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Description

[0001] Technical Field: This invention relates to meth-
ods of configuring nodes of a synchronization network,
to nodes for such networks, to management systems for
such networks, to synchronization networks, and to cor-
responding computer programs for use in configuration
of such networks.

Background:

[0002] There are many types of communications net-
works, for conveying information between remote points.
For example wide area networks belonging to telecom-
munications providers, internet service providers, com-
pany intranets, cable television distribution systems and
other data communication networks can use optical net-
works in which digital information is conveyed in the form
of optical signals through optical fibers. Digital informa-
tion in communication networks can be categorised as
asynchronous or synchronous types. Synchronous types
such as SDH (Synchronous Digital Hierarchy) require a
common timing reference to operate accurately. That is,
the clocks in one node of the network should operate at
the same speed as the clocks in other nodes of the net-
work.
[0003] To provide for a common timing reference, com-
munication networks carrying digital information can in-
clude synchronization networks, whose job it is to ensure
that a common timing reference is used throughout the
communications network. One such synchronization net-
work is described in European Telecommunication
Standards Institute (ETSI) document European Guide
(EG) 201 793 v1.1.1 (2000-10), entitled "Transmission
and Multiplexing (TM); Synchronization Network Engi-
neering". This document describes the various elements
that make up a synchronization network, and the princi-
ples of operation by which such a network distributes
accurate timing information from so-called Primary Ref-
erence Clocks (PRCs) to the clocks located in other piec-
es of equipment throughout the network. PRCs are the
highest quality clocks in a network, and are usually based
on a free-running Caesium Beam oscillator giving a very
accurate clock performance.
[0004] Poor network synchronization usually leads to
large amounts of jitter and wander, and, consequently,
to transmission errors and buffer under/overflow. Both
these faults will result in service problems causing high
error rates and service unavailability. In the best case,
then, poor synchronization causes only few inconven-
iences to any other network layer; in the worst case, it
can make the entire telecommunication network stop
passing traffic. A well-planned and maintained synchro-
nization network is then a prerequisite for avoiding or
reducing a risk of critical failures in traffic networks.
[0005] The planning of a synchronization network is
typically performed manually, according to some rules
as defined in relevant ITU-T recommendations (e.g., ITU-

T G.803) and other relevant standards (e.g. the above
mentioned ETSI EG 201 793). Some computer-aided
tools may assist the synchronization network planning
and maintenance by, for instance, supporting the off-line
design of the reference timing signals distribution, as well
as providing simulations of the synchronization network
normal operation and fault scenarios.
[0006] Accurate planning of non-dedicated synchroni-
zation networks is generally a complicated task. Even if
this is done perfectly in the initial planning, it requires
significant effort in the re-planning of the synchronization
network every time other network types/layers are
changed.
[0007] Additional issues may arise when deploying
new and heterogeneous technologies. For instance, syn-
chronization networks can be hybrid networks made up
of trails having some parts using synchronous commu-
nications and other parts using packet-based communi-
cations. For example, nodes supporting either TDM leg-
acy (e.g., PDH, SDH), or synchronous Ethernet, can be
mixed with those using packet based technologies to
transfer the synchronization information. The synchroni-
zation network management, in this case, appears ex-
tremely challenging and may significantly increase the
OPEX (operational expenditure) for an operator.
[0008] It is known from the Precision Time protocol
(PTP) (IEEE standard 1588-2008 Standard for a Preci-
sion Clock Synchronization Protocol for Networked
Measurement and Control Systems) to send synchroni-
zation information over packet networks, so that carrier
Ethernet networks, for example, can carry telecom qual-
ity clocks to network nodes. This standard defines a struc-
tured time stamp based on the output of a master clock
at a time of transmission of the timing packet, and an
Ethernet or IP packet location for it.
[0009] PTP uses a two way transfer technique to en-
able frequency, time and phase alignment to be gener-
ated by slave nodes. It defines master nodes, boundary
nodes and transparent nodes. The packets can be
passed by any Ethernet nodes and be treated as regular
data packets.
[0010] It is also known to produce at a node a synchro-
nization reference based on physical layer derived fre-
quency synchronization information with such packet
based synchronization information derived from a differ-
ent trail to produce a more accurate time or phase syn-
chronization reference.
[0011] Document "NETWORK SYNCHRONIZATION-
STAND-ALONE PRODUCTS THAT SUPPORT THE
DESIGN OF SYNCHRONIZATION NETWORKS" by
RUFFINI S, ERICSSON REVIEW, TELEFONAKTIE-
BOLAGET L M ERICSSON, SE, no. 1, January 2004,
pages 32-41, XP001217355, ISSN: 0014-0171 discloses
synchronization networks.

Summary:

[0012] An object of the invention is to provide an im-
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proved apparatus or method for configuring a synchro-
nization network. According to a first aspect, the invention
provides a method of configuring a node of a synchroni-
zation network, comprising identifying a plurality of pos-
sible alternative synchronization trails for passing syn-
chronization information from a synchronization source
to the node, the possible alternative synchronization trails
comprising a plurality of time synchronization trails ar-
ranged to carry time (or phase) synchronization informa-
tion for time (phase) synchronization at the node, and a
plurality of frequency trails, arranged to carry frequency
synchronization information for frequency synchroniza-
tion at the node, and determining information about the
sources of the possible alternative trails. The possible
alternative trails are compared automatically, using the
information about the sources, to choose one of the time
synchronization trails for the node to use for time syn-
chronization and to choose one of the frequency trails
for the node to use for frequency synchronization, the
comparison being biased to increase a likelihood of
choosing time synchronization and frequency trails which
share the same source, over a likelihood of choosing
trails with different sources.
[0013] This can help avoid divergence and consequent
bit errors arising from phase errors, resulting from trails
having different sources. It can encompass for example
changing both to a new common source, or changing
one or both trails while still using the old common source.
It can encompass biasing by making one selection algo-
rithm dependent on the other, if there are two existing
selection algorithms. It can encompass adapting either
algorithm to determine the source used by the other trail.
[0014] This is based on a recognition that there can be
a problem if there is no control of sources used, so even
if they start with a common source, if there is any recon-
figuration of trail selection of either trails at a node, then
there is a good chance of a different source being select-
ed for one or both of frequency and time synchronization
and thus losing the benefit of the common source.
[0015] Any additional features can be added to those
discussed above, and some are described in more detail
below.
[0016] Another aspect of the invention can involve a
node for a synchronization network, the node having a
configuration manager arranged to identify a plurality of
possible alternative synchronization trails for passing
synchronization information from a synchronization
source to the node, the possible alternative synchroni-
zation trails comprising a plurality of time synchronization
trails arranged to carry time synchronization information
for time synchronization at the node, and a plurality of
frequency trails, arranged to carry frequency synchroni-
zation information for frequency synchronization at the
node, the configuration manager also being arranged to
determine information about the sources of the possible
alternative trails. The node also has a comparator ar-
ranged to compare automatically the possible alternative
trails, using the information about the sources, to choose

one of the time synchronization trails for the node to use
for time synchronization and to choose one of the fre-
quency trails for the node to use for frequency synchro-
nization, the comparison being biased to increase a like-
lihood of choosing time synchronization and frequency
trails which share the same source, over a likelihood of
choosing trails with different sources. A trail selector is
also provided, controlled by the comparator for switching
the time synchronization information and the frequency
from the chosen trails to provide a synchronization ref-
erence for the node.
[0017] Any additional features can be added. Another
aspect provides a management system for a synchroni-
zation network, the management system being arranged
to carry out the method of configuring as set out above.
Such centralised configuring can avoid delays in propa-
gating changes across a large network, and make it eas-
ier for an operator to monitor or intervene)
[0018] Another aspect provides a synchronization net-
work having a number of nodes, and having a number
of synchronization trails for passing synchronization in-
formation from a synchronization source to the nodes of
the hybrid synchronization network, the hybrid synchro-
nization network having a management system arranged
to carry out the method of configuring as set out above.
[0019] Another aspect provides a computer program
stored on a computer readable medium and comprising
instructions executable by a processor to cause the proc-
essor to carry out the method of configuring as set out
above.
[0020] Any of the additional features can be combined
together and combined with any of the aspects. Other
advantages will be apparent to those skilled in the art,
especially over other prior art. Numerous variations and
modifications can be made without departing from the
claims of the present invention. Therefore, it should be
clearly understood that the form of the present invention
is illustrative only and is not intended to limit the scope
of the present invention.

Brief Description of the Drawings:

[0021] How the present invention may be put into effect
will now be described by way of example with reference
to the appended drawings, in which:

Fig. 1 shows a schematic view of a synchronization
network, showing a fault in a frequency trail,
Fig. 2 shows a similar network after selecting alter-
native trails having a common source,
Fig. 3 shows a schematic view of a node of a syn-
chronization network according to an embodiment,
Figs. 4 to 9 show steps in configuring a synchroni-
zation network according to embodiments,
Fig. 10 shows a database table of source and trans-
mission characteristics for trails,
according to an embodiment,
Fig. 11 shows a graph of phase error with time fol-
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lowing failure of a trail,
Figs. 12 to 14 show a schematic views of a network
before and after a fault in node C, according to an
embodiment, and
Fig. 15 shows a schematic view of a node of a syn-
chronization network, and a centralized synchroni-
zation management system according to an embod-
iment.

Detailed Description:

[0022] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes.

Definitions

[0023] Where the term "comprising" is used in the
present description and claims, it does not exclude other
elements or steps. Where an indefinite or definite article
is used when referring to a singular noun e.g. "a" or "an",
"the", this includes a plural of that noun unless something
else is specifically stated.
[0024] The term "comprising", used in the claims,
should not be interpreted as being restricted to the means
listed thereafter; it does not exclude other elements or
steps.
[0025] Elements or parts of the described nodes or net-
works may comprise logic encoded in media for perform-
ing any kind of information processing. Logic may com-
prise software encoded in a disk or other computer-read-
able medium and/or instructions encoded in an applica-
tion specific integrated circuit (ASIC), field programmable
gate array (FPGA), or other processor or hardware.
[0026] References to switching nodes can encompass
any kind of switching node, not limited to the types de-
scribed,
[0027] References to software can encompass any
type of programs in any language executable directly or
indirectly on processing hardware.
[0028] References to hardware, processing hardware
or circuitry can encompass any kind of logic or analog
circuitry, integrated to any degree, and not limited to gen-
eral purpose processors, digital signal processors,
ASICs, FPGAs, discrete components or logic and so on.
[0029] References to trails can encompass any indi-
cation or description of a path followed by synchroniza-
tion information, such as a list of nodes, or a list of links
between nodes, or list of locations or directions to be
followed, or an algorithm for calculating such lists or di-
rections, or any other similar indication or description.
[0030] References to synchronization information can
encompass for example distinct packets dedicated to
carrying such information, or synchronization information

inherent in signals for other purposes, such as synchro-
nous data transmissions from which a clock can be ex-
tracted.
[0031] References to time synchronization are intend-
ed to encompass time of day synchronization to a real-
time clock, for example as defined by the ITU-T, synchro-
nization of phase of a clock, for example as defined by
the ITU-T and so on, and references to time synchroni-
zation information are to encompass corresponding in-
formation.
[0032] References time synchronization trails are in-
tended to encompass trails for time of day synchroniza-
tion information, or phase synchronization information of
a clock. References to nodes of a network can encom-
pass any kind of identifiable location in the network hav-
ing any function such as routing or switching or multiplex-
ing or demultiplexing or for supporting various transport
technologies such as OTN, SDH, or any other kind of
processing of information passed across the network,
not limited to any level of integration, or size or bandwidth
or bit rate and so on.
[0033] References to packet-based can encompass
any kind of packet having any kind of header, or framing,
and can be transmitted asynchronously, or transmitted
over a synchronous link. In context of sync, such packets
may have timestamp in header or payload for example.
Examples are NTP packets or PTP packets as defined
by RFC 1305, and many other types can be envisaged.
[0034] References to hybrid synchronization networks
can encompass networks in which synchronization infor-
mation (frequency or phase for example) is carried in
some parts by the physical layer and in other parts carried
by packet-based communication, as opposed to net-
works which do not use packets, or networks in which all
information is carried by packets, even if the packets are
carried over a synchronous physical layer. References
to sources can encompass any source of timing in a syn-
chronization trail and can encompass PRCs for frequen-
cy, and primary reference time clocks PRTCs for phase
information for example. These can be implemented by
GPS (global positioning system), or atomic clocks for ex-
ample.
[0035] These definitions can be extended where ap-
propriate to encompass definitions of similar parts in
standards such as the well known G.810.
[0036] References to synchronization transmission
characteristics can encompass any kind of characteris-
tics which have an effect on the transmission of the syn-
chronization information, such as number of nodes
passed, speed of links used, status of parts or links used,
quality characteristics such as packet delay variation,
nodes which regenerate the synchronization information,
nodes which enhance the synchronization information,
for example by making measurements at intermediate
points along the route.
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Abbreviations

[0037]

BMC Best Master Clock
ESMC Ethernet Synchronization Messaging Chan-

nel
GPS Global Positioning System
GSM Global System for Mobile Communications
HW Hardware
IEEE Institute of Electrical & Electronics Engi-

neers
ITU-T International Telecommunication Union -

Telecommunication
LC Link Component
LMP Link Management Protocol
LSA Link-State Advertisement
LTE Long Term Evolution
MPLS Multi-Protocol Label Switching
NTP Network Time Protocol
OPS On-Path Support
OSPF Open Shortest Path First
PDV Packet Delay variation
PRC Primary Refenence Clock
PTP Precise Time Protocol
QoS Quality of Service
SSM Synchronization Status Message
SyncE Synchronous Ethernet
TE Traffic Engineering
TLV Type-Length-Value
WCDMA Wideband Code Division Multiple Access

[0038] As a preliminary to the description of embodi-
ments, some issues with conventional features of syn-
chronization networks will be explained, to facilitate un-
derstanding of features of the embodiments and how they
complement or contrast features of existing networks.

Synchronization networks and their configuration

[0039] A typical digital communication network can in-
clude a synchronization network. At nodes of the com-
munication network, there can be switching equipment
that is well-known in the art. In the figures, such equip-
ment is not shown explicitly. Transport links will generally
be indicated by solid lines, and synchronization trails for
carrying synchronization information (the trails being
made up of a sequence of reference links) will be shown
by dashed lines that include an arrow at one end to indi-
cate the source and recipient of the synchronization in-
formation such as a reference clock signal. Where a node
has the possibility of receiving a reference clock from
more than one source, primary reference links (i.e., those
synchronization links that are preferred to be used for
supplying a reference clock from one node to another)
are denoted by the number "1" next to the dashed line
indicating the link. Secondary reference links (i.e., those
synchronization links that are used when the primary syn-

chronization link is unavailable) are denoted by the
number "2" next to the dashed line indicating the link.
Where some of the reference links forming the synchro-
nization trails are arranged to use packet based proto-
cols, the synchronization network is known as a hybrid
synchronization network. Such packet based protocols
may be carried over synchronous physical layer links of
the underlying transport network.
[0040] The communications network can utilize the
Synchronous Digital Hierarchy (SDH), which is a stand-
ard technology for synchronous data transmission on op-
tical media. It is the international equivalent of the Syn-
chronous Optical Network (SONET).
[0041] In a fully synchronized network, all sources
should be ultimately traceable to a PRC. In an exemplary
network, this can be called PRC A. The PRC A supplies
its high quality clocking signal ("clock") to a next node
which can be for example Stand Alone Synchronization
Equipment (SASE). A SASE is a piece of synchronization
equipment that contains a Synchronization Supply Unit
(SSU), which is a high quality slave clock. The SASE
distributes its clock signal to a next node which can be
for example a Digital Exchange (or, in alternative embod-
iments, could be a Telephone Exchange). A next node
can be for example an SDH multiplexer (MUX).
[0042] Other nodes can be for example an SDH Digital
Cross Connect unit (SDH DXC), or an SDH Add Drop
Multiplexer (ADM).
[0043] Rather than using the supplied clock signal it-
self, the SDH ADM can operate in a "bypass" mode (com-
monly named "NON-SETS locked", where "SETS"
stands for "Synchronous Equipment Timing Source"),
whereby the synchronization clock is merely forwarded
directly to a next node. This is common when, for exam-
ple, the ADM and the next node are implemented in the
same building. Despite its bypass function, the SDH ADM
would require a synchronization clock, and this is sup-
plied by the next node. The SDH ADM could be arranged
to provide its synchronization clock to another SDH ADM,
where it might be treated as a secondary link.

Timing loops

[0044] It is very important that the synchronization net-
work be planned in such a way so as to avoid the occur-
rence of timing loops, both during normal operation as
well as when a malfunction prevents one or more nodes
from supplying their reference clocks to their planned re-
cipient nodes. A timing loop is created when a clock is
directly or indirectly synchronized to itself. In a timing loop
situation, all the clocks belonging to the loop can show
a large frequency offset compared to nominal frequency
and are likely to be isolated from the rest of the synchro-
nization network. To avoid timing loops, elements in a
ring should be provided with means that enable the pos-
sible generation of timing loops to be discovered. Such
elements are usually connected such that they each have
at least two synchronization sources, so that when one
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source is discovered to cause a timing loop, there is at
least the possibility of avoiding it by selecting one of the
alternative sources. It is important that the clock supplied
by this alternative source also not ultimately be derived
from itself in order to avoid a timing loop.
[0045] In SDH networks, the use of Synchronous Sta-
tus Messages (SSMs) provides some help with avoiding
timing loops. An SSM is a signal that is passed over a
synchronization interface to indicate the Quality-Level of
the clock that the interface is ultimately traceable to; that
is, the grade-of-clock to which it is synchronized directly
or indirectly via a chain of network element clocks (the
"synchronization trail"), however long this chain of clocks
is. In a fully synchronized network, all sources should
ultimately be traceable to a PRC, and there is a prede-
fined code to indicate this. Another code, "Do Not Use
for Synchronization", is used to prevent timing loops and
is transmitted in the opposite direction on interfaces used
to synchronize an equipment’s clock.
[0046] Although the SSM algorithm is a good concept
in some applications like SDH or SONET rings, it is un-
able to guarantee that all timing loops will be prevented,
because it only provides information about the quality of
the traceable synchronization reference source, but not
information about the actual physical source. See, for
example, chapter 4.13 of ETS 300 417-6-1, "Generic re-
quirements of transport functionality of equipment: Syn-
chronization layer function". Another drawback of the
SSM algorithm is that it is often not supported by SASE
or by Network Elements other than SDH/SONET Net-
work elements (i.e., it can only be used between
SDH/SONET Network Elements). It is noted that timing
loops can cause severe disturbances in the traffic net-
work, but that the effect of these disturbances very sel-
dom gives a readily discernable indication of where the
failure in the synchronization network occurred. It is
therefore important to provide effective ways for manag-
ing synchronization networks so that, when failures occur
in the network, it can be determined how to rearrange
the network to maintain an acceptable quality of synchro-
nization without creating timing loops.

Configuration management issues

[0047] Current practice is for the management of syn-
chronization networks to be distributed among several
platforms. The reason for this is that a synchronization
network very often consists of different types of equip-
ment that can be either dedicated to synchronization
(e.g., SASE), or to both synchronization and traffic (e.g.,
and SDH multiplexer or a digital switch). As a result, sev-
eral management systems (e.g., one for the SASE net-
work, one for the SDH equipment, one for the switching
network, etc.) have to be maintained in parallel. For ex-
ample a first Switching Network Management Network
might manage a Digital Exchange; a SASE Management
Network manages the SASE nodes; a first SDH Man-
agement Network could be provided to manage the SDH

Mux, and a second Switching Network Management Net-
work might be provided to manage the Digital Switches
at further nodes. This situation is not unrealistic, since
the "same" type of equipment (e.g., an SDH ADM) may
be manufactured by different vendors who design their
equipment using incompatible equipment management
strategies. Some or all of the management systems may
be arranged to maintain a local map of neighbouring
nodes and of different trails providing synchronization
information from various sources to each of their nodes.
These management systems would have to be individu-
ally configured with details of any changes outside their
area of control.

Hybrid synchronization network

[0048] By replacing the method of handling synchro-
nization information at some of the nodes to use packet-
based communication, the synchronization network be-
comes a hybrid network. A network where synchroniza-
tion information is carried over packets allows the distri-
bution of phase and time information as well as frequency
information. Where some parts of the trails use packet-
based communication, this can add a further complica-
tion to management of the configuration of the synchro-
nization network, both at the initial planning or commis-
sioning stage and ongoing configuration during the serv-
ice life of the networks. This may involve continuous
maintenance by maintenance personnel who may need
to be physically present at the numerous sites of the dif-
ferent nodes. In most cases, this physical presence at
each site is difficult and expensive due to geographical
distribution of the synchronization network.
[0049] In the packet based method, the synchroniza-
tion is carried across a packet network by sending pack-
ets containing timestamp information. The timestamps
are generated by a master (server) that has access to
an accurate reference, such as GPS. Packet-based
methods of distributing synchronization information have
the advantage of being able to provide accurate time syn-
chronization in addition to the frequency synchronization,
but suffer from the disadvantage of being dependent on
the network load and congestion conditions.
[0050] On the contrary, methods based on the physical
layer, have the advantage of being not dependent on the
network load and congestion conditions but the disad-
vantage of not being able to provide any time synchro-
nization in addition to the frequency synchronization (as
required by many present applications). The physical lay-
er method is currently re-defined in the Ethernet context
with the ITU-T Synchronous Ethernet concept (see for
example G.8261 Timing and synchronization aspects in
packet networks, G.8262 Timing characteristics of syn-
chronous ethernet equipment slave clock (EEC) and
G.8264 Distribution of timing information through packet
networks).
[0051] In other words, both classical physical level
based method and packet based method have important
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drawbacks: the first one not being able to carry any time
information and the second one being impaired during
severe load or congested situations.
[0052] One possible approach to overcome the draw-
backs of the two methods and take advantage of their
benefits is being considered now by the telecommunica-
tions community and involves the combination of the two
methods into a new hybrid synchronization network.
[0053] This solution adopts the excellent frequency
distribution characteristics of the physical method and
overcomes its lack of time distribution by combining it
with a dedicated packet distribution. One example of the
combination is the possibility to synchronize in time only
during limited periods of low traffic load (e.g. at night),
and let the accurate frequency carried by physical layer
(such as SyncE) drive the remote time generation.

Problems in hybrid synchronization networks

[0054] The attempt to overcome these issues with a
hybrid solution brings another issue related to the possi-
ble case of different synchronization sources being se-
lected for phase and frequency. The remote reference
master used as source for time information will be se-
lected by the slave node according to an independent
algorithm, i.e. best master clock algorithm (as for exam-
ple described in the above referenced IEEE 1588 PTP
Protocol). The remote reference master used as source
for frequency information will be selected by the slave
node according to the well known ITU-T hierarchical
method based on preassigned priorities and on the ex-
change of in-band SSM (Synchronization Status Mes-
sages).
[0055] In a case of SDH/SyncE reorganization due to
failures in the synchronization network, up to some mi-
croseconds of error may result between frequency and
time due to phase errors allowed in the SDH/SyncE ref-
erence switch and to the Holdover characteristics of the
clock implemented in the synchronization network.
[0056] Such reorganisation and reselection of sync
trails can result in the use of different masters for the
frequency synchronization and time synchronization
trails. This can result in errors of about 70 ns per hour
(due to the +/-1011 frequency difference). This can be-
come critical when time synchronization is achieved by
means of timing support in the transport network via for
instance IEEE 1588 Boundary Clocks: every Boundary
Clock potentially locked to a different frequency sync
master could contribute to build a total phase error which
exceeds the target requirements at the end node.
[0057] This behaviour is going to create problems par-
ticularly in the applications which need to make use of
time synchronization (for instance, TD-SCDMA,
CDMA2000, WCDMA TDD) because of their more strin-
gent requirements, which are in the range 1-3 ms.

Features of the embodiments

[0058] In order to address some of the issues above
and with the purpose of reducing the related OPEX, the
classical solution for TDM networks based upon the
physical layer in order to recover synchronization from a
synchronous stream of data, is combined with a packet
based method to combine the best aspects of the two,
and address problems arising from the independent se-
lection criteria which can introduce inaccuracies.
[0059] At least some of the embodiments involve align-
ing the trail selection methods in order to have the same
master for the two methods. In some embodiments these
methods are based on PTP and SyncE or other physical
layer based synchronization methods.
[0060] A new protocol is therefore specified and de-
tailed showing how SyncE (or SDH) and IEEE 1588 can
be effectively used in hybrid synchronization architec-
tures. Although described using PTP as a reference
packet based method but it should be noted that other
packet based methods can be used. The same applies
to Synchronous Ethernet as a reference physical layer
method to deliver frequency. In some embodiments, the
remote master selection algorithm of one of the two meth-
ods is disabled in order not to let them select different
masters.
[0061] For the master selection, PTP uses the algo-
rithm defined in the IEEE1588 (Best Master Clock algo-
rithm as detailed in the ITU-T Telecom Profile), while Syn-
chronous Ethernet and SDH uses the traditional ITU-T
hierarchical scheme specified in the ITU-T G.803, G.81xx
and G.826x suite of documents. One possible approach
is to privilege the most critical path, which is normally
related to frequency distribution, and therefore to consid-
er the SyncE (or SDH) selection algorithm as a starting
point to achieve an extended algorithm able to achieve
the requested behaviour. (The opposite approach might
also be considered.)
[0062] This can be based on methods where the ESMC
channel, in addition to carrying the traditional SSM infor-
mation, also carries information on the full sync trail, in
particular on the active masters of every available sync
reference.
[0063] One consideration that arises is to maintain the
two selection algorithms self-aligned in a fast and efficient
way during and after transient situations (e.g. failures).

Some additional features

[0064] Additional features of some embodiments can
include the following:

The comparing step can comprise choosing the fre-
quency trail first, and subsequently biasing the
choosing of the time synchronization trail to increase
a likelihood of choosing a time synchronization trail
having the same source as that of the selected fre-
quency trail. If frequency synchronization is more
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critical this can give priority to frequency trail selec-
tion, to ensure a good quality trail or enable quicker
selection of the frequency trail. This may be partic-
ularly useful where there are many hundreds of ports
and therefore significant delays in assessing and
comparing many trails, or where long gaps without
frequency synchronization cannot be tolerated.

[0065] In principle the order can be reversed if time
synchronization is more critical, to give priority to time
synchronization trail selection, to ensure a good quality
trail or enable quicker selection of the time synchroniza-
tion trail. This may be particularly useful where there are
many hundreds of ports and therefore significant delays
in assessing and comparing many trails, or where long
gaps without time synchronization cannot be tolerated.
[0066] The comparing step can be biased by determin-
ing a plurality of different pairs of frequency trail and time
synchronization trail, each pair sharing the same source,
and comparing the pairs to choose which pair to use.
This can be useful if neither frequency nor time synchro-
nization is more critical than the other, and so a compro-
mise is preferred.
[0067] At least some of the frequency trails can com-
prise a physical layer path taken by data transmitted syn-
chronously, from which a clock signal can be extracted
to derive the frequency synchronization information. This
can provide better quality frequency synchronization
which can be independent of traffic loading in the net-
work.
[0068] The method can have at least some of the syn-
chronization trails arranged to use packet-based com-
munication. This can provide trails which can be rerouted
and so be less susceptible to link or node failures, and
can in some cases provide two way flows to enable delay
measurements, which cannot be carried out easily in the
physical layer. The step of determining information about
the sources can comprise receiving at the node, infor-
mation transmitted along a trail relating to a source of
that corresponding trail. This can be simpler for the node
to process since there is less need to associate the in-
formation with its trail, the association is a physical as-
sociation. This can also avoid the delays inherent in ob-
taining or deriving this source information from other
sources such as a centrally held map of the network.
[0069] The comparing step can involve comparing a
quality of the sources of the different possible alternative
trails. This can provide the most useful indicator of quality
of the resulting synchronization at the node.
[0070] The node can have a database for storing in-
formation relating to the trails, and the method can have
the steps of receiving and storing at the node updated
information about the trails from a neighbouring node,
reassessing at the node the choice of frequency and time
synchronization trails based on the updated information,
using the newly chosen frequency and time synchroni-
zation trails for synchronization at the node, and sending
out updates to neighbouring nodes to pass on the up-

dates and to indicate the new trail selection. By applying
this to ongoing reconfiguring, as well as initial set up,
reductions in opex can be increased further.
[0071] At least some of the frequency trails can com-
prise a physical layer path taken by data transmitted syn-
chronously, and the node can have circuitry arranged to
extract a clock signal and derive the frequency synchro-
nization information, at least some of the time synchro-
nization trails being arranged to use packet-based com-
munication.
[0072] Some embodiments can have distributed man-
agement of the configuration of the synchronization net-
work in which all nodes involved in the synchronization
network exchange information in order to build a picture
of the synchronization network itself and its sync trails.
This can be used to maintain it (e.g. select the synchro-
nization reference according to predefined rules) and al-
low for appropriate reaction by reconfiguring when any
topology change or network failure is detected.
[0073] This could be done either in a centralized or in
a distributed manner: in the former case a network man-
agement central node takes care of distributing all nec-
essary information and configuration commands. In the
latter case each node maintains a database containing
all the information relating to the entire network.
[0074] The initial set-up of the network could be de-
signed by the operator. Any reconfiguration during oper-
ation could be carried out autonomously, or alternatively,
the automation may be also extended to some or all of
the initial set-up of the sync network.
[0075] This is similar to what is defined in the above
referenced IEEE1588 Best Master Clock Algorithm in the
area of packet based synchronization: a signalling chan-
nel (Announce messages) is used to communicate be-
tween all the IEEE1588 nodes and, for each node, to
define its role in the network and, for the slaves, to define
their master.

Figs 1 and 2 Failure on the selected frequency trail and 
resulting reconfiguration

[0076] Figure 1 shows an example of part of a hybrid
synchronization network. Typical networks may be much
larger with many more nodes, only a few are shown, for
the sake of clarity. A first node 120 has a first source of
frequency synchronization information, and a back up
second source is provided at node 170. The purpose of
the synchronization network is to pass synchronization
information over the nodes and links of a communication
network in the form of a packet network 190 operating
over nodes and links of a physical layer, to reach end-
points such as base stations 100 and 110. A fault is shown
by the cross over node 130. As originally configured, be-
fore this fault, the frequency synchronization information
was passed by a frequency trail shown by the smaller
dotted line arrows passing from the source at node 120,
via nodes 130, 150, and 160, to the base station nodes
100 and 110. The time synchronization information was
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passed in packets over a time synchronization trail hav-
ing a slightly different route, as shown by the larger dotted
line arrows from the same source node 120, via nodes
140, 150, and 160.
[0077] Following the fault, the end nodes will experi-
ence a failure in the synchronization extracted from the
currently selected first source (e.g. Out of frequency
alarm, loss of signal alarm and so on). This is detected
using conventional techniques, and this prompts the end
node to enter the holdover state and start a new source
selection process. This causes the hybrid synchroniza-
tion network to be reconfigured as shown in figure 1 so
that the frequency trail no longer uses the faulty node
130. As there is no alternative trail from the first source
120, this involves selecting an alternative frequency trail
which starts at the second source, shown as frequency
reference number 2, at node 170. The time synchroniza-
tion trail is so far unaltered as it does not use the faulty
node 130. This amount of reconfiguration is enough to
restore a working frequency trail to the base stations, but
it is evident that the frequency and time synchronization
trails now have different sources, giving rise to the prob-
lems mentioned above. This amount of reconfiguration
as shown in figure 1 can be regarded as a conventional
amount of reconfiguration for a hybrid network, or can be
regarded as a first stage of a two stage reconfiguration
according to an embodiment of the present invention.
[0078] Figure 2 shows a similar view of the same net-
work, showing the outcome of a second stage of the
reconfiguration according to an embodiment. This figure
shows that a different time synchronization trail has been
chosen, to start from the second source at node 170, and
pass through nodes 180, 150, and 160, so that the fre-
quency and time synchronization trails again have a com-
mon source.

Fig 3, node according to an embodiment

[0079] Figure 3 shows a schematic view of an example
of a node. This shows a node 400 of the communications
network. This contains a node 410 of the synchronization
network, and other features not used by the synchroni-
sation network, such as the synchronous communica-
tions processor 470. This is for processing the synchro-
nous traffic on the transport links of the communications
network following conventional practice. It is synchro-
nised by the synchronization reference or clock, CK out-
put by the node 410 of the synchronization network.
[0080] This node of the synchronization network has
a frequency trail selector 440 for selecting which one of
the various frequency trails leading to this node, is se-
lected for providing the frequency synchronization infor-
mation. This synchronization information is used by the
synchronization reference generator 450 in the usual
way, to generate the clock. The frequency trail selector
is controlled by an output of the frequency trail compa-
rator 430. This output effectively governs the configura-
tion of this part of the synchronization network, by con-

trolling which of the trails is selected.
[0081] The frequency trail comparator can use infor-
mation about the source and about the trails as stored in
a database 435. A trail information manager 420 fills and
maintains this database, by exchanging information with
neighbouring nodes, about trails that they are aware of,
as indicated by the "trail information coms." in the figure.
[0082] Also shown is a time synchronization trail se-
lector 442 for providing time synchronization information
to the synchronous communications processor 470. This
time synchronization information such as time of day or
clock phase, is used by the synchronization communica-
tions processor 470 in the usual way, to refine its clocks
or centre properly its buffers to minimise any loss of data
from small phase differences for example. The time syn-
chronization trail selector is controlled by an output of a
time synchronization trail comparator 432. This output
effectively governs the configuration of the timing part of
the synchronization network, by controlling which of the
time synchronization trails is selected.
[0083] In practice, this trail information about the sourc-
es and synchronization transmission characteristics of
the trail can be carried over the same physical paths as
used by the communications network, or used by the
synchronization trails themselves, or can use independ-
ent paths. Similarly, the synchronization trails can use
the same physical paths as the communication network
traffic, or have independent paths. The trail information
manager and the trail comparator can be implemented
as software modules run by a general purpose processor
for example, or can be implemented by software execut-
ed by separate hardware, as desired. The node may have
a portion of a control plane 425 following conventional
practice, spread across all nodes of the communication
network, for distributed control of the traffic in the com-
munications network. This same control plane can be
adapted and used to implement the functions of the trail
info manager and the trail comparator.
[0084] In the embodiments having management of
configuration distributed across the nodes, the equip-
ment at each node has an interface that is capable of
supporting IP, and all such equipment is connected to an
IP network. It is emphasized, however, that the use of IP
standards is not essential, and that other telecommuni-
cation protocol standards could be substituted, so long
as those other protocols permit the communication of
information between nodes as described below.
[0085] In some embodiments, each node further has
a storage device that stores a table that defines the re-
lationship between each node and other physical links in
the Synchronization Network.

Figure 4, Operational steps in configuring synchroniza-
tion trails

[0086] First an overview of the operational steps will
be described in general terms. The tables in each node
are initialized to reflect the initial state of the synchroni-
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zation network. This can be done by any node to node
communications protocol as discussed above. Each
node (including the Integrated Synchronization Network
Management node, if one is included in the embodiment)
now has a complete picture of trails indicating how ref-
erence clocks are propagated throughout the network.
Next, the synchronization network is operated, using
well-known techniques, to distribute synchronization ref-
erence clocks to each node along the trails. So long as
there are no problems or other changes, this continues
indefinitely.
[0087] However, whenever a change in status occurs
at a node, the table in the affected node is updated. The
node to node protocol is then used to propagate this in-
formation to all other nodes in the synchronization net-
work, including the Integrated Synchronization Network
Management node, if one is included in the embodiment.
As updated information is propagated throughout the
synchronization network, one or more nodes may re-
spond with their own changes in status/configuration,
therefore requiring further updates to the tables. Thus,
through well-known iterative techniques, and the node
to node protocol, the further updated information can be
propagated to all other nodes in the synchronization net-
work, including the Integrated Synchronization Network
Management node, if one is included in the embodiment.
[0088] Eventually, no further changes are made at any
nodes, and each node again has a complete picture of
how reference clocks are propagated throughout the net-
work. The synchronization network can then again be
operated, using well-known techniques, to distribute syn-
chronization reference clocks to each node. The above
described techniques make it possible to completely car-
ry out all of the synchronization network management
functions in a unified manner yet distributed across the
nodes, or under control of into a single (centralized) node.
This is especially important now that new types of equip-
ment (IP routers in particular) are starting to need to be
controlled by a Synchronization Network Management
Network as well.
[0089] Figure 4 shows some of the steps in a method
of configuring a node, either by a centralised manage-
ment system, or in a distributed way at each node. Such
configuring can encompass reconfiguration of a node af-
ter a fault or any change. At step 10, it is determined
which possible alternative frequency trails and time syn-
chronization trails lead to the node. At step 20, informa-
tion about a source of each trail is determined. The de-
termining of the source information can involve transfer
of information between nodes or can involve looking up
such information previously stored in the database. The
trail information can be periodically updated, perhaps as
a result of a fault or alarm condition, or reconfiguration
of any part of the communications network. This can be
by exchange of information between nodes, as described
in more detail below, or via a centralized management
system.
[0090] Different trails are compared at step 30, to se-

lect which trails to use for providing the synchronization
reference for the node. This comparison is biased to in-
crease the likelihood of choosing frequency and time syn-
chronization trails having a common source. These steps
can be implemented in hardware or software executed
by a general purpose processor, as desired, and can be
carried out centrally or locally at the node. More details
of examples of how some of these steps can be imple-
mented, will be described below.

Fig 5, 6 steps in comparing trails

[0091] Figure 5 shows a flow chart of steps involved in
one way of implementing the comparing step so as to
bias it. Once it is determined that configuration is needed,
step 210 involves disabling any automated selection of
a new time synchronization trail. At step 220 possible
alternative frequency trails are compared against prede-
termined criteria to choose which to use at the node.
Some ways of implementing this step are described in
more detail below. Optionally the new selection is record-
ed, optionally in a table as shown in figure 10, described
below, and if second and third priority levels and so on
are determined for the remaining frequency trails, these
priorities can also be recorded. This can enable the node
to switch to a back up trail instantly if needed, without a
full reassessment of the priorities.
[0092] Step 230 shows starting the selection of the time
synchronization trail, by determining which of the possi-
ble alternative time synchronization trails have the same
source as the chosen frequency trail. If none are found
then at step 240, a different frequency trail is selected
and step 230 is repeated. By limiting the choice of time
synchronization trail to those with the same source as
the already chosen frequency trail, this is one way of
biasing the comparing of trails to increase the likelihood
of a common source. Figure 6 shows an alternative to
figure 5 and shows a flow chart of steps involved in one
way of implementing the comparing step so as to bias it.
Once it is determined that configuration is needed, step
310 involves identifying a number of different pairs of
frequency trail and time synchronization trail, each pair
having a common source. At step 320, there different
pairs are compared against predetermined criteria, to
choose which is best. By limiting the choice to pairs hav-
ing the same source, this is another way of biasing the
comparing of trails to increase the likelihood of a common
source.

Figure 7, criteria for comparing trails

[0093] The embodiments of Figures 5 and 6 can in-
volve comparing the qualities of sources as part of the
criteria for choosing an optimum trail or pair of trails. Other
criteria can include lengths of the trails, or reliability or
congestion statistics, or data rate for example. Another
factor can be whether there are any nodes which regen-
erate the synchronization information, such as boundary
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clock nodes. Again this can be based on the node func-
tion information in the eighth column of the database as
shown in figure 10 described below. At step 350, the iden-
tity and/or quality of source by extracting information
transmitted along the trail. This can apply to both the
physical layer based trails, and the packet based trails.
The quality of the source can be in terms such as jitter,
wander or reliability for example.

Figure 8, reconfiguration example

[0094] Figure 8 shows some steps involved in recon-
figuring the network during use. At step 380 a change
occurs to the synchronization network, such as addition
of a new node, or a fault. At step 382 the nodes commu-
nicate with each other to update their database of trail
information. At step 384, a node affected by the updates
determines possible alternative frequency and time syn-
chronization trails leading to the node. At step 386,
source information for each trail is determined. This can
be the source identity, to facilitate ensuring common
source, or can encompass determining quality charac-
teristics of the source as discussed above.
[0095] At step 388 the choice of frequency and time
synchronization trails is reassessed based on the updat-
ed trail information. This can involve repeating steps
shown in figs 5 to 7 for example. At step 390, the selected
time synchronization and frequency trails are used to pro-
vide the synchronization reference for the node. Updates
to neighbouring nodes can be sent out to enable them
to update their local copy of a map of the trails of the
synchronization network and their status.

Figure 9, two stage example of configuration

[0096] The example of figure 9 has steps correspond-
ing to those of figure 5, and shows more details. At first,
the frequency trial is chosen, and the selection of time
synchronization trail is inhibited. In step 610, the node
looks up its table of trails to identify possible frequency
trails which lead to the node. At step 620, ESMC packets
are read from the physical layer underlying each of the
frequency trails, to determine an identifier of the source,
and/or its quality, for each of the frequency trails. At step
630, the possible frequency trails are compared and
ranked based on this source information, and using trail
information looked up in the database.
[0097] At step 640, the optimum of the frequency trails
is chosen, and the trail is used by extracting a clock from
data arriving at the port corresponding to the trail. The
extracted clock can be used as the basis for a frequency
reference, for example by using a phase locked loop to
lock a local clock to the derived clock or by comparing a
local clock in any other way.
[0098] At step 650, the inhibition on selection of a time
synchronization trail is lifted and at step 660 the node
looks up its table of trails to identify possible time syn-
chronization trails which lead to the node and which have

the same source s the selected frequency trail. If none
are found, at step 680, the node looks for any time syn-
chronization trails having the same source as a next
ranked frequency trail and so on, until time synchroniza-
tion trails are found. Then the best of these selected time
synchronization trails is found by comparing against giv-
en criteria as discussed above. The frequency trail is
changed if needed and at step 690, the time synchroni-
zation trail is brought into use by extracting timestamps
from the packet stream. Optionally the timing information
can be compensated for transmission delay by determin-
ing a round trip packet delay and using that to estimate
the outgoing delay from the source.

Trail comparison and selection using OSPF principles

[0099] With this trail information, the node (any network
element) can define alternative synchronization sources
without the risk of creating timing loops and in accordance
to the network synchronization plan. Alternatively, as al-
ready mentioned, the process could use some more ad-
vanced mechanisms where the network element choos-
es the most convenient synchronization reference based
on some appropriate algorithm (for instance minimizing
the length of the trails). An output indicating which trail
to select is sent to control a trail selector at the node. In
this context, although not illustrated, the selector can of
course include an internal trail from an internal sync gen-
erator which of course need not pass through any other
nodes, or over any links between nodes, in which case
the trail can be represented simply by an indication that
the trail is internal. An example of a process for such
selection of trail can use the principles used in the OSPF
(Open Shortest Path First) protocol, as shown for exam-
ple in US 6,711,411 B1 "Management of Synchronization
Network" - Stefano Ruffini, Mar. 23, 2004. The OSPF can
provide a fast reaction in case of changes in network
topology and flexibility in rearranging the network based
on proper optimization algorithm. Via an extension of the
OSPF protocol all nodes in the synchronization network
have information on the synchronization links status of
the overall synchronization network.
[0100] The basic principles are applicable to the net-
work synchronization application. It is assumed that each
node must have assigned a unique address.
[0101] The automated determination of information
about the trails of the sync network from other nodes can
use principles that are known in connection with link state
routing protocols such as the Open Shortest Path First
(OSPF) data routing protocol. These principles can be
advantageously applied in the present invention relating
to synchronization network management because they
provide for fast reaction in case of changes in network
topology, small overhead traffic, and flexibility in rear-
ranging the network based on proper optimization algo-
rithms.
[0102] This is not to be understood to mean that the
conventional link state routing protocols are necessarily
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useful for managing synchronization networks-they are
not if, for example, they do not provide for the exchange
of data pertinent to the synchronization network manage-
ment functions (e.g., data pertaining to synchronization
trails and status). However, the OSPF routing protocol
enables all routers in an IP network to have a complete
picture of the IP network for purposes of being able to
route each data packet from its source node to its intend-
ed destination node, and it will now be described how
these concepts are usefully applied to facilitate the man-
agement of synchronization networks.
[0103] In OSPF, providing all routers with a complete
picture of the IP network is accomplished by having each
router send updates of its link state (i.e., information
about changes in the status of connected links) to other
neighbouring routers in the IP network. In a recursive
way, the same information is spread throughout the net-
work, until each router has the information, and can cre-
ate a complete picture of the IP network that can be used
in the routing of IP packets.

Messages used for inter node exchange of trail info

[0104] In accordance with at least some embodiments
of the invention, a similar approach can be used to pro-
vide each node in the Synchronization Network with com-
plete information about the link status of all of the other
nodes in the Synchronization Network. To do this, the
information needed is the active synchronization refer-
ence and its status (that is, the identity of the traceable
synchronization source and its quality; and the identities
of the stand-by (back-up) synchronization references
and their status.
[0105] A number of messages are required in order to
distribute the information between the nodes. Similarly
to what is specified in OSPF the following types of mes-
sages are needed:

(Sync) Hello - to periodically inform the connected
nodes of the sender’s synchronization status;
(Sync) Database Description - to inform about the
active and stand-by synchronization references and
their quality status in the initialization phase;
(Sync) Link State Request - to update the synchro-
nization data, e.g., after the database description has
been received by a node and its own database is
found to be out of date;
(Sync) Link State Update - to inform other nodes of
changes in the synchronization status;
(Sync) Link State Acknowledgement - to acknowl-
edge the receipt of a Link State Update.

Note: all these messages are sent to the adjacent nodes.
All nodes in the network, however, recursively receive
the information.
[0106] If messages are received from nodes that are
not neighbours (according to the topology information
owned by the receiving node), these are discarded. The

list of neighbouring nodes is formed via the (Sync) Hello
messages. At network set up this may also be defined
by the network management node in order to speed up
the set up process. Additional messages are needed for
the provisioning and set up of the network, e.g.:

A command to set up which reference should be ac-
cepted as a candidate synchronization reference;
A command to set the priorities for the different ref-
erences;

One or more commands to set up thresholds for super-
visions parameters, if any.
[0107] The sequence of steps in managing such a net-
work could be summarized as follows:

The nodes are configured from a centralized system
with some basic information (e.g. priorities for mas-
ters and in general the information on sync network
topology as defined by the operator);
Tables in each node are updated using the (Sync)
Hello and (Sync) Database Description messaging).
This corresponds to step 20 of figure 3, mentioned
above. Each node (or in some cases only a central-
ized node) has a complete picture of the synchroni-
zation network;
The network is operated accordingly;
When a change occurs at node X, table of this node
is updated (again corresponding to step 20), the se-
lection of the trail for that node may be reassessed
(corresponding to step 30 of figure 3), and the new
information is propagated to all other nodes in the
network (including the centralized node) via the
(Sync) Link State Update messaging;
As information is propagated throughout the net-
work, one or more nodes may respond with their own
changes, thus further requiring changes in table of
node X. The iterative process will eventually result
in a new status of the synchronization network.

[0108] Further examples having some similar steps
are shown in other figures described below. In the case
of a fully automated network, the initial configuration can
include only basic data (such as the name and location
of the master(s)) and other constraints defined by the
operator. The trail selection (also called synchronization
reference selection) performed by each node can be car-
ried out according to some iterative process (similar to
the case of recovery after failures in the network) and
based on some appropriate rules and algorithms.

Figure 10, packet format and state tables

[0109] An example of database information owned at
a certain point in time by each node is shown in figure
10. This full table can be forwarded in the (Sync) Data-
base Description messages to the adjacent nodes. The
(Sync) Link State Update would usually only include the
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portion of the table that is requested in the (Sync) Link
State Request (e.g. the rows that concern a specific
node). The (Sync) Hello packets can include information
on the sender status only (e.g. status of the connected
sync links).
[0110] The table has a number of rows for each of the
nodes of an example network, the nodes being labelled
A, B, C, D, F, G, H, N and O respectively. In this example,
each row corresponding to a different trail leading to each
node, or to an internal trail for that node. In a first column
301 of the table, each of the nodes in the Synchronization
Network 200 is defined. For each of these nodes, an entry
in a second column 303 of the table identifies the node’s
source of synchronization. For example, node A is a PRC,
and thus has no other source. Node B has a link to receive
synchronization from node A, and this is indicated in the
second column 303. Moreover, for node B this is the pre-
ferred source of synchronization, so in a third column 305
of the table, there is an indication that this source is to
be given highest priority (e.g., priority "1").
[0111] Many nodes have more than one possible
source of synchronization. For example, node B has a
link to receive synchronization from node A, as indicated
above, but also has an internal clock that it can alterna-
tively use as a synchronization reference. Each of these
is assigned a relative priority that indicates an order of
preference of use of these possible synchronization
sources. So, for example, node B’s highest priority syn-
chronization reference is received from node A, and its
next highest priority synchronization reference (in this
case, priority "2") comes from node B’s own internal
clock.
[0112] A fourth column 307 in the table indicates the
succession of nodes through which the synchronization
reference can be traced. For example, node A is a PRC,
so there are no nodes through which its synchronization
reference is derived. For node B, the synchronization ref-
erence is traceable to node A when the highest priority
reference (i.e., the one provided by node A) is used, and
alternatively traceable to B itself when B’s own internal
clock is used. The parenthesis is used in the fourth col-
umn to indicate when a Node is part of the sync over
packet chain but is only forwarding the timing packets,
not processing them or enhancing them.
[0113] A fifth column 309 indicates for the network el-
ement, the status of the corresponding synchronization
reference. Possible states include: "Network PRC
(G.811)"; "locked (G.811)"; "stand-by (G.812)"; and
"stand-by (G.813)", the latter being a lower quality clock
than that defined by G.812. These states are well-known
in the art, and are defined, for example, in ITU-T recom-
mendation G.811 (2/97), "Timing characteristics of Pri-
mary Reference Clocks"; and ITU-T recommendation
G.812 (2/97), "Timing characteristics of Slave Clocks";
and ITU-T recommendation G.813 (8/96), "Timing char-
acteristics of SDH Equipment Slave-Clocks (SEC)".
[0114] A sixth column 311 indicates whether the trail
has a packet-based part, or whether it is carried by syn-

chronous links. A seventh column 313 in the table indi-
cates a Supervision Result, such as: Maximum Time In-
terval Error (MTIE), Time Deviation (TDEV), Frequency
Deviation (FDEV), and the like. In case of a packet based
link, this could be a PDV measurement. PDV measure-
ments are under consideration as part of standard
G.8261. These Supervision Results are the result of usu-
ally periodical supervision, and are set by the routine in
the network element performing the supervision tests.
These results may be read by the operator to check the
quality of a synchronization network, but may also be
used by the synchronization network in an automatic
manner in order to reconfigure the synchronization net-
work (e.g., in case a link exhibits poor quality). The Su-
pervision Results MTIE and TDEV are well known in the
art, and are defined in ITU-T recommendation G.810
(5/96), "Defmitions and terminology for synchronization
networks", and so need not be described here in more
detail. The Supervision Result SSM is also well known
and is defined in the above-referenced ETSI document
EG 201 783. Frequency Deviation is also a well-known
concept, and need not be defined here. An eighth column
315 indicates node functions, of nodes along the trail
which might affect the synchronization transmission
characteristics. This enables the table to include some
synchronization transmission characteristics of parts of
the trails using packet-based communications.

Fig 10, Synchronization transmission characteristics for 
the packet-based part

[0115] The main difference between physical layer
based communication and packet based communication
(for example, timing carried via IEEE 1588 (PTP) pack-
ets) is that in the former case the synchronization is dis-
tributed and regenerated by all network elements that
are part of the synchronization network. In the latter case
the timing is distributed from a master to a slave, and the
intermediate nodes may or may not be required to handle
the timing (e.g. via regeneration). Another fundamental
difference is that from a slave perspective the stand-by
reference can be defined on a master clock basis and
not on a link basis as in case of the traditional physical
layer synchronization methods.
[0116] This means that different information needs to
be exchanged between the nodes, for the packet-based
parts of the trails, and the trail comparison step needs to
be able to take account of this new information. In some
embodiments, a single unified management protocol run-
ning over the control plane can handle at the same time
different types of synchronization networks (e.g. SyncE
and IEEE1588), though in principle, the different types
of information for the packet-based and synchronous
parts could be gathered by different protocols, optionally
stored in different places, and both places accessed by
the trail comparator to enable the different types to be
compared.
[0117] The following cases of packet-based commu-
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nication can be identified:

Full packet based network running over a connec-
tion-oriented packet network;
Full packet based network running over a connec-
tion-less packet network;
Mixed physical layer/packet based network

[0118] The packet based method can also be deployed
with or without timing support of the network (e.g. timing
packets regenerated or modified in all or some of the
network nodes along a trail).
[0119] The connection-less scenario will not be dis-
cussed in detail, because delays are less predictable.
Some QoS mechanism over pre-defined paths can be
used to make the delays more predictable. The nodes
that are part of the packet-based parts of the synchroni-
zation network could be of the following types for example
(other types may be envisaged):

Nodes only forwarding the timing packet (and there-
fore adding some packet jitter);
Nodes regenerating the time (e.g. IEEE1588 Bound-
ary Clock); this is very similar to a physical layer
based clock (e.g. in terms of stand-by references,
clock quality etc.),
Nodes which enhance the packet data (e.g.
IEEE1588 Transparent Clock nodes), to enhance
the data to indicate delay values detected at the
node, and Nodes defined by the routing protocol as
an alternative path in case of failures in the network
(in this case, some interaction with the routing pro-
tocol data (e.g. OSPF LSA) could be used in order
to get a picture of the available routing paths.

[0120] These different types of nodes can affect the
timing of the synchronization information being carried
by the packets, and so information about these nodes
can represent synchronization transmission characteris-
tics of the trails. The trail comparison and selection mech-
anism in this context can be extended to take into account
for example transmission characteristics such as number
of nodes in the trail, number of nodes that are not pro-
viding timing support, number of Boundary Clock nodes,
number of transparent clock nodes and so on.
[0121] In case of a mixed physical layer/packet based
methods, this information can also be added by each
node. The comparison and selection mechanism can al-
so consider other factors such as the reliability of one
method vs. the other (in particular a physical layer based
method is not impacted by packet delay variation and
could be considered as a first priority).
[0122] The data exchanged between the nodes and
with the management network, can therefore include the
above information.
[0123] In order to avoid excessively large tables, the
synchronization network can optionally be divided up into
parts, with each part containing only data for a related

subset of the entire synchronization network.

Updating the database table avoiding timing loops

[0124] The discussion will now focus on how the con-
tents of the table are modified in the event of a failure in
the synchronization network. Suppose that a malfunction
(e.g., a break in a cable) occurs that renders the synchro-
nization link between nodes F and G for example, inop-
erative. These node identities correspond to those shown
in the rows of the table of figure 10. This means that node
G will have to obtain synchronization from another
source, and in order to avoid timing loops, other nodes
may need to be reconfigured as well. This can be coor-
dinated by utilizing a protocol to distribute table updates,
so that each node will have complete information upon
which to base reconfiguration decisions. The information
changes piece-wise, so a number of updated tables are
created and distributed in succession.
[0125] For example, after detecting the loss of its syn-
chronization source, node G would examine its own table
and discover that it cannot immediately select to receive
its synchronization reference from a further node identi-
fied as node H, since this would cause a timing loop. (The
table shows that the node H’s source is traceable to node
G.) So, node G opts instead to receive its synchronization
reference from its own internal clock.
[0126] Node G updates the table 300 to reflect this
change, and distributes it to the other nodes in the syn-
chronization network. As the table is distributed from
node to node, changes are made in a piecemeal fashion
to adjust to the previous changes. In particular, if a Su-
pervision Result indicating "ALARM" has been generated
in Node G for example as a result of the supervisor de-
tecting something not working, such as Loss of Frame,
or MTIE exceeding a certain threshold, then this
"ALARM" in turn causes Node G’s highest priority link to
transition from a "locked" state to a "FAILURE" state. In
response to this failure, Node G’s third priority synchro-
nization reference source now transitions from a "stand-
by" mode to a "locked" state (meaning that it is being
used by node G). This highlights the fact that in the ref-
erence selection algorithm, the condition of avoiding tim-
ing loops is given greater importance than choosing the
reference having the highest priority. A further conse-
quence is that node H will change to show a transition in
quality from a G.811 quality reference to a G.813 quality
reference.

Figure 11, graph of phase error during reconfiguration

[0127] Figure 11 shows how the phase error between
frequency and timing can build during a holdover, during
reconfiguration, in an example of this operation as de-
scribed by the ITU-T G.813 recommendation. The first
slope is related to the clock switching from being locked
to the external reference and entering the holdover state
(this may lead to a phase jump on the output with a mag-
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nitude of at most 120 ns, in this case the clock will enter
holdover in at least 0.016 sec given the timing require-
ments of the SDH and SyncE/SDH systems).
[0128] After that initial jump and up to about 15sec
(0.016 are taken by the second jump when the clock locks
again to the second reference) the end node enters the
hold-over state with a lower phase error slope that shall
not exceed 50 ppb. During this period the end node has
all the time to lookup its source selection table and to
verify the state of the higher priority best choice in its
table (alarms, frequency accuracy and so on).
[0129] After the validation of the best secondary source
the end-node locks to it and the phase error slope resets
to zero.
[0130] According to the configuration examples de-
scribed, the end node will use the time window up to
about 15sec to select the new Source in such a way to
guarantee that the PTP flow is generated by the same
master as the SyncE/SDH master.
[0131] In addition the end nodes having been informed
of the failure recovery (which may have or may have not
resulted in a change of master for the SyncE trail, but in
any case has probably created phase jumps) can take
appropriate actions (e.g. not use SyncE/SDH to support
time sync operations over an appropriate time interval
due to possible excessive phase error carried by the
SyncE/SDH trail).
[0132] The proposed trail selection algorithm will al-
ways select new sources for time or frequency consid-
ering which primary reference they are traceable to and
the requirement to maintain these references always
aligned.
[0133] As a consequence the slave node will need to
recover primary reference information from the protocols
used to propagate the synchronization information
through the network.
[0134] In the particular case, here used as an example
without implying any limitation, the PTP protocol will be
adopted for phase information propagation and Synchro-
nous Ethernet will be used for frequency information
propagation then the slave node will need to read the
primary reference clock of every PTP received flow in
the relative field of the PTP packets and the primary ref-
erence of every Synchronous Ethernet link in the relative
ESMC channel.

Figures 12 to 14 further example of reconfiguration fol-
lowing a fault.

[0135] In Figure 12 a hybrid synchronization network
is shown, having five nodes, A, B, C, D and E. These
node identities are not related to those shown in figure
10. A source in the form of a PRC/PTP Grandmaster is
responsible of delivering synchronization (both frequen-
cy and time) to nodes A,C, D, and E. A second source
in the form of a second PRC/PTP Grandmaster is re-
sponsible of delivering synchronization (both frequency
and time) to node B. This is passed on to node A as a

second ranked alterative pair of trails to node A. The dot-
ted line arrows indicate frequency trails and the dashed
line arrows indicate time synchronization trails. In partic-
ular, node A is supposed to have two entries in its Syn-
chronous Ethernet priority table of frequency trails, a first
being the line (narked "1") coming from node C and being
of higher priority compared to the line (marked "2") com-
ing from node B. Similarly, node E can take the frequency
at the physical layer from either node D (priority 2) or
node C (priority 1). Node A also has a PTP best master
clock algorithm which currently is selecting the PTP pack-
ets from the PTP Grandmaster #1.
[0136] Figure 12 shows the configuration of frequency
and time synchronization trails in an initial error-free con-
dition. Figures 13 and 14 show possible reconfigurations.
In Figure 13 a fault is supposed to occur at node C, shown
by a symbol in place of node C to denote that node C
cannot be contacted. Node A and node E, using the pro-
cedure explained earlier, will take synchronization from
node B and node D respectively, according to their syn-
chronization sources table. In Figure 13 is shown what
may happen if no attempt is made to choose trails having
a common source. Looking at node A, it is in a condition
where it takes frequency from node B and time from node
E, thus likely getting into accuracy issues, as already
explained.
[0137] In Figure 14 the same fault is supposed to occur
at node C but in this case the procedure for choosing
trails having the same source according to an embodi-
ment is applied. Both node A and node E will select their
frequency source according to their synchronization
sources table, as it happens in Figure 12 too, but this
time node A is aware (by means of the enhanced ESMC)
of the PRC masters that generates the timing of all in-
coming links, in particular that PRC 2 is the frequency
sync master of the selected frequency sync reference
(link from Node B). In this way Node A can also make it
sure that PTP Master 2 is also selected for time sync, so
that there is a common source for both time synchroni-
zation and frequency trails.
[0138] The above example can be generalized in case
Boundary Clocks are used. In this case the frequency
synchronization reference link (and the related PRC) se-
lected by each Boundary Clock could be based on knowl-
edge of the PTP GrandMaster currently used. The hybrid
solution based on physical layer (e.g. Synchronous Eth-
ernet) and Packet-based method (e.g. IEEE1588) can
overcome the traditional drawbacks of these solutions
deployed alone, taking the best of the two methods and
leading to an improvement in the overall synchronization
architecture with better performances.
[0139] A main advantage of at least some embodi-
ments is that without any significant cost penalty, it can
enable a more optimal implementation of a hybrid syn-
chronization solution. This can be achieved by any way
of controlling the master selection algorithm for both
phase and frequency in order to align them and avoid
any master divergence and consequent phase errors.
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[0140] Notably it can be easily implemented without
requiring any particular dedicated hardware. Indeed, ex-
isting algorithms (e.g. SDH master selection technique)
can be taken advantage of by implementing relatively
simple extensions.

Figure 15, centralised trail comparison

[0141] Figure 15 shows an example showing similar
features to those of figure 3, but differing in that the func-
tions relating to configuration, such as trail comparison,
are carried out centrally. The figure shows a centralised
synchronization network management system 500, hav-
ing a trail info manager 420, a trail info database 435, a
frequency trail comparator 930 and a time synchroniza-
tion trail comparator 932.
[0142] There is a node 410 of a synchronization net-
work, which outputs a synchronization reference or clock,
for use by synchronous parts of a communications net-
work. This node of the synchronization network has a
frequency trail selector 440 and a time synchronization
trail selector 442 for selecting which one of the various
synchronization trails leading to this node, is selected for
providing the synchronization information. As in figure 3,
this synchronization information is used by the synchro-
nization reference generator 450 in the usual way, to gen-
erate the clock, and to feed the synchronous communi-
cations processor as in figure 3. The frequency trail se-
lector is controlled by an output of the frequency trail com-
parator 930 from the centralized synchronization network
management system. The time synchronization trail se-
lector is controlled by an output of the time synchroniza-
tion trail comparator 932 from the centralized synchroni-
zation network management system.
[0143] The trail comparators use information about the
source and about the trail as stored in the database 435.
The trail information manager 420 fills and maintains this
database, by obtaining information from all the nodes in
the synchronization network. An advantage of centralis-
ing these functions, compared to having them distributed
across all the nodes, is that delays in propagating infor-
mation across large networks can be reduced. Also, it is
easier for operators to intervene in the centralised ver-
sion. Conceivably the trail info database could be held
centrally, and the trail comparator algorithm carried out
locally at each node. This would spread the computation-
al resource demands, but increase the communications
requirements between the nodes and the centralised da-
tabase.

Other features

[0144] OSPF can be extended via the definition of a
TE Link LSA (Link State Advertisement) capable of car-
rying also synchronization information. In particular, for
the synchronization applications discussed here, the
G.OSPF-TE can be adapted to distribute the synchroni-
zation network topology information useful to enable

trails to be compared and to enable trails having a com-
mon source. Note that no signalling protocol extension
is required as the information distributed via the extended
OSPF is sufficient for the nodes to properly set up the
synchronization paths.
[0145] Each TE Link in the network is described by the
OSPF with a TE Link LSA (as specified in RFC 3630 -
Traffic Engineering (TE) Extensions to OSPF Version 2)
containing a Link TLV (Type Length Value). A TE Link
LSA comprises a certain number of sub-objects called
sub-TLVs. Each of these sub-objects describes some of
the characteristics of the TE Link.
[0146] Each TE Link contains one or more Link Com-
ponents (LC) representing a physical connection be-
tween two adjacent nodes. The first parameter associat-
ed with a LC is a local identifier that can univocally identify
it: the Link Component ID. Other parameters are tech-
nology specific and, in this specific context, are related
to synchronization.
[0147] In addition to OSPF, other existing or new pro-
tocols could be considered as long as they provide ad-
ditional functionalities. For example, the LMP (Link Man-
agement Protocol), which runs between a pair of nodes
and is aimed at TE Links management, could be used to
enhance the synchronization solution.
[0148] The new parts to enable common sources can
be arranged to coexist with existing synchronization
mechanisms. Where any conflict arises, there may be a
need to have nodes ignore some parts, such as the
"SSM" protocol, which might need to be ignored in order
to avoid possible misalignments.
[0149] For the case of the physical layer based syn-
chronization networks (e.g. SyncE, SDH), all the protocol
packets described above travel a single IP hop. That
means that all network elements that participate into the
synchronization network (or that terminate it) have to be
properly addressed (the protocol shall operate on link
basis). In other words the packets shall not be carried
transparently over network elements that are part of the
synchronization network.
[0150] Other variations and embodiments can be en-
visaged within the claims.

Claims

1. A method of configuring a node of a synchronization
network, the method comprising the steps of:

identifying (10) a plurality of possible alternative
synchronization trails for passing synchroniza-
tion information from a synchronization source
to the node, the possible alternative synchroni-
zation trails comprising a plurality of time syn-
chronization trails arranged to carry time syn-
chronization information for time synchroniza-
tion at the node, and a plurality of frequency
trails, arranged to carry frequency synchroniza-
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tion information for frequency synchronization
at the node,
determining information (20) about the sources
of the possible alternative synchronization trails,
and comparing automatically (30) the possible
alternative synchronization trails, using the in-
formation about the sources, to choose one of
the time synchronization trails for the node to
use for time synchronization and to choose one
of the frequency trails for the node to use for
frequency synchronization, the comparison be-
ing biased to increase a likelihood of choosing
time synchronization and frequency trails which
share the same source, over a likelihood of
choosing trails with different sources.

2. The method of claim 1, wherein the comparing step
comprises choosing the frequency trail first (220),
and subsequently biasing the choosing (230) of the
time synchronization trail to increase a likelihood of
choosing a time synchronization trail having the
same source as that of the selected frequency trail.

3. The method of claim 1, wherein the comparing step
is biased by determining a plurality of different pairs
(310) of frequency trail and time synchronization trail,
each pair sharing the same source, and comparing
(320) the pairs to choose which pair to use.

4. The method of any preceding claim, at least some
of the frequency trails comprising a physical layer
path taken by data transmitted synchronously, from
which a clock signal can be extracted to derive the
frequency synchronization information.

5. The method of any preceding claim, at least some
of the time synchronization trails being arranged to
use packet-based communication.

6. The method of any preceding claim, the step of de-
termining information about the sources comprises
receiving at the node, information (620) transmitted
along a trail relating to a source of that corresponding
trail.

7. The method of any preceding claim, the comparing
step involving comparing (630) a quality of the sourc-
es of the different possible alternative trails.

8. The method of any preceding claim, the node having
a database (435) for storing information relating to
the trails, and the method having the steps of receiv-
ing and storing at the node updated information
about the trails from a neighbouring node, reassess-
ing at the node the choice of frequency and time
synchronization trails based on the updated informa-
tion, using the newly chosen frequency and time syn-
chronization trails for synchronization at the node,

and sending out updates to neighbouring nodes to
pass on the updates and to indicate the new trail
selection.

9. A node (410) for a synchronization network, the node
having:

a) a configuration manager (420) arranged to
identify a plurality of possible alternative syn-
chronization trails for passing synchronization
information from a synchronization source to the
node, the possible alternative synchronization
trails comprising a plurality of time synchroniza-
tion trails arranged to carry time synchronization
information for time synchronization at the node,
and a plurality of frequency trails, arranged to
carry frequency synchronization information for
frequency synchronization at the node, the con-
figuration manager also being arranged to de-
termine information about the sources of the
possible alternative synchronization trails,
b) a comparator (430, 432) arranged to compare
automatically the possible alternative synchro-
nization trails, using the information about the
sources, to choose one of the time synchroni-
zation trails for the node to use for time synchro-
nization and to choose one of the frequency
trails for the node to use for frequency synchro-
nization, the comparison being biased to in-
crease a likelihood of choosing time synchroni-
zation and frequency trails which share the
same source, over a likelihood of choosing trails
with different sources, and
c) a trail selector (440, 442) controlled by the
comparator for switching the time synchroniza-
tion information and the frequency from the cho-
sen trails to provide a synchronization reference
for the node.

10. The node of claim 9, wherein the comparator is ar-
ranged to choose the frequency trail first, and sub-
sequently bias the choosing of the time synchroni-
zation trail to increase a likelihood of choosing a time
synchronization trail having the same source as that
of the selected frequency trail.

11. The node of claim 9, wherein the comparator is ar-
ranged to determine a plurality of different pairs of
frequency trail and time synchronization trail, each
pair sharing the same source, and to compare the
pairs to choose which pair to use.

12. The node of any of claims 9 to 11, at least some of
the frequency trails comprising a physical layer path
taken by data transmitted synchronously, and at the
node, circuitry (440) arranged to extract a clock sig-
nal and derive the frequency synchronization infor-
mation, and at least some of the time synchronization
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trails being arranged to use packet-based commu-
nication.

13. A centralized management system (500) for a syn-
chronization network, the management system be-
ing arranged to carry out the method of configuring
as set out in any of claims 1 to 8 and remote from
the node.

14. A synchronization network having a management
system arranged to carry out the method of config-
uring as set out in any of claims 1 to 8, the synchro-
nization network having a number of nodes, and hav-
ing a number of synchronization trails for passing
synchronization information from the synchroniza-
tion source to the nodes of the synchronization net-
work.

15. A computer program stored on a computer readable
medium and comprising instructions executable by
a processor to cause the processor to carry out the
method of configuring as set out in any of claims 1
to 8.

Patentansprüche

1. Verfahren zum Konfigurieren eines Knotens eines
Synchronisationsnetzes, wobei das Verfahren die
folgenden Schritte umfasst:

Identifizieren (10) einer Mehrzahl von möglichen
alternativen Synchronisationsleitwegen zum
Weitergeben von Synchronisationsinformatio-
nen von einer Synchronisationsquelle an den
Knoten, wobei die möglichen alternativen Syn-
chronisationsleitwege eine Mehrzahl von Zeit-
synchronisationsleitwegen, die so ausgelegt
sind, dass sie Zeitsynchronisationsinformatio-
nen zur Zeitsynchronisation am Knoten übertra-
gen, und eine Mehrzahl von Frequenzleitwegen
umfassen, die so ausgelegt sind, dass sie
Frequenzsynchronisationsinformationen zur
Frequenzsynchronisation am Knoten übertra-
gen,
Bestimmen von Informationen (20) über Quellen
der möglichen alternativen Synchronisations-
leitwege und automatisches Vergleichen (30)
der möglichen alternativen Synchronisations-
leitwege unter Verwendung der Informationen
über die Quellen, um einen der Zeitsynchroni-
sationsleitwege für den Knoten zum Verwenden
zur Zeitsynchronisation zu wählen und einen der
Frequenzleitwege für den Knoten zum Verwen-
den zur Frequenzsynchronisation zu wählen,
wobei der Vergleich so beeinflusst wird, dass
eine Wahrscheinlichkeit des Wählens von Zeit-
synchronisations- und Frequenzleitwegen, wel-

che sich die gleiche Quelle teilen, gegenüber
einer Wahrscheinlichkeit des Wählens von Leit-
wegen mit verschiedenen Quellen erhöht wird.

2. Verfahren nach Anspruch 1, wobei der Vergleichs-
schritt zuerst ein Wählen des Frequenzleitwegs
(220) und dann ein derartiges Beeinflussen des
Wählens (230) des Zeitsynchronisationsleitwegs
umfasst, dass eine Wahrscheinlichkeit des Wählens
eines Zeitsynchronisationsleitwegs mit der gleichen
Quelle wie der des ausgewählten Frequenzleitwegs
erhöht wird.

3. Verfahren nach Anspruch 1, wobei der Vergleichs-
schritt durch Bestimmen einer Mehrzahl von ver-
schiedenen Paaren (310) von Frequenzleitweg und
Zeitsynchronisationsweg, wobei sich jedes Paar die
gleiche Quelle teilt, und Vergleichen (320) der Paare,
um zu wählen, welches Paar verwendet werden soll,
beeinflusst wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei wenigstens einige der Frequenzleitwege
einen Bitübertragungsschichtweg umfassen, der
von Daten genommen wird, die synchron übertragen
werden, und aus dem ein Taktsignal zum Ableiten
der Frequenzsynchronisationsinformationen extra-
hiert werden kann.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei wenigstens einige der Zeitsynchronisa-
tionsleitwege so ausgelegt sind, dass sie paketba-
sierte Kommunikation verwenden.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Schritt des Bestimmens von Informa-
tionen über die Quellen ein Empfangen am Knoten
von Informationen (620) umfasst, die entlang eines
Leitwegs gesendet werden, der mit einer Quelle die-
ses entsprechenden Leitwegs in Beziehung steht.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Vergleichsschritt ein Vergleichen
(630) einer Qualität der Quellen der verschiedenen
möglichen alternativen Leitwege umfasst.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Knoten eine Datenbank (435) zum
Speichern von Informationen in Bezug auf die Leit-
wege aufweist, und das Verfahren die Schritte des
Empfangens und Speicherns am Knoten von aktu-
alisierten Informationen über die Leitwege von ei-
nem Nachbarsknoten, Neubeurteilens am Knoten
der Wahl von Frequenz- und Zeitsynchronisations-
leitwegen basierend auf den aktualisierten Informa-
tionen, Verwendens der neu gewählten Frequenz-
und Zeitsynchronisationsleitwege zur Synchronisa-
tion am Knoten und Aussendens von Aktualisierun-
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gen an Nachbarsknoten zum Weitergeben der Ak-
tualisierungen und Anzeigen der neuen Leitwegaus-
wahl aufweist.

9. Knoten (410) für ein Synchronisationsnetz, wobei
der Knoten aufweist:

a) einen Konfigurationsverwalter (420), der so
ausgelegt ist, dass er eine Mehrzahl von mög-
lichen alternativen Synchronisationsleitwegen
zum Weitergeben von Synchronisationsinfor-
mationen von einer Synchronisationsquelle an
den Knoten identifiziert, wobei die möglichen al-
ternativen Synchronisationsleitwege eine Mehr-
zahl von Zeitsynchronisationsleitwegen, die so
ausgelegt sind, dass sie Zeitsynchronisations-
informationen zur Zeitsynchronisation am Kno-
ten übertragen, und eine Mehrzahl von Fre-
quenzleitwegen umfassen, die so ausgelegt
sind, dass sie Frequenzsynchronisationsinfor-
mationen zur Frequenzsynchronisation am
Knoten übertragen, wobei der Konfigurations-
verwalter außerdem so ausgelegt ist, dass er
Informationen über die Quellen der möglichen
alternativen Synchronisationsleitwege be-
stimmt,
b) einen Komparator (430, 432), der so ausge-
legt ist, dass er die möglichen alternativen Syn-
chronisationsleitwege unter Verwendung der In-
formationen über die Quellen automatisch ver-
gleicht, um einen der Zeitsynchronisationsleit-
wege für den Knoten zum Verwenden zur Zeit-
synchronisation zu wählen und einen der Fre-
quenzleitwege für den Knoten zum Verwenden
zur Frequenzsynchronisation zu wählen, wobei
der Vergleich so beeinflusst wird, dass eine
Wahrscheinlichkeit des Wählens von Zeitsyn-
chronisations- und Frequenzleitwegen, welche
sich die gleiche Quelle teilen, gegenüber einer
Wahrscheinlichkeit des Wählens von Leitwegen
mit verschiedenen Quellen erhöht wird, und
c) einen Leitwegwähler (440, 442), der vom
Komparator gesteuert wird, zum Vermitteln der
Zeitsynchronisationsinformationen und der Fre-
quenz von den ausgewählten Leitwegen, um ei-
ne Synchronisationsreferenz für den Knoten be-
reitzustellen.

10. Knoten nach Anspruch 9, wobei der Komparator so
ausgelegt ist, dass er zuerst den Frequenzleitweg
wählt und dann das Wählen des Zeitsynchronisati-
onsleitwegs derart beeinflusst, dass eine Wahr-
scheinlichkeit des Wählens eines Zeitsynchronisati-
onsleitwegs mit der gleichen Quelle wie der des aus-
gewählten Frequenzleitweg erhöht wird.

11. Verfahren nach Anspruch 9, wobei der Komparator
so ausgelegt ist, das er eine Mehrzahl von verschie-

denen Paaren von Frequenzleitweg und Zeitsyn-
chronisationsweg bestimmt, wobei sich jedes Paar
die gleiche Quelle teilt, und die Paare vergleicht, um
zu wählen, welches Paar verwendet werden soll.

12. Knoten nach einem der Ansprüche 9 bis 11, wobei
wenigstens einige der Frequenzleitwege einen Bit-
übertragungsschichtweg umfassen, der von Daten
genommen wird, die synchron übertragen werden,
und Schaltungsanordnung (440) am Knoten so aus-
gelegt ist, dass sie ein Taktsignal extrahiert und die
Frequenzsynchronisationsinformationen ableitet,
und wenigstens einige der Zeitsynchronisationsleit-
wege so ausgelegt sind, dass sie paketbasierte
Kommunikation verwenden.

13. Zentralisiertes Verwaltungssystem (500) für ein Syn-
chronisationsnetz, wobei das Verwaltungssystem
so ausgelegt ist, dass es das Konfigurationsverfah-
ren nach einem der Ansprüche 1 bis 8 und entfernt
vom Knoten ausführt.

14. Synchronisationsnetz mit einem Verwaltungssys-
tem, das so ausgelegt ist, dass es das Konfigurati-
onsverfahren nach einem der Ansprüche 1 bis 8 aus-
führt, wobei das Synchronisationsnetz eine Anzahl
von Knoten aufweist und eine Anzahl von Synchro-
nisationsleitwegen zum Weitergeben von Synchro-
nisationsinformationen von der Synchronisations-
quelle an die Knoten des Synchronisationsnetzes
aufweist.

15. Computerprogramm, das auf einem computerlesba-
ren Medium gespeichert ist und Befehle umfasst, die
von einem Prozessor ausgeführt werden können,
um den Prozessor zu veranlassen, das Konfigurati-
onsverfahren nach einem der Ansprüche 1 bis 8 aus-
zuführen.

Revendications

1. Procédé de configuration d’un noeud d’un réseau de
synchronisation, le procédé comprenant les étapes
consistant à :

identifier (10) une pluralité de voies de synchro-
nisation alternatives possibles pour faire passer
l"information de synchronisation d’une source
de synchronisation au noeud, les pistes de syn-
chronisation alternatives possibles comprenant
une pluralité de voies de synchronisation tem-
porelle agencées afin de transporter une infor-
mation de synchronisation temporelle à des fins
de synchronisation temporelle au niveau du
noeud, et une pluralité de voies de fréquence,
agencées afin de transporter une information de
synchronisation de fréquence à des fins de syn-
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chronisation de fréquence au niveau du noeud,
déterminer une information (20) concernant les
sources des voies de synchronisation alternati-
ves possibles, et comparer automatiquement
(30) les voies de synchronisation alternatives
possibles, en utilisant l’information concernant
les sources, pour choisir une des voies de syn-
chronisation temporelle que le noeud à utiliser
à des fins de synchronisation temporelle et choi-
sir une des voies de fréquence à utiliser à des
fins de synchronisation de fréquence, la com-
paraison étant influencée afin d’augmenter une
probabilité de choix d’une synchronisation tem-
porelle et de voies de fréquence qui partagent
la même source, sur une probabilité de choix de
voies avec des sources différentes.

2. Procédé selon la revendication 1, dans lequel l’étape
de comparaison comprend de choisir d’abord la voie
de fréquence (220) et ensuite influencer le choix
(230) de la voie de synchronisation temporelle afin
d’augmenter une probabilité de choix d’une voie de
synchronisation temporelle ayant la même source
que celle de la voie de fréquence sélectionnée

3. Procédé selon la revendication 1, dans lequel l’étape
de comparaison est influencée en déterminant une
pluralité de pares différentes (310) de voie de fré-
quence et voie de synchronisation temporelle, cha-
que paire partageant la même source, et comparant
(320) les paires afin de choisir quelle paire utiliser.

4. Procédé selon une quelconque des revendications
précédentes, au moins certaines des voies de fré-
quence comprenant un trajet de couche physique
emprunté par les données transmises de manière
synchrone, duquel un signal d’horloge peut être ex-
trait pour déduire l’information de synchronisation de
fréquence.

5. Procédé selon une quelconque des revendications
précédentes, au moins certaines des voies de syn-
chronisation temporelle étant agencées afin d’utili-
ser une communication basée sur paquets.

6. Procédé selon une quelconque des revendications
précédentes, l’étape de détermination d’une infor-
mation concernant les sources comprend de rece-
voir au niveau du noeud, une information (620) trans-
mise le long d’une voie relative à une source de cette
voie correspondante.

7. Procédé selon une quelconque des revendications
précédentes, l’étape de comparaison impliquant de
comparer (630) une qualité des sources des diffé-
rentes voies alternatives possibles.

8. Procédé selon une quelconque des revendications

précédentes, le noeud ayant une base de données
(435) pour mémoriser une information relative aux
voies, et le procédé ayant les étapes de réception
et mémorisation au niveau du noeud d’une informa-
tion mise à jour concernant les voies provenant d’un
noeud voisin, estimer à nouveau au niveau du noeud
le choix de voies de fréquence et de synchronisation
temporelle sur la base de l’information mise à jour,
en utilisant les voies de fréquence et de synchroni-
sation temporelle nouvellement choisies à des fins
de synchronisation au niveau du noeud, et envoyer
des mises à jour aux noeuds voisins pour faire pas-
ser les mises à jour et indiquer la nouvelle sélection
de voie.

9. Noeud (410) pour un réseau de synchronisation, le
noeud ayant :

a) un gestionnaire de configuration (420) agen-
cé pour identifier une pluralité de voies de syn-
chronisation alternatives possible pour faire
passer une information de synchronisation
d’une source de synchronisation au noeud, les
voies de synchronisation alternatives possibles
comprenant une pluralité de voies de synchro-
nisation temporelle agencées pour transporter
une information de synchronisation temporelle
à des fins de synchronisation au niveau du
noeud, et une pluralité de voies de fréquence,
agencées pour transporter une information de
synchronisation de fréquence à des fins de syn-
chronisation de fréquence au niveau du noeud,
le gestionnaire de configuration étant aussi
agencé pour déterminer une information con-
cernant les sources des voies de synchronisa-
tion alternatives possibles ;
b) un comparateur (430, 432) agencé pour com-
parer automatiquement les voies d synchroni-
sation alternatives possibles, en utilisant l’infor-
mation concernant les sources, afin de choisir
une des voies de synchronisation temporelle
pour le noeud à utiliser à des fins de synchroni-
sation temporelle et choisir une des voies de
fréquence pour le noeud à utiliser à des fins de
synchronisation de fréquence, la comparaison
étant influencée afin d’augmenter une probabi-
lité de choix de voies de synchronisation tem-
porelle et de voies de fréquence qui partagent
la même source, sur une probabilité de choisir
des voies avec des sources différentes, et
c) un sélecteur de piste (440, 442) commandé
par le comparateur pour commuter l’information
de synchronisation temporelle et la fréquence à
partir des voies choisies afin de fournir une ré-
férence de synchronisation pour le noeud.

10. Noeud selon la revendication 9, dans lequel le com-
parateur est agencé pour choisir d’abord la voie de
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fréquence, et ensuite influencer le choix de la voie
de synchronisation temporelle pour augmenter une
probabilité de choix d’une voie de synchronisation
temporelle ayant la même source que celle de la
voie de fréquence sélectionnée.

11. Noeud selon la revendication 9, dans lequel le com-
parateur est agencé pour déterminer une pluralité
de différentes paires de voies de fréquence et voies
de synchronisation temporelle, chaque paire parta-
geant la même source, et comparer les paires afin
de choisir quelle paire utiliser.

12. Noeud selon une quelconque des revendications 9
à 11, au moins certaines des voies de fréquence
comprenant un trajet de couche physique emprunté
par les données transmises de manière synchrone
et, au niveau du noeud, des circuits (440) agencés
pour extraire un signal d’horloge et déduire l’infor-
mation de synchronisation de fréquence, et au moins
certaines des voies de synchronisation temporelle
étant agencées pour utiliser une communication ba-
sée sur paquets.

13. Système de gestion centralisé (500) pour un réseau
de synchronisation, le système de gestion étant
agencé pour mettre en oeuvre le procédé de confi-
guration tel qu’exposé dans une quelconque des re-
vendications 1 à 8 et distant du noeud.

14. Réseau de synchronisation ayant un système de
gestion agencé pour mettre en oeuvre le procédé de
configuration tel qu’exposé dans une quelconque
des revendications 1 à 8, le réseau de synchronisa-
tion ayant une pluralité de noeuds, et ayant une plu-
ralité de voies de synchronisation pour faire passer
une information de synchronisation de la source de
synchronisation aux noeuds du réseau de synchro-
nisation.

15. Programme informatique mémorisé sur un support
lisible par ordinateur et comprenant des instructions
exécutables par un processeur afin d’amener le pro-
cesseur à mettre en oeuvre le procédé de configu-
ration tel qu’exposé dans une quelconque des re-
vendications 1 à 8.
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