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Abstract

Disclosed are techniques for timing correction for a DOCSIS Edge-QAM. Unlike the
DTI required at the headend in existing solutions for DOCSIS Edge-QAM timing, the
disclosed techniques may use an Edge-QAM timing deeper in to the network. The N-QAM,
referring to an Edge-QAM that is deeper in the network, may be in the optical node configured
to convert signals from a network headend or hub for delivery to a subscriber network element.
The N-QAM device located in the node may include a local clock for deriving a local time for
incoming transport streams, modulating the transport streams onto a downstream carrier for
delivery to subscriber network elements using the local clock time, and adjusting the local

clock time based on an average value of timestamps in the incoming transport streams.
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TIMING CORRECTION FOR A DOCSIS EDGE-QAM

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application is a continuation of U.S. provisional patent application serial
no. 61/718,703 filed on October 25, 2012, the contents of which is incorporated herein by

reference in its entirety.

BACKGROUND

[0002] Cable television systems have been in widespread use for many years and
extensive networks have been developed. The Data Over Cable Service Interface Specification
(DOCSIS) is a cable modem standard used for transferring data over a cable TV network. An
example of a broadband network commonly used by cable TV operators is shown in FIG 1.
Existing headend/CMTS architectures include an Edge quadrature amplitude modulation
(QAM) device 102 at the headend or hub device, having multiple Gigabit Ethernet (GigE)
input ports. The Edge-QAM device receives signals from the modular cable modem
termination system (M-CMTS) 100 for downstream transmission, for example, re-packetizes
the video or data into a transport stream, e.g., MPEG transport stream, and digitally modulates
the transport stream onto a downstream RF carrier using QAM. The Edge-QAM device can
communicate signals from the CMTS to network elements 103(1-N).

[0003] A DOCSIS timing interface (DTI) server 101 provides accurate reference clock

information for Edge-QAM devices 102 and modular CMTS in a typical M-CMTS architecture
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via a DOCSIS timing interface (DTI). The DTI is the protocol defined in the DOCSIS 3.0 DTI
specification, which aims to ensure that the Edge-QAM modulator and the M-CMTS device
are synchronized. The DTI in the headend may address both jitter for multiple Edge-QAMs
and provide for redundancy, e.g., by allowing for a switch-over to a redundant Edge-QAM
without re-ranging. The DTI functions to provide the same signal to both the primary and
redundant Edge-QAMs.

[0004] Using DTI is expensive. For example, incorporating the DTI requires an
expensive master clock and a separate timing interface to both the CMTS and Edge-QAM.
Further, existing mechanisms for addressing jitter for Ethernet links require technology
installed on both the headend Edge-QAM and the CMTS. For example, the DTI is installed at
the headend, where the Edge-QAM is separate from the CMTS, e.g., in separate chassis. The
DTI clock is connected to each chassis to maintain accurate timing and jitter between the
CMTS and Edge-QAM streams. Further, the SYNC from the DTI server does not support long
distances. For example, the current standard for the DOCSIS timing interface s limited to 250
meters, and the DTIs developed to date are limited to supporting this distance (e.g., limited to
less than 250 meters). An alternative to DTI in existing DOCSIS M-CMTS deployments

would be desirable, both for cost savings and to work over longer remote distances.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 depicts an example of a broadband network with a DTI server commonly

used by cable TV operators.
[0006] FIG. 2 depicts an example fiber coaxial (HFC) broadband network that uses the
disclosed Edge-QAM timing techniques.

[0007] FIG. 3 depicts another example network that uses the disclosed Edge-QAM
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timing techniques.

[0008] FIG. 4 depicts an example HFC network.

[0009] FIG. 5 depicts a specific example of the timing correction achievable by the

disclosed embodiments.

[0010] FIG. 6 depicts a specific example of the timing correction achievable by the

disclosed embodiments.

[0011] FIG. 7 depicts a specific example of the timing correction achievable by the

disclosed embodiments.

DETAILED DESCRIPTION

[0012] Disclosed herein are techniques for timing correction for a modulator, such as
the DOCSIS Edge-QAM. Figure 2 illustrates an example network that may incorporate the
disclosed timing correction techniques. Unlike the DTI required at the headend 1n existing
solutions for DOCSIS Edge-QAM timing, the techniques disclosed herein may use an Edge-
QAM timing deeper in to the network. The N-QAM, which uses the timing correction
techniques disclosed herein, may be an Edge-QAM located deeper in the network, such as in
the optical node 201. As shown in FIG. 2, the optical node 201 includes a clock 211, an
oscillator 213, and N-QAM 212.

[0013] Digital cable services carried over cable plants use QAM modulation. The
Edge-QAM is the conveyer of movies, video, data services, and the like, from the cable
network headend to subscriber network elements, e.g., in a subscriber’s home. For example,

the Edge-QAM may receive a digital signal and modulate the signal for transmission through

an analog portion of the cable network until it reaches the cable set-top box (in a digital video
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example). Moving the Edge-QAM capability to a node between the headend and the
subscriber’s network element creates timing synchronization issue as the Edge-QAM/N-QAM
will be remote from the CTMS and DTI server and is not available for a local feedback loop
with the CTMS or DTI server to synchronize timing between the Edge-QAM and CMTS. An
Edge-QAM device may support, via n number of channels, e.g., 48, video on demand (VOD),
switched digital video (SDV), broadcast services or DOCSIS high-speed data (e.g., through
support for the M-CMTS architecture).

[0014] The network shown in FIG. 2 is a hybrid fiber coaxial (HFC) broadband
network that combines the use of optical fiber 205 and coaxial connections 206. The headend
210 may contain an optical transceiver 204 to provide optical communications through the
optical fiber 205 to a plurality of nodes, as shown by the example optical node 201. The fiber
optic 205 portion of the example HFC network extends from the headend to a hub and/or to a
fiber optic node 201. The fiber optic node 201 may be connected to many network elements
202(1-N) of subscribers via the coaxial cable portion 206 of the network. The network may
include a plurality of network elements 202 (1-N) (e.g. cable modems, set top boxes,
televisions equipped with set top boxes, Data Over Cable Service Interface Specification
(DOCSIS) terminal devices, media terminal adapters (MTA), embedded media terminal

adapter (eMTA), or any other element on a network such as a PON or a HFC network

connected to the cable modem termination system (CMTS) 200 located in a headend.

[0015] A communications device 200 such as a cable modem termination system
(CMTS) is typically provided at a headend or hub site of a broadband network for providing
high speed data services, such as Internet, Voice over Internet Protocol, or digital video

services to subscribers of a cable TV operator or to like customers. The CMTS 200 hosts
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downstream and upstream ports and contains numerous receivers, each receiver handling
communications between hundreds of end user network elements connected to the broadband
network. For example, each CMTS 200 receiver may be connected to several modems of
many subscribers, e.g., single receiver may be connected to hundreds of modems which vary
widely in communication characteristics. In many instances several nodes, such as fiber optic
node 201, may serve a particular area of a town or city.

[0016] Each node 201 may also contain a reverse/return path transmitter that is able to
relay communications from a subscriber network element 202(1-N) to the headend 210.
Downstream (also referred to as forward path) optical communications over the optical fiber
are typically converted at the nodes to Radio Frequency (RF) communications for transmission
over the coaxial cable. Conversely, upstream (also referred to as return path) RF
communications from the network elements are provided over the coaxial cables and are
typically converted at the nodes to optical communications for transmission over the optical
fiber to the headend.

[0017] By way of example, a single node may be connected to thousands of cable
modems or other network elements. The optical transceiver 204 may contain both a
downstream optical transmitter and an upstream optical receiver. The optical transmitter 204

at the headend may convert received electrical signals to downstream optically modulated

signals that can be transmitted to the nodes. Each node 201 may include a broadband optical

receiver to convert the downstream optically modulated signal received from the headend/hub
to an electrical signal provided to the subscribers’ network elements 202(1-N) via the coaxial

portton 206 of the HFC network.

[0018] Before data packets/signals leave the CMTS, a SYNC message is provided a
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time stamp. As the signal travels through the network, jitter is introduced. Thus, the
timestamps do not always reflect the proper time. When leaving the Edge-QAM 1n the CMTS,
an exact time is needed via the DTI solution. However, for the disclosed N-QAM deeper 1n to
the network solution, such as in the optical node 201, the exact time of the local clock may be
used. Whenever the CMTS and Edge-QAM are connected by an Ethernet link, packet jitter
will be introduced. Two mechanisms that may be used by Ethernet links to convey timing to a
remote node include SyncE for frequency lock and 1588v2 for time of day (ToD).

[0019] The DTI solution does not accommodate long distances (e.g., over 250m). In
embodiments disclosed herein, the timing correction for the DOCSIS Edge-QAM is achievable
without the use of the DOCSIS timing interface, allowing timing to be recreated in an Edge-
QAM without using DTI. Fixed time delays in the network can be ranged out during the cable
modem ranging process. Thus, time stamps in sync messages do not need to have an accurate
absolute time.

[0020] It is desirable that the N-QAM has a very low jitter clock. SyncE can be used,
but local clocks also have sufficient short term accuracy. The N-QAM 212 can derive a local
clock 211 from the average value of the time in the incoming sync messages over the fiber link

205. Thus, a clock local in the N-QAM may be accurate enough to derive appropriate timing.
A local clock oscillates, and the N-QAM may use the local clock for timing. The N-QAM 212
can replace all time stamps in sync messages with its low jitter clock before sending out the
sync messages. The N-QAM 212 can slowly adjust its clock to stay relatively close to the
average value of the time in the incoming sync messages. Using the N-QAM in the optical

node can correct for timing without a hardware change to legacy CMTS equipment. An

adaptive loop algorithm may allow the N-QAM device to keep its clock frequency in lock with
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the CMTS clock frequency generating the original SYNC packet. Thus, measurements of local
jitter may include using SYNC messages that have some jitter, but averaging it to update the
local clock.

[0021] The Edge-QAM may use the local clock to derive a ToD to correct the time
stamp on the sync messages, causing the sync messages to appear extremely low jittered. The
N-QAM can replace the time stamps in sync messages with the low jitter ToD time before
sending out the sync messages.The N-QAM may derive from the local clock an approximate
Time of Day (ToD). The accuracy of this solution is solely dependent on the jitter
performance of the N-QAM clock, NOT on the absolute accuracy of the N-QAM ToD.

[0022] In embodiments, the ToD can be determined via 1588v2, or from an algorithm
for deriving ToD from incoming sync messages. However, because the ToD derived in the N-
QAM deeper in the network (e.g., in the optical node 201) does not require the same accuracy
required by the DTI/headend solution (e.g., less than 100ns error is achievable and more than
adequate for certain arrangements), the local clock may provide an acceptably low jitter time
stamp despite whether the local clock reflects the exact time. Further, multiple N-QAMs can
be used to feed a service group of modems that all share an upstream channel. Even though
multiple N-QAMs will have different ToD clocks, as long as they each have low jitter, the
error of each N-QAM clock can be "ranged out” during cable modem ranging.

[0023] FIG. 3 depicts an example of QAM i1n the fiber node.

[0024] FIG. 4 depicts an example HFC network. As shown in FIG. 1, the Edge-QAM
in such a network is typically found at the headend or hub site, for example, coupled to the
CMTS and the DTI server. In FIG. 4, the optical node communicates via an optical fiber with

the headend or hub and via coaxial cable to the network elements. The N-QAM device
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disclosed herein, having a local clock that restamps the transport stream messages with the
local clock time, is located in the optical node,
[0025] FIG. 5 depicts a specific example of the timing correction achievable by the
disclosed embodiments.
* Items 1-3 are global parameters used only for the spreadsheet (not by the system)
* Item 4 1s the time stamp inserted into the sync message by the CMTS
* Item 5 1s an example of jitter added by the Ethernet transport
* Item 7 1s the actual arrival time of the sync message. This time 1s not used.
* Jtem 8 1s the value of the N-QAM local clock.
— The local clock 1s derived from the incoming sync messages
— The local clock does not make any sudden corrections
— Over the long term, the local clock approximates the value of the sync messages
— In the short term, the local clock will deviate from the value of the sync
messages due to the jitter of the incoming sync messages
— The N-QAM replaces the content of every sync message with the exact current
value of the N-QAM clock just before the sync message is passed off to the
modulator.
» Item 9 is the error of the value in the incoming sync message, compared to the local
clock
» [Item 10 is a rolling average of the error
« Ttems 11 — 13 are an example of the transit time to the CM. No jitter is added by the RF

cables between the N-QAM and the CM.
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* In this example, the N-QAM clock is not adapting to any long term drift in the error
(item 10).

[0026] FIG. 6 depicts a specific example of the timing correction, with N-QAM clock
correction, achievable by the disclosed embodiments. In this example, the gain of the
correction loop in the N-QAM was increased from 0 to 50 (item 3). This lowered the value of
the average clock error (item 10). In actual implementation, an adaptive loop would be used
to minimize the average error, rather than a simple weighted average of the error

— This adaptive loop would be designed to assure that any corrections to the local
clock occur sufficiently slow to be corrected by the Station Maintenance
messages between the cable modem and CMTS

[0027] As described herein, the modulator may take the average time of the incoming
messages, such as the incoming SYNCH messages received at an optical node if the modulator
is located in the optical node. The modulator then re-stamps the messages with an exact
version of the local clock. There may be a difference between the local clock arrival time of
the message and the re-stamping time, such as processing time. Processing time may include
the time it takes to process the incoming message before it is re-stamped, for example. FI1G. 7
depicts an example using an offset with the local clock time. The offset to the local clock time
may be a value, where the value may be fixed or adaptive. The offset may be communicated to
the device via a control channel such that the local clock is provisioned with the offset.

[0028] FIG. 7 depicts a specific example of the timing correction, with Global N-QAM
Time Offset, achievable by the disclosed embodiments. If it is very long distance link between
the N-QAM and CMTS, it might be desirable for the N-QAM to insert a more realistic time

into the sync messages, rather than inserting a de-jittered CMTS time back into the message.
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* In this example, item 1 was changed to cause the N-QAM to add a global offset of 7 to
its local clock before inserting the corrected time into the sync message.

* A unique global offset could be manually assigned to each N-QAM based on its
distance from the CMTS.

* The global offset could be calculated automatically by putting a cable modem into the
N-QAM and using the ranging information from the cable modem to determine the
proper offset.

[0029] The disclosed techniques provide excellent product applicability in M-CMTS
implementations. The ability to operate DOCSIS M-CMTS over long remote distances also
provides for Remote PHY opportunities. The disclosed techniques may provide for an Edge-
QAM timing solution that addresses longer distances, such as 250m-20km and beyond, for
example. N-QAMs 212 may be put in the node 201 and may also be used in the headend 210,
for example. The N-QAM timing solution does not require an exclusive feedback loop of the
DT1/headend timing correction solution and is less expensive, so it can be used for any N-
QAM solution. Redundancy may be provided for the remote Edge-QAM solution, similar to
the DTI server solution that accommodates for redundancy. However, it may be desirable that
the remote Edge-QAM solution simply be used to correct jitter.

[0030] As disclosed, the N-QAM, referring to an Edge-QAM that uses the timing
correction techniques disclosed) may be located deeper in the network, such as in the optical
node, where the optical node is configured to convert signals from a network headend or hub
for delivery to a subscriber network element. The optical fiber node may comprise a receiver

for receiving incoming messages over an optical fiber from the network headend or hub, the

incoming messages each having a timestamp, a local clock for deriving a local time for each ot

10
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the incoming messages, and an N-quadrature amplitude modulation (QAM) device. The N-
QAM may modulate transport streams onto a downstream carrier for delivery to subscriber
network elements replacing the timestamp in each of the incoming messages with the local
clock time, and adjust the local clock time based on an average value of timestamps in the
incoming messages. It can also add a fixed offset to the value from the local clock before
replacing the timestamp.

[0031] Thus, the N-quadrature amplitude modulation (QAM) may comprise a local
clock for deriving a local time for incoming transport streams, the incoming transport streams
cach having a timestamp, a modulator for modulating the transport streams onto a downstream
carrier for delivery to subscriber network elements using the local clock time, wherein the N-
QAM device adjusts the local clock time based on an average value of timestamps in the
incoming transport streams. The N-QAM may be located anywhere within the network, such
as at the optical fiber node between a headend and subscriber network element.

[0032] Further disclosed is a method for maintaining the local clock in the N-
guadrature amplitude modulation (QAM) device, the method comprising a local clock 1n a N-
QAM device for deriving a local time of arrival of incoming transport streams, the incoming
transport streams each having a timestamp, wherein the N-QAM device is located between a
headend and subscriber network element, modulating the transport streams onto a downstream
carrier for delivery to subscriber network elements using the local clock time, and adjusting the
local clock time in the N-QAM device based on an average value of timestamps in the
Incoming transport streams.

[0033] While example embodiments herein are described in reference to an Edge-QAM

or N-QAM device, any modulator capable of modulating digital signals over a carrier (e.g., an

11
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RF carrier) may use the timing correction methods disclosed herein. Thus, wherever reterence
is made to a N-QAM device, it 1s understood that any modulator that modulates the digital
signals over a carrier may employ the timing solutions disclosed herein. Further, the
modulator using the disclosed timing correction techniques may be located anywhere suitable
in the network and are not limited by the embodiments described. The modulator may be
located anywhere in the network for converting signals between the CMTS and the cable
modem. In an embodiment, the modulator is located deeper in the network, such as 1n optical
node 201. In an embodiment, the modulator may be in the headend, providing a headend
option that is cheaper and simpler than the existing DTI solution.

[0034] Although embodiments have been shown and described herein, 1t 1s to be
understood that various modifications, substitutions, and rearrangements of parts, components,
and/or process (method) steps, as well as other uses of the N-QAM can be made by those
skilled in the art without departing from the novel spirit and scope of the disclosed techniques
herein. For example, multiple N-QAMs may be employed in the headend or hub, local to the

CMTS, or located deeper in the network downstream from the CMTS, for example.

12
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What is Claimed:

1. A device, the device comprising:
a receiver for receiving incoming messages over an optical fiber from the network
headend or hub, the incoming messages each having a timestamp;
a local clock for deriving a local time for each of the incoming messages; and
a modulator for:
modulating transport streams onto a downstream carrier for delivery to
subscriber network elements replacing the timestamp in each of the incoming
messages with a time based on the local clock time, and

adjusting the local clock time based on an average value of timestamps in the

Incoming messages.

2. The device of claim 1, further configured to convert signals from a network headend or hub

for delivery to a subscriber network element

3. The device of claim 1, wherein the device is located within an optical fiber node.

4. The device of claim 1, wherein the modulator is an N-quadrature amplitude modulation

(QAM) modulator..

5. The device of claim 1, wherein the time based on the local clock time is the local clock time

offset by a value.

13



CA 02829056 2013-10-02

CS540724

6. A device, the device comprising:

a local clock for deriving a local time for incoming transport streams, the incoming
transport streams each having a timestamp; and

a modulator for modulating the transport streams onto a downstream carrier for
delivery to subscriber network elements using the local clock time, and

wherein the device adjusts the local clock time based on an average value of

timestamps in the incoming transport streams.

7. The device of claim 6, wherein the device is an N-quadrature amphtude modulation (QAM)

device

8. The device of claim 6, wherein the device is located between a headend and subscriber

network element.

9. A method for maintaining a local clock in a N-quadrature amplitude modulation
(QAM) device, the method comprising:

a local clock in a N-QAM device for deriving a local time of arrival of incoming
transport streams, the incoming transport streams each having a timestamp, wherein the N-
QAM device is located in a node between a headend and subscriber network element;

modulating the transport streams onto a downstream carrier for delivery to subscriber
network elements using the local clock time; and

adjusting the local clock time in the N-QAM device based on an average value of

timestamps in the incoming transport streams.

14
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