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VolP—Voice Over Internet Protocol
ﬂ

A much-too-common myth: “High-speed data
works fine in my system, so voice should be no
problem!”



VolP—The Philosophy
ﬂ

VolIP requires an organizational change:
It’s not your father’s high-speed data!



VolP—The Reality
ﬂ

- High-speed data and voice services can in most
cases be successfully deployed on a CATV network
if the ENTIRE cable system—headend, distribution
network, and subscriber drops—meets or exceeds
certain minimum technical performance
parameters.



Recommended Network Specifications
ﬂ

* The first is the technical requirements in Part 76 of
the FCC Rules

 The second is the assumed RF channel
transmission characteristics outlined in the
DOCSIS® Radio Frequency Interface Specification

- The third is ensuring the HFC plant’s unavailability
contribution does not exceed 0.01% as described in
the PacketCable™ Availability Reference
Architecture



FCC Rules
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FCC Rules: Part 76
ﬂ

« Minimum visual carrier amplitude:

g dBmV at the subscriber terminal; +3 dBmYV at the end of a 30 meter
rop.

- Maximum visual carrier amplitude:
Do not overload the subscriber’s receiver or terminal

- Aural carrier amplitude:
10 dB to 17 dB below the visual carrier

- Visual carrier amplitude change:

No more than 8 dB variation on any channel within any six month
interval

No more than 3 dB variation during a 24-hour period between any
adjacent visual carriers within the cable system bandwidth

No more than 10 dB difference between any two channels in 300 MHz
systems, +1 dB for each additional 100 MHz bandwidth
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FCC Rules: Part 76
ﬂ

- Aural carrier frequency:

No more than +/- 5 kHz from nominal frequency (i.e., for NTSC
char_m?ls, the aural carrier must be 4.5 MHz +/- 5 kHz above the visual
carrier

In-channel frequency response:

+/- 2 dB gor 6 MHz NTSC channels this specification must be met
frr?m O.T) MHz to 5.0 MHz above the lower frequency boundary of the
channe

Visual carrier-to-noise ratio:

43 dB (relative to a 4 MHz noise bandwidth for NTSC television
channels)

Visual carrier-to-coherent disturbance ratio (CTB, CSO, XMOD)

51 dB for standard and IRC channelization; 47 dB for HRC
channelization

Terminal isolation:

Minimum 18 dB, and sufficient to prevent reflections caused by open-
or short-circuited subscriber terminals from Froducmg visible picture
impairments at any other subscriber termina
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FCC Rules: Part 76
ﬂ

- Low frequency disturbances (hum):

The peak-to-peak variation in visual signal level caused by undesired
Iow-I requency disturbances is not to exceed 3% of the visual signal
eve

- Chrominance-to-luminance delay inequality:
170 nanoseconds or less

- Differential gain:
Maximum +/-20%

- Differential phase:
Maximum +/-10 degrees

. Si%nal leakage (less than and including 54 MHz and greater than
216 MH2):

No more than 15 pV/m field strength at a 30 meter measurement
distance using a resonant half-wave dipole

- Signal leakage (over 54 MHz up to and including 216 MHz):

No more than 20 pV/m field strength at a three meter measurement
distance using a resonant half-wave dipole
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DOCSIS® Radio Frequency

Interface Specification
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DOCSIS® 1.1 Assumed Downstream RF

Channel Transmission Characteristics
ﬂ

Parameter

Frequency range

RF channel spacing (design bandwidth)
Transit delay from headend to most distant customer
Carrier-to-noise ratio in a 6 MHz band (analog video level)

Carrier-to-Composite triple beat distortion ratio

Carrier-to-Composite second order distortion ratio

Carrier-to-Cross-modulation ratio

Carrier-to-any other discrete interference (ingress)
Amplitude ripple
Group delay ripple in the spectrum occupied by the CMTS

Micro-reflections bound for dominant echo

Carrier hum modulation

Burst noise

Maximum analog video carrier level at the CM input

Maximum number of analog carriers
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Value

Cable system normal downstream operating range is
from 50 MHz to as high as 860 MHz; however, the values
in this table apply only at frequencies >= 88 MHz

6 MHz
<=0.800 msec (typically much less)
Not less than 35 dB?®

Not less than 41 dB?

Not less than 41 dB?®

Not less than 41 dB?®
Not less than 41 dB?
3.0 dB within the design bandwidth

75 ns within the design bandwidth

-10 dBc@ <= 0.5 psec
-15 dBc@ <= 1.0 pysec
-20 dBc@ <= 1.5 psec
-30 dBc@ > 1.5 psec

Not greater than —26 dBc (5%)

Not longer than 25 psec at a 10 Hz average rate

17 dBmV

121

11



RF Channel Spacing (Desigh Bandwidth)

Parameter Value

Cable system normal downstream operating range is
Frequency range from 50 MHz to as high as 860 MHz; however, the values
in this table apply only at frequencies >= 88 MHz

RF channel spacing (design bandwidth) ““

Transit delay from headend to most distant customer R <=0.890‘msec (typically much less)

.

Carrier-to-noise ratio in a 6 MHz band (analog vidqqlé'\;el) Noj.‘féss than 35 dB®

Carrier-to-Composite triple beat distortior)‘ra't‘lb

“

Not less than 41 dB?

.

Carrier-to-Composite second ordgss*” " Not less than 41 dB®

K Not less than 41 dB?

* Not less than 41 dB®
3.0 dB within the design bandwidth

75 ns within the design bandwidth

-10 dBc@ <= 0.5 psec
-15 dBc@ <= 1.0 pysec
-20 dBc@ <= 1.5 psec
-30 dBc@ > 1.5 psec

Carrier-to-Cross-modulation

Carrier-to-any other discrete
Amplitude ripple
Group delay ripple in the spectrum occupied by the CMTS

Micro-reflections bound for dominant echo

Carrier hum modulation Not greater than —26 dBc (5%)

Burst noise Not longer than 25 psec at a 10 Hz average rate
Maximum analog video carrier level at the CM input 17 dBmV

Maximum number of analog carriers 121

Deploying VolP on the
Outside Plant © 2004 Cisco Systems, Inc. All rights reserved. 12



RF Channel Spacing (Desigh Bandwidth)

mpiude Multiple NTSC Channels
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Transit Delay
ﬂ

Parameter Value

Cable system normal downstream operating range is

Frequency range from 50 MHz to as high as 860 MHz; however, the values
in this table apply only at frequencies >= 88 MHz

RF channel spacing (design bandwidth) 6 MHz

Transit delay from headend to most distant customer Leo**"(_<=0.800 msec Qypically much less)

Carrier-to-noise ratio in a 6 MHz band (analog video Igvei)"‘ Not less thgn"35 dB?

Carrier-to-Composite triple beat distortiop‘raﬁ‘ci“ Not Ie§s’ihan 41 dB?

Carrier-to-Composite second - Nyf’less than 41 dB®

*

" Not less than 41 dB®

o Not less than 41 dB?
3.0 dB within the design bandwidth

Group delay ripple in the spectrum occupied by the CMTS 75 ns within the design bandwidth

-10 dBc@ <= 0.5 psec
-15 dBc@ <= 1.0 pysec
-20 dBc@ <= 1.5 psec
-30 dBc@ > 1.5 psec

Carrier-to-Cross-modul

Carrier-to-any other dis
Amplitude ripple

Micro-reflections bound for dominant echo

Carrier hum modulation Not greater than —26 dBc (5%)

Burst noise Not longer than 25 psec at a 10 Hz average rate
Maximum analog video carrier level at the CM input 17 dBmV

Maximum number of analog carriers 121
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Transit Delay

- Signals traveling one way from the headend to the
subscriber through, say, 18 km of fiber and 1 km of
coax: about 95 microseconds (usec) transit delay

- The DOCSIS transit delay specification is <0.800
millisecond (msec) one way

mumin
u[u|
u[u|

Coax serving area

Headend Fiber Node [_
18 km 1 km

ying
utside Plant © 2004 Cisco Systems , Inc. All rights reserve d. 15




Carrier-to-Noise Ratio

Parameter Value

Cable system normal downstream operating range is

Frequency range from 50 MHz to as high as 860 MHz; however, the values
in this table apply only at frequencies >= 88 MHz

RF channel spacing (design bandwidth) 6 MHz

Transit delay from headend to most distant customer <=0.800 msec (typically much less)

Carrier-to-noise ratio in a 6 MHz band (analog video level) < Not less than 35 dBf )

Carrier-to-Composite triple beat distortion rg;io.--“"' Not less than t[].di?f’

Carrier-to-Composite secon‘q_ord'él"'&istortion ratio Not Iess‘thé'n 41 dB®

a®
at®
a®
al

Carrier-to-Cros Noj.déés than 41 dB®

Carrier-t N I h 3 5 d B ‘."f\]ot less than 41 dB®
Amplitu Ot eSS t an ** 3.0 dB within the design bandwidth
Group delay r 75 ns within the design bandwidth

-10 dBc@ <= 0.5 psec
-15 dBc@ <= 1.0 pysec
-20 dBc@ <= 1.5 psec
-30 dBc@ > 1.5 psec

Micro-reflections bound for dominant echo

Carrier hum modulation Not greater than —26 dBc (5%)

Burst noise Not longer than 25 psec at a 10 Hz average rate
Maximum analog video carrier level at the CM input 17 dBmV

Maximum number of analog carriers 121
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Carrier-to-Noise Ratio
ﬂ
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Digitally Modulated Signal CNR vs. BER
ﬂ

Modulation 1.0E-04 | 1.0E-06 | 1.0E-08 | 1.0E-10 | 1.0E-12
format

ASK & FSK 7 dB 9 dB 10 dB 11 dB 12dB
BPSK 9 dB 11 dB 12dB 13dB 14 dB
QPSK 12dB 14 dB 15 dB 16 dB 17 dB
16-QAM 19dB 21 dB 22 dB 23 dB 24 dB
32-QAM 21 dB 23 dB 24 dB 25 dB 26 dB
64-QAM 25 dB 27 dB 28 dB 29 dB 30dB
256-QAM 32dB 34 dB 35dB 36 dB 37 dB

Deploying VolP on the
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Digitally Modulated Signal CNR vs. BER
ﬂ

256-QAM requires 6~7 dB better CNR to achieve the
same bit error rate as 64-QAM!!!

Many cable operators transmit 64-QAM digitally modulated
signals at -10 dBc relative to analog TV channels, and
increase the amplitude of 256-QAM digitally modulated
signals to -5 to -6 dBc.
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Carrier-to-Distortion or Interference Ratio
ﬂ

Parameter Value
Cable system normal downstream operating range is
Frequency range from 50 MHz to as high as 860 MHz; however, the values
in this table apply only at frequencies >= 88 MHz
RF channel spacing (design bandwidth) 6 MHz
Transit delay from headend to most distant customer <=0.800 msec (typically much less)

Carrier-to-noise ratio in a 6 MHz band (analog video level) dB?

Carrier-to-Composite triple beat distortion ratio

.t
a®
a®
.t

Carrier-to-Composite second order disto‘r_tion't’ét'ib

-““

Not less than 41 dB?®

Not less than 41 dB?

Not less than 41 dB>
R e design bandwidth

_75-m$Within the design bandwidth
/,.++*"" -10 dBc@ <= 0.5 psec

-15 dBc@ <= 1.0 pysec

-20 dBc@ <= 1.5 psec

-30 dBc@ > 1.5 psec

Carrier-to-Cross-moduIatio_nJ'.ati'd"

S

Carrier hum modulation Not greater than —26 dBc (5%)

Burst noise Not longer than 25 psec at a 10 Hz average rate
Maximum analog video carrier level at the CM input 17 dBmV

Maximum number of analog carriers 121

Deploying VolP on the
Outside Plant © 2004 Cisco Systems, Inc. All rights reserved. 20



Carrier-to-Distortion or Interference Ratio
ﬂ
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Amplitude Ripple

Parameter
Frequency range

Value

Cable system normal downstream operating range is
from 50 MHz to as high as 860 MHz; however, the values
ly only at frequencies >= 88 MHz
Carrier-to- Compoé'ite.;rlple beat distortion ratio

L
N,
‘e
",

Carrier-to-Composite second ofder distortion ratio

Not less than 41 dB?® .
Not less than 41 dB®
Carrier-to-Cross-modulation ratio Not less than 41 dB®
Carrier-to-any other discrete interference (mgress) Not less than 41 dB® .
Amplitude ripple 3.0 dB within the design bandwidth
Group delay ripple in the spectrum occupied by the CMTS 75 ns within the design bandwidth
-10 dBc@ <= 0.5 psec
Micro-reflections bound for dominant echo -15dBe@ <= 1.0 psec
Carrier hum modulation
Burst noise

-20 dBc@ <= 1.5 psec
-30 dBc@ > 1.5 psec

Not greater than —26 dBc (5%)
Maximum analog video carrier level at the CM input

Maximum number of analog carriers

Not longer than 25 psec at a 10 Hz average rate
17 dBmV
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Amplitude Ripple
ﬂ
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Amplitude Ripple

ATT: 20 dB 256 QAM [Nl e el SES THR: 5.0E-03 —

- CF: L4 _B88 HHz Real Symbol: 5.899 HS/s STAT.

=> EQUAL.

Thls example BER (Pre-Fec) [ AMALYSIS
"" o !

Sho S Iess than BER {(Post-Fec) DIGITAL

1 d B eak'tO' a LR L DL P ] e EH:::E:
Pea -

peak amplitude

ripple (in-

channel .

frequency =

response PARAMETERS

flatness)

S¥YMB: LOCK FEC: LOCK STREAM: LOCK

Courtesy of Sunrise Telecom
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Group Delay

ﬂ

Parameter Value

Cable system normal downstream operating range is
from 50 MHz to as high as 860 MHz; however, the values
ly only at frequencies >= 88 MHz

75 ns within the designh bandwidth

Carrier-to- Compésme trlple beat distortion ratio

Not less than 41 dB?

Carrier-to-Composite second'o.rder distortion ratio Not less than 41 dB®

‘e
.
.
Yo,

Frequency range

Carrier-to-Cross-modulation ratio . Not less than 41 dB®
Carrier-to-any other discrete interference (|ng.ress), Not less than 41 dB?
Amplitude ripple I

a,
L]
L]
L]
4,
..

Group delay ripple in the spectrum occupied by the CMTS

‘.

Micro-reflections bound for dominant echo

-15 dBc@ <= 1.0 usec
-20 dBc@ <= 1.5 psec

-30 dBc@ > 1.5 psec
Carrier hum modulation Not greater than —26 dBc (5%)
Burst noise Not longer than 25 psec at a 10 Hz average rate
Maximum analog video carrier level at the CM input 17 dBmV
Maximum number of analog carriers 121
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Group Delay

QAN ANALYZER T
ATT: 20 B 256 QAHM SES THR: 5.0E-03 CONST -

CF: L4 _B88 HHz Real Symbol: 5.899 HS/s STAT.

. -> EQUAL.
I'his example oen (rre-ree) |

9 DIGITAL

shows about 40 i,

POWER

nanoseconds of

in-channel

group delay

ripple .
:

Elapsed: 08:00:04

S¥YMB: LOCK FEC: LOCK STREAM: LOCK

Courtesy of Sunrise Telecom
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Micro-reflections
ﬂ

Parameter Value

stem normal downstream operating range is

_10 dBC @ <= 05 psec only at frequencies >= 88 MHz

-15 dBc @ <= 1.0 psec
-20 dBc @ <=1.5 psec
-30 dBc @ > 1.5 pysec

Frequency range

RF channel spacing (design
Transit delay from headen
Carrier-to-noise ratio in a

Carrier-to-Composite triple b

Carrier-to-Composite second order’

Carrier-to-Cross-modulation ratio "".‘. Not less than 41 dB?
Carrier-to-any other discrete interference (il:fgfe.ss) Not less than 41 dB?
Amplitude ripple ”'o,. 3.0 dB within the design b':';ndwidth
Group delay ripple in the spectrum occupied by the 6M.'[§ D= gesign bar:t:dwidth
", -10 dBc@ <= 0.5 psec E
Micro-reflections bound for dominant echo "

-15 dBc@ <= 1.0 pysec

-20 dBc@ <= 1.5 psec
Carrier hum modulation

Burst noise

—26 dBc (5%)
Not longer than 25 psec at a 10 Hz average rate
Maximum analog video carrier level at the CM input 17 dBmV
Maximum number of analog carriers 121
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Micro-reflections

ﬂ

Micro-reflections—also called reflections or
echoes—are caused by impedance mismatches

In the real world of cable networks, impedance can at
best be considered nominal

Impedance mismatches are everywhere: connectors,
amplifiers inputs and outputs, passive device inputs
and outputs, and even the cable itself

Upstream cable attenuation is lower than
downstream cable attenuation, so upstream Micro-
reflections tend to be worse

Anywhere an impedance mismatch exists, some of
the incident energy is reflected back toward the
source
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Micro-reflections
ﬂ

* The reflected and incident energy interact to produce
standing waves, which manifest themselves as the

“standing wave” amplitude ripple one sometimes sees in
sweep receiver displays

- Higher orders of modulation are affected by micro-

reflections to a much greater degree (e.g., 256-QAM vs 64-
QAM, 16-QAM vs QPSK)

- Downstream micro-reflections and group delay may be
compensated for using adaptive equalization, a feature
available in all DOCSIS modems

- Upstream micro-reflections and group delay may be
compensated for using adaptive equalization, a feature
available in DOCSIS 1.1 and 2.0 cable modems

Upstream adaptive equalization is not supported by most
DOCSIS 1.0 modems
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Micro-reflections
ﬂ

Causes:

- Damaged or missing end-of-line terminators

- Damaged or missing chassis terminators on
directional coupler, splitter, or multiple-output
amplifier unused ports

- Loose center conductor seizure screws

- Unused tap ports not terminated—this is especially
critical on low value taps

- Unused drop passive ports not terminated
- Use of so-called self-terminating taps at feeder ends-
of-line
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Micro-reflections
ﬂ

Causes (cont’d):

- Kinked or damaged cable (includes cracked cable,
which causes a reflection and ingress)

- Defective or damaged actives or passives (water-
damaged, water-filled, cold solder joint, corrosion,
loose circuit board screws, etc.)

- Cable-ready TVs and VCRs connected directly to the
drop (return loss on most cable-ready devices is
poor)

- Some traps and filters have been found to have poor
return loss in the upstream, especially those used for
data-only service

ying
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Micro-reflections

- Here’'s an
approx. '40 dBC ATT: 20 dB 256 QAH [ QAN AWALYZER T SES/ R:5.0E-03 CONST -

CF: 44.088 MHz Real Symbe  5.899 MS/s STAT.
=» EQUAL

echo at just over T _

: e : o
BER (Post-Fec) R CHANNEL

° ThiS echo eaSily 8 : INNEREANEE AN N POVER

meets the
DOCSIS
downstream -30

dBc @ >1.5 usec Pa. -
parameter

. - _ _— / YV pmml-iETE:;1
- Amplitude ripple
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MORE

| 12
and group delay SYMB: LOCE FEC: LOCK STREAH: LOCK

ripple is slight
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DOCSIS® 1.1 Assumed Upstream RF

Channel Transmission Characteristics

ﬂ

Parameter

Frequency range

Transit delay from the most distant CM to the nearest CM
or CMTS

Carrier-to-interference plus ingress (the sum of noise,
distortion, common-path distortion and cross-modulation
and the sum of discrete and broadband ingress signals,
impulse noise excluded) ratio

Carrier hum modulation

Burst noise

Amplitude ripple 5-42 MHz

Group delay ripple 5-42 MHz

Micro-reflections—single echo

Seasonal and diurnal reverse gain (loss) variation

Deploying VolP on the
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Value
5 to 42 MHz edge to edge

<=0.800 msec (typically much less)

Not less than 25 dB (Note 2)

Not greater than —23 dBc (7%)

Not longer than 10 psec at a 1 kHz
average rate for most cases
(Notes 3 and 4)

0.5 dB/MHz

200 ns/MHz

-10 dBc@ <= 0.5 psec
-20 dBc@ <= 1.0 psec
-30 dBc@ > 1.0 ysec

Not greater than 14 dB min to max
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Transit Delay

Parameter Value
Frequency range 5 to 42 MHz edge to edge
-(I)-:agl\slll':' gelay from the most distant CM to the nearest CM =-0.800 msec Dypically much less)
Carrier-to-interference plus ingress (the sum of.nblse .*"

distortion, common-path distortion and crpss-modulatlon ?
and the sum of discrete and broadband ingress signals, Not Ie§§’ than 25 dB (Note 2)
impulse noise excluded) ratlo

Carrier hum modulation 2= I}th greater than —23 dBc (7%)

~" Not longer than 10 pysec at a 1 kHz

>

sustnoise  (<=(0.800 msec )~ average rate for mos cases

Amplitude ripple 5-42 M 0.5 dB/MHz
Group delay ripple 5-42 MHz 200 ns/MHz

-10 dBc@ <= 0.5 psec
Micro-reflections—single echo -20 dBc@ <= 1.0 psec

-30 dBc@ > 1.0 ysec

Seasonal and diurnal reverse gain (loss) variation Not greater than 14 dB min to max
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Transit Delay

- Signals traveling one way from the subscriber to the
headend through, say, 1 km of coax and 18 km of fiber:
about 95 microseconds (usec) transit delay

- The DOCSIS transit delay specification is <0.800
millisecond (msec) one way

mumin
u[u|
u[u|

Coax serving area

Headend Fiber Node [_
18 km 1 km
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Upstream RF Channel Characteristics
ﬂ

Parameter Value
Frequency range 5 to 42 MHz edge to edge

-(I)-:agl\slll':' gelay from the most distant CM to the nearest CM <=0.800 msec (typically much less)

Carrier-to-interference plus ingress (the sum of noise,
distortion, common-path distortion and cross-modulatiqw.

and the sum of discrete and broadband mgress sl-gnals @ss At 23 62 (. o)
impulse noise excluded) ratio o
Carrier hum modulation Not greater thar;.a523 dBc (7%)

*

Not longer tlzé‘n 10 usec at a 1 kHz
erage rate for most cases

Group delay rip 200 ns/MHz

-10 dBc@ <= 0.5 psec
Micro-reflections—single echo -20 dBc@ <= 1.0 psec
-30 dBc@ > 1.0 ysec

Seasonal and diurnal reverse gain (loss) variation Not greater than 14 dB min to max
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Upstream Digitally Modulated Signal

Amplitude
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll"IIIIIIIIIIIIIEE!:’!:EIIIIIIII

- Because of the bursty * The zero-span method is
nature of upstream digitally the easiest way to obtain an
modulated carriers, it’s accurate amplitude
difficult to measure measurement

average power level

PA:42:85 HaAR e, 15999
REF B7.& dBal AT 18 de

PEAK
o
dB/ MAaRKER
- i LY
mAaRKER
oL _13.3@@ UEET MARKER
21.87 dBm¥ AMPTD
21 .6 R )
BB b T e e e
it o SELECT
Jit A1 2 2 8 4
Wi 5B : : : __ : : : S U SR
80 MCH e e e ST N S U, I MARKER 1
LURE é 5 : : 5 5 : : : OH OFF
Mora
: : : : : : : : : L oof zZ.
CENTER 241 .888 MHz SPAN B Hz iy
RES BH 3.8 MH=z BYEBW 3 MHz #SHP 28 pseco Y
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Upstream Carrier-to-Interference

14001220 MAY 12. 2004

r HER 34.00 WMz
REF 42.0 dBaV AT 10 dB -8.33 dBaV

CLEAR
HRITE A

NAX

BLANK &

TART .00 MNz STOP 45.00 MHz

RES BN 300 kM2 VBN 100 kM2 SHP 20.0 asec

11157156 MAY 12. 2004

4 HKR 34.00 WHz
REF 42.9 dBaV AT 10 48

-.89 dBaV  cipap

HRITE &

11:89:29 NAY 12, 2004
4 KR 34.00 WHz
REF 42.0 dBaV AT 10 dB -8.07 dBaV  CLEAR
- - - WRITE A

Hax
HAX > = -
HOLD A - B

HOLD @

VIEN A

BLANK &

BLANK #

START 6.00 WMz STOP 45.00 MHz
RES BN 300 kMz VBN 100 kNz SWP 20.8 msec

STOP 45.00
BN 300 Mz VEN 180 kHz SHP 20.8 asec

Deploying VolP on the

Outside Plant © 2004 Cisco Systems, Inc. All rights reserved.
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Amplitude Ripple
ﬂ

Parameter Value
Frequency range 5 to 42 MHz edge to edge

-(I)-:agl\slll':' gelay from the most distant CM to the nearest CM <=0.800 msec (typically much less)

Carrier-to-interference plus ingress (the sum of noise,
distortion, common-path distortion and cross-modulation
and the sum of discrete and broadband ingress signals,
impulse noise excluded) ratio

Carrier hum modulation Not greater than —23 dBc (7%)

Not less than 25 dB (Note 2)

Not longer than 10 psec at a 1 kHz
Burst noise average rate for most cases
(Notes 3 and 4)

Amplitude ripple 5_ - ™ llllIIIIIIIIIIIIIIIIIIIIIII 0.5 dB/MHz

"
.t

206" Hs/MHz

-10 dBc@ <= 0.5 psec
-20 dBc@ <= 1.0 psec
-30 dBc@ > 1.0 ysec

Micro-refle

Seasonal and diurnal reverse gain (loss) variation Not greater than 14 dB min to max

Deploying VolP on the
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Amplitude Ripple

* In this examp|e,
an approx. -23 |
dBc echo at ~720
ns causes visible |
amplitude ripple
across the 5-40
MHz spectrum

* Group delay
ripple also is
present

File View Help
x| 8| =8| 8| MBI [ Slpdlelsl Tifr2 Afr

819

lllllll

G"L’UP delay rlpple

b.25ns

Courtesy of Holtzman, Inc.
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Group Delay

Parameter

Frequency range

Transit delay from the most distant CM to the nearest CM
or CMTS

Carrier-to-interference plus ingress (the sum of noise,

distortion, cross-modulation
and the ress signals,
meu( 200 ns/MHz )~

Carrie

Burst noise

Amplitude ripple 5-42 MHz

Group delay ripple 5-42 MHz

Micro-reflections—single echo

Seasonal and diurnal reverse gain (loss) variation

Deploying VolP on the

Outside Plant © 2004 Cisco Systems, Inc. All rights reserved.

Value
5 to 42 MHz edge to edge

<=0.800 msec (typically much less)

Not less than 25 dB (Note 2)

Not greater than —23 dBc (7%)

Not longer than 10 psec at a 1 kHz

‘., average rate for most cases
(‘thes 3 and 4)

0.5 dé7MI;!z

&

( 200 ns/MHz )

-10 dBc@ <= 0.5 psec
-20 dBc@ <= 1.0 psec
-30 dBc@ > 1.0 ysec

Not greater than 14 dB min to max
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Group Delay

- QPSK typically \
requires a ’
minimum MER of ;
10~13 dB, i}
depending on £°
CMTS make/model :

* 16-QAM typically .
requires a
minimum MER of
17~20 dB, . |
depending on L 10 2 i W £ B 9
CMTS make/model o deyveitionia s v 25

* A Plot of OPSK MER vs. group delay variation ever 25 MHz, where group delay increases steadily across the
channel. MNote that DOCAIS 1.0 limet iz 500 ns,

16-AM — | #—  +— QPSK—

Courtesy of Holtzman, Inc.
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Group Delay
ﬂ

-l
- Upstream group = e -
x| 8] 35[0 8| BT win =l sl o] nie| ale)
d e I ay I+n]'|;3ulse Response
measurements e
require e —r——
specialized
equipment

* In this example,
group delay is
nearly constant
(within about 100
ns) between 10 ‘
and 35 MHz

/ / I /
; . e J . I
| | = ! ! i £ ! s
|| II. .Iul III III II| I
i 4 s i s i, |
1 F I ! III P
| i i b " &l # £ i : EEL deg.
1 o s - i ! = =
ALY Phe -.“I ! a T £ - it T
— ; ] { ! i ! / T I
! | | _ ¢ l | e - i | .2l e W =
f i / / i ."I i ./ ‘ b
- — I 7, |
PR ! | ! | S | U

| et J R
| I - ! ! ! I i M I
| | L""-.t N | | L™ L ! Al
| | / i O TSR gttty ne Y | - ] e s

oo 5 10 15 20 % a0 5 40 45 50 MHz F1=10.0, F2=25 Qna?

Courtesy of Holtzman, Inc.
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Group Delay
ﬂ

© Specialized Reo ittt s
test equipment
canbeusedto | | .. i
characterize BER (Post-Fec)
upstream in-
channel MER: > 40.0 dB

performance ENM: 11.8 dB

° In this EVM: < 0.6 % _ B
example, in- Es: 0 sec
channel group = f=: o se
delay ripple is
about 60 ns T

5.0 Frequency Response

-

| EEy 0 Sec

Elapsed: 00:
SYMB: LOCK FEC: LOCK

Courtesy of Sunrise Telecom
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Micro-reflections
ﬂ

Parameter Value

Fre

-10 dBc @ <=0.5 psec
-20 dBc @ <=1.0 psec
-30 dBc @ >1.0 psec

O..
L4
L]

5 to 42 MHz edge to edge

e <=0.800 msec (typically much less)

Not“g[eater than —23 dBc (7%)

Not Ionber than 10 psec at a 1 kHz

Burst noise average rafe for most cases
(Notes 3 and 4)
Amplitude ripple 5-42 MHz "**-... 0.5dB/MHz .,

Group delay ripple 5-42 MHz

Micro-reflections—single echo -20 dBc@ <= 1.0 psec

-30 dBc@ > 1.0 ysec

Seasonal and diurnal reverse gain (loss) variation 4 dB min to max

Deploying VolP on the
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Micro-reflections
ﬂ

* In this example, an
approx. -23 dBc
echo is visible at
~720 ns (0.720
psec)

File View Help
x| (9| 8| KIWIT wl~— =l [E Sledeles| Tl Afr

« This echo meets
the DOCSIS
upstream -20 dBc &
at <=1.0 usec 1 | HW'
parameter ' il

* Note that the echo

cause amplitude = \

and group delay

GrLup delay rlpplé

ying
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Micro-reflections
ﬂ

- Here’s another
example: An _
approx. -33 dBc e AT
echo at just over 1 .

_______________________________________________________________
0.0e-12 L Y
usec BER (Post-Fec) i et I S e e S S TS
0.0e-12 O O B o e W I

- This echo meets

the DOCSIS -
UPStream -30 dBc EVM: < 0.6 % oég
at >1.0 usec

parameter

SES: 0 Sec

® Here, too, the FLS: 0 Sec 0.0 \\ﬁ\/_//\ﬁ \ //r\ﬁ\v
eCho is SUfficient UNAV: 0 Sec = —
to cause some B
amplitude and
group delay ripple

Deploying VolP on the
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Micro-reflections

ﬂ

- Here’s yet another
example: An
approx. -22 dBc
echo at about 2.5
psec

« This echo does
not meet the
DOCSIS upstream
-30 dBc at >1.0
Usec parameter

* In-channel
amplitude ripple is
1.6 dB, and group
delay ripple is
about 270 ns

Deploying VolP on the
Outside Plant

© 2004 Cisco Systems, Inc. All rights reserve

ATT: 30 dB Modulation:

Upstream QAM16 CF :

23.000

10
0dB

-40

-80

MHz

FFE__DFE

QAM16 SES Threshold: 5.0e-003
Real Symbol :

2.560 M5

-2us -1ps ops  1ps

2us  3Ips  4ps S5ps eps  Fus Bus 9ps

16-QAM would not work on this upstream!

d.
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DOCSIS® 1.1 Electrical Input to the Cable

Modem
ﬂ

Parameter
Center frequency
Level range (one channel)

Modulation type

Symbol rate (nominal)

Bandwidth

Total input power (40-900 MHz)
Input (load) impedance

Input return loss

Connector

Deploying VolP on the

Outside Plant © 2004 Cisco Systems, Inc. All rights reserved.

Value
91 to 857 MHz, +30 kHz
-15 dBmV to +15 dBmV
64-QAM and 256-QAM

5.056941 Msym/sec (64-QAM) and
5.360537 Msym/sec (256-QAM)

6 MHz (18% Square Root Raised Cosine
shaping for 64-QAM and 12% Square
Root Raised Cosine shaping for 256-
QAM)

<30 dBmV
75 ohms
> 6 dB (88-860 MHz)

F connector per [ISO-169-24]
(common with the output)

49



Downstream Digitally Modulated Signal
Amplitude

Parameter Value

Center frequency 91 to 857 MHz, +30 kHz

Level range (one channel) -15 dBmV to +15 d@

'l
wans® o
o

64-QAM and 256:QAM

5‘.0.56974‘1 Msym/sec (64-QAM) and

-1 5 to +1 5 d B mv 5360537 Msymisec (256-QAM)

.
ot
he

nn®
--‘-,.--
PR .}

Modulatio

6 MHz (18% Square Root Raised Cosine
shaping for 64-QAM and 12% Square

Sl el Root Raised Cosine shaping for 256-
QAM)

Total input power (40-900 MHz) <30dBmV

Input (load) impedance 75 ohms

Input return loss > 6 dB (88-860 MHz)

Connector F connector per [ISO-169-24]

(common with the output)

Deploying VolP on the
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Downstream Digitally Modulated Signal
Amplitude

Ak K s s e e O
SHPL i i i - ] ] ] ] ]
- When measuring the amplitude of a i """"" “ """ M| o -
digitally modulated signal, make T' Al REAR
- . . ' AVERAGE
certain you are measuringits .. RPN S [
average power level ﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁ.._..........: ......... A0 T O S X
WA 5B . ; : :
- Use test equipment that performs ~
automated measurements, rather Eﬁﬁﬁﬂ?t o - WU cene TS | o
than trying to make error-prone R — L

manual measurements that require
bandwidth, IF filter, log amplifier and

I i ﬂl]lllHETHEHH “FETHEHH

detection corrections - - £

- A “sweet spot” for downstream LEDEL ML
digitally modulated signal amplitude .:'j' BKER SEcsd

at the modem or EMTA input is -10 to LEDEL Bl 0ST [

+5 dBmV uq"ﬂ-i'.“l'“ req: 1198 Mllz

M Hod  OPSK
|'|l.ll1‘i|4'|'l'l= Upsirm | ore More

Courtesy Agilent Technologies and Sunrise Telecom
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Cable Modem Total Input Power

Parameter Value
Center frequency 91 to 857 MHz, +30 kHz
Level range (one channel) -15dBmV to +15 dBmV
Modulation type 64-QAM and 256-QAM

5.056941 Msym/sec (64-QAM) and
5.360537 Msym/sec (256-QAM)

6 MHz (18% Square Root Raised Cosine
< +30 d B mV shaping for 64-QAM and 12% Square
**+..Root Raised Cosine shaping for 256-

Symbol rate (nominal)

by, Q'AM)'%.
Total input power (40900MHz)
Input (load) impedance 75 ohms
Input return loss > 6 dB (88-860 MHz)

F connector per [ISO-169-24]

Connector (common with the output)

Deploying VolP on the
Outside Plant © 2004 Cisco Systems, Inc. All rights reserved.
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Cable Modem Total Input Power
ﬂ

/;MBEHB AUG 28, 2881
REF 24.4 dEmV

PEAK
LDE<:
1@

dB/

TOTAL INPUT POWER = 15.0 dBmV ' : :
N s N ey WIS R S

This example
shows total
input power is

CENTER 316.5 MHz SPAN 539.9 MHz
RES BW 3.8 MHz VEW 1 MHz SHF 20,8 msec T

Courtesy of Agilent Technologies
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Cable Modem Total Input Power
ﬂ

- A quick way to estimate approximate total power is
based on the rule-of-thumb that each time the number
of channels doubles (assuming all channels have the
same signal level), the total power increases 3 dB

(3.01 dB).
Number of Power per | Total Power
Channels Channel
1 0dBmV 0dBmV
2 0dBmV +3 dBmV
4 0dBmV +6 dBmV
8 0dBmV +9 dBmV
16 0dBmV +12dBmV
32 0dBmV +15 dBmV
64 0dBmV +18 dBmV
128 0dBmV +21 dBmV

Deploying VolP on the
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Other DOCSIS® RFI Spec Parameters
ﬂ

- Downstream digitally modulated signal average
power level relative to analog visual carrier levels:
-10 dBc to -6 dBc

- 64-QAM bit error rate: Cable modem post-FEC BER
must be less than or equal to 10-® when operating at
a C/N ratio (Eg/N,) of 23.5 dB or greater

- 256-QAM bit error rate: CM post-FEC BER must be
less than or equal to 108 when operating at a C/N
ratio (Eg/N,) of

30 dB or greater when the input receive signal level is -6
dBmV to +15 dBmV

33 dB or greater when the input receive signal level is -6
dBmV down to -15 dBmV

eploying VolP on the
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Downstream Performance: QAM Analyzer

[ _QAH ANALYZER - - 1.8E-
ATT: 10 dB 256 QAM SES THE= 105702

Pre- and post- U ors e nean s sun wss | o
FEC BER o ‘BEH {Pre-Fec) bl AT e D D e R e W T Ty

8.0E-12
BER (Post-Feeg)| /-7 == i imimism i iie e b ko b e CHANNEL
- —
MER: 35.8 dB

MER—" EHHM: f.6 dB

64-QAM: 27 dB minimum EUH: 8.9
256-QAM: 31 dB minimum

Constellation

UHAU : 8 Sec

Elapsed: 80:688:8%4 FILTER: 8192

SYMB: LOCK FEC: LOCK STREAW: LOCK

Graphic courtesy of Sunrise Telecom
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Downstream Performance: QAM Analyzer

QAN ANALYZER oo
ATT: 20 dB 256 QAM = e 1] SES THR: 5.0E-03 CONST -

Equalizer graph CF: 44.08A MU= Nnol Cumhnl: 5_899 HS/s STAT.
=> EQUAL.
BER (Pre-Fec) _ _ ANALYSIS

9 DIGITHAL
BER {(Post-Fec ' CHAHHEL

POWER

In'ChannEI ENH: 11_311
frequency response [l

SET

|n-Chann9| e . Y QAN

PAFAMETERS

group delay RS ]

MORE
172

SYMB: LOCK FEC: LOCK STREAM: LOCK

Digital channel power

Graphic courtesy of Sunrise Telecom
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Downstream Performance: QAM Analyzer

.o o IMER: 21.0 dB
w ok |Pre 1 3.0E-3
& arar ot |Post o7 BE-6

. Err Sec: G4
TWRET | Sey Sec: @A
o ElaF'sed ga:o

7
BT 4
1:14

_LDCKED
"||||r1

Poor carrler-to -noise ratio

CHf 1859 mEEMEE FHz |

MER: 30.6 dB
Pre :0.0E-0
Post :0.0E-0

- rl® v 3 %

Err Seci: HEEEAR
Sew Sec: EIEIEIEEIEI
ElaksediBa:aR: 29

LDCKED

Deploying VolP on the
Outside Plant

Coherent interference

© 2004 Cisco Systems, Inc. All rights reserved.

CH: 1oe =S FHz |

: MER.2T.B dB

I T L

LDCKED |

F ¥ r o w % i
k¥ % | § 3

ﬁx LR TRV P L
e
L=
A
—
!'.n-'l'
|T|
m

fo% eow o

i ¢ 1 »|+ & 5 §
R T A A |

Phase noise

L -

CH: 189 GEEMEE FHZ |

MER: 30.6 dB
Pre :0.0E-0

L]

LI |

E N Y
]
!

=
L -
b
L

¢ r * T

Err Sec: HHEAEG
Sew Seci: BHAEARG
Elarsed:88: 081 29

| LOCKED _|
sl

. » |Post ‘0.0E-0

i & = &
r i

L]
L * .

s &

Gain compression

—CHT 107 WEEMElE TRz |

* * % [MER 34.9dB
. Pre :0.0E-0
“~ * % Post:0.0E-0

5 .. Err Seci BEEEEE
" - % Seu Seci  HABAEA
. Elarpsed: BE: @21 44

LDCKED

Zoom function
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Headend RF Levels—Integrated Uﬁconverter

- Verify correct average power level

Integrated upconverter RF output should be set in the
DOCSIS-specified +50 to +61 dBmV range

Typical levels are +55 to +58 dBmV
- Also check BER, MER and constellation

o ol ol ol ol ol of

| To headend downstream

mmmmmmm combiner

= =1 o | = = = o | r _____ _] \
| Attenuator !
(if required) |
|

"N 88-860 MHz downstream
RF output
(+50 dBmV to +61 dBmV)

Deploying VolP on the
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Headend RF Levels—EXxternal Uﬁconverter

- Verify correct average power level, BER, MER and
constellation

CMTS downstream IF output
External upconverter IF input

External upconverter RF output

CMTS
44 MHz IF input to
B upconverter
: - (typ. +25 dBmV to +35 88-860 MHz downstream
dBmV) RF output to CATV network
SR \ / (+50 dBmV to +61 dBmV)
— |
. A ¥ RFupconverter |
& 44 MHz downstream | Attenuator | P

- IF output b == =
N (e.g., +42 dBmV +/-2 dB) I & =i

Deploying VolP on the
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Downstream Performance: QAM Analyzer
ﬂ

- Check signal levels and BER at downstream laser
input and node output

Bit errors at downstream laser input but not at CMTS or
upconverter output may indicate sweep transmitter
interference, loose connections or combiner problems

Bit errors at node output but not at laser input are most
likely caused by downstream laser clipping

_ =3 G

Deploying VolP on the
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Headend RF Levels
ﬂ

- DOCSIS recommends that the digitally modulated
carrier’s average power level be set 6 dB to 10 dB
below what the visual carrier level of an analog TV
channel on the same frequency would be

 This ratio should be maintained throughout the entire
cable network

ying
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Analog TV Channel Amplitude Measurement
ﬂ

12:56:49 AUG 26, 20861

A7 CHANNEL B ¢5T0) CHTR GB5.74911 HHz CLlIS URCHARSED
REF 4.5 dEn AT 18 dE Z18.65 dEni ATT: 10 B DFS: —
PEHK dBmU UIDED: 2 H G5 .258 HHz
LOB [ e 1
18 quN ann
dE{J SIGHAL
HEASURE
SPECTRUH
AHALYZER
: : : : : : : : : DISTORTION
......... MEASURE
WA SE : : : : : : : : :
0 FC
CORR
dEn
HUR.‘:‘. L5 .250040 HHz
L9_749780 HHz
START E8.808 MHz STOP EE.880 MHz 4.499748 HHz

$RES EW 388 kHz #VEW 3688 kHz SWP 7E.O msec T

Courtesy Agilent Technologies and Sunrise Telecom
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Downstream Digitally Modulated Signal

Amplitude Measurement
ﬂ

13102121 AUG 28, 2061 -
A7 CHANNEL BB (3TOD MKR 589.910 KHz CiliS i
REF _14.2 dBmlul #HT E dB _5?.11 dBmIUIMHRKER i ATT: 15 dB OFS: B dB = [H'H 6.88 MHz
SMPL dBmU CF: 561.868 HHz SPAN: 28 MHz BAHDWIDTH
LOG
46/ MARKER 2 o
AHALYZER
AVERAGE | whepiagirtrin, ¥ SPECTRUM
OH  OFF F V{m {r ANALYZER
§ OF !
: , : : : : , : , AVERAGES
WA SE . . . . . . . . .
St FC
CORR| AUB = OFF s
DIEITHL (F":U-IEP bEthEh CHANNEL POWER 5.4 dBmU 43.3 dB AUERAGE 2
CHAWNEL FOWER = markers) MEIN R - GRIE S AL AR AT
HENU
STHRT 504.008 MHz 5TOF 510.808 MHz
RES BW 188 kHz BUBH 1 MHz SWP 28.8 miec T

Courtesy Agilent Technologies and Sunrise Telecom
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Downstream Digitally Modulated Signal
Amplitude Measurement

LAVEi=TE=R . L. JHEE

I:HIHIII.LH TR E FEl 4 -0 fl Mey RN
EF dfi.& gilin AT 1F a4l sl il § R R
FERE - - = oF
;ﬂl

.| HEET PE

LDPY

: Nuarw

2 0 sl ¥
ErHTEE EA%. Al HEr r.-.l “:i-ll..l HET
ECE D= piel mix g Nl hEz B

At the spectnum anahyrer settings shown, the digptaly modated
camer appears to be +25 dimi o sa, which =510 dB balow the
adiprent vieLE camer eves

Courtesy Communications Technology Magazine
De pI ing VoIP on the
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Downstream Digitally Modulated Signal
Amplitude Measurement

L4 1AL IER JIN. Hi ?III

for YU L v T
¢I )
2 r““‘“’ "“*1 F | -

Mﬂ”

af %l
ic Fi 1 F
CEmE ":.Lhr?
Farg
i & T
EENTIK mi2.BE BHE

EFEH TH.HE FHa

IFLEE WE IS8R rHe dEd 1=l hEr HEE Jf. B mnas

When the spectnum anebrer resoiution bandvacth & changed from

1000 kHz to 300 kHe the: apparent ampliuce of the digialy mocdulated
camer moreased to = 37 dbmy,

Courtesy Communications Technology Magazine
Deploying VolP on the

Outside Plant © 2004 Cisco Systems, Inc. All rights reserved.
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Downstream Digitally Modulated Signal
Amplitude Measurement

LenEnian L3 :uu
R LiLd] REE RN .9EE EHy o

H:r 49,8 dkw n L =il B% dFesHaRdLE
EEFL
L
L1 T s
am fE

(-
] g ] ]
1, ] I‘l.'.

BC i'h

CEFE] AW = GiTF

DEGEETAL : ] CpEpEr BElEsEn
CANAHEL FILTE 'r-:|ll|.- B B I

- EF il
ETair I.':li.iﬁ nHE ETEF |l.l|l.
Er'll i-l-i-:-

LY Wd LR hHa IUEE 1 HET

il chammed pover messremant dicatas the actusl anpitde
the digtally modulsted camer B +4012 dBm\,

Courtesy Communications Technology Magazine
Deploying VolP on the
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Downstream Digitally Modulated Signal

Amplitude Measurement
ﬂ

14 vid ki i 1. Eieii

A" CHEHEEL L4 3 H AE® %% .HEE ARl RN
BEF B, ciliw KT Al P =30, 710 ll sVEARELE 1
lH'L - -_ - e — — - | " - = —p——

|gl

|

o esEELE =

¥
EALNFELE
n ]
FIRTTf “ TEEun™ Enleranm
Chimeul, Pl m llhl-' BgETRErE] HE[ &
=== = = FE = MLkE
EI&ET RS .SEE HSa EFOF B%hE.9FN AEQD
BECE U 480 b=gy Bl § FEHe BWF 7.8 mewr

The digrtaly moduisted camer ampiitide hes been 52t 1o the comact

ke [+ 7 rE!rn'.' total power), which 510 o bedowy the adjpoant
channe] wsLE camer levels

Courtesy Communications Technology Magazine
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Downstream Digitally Modulated Signal

Amplitude Measurement
ﬂ

ERAEE 4N Il L Jeaw e =]

Bk g -#,?E BH
By s dmay AT LB om ] ok P HamCrY
=== — =

. & L L
L] L] E——— *r
i FFAs 10,08 &H
ctnlsmﬁ-‘i—mh; LEE %8 aHa :l.lF' 5. ll.Fl:-

(g back o the ongnal nstnument settings 1=ed N Fgue 1, the:
Eam L 0f the oy nrrmmhmn'mm
+12 demi. The total pover s comect, but the deplayed ampiit de
cloes, ot seam ko e

Courtesy Communications Technology Magazine
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Downstream Digitally Modulated Signal

Amplitude Measurement
ﬂ

LEINNINE ML TL. INEW
Wl s =a, 2k anp TR

Foddi o dilak Bl iE aw =LI.EE dl mEEEcDE
Pl s - e i L
Lain
EL]

- .

HExF

[ I

EEn| =

NI1AHT

i I TN

e LEFT

: . Harg

CLETER 4 F0 .48 mia TIrEL R T
FELEE HE TEE EHE EME LBF rHe REPF 2l muwp

Chranoing the arahyeer resi tion bendwidth satting o 300 kHe once agan
showes & Figher apmerenl ampiitude for e doptaly mockuined crrnes.

Courtesy Communications Technology Magazine
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Upstream Performance: Constellations and
MER

Good QPSK and 16-QAM constellations
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Upstream Performance: Constellations and
MER

Poor carrier-to-noise ratio, low MER

UPSTREAM UPSTREAM

Graphics courtesy of Filtronic Sigtek, Inc.



Other Challenges
ﬂ

- Dealing with the slightly lower dynamic range of 16-
QAM modem transmission compared to QPSK

DOCSIS specifies that cable modems must support +8 to +58
dBmV upstream transmission levels for QPSK, and +8 to +55
dBmV for 16-QAM

- A switch to 16-QAM loses 3 dB of headroom

If some modems are transmitting at their maximum level with
QPSK, they may exhibit problems when switched to 16-QAM

- Typical fix is to correct excessive upstream
attenuation between the affected modem and the first
upstream active

Usually drop- or network alignment-related

Deploying VolP on the
Outside Plant © 2004 Cisco Systems, Inc. All rights reserved. 73



Upstream Performance: Packet Loss

ﬂ

Some QAM analyzers support upstream
packet loss measurements
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PacketCable™ Availability

Reference Model
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First, Some Definitions
ﬂ

- Availability: The ratio of time that a service is
available for use to total time. PacketCable’s
reference model assumes 99.94% end-to-end
availability. The HFC network maximum
contribution to this is 0.01% unavailability, or
99.99% availability—the so-called four nines.

- Reliability: Probability that a system or device will
not fail during some specified period.
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PacketCable™ Availability Reference Model

PaeketCabIe Avallablllty Reference Medel
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Source: VolP Availability and Reliability Model for the
PacketCable™ Architecture (PKT-TR-VolPAR-V01-001128)
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Contributors to Network Availability
ﬂ

* Network architecture

- System powering

* Redundancy

- Status monitoring

- System maintenance practices

- Subscriber drop installation quality
- Service restoration
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Relative Network Contributors to Outages

Drop

Headend
Power Headend
Trunk
Power
Trunk Feeder
Feeder

Relative network section Relative network section

contributions to outage rate contributions to outage hours

Source: Modern Cable Television Technology, 2" Ed.; Ciciora,
Farmer, Large, Adams; ©2004, Morgan Kaufmann Publishers
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Network Availability
ﬂ

Can a cable network meet 99.99%"?

- According to an analysis in Modern Cable
Television Technology, 2" Ed., achieving 99.99%
availability requires:

Improved HDT and NID reliability
Hardened and more reliable powering

Shorter cascades of both coaxial equipment and power
supplies

Reliable status monitoring throughout the network
* Proactive maintenance
- High quality drop installations

Source: Modern Cable Television Technology, 2" Ed.; Ciciora,
Farmer, Large, Adams; ©2004, Morgan Kaufmann Publishers
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Network Impairments That Affect Service

Availability
ﬂ

- Ingress and impulse noise

Improper network alignment
Distortions (CPD, hum, CSO, CTB)

Poor in-channel frequency response (amplitude tilt
and ripple)

Group delay

Micro-reflections

Intermittent connections

Sweep transmitter interference

Laser clipping—upstream and downstream

eploying VolP on the
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Downstream Checklist
ﬂ

v' Entire cable network—headend, distribution network and
subscriber drops—DOCSIS-compliant

v Upconverter setup, IF input/RF output levels
v Downstream laser input levels

v Avoid downstream frequencies near band edges or rolloff
areas

v Avoid downstream frequencies that may be susceptible to
ingress from strong over-the-air signals’

v Forward and reverse properly aligned

v Frequency response flat

v Signal leakage and ingress management
v Good installation practices
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Upstream Checklist
ﬂ

v CMTS modulation profile optimized for modulation format
in use—for instance, 16-QAM

v Entire cable network—headend, distribution network and
subscriber drops—DOCSIS-compliant

v’ Select upstream frequency that avoids diplex filter roll-off
area

v Forward and reverse properly aligned
v’ Signal leakage and ingress management
v Good installation practices
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DOCSIS Checklist
ﬂ
Headend (downstream) CMTS or upconverter output

Test performed
v

Parameter

Parameter value

Measured value/comments

CMTS downstream IF output

+42 dBmV!

Digitally modulated carrier
amplitude at upconverter input

+25 to +35 dBmV?

Digitally modulated carrier
amplitude at upconverter output

+50 to +61 dBmV

Digitally modulated carrier center
frequency

91-857 MHz

Carrier-to-noise ratio

Not less than 35 dB

Modulation error ratio (MER)3

64-QAM: 27 dB minimum
256-QAM: 31 dB minimum

Pre-FEC BER*

N/A

Post FEC BERS

Less than or equal to 108

Amplitude ripple (in-channel
flatness)

3dBS

Group delay ripple

75 ns maximum

Constellation evaluation

Look for evidence of gain compression; phase
noise; |-Q imbalance; coherent interference;

excessive noise; and clipping
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DOCSIS Checklist
ﬂ
Headend (downstream) laser transmitter

or first amplifier input, node output

frequency

Test performed Parameter Parameter value Measured value/comments
v
Digitally modulated carrier average -10 to -6 dBc
power level relative to analog TV
channel visual carrier amplitude
Digitally modulated carrier center 91-857 MHz

Carrier-to-noise ratio

Not less than 35 dB

Modulation error ratio (MER)'

64-QAM: 27 dB minimum
256-QAM: 31 dB minimum

Pre-FEC BER?

N/A

Post FEC BER3

Less than or equal to 108

Amplitude ripple (in-channel
flatness)

3dB*

Group delay ripple

75 ns maximum

Constellation evaluation

Look for evidence of gain compression; phase
noise; I-Q imbalance; coherent interference;

excessive noise; and clipping
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DOCSIS Checklist
ﬂ

Downstream input to cable modem

power level relative to analog TV
channel visual carrier amplitude

Test performed Parameter Parameter value Measured value/comments
v
Digitally modulated carrier center 91-857 MHz
frequency
Digitally modulated carrier average -10 to -6 dBc

Digitally modulated carrier average
power level’

-15to +15 dBmV

Carrier-to-noise ratio

Not less than 35 dB

Total downstream RF input power?

<+30 dBmV

Modulation error ratio (MER)3

64-QAM: 27 dB minimum
256-QAM: 31 dB minimum

Pre-FEC BER*

N/A

Post FEC BER

Less than or equal to 108
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DOCSIS Checklist
ﬂ
Downstream input to cable modem (cont’d)

Test performed Parameter Parameter value Measured value/comments
v

Constellation evaluation Look for evidence of gain compression; phase
noise; I-Q imbalance; coherent interference;
excessive noise; and clipping

Amplitude ripple (in-channel 3dB*
flatness)
Hum modulation 5% (-26 dBc)

Maximum analog TV channel visual +17 dBmV

carrier level

Minimum analog TV channel visual -5 dBmV

carrier level

Transit delay from CMTS to most <=0.800 millisecond

distant cable modem?5

Signal level slope, 50-750 MHz 16 dB

Group delay ripple® 75 ns
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DOCSIS Checklist
ﬂ
CMTS upstream input

Test performed Parameter Parameter value Measured value/comments
v

Digitally modulated carrier 200, 400, 800, 1,600 or 3,200 kHz
bandwidth

Digitally modulated carrier symbol 160, 320, 640, 1,280 or 2,560 ksym/sec

rate

Digitally modulated carrier center Must be within 5-42 MHz spectrum
frequency

Digitally modulated carrier -16 to +26 dBmV depending on symbol rate
amplitude?

Total 5-42 MHz RF spectrum power Must not exceed +35 dBmV

Carrier-to-noise ratio Not less than 25 dB?
Carrier-to-interference ratio Not less than 25 dB?
Carrier-to-ingress power ratio Not less than 25 dB2
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DOCSIS Checklist
ﬂ
CMTS upstream input (cont’d)

Test performed Parameter Parameter value Measured value/comments
v
Hum modulation 7% (-23 dBc)
Amplitude ripple 0.5 dB/MHz
Group delay ripple? 200 ns/MHz
Transit delay from most distant <=0.800 millisecond

cable modem to CMTS*
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