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Figure 7-2 - Network Input MTIE Requirements

7.1.2.3.2 Network Traceable MTIE Performance Requirements

The DTI server MUST meet the normal and acceptable MTIE performance requirements in Figure 7-3
under the input conditions stipulated in Section 7.1.2.3.1.
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Figure 7-3 - Network Traceable Mode MTIE Requirements

7.1.3 DTI Server Functional Requirements

The Server Clock MUST support the clock fast mode, clock free-run mode, clock holdover mode and clock
normal mode, as defined in [T1.101].

During warmup a server MUST transmit DTI messages with the Client Performance Stable flag and the
Cable Advance flag set to false.

The DTI server MUST NOT exit warmup until it has established an initial Time of Day setting.

Until a stable cable advance correction is established, the Server MUST indicate an invalid cable advance
in the Server Status Flags.

Under normal operating condition with a properly functioning client clock and a normal transport bit error
rate BER (<1 x le-8), the Server MUST establish a stable cable advance within 20 seconds from the first
valid client response.

The DTI server MUST support both a manual and automatic mode for cable advance.
The DTI server cable advance mode MUST be settable on a per port basis.

Regardless of the cable advance mode, the DTI server MUST minimize changes in the cable advance value
once the stable cable advance flag is asserted to ensure that all DTI server performance requirements are
met.

In manual cable advance mode, the cable advance correction value MUST be unchanged unless the user
requests an update is requested by the user. Transitioning from automatic mode to manual mode MUST
freeze the current cable advance value. Transitioning from manual mode to automatic mode MUST resume
automatic adjustment starting from the current cable advance value.
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In automatic cable advance mode, the DTI server MUST automatically adjust the cable advance to slow
changes in the cable delay associated with normal environmental conditions.

In automatic cable advance mode under stable cable advance operation (server status cable advance
flag = 1), the rate of change of the cable advance MUST be no more than one LSB of the fractional cable
advance word (26 ps) per second.

The DTI server MAY provide an option to set the cable advance to a user selectable value under manual
cable advance mode.

When switching from a working DTT server to a protection DTI server in a common shelf, the DTT output
signal MUST be active within 500 ms.

Under normal operating condition with a properly functioning client clock a normal transport BER (<1 x
1e-8), a protection DTI Server that has just become active MUST establish a stable cable advance within
1000 ms from the first valid client response.

7.1.4 DTI Server Test Signal Mode

The DTI Server MUST support a test mode for each output port of the Server. The test signal MUST be a
continuous stream of all ones prior to Manchester encoding. The measurement of phase bias requires
accounting for the group delay in any common path elements between the output port connector and the
point where the transmit and receive paths split within the server. The delay bias measurement should be
referenced to this transmit receive split point.

The DTI Server MUST support a 10.24 MHz master clock test port. This port MUST be phase accurate
with less than 2500 ps bias when compared to a delay calibrated DTI Client with correction for test port
group delay.?' The master clock test port output jitter MUST be less than 25 ps RMS.

The DTI Server MUST support a 10 kHz master frame clock test port. This port MUST be phase accurate
with less than 2500 ps bias when compared to a delay calibrated DTI Client with correction for test port
group delay.”? The master frame clock test port output jitter MUST be less than 50 ps RMS.

7.2 DTI Client Operation®

M-CMTS Device
(EQAM, US Receiver, M-CMTS-Core)

DTI Client Port [_ L Time
DTI Client Port LED | ——

DTI
Client

DTI Client Test Port | ==

P Frequency

PPS Test Port ‘_ - ~¢— Management

Figure 7-4 - DTI Client System Interface

! Modified per DTI-N-06.0275-3 on 7/26/06
22 Modified per DTI-N-06.0275-3 on 7/26/06
2 Deleted the previous third paragraph per ECN DTI-N-05.0253-1 on 11/10/05.
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The DTI Client is located within a host M-CMTS Device, such as an EQAM, US receiver or M-M-CMTS
CoreM-CMTS Core. The function of the DTI Client is to interface with the DTI Server using the DTI
Protocol, and to provide Time, Frequency and Management interfaces to the M-CMTS Device

Since the DTI Client is likely to be integrated into the M-CMTS Device, the internal Time, Frequency and
Management Interfaces may be proprietary, and as such are not defined by this specification. The test port
requirements specified herein are intended to verify the performance of the corresponding operational
signals.

DTI clients residing in EQAM, US Receiver and M-M-CMTS Core M-CMTS Devices:
e  MUST provide a DTI Client Port
e  MUST provide a DTI Status LED

e  MUST employ a one-sided 3 dB loop filter bandwidth in the range of 1-10 Hz to track the DTI
Server timing

e  MUST support a pull-in range capable of locking to a properly functioning server over normal
operating conditions, as specified in Section 7.2.1, for a period of 10 years from date of
manufacturer

DTI clients residing in US Receiver and M-CMTSCore M-CMTS Devices MUST provide a DT Client
Test Port.

DTI clients residing in EQAM M-CMTS Devices MAY provide a DTI Client Test Port.

DTI clients residing in M-CMTS EQAM devices that do not provide a DTI Client Test Port MUST provide
a PPS Test Port and support verification of DTI Client operation as per Section 5.

Since the DTI Client Test Port, and the EQAM DTI Test Port, are not required for normal operation, it may
be necessary to remove panels or covers on the M-CMTS Device in order to access these ports.

7.2.1 DTI Normal operating conditions

The DTI client MUST meet all specifications when under Normal Operating Conditions defined as:
e  The ambient temperature range is between 0 to 40 C
e  The maximum ambient temperature slew rate is less than 10°C per hour
e  The DTI Transport BER is less than 1e-8

e  The cable length is between zero and 200 meters and is operating in compliance with Section 5
7.2.2 DTI Client Operational Modes

The DTI Client MUST support and report the operational modes described in Figure 7-2.
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Table 7-2 - Client Operating States

Mode Description
WARMUP Oscillator has not yet stabilized
FREE-RUN Client has not had a valid timing source since reset, or has had to abort acquisition
FAST Client is using a short acquisition time constant so as to reduce the initial lock time
NORMAL Clock is stable, has locked on to the timing reference, and is fully compliant.
BRIDGING Client has lost its timing reference but is maintaining acceptable performance
HOLDOVER Client has lost its timing reference but is attempting to maintain last valid

frequency.

7.2.3 DTI Client Mode Transition Diagram

The DTI client MUST implement mode transition similar to those described in Table 7-5 and shown in

Figure 7-5.

With a valid Server connected, and under normal operating conditions, the DTI Client MUST transition
from FREE-RUN to NORMAL within a period of 20 seconds.
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Table 7-3 - Client Mode Transitions*

Transition

From

To

Condition for Transition

Comment

Tl

WARMUP

FREE-RUN

Vendor specific Timeout.
(Timeout less than 20 ms)

Allows sufficient time
for oscillator to stabilize.

T2

FREE-RUN

FAST

FER <= 0.02 over 50 ms AND
Server Status Flag bit 0 # 1
(warm-up)

Sufficient number of
valid frames from Server

T3

FAST

FREE-RUN

FER >=0.05 over 50 ms OR
Server Status Flag bit 0 =1
(warm-up)

Acquisition aborted

T4

FAST

NORMAL

FER <= 0.02 over 50 ms AND
Server Status Flag bit 5 =1
(cable advance)

AND Server Status Flag bit 6 =
1 (client performance)

Acquisition complete

T5

NORMAL

BRIDGING

FER >= 0.05 over 50 ms

OR Server Status Flag bit 0 =1
(warm-up)

OR Server Status Flag bit 5 # 1
(cable advance)

OR Server Status Flag bit 6 # 1
(client performance)

Insufficient number of
valid frames from Server

T6

BRIDGING

NORMAL

FER <= 0.02 over 50 ms AND
Server Status Flag bit 5 =1
(cable advance)

AND Server Status Flag bit 6 =
1 (client performance)

AND Server Status Flag bit 0 #
1 (warm-up)

T7

BRIDGING

HOLDOVER

2 second Timeout.

T8

HOLDOVER

FAST

FER <= 0.02 over 50 ms

Sufficient number of
valid frames from Server

2* Table rows T2-T6 modified per DTI-N-06.0275-3 on 7/25/06
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Transition: T1

Transition: T2 Transition: T3

Transition: T4

Transition: T5 Transition: T6

Transition: T8
Bridging

Transition: T7

Figure 7-5 - Client Mode Transition Diagram
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7.2.4 Functional Requirements

The client MUST NOT use the DTI frames as a timing reference while in the warm-up, free run, or hold-
over modes. > The client MUST NOT transmit unless the most recent CRC-16 received from the server is
valid. This guarantees that transmission does not occur during periods of high frame error rates.

In order to support the cable advance ranging measurement, the client frame MUST have less than 15 ns
peak-to-peak jitter when in normal DTT client mode.

7.2.5 DTI Client Port
The DTI Client Port MUST be an RJ45 Female connector, with pinout as described in Table 7—4.
7.2.6 DTIClient Test Port

The DTI Client Test Port MUST provide the following signals:
e 10.24 MHz clock (100 ohm differential LVDS)
e 10 kHz frame clock (50 ohm LVTTL)
e DTI frame serialized data (50 ohm LVTTL)

The DTI Client Test Port MUST use a standard seven pin Serial-ATA header such as the Molex SD-67800-
005 with the following pin assignments.

Table 7-4 - DTI Client Test Port

Pin Signal
GND
10.24 MHz +
10.24 MHz —
GND
10 kHz frame clock
Serialized Data (client only)
GND

N | N | B WIN]| =

The 10.24 MHz clock will be a duplicate version of the master clock provided by the DTI client. Great
care should be taken to minimize its delay and maximize its fidelity. This clock will be used for jitter, phase
alignment and wander measurements

7.2.7 DTIClient Test Port Clock
The DTI Client Test Port Clock MUST meet the double sideband phase noise requirements shown in

Table 7-5 over the specified frequency ranges®. The DTI client clock MAY provide enhanced phase noise
performance as described in Annex A.

25 This sentence replaced previous sentence per DTI-N-06.0275-3 on 7/26/06
%% These jitter values are 3 dB tighter than the corresponding DOCSIS 2.0 values, in order to allow for independent
jitter contributions from two DTI clients respectively driving the EQAM and upstream receiver.
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Table 7-5- Client Phase Noise

Double Sideband Phase Noise Jitter

Requirements
10 Hz to 100 Hz <-53 dBc <0.035 ns RMS
100 Hz to 1 kHz <-61 dBc <0.014 ns RMS
1 kHz to 10 kHz <-53dBc <0.035 ns RMS
10 kHz to 5.12 MHz <-53 dBc <0.035 ns RMS

If the DTI Client is in the NORMAL or BRIDGING mode, the DTI Client Test Port Clock MUST exhibit
wander below 10 Hz with a standard deviation of less than 270 ps relative to a properly functioning root
DTI server 10.24 MHz test port clock.

If the DTI Client is in the NORMAL mode then the DTI Client Test Port Clock MUST maintain absolute
phase alignment of £5 ns with a fixed offset less than + 50 ns specified by the vendor. The measurement is
made with respect to a properly functioning root DTI server 10.24 MHz test port clock over the full 0 to
200 meter cable length.

7.2.7.1 DTI Client Test Port Data

The DTI Client Test Port Data is a delayed version of the 5.12 Mbps DTI frame data. The data present on
the line during the previous frame N-1 is buffered and output by the Client during frame N after the client
checks the CRC received from the server in frame N-1. If the CRC check on frame N-1 passes, the entire
512-bit DTI frame N-1 (server preamble, server payload, server CRC, TGT1, client preamble, client
payload, client CRC, and TGT2, as illustrated in Figure 6-2 (c) and detailed in Section 6.4) MUST be
output serially on the Client Test Port during frame N. Also when the CRC check passes, the Client Test
Port MUST output 22 zeros during each turnaround guard time TGT1 and TGT2. If the check on the CRC
received from the server in frame N-1 fails, the Client Test Port MUST output a dummy frame consisting
of 512 ones during frame N. In any case, the Client Test Port Data output is always a continuous stream of
data at a 5.12 Mbps rate. The data MUST be clocked out off a half rate of the 10.24 MHz clock where each
bit corresponds to two 10.24 MHz clock cycles and the test port frame clock identifies both the start of the
frame data, and the data bit alignment with respect to the 10.24 MHz clock. The alignment of the frame
clock and test data is described in greater detail in the next section.

7.2.7.2 DTI Test Port Frame Clock

The 10 kHz frame clock is used to frame both the serialized data and the 10.24 MHz clock edge for phase
alignment measurements. Its rising edge serves a dual purpose: it identifies the first bit of the server-to-
client frame preamble, and it identifies the 10.24 MHz ATP clock cycle edge that is phase aligned to the
DTI server ATP output. The frame clock falling edge identifies the first bit of the client-to-server frame
preamble.

Both the frame clock and serialized data MUST maintain a minimum of 20 nS setup time and a minimum
of 0 ns hold time with respect to the 10.24 MHz clock.

A timing diagram of the frame clock and its relation to the 10.24 MHz clock and the serialized data is
shown below.
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Figure 7—6 - Test Port Timing Diagram

12/22/06 CableLabs® 43



CM-SP-DTI-104-061222 Data-Over-Cable Service Interface Specifications

7.2.8 Alternative EQAM DTI Testing

EQAMs MAY use their RF port in conjunction with a PPS Test Port instead of their DTI client test port for
DTI ATP testing. The downstream symbol clock integrated phase noise measurements are measured
directly on the RF port in lieu of DTI master clock jitter measurements. The SYNC messages are observed
on the RF port to check DTS synchronization. A PPS Test Port connector MUST be available for
CableLabs test purposes.

The PPS Test Port connector MAY be normally externally accessible. In this case the PPS Test Port
connector MUST be a female BNC 50ohm type connector.

The PPS Test Port connector MAY not be normally externally accessible and will only be provided for
CableLabs test purposes. In this case the PPS Test Port connector MUST be a cable mounted male BNC
50ohm type connector and the cable which connects the PPS Test Port connector to the DTI Client MUST
be less than 1 meter in length. The method of coupling this cable to the DTI Client is left to the discretion
of the vendor.

Figure 7-7 shows this alternative test arrangement.

RF >
EQAM
PPS DS
DTI TeSt Port (Used for
SYNC
extraction)

Figure 7-7 - Edge QAM test port option

The PPS Test Port servers a dual purpose: it identifies the gpssec time mark, and provides a phase timing
reference to facilitate the measurement of two-way DTI ranging phase alignment with respect to a DTI
server. If the DTI Client is in the NORMAL mode then the active edge of the PPS MUST maintain
absolute phase alignment with respect to the Server master clock test port output of £5 ns peak, with a
vendor-specified fixed offset of up to +50 ns.

7.2.9 DTI Status LEDs
The DTI Status LEDs MUST be either a single Green/Yellow Bi-Color LED or a set of two LEDs, one

Green and one Yellow.

The DTI Status LEDs MUST be externally viewable and be integrated into, or in close proximity to, the
DTI Client Port Connector.

The DTI Status LEDs MUST reflect the status of the DTI Client as described in Table 7-6.
Table 7-6 - DTI Status LEDs

DTI Status LEDs DTI Client Mode
Off WARMUP, FREE-RUN or HOLDOVER
Yellow FAST
Green NORMAL or BRIDGING
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7.3  DTI Distribution Fallback Strategies

Figure 7-8 shows several levels of protection that can be provisioned to establish various degrees of
operational confidence in the timing distribution network.

The DTI server provides the point-to-point connections to the DTI clients. Each DTI link (a connection
from server to client) is sourced from the server via a passive backplane where the physical connections are
made. The server can be provisioned to provide backup for each of these connections via server-based
protection cards. The protection is shown on Shelf A, but not on Shelf B. With protection cards, should an
active card fail, the associated protection card provides seamless continuous function.
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Figure 7-8 - DTI Distribution Fallback Strategies

The figure also shows several levels of fallback provisioning at the DTI client:

e DTI client A illustrates minimal fallback. A non-protected server has a single connection to a
client.
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e DTl client D illustrates a more robust fallback implementation. As with client A, client D accepts
a single DTI connection, but in this case a protected server is providing it.

e DTl client C illustrates a more robust fallback implementation. Here the client accepts 2 DTI
connections, allowing for normal operation in the event of a failure on either link.

e DTI client B illustrates a more robust fallback implementation. Client B has the same 2 DTI
connections as client C, but in this implementation the links themselves are from diverse servers,
which reduces the likelihood of both links failing (from the server side).

Multiple DTI server interconnections are also shown in Figure 7-8. To ensure best coherence (overall
alignment of all timing within the timing distribution network) the preferred method is to have a single
reference driving the network®’. This reference is shown in the figure as GPS Antenna A, which is actively
being used by DTI server shelf A. Note that a DTI link is shown as active between server shelf A and
server shelf B. Server shelf B uses a standard DTI client interface as its reference (much like any client
would).

In normal operation, server shelf B is essentially "slaved" to server shelf A. In the event of a fallback on
server shelf A, such as a loss of GPS via antenna A, server shelf B can become the driving shelf, using GPS
antenna B (which would now become active). Server shelves A and B would reverse roles so that A would
now be driven from B via the DTI link from shelf B (labeled "standby") to the DTI client shown in server
shelf A.

Regarding GPS fallback in general, the figure shows each of the server shelves connected to GPS from a
different antenna, which provides fallback protection in the event of an individual antenna (or its cabling)
becoming defective. The bottom of the figure shows an alternative, lower-cost approach where a single
GPS antenna is shared by the server shelves via a splitter. Of course, the antenna and cable redundancy is
lost, but this method still provides GPS-quality reference availability to the timing network in the event of a
single DTI server shelf failure.

27 Alternatively when there is no need for external traceability, the root DTI server can be free running with no external
references
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Annex A Ranging Wander Qualification Filter

This annex specifies an ATP test fixture or method that permits the measurement of server performance as
it affects the wander between two DTI clients, due to the clients’ tracking of the server. Unlike a CMTS
where the upstream receiver and downstream EQAM share a common chassis and implicitly negligible
wander associated with the master clock, a modular system introduces distributed components and requires
an allocation of ranging wander to address practical limits. The controlling specification from [RFI2.0] is
cited for reference.

A.1  Chip Timing Jitter for Synchronous Operation

For S-CDMA mode, upstream chip clock timing error (with the mean error subtracted out) relative to the
CMTS master clock needs to be less than 0.005 RMS of the chip period over a 35-second measurement
interval.”®

Note that 0.005 chip/5.12 Mcps = 1.0 ns RMS. The following figure illustrates this DOCSIS system timing
specification.

DS QAM DS symbol clock
modulator

Ranging offset

10.24
MHz
A===="=" <1 nsjitter o
3
9
US burst v
receive US chip clock

Figure A-1 - Current non-modular CMTS implementation

DTIC DS OAM "
N DS symbol C
modulator .
clock Ranging
DTI ‘ DS Master Clock
Server
US Master Clock ~ 11 RMS ‘—'\\\
DTIC US burst |« *
receiver

U S chip clock

Figure A—2 -New modular CMTS implementation

As can be seen in the second figure delay variation between the DS QAM version of the master clock and
the US burst receiver version of the master clock will contribute to the 1 ns RMS overall system
requirement. The proposed new budget is based on minimizing this effect while maintain practical cost
constraints. The 1 ns RMS budget is partitioned into a 916 ps RMS component allocated to the existing CM

28 paragraph changed per ECN DTI-N-06.0286-2, on 11-06.
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ranging process and a 400 ps RMS allocation to the DTI related effects. The DTI allocation is further
budgeted as shown:

1. DTI Server Port : 250 ps RMS ranging wander
2. Subtending Server Port additional wander: 125 ps RMS
3. Client Clock local oscillator: 100 ps RMS additional wander

Although a part of the wander will be common-mode between the two clients, the worse case boundary is
to assume that each client clock will have sufficient variation in loop parameters (bandwidth and damping
factor) so that wander is uncorrelated between the two clients. Vendor implementation and aging of
components (varactor gain) may contribute to this effect.

To determine the level of ranging wander noise introduced by a DTI server, the critical issue is the degree
to which a client clock can track the server. The model of the client tracking suggests a bandpass filter:

1. A low pass measurement filter to capture the capability of the client to filter high frequency server
noise.

2. A high pass error signal filter to capture the client ability to track the server low frequency delay
variations.

The overall ranging filter is a composite of these two sections generating a bandpass filter.

The jitter filter is bounded by the minimal jitter filtering capability of a client. The maximum bandwidth is
10 Hz and the assume filter is single pole (20 dB/decade).

The tracking filter is bounded by the minimum 1 Hz bandwidth allowance and assumes a damping factor of
3 and a type I PLL. This high pass filter will attenuate low frequency components with a 40 dB/decade roll
off. The combination of these two filters performance can be seen below:

Ranging Wander Test Filter

/

-20
-40 / — Client Error Emulation Filter
/ —— Measure Filter

—— Composite Filter

-60 /
-80

-100

0.001
0.01
0.1
100

Figure A—3 - Ranging Wander Test Filter
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The ranging wander qualification filter R(S) is defined to be:
R(S)=E(S)M(S)
Where E(S) is the high pass tracking filter and M(S) is the low pass jitter filter.
E(S)= S*/(S*+5.934 $+0.9784)
M(S)= 1/[1+(1/(2n*10 Hz)S]

In the special case where the DOCSIS EQAM and upstream receivers are not collocated, there is an
additional allocation of 300 ps RMS for each root server to address the phase variation over a 35 second
maximum ranging interval. Stated another way each root server is allowed a 300 ps RMS wander with
respect to UTC frequency (with the mean removed). The DTI servers will be required to be traceable to
GPS in both locations to obtain this level of phase coherency.
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Appendix | DTI Server Functional Description

This Appendix provides supporting information to assist development of compliant DTI servers.

Figure I-1 illustrates a reference diagram showing the server processing function relating to external
references. Vendors are free to implement alternate internal architecture as long all DTI server
requirements are met. The relationship between the gpssec timescale and the DTI timestamp is discussed in
detail in Section 6.2. This appendix discusses one method to support these requirements.

DTI Server TOD/GPS Signal Processing

? Network (Option) Control
A 4
User T, TODIGPS e 10.24 MHz to
R —— TOD/GPS 1PPS Clock 10.24 MHz DTI Server
NTP Euisian | Functional [~ Lo glr%r;lssor
—P Block
Dejittered
TOD/GPS 1PPS
GPSSEC
Timestamp
32-bit 32-bit
GPSSEC DOCSIS 32-bit DOCSIS
Timestam Timestam Timestamp to
° P DTI Server
Signal Processor
Load
__Align | DTS
Load
Data

DOCSIS Timestamp (DTS) Generator
DTS=2210*[10,000 * gpssec mod 262144)] mod 2%

Figure I-1 - Server TOD/GPS/Network Signal Processing Reference Block Diagram

The core functional block in a Server is the DTI Server Clock. The Server Clock principle function is to
control the 10.24 MHz master clock and a precise timing tick (shown as the dejittered 1PPS in the diagram)
based on error measurement with respect to the external input. The external input may be either GPS or a
Network reference. The Server supports a function to align the DOSCIS Timestamp to the GPS timescale
(or externally supplied estimate of GPS time). The DOCSIS Timestamp Generator functional block
illustrates this operation. The generator calculates the next DOCSIS Timestamp based on the current gpssec
value. This value is loaded synchronously with the dejittered TOD/GPS 1PPS signal if the alignment
control is asserted. The dejittered TOD/GPS 1PPS output is maintained in tight coherency with the 10.24
MHz clock to permit a synchronous alignment of the DOCSIS Timestamp within one masterclock period.

1.1 Server DTI Signal Processing

A block diagram of the DTI Server signal processor is shown below in Figure I11-2.
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Figure 1-2 - DTI Server Reference Signal Processing Block Diagram

The DTI Server Signal Processor generates the DTI timing signal, receives the reply from the client,
calculates the round trip cable delay, and relays it back to the client as a cable advance value. The DTI
Server Signal Processor receives (from the TOD/GPS/External Reference signal processor) a 10.24 MHz
clock, and the 32-bit DOCSIS timestamp. The lower 10 bits of the DOCSIS timestamp are the actual bit
counter for the DTT frame. The lower 10 bits of the DOCSIS timestamp will be referred to as "bit counter"
for the rest of this explanation. The DTI frame is launched when the bit counter is zero. The DTI timing
signal is clocked out using the 10.24 MHz clock (2 clocks per Manchester symbol). The DTI Frame
transmitter will append the 68-bit preamble to the beginning of the frame and a 16-bit CRC to the end.

The client will receive the DTI timing signal and respond when its frame counter is at 512. The server DTI
Frame Receiver will receive the response from the client and will issue its CRC OK after the 16™ CRC bit
has been received.

A cable delay measurement circuit measures the delay of the received CRC OK flag from where it would
appear if the delay were zero. The measurement process may be started when the 10.24 MHz DTI counter
is at 746* modulo 1024. Conceptually, if there is zero round-trip cable delay, the last bit of the CRC
returning from client will arrive at the 746 server counter value. The received CRC_OK flag terminates the
measurement process. This produces a raw cable delay values that is updated at a 10 kHz rate. The raw
cable delay value has a resolution of one 149.8 MHz clock cycle.

A cable delay filter then processes the output of the measurement circuit. The filtering process will remove
any transient values and will average the delay value. The averaging process will also produce the
fractional delay value.

The 24-bit Cable Advance value is derived by dividing the cable delay by 2.

2746 =512 + 234
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Appendix 11 DTI Client Functional Description

This appendix provides supporting information to assist development of compliant DTI servers.

DTI Client Block Diagram

The block diagram shown below in Figure II-1 shows the data flow of the DTI client signal processing.

149.8 MHz

DTl DTI Rx .
Client Frame —» Time
Port DTI Client | S | DTI Client —® Frequency
S »  Frame Clock -¢—® Management
PHY |« Processor | q.., Processor
Phase Error r======t | DTI Client Test Port

Figure II-1 - DTI Client Block Diagram

12/22/06 CableLabs® 53



CM-SP-DTI-104-061222 Data-Over-Cable Service Interface Specifications
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Lok |

TX SIGNAL A— RX SIGNAL

TXSIGNALA— B

AN~ RXSIONAL
DETECT
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MOD DRIVER A DRIVER B DRIVER C
Transmit DTI Signal DTTI Signal DTI Signal
Receive ‘1 ‘0’ High Impedance

Figure 1I-2 - Example DTI PHY Interface Circuit

1.1 DTI Client PHY

The ping-pong DTI timing signal is passed through an EMI filter to ensure EMI compliance and minimize
susceptibility. The signal then flows through a transformer to block common mode noise on the DTI timing
signal. When receiving the DTI signal, driver A is fixed at ‘1’ , driver B is fixed at ‘0’, and driver C is set
to high impedance which provides a 100 Ohm termination that is biased at the midpoint. The receive signal
is sliced at the zero crossing to recover the data. A receive signal less that a nominal level (400 mV) is not

54 CableLabs® 12/22/06



DOCSIS Timing Interface Specification CM-SP-DTI-104-061222

interpreted as data. This can be accomplished by sending the receive signal through a digital comparator
with a bias on the inputs as shown in Figure 11-2.

The output of the burst detector is filtered so that it will provide a steady active state while data is present.
The burst detect signal is used to qualify the RX SIG.

In the transmit direction the drivers A,B and C are active and in phase. Drivers A and B generate the NRZ
Manchester symbols simultaneously. Driver C provides pre-emphasis for the transmitted DTI signal.

11.2 DTI Client Frame Processor

A block diagram of an example DTI Frame processor is shown below in Figure II-3. The input to the DTI
Frame processor block is an NRZ Manchester encoded digital signal from the PHY. The burst detect signal
is also provided by the PHY (if available). The output from the DTI Frame Transmitter to the DTI PHY is
a tri-state differential digital signal (DTI_TX).

DTI Client Frame Processor

149.8 MHz
‘ DTI Rx Data N 149.8 MHz
<
Digital Clock R
Recovery 5.12 MHz . Recei
DTl |Rx > DTI Rx Clock * eceiver
Enable
PHY Filter 10 kHz CRC OK
OOF
DTI|Tx
< ‘ ‘ Cable Advance C|0Ck
Mod 512
0-236 .
Bit
Counter
Count = 256 Send
7| Now
OOF
Frame Client Phase Error
Transmitter
Digital Logic Block

Figure 1I-3 - DTI Client Frame Processor

The digital clock recovery utilizes a 149.8 MHz sample clock. This sample clock is derived from 10.24
MHz using a 512/35 multiplier. The digital clock recovery circuit operates in 2 states: Tracking and
Flywheel. The clock recovery tracks the input signal only while the receive signal is present, and does not
track the transmit signal that will be present at the input when the transmitter is enabled.

While the receive signal is not being used, the clock recovery is in the flywheel state and uses the 149.8
MHz sample clock, which is tuned to the correct frequency by the clock, to generate the carrier frequency.

Initially the clock recovery may be gated by the filtered burst detect signal from the DTI PHY until framing
is established. The client will not be transmitting until framing is established. Once framing is established,
the mod 512 bit counter is aligned. Then the bit counter is decoded and utilized to enable the clock
recovery only when the client transmitted burst is completed and the burst detect is triggered.

The entire DTI Client Frame Processor operates from the recovered 10.24 MHz server clock (and the
associated 5.12 MHz Manchester bit clock) since the roundtrip measurement process in the DTI Server
requires a fixed 256-bit 5.12 MHz symbol clock delay.

12/22/06 CableLabs® 55



CM-SP-DTI-104-061222 Data-Over-Cable Service Interface Specifications

The Frame Receiver block detects the preamble, receives the DTI payload, checks the data integrity and
generates a 10 kHz CRC OK signal that is used to steer the clock. The device type, server status flags, and
server cable advance, which are part of the DTI payload, are not updated if the frame has a CRC error.

The mod 512 bit counter is decoded to locate the beginning of the transmit slot. The frame transmitter
generates the preamble, serializes the payload, appends a CRC16 cyclic redundancy checksum and sends
the serial bit stream to the DTI PHY. The transmitter also reports the current client clock phase error
measurement. The control signal for the transmit portion of the DTT PHY needs to be decoded from the
mod 512 bit counter, and is only asserted if the receiver has properly framed.

The receive signal from the PHY will be processed by the DTI Frame Processor. The DTI Frame Processor
decodes the Manchester signal, locates the end of the preamble, and then extracts the payload data. A
CRCI16 check is done on the receive data, and is used to validate the payload data and generate the DTI RX
FRAME signal. The Cable Advance from the payload data and the DTI RX FRAME signal are used to
synchronize the client clock.

After the DTI Frame Processor has synchronized to the incoming DTI timing signal, and if the received
frame is error free, the client response is launched when the bit counter in the DTI Frame Processor reaches
256.

11.3 DTI Client Clock Processor

DTI Client Clock with Phase Advance

10 kHz
CRC OK
Frame Detector DOCSIS Start TooF
State Machine 32 Bit Phase Counter o Far
Magnitude Timestamp 1498 _ |
’7 —‘ Comparator MHz
M
Phase Register
Toad 10kHz __ | 9
- CRC OK
Mod 2* DOCSIS

CRC OK Timestamp
'Terminal Count
4,_\r‘_/ Load
Rx 10kHz Mod 2" DOCSIS Pulse Width | 10r0
DOCSIS CRC OK Counter B Modulator
Upper | 10kHz 10 kHz
Timestamp tick CRC OK Client
Phase Error
Integer Cable Advance
— 10.24 MHz DAC Digital Loop Filter
DTl Oscillator N < g1 p Fi
Receive
Payload

Fractional Cable Advance

Figure 1I-4 - DTI Clock Processor

The client clock is built around a type II digital phase locked loop. Its frequency is steered to achieve phase
alignment of its local 10 kHz frame clock with respect to the 10 kHz CRC OK signal from the DTI client
frame processor. The phase alignment is advanced by the cable advance value. The phase locked loop
needs to be tolerant of missing clocks since any data error will prevent the 10 kHz CRC OK from being
asserted in the DTI frame processor.

The client clock should use a local mod 1024 DOCSIS Counter to produce the lower part of the DOCSIS
timestamp (the local 10 kHz frame clock), to create a DTI clock-based 10 kHz to run the DPLL phase
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comparator. This counter utilizes the 10.24 MHz local oscillator and the phase of the counter is controlled
by the clock loop. The count value of this mod 1024 counter can be loaded if excessive phase errors exist
in the clock loop to accelerate the initial lock time of the loop.

The phase counter generates the digital phase word that controls the loop. The phase can be a signed
straight binary counter that is loaded with a negative value by a decoded value off of the mod 1024 counter.
The preload value should be such that the phase counter passes through 0 when mod 1024 counter rolls
over to 0. If the phase counter saturates, it generates the "too far" signal that is used to adjust the mod 1024
counter.

The 10 kHz CRC OK signal from the DTI frame processor is used to strobe the phase counter value into
the phase register. This will cause the phase register to hold the uncorrected phase error in the loop. To
correct for the cable delay the integer portion of the server cable advance, received from the payload in the
frame receiver, is added to the phase counter register to create a corrected phase error value. This will
cause the DPLL to lock with a phase register value that is the negative cable advance value and thus will
advance the clock by that amount.

The fractional cable advance, which is a fraction of one of the 149.8 MHz clock cycles, is achieved by
pulse-width modulating a 1-bit value that is added to the phase register. The pulse-width modulator creates
a pulse-width that is the fractional cable advance/256 duty-cycle. The pulse-width modulator is clocked at
10 kHz since this is the phase update rate of the DPLL.

The corrected phase error is filtered by the digital loop filter and sent to an A to D converter to steer the
voltage controlled 10.24 MHz oscillator. The corrected phase error is also sent to the DTI Client Frame
processor block to be added to the payload to be sent back to the server.

The upper 22 bit DOCSIS timestamp value, received in the DTI server payload, is compared against the
mod 2% DOCSIS timestamp counter and is checked at the 10 kHz CRC OK rate. A frame detector state
machine checks this to determine if the two are in agreement, and if not, the local DOCSIS timestamp
counter will be synchronized to the value received from the DTI server. The mod 2** DOCSIS timestamp
counter is only loaded if the frame detector state machine indicates an out of frame condition. The upper
2?2 DOCSIS timestamp is concatenated with the mod 1024 counter to produce the complete 2*2 DOCSIS
timestamp.

12/22/06 CableLabs® 57



CM-SP-DTI-104-061222 Data-Over-Cable Service Interface Specifications

Appendix 111 DTI Jitter Budget

The diagram below shows a reference model for the jitter budget analysis:

DTI Server

Transmit Jitter /
Test Point (TJ)

Common Mode Noise

T o—t 200 meters

Receive Jitter

Test Point (RJ) v\

DTI Frame
Receive
Receive Frame Jitter
Internal Test Point (RFJ) '_—¢
DTI Client 10.24 MHZ Output Jitter
Clock » Test Point
oc (o)
DTI Client

Figure llI-1 - DTI Jitter Budget Reference Model

I11.1  Model Description

The model characterized the accumulated jitter in the forward path (from the DTI server to the DTI client).
The reverse path is not included as it impact is limited to establishing cable advance.
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The output of the DTI server is a Manchester encoded frame. The frame includes the preamble, payload
and CRC and is transmitted at a 10 kHz rate. The physical layer characteristics are specified in section 5 of
the proposed standard. The principle specifications are:

e  Peak differential symbol voltage: 2.2 t0 2.6 V
e Common mode source noise: <50 mV
e 100 Ohm differential impedance

The DTI standard supports an all ones test signal mode at the output. The Transmit Jitter (TJ) test point is at
the DTI server RJ-45 connector.

The next component is the transport. Section 5 stipulates that the transport is UTP category SE cable (or
better) with a maximum distance limit of 200 meters. The DTI transmission is half duplex (ping-pong) and
is the only wire pair active in the cable to minimize interference and optimize delay compensation.

Section 5.4.5 specifies the common mode rejection requirements. The induced common mode noise level is
15 V (the same as 10BT in 802.3). Both the differential noise level in voltage and edge jitter is specified.

The mapping from common mode noise to edge jitter is modeled in two steps. First the differential noise
level is established based on the following:

e  The model assumes a white noise common mode source at the 15 V peak level.

e  The minimum Common Mode Rejection Ratio (CMRR) is specified for both the cable and the
terminating transformers (35 dB)

The second step is to map the amplitude noise level to the jitter level based on the minimum slew rate of
the receive signal over the cable.

This jitter performance is testable at the input DTI client RJ45 connector. The Receive Jitter (RJ) is
modeled as the power sum of the transmit jitter and common mode induced jitter in the transport.

The DTI frame receive process recovers the receive 10 kHz frame rate from the incoming bursts. The
recovery process utilizes the preamble for alignment. The vendor is free to implement the frame recovery
process parameters in any method consisting with meeting the output performance objectives. The model
assumes a digital PLL based on the high frequency ~149 MHz local clock used for cable advance. The
bandwidth of this recovery PLL is assumed to be a maximum of one full frame or less. The Receive Frame
Jitter (RFJ) is therefore an internal test point that is included in the model to capture the jitter filtering
aspects of the frame recovery process.

Finally, the DTI client clock is modeled in steady state as PLL. The reference input to the PLL is the 10
kHz receive frame process included the 149 MHz digital quantization noise.

The local oscillator is assumed to be the DTI minimum client oscillator. The loop bandwidth is assumed to
be 1 Hz for this analysis.

111.2  Analysis
111.2.1  Transmit Jitter Specification

The high frequency jitter >10 Hz is specified to be less than 50 ps RMS. This jitter allowance
accommodates the expected noise in digital drive circuitry required in a DTI server. The transmit jitter is
modeled as a white noise source.

111.2.2 Receive Jitter Analysis

The receive jitter is the power sum of the transmit jitter and the common mode noise related jitter. It can be
viewed in the time domain as the delay variation of the receive eye-pattern. The common mode component
is bounded by physical layer requirements.

The common mode induced edge jitter bound over 200 meters of cable is less than 2.005 ns RMS.

The total receive jitter is the power sum which is dominated by the common mode effect (2.01 ns RMS).
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111.2.3

Receive Frame Jitter Analysis

The edge jitter on the eye-pattern is filtered in the frame recovery process. Assuming a preamble based
filtering approach the effective noise reduction factor prior to aliasing into the 10 kHz frame rate is 11.3*°.
The resulting Receive Frame Jitter is then 177 ps RMS.

111.2.4

10.24 MHz Output Jitter

The output jitter is the power sum of two components:

The jitter power of the DTI minimum oscillator in the band of interest.

The residual jitter power of the quantized 10 kHz frame signal in the band of interest

The output jitter given a 1 Hz loop filter bandwidth with no enhanced jitter suppression techniques is:

Table IlI-1 - DTI 10.24 MHz Output Jitter Performance

HPF Jitter
Cutoff Freq Hz*'

Integrate Jitter in Band ps RMS

Residual 10 kHz DTI Minimum DTI 10.24 MHz DOCSIS 2.0
input jitter® Oscillator®® Jitter Spec®
10 6.8 4.02 7.9 88
100 3.44 1.55 3.8 73
1000 0.72 0.46 0.86 70

The broadband jitter (10 Hz to 2 master clock) is shown in the first row. The 88 ps RMS budget is
calculated from the DOCSIS 2.0 (6.3.8) by power summing the individual bands. In contrast, the DTI 10.24
MHz broadband jitter is 7.9 ps RMS. Recall that this jitter is under the conditions of maximum cable
distance, maximum common mode noise and minimum DTI client oscillator. There is a better than 20 dB
margin compared to the required master clock performance.

If we consider the direct use of the 10.24 MHz DTI signal to support RF carrier operation (with minimal
additional jitter filtering), the more important aspect may be the high frequency jitter, as the carrier
recovery will track the lower frequency components.

The third row shows the integrated jitter above 1 kHz. The 10.24 MHz output directly from the client has
less than 1 ps (0.86) of jitter in this band. This is better than a 38 dB margin compared to the required
master clock performance in this band.

3% Based on a particular implementation of frame clock recovery other methods may have more or less noise

suppression.

3! High pass from cutoff to ¥ master clock rate (5.12MHz)
32 Assuming worse case common mode noise over maximum 200 meter cable distance
33 Typical measured performance of a compliant VCTCXO
3* The numbers derived from the 50ps, 20ps, 50ps, 50ps integrated phase noise requirements for the master clock in

DOCSIS 2.0.
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Appendix IV Symbol Clock Synchronization

In synchronous (S-CDMA) operation, the Downstream Symbol Clock is locked to the 10.24 MHz Master
Clock using a 16 bit integer M/N ratio.

For the standard DOCSIS and EuroDOCSIS symbol rates, the recommended M/N ratios are shown in
Table IV-1.

Table IV-1 - Symbol Clock Synchronization

Modulation Symbol Rate M/N
EuroDOCSIS 6.952 869/1280
DOCSIS 64QAM | 5.056941 401/812
DOCSIS 256QAM | 5.360537 78/149

In an M-CMTS installation, the DTI Server-Client distributes a phase aligned Master Clock across multiple
EQAMs. It is also desirable to control the phase of the Symbol Clocks generated by each EQAM. This can
be achieved without additional signaling across the DTI interface.

The DOCSIS Timestamp Counter is a 32 bit counter clocked by the 10.24 Master Clock, which rolls over
every 4294967296 clock cycles. Unfortunately, none of the required ‘n’ values divide evenly into this
number.

The DTI Client also provides a ‘gpssec’ value. ‘gpssec’ is a 32-bit timestamp that is incremented every
second, or more accurately, every 10240000 cycles of the 10.24 MHz Master Clock.

It is convenient to declare that a positive zero-crossing of all symbol clocks occurred at the Master Clock
edge where the ‘gpssec’ counter was set to zero (January 6, 1980). Given this, it is possible, given the
‘gpssec’ counter value, to determine how many Master Clock cycles remain before the next symbol clock
positive zero-crossing, as follows:

Master Clock cycles remaining = (‘gpssec’ x 10240000) MOD ‘N’

For example, if the ‘gpssec’ value has just updated to 123456, then the number of Master Clock cycles
remaining before a positive zero-crossing of the DOCSIS 256 QAM Symbol Clock (M/N=78/149) is given
by:

Master Clock cycles remaining = (123456 x 10240000) % 149 = 135.

This means that the DOCSIS 256 QAM Symbol will experience a positive zero-crossing in exactly 135
Master Clock cycles. This remainder value (135) can be used to ‘count-down’ to a reset pulse, or
alternatively, can be forced directly into the divisor register of the NCO used to generate the symbol clock.

Given that the set of N values is limited, specific formulas can be used which simplify the math.
Specifically for the three values of N in the table:

N=1280 Master Clock cycles remaining = 0.
N=812 Master Clock cycles remaining= ((gpssec + rollover) MOD 203)*680) MOD 812
N=149 Master Clock cycles remaining=((gpssec+ rollover) MOD 149)*124) MOD 149

Note that for N=1280 there are exactly 8000 divide by N cycles in a second so that the cycle remaining is
constant and zero.

Since this ‘n’ value does not divide evenly into 232 x 10240000, this mechanism could cause a single
cycle glitch when ‘gpssec’ rolls over. This will occur once every 136 years, and will occur first in the year
2116. To prevent this effect a rollover term is included. The rollover should be added starting at the
rollover event in the year 2116. The rollover term is 74 for N=812 and 129 for N=149.
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Appendix V DTI High Speed Clock Considerations

One key aspect of the DTI timing protocol is the adoption of the nominal 149.8 MHz DTI high-speed
clock. The precise definition of the DTI high-speed clock is: 10.24 MHz * 512/35. The DTI high-speed
clock permits an all-digital integrated implementation of phase measurement functions with low residual
jitter and phase bias. Phase measurement is required in the client to precisely lock the client 10 kHz clock
to the receive clock with cable advance applied. The server requires precise phase measurement to perform
calculation of cable advance. Also digital receive clock recovery may utilize the high-speed clock to
support all digital implementations. The selection of the DTT high-speed clock is a trade-off between output
jitter and bias.

For example, one simple approach is to select a direct multiple of the master clock. A high-speed clock of
153.6 MHz is exactly 10.24 MHz *15. One could consider a counter measuring the delta phase between
the 10 kHz receive clock and the local client 10 kHz clock.® In the absence of noise, the measurement
result would be static for delay changes up to the nominal 6.5 ns of the high-speed clock. While the
resulting jitter would be low the alignment error could be the full 6.5 ns. Real world noise and bias
variation would yield 6.5 ns transient activity and degrade operation, especially S-CDMA precise ranging.

The selection of the non-integer (512/35 = 14.62857....) multiple generates a fractional clock dither pattern
that repeats every 35 DTI timeslots as shown in Figure V-1.

149MHz (10.24*512/35) Fractional Clock Dither
Pattern

1.2
1 4
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Figure V-1 - Fractional Clock Dither Pattern

This dither pattern permits discrimination of phase shifts error to 190 ps resolution while constraining
pattern jitter so that the client PLL can effectively filter it. Consider the same counter as above measuring
the delta phase between the receive signal and local 10kHz signal, but now using the 149.8 MHz DTTI high-
speed clock. If the phase offset is 191 ps the least significant bit of the counter will toggle as shown if
Figure V-2. The least significant bit toggles to "one" once every 35 DTI timeslots. This pattern will be
averaged over the client PLL bandwidth and for a 10 Hz PLL the average phase is 187 ps with less than 5
ps residual jitter. If we increase the phase offset to 381 ps the least significant bit will now toggle as shown
in Figure V-3. Now the pattern is two "one" pulses every 35 DTI timeslots with the average output phase
measurement of 374 ps and less than 5 ps of residual jitter.

35 This is just one example where jitter and bias issues could arise. The same issues need to be consider for digital clock
recovery of the DTI receive signal as well as cable delay measurement.
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Appendix VI M-CMTS System Issues Regarding Use of DTI
Conveyed Timebase by an M-CMTS Entity Incorporating a DTI
Client

The DTI specification specifies all that is required for the DTI interface between a DTI server and a DTI
client. A DTI client resides in an M-CMTS entity, such as the M-CMTS Core, the EQAM, and the future
consideration of an Upstream Receiver. The functionality about how the master clock timebase is
delivered from the DTI server to DTI clients and the timing accuracy performance of this delivery is
carefully specified in this document. However, there then is the topic of how an M-CMTS entity
incorporating a DTI client will make use of this DTI delivered timebase and what delay is allowed in the
use of this delivered timebase.

For example, the replicated master timebase in the EQAM is used for timestamps placed into inserted or
corrected SYNC messages. For example, at the M-CMTS Core, a replicated master timebase is needed for
scheduling and creating MAP messages and knowing when to send MAP messages in the downstream and
when to send MAP information to the Upstream Receiver. At an Upstream Receiver, a replicated master
timebase is needed to correctly receive upstream burst transmissions and to perform the timing adjustment
operation in Initial or Station Maintenance.

Specific requirements regarding how readily an M-CMTS Core or EQAM utilize the DTI conveyed time
are covered in [DEPI]. In this Appendix, the discussion focuses on some of the system issues related to
how readily the DTI conveyed time is used by an M-CMTS entity.

VI.1 Example Issues

Consider if a M-CMTS Core, EQAM, or the future Upstream Receiver, introduces unreasonable delays in
how it applies the DTI conveyed timebase such that there is a significant difference in applied time at each
of these M-CMTS entities. Various issues could arise, such as:

1. The size of Initial Maintenance opportunities provided by the M-CMTS Core may not be sufficient
such that some CMs may have trouble ranging or be prevented completely from successfully ranging.

Today, an Initial Maintenance opportunity is typically sized to accommodate the maximum round trip
propagation delay on the HFC plant, the transmission time of the Ranging Request message itself, and
other latencies incurred in the HFC round trip path that a CM does not offset prior to Initial Maintenance.
Any delay that a M-CMTS Core applies to the DTI conveyed time that is not compensated in some other
means manifests as additional delay in the round trip for the ranging process. If this lag of the applied time
by the M-CMTS Core compared to the DTI conveyed time is not accounted for in the sizing of the Initial
Maintenance opportunities, these opportunities may not be large enough. However, if there are significant
differences in notion of utilized time at the Burst Receiver compared to the M-M-CMTS Core and Initial
Maintenance opportunities are made large enough, there is lost bandwidth due to the oversizing of the
Initial Maintenance opportunities.

2. The M-CMTS Core may have to employ much larger MAP advance times (the time in advance that the
M-CMTS Core sends a MAP message downstream such that it can arrive at any CM in sufficient time
such that the MAP can be used). This could significantly reduce throughput performance by enlarging
the round trip delay.

This was not a concern with an integrated CMTS since all the functions that required consultation of the
master timebase were integrated on one line card or within a single chassis. That is not the case with an M-
CMTS architecture.

3. The EQAM may timestamp SYNC messages with a greatly delayed version which may artificially
enlarge the round trip time and thereby reduce throughput performance.

36 Added this Appendix per ECN DTI-N-05.0253-1 on 11/10/05.
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4. Large differences in notions of time between M-CMTS Core and a separate Upstream Receiver unit
may be unworkable from a system standpoint.

For example, if the MAP information being sent from the M-CMTS Core to the Upstream Receiver is past
the point of time-relevance, i.e., the MAP information is late, the burst demodulator in the Upstream
Receiver will not be able to properly receive any upstream burst.

On the other hand, if the MAP information being sent from the M-CMTS Core to the Upstream Receiver is
very early, the Upstream Receiver is required to have the capability to buffer a very significant amount of
MAP information. This would have to be specified in a specification for the Upstream Receiver.
Otherwise, significantly different notions of time at the M-CMTS Core and Upstream Receiver could result
in the required amount of buffering for MAP information to exceed the amount available at the Upstream
Receiver.

V1.2 Solution

The goal of traditional DOCSIS system synchronization was to convey the CMTS master timebase to CMs.
The components of the CMTS, all on one linecard or in one chassis, shared a common notion of time or
notions of time that were offset by extremely small amounts of time. The goal of DTI system
synchronization is to provide different M-CMTS entities the same notion of master timebase, which then
can be conveyed to CMs through the mechanisms that have been defined in traditional DOCSIS
(timestamps in SYNC messages for TDMA and lock to the downstream symbol rate clock in concert with
SYNC messages and the S-CDMA Timestamp Snapshot for S-CDMA).

Each M-CMTS entity receives the master timebase through its DTI client. However, how readily that
timebase is utilized is the key issue discussed here. The main issue is the amount of divergence in the
notion of utilized time at M-CMTS Core versus that at the EQAM versus that at the Upstream Receiver.
Hypothetically, if each M-CMTS entity took the DTI conveyed timebase and used a zero-delayed version
of'it, all M-CMTS entities synchronized by the same DTI server have identical notions of time. Likewise,
if each M-CMTS entity took the DTI conveyed timebase and essentially used a delayed version of it by
exactly 500 ms, all M-CMTS entities synchronized by the same DTI server would have identical notions of
time. Problems arise when different M-CMTS entities apply different latencies with regards to applying
the DTI conveyed time.

The analogy of the "clock on the wall" can be used to illustrate the issue. The DTI interface operates to
convey the master clock timebase to a DTI client in an M-CMTS entity. The M-CMTS entity will replicate
the master clock in some way such that there is now a "clock on the wall" that is the reference for when to
do certain tasks. The issue is to appropriately bound how much later the "clock on the wall" is relative to
the master clock time conveyed by DTI.

So, in the M-CMTS specifications, the selected solution is to bound the amount of time in which the
timebase utilized by an M-CMTS entity lags the DTI conveyed time. For the EQAM and M-CMTS Core,
these bounds are found in [DEPI]. As mentioned before, the Upstream Receiver, when it is completely
specified as an M-CMTS entity, would have to have a similar bound applied to it.
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