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Agenda

» Recognizing Voice Quality Issues
= Classifying Voice Quality Attributes to Root Cause

= Address Voice Quality by Implementing Quality
of Service (QoS)

= Proactive Planning—IP Service Level Agreement (SLA)
= Echo

* Proactive Approach to Fix Echo and Voice
Distortion Problems—Network Transmission Loss
Planning (NTLP)

= Reactive Approach—Troubleshooting
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Recognizing
and Categorizing

Symptoms of Voice
Quality Problems
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-
Categorizing and Defining the Symptoms

= Noise

Conversation is still Intelligible; presence of static, hum,
crosstalk intermittent popping

= Voice distortion
Problem that affects the voice itself
Echoed voice
Garbled voice

Volume distortion

» This is typically any noise on the line or in a voicemail message in addition to the voice
signal. Noise will typically leave the conversation intelligible but still far from excellent.
Static, hum, crosstalk, and intermittent popping tones are examples where the calling and
called parties can understand each other, but with some effort. Some noises are so
severe that the voice becomes unintelligible. One such example among the samples
provided in this document is one described as a motor sound.

» This is typically any problem that affects the voice itself. This category was further divided
as follows.

. - Echo is where the voice signal is repeated on the line. It can be
heard at either end of the call, in varying degrees and with many combinations of
delay and loss within the echoed signal.

. - A garbled voice signal is one where the actual character of the
voice is altered to a significant degree and often has a fluctuating quality. On some
occasions the voice becomes unintelligible.

. - Volume distortion problems are associated with incorrect
volume levels, whether constant or in flux.

* Note: The categorization of the symptoms is to a large degree dependent on the severity
of the symptom, perceptual factors and cultural factors. Therefore, the placement and
grouping of symptoms within categories is in many cases arguable. In addition, there can
be situations where the categories will overlap, for example static on the line may cause
some form of voice distortion. This is a best attempt to give some structure to these terms
and define the vocabulary.
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Noise

Absolute Silence
Cause: Aggressive Voice Activity Detection (VAD)

Clicking
Cause: Clock Slips or Other Digital Errors

Crackling

Cause: Poor Electrical Connection, Electrical Interference

Crosstalk
Cause: Signal Leakage Due to Wires Located in Close Proximity

Absolute Silence

Symptom—This type of silence between speech can be understood if you have ever had
the experience of not knowing whether the other person is still there because there is no
sound on the line.

Cause—A common cause for this problem is Voice Activity Detection (VAD) without
comfort noise. To experience this symptom, usually the background noise is loud enough
for the silence insertion to be noticeable but soft enough so that VAD will be engaged.

Clicking

Symptom—Clicking is an external sound similar to a knock that is inserted usually at
intervals.

Cause—A common cause is clock slips or other digital errors.

Crackling

Symptom—Crackling is an irregular form of very light static, similar to the sound a fire
makes.

Cause—A common cause is poor electrical connections, in particular poor cable
connections. Other causes are electrical interference and a defective power supply on the
phone.

Crosstalk

Symptom—Crosstalk is a familiar concept where you can hear someone else's
conversation on the line. Commonly the other parties cannot hear you. There are also
forms of crosstalk where all parties can hear each other.

Cause—Wires in close proximity, where the signal of one is induced into the other, is a
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Noise (Cont.)

Hissing
Cause: VAD

Static
Cause: Codec Mismatch; Enhanced by VAD

* Crackling

« Symptom—Crackling is an irregular form of very light static, similar to the
sound a fire makes.

» Cause—A common cause is poor electrical connections, in particular poor
cable connections. Other causes are electrical interference and a
defective power supply on the phone.

* Hissing

* Symptom—Hissing is more driven and constant than static. White noise is
a term often associated with strong hissing. Pink noise is a less constant
hissing noise and brown noise even less constant still.

» Cause—A common cause of hissing is VAD.

» Static

* Symptom—Severe static is an example of static that, in addition to
creating background noise, affects the dial and ring tones and the voice
itself. Another name for this symptom might be scratchy or gravel voice.

* Cause—A common cause is A-law/Mu-law codec mismatch. For example,
Compand-type A-law mistakenly added to an analog voice port.
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Echoed Voice

Listener Echo
Cause: Long Echo Tail; Echo Canceller Is (ECAN) Not Effective

Talker Echo
Cause: Long Echo Tail; ECAN Is Not Effective

Tunnel Voice
Cause: Tight Echo with Some Loss

* Listener Echo

» Symptom—Listener and talker echo sound similar although the signal strength of listener
echo may be lower. The essential difference between them is who hears the echo and
where it is produced. Listener echo is the component of the talker echo that leaks through
the near-end hybrid and returns again to the listener causing a delayed softer echo. The
listener hears the talker twice.

+ Cause—Common causes are:

+ Insufficient loss of the echo signal.

* Long echo tail.

* Echo cancellers in the gateway adjacent to the near-end hybrid not activating.

* Talker Echo

+ Symptom—Talker echo is the signal which leaks in the far-end hybrid and returns to the
sender (talker). The talker hears an echo of his own voice.

+ Cause—Common causes are:

+ Insufficient loss of the echo signal.

» Echo cancellers in the gateway adjacent to the far-end hybrid not activating.
+ Acoustic echo caused by the listener's phone.

* Tunnel Voice

» Symptom—Tunnel voice is similar to talking in a tunnel or on a poor quality mobile phone
car kit.

» Cause— A common cause is tight echo with some loss. For example, 10 ms delay and
50 percent loss on the echo signal.
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Garbled Voice

Choppy Voice

Cause: Consecutive Packets Lost or Excessively Delayed
Disabling DSP Predictive Insertion Where Silence Is
Inserted Instead

Synthetic (Robotic) Voice

Cause: Single Packet Loss or Delay Beyond the Bounds of the
De-Jitter Buffer Playout Period

Underwater Voice

Cause: A Common Cause of This Problem Is G729 IETF and
Pre-IETF Codec Mismatch

* Choppy Voice

» Symptom—Choppy voice describes the sound when there are gaps in the voice.
Syllables appear to be dropped or badly delayed in a start and stop fashion.

» Note: Other terms used to describe this sound are "clipped voice" or "broken voice."

+ Cause—Common causes are consecutive packets being lost or excessively delayed
such that DSP predictive insertion cannot be used and silence is inserted instead. For
example, delay inserted into a call through contention caused by a large data packets.

» Synthetic Voice

+ Symptom—The term "synthetic" means that the sound of the voice is artificial and with a
quiver or fuzz. Predictive insertion causes this synthetic sound by replacing the sound
lost when a packet is dropped with a best guess from a previous sample. Synthetic and

commonly occur together.

+ Cause—A common cause is single packet loss or delay beyond the bounds of the de-
jitter buffer playout period. DSP predictive insertion causes the synthetic quality of the
voice. For example when a call was provided insufficient bandwidth (such as G711 codec
across 64Kbps).

* Underwater Voice

+ Symptom—Unintelligible underwater voice describes a distortion that makes it impossible
to understand the voice. Descriptions of this sound include the sound of a cassette tape
being fast forwarded, a gulping sound, and a wishy-washy sound.

» Cause—A common cause of this problem is G729 IETF and pre-IETF codec mismatch

© 2006, Cisco Systems, Inc. All rights reserved.
Presentation_ID.scr



Volume Distortion

Fuzzy Voice
Cause: Too Much Gain on the Signal

Muffled Voice

Cause: Overdriven Signal or Some Other Cause That Eliminates
or Reduces Signal Level at Frequencies Inside the Key Range
for Voice (Between 440 and 3500)

Soft Voice

Cause: Attenuated Signal

Tinny Voice

Cause: Overdriven Signal that Eliminates or Reduces Signal
Level at Frequencies Outside the Key Range for Voice (Between
440Hz and 3500Hz)

* Fuzzy Voice

* Symptom—Fuzzy voice sounds similar to the radio being turned up too
loud and the voice is shaky. This may only occur at certain signal levels
within the sentence depending on the level of gain applied.

* Cause—This is often caused by too much gain on the signal, possibly
introduced at one of a number of points in the network. For example, the
signal may be overdriven from the PBX or high gain through the Cisco
Unity Tag-switched Path (TSP) setting.

* Muffled Voice

+ Symptom—NMuffled voice sounds similar to speaking with your hand over
your mouth.

» Cause—A common cause is an overdriven signal or some other cause
that eliminates or reduces signal level at frequencies inside the key range
for voice (between 440 and 3500).

» Soft Voice

» Cause—Soft voice is usually caused by too much attenuation on signal
possibly introduced at one of a number of points in the network (such as
voice gateway when trying to reduce echo or Cisco Unity AGC settings for
3.1(3)).
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Agenda

= Recognizing Voice Quality Issues
» Classifying Voice Quality Attributes To Root Cause

= Address Voice Quality By Implementing Quality
of Service (QoS)

= Proactive Planning—IP Service Level Agreement (SLA)
= Echo

* Proactive Approach to Fix Echo and Voice
Distortion Problems—Network Transmission Loss
Planning (NTLP)

= Reactive Approach—Troubleshooting
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Classifying Voice
Quality Attributes

to the Root
Cause
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Problem and Root Cause Association

Synthetic Voice
Packet Loss

Fuzzy Voice @
Absolute Silence Delay
Static and Hissing Echo Return Loss
Muffled Voice Gain Adjustment
Soft Voice @ Jitter
Choppy Voice VAD

Listener Echo
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Classifying Voice Quality Attributes

to Root Cause

Quality of
Service

= Loss

= Jitter

= Delay

= Synthetic voice

= Robotic voice

= Choppy voice

= Periods of silence

Network VAD, Codecs
Transmission = Absolute silence
Loss Plan - Clipping
Gain adjustment = Static and hissing
ERL = Underwater voice
Talker echo
Listener echo Synchronization,
Tunnel voice Cabling
Fuzzy voice = Crackling
Muffled voice = Clicking
Tinny voice = Crosstalk
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Proactive vs. Reactive Approaches

Proactive approach solves most problems

Proactive approach does not solve all the problems

* Proactive methodology
Planning, Design, Implementation, Operations, Optimization (PDIOO)

Network readiness audit, IP SLA, Network Transmission Loss Planning
(NTLP), Quality of Service (QoS)

» Reactive approach—too late in the game

» A fix to a specific problem call may adversely effect the
entire network
= Reactive tools
“show voice call active”

Gain adjustments, tail coverage adjustments, VAD tuning, etc.
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Agenda

= Recognizing Voice Quality Issues
= Classifying Voice Quality Attributes to Root Cause

= Address Voice Quality by Implementing Quality
of Service (QoS)

= Proactive Planning—IP Service Level Agreement (SLA)
= Echo

* Proactive Approach to Fix Echo and Voice
Distortion Problems—Network Transmission Loss
Planning (NTLP)

= Reactive Approach—Troubleshooting
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Address Voice
Quality by

Implementing
Proper QoS
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|
Basic Guidelines for of Voice over IP

= Transmit voice traffic the fastest way possible
Delay is bad (worsens echo, awkward conversations, etc.)
Minimize as many sources of delay as possible
Goal: keep delay to less than 150ms

= Transmit VOIP packets as a steady, smooth stream
Any delay should be consistent
Inconsistent delay is called “Jitter”
Compensating for Jitter creates additional delay

= Drop any packets received out of order
Voice does not tolerate delays...it's better to drop the packet
CODEC logic can compensate for some dropped packets

= Above all...it's gotta sound good (subjective)

* Loss must be constrained to less than 1% packet loss to keep from
affecting quality.
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