TELEM 13.6 dBmV
55.25 MHz -3.3dB
61.25 MHz -L.2dB 2.1dB
6.00 MHz 21dB

ant Maintenance




Voice Quality Impairmentsi1 t 6s not al ways

Customer

Telco -
Problem? Cable Provider Cable Provider- Problem?
Problem? Problem?

Where is the Problem?
What is the Problem?

A
A 4

HUB SITE
Router-Slot-

MEDIA POP Port?
LSP/VLAN, Aggregation

LH Route? switch L
MediaGW-

DSP Card- problem?

Port-CPU?
—

Cable MTA POTS

Modem Phone
HOME
l/ CABLE PLANT Background noise, handset
RF downstream and/or speaker/mic interference,
HUB SITE upstream errors leading to  inadequate volume, inside
MEDIA GW POP Excessive NE polling 1P packet loss, bandwidth  wiring, mis-configured MTA
DSP codec and/or high utilization  capacity limitations (esp. (CoS-Diffserv / firewall
PSTN performance, echo lead to congestion upstream) may lead to settings), wireless phone

analog problems on PSTN canceller config., jitter
path passed through to IP  buffer config. / packet
network drops

causing jitter, dropped CMTS congestion (dropped delay exacerbates echo
packets and increased |IP packets) and excessive  problems, MTA DSP/echo
transit delay jitter (packet drops by codec) canceller performance
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Fiber Connectors Are Everywhere

Fiber optic connectors are common throughout the network, and they
give you the power to add, drop, move and change the network.

/
. \ \
Head End

[""71 Feeder Cables
[  Distribution Cables

1 Coaxial Network

Local Convergence
Point

i Buildings L
i \ Iﬂl
- =
/ Network Access
Points
- 5
B

. .
/N N\
Ar 1} g Muinome

Units

Residential I
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Types of Contamination

A fiber end face should be free of any contamination or defects, as shown below:

SINGLEMODE
FIBER

Common types of contamination and defects include the following:

Dirt Pits & Chips Scratches
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Where is it? I Everywhere

Your biggest problem is right i1 n f

DIRT IS EVERYWHERE!

Airborne, hands, clothing, bulkhead adapter,
dust caps, test equipment, etc.

The average dust particle is 21 5y, which
Is not visible to the human eye.

A single spec of dust can be a major
problem when embedded on or near the
fiber core.

Even a brand new connector can be
dirty. Dust caps protect the fiber end face,
but can also be a source of contamination.

Fiber inspection microscopes give you a
clear picture of the problems you are facing.
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Where is 1t? T Proliferation of Dirt

There are a number of different sources where dirt and other particles
can contaminate the fiber.

Test Equipment
Dust Caps
Bulkheads

People

Environment

Connectors and ports on test equipment are mated frequently and are highly
likely to become contaminated. Once contaminated, this equipment will often
cross-contaminate the network connectors and ports being tested.

Inspecting and cleaning test ports and leads before testing
network connectors prevents cross-contamination.
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Analog vs. Digital

Analog signal Digitally modulated signals
components are visibly only show a #dh
discernable using a a spectrum analyzer

spectrum analyzer regardless of modulation or

content T (more tools
needed)
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Digital TV Waterfall Graph

Picture Quality ==>

Picture Quality Vs. Impairments

Much Better

—
Still Great

Beginning to get
Customer
Complaints

Good
Until it
Crashes

Customer
Rebellion

— Digital

———-Analog

Increasing Impairments ==>
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Analog vs. Digital Measurements

e

BER: <1.0e*®

ONSTELLATION ONSTELLATION

e LH 100 . e [ H 1[I0

estimated
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BER Example

A 256QAM channel transmits at a symbol rate of 5M
symbols per second

Bit rate = 8 bits per symbol X 5M symbol per second
=40M bits per second

Error Incident = Bit rate X BER = Errors Per Second

BER

Error Frequency

Error Incident

10-12

1 in 1 Trillion bits

25000 secs between errs (6.94 hrs)

10-11

1 in 100 Billion bits

2500 secs between errs (41.67 mins)

101°

1 in 10 Billion bhits

250 secs between errs (4.167 mins)

107

1 in 1 Billion bits

25 seconds between errors

10°®

1 in 100 Million bhits

2.5 seconds between errors

10”’

1 in 10 Million bits

4 errors per second

10°

1 in 1 Million bits

40 errors per second

107

1 in 100 Thousand bhits

400 errors per second

10™

1 in 10 Thousand Bits

4000 errors per second

1073

1 in 1 Thousand bits

40000 errors per second
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Expected MER & BER Results

MER Pre FEC Post FEC
64 QAM | 256 QAM BER BER
Excellent 35 dB | 0.0 E-00 0.0 E-00

Acceptable 0.0E+00
Marginal 1.0E-08

Excellent 34 dB | 35 dB | 0.0 E-00 0.0 E-00
Acceptable | 31 dB | 34 dB | 1.0E-08 0.0 E-00
Marginal 28 dB | 30 dB | 1.0E-07 1.0E-08

Excellent 0.0 E-00
Acceptable 1.0E-09
Marginal 1.0E-08

Excellent 35 dB | 1.0E-08 0.0 E-00
Acceptable 31 dB | 1.0E-07 1.0E-09
Marginal 28 dB | 1.0E-06 1.0E-08

Excellent 35 dB | 1.0E-08 0.0 E-0
Acceptable 31 dB | 1.0E-07 1.0E-08
ETETEL 27 dB | 1.0E-06 1.0E-07

Digital video

Node JHeadend

o
£

A

Set-top] Tap
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Segmented Error Budgets

Test Critaria

Measure ment

Start Seeing
Degradation on Call

Quality

Delay (1-way) < 100 ms > 150 ms
Jitter <5ms >15ms
Service Level Tes Packet Loss < 0.5% > 2%
R-Value >80 <70
MOS >4 <3
MER 30dB(64), 33dB (256) 25dB(64), 28dB(256)
RF PRE-FEC BER 1.00E-09 1.00E-07
At Home Rx - Level -5~+5dBmV <-10dBmV or >+10dBmV
Tx- Level 35 ~45 dBmV < 30dBmV or >50dBmV
MER 32dB(64), 35dB (256) 28 dB(64), 31dB(256)
RF PRE-FEC BER 1.00E-09 1.00E-07
At Node Freq Response <4dB > 5dB
Upstream SNR >35dB <25dB
CMTS CMTS Loading <50% >80%
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Sweep vs. Sighal Level Meter Measurements

To CATV power supphy

i E||-CATY
Tunkibridger Dirctional  Trunk - Z|[ poer )

amplifier coupler cable Tnunk amplifier &) supply Off-air CATY
s / = antennas

v
&
j'al
T
Signal pmcassing
equipment

Headend

Trunk Line System

Drop Line System Feeder Line System

References: Sweep systems allow a reference to be stored
eliminating the effect of headend level error or headend level drift.

Sweep Segments: Stealth makes it possible to divide the HFC
plant into network sections and test its performance against
individual specifications.

Non-Invasive: Sweep systems can measure in unused
frequencies. This is most important during construction and
system overbuilding.

BEST Solution to align: Sweep systems are more accurate
and faster.
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A Sweep Finds Problems That Signal Level

Measurements Miss

Standing Wave

Roll off at band edge
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What faults cause CATV signals to fail ?

80-90% of the time, the s
Success rate of finding and fixing the following

problems using:
5% Spectrum Analygers

I Signal Levels . _ . .

) 7% Visual TV-pictyre inspection

I TILT 11% BER Digitall Analyzers

I Gain/ Loss 23% SignaILLevel Meters

I Suck-outs (notches) 2L Revie e il

I CIN 72% Forward & Reverse Sweep

i HUM £ .
i CTB/CSO Intermodulatifn >0 100
I CPD - Forward and Reverse

'|' Reve rse |ngress Source: Research 112898 Market survey with 200 US and European CATV operatt
I BER/MER

| Reflections / Standing waves
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WHY SWEEP? sweep 1 or 2 times/year or visit cascade
DISTORTION vs NOISE

500 700 900

CATV amplifiers have a trade-off between noise and
distortion performance

Tightly controlling frequency response provides the
best compromise between noise and distortion.
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Standing waves

FEF: MAIM =T TILT: +=. = | E=ETEALTHEE

One Cycle = 18 MHz "1s

VP =0.93 + E-

M

1
492 x 0.93 "
______________ = 25.42 feet

miml ml=t 100

/3.33 = 7.63 meter - L i)
- P11 55 .C5mH: + . A 9emL

FM=E 53 7.5 mH: + 2.9 aem

| P
P 482 .00 mHz +1.72e
)

o EiiiiiiiiF TRELE: INDY HUE COMFERNSATION: + 2=. 4 dB
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Suck-out (Notch)

5.=|E_Hf.=|i_p _ FHOSTEALTIHk

13.7 22

S55.25 0604 +0. T a=

A0, S v -9 e
59 . SEE) A

REF : HERD_ERD
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High end roll-off

TII_T +E-3 M|=E=TEALTHE

55.CHhmHz + [, ' apmu

I"'-"'IE S3./.C25mH: + 2.4 aemL
A8 .06 myz +1.72e
==k

FE il F TRELE: IMNOY HUE COMFEMEATION: +2=. 4 dB
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Wrong Tilt Compensation

+ ) 2= C dEsdi

106.ae

S5. 250 mH: +3.F =
P L= e i [T —-56.5a
G9A. 560 Az +5.8ae

FEF : HEAD _ERD
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VoIP Testing

Why Is it important?
What can be done?



VoI «CalhCual

&
Ch o
Codec Selection
..\x?f

‘3\
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What is VoIP?

Codec

The choice of the codec 1s a direct determinant of the quality achievable for the system. The
codec 1s responsible for coding the transmission (analog to digital) and decoding to the user
(digital to analog). Each codec has a specific sampling rate and compression algorithms that
offers a bandwidth advantage at the expense of conversion speed, or delay. PacketCable™
specifies the use of three codecs”. G.711 (both u-law and A-law versions) is mandatory, G.728
and G.729E (Annex E) are recommended.

These MTAs may also utilize Voice Activity Detection (VAD) {e.g. G729B} and Packet Loss
Concealment (PLC). The utilization of VAD will reduce bandwidth as 1t effectively shuts down
transmission until there 1s active traffic. However, this comes at the risk of clipping speech. PLC
1s used to substitute lost packets and will be discussed further when discussing packet 1oss in
general.

The codec sets the baseline for the calculation of L. of the E-Model, R-Value and also affects the
delay characteristics.
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How Well Do the Codecs Work? Testing

(Courtesy of Telogy Inc.)

Mean
Opinion
Score
(MOS)

4

S

fitoll

N\

gual i tyo

BG.711 PCM
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What is VoIP?

Jitter

Ina perfect system, all packets would be recerved at the same time and presented to the
recetving device. This 1s not the case n a real system. The time difference that packets arrive, or
transit time difference 1s referred to as jitter. This has an effect on quality as it manifests in
carbled speech. To compensate, jitter buffers are used at the expense of delay. If the buffer 1s
sized too high, there will be excessive delay, too small, and the buffer may be overrun resulting

in lost packets.
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What is VoIP?

Delay
Delay 1s measured as a ‘mouth to ear” measurement, which, by definition, implies a one-way

delay. This 1s measured using parameters within the RTCP. PacketCable™ specifies that this
must be turned on under most cases. There are primarily four components of delay:

The summation of all delays 1s referred to as the absolute delay (Ta) used in the calculation of I
of the E-Model, R-Value. This has a drastic effect quality, particularly after the delay reaches
[ 30ms as there 15 a sharp knee around the calculation.
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What is VoIP?

Transport Delay
This is the delay for the packets to transverse the network components (routers, gateways,

etc.). It 1s controlled via the system architecture.

Propagation Delay

This 1s the physical time 1t takes the signal to travel. It is composed of the time between
satellite hops, or transmission lines. This is a function of the type of call made and the
architecture. ITU-T G.114, *One-way transmission time’, page 10 describes the different
elements contributing to propagation delay with recommended formulas for calculation.
This delay can be substantial.

Packetization Delay
This is the delay caused by the packetization of data from the codecs.

Jitter Buffer Delay

This is the delay introduced by buffering data to reduce variations in arrival times. For
PLANNING PURPOSES, IT IS RECOMMENDED to assume that, a de-jitter buffer adds
one half of its peak delay to the mean network delay™.
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What is VoIP?
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