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Method and Apparatus for Frequency Supervision

Technical Field

This application relates to generation of a highly accurate and stable oscillator
source for a digital system, and more particularly, to precise and reliable
measurement and supervision of oscillator frequencies which may be slightly drifting

away during operation of the digital system.

Background

Modern digital systems utilize many electronic components consisting of various
digital circuitry. As the plurality of electronic components of a digital system need to
be interconnected to perform the required function in the digital system, it is
necessary to enable these electronic components to communicate each other and,
in particular, to establish synchronization between various digital circuitry of these
electronic components. Therefore, in order to properly operate a digital system, a
basic requirement of every digital circuitry is a stable working clock. For example
when developing equipment for high-speed optical transmission, the essential
element is a highly stable internal oscillator to be used as a source of internal working
clock and for generating outgoing signals. Since the precise specification for
operation of the whole system needs to be kept over long time, reliable frequency
supervision of the clock is required and therefore the frequency of the clock signal

must be carefully measured in order to properly monitor any failure of oscillator(s).
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Typically a clock source is provided by a crystal oscillator which generates a stable
clock signal with the required precision. According to the stability requirement by
ITU-T, the best solution for generating a highly stable clock source is to use an Oven
Controlled Crystal Oscillator (OCXQ) as an internal oscillator of the system, because
crystal oscillators in general have very high quality factor (Q), i.e. a highly precise and
stable resonance frequency and a narrow resonance width, and further applying the
design that encloses the crystal in a temperature-controlled chamber, i.e. an oven,
can reduce environmental effects caused by such as temperature, humidity,

pressure, vibration etc.

Furthermore, clock redundancy comprising multiple oscillators can be applied in a
system to continuously provide a stable clock signal in case one of the oscillators
fails. According to related art, the frequency of an oscillator can be measured, for
example, by a direct count method that counts the number of oscillations coming
from the oscillator within a predetermined gate time. Normally such measurements
apply an internal or external time-base oscillator working precisely and stably as a
reference signal to provide the predetermined gate time. In other words, a superior
grade instance is needed in order to achieve frequency supervision function of a
crystal oscillator and the superior grade instance must be supervised by the next

higher instance and so on.

Ina clock-redundancy configuration 100 as shownin Fig. 1 where two OCXOs A 101a
and B 101b are applied, a mutual supervision of OCXOs’ frequency is implemented
by measuring the frequency of the OCXO A 101a based on the frequency of the
OCXO B 101b with a frequency measuring device for OCXO A 102a and by
measuring the frequency of the OCXO B 101b based on the frequency of the OCXO
A 101a with a frequency measuring device for OCXO B 102b. In general, measuring

the frequency of a signal “based on” another signal means to take the other signal
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as reference, and the measured frequency of the signal is related to the frequency
difference between the two signals, i.e. the measured frequency drift of the signal
depends on the frequency drift of the other signal. As illustrated in Fig. 1, the OCXO
A 101a and OCXO B 101b serve as the time-base sources for the frequency
measuring devices for OCXO B 102b and OCXO A 1024, respectively. The result of
both frequency measurements thus represents the difference between the two
OCXO frequencies focxo_a and focxo_g, i-€. a relative value of their frequency offsets
based on each other. For example, if focxo_a and focxo_g are deviated from their
nominal frequency by an offset of -7 ppm and +4 ppm, respectively, measured
focxo_a, based on focxo g 103a and measured focxo_s, based on focxo_a 103b are
therefore deviated by an offset of —11 ppm and + 11 ppm accordingly assuming they
have the same nominal frequency. However, a third “superior grade instance” is
necessary for calculating an absolute value of their frequency offsets and measuring
frequency changes of the oscillators can thus be accomplished through an external
reference source, e.g. a third OCXO with very high stability which serves as the

“superior grade instance”.

Nevertheless, the problem is the required high accuracy of the external reference
which must be significantly better than the OCXO-accuracy. Because the accuracy
of an OCXO is —typically — about 2~3 ppm, the required external reference accuracy
should be smaller than o.5 ppm, which is not available in most cases. Further,
although an external reference can be used as a superior grade instance, in many
situations the equipment cannot work with an external reference. Besides, if the
oscillator frequency in transmission equipment is drifting away, no direct detection

of frequency drifts is possible.

Thus, there is a need to accurately measure frequency drifts of oscillators in
equipment without a “superior grade instance”, thereby generating a precise and

stable system clock without support of an external reference clock. There is also a
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need forinvestigations of reliable OCXO supervision that can precisely detect a small

drift in an OCXO frequency without a superior grade instance.

Summary

In view of these needs, the present document proposes a supervision method and
apparatus having the features of the respective independent claims for supervising
a frequency of a main clock signal, where the main clock signal may be used as an
internal clock source of a digital system, e.g. transmission equipment. The main
clock signal may be provided by, for example, a crystal oscillator and may have a
level varying repeatedly between a high and a low state which results in one or more

cycles.

An aspect of the disclosure relates to a frequency supervision method. The method
may comprise measuring a plurality of first frequency values of the main clock signal
based on an external time signal. The method may comprise measuring a plurality
of second frequency values of the main clock signal based on a local reference signal.
More specifically, measuring the first frequency values of the main clock signal based
on the external time signal may comprise taking the external time signal as
reference, and the measured first frequency values of the main clock signal may be
related to the frequency difference between the main clock signal and the external
time signal, i.e. the measured frequency drift in the first frequency values of the main
clock signal may depend on the frequency drift of the external time signal. Similarly,
measuring the second frequency values of the main clock signal based on the local
reference signal may comprise taking the local reference signal as reference, and the
measured second frequency values of the main clock signal may be related to the
frequency difference between the main clock signal and the local reference signal,
i.e. the measured frequency drift in the second frequency values of the main clock

signal may depend on the frequency drift of the local reference signal. According to
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the present application, the external time signal may be configured to provide time
of day information with long-term stability. The external time signal may be a long-
term stable signal but not necessarily a short-term stable signal. The external time
signal may comprise a network-based time signal with long-term stability which may
be provided according to a Network Timing Protocol (NTP). According to the
present application, the local reference signal may be provided by a crystal oscillator
with short-term stability. The local reference signal may be a short-term stable
signal but not necessarily a long-term stable signal. The short-term stability of the
local reference signal may be more inaccurate than the short-term stability of the
main clock signal. Furthermore, the plurality of first and second frequency values of
the main clock signal may comprise first and second frequency values measured at

different time instants.

The method may comprise comparing the measured plurality of first frequency
values of the main clock signal and comparing the measured plurality of second
frequency values of the main clock signal. The method may also comprise
determining a relative long-term frequency change between the main clock signal
and the external time signal based on the comparison of the measured plurality of
first frequency values of the main clock signal. The method may further comprise
determining whether a relative frequency change exists between the main clock
signal and the local reference signal based on the comparison of the measured
plurality of second frequency values of the main clock signal. According to the
disclosure, the method may determine the relative long-term frequency change
between the main clock signal and the network-based time signal by comparing the
first frequency values measured at different time instants. The method may also
determine whether the relative frequency change exists between the main clock
signal and the local reference signal provided by the crystal oscillator by comparing

the second frequency values measure at different time instants.
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Configured as above, relative frequency changes between the main clock signal and
the local reference signal and relative long-term frequency changes between the
main clock signal and the external time signal can be accurately measured. Small
frequency drifts can thus be detected for further frequency supervision without
applying a highly-precise superior grade instance. Since the function of a highly-
precise superior grade instance may be replaced by joint exploitation of the external
time signal and the local reference signal, the cost and complexity for operating the
digital system can be significantly reduced according to the solution proposed by the
present application. For example, equipment can properly operate without
connecting to a highly-precise superior grade instance, which may also improve its

operation flexibility.

The method may further include supervising/controlling the main clock signal based
on the results of determining a relative long-term frequency change and
determining whether a relative frequency change exists. For example, if a relative
long-term frequency change exceeds a threshold, a frequency drift of the main clock
signal may be determined, implying that the oscillator which provides the main clock
signal may have lost stability, and an alarm may be raised accordingly to cause a

switch to another oscillator.

According to the disclosure, the method may further comprise measuring a plurality
of third frequency values of the main clock signal based on a second external time
signal. The method may also comprise measuring a plurality of fourth frequency
values of the main clock signal based on a second main clock signal. More
specifically, measuring the third frequency values of the main clock signal based on
the second external time signal may comprise taking the second external time signal
as reference, and the measured third frequency values of the main clock signal may
be related to the frequency difference between the main clock signal and the second

external time signal, i.e. the measured frequency drift in the third frequency values
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of the main clock signal may depend on the frequency drift of the second external
time signal. Similarly, measuring the fourth frequency values of the main clock signal
based on the second main clock signal may comprise taking the second main clock
signal as reference, and the measured fourth frequency values of the main clock
signal may be related to the frequency difference between the main clock signal and
the second main clock signal, i.e. the measured frequency drift in the fourth
frequency values of the main clock signal may depend on the frequency drift of the
second main clock signal. According to the present application, the second external
time signal may be configured to provide time of day information with long-term
stability. The second external time signal may be a long-term stable signal but not
necessarily a short-term stable signal. The second external time signal may comprise
a network-based time signal with long-term stability which may be provided
according to a Network Timing Protocol (NTP). According to the present
application, the second main clock signal may be provided by a crystal oscillator with
short-term stability. The second main clock signal may be a short-term stable signal
but not necessarily a long-term stable signal. Furthermore, the plurality of third and
fourth frequency values of the main clock signal may comprise third and fourth

frequency values measured at different time instants.

According to the disclosure, the measured plurality of third frequency values of the
main clock signal may be compared and the measured plurality of fourth frequency
values of the main clock signal may also be compared. The method may further
comprise determining an absolute long-term frequency change of the main clock
signal by comparing the plurality of first frequency values of the main clock signal
and comparing the plurality of third frequency values of the main clock signal. More
specifically, the method may determine the absolute long-term frequency change
of the main clock signal by comparing the first frequency values measured at
different time instants, i.e. comparing a first frequency value measured at a time

instant with another first frequency value measured at another time instant. The
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method may determine the absolute long-term frequency change of the main clock
signal by also comparing the third frequency values measured at different time
instants, i.e. comparing a third frequency value measured at a time instant with
another third frequency value measured at another time instant. The method may
further comprise determining an absolute frequency change of the main clock signal
by comparing the plurality of second frequency values of the main clock signal and
comparing the plurality of fourth frequency values of the main clock signal. The
method may also determine the absolute frequency change of the main clock signal
by comparing the second frequency values measured at different time instants and
comparing the fourth frequency values measured at different time instants. That is,
the method may determine the absolute frequency change by comparing a second
frequency value measured at a time instant with another second frequency value
measured at another time instant and comparing a fourth frequency value measured
at a time instant with another fourth frequency value measured at another time

instant.

Further according to the disclosure, the method may comprise storing the plurality
of first frequency values, the plurality of second frequency values, the plurality of
third frequency values and the plurality of fourth frequency values of the main clock
signal. In other words, the plurality of first frequency values, the plurality of second
frequency values, the plurality of third frequency values and the plurality of fourth
frequency values of the main clock signal may be stored in a history log for providing
the respective measured frequency values at different time instants. According to
the disclosure, the plurality of first frequency values may comprise a current first
frequency value and a previous first frequency value measured at a previous time
instant. Similarly, the plurality of second frequency values may comprise a current
second frequency value and a previously measured second frequency value, the
plurality of third frequency values may comprise a current third frequency value and

a previously measured third frequency value and the plurality of fourth frequency
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values may comprise a current fourth frequency value and a previously measured

fourth frequency value.

The plurality of second frequency values of the main clock signal may comprise a
current second frequency value and a plurality of previous second frequency values.
The plurality of fourth frequency values of the main clock signal may comprise a
current fourth frequency value and a plurality of previous fourth frequency values.
The method may further comprise determining a relative short-term frequency
change between the main clock signal and the local reference signal based on the
comparison of the current second frequency value with the plurality of previous
second frequency values of the main clock signal. Similarly, the method may further
comprise determining an absolute short-term frequency change of the main clock
signal by comparing the current second frequency value with the plurality of
previous second frequency values of the main clock signal and comparing the current
fourth frequency value with the plurality of previous fourth frequency values of the

main clock signal.

The method may further include supervising/controlling the main clock signal based
on the results of determining a relative short-term frequency change and
determining an absolute short-term frequency change thereof. For example, if a
relative short-term frequency change and/or an absolute short-term frequency
change exceed(s) a threshold, a frequency drift of the main clock signal may be
determined, implying that the oscillator which provides the main clock signal may
have lost stability, and an alarm may be raised accordingly to cause a switch to

another oscillator.

Configured as above, by combining the functions of the external time signal and the
local reference signal, accurate frequency measurements of the main clock signal

such as relative long-term and short-term frequency changes and absolute long-
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term and short-term frequency changes can be easily achieved, thereby enabling
reliable frequency supervision without employing a highly-precise superior grade
instance, which improves flexibility for operating the digital system with reduced

cost and complexity.

According to the present application, measuring the plurality of first frequency
values of the main clock signal may comprise reading a time of day via a network,
reading a counting content, saving the time of day and calculating a frequency value
of the main clock signal based on the counting content and the saved time of day.
The time of day may be used to determine a time interval and the counting content
may comprise a counted number of cycles of the main clock signal counted during
the time interval. The main clock signal may be provided by an Oven Controlled
Crystal Oscillator (OCXO). Furthermore, measuring the plurality of first frequency
values of the main clock signal may comprise filtering the plurality of first frequency
values of the main clock signal. Similarly, measuring the plurality of third frequency
values of the main clock signal may comprise filtering the plurality of third frequency
values of the main clock signal. Filtering the plurality of first frequency values and
the plurality of third frequency values of the main clock signal may comprise
averaging the measured first and third frequency values or averaging the deviation
of the measured first and third frequency values by applying, for example, a sliding
filter. In order to overcome the delay associated with filtering, the previous first
frequency value and the previous third frequency value may be preferably obtained
at the end of a previous filter response time, and the current first frequency value
and the current third frequency value may be preferably obtained at the end of a

current filter response time.

Configured as above, by filtering the plurality of first frequency values and the
plurality of third frequency values of the main clock signal, the accuracy of frequency

measurements can be improved in spite of fluctuations in the external time signal.
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As such, small frequency drifts of the main clock signal, e.g. relative long-term and
short-term frequency changes and absolute long-term and short-term frequency
changes, can be accurately detected so that the frequency of the main clock signal
can be properly supervised without employing a highly-precise superior grade
instance. The method proposed by the present application therefore provides

enhanced flexibility for operating equipment with reduced cost and complexity.

Another aspect of the disclosure relates to a frequency supervision apparatus. The
apparatus may comprise a first frequency measurement section configured to
repeatedly measure a first frequency value of the main clock signal based on an
external time signal, a second frequency measurement section configured to
repeatedly measure a second frequency value of the main clock signal based on a
local reference signal and a frequency supervision section configured to determine a
relative long-term frequency change between the main clock signal and the external
time signal. More specifically, to measure the first frequency values of the main clock
signal based on the external time signal may comprise taking the external time
signal as reference, and the measured first frequency values of the main clock signal
may be related to the frequency difference between the main clock signal and the
external time signal. Similarly, to measure the second frequency values of the main
clock signal based on the local reference signal may comprise taking the local
reference signal as reference, and the measured second frequency values of the
main clock signal may be related to the frequency difference between the main clock
signal and the local reference signal. The frequency supervision section may also be
configured to determine a relative frequency change between the main clock signal
and the local reference signal. The frequency supervision section may determine the
relative long-term frequency change and the relative frequency change by
comparing the measured first frequency values of the main clock signal and
comparing the measured second frequency values of the main clock signal,

respectively. The frequency supervision section may further supervise/control the
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main clock signal based on the results of determining a relative long-term frequency
change and a relative frequency change. For example, if a relative long-term
frequency change exceeds a threshold, a frequency drift of the main clock signal may
be determined, implying that the oscillator which provides the main clock signal may
have lost stability, and an alarm may be raised accordingly to cause a switch to

another clock signal.

Furthermore, the first frequency measurement section may comprise a time-base
unit, a counter section and a processing unit. The time-base unit may be configured
to receive the external time signal via a network, e.g. a communications network,
and the counter section may comprise a counting unit configured to receive the main
clock signal and to count a number of cycles of the main clock signal during a time
interval. The counting unit may comprise e.g. a counter which may be typically
implemented in hardware. The time interval may be determined based on the
received external time signal. The processing unit may be configured to calculate the
first frequency value of the main clock signal based on the counted number of cycles
of the main clock signal and the time interval. The processing unit may comprise, for
example, but not limited to, central processing unit (CPU), network processor, digital

signal processor (DSP), etc., which are capable of executing software.

Configured as above, by combining the functions of the first frequency
measurement section and the second frequency measurement section, relative
frequency changes between the main clock signal and the local reference signal and
relative long-term frequency changes between the main clock signal and the
external time signal can be accurately measured, which allows detection of small
frequency drifts without applying a highly-precise superior grade instance. As such,
the apparatus disclosed by the present application significantly reduces the cost and

complexity for operating a digital system, e.g. transmission equipment which
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requires a highly-stable and precise internal clock signal, and further enables more

flexible operation thereof.

According to the disclosure, the counter section of the first frequency measurement
section may further comprise a memory configured to save a content of the counting
unit associated with the counted number of cycles of the main clock signal upon
receiving a pulse signal. The counter section may be configured to transfer the
content of the counting unit to the memory upon receiving the pulse signal and to
reset the counting unit upon transferring the content of the counting unit to the
memory. According to the disclosure, the external time signal may comprise a
network-based time signal providing a time of day (ToD). The network-based time
signal may be long-term stable and may be provided according to a Network Timing
Protocol (NTP) which is a proposed standard as documented in RFC 5gos. The
apparatus may also comprise a crystal oscillator configured to provide the local

reference signal.

Furthermore, the processing unit of the first frequency measurement section may
be configured to send the pulse signal via an interface to the counter section, read
the ToD from the time-base unit and save the ToD as a first ToD value. The interface
may comprise a General Purpose Input/Output (GPIO) pin which may be connected
between the counter section and the processing unit. The processing unit may be
further configured to read the content of the counting unit associated with the
counted number of cycles of the main clock signal from the memory, save the first
ToD value as a second ToD value and calculate the first frequency value of the main
clock signal based on the content of the counting unit and a difference between the
first ToD and the second ToD value. It is noted that the first ToD value may refer to
a current ToD and the second ToD value may refer to a preceding ToD. Accordingly,
the difference between the first ToD and the second ToD value may refer to the time

interval during which the cycles of the main clock signal are counted.
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According to the disclosure, the processing unit may comprise a timer configured to
trigger the sending of the pulse signal, the reading of the ToD and the saving of the
ToD as the first ToD value. According to the disclosure, the processing unit may be
configured to process a plurality of tasks and may send the pulse signal via the
interface to the counter section, read the ToD from the time-base unit and save the
ToD as the first ToD value by a high-priority task or process. Moreover, the
processing unit may read the content of the counting unit, save the first ToD value
as the second ToD value and calculate the first frequency value of the main clock
signal by a low-priority task or process. The tasks may be scheduled for operation on
the processing unit according to their respective priorities by an operating system. It
is noted that the high-priority task may comprise one or more time-critical
instructions and may be accomplished during a very short time. It is also noted that
the low-priority task may comprise one or more complex and/or time-uncritical
instructions. It is further noted that the counter section may be implemented in
hardware domain, while the time-base unit and the processing unit may be

implemented in software domain.

Configured as above, by dividing the plurality of tasks to be processed by the
processing unit into high- and low-priority tasks, accurate frequency measurements
based on a network-based time signal can be efficiently achieved, thereby allowing
to precisely detect small frequency drifts of the main clock signal without employing
a highly-precise superior grade instance. The apparatus proposed by the present
application therefore enables reliable frequency supervision of the main clock signal

with reduced cost and complexity.

According to the disclosure, the apparatus may further comprise a third frequency
measurement section configured to repeatedly measure a third frequency value of

the main clock signal based on a second external time signal. The apparatus may also
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comprise a fourth frequency measurement section configured to repeatedly
measure a fourth frequency value of the main clock signal based on a second main
clock signal. More specifically, to measure the third frequency values of the main
clock signal based on the second external time signal may comprise taking the
second external time signal as reference, and the measured third frequency values
of the main clock signal may be related to the frequency difference between the
main clock signal and the second external time signal. Similarly, to measure the
fourth frequency values of the main clock signal based on the second main clock
signal may comprise taking the second main clock signal as reference, and the
measured fourth frequency values of the main clock signal may be related to the
frequency difference between the main clock signal and the second main clock
signal. According to the disclosure, the second external time signal may comprise a
network-based time signal providing a time of day (ToD). The network-based time
signal may be long-term stable and may be provided according to a Network Timing
Protocol (NTP). The main clock signal may be provided by an Oven Controlled
Crystal Oscillator (OCXO). The second main clock signal may also be provided by
OCXO. Further, the third frequency measurement section may comprise one or
more elements which may be similar to, for example, the time-base unit, the counter

section and the processing unit of the first frequency measurement section.

The apparatus may further comprise a filtering unit configured to filter the measured
first frequency values and the measured third frequency values of the main clock
signal. According to the disclosure, the measured first frequency values, the
measured second frequency values, the measured third frequency values and the
measured fourth frequency values may be stored in a history log. With all the
measured frequency values available, the frequency supervision section may then
determine whether the frequency of the main clock signal is erratic by comparing a
previously stored second frequency value and a previously stored fourth frequency

value with a current second frequency value and a current fourth frequency value.
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The frequency supervision section may also determine a short-term frequency
change of the main clock signal by comparing at least two previously stored second
frequency values and at least two previously stored fourth frequency values with a
current second frequency value and a current fourth frequency value. Furthermore,
the frequency supervision section may determine a long-term frequency change of
the main clock signal by comparing a previously stored first frequency value and a
previously stored third frequency value with a current first frequency value and a
current third frequency value. It should also be noted that the previously stored first
frequency value and the previously stored third frequency value may be preferably
obtained at the end of a previous filter response time of the filtering unit. The current
first frequency value and the current third frequency value may be preferably

obtained at the end of a current filter response time of the filtering unit.

Configured as above, accurate frequency measurements and frequency drift
detection of the main clock signal such as relative long-term and short-term
frequency changes and absolute long-term and short-term frequency changes can
be easily achieved, thereby enabling reliable frequency supervision without
employing a highly-precise superior grade instance, which improves flexibility for

operating a digital system with reduced cost and complexity.

Another aspect of the disclosure relates to a frequency supervision method in a
clock-redundancy system. The clock-redundancy system may comprise a plurality of
oscillator sources and may switch clock operation between the oscillator sources.
The clock-redundancy system may be configured to receive a main clock signal from
an oscillator source and to receive a second main clock signal from a second
oscillator source. The frequency supervision method may comprise measuring a
plurality of first frequency values of the main clock signal based on an external time
signal, measuring a plurality of second frequency values of the main clock signal

based on a local reference signal, measuring a plurality of third frequency values of
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the main clock signal based on a second external time signal and measuring a
plurality of fourth frequency values of the main clock signal based on the second
main clock signal. More specifically, measuring the first frequency values of the main
clock signal based on the external time signal may comprise taking the external time
signal as reference, and the measured first frequency values of the main clock signal
may be related to the frequency difference between the main clock signal and the
external time signal. Similarly, measuring the second frequency values of the main
clock signal based on the local reference signal may comprise taking the local
reference signal as reference, and the measured second frequency values of the
main clock signal may be related to the frequency difference between the main clock
signal and the local reference signal. As mentioned above, measuring the third
frequency values of the main clock signal based on the second external time signal
may comprise taking the second external time signal as reference, and the measured
third frequency values of the main clock signal may be related to the frequency
difference between the main clock signal and the second external time signal.
Measuring the fourth frequency values of the main clock signal based on the second
main clock signal may comprise taking the second main clock signal as reference,
and the measured fourth frequency values of the main clock signal may be related
to the frequency difference between the main clock signal and the second main clock
signal. Moreover, the method may comprise determining a long-term frequency
change of the main clock signal based on the measured plurality of first frequency
values of the main clock signal and the measured plurality of third frequency values
of the main clock signal. The method may further comprise determining a frequency
change and a short-term frequency change of the main clock signal based on the
measured plurality of second frequency values of the main clock signal and the

measured plurality of fourth frequency values of the main clock signal.

The frequency supervision method may further include supervising/controlling the

main clock signal based on the results of determining a long-term frequency change
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of the main clock signal and determining a frequency change and a short-term
frequency change of the main clock signal. For example, if a long-term frequency
change and/or a short-term frequency change exceed(s) a threshold, a frequency
drift of the main clock signal may be determined, implying that the oscillator source
may have lost stability, and an alarm may be raised accordingly to cause a switch to
the second oscillator source. The method may also determine a frequency drift of
the second main clock signal. Similarly, when determining that the second oscillator
source may have lost stability, an alarm may be raised accordingly to cause a switch

to the oscillator source.

According to the disclosure, the local reference signal may be provided by a crystal
oscillator with short-term stability and the external time signal and/or the second
external time signal may be configured to provide time of day information with long-
term stability. In particular, the external time signal and/or the second external time
signal may comprise a network-based time signal with long-term stability. For
example, the network-based time signal may be provided according to a Network
Timing Protocol (NTP). Furthermore, the oscillator source and/or the second

oscillator source may be provided by an Oven Controlled Crystal Oscillator (OCXO).

Further according to the disclosure, measuring the plurality of first frequency values
and the plurality of third frequency values of the main clock signal may comprise
reading a time of day via a network, reading a counting content, saving the time of
day and calculating a frequency value of the main clock signal based on the counting
content and the saved time of day. Moreover, measuring the plurality of first
frequency values and the plurality of third frequency values of the main clock signal
may comprise filtering the plurality of first frequency values and the plurality of third

frequency values of the main clock signal.
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The method may further comprise storing the measured plurality of first frequency
values, the measured plurality of second frequency values, the measured plurality of
third frequency values and the measured plurality of fourth frequency values of the
main clock signal in a history log. Accordingly, the stored plurality of first frequency
values, the stored plurality of second frequency values, the stored plurality of third
frequency values and the stored plurality of fourth frequency values of the main
clock signal may comprise current and previously stored first frequency values,
current and previously stored second frequency values, current and previously
stored third frequency values and current and previously stored fourth frequency

values of the main clock signal.

Configured as above, by combining the functions of the external time signal, the
local reference signal, the second external time signal and the second main clock
signal which exist in the clock-redundancy system, accurate frequency
measurements of the main clock signal can be easily achieved to enable reliable
frequency supervision without employing a highly-precise superior grade instance,
which improves flexibility for operating the digital system with reduced cost and
complexity. The accuracy of frequency measurements can be improved by filtering
the plurality of first frequency values and the plurality of third frequency values of
the main clock signal in spite of fluctuations in the external time signal, thereby
enabling precise detection of small frequency drifts in the main clock signal so that
frequency of the main clock signal can be properly supervised without employing a

highly-precise superior grade instance.

It will be appreciated that method steps and device features may be interchanged in
many ways. In particular, the details of the disclosed device can be implemented as

a method, as the skilled person will appreciate.
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Brief Description of the Figures

Embodiments of the disclosure are explained below in an exemplary manner with

reference to the accompanying drawings, wherein

Fig. 1 schematically illustrates a conventional clock-redundancy configuration;

Fig. 2 schematically illustrates a frequency supervision apparatus 200 according to

embodiments of the disclosure;

Fig. 3 illustrates processing steps of the frequency supervision apparatus 200

according to embodiments of the disclosure;

Fig. 4 schematically illustrates a frequency supervision apparatus 400 according to

embodiments of the disclosure;

Fig. 5 schematically illustrates a frequency measurement section 5oo which may be
applied in the frequency supervision apparatus 200, 400 according to embodiments

of the disclosure;

Fig. 6 schematically illustrates an example of a Network Management system 600;

Fig. 7 schematically illustrates the operation of a frequency measurement section
divided between software and hardware domain according to embodiments of the

disclosure;

Fig. 8 schematically illustrates a frequency measurement section 800 according to

embodiments of the disclosure;
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Fig. 9 schematically illustrates an example of signal diagrams that depicts the
operation of the frequency measurement section 800 according to embodiments of

the disclosure;

Fig. 10 schematically illustrates an example of calculation for frequency stabilization

through a sliding-window filter according to embodiments of the disclosure; and

Fig. 11 schematically illustrates measured frequency of the main clock signal over

time according to embodiments of the disclosure.

Detailed Description

The basic idea in this disclosure comprises substituting a highly precise and stable
superior grade instance by a combination of a simple external time signal and a
cheap local reference signal for frequency supervision of a clock signal as well as
realizing accurate frequency measurements of the clock signal despite any inherent
inaccuracy caused by internal components. The proposed method and apparatus
give a specific solution for problems regarding frequency measurement and

supervision, for example for a crystal oscillator supervision.

Fig. 2 is a schematic illustration of a frequency supervision apparatus 200 according
to embodiments of the disclosure. The frequency supervision apparatus 200 is
configured to measure and monitor a frequency of a main clock signal 231a and
comprises a first frequency measurement section 211a and a second frequency
measurement section 212a. The first frequency measurement section 211a receives
the main clock signal 231a from an oscillator source 201a and receives from an
external time source 202a an external time signal 232a which serves as a time base

for the first frequency measurement section 211a. The first frequency measurement
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section 211a repeatedly measures a first frequency value 221a of the main clock
signal 231a based on the external time signal 232a. As mentioned above, measuring
the first frequency values 221a of the main clock signal 231a “"based on” the external
time signal 232a means to take the external time signal 232a as reference, and the
measured first frequency values of the main clock signal may be related to the
frequency difference between the main clock signal 231a and the external time
signal 232a. According to some embodiments, the oscillator source 201a comprises
an Oven Controlled Crystal Oscillator (OCXO) and the main clock signal 231a is
provided by the OCXO. In some embodiments, the oscillator source 201a comprises
other types of crystal oscillator such as temperature-compensated crystal oscillator
(TCXO) or other types of oscillators such as circuit oscillators. In general, the main
clock signal 231a can be generated by any type of oscillator to have a level varying

repeatedly between a high and a low state which results in one or more cycles.

Further, it is noted that the external time signal 232a is provided to carry time
information such as a time of day (ToD). In some embodiments, the external time
signal 232a comprises a network-based time signal which may be provided
according to, for example, but not limited to, a Network Timing Protocol (NTP). In
some embodiments, the external time signal 232a may also be provided according
to other clock synchronization protocols such as Precision Time Protocol. Other
clock synchronization methods including a radio clock signal in the Global
Positioning System may also be used for providing the external time signal 232a
which carries time information. It should be noted that the external time signal 232a

is long-term stable but not necessarily short-term unstable.

The second frequency measurement section 212a receives the main clock signal
231a from the oscillator source 201a and receives from a local reference source 203
a local reference signal 233 which serves as a time base for the second frequency

measurement section 212a. The second frequency measurement section 212a
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repeatedly measures a second frequency value 222a of the main clock signal 231a
based on the local reference signal 233. As mentioned above, measuring the second
frequency values 222a of the main clock signal 231a “based on” the local reference
signal 233 means to take the local reference signal 233 as reference, and the
measured second frequency values of the main clock signal may be related to the
frequency difference between the main clock signal 231a and the local reference
signal 233. In some embodiments, the local reference source 203 comprises a crystal
oscillator and the local reference signal 233 is generated by the crystal oscillator. It
is noted that the local reference signal 233 is short-term stable but needs not to be
long-term stable, and it is therefore sufficient to simply apply a cheap crystal

oscillator for the local reference source 203.

The frequency supervision apparatus 200 further comprises a frequency supervision
section (not shown) to monitor frequency drifts of the main clock signal 231a. In
particular, after the first frequency measurement section 211a and the second
frequency measurement section 212a have measured the first frequency values 221a
and the second frequency values 222a of the main clock signal 231a, the frequency
supervision section determines a relative long-term frequency change between the
main clock signal 231a and the external time signal 232a. The frequency supervision
section also determines a relative frequency change between the main clock signal
231a and the local reference signal 233. The relative long-term frequency change
between the main clock signal 231a and the external time signal 232a is determined
by comparing the measured first frequency values 221a of the main clock signal. The
relative frequency change between the main clock signal 231a and the local
reference signal 233 is determined by comparing the measured second frequency

values 222a of the main clock signal.

For example, the measured first frequency values 221a and the measured second

frequency values 222a of the main clock signal are stored in a history log file
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containing all or part of the measured frequency results measured at different time
instants. The measured frequency values may also be stored in a file of other types
or be stored in other forms. According to the stored measured frequency results,
frequency changes/drifts of the main clock signal 231a can be monitored by
analyzing a current frequency value, i.e. f[n], and one or more previously stored
frequency values, i.e. f[n-1], f[n-2], ..., f[n-k]. That is, the measured first frequency
values 221a comprises at least a current first frequency value and a previous first
frequency value measured at a previous time instant. The measured second
frequency values 222a of the main clock signal comprises a current second frequency
value and a plurality of previous second frequency values measured at previous time
instants, depending on how many frequency samples are to be considered. In some
embodiments, determining a relative long-term frequency change between the
main clock signal 231a and the external time signal 232a is based on the comparison
of a current first frequency value with a previous first frequency value of the main
clock signal 231a. In some embodiments, determining a relative short-term
frequency change between the main clock signal 231a and the local reference signal
233 is based on the comparison of a current second frequency value with a plurality
of previous second frequency values of the main clock signal 231a. In some
embodiments, determining whether a relative frequency change exists between the
main clock signal 231a and the local reference signal 233 is based on the comparison
of a current second frequency value with a plurality of previous second frequency

values of the main clock signal 231a.

Fig. 3 schematically illustrates corresponding processing steps of the frequency
supervision apparatus 200 according to embodiments of the disclosure. Method 300
comprises measuring, by the first frequency measurement section 211a, a plurality
of first frequency values 221a of the main clock signal based on an external time
signal (step S301) and measuring, by the second frequency measurement section

2123, a plurality of second frequency values 222a of the main clock signal based on
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a local reference signal (step S302). Also, the method 300 comprises comparing the
measured plurality of first frequency values of the main clock signal (step S303) and
comparing the measured plurality of second frequency values of the main clock
signal (step S304). The method 300 further comprises determining, by the frequency
supervision section, a relative long-term frequency change between the main clock
signal and the external time signal based on the comparison of the measured
plurality of first frequency values 221a of the main clock signal (step S305) and
determining, by the frequency supervision section, whether a relative frequency
change exists between the main clock signal and the local reference signal based on
the comparison of the measured plurality of second frequency values 222a of the

main clock signal (step S306).

A similar concept may also be applicable to a clock-redundancy system. Fig. 4 is a
schematic illustration of a frequency supervision apparatus 4oo according to
embodiments of the disclosure. Similar to the frequency supervision apparatus 200,
the frequency supervision apparatus 400 is configured to measure and monitor a
frequency of a main clock signal 431a and comprises a first frequency measurement
section 411a and a second frequency measurement section 412a. The first frequency
measurement section g411a receives the main clock signal 431a from an oscillator
source 4o1a and receives from an external time source 402a an external time signal
432a which serves as a time base for the first frequency measurement section 411a.
The first frequency measurement section 411a repeatedly measures a first
frequency value 421a of the main clock signal 431a based on the external time signal
432a. That is, measuring the first frequency values g21a of the main clock signal 431a
“based on” the external time signal 432a means to take the external time signal 432a
as reference, and the measured first frequency values of the main clock signal may
be related to the frequency difference between the main clock signal 431a and the
external time signal 432a. The second frequency measurement section 412a

receives the main clock signal 431a from the oscillator source 4o01a and receives from



10

15

20

25

WO 2017/194430 PCT/EP2017/060841

-26-

a local reference source 403 a local reference signal 433 which serves as a time base
for the second frequency measurement section gi2a. The second frequency
measurement section 412a repeatedly measures a second frequency value 422a of
the main clock signal 431a based on the local reference signal 433. As mentioned
above, measuring the second frequency values 422a of the main clock signal 431a
“based on” the local reference signal 433 means to take the local reference signal
433 as reference, and the measured second frequency values of the main clock signal
may be related to the frequency difference between the main clock signal 431a and

the local reference signal 433.

Since the frequency supervision apparatus 400 operates in a clock-redundancy
configuration, it comprises a second oscillator source 401b providing a second main
clock signal 431b. Due to the required redundancy, each oscillator source/signal is
supervised by four frequency measurements. Accordingly, the frequency
supervision apparatus 4oo further comprises a third frequency measurement section
413a configured to repeatedly measure a third frequency value 423a of the main
clock signal based on a second external time signal 432b. As mentioned above,
measuring the third frequency values 423a of the main clock signal 431a “based on”
the second external time signal means to take the second external time signal 432b
as reference, and the measured third frequency values of the main clock signal may
be related to the frequency difference between the main clock signal 431a and the
second external time signal 432b. As depicted in Fig. 4, the third frequency
measurement section 413a receives the main clock signal 431a from the oscillator
source 4o1a and receives from a second external time source 4o02b the second
external time signal 432b which serves as a time base for the third frequency
measurement section 413a. The frequency supervision apparatus 4oo further
comprises a fourth frequency measurement section 414a configured to repeatedly
measure a fourth frequency value 424a of the main clock signal based on the second

main clock signal 431b. Measuring the fourth frequency values 424a of the main
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clock signal 431a “based on” the second main clock signal 431b means to take the
second main clock signal 431b as reference, and the measured fourth frequency
values of the main clock signal may be related to the frequency difference between
the main clock signal 431a and the second main clock signal 431b. The fourth
frequency measurement section 414a receives the main clock signal 431a from the
oscillator source 4o1a and receives from the second oscillator source 4o1b the
second main clock signal 431b which serves as a time base for the fourth frequency
measurement section 414a. In some embodiments, the frequency supervision
apparatus 400 may further comprise another four frequency measurement sections
411b, 412b, 413b, 414b for measuring and monitoring a frequency of the second
main clock signal 431b. By applying the frequency supervision apparatus 400
operating in a clock-redundancy configuration, eight measured frequency values
4213, 422a, 423, 4243, 421b, 422b, 423b, 424b are obtained at a certain time

instant.

Further, it is noted that the external time signal 432a and the second external time
signal 432b are provided to carry time information such as a time of day (ToD). In
some embodiments, the external time signal 432a and/or the second external time
signal 432b comprise(s) a network-based time signal which may be provided
according to, for example, but not limited to, a Network Timing Protocol (NTP). In
some embodiments, the external time signal 432a and/or the second external time
signal 432b may also be provided according to other clock synchronization protocols
such as Precision Time Protocol. Other clock synchronization methods including a
radio clock signal in the Global Positioning System may also be used for providing
the external time signal 432a and/or the second external time signal 432b which

carries time information. It should be noted that the external time signal 432a and



10

15

20

25

WO 2017/194430 PCT/EP2017/060841

-28-

the second external time signal 432b are long-term stable but typically short-term

unstable.

According to some embodiments, the oscillator source 4o1a and/or the second
oscillator source 4o1b comprise(s) an OCXO and thus the main clock signal 431a
and/or the second main clock signal 431b is provided by the OCXO. In some
embodiments, the oscillator source 401a and/or the second oscillator source 4o1b
comprise(s) other types of crystal oscillator such as TCXO or other types of
oscillators such as circuit oscillators. In general, the main clock signal 431a and the
second main clock signal 431b can be generated by any type of oscillator to have a
level varying repeatedly between a high and a low state which results in one or more

cycles.

According to some embodiments, the local reference source 403 comprises a crystal
oscillator and the local reference signal 433 is generated by the crystal oscillator. It
is noted that the local reference signal 433 is short-term stable but needs not to be
long-term stable, and it is therefore sufficient to simply apply a cheap crystal
oscillator for the local reference source 403. For example, in the clock-redundancy
configuration, the local reference source 403 may be a separate and non-redundant
cheap crystal oscillator (XO). Normally, such a cheap crystal oscillator XO has lower
stability compared to OCXO. The typical frequency offset of an OCXO is about +/-

2.5 ppm, while the typical frequency offset of a crystal oscillator may reach about +/-

50 ppm.

The measured frequency in general has a very large value, as the clock frequency is
usually higher than 10MHz. In order to obtain simple and manageable values, the

measured frequency values may be converted into frequency offset, i.e. the
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deviation of the measured frequency focxo from the nominal frequency frominal, by

the following equations:

fOCXO - fnominal = Af (HZ)
Af

1 0_6 X fnominal

= Af (ppm)

After the conversion, the measured frequency values (e.g. the eight converted
results 4214, 422a, 4234, 42443, 421b, 422b, 423b, 424b) are stored cyclicin a history
log file. The measured frequency values may contain the results measured at
different time instants. Depending on the number of frequency samples of different
time instants which are to be considered, the cyclic time and length of the history
log can be defined accordingly. The measured frequency values may also be stored

in a file of other types or be stored in other forms.

The frequency supervision apparatus 400 further comprises a frequency supervision
section (not shown) to monitor frequency drifts of the main clock signal 431a and
the second main clock signal 431b. Similar to the embodiments of the frequency
supervision apparatus 200, the frequency supervision section determines a relative
long-term frequency change between the main clock signal 431a and the external
time signal 432a by comparing a current first frequency value with a previous first
frequency value of the main clock signal. The frequency supervision section of the
frequency supervision apparatus 400 also determines whether a relative frequency
change exists between the main clock signal 431a and the local reference signal 433
by comparing a current second frequency value with a plurality of previous second
frequency values of the main clock signal and determines a relative short-term

frequency change between the main clock signal 431a and the local reference signal



10

15

20

25

WO 2017/194430 PCT/EP2017/060841

_30_

433 based on the comparison of a current second frequency value with a plurality of

previous second frequency values of the main clock signal 431a.

The frequency supervision section of the frequency supervision apparatus 400
further determines an absolute long-term frequency change of the main clock signal
431a by at least comparing the plurality of first frequency values 421a of the main
clock signal, i.e. a current first frequency value and a previous first frequency value
measured at a previous time instant, and comparing the plurality of third frequency
values 423a of the main clock signal, i.e. a current third frequency value and a
previous third frequency value measured at a previous time instant, for example, by
comparing 421a, 4234, 421b, 423b at the end of previous and at the end of the actual
filter response time to get slow/long-term changes of focxo. The frequency
supervision section of the frequency supervision apparatus 400 further determines
an absolute frequency change of the main clock signal 431a by at least comparing
the plurality of second frequency values 422a of the main clock signal, i.e. a current
second frequency value and a previous second frequency value measured at a
previous time instant, and comparing the plurality of fourth frequency values 424a
of the main clock signal, i.e. a current fourth frequency value and a previous fourth
frequency value measured at a previous time instant, for example, by comparing
4223, 424a, 422b, 424b of the previous storage location “n-1" with those of the
actual storage location “n” to get erratic changes of focxo. The frequency supervision
section of the frequency supervision apparatus 4oo further determines an absolute
short-term frequency change of the main clock signal 431a by at least comparing a
current second frequency value with a plurality of previous second frequency values
of the main clock signal 431a and comparing a current fourth frequency value with a
plurality of previous fourth frequency values of the main clock signal 431a, for
example, by comparing 422a, 424a, 422b, 424b of many previous storage locations
“n-1, n-2, ..., n-k” with those of the actual storage location "n” to get fast/short-term

changes of focxo. Itis noted that the value of k may be defined based on how many
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number of frequency samples of different time instants are to be considered for
monitoring fast and/or slow frequency changes. For example, for determining fast
frequency changes, f[n] may be compared with f[n-1], f[n-2], ..., f[n-m], while for
determining slow frequency changes, f[n] may be compared with f[n-t], where

[t|>>|m|. For example, t and m may be equal to 100 and 10, respectively.

Detailed analyses for frequency supervision of the main clock signal 431a according
to some embodiments of the present disclosure may be carried out as follows. Table
1 shows the measured frequency values 422a, 424a, 422b, 424b of the previous
storage location (i.e. at the previous time instant) “n-1“ compared with those of the
actual storage location (i.e. at the current time instant) “n” for different cases: “no
fault” referring to the case when no frequency drifts occur, while “fault #1" and “fault
#2" referring to the case when frequency drifts occur. In the embodiments, the
measured frequency value 422a represents the measured frequency focxo_a, based
on XO, the measured frequency value 424a represents the measured frequency
focxo_a, based on focxo s, the measured frequency value 422b represents the

measured frequency focxo_g, based on X0, and the measured frequency value 424b
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represents the measured frequency focxo_s, based on focxo_a. These measured

frequency values are converted into frequency offset expressed by Af (ppm).

Table 1.
Af (ppm) no fault fault #1 fault #2
n-1 n n-1 n n-1 n
424a +0.5 +0.5 +0.5 +3.6 +0.5 +0.5
424b -0.5 -0.5 -0.5 -3.6 -0.5 -0.5
422a -3.7 -3.7 -3.7 -0.6 -3.7 +7.3
422b 4.2 4.2 4.2 4.2 4.2 +6.8

After obtaining the measured frequency values 422a, 424a, 422b, 424b shown in
Table. 1, the difference between different time instants n-1 and n of the individual
measured frequency values 422a, 4244, 422b, 424b are compared for determining
an erratic change of the measured frequency. For example, in the case of “fault #1":
A1 = difference between n-1 and n of focxo_a, based on focxo_s 424a = +3.2 ppm

A2 = difference between n-1 and n of focxo_g, based on focxo_a 424b =-3.2 ppm

A3 = difference between n-1and n of focxo_a, based on XO 422a = +3.2 ppm

A4 = difference between n-1 and n of focxo_g, based on XO 422b =0 ppm

Thus, from A1 and A2, both focxo_a and focxo_s have change of [3.1] ppm, it can be
interpreted that either focxo_a or focxo_g is changing. Additionally from A3, it is
indicated that a change of +3.1ppm may occur in either focxo_a or fxo. Since
Ag4=0 ppm implies that no change occurs in both focxo_s and fxo and that focxo_s is
thus stable, it is inferred that focxo_a has an erratic change of +3.12 ppm. Similarly for
the case of “fault #2” where A1=A2=0, A3=+11 ppm and A4=11 ppm, no change

occurs in both focxo a and focxo s and both focxo a and focxo s are stable. As it is
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indicated from A3 and A4 there is a frequency change of +11 ppm, it can be inferred

that fxo has an erratic change of +11 ppm.

Furthermore, it should be noted that the measured frequency values 422a, 4244,
422b, 424b for different cases “no fault”, “fault #1” and “fault #2” may also be
obtained through the following calculations which are enclosed herein for verifying
the results of the above analyses for frequency supervision according to the present

disclosure.

Assuming focxo_a=0.3 ppm, focxo_s=-0.2 ppm, fxo=4.0 ppm in the case of “no fault”:
focxo_a, based on focxo_ 424a = focxo_a - focxo_s = (+0.3) - (-0.2) = +0.5 ppm

focxo_s, based on focxo_a 424b = focxo_s - focxo_a = (-0.2) - (+0.3) = -0.5 ppm

focxo_a, based on XO 422a = focxo_a - fxo = (+0.3) — (+4.0) = -3.7 ppm

focxo_g, based on XO 422b = focxo_s - fxo = (-0.2) — (+4.0) = -4.2 ppm

In the case of “fault #1"” where focxo a=3.4 ppm, focxo_s=-0.2 ppm, fxo=4.0 ppm,

focxo_a, based on focxo_g 424a@ = focxo_a - focxo_s = (+3.4) - (-0.2) = +3.6 ppm
focxo_g, based on focxo_a 424b = focxo_s - focxo_a = (-0.2) - (+3.4) =-3.6 ppm
focxo_a, based on XO 422a = focxo_a - fxo = (+3.4) — (+4.0) = -0.6 ppm

focxo_g, based on XO 422b = focxo_s - fxo = (-0.2) — (+4.0) = -4.2 ppm

In the case of “fault #2" where focxo_a=0.3 ppm, focxo_s=-0.2 ppm, fxo=-7 ppm,
focxo_a, based on focxo_ 424a = focxo_a - focxo_s = (+0.3) - (-0.2) = +0.5 ppm
focxo_s, based on focxo_a 424b = focxo_s - focxo_a = (-0.2) - (+0.3) = -0.5 ppm
focxo_a, based on XO 422a = focxo_a - fxo = (+0.3) = (-2.0) = +7.3 ppm

focxo_s, based on XO 422b = focxo_s - fxo = (-0.2) — (-7.0) = +6.8 ppm

As such, by comparing the measured frequency values 422a, 4244, 422b, 424b of

A\ WY/

the previous storage location "n-1" with those of the actual storage location “n”, an
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erratic frequency change can be determined without applying a superior grade
instance. It should be noted that not all of the measured frequency values 422a,
424a, 422b, 424b are needed for the determination depending on different fault
cases. In some embodiments, only the measured frequency values 422a, 424a may
be sufficient for the determination. It is thus appreciated that an absolute frequency
change of the main clock signal 431a can be determined by at least comparing a
current and a previous second frequency value 422a of the main clock signal and
comparing a current and a previous fourth frequency value 424a of the main clock

signal.

It is further appreciated that the above analyses may also be applicable to the
determination of an absolute long-term frequency change of the main clock signal
431a by at least comparing a current and a previous first frequency value 421a of the
main clock signal and comparing a current and a previous third frequency value 423a
of the main clock signal. Furthermore, the above analyses may also be applicable to
the determination of an absolute short-term frequency change of the main clock
signal 431a by at least comparing a current second frequency value with a plurality
of previous second frequency values of the main clock signal 431a and comparing a
current fourth frequency value with a plurality of previous fourth frequency values of
the main clock signal 431a. As such, the proposed method and apparatus provide an
opportunity to accurately measure the frequency of a clock signal, e.g. a crystal
oscillator, and to precisely detect its frequency drifts without a superior grade
instance, thereby enabling reliable frequency supervision with reduced cost and

complexity.

Fig. 5 schematically illustrates a frequency measurement section 5oo which may be
applied as one or more of the first and third frequency measurement sections 211a,
411a, 411b, 413a, 413b in the frequency supervision apparatus 200, 400 for

measuring and monitoring a frequency of the main clock signal and/or the second
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main clock signal 2314, 431a, 431b according to embodiments of the disclosure. The
frequency measurement section 500 comprises a time-base controlled switch 5o5
and a counter 5o1. A time base employed for the frequency measurement section
500 may have a certain voltage/current level which sets the switch 5os to be in an
on-state for a period of time to let the main clock signal 502 pass to the counter 5o1.
Thus, the time base 503 controls the switch 5og so that the counter 501 counts a
number of cycles of the main clock signal 502 during a time interval when the switch
505 is on. The counting result 504 is then further divided by the length of the time
base, i.e. the time interval during which the switch 5o5 is on, to obtain the measured
frequency of the main clock signal 502. For example, if the length of the time base is
1 second, the contents of the counter 5o1 (i.e. the counting result) is the measured
frequency (Hz). In the embodiments of the frequency supervision apparatus 200,
400, the frequency to be measured, i.e. the frequency of the main clock signal 502,
may be OCXO frequency and a network-based time signal providing a stable and
filtered time of day (ToD) may be used as the time base 503. A similar approach may
also be employed for implementing the second and fourth frequency measurement
sections 212a, 412a, 412b, 414a, 414b by applying the local reference signal 233,

433 from a local oscillator as the time base.

As mentioned above, other clock synchronization protocols or methods may also be
used as the time base 503. It is in particular beneficial to use a network-based time
signal providing a ToD as a time base for frequency measurement, as most digital
systems, e.g. transmission equipment and many electronic devices, usually include
a Central Processing Unit (CPU) and are connected via Local Area Network (LAN) to
a Network Management (NM) system. In particular, Network Timing Protocol (NTP)
is widely used to have a common ToD (Time of Day) within a network and to
timestamp all events such as alarms. Fig. 6 schematically illustrates an example of a
Network Management system 600. A local digital system, e.g. a PC, transmission

equipment, etc., is connected to the NM system 600 via LAN 602 and receives ToD
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information sent from a plurality of NTP server 6014, 6015, ..., 601N through the
network. The digital system then adjusts its internal clock based on the ToD
information by a NTP software 604 to identify the ToD. Since the delay from a
selected NTP server to the CPU 603 of the digital system is not a stable value, the
delay variation over the LAN 602 and the work load of the CPU 603 may cause an
unstable ToD identified by the NTP software 604. Therefore, it may be necessary to
stabilize ToD values by way of filtering 605.

Accordingly, any of the first and third frequency measurement sections 211a, 411a,
411b, 413a, 413b in the frequency supervision apparatus 200, 400 may be realized
by employing a ToD received via a network as a time base for the frequency
measurement section 5oo. In this way, the operation of the frequency measurement
section is divided between software and hardware domain, as illustrated in Fig. 7,
because the time base 703 is calculated by the software 712 whereas the counter 701
and the switch 705 are realized in hardware 711 and the frequency calculation
through a divider 706 (i.e. the counting result divided by the length of the time base)
is again implemented by software 712 to get the measured frequency 704 of the
main clock signal 702. However, it is quite difficult to realize this operation via an
interface between software and hardware, since the frequency to be measured (e.g.
focxo) is usually higher than 10MHz, which required a very high accuracy of the

interface between software and hardware (e.g. at least in the nanosecond range).

Fig. 8 is a schematic illustration of a frequency measurement section 8oo which may
be applied as one or more of the first and third frequency measurement sections
2114, 4114, 411b, 413a, 413b, 500, 700 for measuring and monitoring a frequency
of a main clock signal 811 (e.g. focxo) according to embodiments of the disclosure.
In some embodiments, the frequency measurement section 800 may be a first
frequency measurement section and configured to repeatedly measure a first

frequency value of the main clock signal 811 based on an external time signal 812.
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The frequency measurement section 800 comprises a time-base unit 802 configured
to receive the external time signal 812 via a network. According to some
embodiments, the time-base unit 802 may be, for example, a NTP software which
comprises a comparing unit 823, a frequency converting unit 824 and a ToD
indicator 825. The NTP software 802 receives a network-based time signal 812
providing ToD information and compares the ToD information with the result of the
ToD indicator 825 which is associated with an internal clock 813. Through the
comparing unit 823 and the frequency converting unit 824 the result of the ToD
indicator 825 can be adjusted based on the difference between the ToD information
of the network-based time signal 812 and the time information of the internal clock

813.

The frequency measurement section 8oo further comprises a counter section 814
comprising a counting unit 8o1 configured to receive the main clock signal 811 and
to count a number of cycles of the main clock signal during a time interval. The
frequency measurement section 8oo also comprises a processing unit 803
configured to calculate the first frequency value of the main clock signal based on
the counted number of cycles of the main clock signal and the time interval. As
mentioned above, the counter section 814 is implemented in hardware domain,
while the time-base unit 802 and the processing unit 803 are implemented in
software domain 815. According to some embodiments, the counter section 814
further comprises a memory 804 configured to save a content of the counting unit
801 associated with the counted number of cycles of the main clock signal upon
receiving a pulse signal. The processing unit 803 may be divided into two parts based
on process tasks, i.e. a high-priority-task section 831 and a low-priority-task section

832.

A timer of the low-priority-task section 832 may start the high-priority-task section

831 to execute two simple and fast actions of sending a rising edge of a read pulse
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to an interface 8os between the hardware and software domain, e.g. a General
Purpose Input/Output (GPIO) pin, and reading ToD from the NTP software 802 and
writing it to “actual ToD” 821. It is noted that the rising edge of the read pulse
transfers the content of the counting unit 801 to the memory 804 and resets the

counting unit 8o1.

Subsequently, the low-priority-task section 832 may process complex and time-
consuming actions of reading the memory via a bus 806, calculating the difference
between “actual ToD"” 821 and “previous ToD" 822, calculating the frequency of the
main clock signal focxo which is the result of “contents of memory” divided by
“difference” and transferring “actual ToD” 821 to “previous ToD"” 822 for the next
calculation. The low-priority-task section 832 may further send the falling edge of
the read pulse to the interface 805. It should be noted that the time stored in “actual
ToD" 821 is the time when the contents of the counting unit 8o1 is transferred to
memory 804, which is the simple achievable accuracy requirement and can be easily

implemented in any software.

Fig. 9 shows an example of signal diagrams that depicts the operation of the
frequency measurement section 800 according to embodiments of the disclosure.
Curve go1 represents a signal of ToD to be read from the NTP software 802 and
curve 9o2 represents a signal of the read pulse sent by the high-priority-task section
831. The ToD signal go1 comprises time information 911, 912 which may be
expressed by, for example, but not limited to hour 913, minute 914, second 915
and/or millisecond 916. The read pulse signal 9o2 comprises at least two read pulses
921, 922 each of which has a rising edge 923, 924 sent by the high-priority-task
section 831 and each of which may further comprise a falling edge 925, 926 sent by
the low-priority-task section 832. In this example, the length of the read pulse, i.e.
the period length of the read pulse or the time interval between two read pulses 921,

922, is 1000 seconds (~16 minutes 40 seconds), which is however not critical because
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the result of “contents of memory” divided by “difference” is independent of the
period length of the read pulse. It is noted that the difference in time between
“sending rising edge of the read pulse to GPIO" and “read ToD from NTP software”
should not be changed from read pulse to read pulse, as indicated by the arrows 931,

932. Nevertheless, a fixed difference is not critical.

It is therefore appreciated that by splitting the software, especially the processing
tasks of the processing unit 803, into two parts consisting of a simple and short but
time-critical high-priority part and a complex but time-uncritical low-priority part,
the operation of the frequency measurement section 700, 8oo divided between
software and adequate hardware via the interface can be easily realized. In
particular, since the high-priority task is very short, the probability for a break caused
by a higher-order interrupt is therefore very low. If, nevertheless, an improbably

break happened, the subsequent failure may be eliminated by a successive filter.

As mentioned above, the delay variation in the LAN and the working load of the local

CPU causing an unstable ToD may lead to an unstable result of frequency

. . contents of memor ™
calculation, i.e. focxo = differencfe — timey. In order to stabilize the frequency values,

focxo may be filtered to obtain a stable average by applying, for example, a usual
sliding-window filter. A usual sliding-window filter such as a finite-impulse-response
(FIR) filter can perform the average calculation and may also be implemented by the
software. Therefore, in some embodiments, the frequency measurement section
700, 800 may further comprise a filtering unit (now shown) to filter the measured
first frequency values and the measured third frequency values of the main clock

signal.

Fig. 10 shows an example of calculation for frequency stabilization through a sliding-
window filter according to embodiments of the disclosure. It is depicted in Fig. 10 a

number of measured frequency values 1001 in ppm which are calculated after
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sending a corresponding read pulse to hardware, i.e. the counter section 814. The
sliding-window filter averages a number of frequency points received at its input to
produce an average frequency value at its output. In other words, all measured
frequency values in each statistic period 1003, 10035, ..., 1003n are added for
calculating the average frequency value of that statistic period 1003, 1003, ...,
1003n. For example, for averaging the measured frequency values in the first statistic
period 1003: which has a length of 5o read pulses, the first 5o frequency values are

taken into account and the first average frequency value is obtained by

1.8+2.0+1.9+---+2.2
50

= 1.917 ppm. In some embodiments, the accuracy of the filter may

be further improved by removing extreme values, e.g. all values outside +/-20 %
1002 according to Gaussian distribution. In this example, all values which exceed

2.30 ppm (i.e. +20 %) or go below 1.54 ppm (i.e. -20 %) may be removed for the
average calculation and the final average calculation may be performed as %;5 =
1.948 ppm, where seven points have been removed in the first statistic period.
Similar average calculation may be also applied to the measured frequency values in
other statistic periods 1003,, ..., 1003n to obtain a stable measured frequency value.
In this example, the period length of a read pule is 100 seconds, the filter response
time is 10x100 seconds and the length of a statistic period is soxread-pulse
length=5000 seconds. However, these values in general can be adjusted and are

software configurable.

As the filtering process takes some time, i.e. filter response time, during which no
valid result of frequency measurement (e.g. the NTP-based frequency
measurement) is available, a new result of frequency measurement can only be
calculated at the end of a filter response time, which may be associated with a new
ToD. In the example of Fig. 11 which depicts the measured frequency 1101 of the
main clock signal over time, only the frequency values 1104, 1106 calculated after

the end of a filter response time 1103, 1105 are valid to represent the results of
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frequency measurement at different time instants, e.g. a current and one or more
previous frequency values. It is noted that the frequency value 1107 calculated
during the filter response time 1105 is an invalid result due to fast frequency drifts
1102 of the main clock signal. Thus, in order to increase the accuracy of the
frequency measurement section 700, 8oo for measuring e.g. the first and third
frequency values, the previously stored frequency value may be obtained at the end
of a previous filter response time of the filtering unit, and the current frequency value

may be obtained at the end of a current filter response time of the filtering unit.

Accordingly, such frequency measurement through the frequency measurement
section 700, 800 applying a network-based time signal, e.g. the NTP-based
frequency measurement, may be used for supervising defects causing slow
frequency drifts of the main clock signal which are longer than the filter response
time because the network-based time signal is in general long-term stable. Further
through a second frequency measurement section and/or a fourth frequency
measurement section applying a local reference signal (e.g. a crystal oscillator
signal) as time base, defects causing fast frequency drifts of the main clock signal
which are shorter than the filter response time can be properly monitored. It should
be noted that the second and fourth frequency measurement section does not need
a long-term stable time base for measuring fast frequency drifts, because it may
substitute the NTP-based frequency measurement only for a length of one or two
filter response times. As such, the local reference signal for measuring fast frequency
drifts may be provided by a cheap crystal oscillator (XO) with mere short-term
stability, and the second and fourth frequency measurement section may be used to

realize XO based frequency measurement.

It is therefore appreciated that the proposed method and apparatus enable a precise
NTP-based frequency measurement implemented by software in combination with

support of adequate hardware, despite the inherent inaccuracy of the software. In
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particular, a precise focxo measurement can be obtained despite any software
inaccuracy based on a time uncritical interface between “"NTP software” and
“adequate frequency counter hardware”. It is further appreciated that the combined
use of the Network Timing Protocol (NTP) as time base for slow drift detection and
a cheap crystal oscillator for fast drift detection realizes the function of an expensive

and highly-precise “superior grade instance”.

In other words, the proposed method and apparatus enable precise frequency
measurements (e.g. focxo) without a superior grade instant. Precise focxo
measurements despite inaccuracy of software allow an accuracy detection of
frequency drifts (e.g. OCXO drift), thereby providing an effective solution for crystal
oscillator supervision. Furthermore, if a frequency drift exceeds a threshold, e.g. a
programmable threshold, an alarm may be raised to the operator to cause an

automatic switch to a redundant OCXO.

It should be noted that the apparatus features described above correspond to
respective method features that are however not explicitly described, for reasons of
conciseness. The disclosure of the present document is considered to extend also to

such method features.

It should be further noted that the description and drawings merely illustrate the
principles of the proposed device. Those skilled in the art will be able to implement
various arrangements that, although not explicitly described or shown herein,
embody the principles of the invention and are included within its spirit and scope.
Furthermore, all examples and embodiment outlined in the present document are
principally intended expressly to be only for explanatory purposes to help the reader

in understanding the principles of the proposed device. Furthermore, all statements
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herein providing principles, aspects, and embodiments of the invention, as well as

specific examples thereof, are intended to encompass equivalents thereof.
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Claims

1. Method for supervising a frequency of a main clock signal, comprising:

receiving, via a network, a long-term stable external time signal;

measuring a plurality of first frequency values of the main clock signal based
on the long-term stable external time signal;

measuring a plurality of second frequency values of the main clock signal
based on a short-term stable local reference signal;

comparing a measured first frequency value with one or more other first
frequency values from the plurality of first frequency values of the main clock
signal;

comparing a measured second frequency value with one or more other
second frequency values from the plurality of second frequency values of the main
clock signal;

determining a relative long-term frequency change between the main clock
signal and the long-term stable external time signal based on the comparison of
the measured first frequency values of the main clock signal; and

determining whether a relative short-term frequency change exists
between the main clock signal and the short-term stable local reference signal
based on the comparison of the measured second frequency values of the main
clock signal;

measuring a plurality of additional frequency values of the main clock signal
based on a second main clock signal; and

determining an absolute frequency change of the main clock signal by
comparing a measured second frequency value with one or more other second
frequency values from the plurality of second frequency values of the main clock
signal and comparing a measured additional frequency value with one or more
other additional frequency values from the plurality of additional frequency values

of the main clock signal.
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2. The method according to claim 1, further comprising:
measuring a plurality of third frequency values of the main clock signal

based on a second external time signal.

3. The method according to claim 2, further comprising:

determining an absolute long-term frequency change of the main clock
signal by comparing a measured first frequency value with one or more other first
frequency values from the plurality of first frequency values of the main clock signal
and comparing a measured third frequency value with one or more other third
frequency values from the plurality of third frequency values of the main clock

signal.

4. The method according to claim 2, wherein the plurality of second
frequency values of the main clock signal comprises a current second frequency
value and a plurality of previous second frequency values, the method further
comprising determining a relative short-term frequency change between the main
clock signal and the short-term stable local reference signal based on the
comparison of the current second frequency value with one or more of the plurality

of previous second frequency values of the main clock signal.

5. The method according to claim 4, wherein the plurality of additional
frequency values of the main clock signal comprises a current additional frequency
value and a plurality of previous additional frequency values, the method further
comprising determining an absolute short-term frequency change of the main
clock signal by comparing the current second frequency value with one or more of
the plurality of previous second frequency values of the main clock signal and
comparing the current additional frequency value with one or more of the plurality

of previous additional frequency values of the main clock signal.
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6. The method according to any of the previous claims, further comprising
storing the plurality of first frequency values, the plurality of second frequency
values, the plurality of third frequency values and the plurality of additional
frequency values of the main clock signal in a history log, wherein:

the plurality of first frequency values comprises a current first frequency
value and a previously measured first frequency value;

the plurality of second frequency values comprises a current second
frequency value and a previously measured second frequency value;

the plurality of third frequency values comprises a current third frequency
value and a previously measured third frequency value; and

the plurality of additional frequency values comprises a current additional

frequency value and a previously measured additional frequency value.

7. The method according to any of the previous claims 2 to 6, wherein
measuring the plurality of first frequency values of the main clock signal comprises
filtering the plurality of first frequency values of the main clock signal and/or
measuring the plurality of third frequency values of the main clock signal comprises

filtering the plurality of third frequency values of the main clock signal.

8. Anapparatus, comprising:

a first frequency measurement section configured to receive a long-term
stable external time signal via a network and to measure first frequency values of a
main clock signal based on the long-term stable external time signal;

a second frequency measurement section configured to measure second
frequency values of the main clock signal based on a short-term stable local

reference signal;
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an additional frequency measurement section configured to measure
additional frequency values of the main clock signal based on a second main clock
signal; and
a frequency supervision section configured to:
determine a relative long-term frequency change between the main
clock signal and the long-term stable external time signal by comparing a
measured first frequency value with one or more other first frequency values of the
main clock signal;
determine a relative short-term frequency change between the main
clock signal and the short-term stable local reference signal by comparing a
measured second frequency value with one or more other second frequency values
of the main clock signal; and
determine an absolute frequency change of the main clock signal by
comparing a measured second frequency value with one or more other second
frequency values from the plurality of second frequency values of the main clock
signal and comparing a measured additional frequency value with one or more
other additional frequency values from the plurality of additional frequency values

of the main clock signal.

9. The apparatus according to claim 8, further comprising:

a time-base unit configured to receive the long-term stable external time
signal via the network;

a counter section comprising a counting unit configured to receive the main
clock signal and to count a number of cycles of the main clock signal during a time
interval, wherein the time interval is determined based on the received external
time signal; and

a processing unit configured to calculate the first frequency value of the
main clock signal based on the counted number of cycles of the main clock signal

and the time interval.



10

15

20

25

WO 2017/194430 PCT/EP2017/060841

_48_

10. The apparatus according to claim g, wherein the counter section further
comprises a memory configured to save a content of the counting unit associated
with the counted number of cycles of the main clock signal upon receiving a pulse
signal; the counter section being configured to:

transfer the content of the counting unit to the memory upon receiving the
pulse signal; and

reset the counting unit upon transferring the content of the counting unit to

the memory.

11. The apparatus according to claim g, wherein the long-term stable
external time signal comprises a network-based time signal providing a time of
day, ToD, the processing unit configured to:

send the pulse signal via an interface to the counter section;

read the ToD from the time-base unit; and

save the ToD as a first ToD value.

12. The apparatus according to claim 11, wherein the processing unit is
further configured to:

read the content of the counting unit associated with the counted number
of cycles of the main clock signal from the memory;

save the first ToD value as a second ToD value; and

calculate the first frequency value of the main clock signal based on the
content of the counting unit and a difference between the first ToD and the second

ToD value.

13. The apparatus according to claim 12, wherein the processing unit is

configured to:
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send the pulse signal via the interface to the counter section, read the ToD
from the time-base unit and save the ToD as the first ToD value by a high-priority
task; and read the content of the counting unit, save the first ToD value as the
second ToD value and calculate the first frequency value of the main clock signal by

a low-priority task.

14. The apparatus according to any of claims 8-13, wherein the long-term
stable external time signal comprises a network-based time signal with long-term
stability in particular according to a Network Timing Protocol, NTP, further
comprising a crystal oscillator configured to provide the short-term stable local
reference signal and/or an Oven Controlled Crystal Oscillator, OCXO, configured to

provide the main clock signal.

15. The apparatus according to any of claims 8-14, further comprising a third
frequency measurement section configured to measure third frequency values of

the main clock signal based on a second external time signal.
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measuring a plurality of first frequency
values of the main clock signal based on an
external time signal

~— S301

/

measuring a plurality of second frequency
values of the main clock signal based on a
local reference signal

~—S302

/

comparing the measured plurality of first
frequency values of the main clock signal

~— 38303

i

comparing the measured plurality of
second frequency values of the main clock
signal

~— S304

i

determining a relative long-term
frequency change between the main clock
signal and the external time signal

- ~— 8305

i

determining whether a relative frequency
change exists between the main clock
signal and the local reference signal

5306




PCT/EP2017/060841

WO 2017/194430

4/10

g 0X20

qlZy — 9 dLN uo paseq |

QEZY ~= ¥ dLN uo paseq & OX20,
qZ2 ———= OX uo paseq 8 0X20,

qpzy—~= ¥ 0X90, g paseq & 0X0,

ey~ muoxoo* uo paseq ¥ 0X00 }
BZZf ——— OX Uo paseq ‘Y 0X20,
eeziy ~— 8 dLN Uo paseq ‘¥ 0X%0,

B2 —~—— V dLN uo paseq ‘Y 0X%0,

Juawainseaw-Aouanbai

qcey

qcoy

judwainseaw-Aouanbaig

juswainseaw-Aouanbaly

juswainseaw-Asuanbaly

juswainseaw-Aouanbaig

juswainseaw-Asuanbaly

yusawainseaw-Louanbaly

Juswainsesaw-Aouanbal 4 \A

. N x g Ndo
g —— D g dIN
I N —l g o0xd20

. f
- mwv qLov

—I+ X
- eLOY f

= x eoy

- N —l voxd0

- eley

D) Vv dLN

) N [ v

ezey BZ0Y

/

aseq-awl

painseaw aq 0} Aouanbalj

/ﬁog
p b1




PCT/EP2017/060841

WO 2017/194430

5/10

@oL pais)y pue a|qejs ﬁ@ 1914

—

-

O

m._wgw__..nu B Z<|_ Ncw

|

@ol 3jqels 509

1l

(

705

€09

10S

\
e unsa; (] Jajuno?

@o1l 3jqejsun v03
:lo LI

109 2,09 ‘o9 009

9 ‘b4

(:) aseq-awl - —~¢06

painseaw aq 0} Aousnbaly -_—~70G

/ﬁcom
G "Bi4



PCT/EP2017/060841

WO 2017/194430

6/10

—— e e o —— ————

——— e e — — —,

A7)
(
|||||||||||| U
.......... ,
¥0. 90, m
| w m
0X20 !
FA” JOpIAI - _
PIP 9IeM}}0S aseq-awl) -_—~¢0/ |
AN |
|
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| )
|||||||||||||||||||||||||||||||||||||||||| -
“
|
alempleH JInsai 13)unod A|||@é Q“ m 5600,
N 50, \\ N m painseaw 3¢ o;ocgca:l(\/ms
0L |
e )
b 00

L 'bi4



PCT/EP2017/060841

WO 2017/194430

7110

(A% ¢e8 18 €08  |€8 144
\ \ | \ \
. A €18
! 1alIaAu0d \
e W 7 I 3 ¥90Jo-Bupjiom -fouanbauy [ —
M (== @ol snomad | i [ : X Ndd
“ jse)} " | jse} “ S LIETERET 718
' Auoud AHWV dol jenjoe Aw_HV fAuoud A::HV djelajadoe \
| | | |
_ i | - ubiy | aol - aredwod |
| < D | 7 \ NV woy
- == (! MsdIN dIN
(3ndinQ / 3ndu| asoding [esauan) r_a.o_n_e4 GZ8 708 €78 ~——Gl8
9IeM)joS
? snq asind-peas y
Y \\ 118
fowow | . - JAUN0Y |
1ajuno? ay} jasaJ pue Alowaw o) 0X20
w 19)uno? Jo SJUBUOI A} SIdjsuel} w
+9sind-peai jo abpa bBuisi,, ay)
708 108 ~— 18
alemp.leH
/ﬂ 008
g "bi4



WO 2017/194430 PCT/EP2017/060841

8/10

-~—— millisecond =-——916
~—— second =—— 015
~— minute =—— 914

913

~—— hoUl e —.

000-81:9¢-9

<~

000:21:92:9}

9;12

000-91:92:91

000:61:92-91

000:6€:60:91
/ ] \g

000:8€:60:91|

901

000-.£:60-91

> ™ 000:9£:60:91

000-G€-60-91

000:7€:60-91

read-pulse

Fig. 9
ToD



PCT/EP2017/060841

WO 2017/194430

9710

uo os pue
B 93s 00| X 0g jo pouad anysnes 9 -
99s 00} X 0G Jo pouad dnsne}s g 2e00l
23s (0} X 0G jo pouiad onsnes p l €001
93s 00 X 06 jo pouad ansie)s ¢
) 995 00} X 0G Jo poad opsneys 7
sasind-peas jowg 29S 00} X 0G Jo pouad onsneIs |,
- ‘ 0
-
4
9
_ 2
| ! | ;
C | | \ 7 \ \ \\\;\ ¥\ ﬁv\ \\f\i / QQ
[ w
00l \ \\ J \\\ \;\ \\\ \\\ \\\\ \:
?221?1?1?12?2?11121?17?11
NN N S S S PN N SR PN QT AN QRN TG R GRS
1001
c00l



PCT/EP2017/060841

WO 2017/194430

10/10

GoLL €0l

- - - aui

oy m ﬁ | asuodsau Jayi
- |

- | |

i OXD0 243 40 19949p Ise} .

| | / \\ | 0X20 4o

| | JInsai pijeaul | fouanbayy
| ynsaipieA xou. | Juswainseaw |
| i P | Vad -fouanbayy |
| | L0 joynsas |

|+, \\+ m Kouanbayy |
9011 ﬁ
0L 4113 1213}

11 "Bi4



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/060841

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4J3/14 GO1R25/00
ADD. HO04J3/06 HO3D13/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4J GOI1R HO3D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

6 February 1990 (1990-02-06)

figures 1,2

figures 3,5,7a

X US 4 899 117 A (VIG JOHN R [US])

Y column 3, line 10 - line 23
column 5, line 58 - line 65
column 4, line 56 - column 5, line 18
column 6, line 2 - line 55
column 7, line 1 - line 3; figures 1,2
column 7, line 26 - line 55

X US 5 666 330 A (ZAMPETTI GEORGE PHILIP
[US]) 9 September 1997 (1997-09-09)
Y column 4, line 49 - column 6, line 17;

1,8-13

2-7,14,
15

1,8-13

2-7,14,
15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 July 2017

Date of mailing of the international search report

11/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Pieper, Thomas

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/060841

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

BOULTER R A: "SYSTEM X: SUBSYSTEMS PART 2
- THE NETWORK SYNCHRONIZATION SUBSYSTEM",
POST OFFICE ELECTRICAL ENGINEERS JOURNAL,
POST OFFICE ELECTRICAL ENGINEERS JOURNAL.
LONDON, GB,

vol. 73, 1 July 1980 (1980-07-01), pages
88-91,01, XP000844572,

figure 1

PAN J W: "PRESENT AND FUTURE OF
SYNCHRONIZATION IN THE US TELEPHONE
NETWORK",

IEEE TRANSACTIONS ON ULTRASONICS,
FERROELECTRICS AND FREQUENCY CONTROL,
IEEE, US,

vol. UFFC-34, no. 6,

1 November 1987 (1987-11-01), pages
629-638, XP000674126,

ISSN: 0885-3010, DOI:
10.1109/T-UFFC.1987.26995

page 630, right-hand column, paragraph 4 -
page 635, right-hand column, paragraph 2;
figure 3; table 1

HANADO Y ET AL: "Upgrading of UTC(CRL)",
PROCEEDINGS OF THE 2003 IEEE INTERNATIONAL
FREQUENCY CONTROL SYMPOSIUM & PDA
EXHIBITION JOINTLY WITH THE 17TH. EUROPEAN
FREQUENCY AND TIME FORUM. TAMPA, FL, MAY 4
- 8, 2003; [IEEE INTERNATIONAL FREQUENCY
CONTROL SYMPOSIUM], NEW YORK, NY : IEEE,
us,

4 May 2003 (2003-05-04), pages 296-300,
XP010688869,

DOI: 10.1109/FREQ.2003.1275105

ISBN: 978-0-7803-7688-5

abstract; figure 1

page 296, right-hand column - page 297,
left-hand column, paragraph 2

page 299, right-hand column, last
paragraph

page 300

MILLS D L: "IMPROVED ALGORITHMS FOR
SYNCHRONIZING COMPUTER NETWORK CLOCKS",
COMPUTER COMMUNICATION REVIEW, ACM, NEW
YORK, NY, US,

vol. 24, no. 4,

1 October 1994 (1994-10-01), pages
317-327, XPO00477058,

ISSN: 0146-4833, DOI:
10.1145/190809.190343

page 322, right-hand column, paragraph 3 -
page 324, left-hand column, paragraph 4

_/__

2-7,14,
15

1-15

1-15

1,8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/060841

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

ZHU WENSI: "IEEE 1588 implementation with
FLL vs. PLL",

2013 TEEE INTERNATIONAL SYMPOSIUM ON
PRECISION CLOCK SYNCHRONIZATION FOR
MEASUREMENT, CONTROL AND COMMUNICATION
(ISPCS) PROCEEDINGS, IEEE,

22 September 2013 (2013-09-22), pages
71-76, XP032513970,

ISSN: 1949-0305, DOI:
10.1109/1SPCS.2013.6644766

[retrieved on 2013-10-22]

abstract; figures 7,10

page 75, left-hand column, paragraph 2

1,8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/060841
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 4899117 A 06-02-1990 CA 1305611 C 28-07-1992
us 4899117 A 06-02-1990
US 5666330 A 09-09-1997 CA 2195459 Al 08-02-1996
EP 0771438 Al 07-05-1997
JP H10503282 A 24-03-1998
us 5666330 A 09-09-1997
WO 9603679 Al 08-02-1996

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report

