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DESCRIPTION

BACKGROUND

[0001] In a network implementation, such as a data over cable service interface specification
(DOCSIS), a physical (PHY) device can be located in the headend that converts packets on a
digital interface, such as an Ethernet interface, to analog signals, such as radio frequency (RF)
signals, on a hybrid fiber coaxial (HFC) network. The physical device sends the RF signals to
modems located at a subscriber's premises. However, other implementations have moved the
physical device to a location closer to the subscriber's premises, such as in a node located in
the neighborhood where the subscribers are located. The relocated physical device is referred
to as a remote physical device (RPD).

[0002] Relocation of the physical device to a remote location from the headend requires that a
headend device, such as a converged cable access platform (CCAP) core, maintain timing
synchronization with the RPD. In one example, a protocol, such as the 1588 protocol, is used
to synchronize the timing by passing messages between a 1588 timing server and the
headend device and also the 1588 timing server and the RPD. The messages compare
timestamps from the 1588 timing server with a local copy of a timestamp in both the headend
and the remote physical device. The differences between the timestamps of the 1588 timing
server and either the headend device or the RPD are used to adjust the respective clocks of
the headend device and RPD to make sure the local clocks track the timing server's clock. This
maintains the timing synchronization between the headend device and the RPD. However, if
the 1588 timing server was to go offline for any significant duration, the clock of the RPD might
drift. If the clock of the RPD drifts, modems coupled to the RPD may go offline due to the
mismatch in timing between the RPD clock and the headend clock.

[0003] US 7,139,323 B2 describes multi-frequency data transmission channel power
allocation. US 2003/0053493 A1 describes allocation of bit streams for communication over-
multi-carrier frequency-division multiplexing. US 2015/0295669 A1 describes managing time
offset and frequency drift in asynchronous DOCSIS remote PHY network environments. US
2011/0200051 A1 describes ethernet network synchronization systems and methods. US
7,139,923 B1 describes a technique for synchronizing network devices in an access data
network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

FIG. 1 depicts a simplified system of a method for maintaining timing synchronization
according to some embodiments.
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FIG. 2 depicts a simplified flowchart of a method for adjusting a RPD clock according to some
embodiments.

FIG. 3 depicts a simplified flowchart of a method for adjusting the RPD clock using minislot
values according to some embodiments.

FIG. 4 depicts a more detailed example of a remote physical device according to some
embodiments.

FIG. 5 depicts a simplified flowchart of a method for adjusting a CCAP clock according to some
embodiments.

FIG. 6 depicts a simplified flowchart of a method for using the minislot values to adjust the
CCAP clock according to some embodiments.

FIG. 7 depicts a more detailed example of a headend according to some embodiments.

Fig. 8 illustrates an example of a special purpose computer systems configured with
components of the headend and/or the remote physical device according to one embodiment.

DETAILED DESCRIPTION

[0005] Described herein are techniques for a clock adjustment system. In the following
description, for purposes of explanation, numerous examples and specific details are set forth
in order to provide a thorough understanding of particular embodiments. Particular
embodiments as defined by the claims may include some or all of the features in these
examples alone or in combination with other features described below, and may further include
modifications and equivalents of the features and concepts described herein.

[0006] In a network, a physical device (PHY) in a node may be separated from the media
access control (MAC) device in a headend. For example, in a distributed converged cable
access platform (CCAP), a remote physical device (RPD) is separated from the MAC device
(e.g., a CCAP core). A timing server may maintain a timing synchronization between the CCAP
core and the remote physical device. For example, the timing server may use a protocol, such
as the 1588 protocol, to maintain synchronization between a CCAP clock in the headend and
an RPD clock in the node.

[0007] When the timing synchronization is lost, such as in the CCAP core or the remote
physical device, some embodiments detect the loss and then can adjust either the remote
physical device clock or the CCAP clock to maintain timing synchronization such that modems
downstream from the RPD do not go offline. The adjustment may use a secondary source of
timing information different from the timing server to adjust the RPD clock or CCAP clock. For
example, the remote physical device may receive bandwidth allocation maps (MAPs) that
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define minislots in which the modems can transmit upstream. The remote physical device can
convert a minislot into a first timestamp. The remote physical device also can determine a
second timestamp (e.g., the current time) from the RPD clock and compare the first and
second timestamps. The first timestamp represents that time that a modem can transmit
upstream, which should be sometime in the future compared to the second timestamp. The
first timestamp is in the future because the remote physical device still needs to send the MAP
to the modem, which then needs to process the MAP before the first timestamp is reached. If
the modems receive the bandwidth allocation maps late and miss respective minislot times to
transmit upstream, eventually the modems will go offline.

[0008] The remote physical device uses the difference between the first timestamp and the
second timestamp to adjust the RPD clock, if needed. For example, before the timing
synchronization was lost, the RPD monitors a time difference between the RPD timestamp and
the minislot timestamp over a time period. The difference typically averages a time, such as 5
milliseconds (ms) such that modems can receive the MAP and have time to process the MAP
and transmit upstream during the allocated minislot. The remote physical device then
calculates the difference between the RPD timestamp and the minislot timestamp. The remote
physical device inputs the difference into a RPD clock adjustment engine, which can use the
difference to adjust the RPD clock, if needed. In some examples, the remote physical device
receives many bandwidth allocation maps every few milliseconds and can continuously
calculate the difference and input the difference into the RPD clock adjustment engine. As the
differences change, the RPD clock adjustment engine can adjust the clock to be faster or
slower, if needed. The adjustment keeps the difference between the RPD timestamp and
minislot timestamp around the same as before timing synchronization was lost with the timing
server. By keeping the difference around the same, the modems have time to receive the
bandwidth allocation map, process the bandwidth allocation map, and then transmit upstream
when the modems' respective minislot is encountered. The adjustment thus keeps the
modems from going offline because the modems still receive the bandwidth allocation maps
within a time that allows the modems to transmit upstream during respective minislots. The
process does not lock both the RPD clock and the CCAP together to a time; however, the
process attempts to keep the modems online until the connection to the timing server is
restored.

[0009] FIG. 1 depicts a simplified system 100 of a method for maintaining timing
synchronization according to some embodiments. System 100 includes a headend 102, a
remote physical device 104, and a modem 106. Headend 102 and remote physical device 104
may be separated by a network, such as a digital network, (e.g., an Ethernet of an optical
network). For example, remote physical device 104 may be located in a node that is located
closer to the premises of a subscriber compared to headend 102. The premises of the
subscriber includes a network device, such as a modem 106 (e.g., a cable modem). Although
modem 106 is described, other devices may be used, such as a gateway, customer premise
equipment (CPE) including a set top box, etc. Although this architecture is described, other
distributed architectures may be used. Further, the processes described may also be applied
to different architectures in which time synchronization needs to be maintained between
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multiple devices.

[0010] In some examples, the MAC and PHY layers are split and the PHY layer is moved to
remote physical device 104 while a CCAP core 112 performs media access control (MAC) layer
processing. CCAP core 112 contains both a cable modem termination system (CMTS) core for
DOCSIS and an edge quadrature amplitude modulation (EQAM) core for video. The CMTS
core contains a DOCSIS MAC component that uses DOCSIS to process all signaling functions
downstream and upstream for bandwidth scheduling and DOCSIS framing. The EQAM core is
associated with video processing functions.

[0011] In some examples, CCAP core 112 sends media access control (MAC) messages over
a digital medium, such as Ethernet or a passive optical network (PON), to remote physical
device 104. The MAC messages are received as electrical signals at remote physical device
104 and remote physical device 104 converts the electrical signals to an analog signal, such as
a radio frequency (RF) signal. Remote physical device 104 sends the RF signal over an analog
medium, such as a coaxial network, to modem 106. Modem 106 can then provide the signals
to various subscriber end devices. The subscriber end devices may also send data upstream
and modems 106 may transmit the data from the subscriber end devices upstream to remote
physical device 104. Remote physical device 104 then converts the RF signals to digital and
sends the digital signals to CCAP core 112. Additionally, modems 106 may transmit upstream
to maintain a connection to remote physical device 104, which may be referred to as ranging.

[0012] Remote physical device 104 includes downstream QAM modulators and upstream QAM
de-modulators to modulate downstream and upstream traffic. Also, remote physical device 104
converts downstream DOCSIS signaling video, and out-of-band signals received from CCAP
core over the digital medium to analog for transmission over radio frequency or linear optics.
Remote physical device 104 converts upstream DOCSIS signals received from an analog
medium to digital for transmission over the digital medium and sends those signals to CCAP
core 112.

[0013] As discussed above, because the remote physical device is located separately from
headend 102, remote physical device 104 needs to maintain timing synchronization with CCAP
core 112. System 100 uses timing server 114 to maintain timing synchronization between
CCAP core 112 and remote physical device 104. Timing server 114 may be a separate device
from headend 102 and remote physical device 104. In other examples, timing server 114 may
be situated in headend 102. Also, one or more timing servers 114 may be used, such as a first
timing server 114 may be used to synchronize timing with headend 102 and a second timing
server 114 may be used to synchronize timing with remote physical device 104. Timing server
114 may use a protocol, such as the 1588 protocol, to synchronize the timing between
headend 102 and remote physical device 104. The synchronization locks CCAP clock 116 and
RPD clock 108 to a time that is synchronized with timing server 114. That is, each clock may
operate at the same rate.

[0014] As discussed above, at some points, the timing synchronization may be lost, such as
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timing server 114 may go offline or there may be some network elements, such as switches,
that prevent communication between timing server 114 and headend 102 and/or remote
physical device 104. When timing synchronization is lost with timing server 114, some
embodiments use a process to maintain timing synchronization such that modems 106 that are
coupled to remote physical device 104 do not go offline. This may not lock CCAP clock 116 and
RPD clock 108 to a time or rate together, but adjusts either CCAP clock 116 and RPD clock
108 to keep modems 106 online. CCAP clock 116 and RPD clock 108 may be based on an
oscillator whose frequency can be adjusted, such as digitally.

[0015] Remote physical device 104 or CCAP core 112 may use a second source of timing
information to adjust either CCAP clock 116 or RPD clock 108 such that communications in
system 100 can continue. In some embodiments, the second source of timing is received in
communications being sent from CCAP core 112 for modem 106, such as in a bandwidth
allocation map. The bandwidth allocation maps include minislots that define times in which
modems 106 can send bursts upstream. Each minislot value in the bandwidth allocation map
corresponds to the start of each allocation grant. In the process, remote physical device 104
sends the bandwidth allocation maps downstream to modems 106. Modems 106 can then
read the bandwidth allocation maps and determine when an allocation grant is provided to it to
determine when to send a burst upstream. However, if modem 106 receives the bandwidth
allocation map for a time in the past, then that modem 106 has missed its time to transmit
upstream. This scenario might occur if RPD clock 108 is going too fast relative to CCAP clock
116. For example, remote physical device 104 may need to receive bandwidth allocation maps
by a certain time, such as 5 milliseconds (ms), before a minislot time in which an upstream
burst is scheduled for a first modem 106 in the bandwidth allocation map. If a modem 106
receives the bandwidth allocation map after a minislot time for that modem 106, then that
modem 106 will miss its minislot to send a burst upstream. If multiple upstream bursts are
missed, then a modem 106 may go offline. It is possible that a late bandwidth allocation map
may cause modems corresponding to earlier minislots to miss their slots, but modems
corresponding to later minislots make receive the bandwidth allocation map in time to send the
bursts upstream.

[0016] CCAP core 112 sends bandwidth allocation maps periodically, such as every few
milliseconds, to remote physical device 104. CCAP core 112 uses CCAP clock 116 to generate
the bandwidth allocation maps. Then, remote physical device 104 uses RPD clock 108 to send
the bandwidth allocation maps to modem 106. After losing a connection with timing server 114,
when RPD clock 108 starts to drift, an RPD clock adjustment engine 110 in remote physical
device 104 uses the bandwidth allocation maps to adjust a rate of RPD clock 108. For
example, RPD clock adjustment engine 110 may adjust the rate of RPD clock 108 such that a
time difference between a RPD timestamp of RPD clock 108 and the minislot timestamp
remains substantially constant, such as substantially around the time difference that existed
before timing synchronization was lost. It is possible that RPD clock 108 may drift in
comparison to CCAP clock 116; however, maintaining the time difference allows remote
physical device 104 to send the bandwidth allocation maps to modems 106 in enough time
such that modems 106 do not miss minislot times to transmit upstream.
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[0017] In addition to RPD clock 108 possibly losing timing synchronization, CCAP core 112
may also lose timing synchronization with timing server 114. In some examples, a CCAP clock
adjustment engine 118 can use upstream signals, such as bursts from modem 106, to maintain
timing synchronization. As with RPD clock adjustment engine 110, CCAP clock adjustment
engine 118 is not maintaining a lock with RPD clock adjustment engine 110 when timing
synchronization is lost with timing server 114, but rather adjusting the CCAP timing based on
the upstream bursts that are received. For example, modems 106 may send upstream bursts
that include the minislot times associated with their upstream bursts. CCAP clock adjustment
engine 118 can then use those minislot times to adjust CCAP clock 116. For example, if the
burst arrives later than expected, then, maybe that CCAP clock 116 is too slow and CCAP clock
adjustment engine 118 adjusts CCAP clock 116 to run faster.

[0018] The following will now describe both adjustment processes in more detail.

RPD clock adjustment

[0019] FIG. 2 depicts a simplified flowchart 200 of a method for adjusting RPD clock 108
according to some embodiments. At 202, RPD clock adjustment engine 110 detects that a
connection to timing server 114 is offline (e.g., a connection is lost). RPD clock adjustment
engine 110 may detect the loss of the connection based on messages not being received from
timing server 114 or some delay in receiving messages. For example, remote physical device
104 should receive messages from timing server 114 periodically at certain defined intervals. If
a number of messages over a threshold are not received or received late, then RPD clock
adjustment engine 110 may determine that the connection with timing server 114 is offline.

[0020] At 204, RPD clock adjustment engine 110 receives a second source of timing
information. For example, CCAP core 112 may generate bandwidth allocation maps that
include information that RPD clock adjustment engine 110 can convert into timing information.
As discussed above, the minislot value contains a time slot that defines when a modem 106
can transmit a burst upstream. Although the minislot value is discussed, other information that
defines when communications can occur in system 100 may be used. For example, the
information received from CCAP core 112 may define a specific time when modem 106 can
transmit upstream instead of a minislot value or when remote physical device 104 can transmit
downstream instead of when modem 106 can transmit upstream. Thus, minislot values do not
need to be used. Also, the second source of timing information may be other timing values that
RPD clock adjustment engine 110 can use, such as any timing values that can be derived from
communications that are performed in system 100 while the timing synchronization is lost. One
advantage of using minislot values is that the bandwidth allocation maps are typically sent and
also sent very frequently. Thus, no extra bandwidth is being added to system 100 by using the
already being sent bandwidth allocation maps.

[0021] At 206, RPD clock adjustment engine 110 converts the second source of timing
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information to a first timestamp. The first timestamp may be a first time in which a modem 106
can transmit upstream. The conversion from the minislot value to the first timestamp may
depend upon the configuration of system 100. For example, minislots may be separated by a
time interval. RPD clock adjustment engine 110 can take the minislot value and determine a
time value that can be compared to RPD clock 108. For a first configuration, such as an
Advanced Time Division Multiple Access (ATDMA) upstream channel type, a minislot is
configured to be a power of 2 multiple of the DOCSIS 6.25 microsecond tick. Thus, minislot
sizes would be 6.25pus, 12.5us, 25us, 50us etc. Therefore, the timestamp in microseconds is
derived by multiplying the minislot count by the number of microseconds per minislot. The
minislot count is a 26 bit number and laps in about 7 minutes so this is extended to a 64 bit
number by comparison with the current time. For another configuration, such as a
Synchronous Code Division Multiple Access (SCDMA) channel type, a frame is configured with
a number of minislots and a start reference timestamp. Thus, any future timestamp can be
calculated based on the start reference and the number of elapsed minislots since that
reference. In other examples, the bandwidth allocation map may include the first timestamp
and RPD clock adjustment engine 110 does not need to perform the conversion.

[0022] At 208, RPD clock adjustment engine 110 compares the first timestamp to a second
timestamp of RPD clock 108. The second timestamp may be a current time of RPD clock 108.
RPD clock adjustment engine 110 may determine a difference between the second timestamp
and the first timestamp using the comparison. This difference may determine the amount of
time that modem 106 has to process the bandwidth allocation map before having to transmit
the upstream burst. For example, if the difference from the second timestamp to the first
timestamp is 5 milliseconds, which is the current time compared to a time in the future, then
the first modem 106 that is scheduled to transmit in the first minislot should have around 5
milliseconds to receive the bandwidth allocation map, process it, and then be able to transmit a
burst upstream. The difference may be determined over receiving multiple bandwidth
allocation maps while timing synchronization is maintained with timing server 114. For
example, remote physical device 104 receives many bandwidth allocation maps over time and
RPD clock adjustment engine 110 can determine the standard or average difference between
the first timestamp and the second timestamp while timing synchronization is active. Remote
physical device 104 may use a certain percentage of past bandwidth allocation maps, such as
the last 10%.

[0023] At 210, RPD clock adjustment engine 110 adjusts RPD clock 108, if needed. RPD clock
adjustment engine 110 then attempts to maintain that difference when timing synchronization is
lost. That is, the difference may drift from 5 milliseconds to 4.9 milliseconds to 4.8 milliseconds,
etc. Then, RPD clock adjustment engine 110 attempts to adjust the rate of RPD clock 108 to
maintain the 5 millisecond difference. For example, RPD clock adjustment engine 110 may
slow down the rate of RPD clock 108 to increase the difference if the difference is decreasing.
Slowing down the RPD clock 108 reduces the rate at which maps are consumed by RPD 104
so the map advance time will increase back up to 5ms.. However, if the difference is
increasing, such as from 5 milliseconds to 5.1 milliseconds, to 5.2 milliseconds, RPD clock
adjustment engine 110 speeds up the rate of RPD clock 108 to counteract the increase in the
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difference. Speeding up the RPD clock 108 increases the rate at which maps are consumed by
RPD 104 so the map the advance time will decrease down to 5ms.

[0024] FIG. 3 depicts a simplified flowchart 300 of a method for adjusting RPD clock 108 using
minislot values according to some embodiments. At 302, RPD clock adjustment engine 110
receives a bandwidth allocation map. At 304, RPD clock adjustment engine 110 converts a
minislot value in the bandwidth allocation map to a first timestamp. For example, RPD clock
adjustment engine 110 may use the first minislot value in the bandwidth allocation map. This
minislot value may define the first time in which a first modem 106 can transmit a burst
upstream. At 306, RPD clock adjustment engine 110 computes a difference between the first
timestamp and the second timestamp.

[0025] At 308, RPD clock adjustment engine 110 inputs the difference between the first
timestamp and the second timestamp into a control system, such as a phase locked loop
(PLL). The phase locked loop may take input values and generate an output signal that is
related to the phase of the input signal. In some embodiments, a Proportional-Integral (Pl)
controller may be used. Phase locked loops may be used to keep the difference that was
determined while timing synchronization with timing server 114 constant when timing
synchronization is lost. Although a phase locked loop is described, other control systems may
be used to adjust RPD clock 108, if needed. At 310, the control system modifies RPD clock
108, if needed, such as by speeding up or slowing down the clock rate.

[0026] In some embodiments, the set point of the Pl-controller would be current clock value +
a sufficient advance (e.g., 5 ms) added to it for the maps to get to the modems 106 on time.
The measured value would be the average of the timestamps derived from the minislot count
in the bandwidth allocation maps. The error would be the difference between the set-point and
the measured value. The Pl controller would output an adjustment to apply to the oscillator of
RPD clock 108 to slow the clock if the sign of the error indicated that it was running too fast and
vice-versa.

Remote physical device

[0027] FIG. 4 depicts a more detailed example of remote physical device 104 according to
some embodiments. A receiver 402 receives the bandwidth allocation maps. For example,
receiver 402 may be a burst receiver that receives the maps. In some cases, the maps may be
sent as normal downstream channel data and also sent to receiver 402.

[0028] A timestamp generator 404 generates the first timestamp from the bandwidth allocation
maps. Additionally, timestamp generator 404 may generate the second timestamp based on
the current time from RPD clock 108. Timestamp generator 404 may input the difference
between the first timestamp and the second timestamp into RPD clock adjustment engine 110.
However, clock adjustment engine 110 may not always use the difference to adjust RPD clock
108. Rather, prior to losing the connection, RPD clock uses 1588 timer engine 406 to maintain
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timing with timing server 114.

[0029] Once the connection is lost, 1588 timer engine 406 may notify clock adjustment engine
110. Then, RPD clock adjustment engine 110 may adjust RPD clock 108 based upon the
difference received from timestamp generator 404. Accordingly, RPD clock 108 is now
synchronized using clock adjustment engine 110 and not 1588 timer engine 406.

Headend 102 clock adjustment

[0030] In some embodiments, CCAP clock 116 may lose timing synchronization. CCAP clock
adjustment engine 118 may then maintain the timing synchronization using a second source of
timing information.

[0031] FIG. 5 depicts a simplified flowchart 500 of a method for adjusting CCAP clock 116
according to some embodiments. At 502, CCAP clock adjustment engine 118 detects that the
connection with timing server 114 is offline. The detection may be based on headend 102 not
receiving messages from timing server 114 or receiving the messages late. CCAP core 112
may have a more precise clock than RPDs 108 so CCAP clock 116 may drift very slowly.
However, given enough time, CCAP clock 116 will drift significantly enough for modems 116 to
go offline. In the case of a virtualized implementation of a CCAP core 112, a precise oscillator
may not be in use so drift would occur more rapidly.

[0032] At 504, CCAP clock adjustment engine 118 receives a second source of timing
information sent from remote physical device 104. The bandwidth allocation maps are
generated by CCAP core 112 so cannot be used to adjust the timing of CCAP clock 116.
However, modems 106 may send signals, such as bursts upstream, in the minislots allocated
to them in the bandwidth allocation map. The bursts upstream may include the original minislot
values. For example, a modem 106 includes the minislot value that is assigned to it in its burst
upstream. The time that the burst is sent from the RPD 104 to the CCAP core 112 depends on
the burst duration because RPD 104 waits for the burst to be received before it is sent to CCAP
core 112, This creates a significant variation in the arrival time of bursts relative to the minislot
value contained within them. One form of filtering is to ignore the timestamps of all bursts
except a percentage, such as 1%, that have the smallest difference between the first and
second timestamps. This should correspond to the bursts that were sent to CCAP core 112 the
soonest after they were received by RPD 104. Although minislot values are described, other
information may be included that is a source of timing information. For example, timestamps in
which the bursts sent upstream may be included.

[0033] At 506, CCAP clock adjustment engine 118 converts the second source of timing
information to a first timestamp. For example, CCAP clock adjustment engine 118 can perform
the same conversion as described with respect to remote physical device 104 to convert
minislot values to timestamps.
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[0034] At 508, CCAP clock adjustment engine 118 compares the first timestamp to a second
timestamp of the CCAP. For example, CCAP clock adjustment engine 118 uses the current
time from CCAP clock 116 as the second timestamp. At 510, CCAP clock adjustment engine
118 adjusts CCAP clock 116, if needed. The minislot value is the time allocated to transmit a
burst upstream. Headend 102 should receive the burst shortly thereafter. Thus, the current
time of CCAP clock 116 should be relatively close to the first timestamp after filtering out the
larger bursts that likely had a delayed transmission to CCAP core 112. If the earliest bursts
upstream are arriving later than expected at headend 102, then it is possible that a rate of
CCAP clock 116 is too slow. The difference between the first timestamp and the second
timestamp may be getting larger in this case. Accordingly, CCAP clock adjustment engine 118
may adjust a rate of CCAP clock 116 to run faster. However, if the time difference is becoming
smaller, then CCAP clock adjustment engine 118 may adjust a rate of CCAP clock 116 to run
slower. As described with respect to remote physical device 104, there may be a difference
between the first timestamp and the second timestamp that may be established when timing
synchronization with timing server 114 was online. However, because the minislot value is
closer to the current time at headend 102, the difference at CCAP adjustment engine 118 is
different from RPD clock adjustment engine 110. Nevertheless, CCAP adjustment engine 118
attempts to maintain the difference that was previously determined while timing
synchronization was online. CCAP adjustment engine 118 may also use a PLL to adjust CCAP
clock 116 in a similar way as described above. For example, the difference between the burst
timestamp (which is derived from the minislot count of the start of the upstream burst) and the
CCAP clock timestamp is input to the PLL, which adjusts the CCAP clock 116.

[0035] FIG. 6 depicts a simplified flowchart 600 of a method for using the minislot values to
adjust CCAP clock 116 according to some embodiments. At 602, CCAP clock adjustment
engine 118 receives an upstream burst from remote physical device 104 with a minislot value.
At 604, CCAP clock adjustment engine 118 converts the minislot value to a first timestamp. At
606, CCAP clock adjustment engine 118 compares the first timestamp to a second timestamp
for the CCAP.

[0036] At 608, CCAP clock adjustment engine 118 inputs the difference between the first
timestamp and the second timestamp into a control system. For example, as discussed above,
a phase locked loop or other control systems may be used. At 610, CCAP clock adjustment
engine 118 adjusts the CCAP clock, if needed. For example, the phase locked loop may
attempt to keep the difference established while timing server 114 was online constant during
the time in which timing server 114 is offline.

[0037] FIG. 7 depicts a more detailed example of headend 102 according to some
embodiments. A receiver 702 receives an upstream burst from remote physical device 104. As
discussed above, the burst may include minislot values. Timestamp generator 704 uses the
minislot values to generate the first timestamp. Also, timestamp generator 704 generates the
second timestamp based on CCAP clock 116. Timestamp generator 704 may input the
difference between the first timestamp and the second timestamp into CCAP clock adjustment
engine 118. However, CCAP clock adjustment engine 118 may not always use the difference to
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adjust CCAP clock 116. Rather, prior to losing the connection, CCAP clock 116 uses 1588 timer
engine 708 to maintain timing with timing server 114.

[0038] When a lost connection is detected, 1588 timer engine 708 sends an indication to
CCAP clock adjustment engine 118. Then, CCAP clock adjustment engine 118 may adjust
CCAP clock 116 based upon the difference received from timestamp generator 704.
Accordingly, CCAP clock 116 is now synchronized using CCAP clock adjustment engine 118
and not 1588 timer engine 708. CCAP core 112 can synchronize itself to RPD clock 108 when
CCAP core 112 has lost its own timing source. However, in some instantiations, a large number
of RPDs 104 may be handled by a single CCAP core. Therefore, the CCAP core is
synchronizing itself to the average of all of those RPDs 104.

Conclusion

[0039] Accordingly, some embodiments use a second source of timing information to maintain
either CCAP clock 116 or RPD clock 108. The timing synchronization that is maintained does
not lock CCAP clock 116 to RPD clock 108. Rather, the clock adjustment attempts to adjust one
of the clocks such that modems 106 do not go offline. The adjustment uses timing information
that is used in communications in system 100, such as minislot values in a bandwidth allocation
map. This leverages information that is already being sent, such as from headend 102 to
modem 106, or vice versa. Although information already being sent is described, it is possible
that headend 102 may generate timing information that can be sent when the connection is
lost with timing server 114,

[0040] At some point, timing server 114 may come back online. This allows CCAP core 112
and RPD 104 to reestablish timing with timing server 114, such as both can establish a 1588
lock after the interruption has ceased. Some embodiments adjust RPD clock 108 or CCAP
clock 116 back towards the time of timing server 114 slowly without service interruption
because either clock may not have drifted too far during the interruption due to using the
second source of timing to adjust the clock rates.

System

[0041] Fig. 8 illustrates an example of a special purpose computer systems 800 configured
with components of headend 102 and/or remote physical device 104 according to one
embodiment. Computer system 800 includes a bus 802, network interface 804, a computer
processor 806, a memory 808, a storage device 810, and a display 812.

[0042] Bus 802 may be a communication mechanism for communicating information.
Computer processor 806 may execute computer programs stored in memory 808 or storage
device 808. Any suitable programming language can be used to implement the routines of
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particular embodiments including C, C++, Java, assembly language, etc. Different
programming techniques can be employed such as procedural or object oriented. The routines
can execute on a single computer system 800 or multiple computer systems 800. Further,
multiple computer processors 806 may be used.

[0043] Memory 808 may store instructions, such as source code or binary code, for performing
the techniques described above. Memory 808 may also be used for storing variables or other
intermediate information during execution of instructions to be executed by processor 806.
Examples of memory 808 include random access memory (RAM), read only memory (ROM),
or both.

[0044] Storage device 810 may also store instructions, such as source code or binary code, for
performing the techniques described above. Storage device 810 may additionally store data
used and manipulated by computer processor 806. For example, storage device 810 may be a
database that is accessed by computer system 800. Other examples of storage device 810
include random access memory (RAM), read only memory (ROM), a hard drive, a magnetic
disk, an optical disk, a CD-ROM, a DVD, a flash memory, a USB memory card, or any other
medium from which a computer can read.

[0045] Memory 808 or storage device 810 may be an example of a non-transitory computer-
readable storage medium for use by or in connection with computer system 800. The non-
transitory computer-readable storage medium contains instructions for controlling a computer
system 800 to be configured to perform functions described by particular embodiments. The
instructions, when executed by one or more computer processors 806, may be configured to
perform that which is described in particular embodiments.

[0046] Computer system 800 includes a display 812 for displaying information to a computer
user. Display 812 may display a user interface used by a user to interact with computer system
800.

[0047] Computer system 800 also includes a network interface 804 to provide data
communication connection over a network, such as a local area network (LAN) or wide area
network (WAN). Wireless networks may also be used. In any such implementation, network
interface 804 sends and receives electrical, electromagnetic, or optical signals that carry digital
data streams representing various types of information.

[0048] Computer system 800 can send and receive information through network interface 804
across a network 814, which may be an Intranet or the Internet. Computer system 800 may
interact with other computer systems 800 through network 814. In some examples, client-
server communications occur through network 814. Also, implementations of particular
embodiments may be distributed across computer systems 800 through network 814.

[0049] Particular embodiments may be implemented in a non-transitory computer-readable
storage medium for use by or in connection with the instruction execution system, apparatus,
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system, or machine. The computer-readable storage medium contains instructions for
controlling a computer system to perform a method described by particular embodiments. The
computer system may include one or more computing devices. The instructions, when
executed by one or more computer processors, may be configured to perform that which is
described in particular embodiments.

[0050] As used in the description herein and throughout the claims that follow, "a", "an", and
"the" includes plural references unless the context clearly dictates otherwise. Also, as used in
the description herein and throughout the claims that follow, the meaning of "in" includes "in"
and "on" unless the context clearly dictates otherwise.

[0051] The above description illustrates various embodiments along with examples of how
aspects of particular embodiments may be implemented. The above examples and
embodiments should not be deemed to be the only embodiments, and are presented to
illustrate the flexibility and advantages of particular embodiments as defined by the following
claims. Based on the above disclosure and the following claims, other arrangements,
embodiments, implementations and equivalents may be employed without departing from the
scope hereof as defined by the claims.
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PATENTKRAV
En fremgangsmade (200), der omfatter:

at detektere (202), med en fgrste computerenhed (104), et tab af en
forbindelse til en tidsserver, der sender en fgrste tidsinformationskilde,
som den fgrste computerenhed og en anden computerenhed (102)
anvender til at opretholde synkronisering med et fgrste ur pa den fgrste
computerenhed og et andet ur pa den anden computerenhed;

hvis den fgrste computerenhed registrerer et tab af en forbindelse til
tidsserveren, og derefter, med den fgrste computerenhed, modtager (204)
en anden tidsinformationskilde fra den anden computerenhed, hvor den
anden tidsinformationskilde ogsd overfgres til en tredje computerenhed
(106);

anvendelse, med den fgrste computerenhed, af den anden modtagne
tidsinformationskilde til at bestemme et fgrste tidsstempel;

bestemmelse (206), med den fgrste computerenhed, af et andet
tidsstempel fra det fgrste ur; og

anvendelse (210), med den fgrste computerenhed, af det farste
tidsstempel og det andet tidsstempel til at justere en hastighed af det
farste ur, hvor det fgrste ur anvendes til at transmittere den anden
modtagne tidsinformationskilde

fra den anden computerenhed til den tredje computerenhed.

Fremgangsmaden ifglge patentkrav 1, hvor den anden tidsinformationskilde
omfatter et kort, der inkluderer information om, hvornar den tredje
computerenhed har tilladelse til at sende opstrems til den fgrste
computerenhed.

Fremgangsmaden ifglge patentkrav 2, hvori kortet, der definerer tidspunkter,
hvorpa den tredje computerenhed og andre fjerde computerenheder, har
tilladelse til at sende opstrgms til den fgrste computerenhed.

Fremgangsmaden ifglge et hvilket som helst af patentkravene 1 til 3, hvori
den anden tidsinformationskilde omfatter en veerdi, der definerer et
tidsinterval, hvor den tredje computerenhed har tilladelse til at sende



10

15

20

25

30

35

7.

10.

DK/EP 3480976 T3

opstrgms til den fgrste computerenhed.

Fremgangsmaden ifglge patentkrav 4, hvori veerdien er en mini-
tidsintervalvaerdi, der definerer en tid for det tidsinterval, hvor den tredje
computerenhed har tilladelse til at sende opstrems til den fgrste

computerenhed.

Fremgangsmaden ifglge et hvilket som helst af patentkravene 1 til 5, hvor
anvendelse af det fgrste tidsstempel og det andet tidsstempel omfatter:

sammenligning (208) af det fgrste tidsstempel og det andet tidsstempel;
0g

anvendelse af resultatet af sammenligningen til at justere det fgrste urs
hastighed.

Fremgangsmaden ifglge et hvilket som helst af patentkravene 1 til 6, hvor
anvendelse af det fgrste tidsstempel og det andet tidsstempel omfatter:

beregning (306) af en forskel mellem det fgrste tidsstempel og det andet
tidsstempel; og

at indlaese (308) forskellen i en urjusteringsenhed, der er konfigureret til
at justere hastigheden af det fgrste ur.

Fremgangsmaden ifglge patentkrav 7, hvori urjusteringsenheden justerer
(310) det fgrste ur baseret pa forskellen sammenlignet med en forventet
forskel.

Fremgangsmaden ifglge patentkrav 8, hvor den forventede forskel omfatter et
tidspunkt, hvorpd@ den tredje computerenhed skal modtage den anden
tidsinformationskilde, behandle den anden kilde til tidsinformation og sende
kommunikation opstrgms til den fgrste computerenhed pa et tidspunkt, der
svarer til det fgrste tidsstempel.

Fremgangsmaden ifglge patentkrav 8 eller patentkrav 9, som vyderligere
omfatter: at leere den forventede forskel, fgr forbindelsen til den fgrste
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tidsinformationskilde detekteres som mistet.

Fremgangsmaden ifglge et hvilket som helst af patentkravene 7 til 10, hvor
urjusteringsenheden omfatter logik til at justere hastigheden af det fgrste ur
baseret p@ modtagelse af en flerhed af forskelle beregnet ud fra modtagelse
af flere forekomster af den anden tidsinformationskilde fra den anden
computerenhed.

Fremgangsmaden ifglge et hvilket som helst af patentkravene 1 til 11, hvor
den farste tidsinformationskilde er fra en separat tidsserver og bruges til at
ldse det fgrste ur og det andet ur sammen med samme hastighed.

Fremgangsmaden ifglge et hvilket som helst af patentkravene 1 til 12, hvor
justeringen af det fgrste ur ikke l8ser det fgrste ur til den samme hastighed
som det andet ur.

Fremgangsmaden ifglge et hvilket som helst af patentkravene 1 til 13, hvor
en eller flere separate tidsservere anvendes til at give den fgrste
tidsinformationskilde til den fgrste computerenhed o0g den anden

computerenhed.

En fremgangsmade, der omfatter:

at detektere (102), med en fgrste computerenhed (502), et tab af en
forbindelse til en tidsserver, der sender en fgrste tidsinformationskilde,
som den fgrste computerenhed og en anden computerenhed (104)
anvender til at opretholde synkronisering med et fgrste ur pa den fgrste
computerenhed og et andet ur pa den anden computerenhed;

hvis den fgrste computerenhed registrerer (502) et tab af en forbindelse til
tidsserveren, og derefter, med den fgrste computerenhed, sender en anden
tidsinformationskilde til den anden computerenhed, den anden
tidsinformationskilde, der skal overfgres af den anden computerenhed til
en tredje computerenhed (106);

modtagelse (504), p@ den fgrste computerenhed, som reaktion pa den
anden tidsinformationskilde, der overfgres til den tredje computerenhed,
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af et svar fra den tredje computerenhed, hvor svaret omfatter den anden
tidsinformationskilde;

anvendelse (506), med den fgrste computerenhed, af den anden
tidsinformationskilde modtaget fra den tredje computerenhed til

5 bestemmelse af et farste tidsstempel;
bestemmelse, med den forste computerenhed, af et andet tidsstempel fra
det fgrste ur; ved anvendelse (510) af, med den fgrste computerenhed,
det farste tidsstempel og det andet tidsstempel til at justere en hastighed
af det fgrste ur, hvor det fgrste ur bruges til at sende den anden
10 tidsinformationskilde fra den fgrste computerenhed.

16. Et ikke-midlertidigt, computerlaesbart lagermedium indeholdende
instruktioner, som ved udfgrelse kontrollerer en fgrste computerenhed, der
skal konfigureres til at opfylde enhver af fremgangsmaderne i patentkravene

15 1 til 15.
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200
TN

’) . » . . .
“02~./\ Detect timing server connection is-offline

204!/\ Receive a second source of timing information from the
CCAP core

¥

206 /" Convert the second source of timing information to a first
timestamp

;

208 /N Compare the first timestamp to a second timestamp of the
RPD clock

¥
21()/\ Adjust the RPD clock, if needed

FIG. 2
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300
TN

302/ Receive the bandwidth allecation map

304!/\ Convert a minislot value in the bandwidth allocation map
to a first timestamp

30@/\ Compute a difference between the first timestamp to a
second timestamp

3055/\ Input the difference between the first timestamp and the
second timestamip ittto a control system

310/ Adjust the RPD clock, if needed

FIG. 3
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500
TN

502"\

Detect timer scrver connection 18 offline at CCAP

504 /"

Receive a second source of tuming information sent from
the RPD

L 4

50(3/\

Convert the second source of timing information to a first
timestamp

;

508 /N

Compate the first timestamp to a second timestamp of the
CCAP

'

510,/

Adjust the CCAP clock, if needed

FIG. 5
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600
T

602/ Receive upstream burst from RPD with a minislot value
¥
604,/ Convert the minislot value to a first timestamp
A 4
606\/\ Compare the first timestamp to a second timestamp for
the CCAP

6052/\ Input a difference between the first timestamp and the
second timestamp into a control system

'

610/ Adjust the CCAP clock, if needed

FIG. 6



DK/EP 3480976 T3

L 'O
¥0L STT S0L
101810Ud8 P— ! 2uISud juounsnipt |feg——od ouigud
duwregsow ], JOOP dVOD  |uwonoouuoo | JOUW 88GT
190
SoNnjeA SOOUTIOJ (] *
JOTSTUI
0L o -
wang | 201 ,
weansdpy ISATOIOY PO VI
20T

puspeoyq




DK/EP 3480976 T3

018 908
oo1a0(] 108825014
oFeiolg Iomduoyy

i
i

#0838 808
aorpIoU] LIowop
NIOMION

18
Aerdsig

8 DA
WIOISAS
omdure)y /\4 008
018 908
301A2(] 10883001d -
28vi01g romndwoy v18
NI0MIBN
F 208 7#
038 308
QoelIaIU] K1ows
JIOMISN
— 008
I8 \/\
Kerdsiq ‘




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	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 - CLAIMS
	Page 17 - CLAIMS
	Page 18 - CLAIMS
	Page 19 - CLAIMS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS

