1588.

Summa

It is an object to provide an improved method of providing a path delay asymmetry
for time synchronization between a master clock at a first client node and a slave clock at a
second client node across a server communications network. It is a further object to
provide an improved method of synchronising a master clock at a first client node and a
slave clock at a second client node across a server communications network.

A first aspect of the invention provides a method of providing a path delay
asymmetry for time synchronization between a master clock at a first client node and a
slave clock at a second client node across a server communications network. The method
comprises mapping a first time protocol signal carrying time protocol data of the master
clock onto a first transmission signal for transmission across the server communications
network to the second client node. A forward mapping delay incurred as a result of said
mapping is determined and the forward mapping delay is provided to a path delay
asymmetry calculation element. The method further comprises mapping a second time
protocol signal carrying time protocol data of the slave clock onto a second transmission
signal for transmission across the server communications network to the first client node.
A reverse mapping delay incurred as a result of said mapping is determined and the reverse
mapping delay is provided to the path delay asymmetry calculation element. The method
further comprises applying forward error correction, FEC, to the first transmission signal
before said transmission. A forward FEC delay incurred as a result of applying said FEC to
the second transmission signal is determined and the forward FEC delay is provided to the
path delay asymmetry calculation element. The method further comprises applying FEC to
the second transmission signal before said transmission. A reverse FEC delay incurred as a
result of applying said FEC to the second transmission signal is determined and the reverse
FEC delay is provided to the path delay asymmetry calculation element. The method
further comprises, at the path delay asymmetry calculation element, calculating a path

delay asymmetry in dependence on the forward mapping delay, the reverse mapping delay,
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the forward FEC delay and the reverse FEC delay. The method further comprises
providing the path delay asymmetry to a time protocol client at the second client node.

Client node is used herein to refer to a border node of a client network, the first
client node is therefore a first border node of a client network and the second client node is
a second border node of a client network, which may be the same network as the first client
network.

The method may enable a path delay asymmetry to be provided without processing
time protocol data at each node in a path across a server communications network from a
first border node of a client network to a second border node of a client network. The
method may reduce the number of nodes in a server network which are required to process
time protocol data. Providing the delays to a path delay asymmetry calculation element
rather than processing time protocol data at each node may enable path delay asymmetries
simultaneously to be provided for time synchronisation between master and slave clocks
within different client networks, which may be operated by different network operators.

In an embodiment, the path delay asymmetry comprises a difference in a sum of the
forward mapping delay and the forward FEC delay and a sum of the reverse mapping delay
and the reverse FEC delay.

In an embodiment, the method further comprises determining a forward fibre delay
incurred during transmission of the first transmission signal across the server
communications network to the second client node. The forward fibre delay is provided to
the path delay asymmetry calculation element. The method of this embodiment further
comprises determining a reverse fibre delay incurred during transmission of the second
transmission signal across the server communications network to the first client node. The
reverse fibre delay is provided to the path delay asymmetry calculation element. The path
delay asymmetry is calculated in dependence on the forward mapping delay, the reverse
mapping delay, the forward FEC delay, the reverse FEC delay, the forward fibre delay and
the reverse fibre delay.

In an embodiment, the path delay asymmetry comprises a difference in a sum of the
forward mapping delay, the forward FEC delay and the forward fibre delay and a sum of
the reverse mapping delay, the reverse FEC delay and the reverse fibre delay.

The method may therefore also account for asymmetry in optical fibre transmission
delays, which may be due to transmission wavelength asymmetry or transmission path

asymmetry.
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In an embodiment, the method further comprises determining a difference in an
ingress line rate and an egress line rate of the second mapping node. The line rate
difference is provided to the path delay asymmetry calculation element. The path delay
asymmetry is calculated in dependence on the forward mapping delay, the reverse mapping
delay, the forward FEC delay, the reverse FEC delay and the line rate difference.

In an embodiment, the path delay asymmetry comprises the sum of the line rate
difference and a difference in a sum of the forward mapping delay, the forward FEC delay
and the forward fibre delay and a sum of the reverse mapping delay, the reverse FEC delay
and the reverse fibre delay.

The method may therefore also account for asymmetry in the line rate in the
forward and reverse direction across the server communications network.

In an embodiment, the path delay asymmetry calculation element is provided at a
server network management system of the server communications network. Each said
delay is provided to the path delay asymmetry calculation element by generating and
transmitting a respective distribution signal indicative of each said delay to the server
network management system. The path delay asymmetry is provided to the time protocol
client by generating a path delay asymmetry signal indicative of the path delay asymmetry
at the server network management system and transmitting the path delay asymmetry
signal to the second client node.

Providing the forward and reverse mapping delay, forward and reverse FEC delay
and any forward and reverse fibre delay to the server network management system, NMS,
of the server network and calculating the path delay asymmetry at the server NMS and not
within the server network, may be particularly advantageous in simultancously providing
path delay asymmetries for time synchronisation between master and slave clocks within
different client networks, which may be operated by different network operators.

In an embodiment, the path delay asymmetry calculation element is provided at a
client network management system of the client network comprising the second client
node. Each said delay is provided to the path delay asymmetry calculation element by
generating and transmitting a respective distribution signal indicative of each said delay to
a server network management system of the server communications network. The method
further comprises, at the server network management system, generating a re-distribution

signal indicative of each said delay. The re-distribution signal is transmitted on an inter-
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network management system communications channel of the server communications
network to the client network management system. The path delay asymmetry is provided
to the time protocol client by generating a path delay asymmetry signal indicative of the
path delay asymmetry at the client network management system and transmitting the path
delay asymmetry signal to the second client node.

The path delay asymmetry may therefore be calculated within the client network
comprising the second client node. This may enable path delay asymmetries
simultaneously to be calculated for different client networks.

In an embodiment, the first client node is coupled to the server communications
network through a first border node of the server communications network and the second
client node is coupled to the server communications network through a second border node
of the server communications network. The first border node comprises a first mapping
node and the second border node comprises a second mapping node. The first time
protocol signal is mapped onto the first transmission signal at the first mapping node. The
second time protocol signal is mapped onto the second transmission signal at the second
mapping node. FEC is applied to the first transmission signal at the first mapping node and
FEC is applied to the second transmission signal at the second mapping node. Each said
forward delay is determined at the first mapping node and each said reverse delay is
determined at the second mapping node. The path delay asymmetry calculation element is
provided at the second mapping node and each said forward delay is provided to the path
delay asymmetry calculation element by generating and transmitting a respective
distribution signal indicative of each said forward delay to the second mapping node. The
path delay asymmetry is provided to the time protocol client by generating a path delay
asymmetry signal indicative of the path delay asymmetry at the second mapping node and
transmitting the path delay asymmetry signal to the second client node.

Providing the forward delays to the second mapping node and calculating the path
delay asymmetry at the second mapping node may enable path delay asymmetries
simultaneously to be provided for time synchronisation between master and slave clocks
within different client networks, which may be operated by different network operators.

In an embodiment, the first client node is coupled to the server communications
network through a first border node of the server communications network and the second
client node is coupled to the server communications network through a second border node

of the server communications network. The first border node comprises a first mapping
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node and the second border node comprises a second mapping node. The first time
protocol signal is mapped onto the first transmission signal at the first mapping node. The
second time protocol signal is mapped onto the second transmission signal at the second
mapping node. FEC is applied to the first transmission signal at the first mapping node and
FEC is applied to the second transmission signal at the second mapping node. Each said
forward delay is determined at the first mapping node and each said reverse delay is
determined at the second mapping node. The path delay asymmetry calculation element is
provided at the second client node. Each said forward delay is provided to the second
mapping node by generating and transmitting a respective distribution signal indicative of
cach said forward delay to the second mapping node. Each said delay is provided to the
path delay asymmetry calculation element by generating a delays signal indicative of each
said delay at the second mapping node and transmitting the delays signal to the second
client node.

Providing the forward delays to the second mapping node and providing each of the
delays to the second client node may enable the path delay asymmetry to be calculated
within the client network comprising the slave clock to be synchronised. This may enable
path delay asymmetries simultaneously to be provided for time synchronisation between
master and slave clocks within different client networks, which may be operated by
different network operators.

In an embodiment, each distribution signal is transmitted across the control plane of
the server communications network.

In an embodiment, each distribution signal comprises an open shortest path first
traffic engineering protocol link state advertisement signal comprising a link type length
value, TLV, object comprising a respective one of a first node sub-sub-TLV object and a
second node sub-sub-TLV object, the first node sub-sub-TLV object comprising at least
one of said forward delays and the second node sub-sub-TLV object comprising at least
one of said reverse delays.

In an embodiment, the forward error correction comprises adaptive forward error
correction.

In an embodiment, the first time protocol signal comprises a first Ethernet signal
carrying one of precision time protocol data packets and network time protocol data

packets. The second time protocol signal comprises a second Ethernet signal carrying one
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of precision time protocol data packets and network time protocol data packets. In an
embodiment, the time protocol client at the second client node comprises one of a
precision time protocol client and network time protocol client.

In an embodiment, each mapping node comprises a first in first out, FIFO, mapping
buffer and each of the forward mapping delay and the reverse mapping delay is determined
by measuring a depth of the respective FIFO mapping buffer.

In an embodiment, each mapping node comprises a coding buffer and each of the
forward FEC delay and the reverse FEC delay is determined by measuring depth of the
respective coding buffer.

In an embodiment, the method further comprises calculating a delay asymmetry
attribute comprising one half of the path delay asymmetry and the path delay asymmetry
signal is indicative of the delay asymmetry attribute.

In an embodiment, the server communications network comprises an optical
communications network having an optical transport network, OTN, layer.

A second aspect of the invention provides a method of synchronising a master
clock at a first client node and a slave clock at a second client node across a server
communications network. The method comprises generating a first time protocol signal at
the first client node at a first time, t1, mapping the first time protocol signal onto a first
transmission signal, and transmitting the first transmission signal across the server
communications network. The first time protocol signal is received at the second client
node at a second time, t2. The first time is provided to the second client node. The method
further comprises generating a second time protocol signal at the second client node,
mapping the second time protocol signal onto a second transmission signal, and
transmitting the second transmission signal across the server communications network at a
third time, t3. The second time protocol signal is received at the first client node at a fourth
time, t4, and the fourth time is provided to the second client node. The method further
comprises, at a time protocol client at the second client node, calculating a mean path delay
between the first client node and the second client node. The mean path delay comprises
one half of the sum of the difference between t2 and one of t1 and t3 and the difference
between t4 and the other of t1 and t3. The method further comprises providing a path delay
asymmetry between the first client node and the second client node to the time protocol

client. The method comprises mapping a first time protocol signal carrying time protocol



10

15

20

25

30

WO 2012/110109 PCT/EP2011/056627
8

data of the master clock onto a first transmission signal for transmission across the server
communications network to the second client node. A forward mapping delay incurred as a
result of said mapping is determined and the forward mapping delay is provided to a path
delay asymmetry calculation element. The method further comprises mapping a second
time protocol signal carrying time protocol data of the slave clock onto a second
transmission signal for transmission across the server communications network to the first
client node. A reverse mapping delay incurred as a result of said mapping is determined
and the reverse mapping delay is provided to the path delay asymmetry calculation
element. The method further comprises applying forward error correction, FEC, to the first
transmission signal before said transmission. A forward FEC delay incurred as a result of
applying said FEC to the second transmission signal is determined and the forward FEC
delay is provided to the path delay asymmetry calculation element. The method further
comprises applying FEC to the second transmission signal before said transmission. A
reverse FEC delay incurred as a result of applying said FEC to the second transmission
signal is determined and the reverse FEC delay is provided to the path delay asymmetry
calculation element. The method further comprises, at the path delay asymmetry
calculation element, calculating a path delay asymmetry in dependence on the forward
mapping delay, the reverse mapping delay, the forward FEC delay and the reverse FEC
delay. The method further comprises providing the path delay asymmetry to a time
protocol client at the second client node. The method further comprises calculating an
offset between the slave clock and the master clock in dependence on a difference between
t2 and t1, the mean path delay and the path delay asymmetry. A time of the slave clock is
varied to minimise the offset.

Client node is used herein to refer to a border node of a client network, the first
client node is therefore a first border node of a client network and the second client node is
a second border node of a client network, which may be the same network as the first client
network.

The method may enable clocks at first and second border nodes of a client network
to be synchronised across server network without processing time protocol data at each
node in a path across the server network from the first border node to a second border
node. The method may reduce the number of nodes in a server network which are required
to process time protocol data during time synchronisation. Providing the delays to a path

delay asymmetry calculation element rather than processing time protocol data at cach
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node may enable path delay asymmetries simultaneously to be provided for time
synchronisation between master and slave clocks within different client networks, which
may be operated by different network operators.

In an embodiment, the path delay asymmetry comprises a difference in a sum of the
forward mapping delay and the forward FEC delay and a sum of the reverse mapping delay
and the reverse FEC delay.

In an embodiment, the method further comprises determining a forward fibre delay
incurred during transmission of the first transmission signal across the server
communications network to the second client node. The forward fibre delay is provided to
the path delay asymmetry calculation element. The method of this embodiment further
comprises determining a reverse fibre delay incurred during transmission of the second
transmission signal across the server communications network to the first client node. The
reverse fibre delay is provided to the path delay asymmetry calculation element. The path
delay asymmetry is calculated in dependence on the forward mapping delay, the reverse
mapping delay, the forward FEC delay, the reverse FEC delay, the forward fibre delay and
the reverse fibre delay.

In an embodiment, the path delay asymmetry comprises a difference in a sum of the
forward mapping delay, the forward FEC delay and the forward fibre delay and a sum of
the reverse mapping delay, the reverse FEC delay and the reverse fibre delay.

The method may therefore also account for asymmetry in optical fibre transmission
delays, which may be due to transmission wavelength asymmetry or transmission path
asymmetry.

In an embodiment, the method further comprises determining a difference in an
ingress line rate and an egress line rate of the second mapping node. The line rate
difference is provided to the path delay asymmetry calculation element. The path delay
asymmetry is calculated in dependence on the forward mapping delay, the reverse mapping
delay, the forward FEC delay, the reverse FEC delay and the line rate difference.

In an embodiment, the path delay asymmetry comprises the sum of the line rate
difference and a difference in a sum of the forward mapping delay, the forward FEC delay
and the forward fibre delay and a sum of the reverse mapping delay, the reverse FEC delay

and the reverse fibre delay.
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The method may therefore also account for asymmetry in the line rate in the
forward and reverse direction across the server communications network.

In an embodiment, the path delay asymmetry calculation element is provided at a
server network management system of the server communications network. Each said
delay is provided to the path delay asymmetry calculation element by generating and
transmitting a respective distribution signal indicative of each said delay to the server
network management system. The path delay asymmetry is provided to the time protocol
client by generating a path delay asymmetry signal indicative of the path delay asymmetry
at the server network management system and transmitting the path delay asymmetry
signal to the second client node.

Providing the forward and reverse mapping delay, forward and reverse FEC delay
and any forward and reverse fibre delay to the server network management system, NMS,
of the server communications network and calculating the path delay asymmetry at the
server NMS and not within the server communications network, may be particularly
advantageous in simultaneously providing path delay asymmetries for time
synchronisation between master and slave clocks within different client networks, which
may be operated by different network operators.

In an embodiment, the path delay asymmetry calculation element is provided at a
client network management system of the client network comprising the second client
node. Each said delay is provided to the path delay asymmetry calculation element by
generating and transmitting a respective distribution signal indicative of each said delay to
a server network management system of the server communications network. The method
further comprises, at the server network management system, generating a re-distribution
signal indicative of each said delay. The re-distribution signal is transmitted on an inter-
network management system communications channel of the server communications
network to the client network management system. The path delay asymmetry is provided
to the time protocol client by generating a path delay asymmetry signal indicative of the
path delay asymmetry at the client network management system and transmitting the path
delay asymmetry signal to the second client node.

The path delay asymmetry may therefore be calculated within the client network
comprising the second client node. This may enable path delay asymmetries

simultaneously to be calculated for different client networks.
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In an embodiment, the first client node is coupled to the server communications
network through a first border node of the server communications network and the second
client node is coupled to the server communications network through a second border node
of the server communications network. The first border node comprises a first mapping
node and the second border node comprises a second mapping node. The first time
protocol signal is mapped onto the first transmission signal at the first mapping node. The
second time protocol signal is mapped onto the second transmission signal at the second
mapping node. FEC is applied to the first transmission signal at the first mapping node and
FEC is applied to the second transmission signal at the second mapping node. Each said
forward delay is determined at the first mapping node and each said reverse delay is
determined at the second mapping node. The path delay asymmetry calculation element is
provided at the second mapping node and each said forward delay is provided to the path
delay asymmetry calculation element by generating and transmitting a respective
distribution signal indicative of each said forward delay to the second mapping node. The
path delay asymmetry is provided to the time protocol client by generating a path delay
asymmetry signal indicative of the path delay asymmetry at the second mapping node and
transmitting the path delay asymmetry signal to the second client node.

Providing the forward delays to the second mapping node and calculating the path
delay asymmetry at the second mapping node may enable path delay asymmetries
simultaneously to be provided for time synchronisation between master and slave clocks
within different client networks, which may be operated by different network operators.

In an embodiment, the first client node is coupled to the server communications
network through a first border node of the server communications network and the second
client node is coupled to the server communications network through a second border node
of the server communications network. The first border node comprises a first mapping
node and the second border node comprises a second mapping node. The first time
protocol signal is mapped onto the first transmission signal at the first mapping node. The
second time protocol signal is mapped onto the second transmission signal at the second
mapping node. FEC is applied to the first transmission signal at the first mapping node and
FEC is applied to the second transmission signal at the second mapping node. Each said
forward delay is determined at the first mapping node and each said reverse delay is
determined at the second mapping node. The path delay asymmetry calculation element is

provided at the second client node. Each said forward delay is provided to the second
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mapping node by generating and transmitting a respective distribution signal indicative of
cach said forward delay to the second mapping node. Each said delay is provided to the
path delay asymmetry calculation element by generating a delays signal indicative of each
said delay at the second mapping node and transmitting the delays signal to the second
client node.

Providing the forward delays to the second mapping node and providing each of the
delays to the second client node may enable the path delay asymmetry to be calculated
within the client network comprising the slave clock to be synchronised. This may enable
path delay asymmetries simultaneously to be provided for time synchronisation between
master and slave clocks within different client networks, which may be operated by
different network operators.

In an embodiment, each distribution signal is transmitted across the control plane of
the server communications network. In an embodiment, each distribution signal comprises
an open shortest path first traffic engineering protocol link state advertisement signal
comprising a link type length value, TLV, object comprising a respective one of a first
node sub-sub-TLV object and a second node sub-sub-TLV object, the first node sub-sub-
TLV object comprising at least one of said forward delays and the second node sub-sub-
TLV object comprising at least one of said reverse delays.

In an embodiment, the forward error correction comprises adaptive forward error
correction.

In an embodiment, the first time protocol signal comprises a first Ethernet signal
carrying one of precision time protocol data packets and network time protocol data
packets. The second time protocol signal comprises a second Ethernet signal carrying one
of precision time protocol data packets and network time protocol data packets.

In an embodiment, the time protocol client at the second client node comprises one
of a precision time protocol client and network time protocol client.

In an embodiment, each mapping node comprises a first in first out, FIFO, mapping
buffer and each of the forward mapping delay and the reverse mapping delay is determined
by measuring a depth of the respective FIFO mapping buffer.

In an embodiment, each mapping node comprises a coding buffer and each of the
forward FEC delay and the reverse FEC delay is determined by measuring depth of the

respective coding buffer.
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In an embodiment, the method further comprises calculating a delay asymmetry
attribute comprising one half of the path delay asymmetry and the path delay asymmetry
signal is indicative of the delay asymmetry attribute.

In an embodiment, the server communications network comprises an optical
communications network having an optical transport network, OTN, layer.

A third aspect of the invention provides a data carrier having computer readable
instructions embodied therein. The said computer readable instructions are for providing
access to resources available on a processor. The computer readable instructions comprise
instructions to cause the processor to perform any of the above steps of the method of
providing a path delay asymmetry for time synchronization between a master clock at a
first client node and a slave clock at a second client node across a server communications
network.

A fourth aspect of the invention provides a data carrier having computer readable
instructions embodied therein. The said computer readable instructions are for providing
access to resources available on a processor. The computer readable instructions comprise
instructions to cause the processor to perform any of the above steps of the method of
synchronising a master clock at a first client node and a slave clock at a second client node

across a server communications network.

Brief description of the drawings

Figure 1 shows the steps of a method of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a server communications network according to a first embodiment of the
invention;

Figure 2 shows the steps of a method of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a server communications network according to a second embodiment of
the invention;

Figure 3 shows the steps of a method of providing a path delay asymmetry for time

synchronization between a master clock at a first client node and a slave clock at a second



10

15

20

25

30

WO 2012/110109 PCT/EP2011/056627
14

client node across a server communications network according to a third embodiment of
the invention;

Figure 4 shows the steps of a method of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a server communications network according to a fourth embodiment of
the invention;

Figure 5 is a schematic representation of a communications network system
comprising a client network and a server communications network having an optical
transport network, OTN, layer with which the method of Figure 4 may be used;

Figure 6 shows the steps of a method of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a server communications network according to a fifth embodiment of
the invention;

Figure 7 is a schematic representation of a communications network system
comprising a client network and a server communications network having an OTN layer
with which the method of Figure 5 may be used;

Figure 8 shows the steps of a method of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a server communications network according to a sixth embodiment of
the invention;

Figure 9 shows the steps of a method of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a server communications network according to a seventh embodiment of
the invention;

Figure 10 shows an OSPF-TE LSA TLV tree which may be used for the OSPF-TE
LSA signals of the method of Figure 9;

Figure 11 shows the first node sub-sub-TLV of the first OSPF-TE LSA of the
method of Figure 9;

Figure 12 shows the steps of a method of providing a path delay asymmetry for

time synchronization between a master clock at a first client node and a slave clock at a
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second client node across a server communications network according to an eighth
embodiment of the invention;

Figure 13 shows the steps of a method of synchronising a master clock at a first
client node and a slave clock at a second client node across an across a server
communications network according to a ninth embodiment of the invention; and

Figure 14 is an illustration of the exchange of time protocol signals in the method

of Figure 13.

Detailed description

Referring to Figure 1, a first embodiment of the invention provides a method 10 of
providing a path delay asymmetry for time synchronization between a master clock at a
first client node and a slave clock at a second client node across a server communications
network.

The method 10 comprises:

mapping a first time protocol signal carrying time protocol data of the master clock
onto a first transmission signal for transmission across the server communications network
to the second client node, determining a forward mapping delay, dms, incurred as a result of
mapping the first time protocol signal onto the first transmission signal and providing dp¢
to a path delay asymmetry calculation element 12;

mapping a second time protocol signal carrying time protocol data of the slave
clock onto a second transmission signal for transmission across the server communications
network to the first client node, determining a reverse mapping delay, dp,, incurred as a
result of mapping the second time protocol signal onto the second transmission signal and
providing dn, to the path delay asymmetry calculation element 14;

applying forward error correction, FEC, to the first transmission signal before
transmission across the OTN network, determining a forward FEC delay, dg.s, incurred as
a result of applying FEC to the second transmission signal, and providing dg.cr to the path
delay asymmetry calculation element 16;

applying FEC to the second transmission signal before transmission across the
OTN network, determining a reverse FEC delay, dg.:, incurred as a result of applying FEC
to the second transmission signal, and providing dge, to the path delay asymmetry

calculation element 18;
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at the path delay asymmetry calculation element, calculating a path delay
asymmetry in dependence on dpf, dmr, dfecr and dieer 20; and

providing the path delay asymmetry to a time protocol client at the second client
node 22.

A second embodiment of the invention provides a method 30 of providing a path
delay asymmetry for time synchronization between a master clock at a first client node and
a slave clock at a second client node across a server communications network. The method
30 of this embodiment has the steps shown in Figure 2 and is similar to the method 10 of
Figure 1, with the following modifications. The same reference numbers are retained for
corresponding features.

In this embodiment, the method 30 further comprises determining a forward fibre
delay, dg, incurred during transmission of the first transmission signal across the server
communications network to the second client node and providing dyr to the path delay
asymmetry calculation element 32. The method 30 further comprises determining a reverse
fibre delay, dg, incurred during transmission of the second transmission signal across the
OTN communications network to the first client node and providing dg to the path delay
asymmetry calculation element 34. The forward and reverse fibre delays may be
determined using the method of measuring fibre delay described in US 61/392,744 or other
methods which will be well known to the skilled man. The difference between dg and dy
may be related to different fibre length, different transmission wavelengths being used in
the two directions or to the use of DCF (Dispersion Compensating Fibre) within the server
communications network.

In this embodiment, the path delay asymmetry is calculated in dependence on
dmf, e, dfect, deer, dir and dg 36.

A third embodiment of the invention provides a method 40 of providing a path
delay asymmetry for time synchronization between a master clock at a first client node and
a slave clock at a second client node across a server communications network having the
steps shown in Figure 3.

In this embodiment, the path delay asymmetry calculation element is provided at a
server network management system, NMS, of the server communications network.

The method 40 comprises:
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mapping a first time protocol signal carrying time protocol data of the master clock
onto a first transmission signal for transmission across the server communications network
to the second client node, determining a forward mapping delay, duy, incurred as a result of
mapping the first time protocol signal onto the first transmission signal and generating a
first distribution signal indicative of dmr and transmitting the first distribution signal to the
server NMS 42;

mapping a second time protocol signal carrying time protocol data of the slave
clock onto a second transmission signal for transmission across the server communications
network to the first client node, determining a reverse mapping delay, dp,, incurred as a
result of mapping the second time protocol signal onto the second transmission signal and
generating a second distribution signal indicative of dmr and transmitting the second
distribution signal to the server NMS 44;

applying forward error correction, FEC, to the first transmission signal before
transmission across the server network, determining a forward FEC delay, ds.cs, incurred as
a result of applying FEC to the second transmission signal, and generating a third
distribution signal indicative of dmr and transmitting the third distribution signal to the
server NMS 46;

applying FEC to the second transmission signal before transmission across the
server network, determining a reverse FEC delay, dfer, incurred as a result of applying
FEC to the second transmission signal, and generating a fourth distribution signal
indicative of dmmr and transmitting the fourth distribution signal to the server NMS 48;

at the path delay asymmetry calculation element at the server NMS, calculating a
path delay asymmetry in dependence on dpf, dmr, dfecr and deer 50; and

at the sever NMS, generating a path delay asymmetry signal and transmitting the
path delay asymmetry signal to a time protocol client at the second client node 52.

It will be appreciated that both of the forward delays may be provided to the server
NMS in one distribution signal and both of the reverse delays may be provided to the
server NMS in a second distribution signal.

A fourth embodiment of the invention provides a method 60 of providing a path
delay asymmetry for time synchronization between a master clock at a first client node and
a slave clock at a second client node across a server communications network having the

steps shown in Figure 4.
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In this embodiment, the path delay asymmetry calculation element is provided at a
client network management system, NMS, of client network of which the second client
node forms a part. The server network of this embodiment comprises a server NMS.

The method of this embodiment is similar to the method of Figure 3, with the following
modifications. The same reference numbers are retained for corresponding features.

In this embodiment, the method 60 comprises, at the server NMS, generating a re-
distribution signal indicative of dms, dmr, dfecr and dfeer. The re-distribution signal is
transmitted on an inter-NMS communications channel of the server communications
network from the server NMS to the client NMS 62. The inter-NMS channel may, for
example, comprise a shared internet protocol, IP, connection with the delays being
transmitted in an XML file. The path delay asymmetry is calculated at the path delay
asymmetry calculation element at the client NMS 64, in dependence on dms, dmr, dgect and
dfecr. The path delay asymmetry, A, is given by:

A = (dmr + dfecr ) — (dmr + dfeer)

A path delay asymmetry signal indicative of the path delay asymmetry is generated
at the client NMS and transmitted to a time protocol client at the second client node 66.

Figure 5 shows a communications network system comprising a client network,
within which both the first client node 61 and the second client node 63 are provided, and a
server communications network including an OTN layer. The communications network
system further comprises a server NMS and a client NMS. The first client node 61
comprises a first border node of the client network and is coupled to the server network
through a first border node 65 of the server network. The first border node is arranged to
map a first time protocol signal onto a first transmission signal and is referred to herein as
the first mapping node 65. The second client node 63 comprises a second border node of
the client network and is coupled to the server network through a second border node 67 of
the server network. The second border node is arranged to map a second time protocol
signal onto a second transmission signal and is referred to herein as the second mapping
node 67. The server network comprises a number of intermediate nodes 68 which form
part of a path across the server network between the server border (mapping) nodes 65, 67.

The method 60 of providing a path delay asymmetry for time synchronization
between a master clock at a first client node 61 and a slave clock at a second client node 63
across a server communications network having the steps shown in Figure 4 may be

applied to the communications network system of Figure 5.
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In this example, the first client node comprises an IEEE 1588 precision time
protocol (PTP) client which forms part of a PTP distribution chain arranged to distribute
PTP data from a PTP master. The PTP client of the first client node forms the master clock
in the relationship with the second client node. The second client node comprises a PTP
client comprising the slave clock (PTP slave). The PTP master is arranged to generate a
first time protocol signal, which in this example comprises an Ethernet signal, carrying
master clock PTP data and the PTP slave is arranged to generate a second Ethernet signal
carrying slave clock PTP data.

The mapping nodes are arranged to map the respective Ethernet client signals onto
transmission signals.

In this example, the server NMS comprises a GMPLS manager and each of the
mapping nodes 65, 67 and the intermediate nodes 68 are provided with GMPLS agents 69.
The GMPLS agents 69 generate and transmit the distribution signals, D, to the GMPLS
manager at the server NMS. The server NMS generates and transmits the re-distribution
signal, RD, to the client NMS. The client NMS generates and transmits the path delay
asymmetry signal, indicative of the path delay asymmetry, A, to the second client node 63.

It will be appreciated that the path delay asymmetry may alternatively be calculated
at the server NMS, as in the method described in Figure 3, and the path delay asymmetry
signal transmitted directly to the second client node 63 or transmitted to the second client
node 63 via the client NMS.

A fifth embodiment of the invention provides a method 70 of providing a path
delay asymmetry for time synchronization between a master clock at a first client node and
a slave clock at a second client node across a server communications network having the
steps shown in Figure 6.

In this embodiment, the server communications network has an OTN layer. The
first client node is coupled to the server communications network through a first mapping
node and the second client node is coupled to the server communications network through
a second mapping node. Each client node is coupled to its respective mapping node via a
respective external-network to network interface (E-NNI).

The method 70 comprises:

at the first mapping node, mapping a first time protocol signal carrying time
protocol data of the master clock onto a first transmission signal for transmission across the

server network to the second client node, determining a forward mapping delay, dpy,
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incurred as a result of mapping the first time protocol signal onto the first transmission
signal and generating a first distribution signal indicative of dmr and transmitting the first
distribution signal to the second mapping node 72;

at the second mapping node, mapping a second time protocol signal carrying time
protocol data of the slave clock onto a second transmission signal for transmission across
the server network to the first client node, and determining a reverse mapping delay, duy,
incurred as a result of mapping the second time protocol signal onto the second
transmission signal 74;

at the first mapping node, applying forward error correction, FEC, to the first
transmission signal before transmission across the server network, determining a forward
FEC delay, dgcs, incurred as a result of applying FEC to the second transmission signal,
and generating a third distribution signal indicative of dmr and transmitting the third
distribution signal to the second mapping node 76;

at the second mapping node, applying FEC to the second transmission signal before
transmission across the server network, and determining a reverse FEC delay, dfecr,
incurred as a result of applying FEC to the second transmission signal 78;

at the path delay asymmetry calculation element at the second mapping node,
calculating a path delay asymmetry, A, in dependence on dus, dmr, dfecr and dgeer 80; and

at the second mapping node, generating a path delay asymmetry signal and
transmitting the path delay asymmetry signal to a time protocol client at the second client
node 82.

In this embodiment, the path delay asymmetry, A, is given by:

A = (dmr + dfecr ) — (dmr + dfeer)

Figure 7 shows a communications network which is similar to the communications
network shown in Figure 5, with the following modifications. The communications
network of Figure 7 is arranged to be used with the method of Figure 6, with the following
modifications.

In this example, the client NMS also comprises a GMPLS manager. The first
mapping node 69 is arranged to generate and transmit a distribution signal, D, indicative of
dmr and dre.r. Each intermediate node 68 is arranged to generate and transmit a fibre delay,
Df, signal indicative of the forward fibre delay, ds, and the reverse fibre delay, dg, on its

fibre links 71.
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A sixth embodiment of the invention provides a method 90 of providing a path
delay asymmetry for time synchronization between a master clock at a first client node and
a slave clock at a second client node across a server communications network having the
steps shown in Figure 8.

The method 90 of this embodiment is similar to the method 70 of Figure 6, with the
following modifications. In this embodiment, following receipt of dms, and dgcr at the
second mapping node and determining dy, and dfeer, the method comprises generating a
delays signal indicative of dmg, dmr, dgecr and dgeer and transmitting the delays signal to the
second client node 92. The path delay asymmetry, A, is calculated at the path delay
asymmetry calculation element at the second client node 94. In this embodiment, the path
delay asymmetry, A, is given by:

A = (dmr + dfecr ) — (dmr + dfeer)

The path delay asymmetry is then provided to a time protocol client at the second
client node 96.

The steps of a method 100 of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across server communications network according to a seventh embodiment of
the invention are shown in Figure 9.

In this embodiment, the first client node is coupled to the server communications
network through a first mapping (border) node and the second client node is coupled to the
server communications network through a second mapping (border) node. The server
communications network of this embodiment includes an OTN layer.

In this embodiment, each distribution signal is transmitted across a control plane of
the communications network. Each distribution signal comprises an open shortest path first
traffic engineering, OSPF-TE, link state advertisement, LSA, control plane signal
comprising a link type length value, TLV, object, as shown in Figure 10. The link TLV
comprises a node sub-sub-TLV object, as shown in Figure 11. The node sub-sub-TLV
comprises a number of parameter objects (parameters 1 to 6), which are allocated to
respective ones of dms, dmr, dfect, dfecr, dr and dg.

The method 100 of this embodiment comprises, at the first mapping node, mapping
a first time protocol signal carrying master clock time protocol data onto first transmission
signal, determining a forward mapping delay, dmr, incurred as a result of mapping the first

time protocol signal onto the first transmission signal 102. A first OSPF-TE LSA control
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plane signal comprising dmr in a first node sub-sub-TLV is generated and the first OSPF-
TE LSA control plane signal is transmitted across the server communications network and
delivered to a server NMS 102.

The method 100 of this embodiment further comprises, at the second mapping
node, mapping a second time protocol signal carrying slave clock time protocol data onto
second transmission signal, determining a reverse mapping delay, dm, incurred as a result
of mapping the second time protocol signal onto the second transmission signal 104. A
second OSPF-TE LSA control plane signal comprising dp, in a second node sub-sub-TLV
is generated and the second OSPF-TE LSA control plane signal is transmitted across the
server network and delivered to the server NMS 104.

The method 100 of this embodiment further comprises, at the first mapping node,
applying FEC to the first transmission signal before transmission across the server
network, and determining a forward FEC delay, dg.c, incurred as a result of applying FEC
to the second transmission signal. A third OSPF-TE LSA control plane signal comprising
decr 1n a first node sub-sub-TLV is generated and the third OSPF-TE LSA control plane
signal is transmitted across the server network and delivered to the server NMS 106.

The method 100 of this embodiment further comprises, at the second mapping
node, applying FEC to the second transmission signal before transmission across the server
network and determining a reverse FEC delay, d., incurred as a result of applying FEC to
the second transmission signal. A fourth OSPF-TE LSA control plane signal comprising
dseer in @ second node sub-sub-TLYV is generated and the fourth OSPF-TE LSA control
plane signal is transmitted across the server network control and delivered to the server
NMS 108.

The method 100 further comprises, at the path delay asymmetry calculation
clement at the server NMS, calculating a path delay asymmetry in dependence on dms, dpr,
dfect and dgeer 110. In this embodiment, the path delay asymmetry, A, is given by:

A = (dmr + dfecr ) — (dmr + dfeer)

The method 100 further comprises calculating a delay asymmetry attribute, A/2
110.

A path delay asymmetry signal indicative of the delay asymmetry attribute is
generated at the server NMS and transmitted to a time protocol client at the second client

node 112.
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The steps of a method 120 of providing a path delay asymmetry for time
synchronization between a master clock at a first client node and a slave clock at a second
client node across a server communications network according to an eighth embodiment of
the invention are shown in Figure 12. The method 120 of this embodiment is similar to the
method 100 of Figure 9.

The method 120 of this embodiment is described in relation to time synchronization
across a server network having an OTN layer according to the PTP described in IEEE
1588. However it will be appreciated that the method of providing a path delay asymmetry
may also be used in relation to time synchronization using NTP or any other similar time
protocol.

The method 120 of this embodiment comprises setting up a connection with an
Ethernet client carrying PTP packets of the master clock at the first client node 122. The
method 120 further comprises determining dp,r and dgecr at the mapping node on the forward
direction of the PTP data (the first mapping node coupled to the first client node) and
determining dp, and dg at the demapping node on the reverse direction of the PTP data
(the second mapping node coupled to the second client node) and distributing dms, dmr, dfect
and ds..r via OSPF control plane signals to the GMPLS manager at the server NMS of the
server network.

The method 120 comprises determining whether forward and reverse fibre delays,
d¢r and dg, are available from the intermediate nodes of the server network in the
communications path from the first mapping node to the second mapping node 126. If dg
and dg are available, they are distributed via OSPF control plane signals to the GMPLS
manager 128.

The method 120 comprises calculating the delay asymmetry at the server NMS 130.

If the server network comprises a multi-domain control plane, that is to say the
server network connects to more than one client network, the delay asymmetry is
communicated from the second mapping node to the second client node across an E-NNI
between the nodes using GMPLS signalling.

If the server network comprises a single-domain control plane, the delay
asymmetry is distributed from the server NMS to a client NMS of the client network
comprising the second client node. The client NMS transmits the delay asymmetry to the

client node across a management network, such as SNMP.
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Referring to Figures 13 and 14, a ninth embodiment of the invention provides a
method 140 of synchronising a master clock at a first client node and a slave clock at a
second client node across a server communications network.

The method 140 comprises:

generating a first time protocol signal at the first client node at a first time, t1,
mapping the first time protocol signal onto a first transmission signal, and transmitting the
first transmission signal across the server communications network 142;

receiving the first time protocol signal at the second client node at a second time, t2
144;

providing the first time, t1, to the second client node 146;

generating a second time protocol signal at the second client node, mapping the
second time protocol signal onto a second transmission signal, and transmitting the second
transmission signal across the server communications network at a third time, t3 148;

receiving the second time protocol signal at the first client node at a fourth time, t4
150;

providing the fourth time, t4, to the second client node 152;

at a time protocol client at the second client node, calculating a mean path delay,
dmean, between the first client node and the second client node: dmean = [(t2-t1) + (t4-t3)]/2
154,

providing a path delay asymmetry between the first client node and the second
client node to the time protocol client 156;

calculating an offset between the slave clock and the master clock in dependence on
(t2 - t1), the dmean and the path delay asymmetry 158; and

varying a time of the slave clock to minimise the offset 160, 162.

The path delay asymmetry may be provided 156 using the method of any of the
previous embodiments.

It will be appreciated that the mean path delay may equivalently be calculated as,
dmean = [(12-t3) + (t4-t1)]/2

Figure 14 illustrates a basic time protocol signal exchange pattern when using the
PTP protocol for time synchronization.

The time protocol signal exchange pattern will be well known to the skilled man
but will be described in brief for completeness. The time protocol signal exchange pattern

is as follows:
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» The master sends a Sync message to the slave and notes the time, t1, at which it
was sent.

+ The slave receives the Sync message and notes the time of reception, t2.

» The master conveys to the slave the timestamp t1 by:

0 Embedding the timestamp t1 in the Sync message. This requires
some sort of hardware processing for highest accuracy and precision,
or

0 Embedding the timestamp t1 in a Follow_Up message.

» The slave sends a Delay Req message to the master and notes the time, t3, at
which it was sent.

» The master receives the Delay Req message and notes the time of reception, t4.

* The master conveys to the slave the timestamp t4 by embedding it in a
Delay Resp message.

At the conclusion of this exchange of time protocol signals, the slave possesses all
four timestamps. These timestamps may be used to compute the offset of the slave’s clock
with respect to the master and the mean path delay of time protocol signals between the
two clocks.

The slave synchronizes to the master via the minimization of the
<offsetFromMaster> value computed by the slave, where

<offsetFromMaster> = <Time on the slave clock> — <Time on the master clock>
where all times are measured at the same instant.

In particular, the <offsetFromMaster> value shall be computed by the slave as
follows:

<offsetFromMaster> = (t2 — t1) — <meanPathDelay> — correctionField of Sync
message — correctionField of Follow Up message

where correction field of Sync message relates to the latency of the packet crossing
an intermediate node.

As the skilled man will appreciated, a similar time protocol exchange pattern would
be created if the NTP protocol was being used for time synchronisation and the method of

this embodiment may be used for either PTP or NTP based time synchronisation.
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CLAIMS

1. A method of providing a path delay asymmetry for time synchronization
between a master clock at a first client node and a slave clock at a second client
node across server communications network, the method comprising:
mapping a first time protocol signal carrying time protocol data of the master
clock onto a first transmission signal for transmission across the server
communications network to the second client node, determining a forward
mapping delay incurred as a result of said mapping and providing the forward
mapping delay to a path delay asymmetry calculation element;
mapping a second time protocol signal carrying time protocol data of the slave
clock onto a second transmission signal for transmission across the server
communications network to the first client node, determining a reverse mapping
delay incurred as a result of said mapping and providing the reverse mapping
delay to the path delay asymmetry calculation element;
applying forward error correction, FEC, to the first transmission signal before
said transmission, determining a forward FEC delay incurred as a result of
applying said FEC to the second transmission signal, and providing the forward
FEC delay to the path delay asymmetry calculation element;
applying FEC to the second transmission signal before said transmission,
determining a reverse FEC delay incurred as a result of applying said FEC to
the second transmission signal, and providing the reverse FEC delay to the path
delay asymmetry calculation element;
at the path delay asymmetry calculation element, calculating a path delay
asymmetry in dependence on the forward mapping delay, the reverse mapping
delay, the forward FEC delay and the reverse FEC delay; and
providing the path delay asymmetry to a time protocol client at the second
client node.

2. A method as claimed in claim 1, wherein the method further comprises:
determining a forward fibre delay incurred during transmission of the first

transmission signal across the server communications network to the second
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client node and providing the forward fibre delay to the path delay asymmetry
calculation element;
determining a reverse fibre delay incurred during transmission of the second
transmission signal across the server communications network to the first client
node and providing the reverse fibre delay to the path delay asymmetry
calculation element,
and wherein path delay asymmetry is calculated in dependence on the forward
mapping delay, the reverse mapping delay, the forward FEC delay, the reverse
FEC delay, the forward fibre delay and the reverse fibre delay.

3. A method as claimed in claim 1 or 2, wherein the path delay asymmetry
calculation element is provided at a server network management system of the
server communications network and wherein each said delay is provided to the
path delay asymmetry calculation element by generating and transmitting a
respective distribution signal indicative of each said delay to the server network
management system and the path delay asymmetry is provided to the time
protocol client by generating a path delay asymmetry signal indicative of the
path delay asymmetry at the server network management system and
transmitting the path delay asymmetry signal to the second client node.

4. A method as claimed in claim 1 or 2, wherein the path delay asymmetry
calculation element is provided at a client network management system of a
client network comprising the second client node and wherein:

cach said delay is provided to the path delay asymmetry calculation element
by generating and transmitting a respective distribution signal indicative of
cach said delay to a server network management system of the server
communications network and at the server network management system
generating a re-distribution signal indicative of each said delay and
transmitting the re-distribution signal on an inter-network management
system communications channel of the server communications network to
the client network management system; and

the path delay asymmetry is provided to the time protocol client by
generating a path delay asymmetry signal indicative of the path delay
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asymmetry at the client network management system and transmitting the
path delay asymmetry signal to the second client node.

5. A method as claimed in claim 1 or 2, wherein the first client node is coupled to
the server communications network through a first border node of the server
communications network and the second client node is coupled to the server
communications network through a second border node of the server
communications network, the first border node comprising a first mapping node
and the second border node comprising a second mapping node, and wherein:

the first time protocol signal is mapped onto the first transmission signal at
the first mapping node, the second time protocol signal is mapped onto the
second transmission signal at the second mapping node, FEC is applied to
the first transmission signal at the first mapping node, and FEC is applied to
the second transmission signal at the second mapping node;

cach said forward delay is determined at the first mapping node and each
said reverse delay is determined at the second mapping node;

the path delay asymmetry calculation element is provided at the second
mapping node and each said forward delay is provided to the path delay
asymmetry calculation element by generating and transmitting a respective
distribution signal indicative of each said forward delay to the second
mapping node; and

the path delay asymmetry is provided to the time protocol client by
generating a path delay asymmetry signal indicative of the path delay
asymmetry at the second mapping node and transmitting the path delay
asymmetry signal to the second client node.

6. A method as claimed in claim 1 or 2, wherein the first client node is coupled to
the server communications network through a first border node of the server
communications network and the second client node is coupled to the server
communications network through a second border node of the server
communications network, the first border node comprising a first mapping node
and the second border node comprising a second mapping node, and wherein:

the first time protocol signal is mapped onto the first transmission signal at

the first mapping node, the second time protocol signal is mapped onto the
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second transmission signal at the second mapping node, FEC is applied to
the first transmission signal at the first mapping node, and FEC is applied to
the second transmission signal at the second mapping node;
cach said forward delay is determined at the first mapping node and each
said reverse delay is determined at the second mapping node;
the path delay asymmetry calculation element is provided at the second
client node and each said forward delay is provided to the second mapping
node by generating and transmitting a respective distribution signal
indicative of each said forward delay to the second mapping node; and
cach said delay is provided to the path delay asymmetry calculation element
by generating a delays signal indicative of each said delay at the second
mapping node and transmitting the delays signal to the second client node.

7. A method as claimed in any of claims 3 to 6, wherein each distribution signal is
transmitted across the control plane of the server communications network.

8. A method as claimed in claim 7, wherein each distribution signal comprises an
open shortest path first traffic engineering protocol link state advertisement
signal comprising a link type length value, TLV, object comprising a respective
one of a first node sub-sub-TLV object and a second node sub-sub-TLV object,
the first node sub-sub-TLV object comprising at least one of said forward
delays and the second node sub-sub-TLV object comprising at least one of said
reverse delays.

9. A method as claimed in any preceding claim, wherein the method further
comprises calculating a delay asymmetry attribute comprising one half of the
path delay asymmetry and the path delay asymmetry signal is indicative of the
delay asymmetry attribute.

10. A method as claimed in any preceding claim, wherein the server
communications network comprises an optical communications network having
an optical transport network layer.

11. A method of synchronising a master clock at a first client node and a slave clock
at a second client node across a server communications network, the method

comprising:
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generating a first time protocol signal at the first client node at a first time, t1,

mapping the first time protocol signal onto a first transmission signal, and

transmitting the first transmission signal across the server communications

network;

receiving the first time protocol signal at the second client node at a second

time, t2;

providing the first time to the second client node;

generating a second time protocol signal at the second client node, mapping the

second time protocol signal onto a second transmission signal, and transmitting

the second transmission signal across the server communications network at a

third time, t3;

receiving the second time protocol signal at the first client node at a fourth time,

t4;

providing the fourth time to the second client node;

at a time protocol client at the second client node, calculating a mean path delay

between the first client node and the second client node comprising one half of

the sum of the difference between t2 and one of t1 and t3 and the difference

between t4 and the other of t1 and t3;

providing a path delay asymmetry between the first client node and the second

client node to the time protocol client by:
mapping a first time protocol signal carrying time protocol data of the
master clock onto a first transmission signal for transmission across the
server communications network to the second client node, determining a
forward mapping delay incurred as a result of said mapping and providing
the forward mapping delay to a path delay asymmetry calculation element;
mapping a second time protocol signal carrying time protocol data of the
slave clock onto a second transmission signal for transmission across the
server communications network to the first client node, determining a
reverse mapping delay incurred as a result of said mapping and providing
the reverse mapping delay to the path delay asymmetry calculation element;
applying forward error correction, FEC, to the first transmission signal

before said transmission, determining a forward FEC delay incurred as a
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result of applying said FEC to the second transmission signal, and providing

the forward FEC delay to the path delay asymmetry calculation element;
applying FEC to the second transmission signal before said transmission,
determining a reverse FEC delay incurred as a result of applying said FEC
to the second transmission signal, and providing the reverse FEC delay to
the path delay asymmetry calculation element;
at the path delay asymmetry calculation element, calculating a path delay
asymmetry in dependence on the forward mapping delay, the reverse
mapping delay, the forward FEC delay and the reverse FEC delay; and
providing the path delay asymmetry to a time protocol client at the second
client node;

calculating an offset between the slave clock and the master clock in dependence

on a difference between t2 and t1, the mean path delay and the path delay

asymmetry; and

varying a time of the slave clock to minimise the offset.

A method as claimed in claim 11, wherein the server communications network

comprises an optical communications network having an optical transport

network layer.



WO 2012/110109 PCT/EP2011/056627

1/14

Fig.1.

map first time protocol signal carrying master
clock time protocol data onto first transmission

/ signal, determine dmrand provide dme to path delay //

10 asymmetry calculation element

12

A
map second time protocol signal carrying slave
clock time protocol data onto second transmission 14
signal, determine d.r and provide dp to path delay /

asymmetry calculation element -~

A

apply FEC to first transmission signal before
transmission, determine dgcrand provide dger to 16
path delay asymmetry calculation element /

A
apply FEC to second transmission signal before

transmission, determine dcr and provide dger to
path delay asymmetry calculation element B

18

\

A

20
at path delay asymmetry calculation element, /
calculate path delay asymmetry, A, in dependence —

on dmf, dmr, dfecr and decr

provide path delay asymmetry to a time protocol 22
client at second client node /

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

2/14

Fig.2.

map first time protocol signal carrying master

clock time protocol data onto first transmission
/ signal, determine dmrand provide dns to path delay 4/
30 asymmetry calculation element

map second time protocol signal carrying slave
clock time protocol data onto second transmission 14
signal, determine dmr and provide dy, to path delay
asymmetry calculation element

\

A
apply FEC to first transmission signal before
transmission, determine dgcr and provide dyecr to 16
path delay asymmetry calculation element

x

apply FEC to second transmission signal before

transmission, determine dec and provide dge; to 18
path delay asymmetry calculation element //

, > 32
determine dgand provide dg to path delay /
asymmetry calculation element -1

; - 34
determine dg and provide dg to path delay /
asymmetry calculation element -1

- . 36
at path delay asymmetry calculation element, /
calculate path delay asymmetry, A, in dependence —
on dmfa dmra dfecf, dfecr, dfT and dﬁ' A
provide path delay asymmetry to a time protocol 22

\

client at second client node B

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

3/14

Fig.3.

map first time protocol signal carrying master
clock time protocol data onto first transmission
signal, determine dg¢, generate first distribution 42
signal indicative of dmr and transmit to server /
NMS

A

map second time protocol signal carrying slave
clock time protocol data onto second transmission 44
signal, determine d, generate second distribution /
signal indicative of dpy and transmit to server -1
NMS

40

apply FEC to first transmission signal before
transmission, determine dgcs, generate third 46
distribution signal indicative of dg.r and transmit /

to server NMS -1

apply FEC to second transmission signal before
transmission, determine dg,, generate fourth

distribution signal indicative of dfec: and transmit //
to server NMS

48

A
at path delay asymmetry calculation element at /
server NMS, calculate path delay asymmetry, A, -
in dependence on dmf, dmr, dfecr and dfecr

50

y
at server NMS, generate path delay asymmetry 52
signal and transmit to a time protocol client at /

second client node

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

4/14

Fig.4.

map first time protocol signal carrying master
clock time protocol data onto first transmission
signal, determine dw¢ generate first distribution 42
signal indicative of d¢ and transmit to server /
NMS

60
map second time protocol signal carrying slave

clock time protocol data onto second transmission 44
signal, determine d.., generate second distribution /
signal indicative of dg, and transmit to server -1

NMS

apply FEC to first transmission signal before
transmission, determine drcs generate third 46
distribution signal indicative of ds.r and transmit

to server NMS )/

y

apply FEC to second transmission signal before
transmission, determine dy.,, generate fourth

distribution signal indicative of dy.r and transmit A/
to server NMS

48

62
at server NMS, generate re-distribution signal /

indicative of dug, dmr, diecr and dreerand transmit re-
distribution signal to client NMS

64
at path delay asymmetry calculation element at /

client NMS, calculate path delay asymmetry, A, in—
dependence on dmg, dmr, dfecr and decr

A
at client NMS, generate path delay asymmetry 66
signal and transmit to a time protocol client at /
second client node ]

SUBSTITUTE SHEET (RULE 26)



PCT/EP2011/056627

WO 2012/110109

5/14

eleq d.1d builued
sl Jsusyl3

SHOMION Jusl)

Buiddewaq
/Buiddepy
sl 18Uyl

SN usIlID

~

uo1398.1I00) ?oEE%/,q///

AN

//
n\ ¥

(3L-4dSO ®BiA)
shejaqg

(1oke NLO Buipnjouy)
YIOMIBN JoABS

seby STdND

ejeq d1d buikue)
UCTTOREIETE|

Y

~4

JoBeuelN STdIND

SIAIN 18AIBS

‘G014

19

Buiddewsq
/buidde|y
LI 1BUIBL]

gg | HOMIeN JuaID

Ia1se|

dld

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

6/14

Fig.6.

at first mapping node, map first time protocol
signal carrying master clock time protocol data
onto first transmission signal, determine dpmf,

generate first distribution signal indicative of dms / 72
/ and transmit to second mapping node P
70
at second mapping node, map second time 74

protocol signal carrying slave clock time protocol /
data onto second transmission signal and 7
determine dm,

A

at first mapping node, apply FEC to first
transmission signal before transmission, determine 76
drecs, generate second distribution signal indicative /

of dgecr and transmit to second mapping node -

A
at second mapping node, apply FEC to second

transmission signal before transmission and
determine dgecr ,/

78

80
at path delay asymmetry calculation element at

second mapping node, calculate path delay -~
asymmetry, A, in dependence on dpg, dmr, drecr and
dfecr

\

at second mapping node, generate path delay 82
asymmetry signal and transmit to a time protocol J/
client at second client node

SUBSTITUTE SHEET (RULE 26)



PCT/EP2011/056627

714

susby S1dND
Buiddews(
/buiddepy
JusIlD 18ulBYI3
ejeQ d1d buikue) ejed d.id buikue)d

JUaljD 1eweYI3
sHOMIBN JUSlD

usI) Jeulsylg (1oAe NLO Buipnjoui)

YIOM}aN Jenes

g9
\
mvﬂ

WO 2012/110109

19
€9 UONJ81I0) —_—
« ApwwAsy N\ | T—=ISIIICoTTTT - 12)se\
Buiddewsaq dld
JabeueN STdND /Buiddepy
WD Jsuisyig
SN W3ID «
Jobeue S1dND
SINN Janes

gAJE

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

8/14

Fig.8.

at first mapping node, map first time protocol
signal carrying master clock time protocol data
onto first transmission signal, determine dp,

generate first distribution signal indicative of dm¢ P 2
/ and transmit to second mapping node A
90
A
at second mapping node, map second time 74

protocol signal carrying slave clock time protocol J/
data onto second transmission signal and

determine dy,

Y
at first mapping node, apply FEC to first
transmission signal before transmission, determine 76
drect generate second distribution signal indicative /

of dgecr and transmit to second mapping node -1

A
at second mapping node, apply FEC to second
transmission signal before transmission and

determine dgecr //

78

at second mapping node, generate a delays signal
indicative of dmg, dmr, diecr and dieer and transmit
delays signal to the second client node .

92

\

A

94
at path delay asymmetry calculation element at
second client node, calculate path delay -1
asymmetry, A, in dependence on dm¢, dmr, drecr and

dfecr

\

-

‘ ’ .

' 96
provide path delay asymmetry to a time protocol /
client at second client node -1

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

9/14

Fig.9.

mabp first time protocol signal carrying master

clock time protocol data onto first transmission
signal, determine dmr, generate first OSPF-TELSA | _~ 102
signal comprising dpy in first node sub-sub-TLV -
and transmit first OSPF-TE LSA to server NMS

y

100
map second time protocol signal carrying slave

clock time protocol data onto second transmission 104
signal, determine dm,, generate second OSPF-TE /
LSA signal comprising dy¢in second node sub- -~
sub-TLV and transmit second OSPF-TE LSA
signal to server NMS

A

apply FEC to first transmission signal before
transmission, determine dg.ct, generate third OSPF-
TE LSA signal comprising dpr in first node sub-
sub-TLV and transmit third OSPF-TE LSA signal
to server NMS //

106

y

apply FEC to second transmission signal before
transmission, determine dg.;, generate fourth
OSPF-TE LSA signal comprising dpr in second
node sub-sub-TLV and transmit fourth OSPF-TE
LSA signal to server NMS >

108

\

A
110
at path delay asymmetry calculation element at

server NMS, calculate path delay asymmetry, A, -~
in dependence on dps, dmyr, dfecr and dfecr and
calculated delay asymmetry attribute, A/2

\

at server NMS, generate path delay asymmetry
signal indicative of delay asymmetry attribute and

transmit to a time protocol client at second client //
node

112

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109

10/14

Fig.10.

1 2

PCT/EP2011/056627

3

01234567890123456789012345678901

tot—t—t—t—t—t bttt ettt bt mdmdmbm bt mb bbb — b bbb — b —f— b=t

4 -

+—

+=

+-

+-

4
|
4

~

I
+-

LSA age | Options | 10 [

LS Sequence Number

e T e sl e T S B ot O e T =
LS Checksum |

+-t—tmt—tott—tot—tmtmt b mpmtmfmf— =}
Type (2) (Link) ]

tt—t—t—t—t—t—t—t -ttt —t =ttt =ttt
Sub-Type (OTN.Spec) (TBD) (IANA} |

R D e e o e e e s T e e e A S a1
S-s-Type (First) (1) (IANA) |

-ttt —t—F—t—t bttt -ttt —F—t—t—+
payload

R e ka3

S-s-Type (Second) (2) (IANA) |

B R e s Et S L S A e N s et Rk o
payload

et e e e s s St R S R T S S

S-s-Type (LinkPar) (3) (IANA) |

e e B Tl e e e e el S R e
payload

e e e S B e A e e R e e 4

SUBSTITUTE SHEET (RULE 26)

+-t—t+—+
1 | Instance
+-+—+-+
Advertising Router
St il e e D e e el el ey et o o S o e S et

B R e e o e N  as h Sk SR (L T P (PR U S S S S SN A S S

R T e e s 2t e B S Tk b s T e

e S i Tt 3

R e ot o T ey
LS Length |
R Tt T S SN
Length (110) !
s s B e
Length (108) I
e B S S S S s
Length (36) |
e e e S TR
I
I
+-t—t—F -ttt t=tot—t
Length (36) |
+—t—d—t—t—t—t—t—t—t-t+—+
!

~

I

s et T e e et ah
Length (36) |
tot—t—t-t=t—t—t—tot-t-+
|

-~

s B e e o e et 5



WO 2012/110109 PCT/EP2011/056627

11/14

Fig.11.

0 1 2 3
01234567890123456789012345¢67829

-t

(o]

1

T et o el (T Tl -+—+

<+
-+

| S-s-Type (First) (1) (IANA) | Length (36)

fodt—F—t -ttt bbb —F—F =t —t—t—F—Ft -ttt —F -ttt —F ==+t —+
I Parameter 1

. ok s e e s e S e R e e l et R Tl ot S sl ol bt
| Parameter 2

t=d—tmtpmtmtmt ==t =t ===t —t—F—t—t -ttt =t =t =t =t =t ==ttt -+—+
| Parameter 3

totmt—t =t —p—t =ttt —t—t =ttt —t—t—t—F =t =t —t—t=t—F—t—t—t -+ —+-+-+
| Parameter 4

t=t=t—f =t =ttt =t et mt =ttt =t =t ==t =t =t =ttt =ttt —F =t —t-+—+
| Parameter 5

T ke o s
| Parameter 6

e T e ot et Tl t Tt et b B e T B e e et Sl el ol Db et et sk

SUBSTITUTE SHEET (RULE 26)



PCT/EP2011/056627

WO 2012/110109

12/14

OPON JuslID 8y} 0}

(dWNS “B-8) yiomiau Juswabeuew
8|qeolidde eiA way) p/emioy jiim

LN} S}t UO Yd1ym spoN SN 1ualjD ayy 0} u

sanfer AnswiwAsyAeiep sy sreotunwiwon

aue|d

)

125"

0clt

UIRWOP-RIN

ctl

(3} {Tle%g)

mm_.J

I
(INN-3) sepou sisp.og
usamieq senjea Anawwdisy Aejeq sy
abueyoxs 0} pasn s| ¥oelS SIJND 8u |

«SIAN Jonieg ayy je
AnswwiAsyAejep ay) sjenoen [

J

ogl

ol

sapou
ajeIpswBiul Wouy

8|qe|ieAe saLsWWASE
4eq1

1obBUBY STIND 84} 0} 4dSO BIA Way}
8)NqUISIP PuUB S8POU ajeIpaWLIsiL 8y} Ui
#p siejewered ssujswwAse Jeql 199]|0)

||

8¢l

1ebeUBI STIND dU1 01 4dSO EIA BIEP 88U BINGLISI]
(e18P d1d 9U} JO UONDBIIP BSIBABI BY} LD
‘apou Buiddewsp) *%p pue UWp.

(e1ep d1d 8y} jo uonoaup premioyaypuo el

‘apou Buiddew) #°p pue Mp.
:sepou Buiddewsp,Buiddew sy ul

sisjewesed Jueas|al 193)j00

[

]

s19xjoed d1d Buihueo s yum uonosuuos jo dn jeg T~—22t - N L @_ H_

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

13/14

Fig.13.

generate first time protocol signal at time t1, map onto «—
first transmission signal and transmit first transmission
signal to second client node T — 142

140

A

receive first time protocol signal at second client node 144
at time t2 —

y

provide time t1 to second client node

146

y

generate second time protocol signal, map onto second
transmission signal and transmit second transmission | __-
signal to first client node at time t3 ]

148

A

receive second time protocol signal at first client node 150
at time t4 S

152
: /

provide time t4 to second client node 4

change time on slave
clock k \

| N
at time protocol client at second client node, calculate 162

mean path delay,dmean, between first and second client 154
nodes, dmean = [(t2-t1) + (14-t3)]/2 S

A

provide path delay asymmetry between firstand ~__}—
second client nodes to the time protocol client

156

Y
calculate an offset between slave clock and master
clock in dependence (t2-t1), dmean and the path delay |~
asymmetry -

158

y 160

is offset minimised?
Yes: slave synchronised to master. No:

SUBSTITUTE SHEET (RULE 26)



WO 2012/110109 PCT/EP2011/056627

14/14

Master Slave
time time Fo——————— -
i Timestamps |
| known by !
Il slave |
| |
I r
! |
| |
\\\\\ | |
Follow_Up ~~—__ ;'t1,t2 E
| |
““““““““““““““““““““““““ t3 (t1tots {
t-sm : :
Delay_Req [ !
e ty | |
| 1
| |
| |
~~~—_ Delay_Resp | !
\\\ I |
S~ | |
~~ ithtotaty |
v B -

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings

