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IEEE Standards documents are developed within the Technical
Committees of the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Board. Members of the commit-
tees serve voluntarily and without compensation. They are not nec-
essarily members of the Institute. The standards developed within
IEEE represent a consensus of the broad expertise on the subject
within the Institute as well as those activities outside of IEEE which
have expressed an interest in participating in the development of the
standard.

Use of an IEEE Standard is wholly voluntary. The existence of an
IEEE Standard does not imply that there are no other ways to pro-
duce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the
viewpoint expressed at the time a standard is approved and issued is
subject to change brought about through developments in the state of
the art and comments received from users of the standard. Every
IEEE Standard is subjected to review at least once every five years
for revision or reaffirmation. When a document is more than five
years old, and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect
the present state of the art. Users are cautioned to check to determine
that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE.
Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting com-
ments.

Interpretations: Occasionally questions may arise regarding the
meaning of portions of standards as they relate to specific applica-
tions. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate re-
sponses. Since IEEE Standards represent a consensus of all con-
cerned interests, it is important to ensure that any interpretation has
also received the concurrence of a balance of interests. For this rea-
son IEEE and the members of its technical committees are not able to
provide an instant response to interpretation requests except in those
cases where the matter has previously received formal considera-
tion.

Comments on standards and requests for interpretations should
be addressed to:

Secretary, IEEE Standards Board
P.O. Box 1331

445 Hoes Lane

Piscataway, NJ 08855-1331

USA

1EEE Standards documents are adopted by the Institute of Electri-
cal and Electronics Engineers without regard to whether their adop-
tion may involve patents on articles, materials, or processes. Such
adoptions does not assume any liability to any patent owner, nor
does it assume any obligation whatever to parties adopting the stan-

dards documents.
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Foreword

(This Foreword is not a part of IEEE Std 823-1989, IEEE Standard Methodologies for Specifying Voicegrade Channel
Transmission Parameters and Evaluating Connection Transmission Performance for Speech Telephony.)

Users of telecommunications services are dependent on several corporate entities for the provi-
sion of their communications. Each entity will be responsible for the facilities it provides.
However, the quality of performance perceived by the end-user is dependent not only on the per-
formance of the individual parts of the connection, but on the way in which the individual parts
may interact when combined. Telecommunications organizations have developed systematic
methodologies to control transmission design and operation of their facilities and networks.
However, these methodologies have not generally been reported in sufficiently complete and sim-
ple form to enable general industry and end-users to determine and evaluate transmission per-
formance.

Recognizing this shortcoming, the Transmission Systems Committee of the IEEE Communica-
tions Society in December 1978 formed a subcommittee on Telecommunications Systems Perfor-
mance Characteristics to assist the industry in defining methodologies for specification and
evaluation of the performance of telecommunications networks.

The Voiceband Channel Performance Working Group was established in February 1980 to de-
velop a standard for voicegrade channel performance criteria. On September 18, 1980, the IEEE
Standards Board approved the proposal to prepare a standard to define and specify methodologies,
parameters, and performance criteria relevant to the transmission of speech and data through
voicegrade telecommunications networks, and designated the proposed standard as P823.

As part of its effort to obtain industry feedback on the requirements for the proposed standards,
the subcommittee sponsored a panel discussion at the 1981 International Communications Con-
ference in Denver, Colorado, on the subject of the need for telecommunications network per-
formance standards.

A series of papers was presented at GLOBECOM '83 in San Diego, California, November 28—
December 1, 1983, which described the proposed standard, its application, and background ra-
tionale.

The members of the Voiceband Channel Performance Working Group pay special tribute to the
late J. L. Sullivan for his significant contributions toward the development of this standard. The
members of the Working Group during the preparation of this draft were as follows:

R. D. Silverthorn, Chairman

A. R. Day R. E. Jensen H. Price

S. Deschaine D. Kavanagh N. Psimenatos

L. S. DiBiaso B. W. Kort J. Schick

E. B. Farinholt K. Y. Kwong T. C. Spang

P. K. Hart P. Lo L. Swartz

L. Hartshorn N. A. Marlow J. P. Taylor

R. W. Hatch P. J. May S.Tiwari

P. E. Inshaw R. A. McDonald G. Williams
R. J. Mullen
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IEEE Standard Methodologies for Specifying
Voicegrade Channel Transmission Parameters
and Evaluating Connection Transmission
Performance for Speech Telephony

1. Introduction

Telephone network transmission planners
have developed generally agreed on method-
ologies and models for planning, designing,
maintaining, and evaluating the perfor-
mance of telephone networks, channels, and
connections over many years. There has,
however, not been available to the general in-
dustry a specific set of defined methodologies
that could be used by both vendors and users of
communications services as a basis for speci-
fying and evaluating transmission perfor-
mance.

In particular, the potential interactions
among the different components making up a
connection, the statistical nature of telephone
networks, and the subjective aspect of speech
performance assessment are factors that have
made transmission performance planning a
specialized discipline within the world’s tele-
phone operating organizations. Users and
vendors, as well as network planners, need a
common understanding and set of methodolo-
gies to effectively understand this discipline,
and to communicate with each other in estab-
lishing and maintaining performance.

This standard defines a set of methodologies
that will permit users and vendors of voice-
grade telecommunications services to specify
channel transmission parameters and to
evaluate transmission performance of con-
nections obtained by combining channels.
The procedure comprises the following:

Channel Specification—Provision of channel
parameter value information in distribu-
tion or discrete form;

Connection Performance Evaluation—Combi-
nation of channel parameter value infor-
mation for tandemed channels to obtain
connection parameter value information,

Combination of connection parameter value
information with terminal (telephone set)
parameter value information to obtain com-
plete connection performance value infor-
mation,

Mapping of the derived complete connection
parameter value information into perfor-
mance classes.

In addition to defining voicegrade channel
transmission parameters and methods for
their specification and measurements, and
defining recommended methodologies for
combining the performance of a voicegrade
connection with that of the terminal (telephone
set), this standard recommends a comparison
tool for assessing the relative performance of
alternative telephone connections.

Section 2 provides the purpose and scope of
this standard along with a brief explanation of
its intended applications.

Section 3 provides definitions that have ap-
plicability throughout this standard.

Section 4 provides a summary of the proce-
dures of this standard.

Section 5 provides detailed information on
each of the transmission performance pa-
rameters covered with this issue of the stan-
dard. Typically, each parameter is defined in
terms of its effect on performance, and the
method and units of measurement are ex-
plained. Methods are provided for vendors to
specify the performance of a channel, and a
method to combine channel parameters for
connections (channels in tandem) is covered.

Section 6 provides information on combin-
ing the electrical performance characteristics
of connections (as defined in Section 5) with
the performance characteristics of telephone
sets, and specifies a methodology to predict
and compare the overall performance of con-
nections for speech communication.
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Appendixes A, B, C, and D provide informa-
tion that is not part of the standard, but may be
useful to the user of the standard.

2. Purpose, Scope, and Application

2.1 Purpose. The purpose of this standard is to
define methodologies for

(1) Specifying the transmission perfor-
mance of voicegrade communications
channels;

(2) Calculating the transmission perfor-
mance of voicegrade connections made
up of one channel, or of two or more
voicegrade channels connected in tan-
dem;

(3) Calculating the resulting speech trans-
mission performance of a complete
voicegrade connection that includes the
voice terminals (telephone sets) con-
nected at each end of the connection;

(4) Evaluating the relative transmission
performance of alternative speech con-
nections in terms of specific speech im-
pairments.

2.2 Scope. The scope of this issue of the stan-
dard is limited to those transmission impair-
ments and parameters considered most im-
portant for speech communications. The stan-
dard covers only point-to-point telephone con-
nections with one handset telephone set off-
hook at each end.

The impairments and their associated
transmission performance parameters are
loudness (loss); equivalent noise (idle-circuit
noise, quantization noise); and talker echo
(talker echo path loss, talker echo path delay).

This standard does not deal with other
speech impairments/parameters, with those
parameters important for voiceband data
transmission, or with methods to evaluate the
performance for data transmission. Impair-
ments/parameters not covered in this issue of
the standard are bandwidth, attenuation dis-
tortion, listener echo, singing margin, inter-
modulation distortion, crosstalk, impulse
noise, absolute delay, envelope delay distor-
tion, signal clipping, and some transient pa-
rameters such as hits and dropouts. For pur-
poses of this issue of the standard, it is as-
sumed that these parameters are at their nom-
inal design values.

IEEE STANDARD METHODOLOGIES FOR SPECIFYING

2.3 Application. Users of telecommunications
services, in the provision of a service, may be
dependent on several vendors. In this envi-
ronment, the users or their agents must as-
sume responsibility for procuring the proper
components and for interconnecting ar-
rangements to achieve the desired transmis-
sion performance.

The expected primary application of the
standard will be in evaluating the predicted
performance of alternative communications
arrangements. Fig 1 shows three arrange-
ments among a large number of possibilities
that might be used to provide telephone service.
This standard provides the methodologies to be
utilized to evaluate the performance of such
arrangements and to compare the perfor-
mance of alternative arrangements between
the same two telephone sets.

The process involves obtaining from ven-
dors appropriate transmission information
concerning their components, combining
these to obtain estimates of connection trans-
mission parameters, then using these esti-
mates as a basis for comparing the arrange-
ments. Appendix A provides examples that
demonstrate the process.

Vendors of communication equipments and
facilities should provide users with transmis-
sion information in a form that reflects per-
formance under operating conditions. The
commonly used types of information are per-
formance values (e.g., a mean and standard
deviation for the distribution expected during -
operation of the component under typical field
conditions) and/or circuit order value(s) (e.g.,
a minimum and/or maximum value at the
time the component is turned up for service)
and/or a maintenance guarantee (e.g., a
value that, if not met, results in the component
receiving maintenance attention or being
taken out of service).

In some cases, the vendor may not have ac-
cess to permit measurement at the channel
terminal and, therefore, has no information
on the actual parameter performance distribu-
tion. In other cases, there may be access only
at the time the channel is turned up for service.

As a consequence, the vendor may not know
the exact characteristics of some chan-
nels/channel types under operating condi-
tions. In these cases, it may be acceptable, by
agreement between the vendor and the user,
that the vendor provide the best estimate of the

10
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channel characteristics. This might, for ex-
ample, take the form of a distribution with a
mean based on the design value for the chan-
nel, and a standard deviation reflecting the
vendor’s best judgment based on experience
with other channels similar in design.

TELEPHONE
SET

el

3. General Definitions

This section of the standard provides gen-
eral definitions.12 (Definitions dealing with
specific parameters and impairments are in-
cluded in Sections 5 and 6, respectively.) Fig 2
illustrates some of the definitions.

|
t
CHANNEL—»{

SUBSCRIBER
LINE (LOOP)
LOCAL RECEIVING SYSTEM

channel. A means of one-way or two-way
transmission provided by a vendor between
two defined interface points. (The customer
can realize a connection by connecting to-
gether channels from one or more vendors.)

NOTES: (1) “Provided by a vendor” means responsibility
for the service and does not necessarily mean ownership
of facilities.

(2) Channels are provided either dedicated or switched.
A dedicated channel may be a non-switched channel for
the exclusive use of a customer for a contracted time pe-
riod. A switched channel may be a channel established
(set up and released) under customer control.

(3) A channel may consist of two or more equipment
items such as transmission facilities, switching systems,
etc.

(4) See notes for connection.

f-
P

LOCAL
EXCHANGE
FEEDING
BRIDGE

I

T
ole
|

CHANNEL

CONNECTION
COMPLETE CONNECTION

e <l
l‘

complete connection. An association of chan-
nels, switching systems, other functional
units, and telephone sets set up to provide
means to allow telephone users to converse.

DIRECTION OF TRANSMISSION

LOCAL
EXCHANGE

connection.! An association of channels,
switching systems, and other functional units
set up to provide means for a transfer of in-
formation between two or more points in a
telecommunications network.

CHANNEL

NOTES: (1) For purposes of this standard, a connection
can also be one channel or a series of two or more channels
regardless of the method used to interconnect them.

(2) A transmission path that is considered as a con-
nection by one vendor may be resold as a channel to the
vendor’s customers.

LOCAL SENDING SYSTEM ————|

! SUBSCRIBER

e
|

1 Terms for which the definitions are identical to in-
ternational definitions (see [12] in the Bibliography, Sec-
tion 7) are indicated by an asterisk. In other cases, inter-
national definitions were modified to reflect the needs of
this standard; these terms are indicated by a dagger.
Finally, new definitions (shown without an asterisk or
dagger) were generated as required for purposes of this
standard. Fig2

2 The numbers in brackets (as in footnote 1) correspond R g e
to those of the Bibliography in Section 7. Tlustration of Some Definitions

Y

TELEPHONE
SET
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feeding bridge.t A device to supply telephone
lines with feeding current and signaling cur-
rent.34
NOTES: (1) Feeding current (for a telephone set) is the di-
rect current primarily used to power the speech circuit in a
telephone set.

(2) Signaling current (in telephony) is the direct cur-
rent supplied to a telephone set to enable the set to send su-
pervision and addressing signals.

impairment (of signal quality).* An unde-
sired change of a signal reducing the tele-
phone transmission performance.’

local exchange.! A switching entity in the
public telephone network to which subscribers
are connected.®

local receiving system (of a complete tele-
phone connection).” That part of a complete
connection that consists of a telephone set used
for receiving, a feeding bridge, and the line
(physical cable) connecting the telephone set to
the feeding bridge.

local sending system (of a complete telephone
connection).! That part of a complete connec-
tion that consists of a telephone set used for
sending, a feeding bridge, and the line (phys-
ical cable) connecting the telephone set to the
feeding bridge.

subscriber’s (telephone) line; subscriber loop
(USA) (in telephony).! A link between a local
exchange and a telephone set, a private tele-
phone system, or another terminal using sig-
nals compatible with the telephone network.”

NOTE: Most subscriber loops are physical pairs. Sub-
scriber loops may also be provided by means of a radio
link, associated “go” and “return” channels in a multi-
plex system, or line sections allocated by a line concentra-
tor. For purposes of this standard, only that part of the line
connecting the telephone set and the feeding bridge is con-
sidered to be part of the local sending or local receiving
system.

telephone network.* A telecommunication
network primarily intended for telephony.

3 Feeding bridges typically are located in local ex-
changes, private branch exchanges, and remote terminals
of subscriber line carrier systems.

4 Examples of feeding bridges are given in IEEE Std
269-1983 [14).

Impairment may be caused by noise, distortion, or
other phenomena.

6 Evolving practice in North America defines this
entity as “end office.” See also definition of subscriber’s
line.

7 According to evolving practice in North America, the
subscriber loop may be referred to as a local exchange
access line.
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Std 823-1989

private telephone network.* A telephone net-
work set up solely to meet the requirements
of the particular organization.

public switched telephone network (PSTN).!
A telephone network in which connections
are established as and when required and
which is supplied, operated, and controlled
by one or more telecommunications opera-
ting companies to provide telephone service
that is available to the public.

telephone set.! An assembly of apparatus for
speech telephony, including at least a tele-
phone transmitter and a telephone receiver in
a handset, and the wiring and components
imngediately associated with these transduc-
ers.

telephony.* A form of telecommunication
primarily intended for the exchange of infor-
mation in the form of speech.

transmission performance (in telephony).*
The effectiveness of a complete telephone con-
nection for transmitting and reproducing
speech under actual conditions.?

4. Summary of Standard

4.1 Introduction. This standard defines
methodologies for specifying channel trans-
mission parameters and for evaluating per-
formance of connections obtained by combin-
ing channels. The process is illustrated in Fig
3 and summarized in 4.2 through 4.5.

4.2 Specification of Channel Parameters. The
transmission parameters for a group of chan-
nels are usually statistically distributed. For
purposes of this standard, the parameter val-
ues shall be specified for each direction of
transmission in terms of any one of the fol-
lowing forms (or a form that conveys similar
information):
(1) A cumulative distribution
(2) A histogram
(3) An analytical distribution function,
e.g., a normal distribution with a mean,
i, and a standard deviation, 6. (A spe-

8 A tclephone set usually includes other components
such as a switchhook; it may also include a telephone bell
and a dial.

9 The specification of transmission generally requires
the consideration of more than one attribute or test method.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 06:24:58 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 823-1989


http://www.avadocuments.com/doc/ieee-823-1989
http://www.avadocuments.com/doc/ieee-823-1989

IEEE

Std 823-1989 IEEE STANDARD METHODOLOGIES FOR SPECIFYING

/

8

E CHANNEL INFORMATION

3]

iZ p. SEE 4.2, 5.2.4, 5.3.4, 544,

3] 5.5.4, 5.6.4

w

o

7
S Channel! Transmission Parameters
, 4

CONNECTION INFORMATION
CALCULATION

SEE 4.3, 5.2.5, 53.5, 5.4.5,
55.5, 5.6.5

Connection Transmission Parameters

V

COMPLETE CONNECTION
INFORMATION CALCULATION

TERMINAL INFORMATION

SEE 4.4, 6.2.2.2, 6.2.3.2,
6.2.4.2, 6.2.4.3, APPENDIX C

SEE 44, 6.2.2.2, 6.2.3.2,
6.2.4.2, 6.2.4.3

EVALUATION
N\

Complete Connection Transmission Parameters

Y
PERFORMANCE EVALUATION

SEE 4.5, 6.3

Fig3
Summary of Procedure

of the actual values are less than the maximum (or
greater than the minimum);
Mean, maximum, and minimum parameter val-

cial case is when a single value is pro-

vided: p is the given value; o = 0. If, for @

example, a vendor should supply only a
maintenance limit, then the calcula-
tions for a connection will be based on

ues with a statement that 95%, 98%, 99%, or 100% of
the actual values are between the maximum and
minimum values, and are symmetric about the

mean;

(3) Maximum and minimum parameter values with a
statement that 95%, 98%, 99%, or 100% of the actual
values are between the maximum and minimum
values.

the assumption that all channels are al-
ways at their maintenance limit. This
may result in a calculated performance
characteristic that will be worse than
that actually experienced.) In cases where a group of channels consists
of two or more subgroups that have different
performance characteristics, it is desirable
that the performance characteristics of the
subgroups be separately stated, and an indica-
tion given of the probability of encountering a

NOTE: The vendor can also supply parameter values in
other forms, but the result may reflect degraded perfor-
mance (relative to that obtained with one of the three rec-
ommended forms above). Examples are as follows:
(1) Mean and maximum (or minimum) parameter
values with a statement that 95%, 98%, 99%, or 100%

14
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channel from a given subgroup. When the channel values less than the maximum (or greater than
transmission parameters are distance-depen- the minimum).
dent, the value or range of values of facility or & o Maximum-p
airline distance for which the specification ~  Factor
applies should be stated. Specifically, if the pa- or
rameter values are given in terms of facility
distance, the vendor shall provide, upon re- o ~=Minimum
quest, one of the following for channels be- Factor
tween specified locations: Factor Percent Case
(1) Facility distance 165 %
(2) Range of facility distance ;gg g
3) 11;13:;2 of facility distance to airline dis- 375 99.99 (=100)
(4) Range of the ratio of facility distance to For case (2) of the NOTE of 4.2, the user can assume a
airline distance normal distribution with a mean, y, equal to the mean
value given, and a standard deviation, o, equal to the
. . difference between the maximum and minimum value
4.3 Calculation of Connection Parameters. divided by a factor dependent on the percent of actual
Various methods can be used to calculate or channel values between the maximum and minimum
estimate parameter values for each direction values.
of transmission of a connection. Owing to the & < Maximum—Minimum
statistical nature of channel parameter distri- - Factor
butions, the 'con}bmz.mon 't,o ob'tal.n cor.mechon F P c
parameter distributions in principle involves 3.92 95
application of convolution methods. One such 465 8
method uses a Monte Carlo technique (Ham- 5.15 ®
meresley and Handscomb [11]) which in- 7.80 99.99 (=100)
vs)lve.s rgndomly sampling from the channel For case (3) of the NOTE of 4.2, the user can assume a
distributions, and combining the samples ac- normal distribution with a mean, u,dequdal to the sum of the
3 s : 5 maximum and minimum values divided by two, and a
cor(}llmg to the appropriate combination law for standard deviation, o, equal to the difference between the
each parameter. (See 5.2.5, 5.3.5, 5.4.5, 5'5.'5’ maximum and minimum values divided by a factor
and 5.6.5.) Any one of the methods of specifi- dependent on the percent of actual channel values between
cation given in 4.2 can be used with the Monte the maximum and minimum values.
Carlo technique. _ Maximum-Minimum
A second convolution method, based on ana- r= 2
lytic techniques, can be used only for normal Maxi Mini
distributions of parameter values. Any one of e e
the methods of specification given in 4.2 that
can yield a normal distribution function can Factor Percent Cage
be used in this case. Appendix B contains Z-gg :
mathematical formulae and other informa- 515 %
tion for combining channel parameters. 7.80 99.99 (=100)

NOQTE: If the vendor elects to provide information in other
than one of the three recommended forms of 4.2 (e.g., Results obtained for each parameter of a

elects to use an alternative form, such as one of those in the . . .
NOTE of 4.2), then the user needs to make assumptions connection or group of connections will usu-

concerning the parameter distribution so that performance ally be in one of the following forms:
predictions can be made. The simplest course for the user 3 et :

is to assume a normal distribution, but this may result in (1) A Cl.lmulatwe distribution
predicted performance worse than that estimated if the (2) A histogram

channel parameter information were provided using one (3) An analytical distribution function,

of the three recommended forms of 4.2. iatri ) i
If the vendor provides parameter values according to (1) e.g., a normal distribution with a mean,

of the NOTE of 4.2, the user can assume a normal L, and a standard deviation, .
distribution with a mean, p, equal to the mean value given
and a standard deviation, o, equal to the difference NOTES: (1) If the parameter for each channel of a connec-
between the mean and maximum (or minimum) value tion is specified as a single value, then the parameter will
divided by a factor dependent on the percent of actual have a single value for the connection.
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(2) For preliminary analysis, a single value might be
selected from a parameter distribution for each channel of
the connection, resulting in a single parameter value for
the connection. The result must be used with caution; for
example, if mean channel parameter values are used, the
resulting connection parameter value may not be numeri-
cally equal to the mean value that would be obtained by
combining the channel distributions for that parameter.

4.4 Calculation of Complete Connection Pa-
rameters. The connection parameter in-
formation must be combined with the telephone
set parameter information to obtain complete
connection information for each direction of
transmission. Both the connection and tele-
phone set information will generally be in the
form of one of the following:

(1) A cumulative distribution

(2) A histogram

(3) An analytical distribution function,

e.g., a normal distribution with a mean,
u, and a standard deviation, . (A spe-
cial case is when a single value is pro-
vided: p is the given value; 6 = 0.)
The connection and telephone set information
are combined using convolution methods,
such as Monte Carlo or analytic. (See 4.3.) The
resulting complete connection parameter in-
formation will also generally be in one of the
three forms listed previously. It may be con-
venient for preliminary analysis to consider
any one of these forms in terms of a mean
value, a maximum value, and a minimum
value.
NOTES: (1) If the parameter value for a connection and
for the telephone sets (one each at the sending end and at
the receiving end) are expressed as single values, then the
combination of the three values will result in one parame-
ter value for the complete connection.

(2) For preliminary analysis, a parameter value might
be selected from the connection, sending end, and receiv-
ing end distributions, and combined to form a single
value for the connection. The result must be used with
caution; for example, if parameter distribution means are
selected and combined, the result may not be numerically

equal to the mean resulting from combining the element
parameter value distributions.

4.5 Performance Evaluation. The complete
connection information determined accord-
ing to 4.4 is utilized to assess speech transmis-
sion performance. The complete connection
parameter information comprises values
(distributions) of loudness loss, equivalent
noise, talker echo path loss, and talker echo
path delay. These represent entries in a multi-
dimensional space from which performance
estimates can be deduced. Five classes of per-
formance are defined ranging from Class Al

IEEE STANDARD METHODOLOGIES FOR SPECIFYING

(highest quality) through Class A5 (severely
degraded quality). (See 6.3.3 for more detailed
discussion of the performance class defini-
tions.)

NOTE: This standard only defines the five performance
classes; there is no intent to suggest or indicate that con-

nection transmission performance should be in any par-
ticular class.

For the loudness loss/equivalent noise per-
formance classification, sample pairs from
the loudness loss distribution and the equiva-
lent noise distribution define a point on the
loudness loss/equivalent noise plane. The
percentage of points falling within each class
boundary can then be determined (by counting
them). Similarly, sample pairs from the
talker echo path loudness loss distribution and
the talker echo path delay distribution define
points in the talker echo performance plane.
The percentage of points falling within each
talker echo performance class can then be de-
termined. For any connection, the perfor-
mance class is the lower of the two.10

If complete connection parameter distribu-
tions are not available, it is suggested that the
mean and limiting points (e.g., 1% and 99%,
maximum and minimum), if they are known
or can be estimated, be plotted along the axes of
the loudness loss/equivalent noise plane and
the talker echo plane. The pair means of the
appropriate parameters define an approximate
mean performance class, and the limiting
point pairs define approximate worst-case and
best-case performance classes on the planes. If
only a single value is known for the impair-
ment/parameter, then that value defines a
point on the impairment/parameter axis.

NOTE: See NOTE (2) of 4.4.

5. Transmission Performance
Parameters

5.1 General. This section defines the major
transmission parameters of a voicegrade
channel or connection that affect quality and
accuracy in the transmission of speech. These
parameters are as follows:

(1) Loss

10 1f the loudness loss and equivalent noise values result
in Class Al performance, and the talker echo path
loudness loss and talker echo path delay values result in
Class A2 performance, then the performance of the
connection is considered as falling in Class A2.

16
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(2) Idle-circuit noise

(3) Quantization noise

(4) Talker echo path loss
(5) Talker echo path delay

5.2 Loss

5.2.1 Effect of Connection Loss on Perfor-
mance. In speech transmission, loss is a pa-
rameter affecting the loudness (volume) of the
received speech signal. It represents the elec-
trical power loss experienced by the speech
signal as it traverses the connection. A min-
imum amount of loss is required in a channel
or connection in order to ensure that the speech
received over a connection is not unsatisfacto-
rily loud. (The magnitude of this minimum
loss is determined in association with the tele-
phone sets used.) The interaction of loss with
other parameters may degrade or may im-
prove performance. For example, increased
loss decreases the signal-to-noise (S/N) ratio
of the received signal thereby degrading the
performance for speech.l! On the other hand,
increased loss increases the talker echo path
loss of a connection and improves the talker
echo performance for speech. The optimum
value of loss for a connection, therefore,
depends upon the application, the type of
telephone sets used, and the values of related
parameters such as noise, talker echo path
loss, and talker echo path delay.

5.2.2 Definition. The loss of a telephone
channel or connection joining two specified
interfaces is defined as the power level differ-
ence, in decibels (dB), between the maximum
power available from an applied source at one
end of a channel or connection, and the actual
power reaching a specified load at the other
end of the channel or connection. Loss thus de-
fined is known in transmission engineering
as transducer loss (IEEE Std 743-1984 [16]).
(Other methods of expressing loss are dis-
cussed in Appendix B.)

In this standard, the term loss refers to
transducer loss at 1004 Hz. For any channel or
connection, there are two values of loss, one for
each direction of transmission, and these val-
ues may or may not be identical.

5.2.3 Method and Units of Measurement.
Loss is expressed in dB and is determined by
applying a 1004 Hz signal of known level in

1 §/N ratio is controlled by controlling loss and idle-
circuit noise.
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decibels relative to one milliwatt (dBm) at one
end of a connection, measuring the received
signal level in dBm at the other end of the con-
nection, and subtracting the received signal
level from the source signal level. The source
and the detector should have the nominal
impedances specified for the corresponding
end of the channel or connection.

Criteria that should be met by the source and
detector, and the detailed measurement tech-
nique are specified in IEEE Std 743-1984 [16].
For actual measurements, the applied signal
should be within the dynamic range of the
channels comprising the connection, and the
received signal should be at a level suffi-
ciently higher than the noise.

5.2.4 Method of Specification of Channel
Loss. The 1004 Hz loss, L;, for a channel or a
group of channels, shall be expressed for both
directions of transmission using any one of
the forms of 4.2.

In cases where a group of channels consists
of two or more subgroups that have different
loss characteristics, it is desirable that the
characteristics be separately stated and an
indication given of the probability of encoun-
tering a channel from a given subgroup. (In
such cases, the loss values should be uniquely
identified.) When the loss is distance-depen-
dent, the value or range of values of facility or
airline distance for which the specification
applies should be stated. Specifically, if the
loss values are given in terms of facility dis-
tance, the vendor shall provide, upon request,
one of the following for channels between spec-
ified locations:

(1) Facility distance

(2) Range of facility distance

(3) Ratio of facility distance to airline dis-

tance

(4) Range of the ratio of facility distance to

airline distance

5.2.5 Method for Calculating Connection
Loss. The loss of a connection, L¢, comprised
of two or more channels for which the interface
impedances (i.e., output impedance of one
channel, input impedance of the second chan-
nel) are reasonably close,12 can be repre-

12 Impedances can be considered reasonably close if the
return loss, as defined by Eq B28 (Appendix B) at
1004 Hz, is greater than 20 dB. An interface impedance
match resulting in return losses of <20 dB will result in
additional loss and talker echo. The major impact is on
talker echo.
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sented by the sum of the losses of the individ-
ual channels (including the loss of any addi-
tional wiring or electronics used to connect the
channels together).

If the L;s (channel losses) are normal dis-
tributions or can be approximated by normal
distributions, then the channel distributions
can be combined using convolution methods
such as Monte Carlo or analytic techniques
(see 4.3 and Appendix B); the result will be a
normal distribution. If one or more of the L;s
are not normal distributions (or cannot be ap-
proximated by normal distributions), then the
channel distributions can be combined using
Monte Carlo techniques; the result can be ex-
pressed as a cumulative distribution or a his-
togram.

The methodology for determining the loss of
a connection is described below using the
model of Fig 4. The three channels compris-
ing the connection are characterized by their
losses Ly, Lo, and L3. The total loss is given by

Lc = loss of the connection

Lc= izl L; (Eq 1)

L; = loss of the ith channel
n = number of channels in the connection

5.3 Idle-Circuit Noise

5.3.1 Effect of Idle-Circuit Noise on Perfor-
mance. Noise, in general, is the unwanted or
interfering signal that impedes reception of
the transmitted speech signal. The transmis-
sion performance of a channel or connection
is affected, to a large extent, by the idle-circuit
noise. In a high-noise environment, the level
of the speech signal has to be raised consider-
ably in order to be heard. This annoys both the
listener and the talker.

It is, therefore, necessary to exceed a mini-
mum S/N ratio in order to ensure that the
speech can be heard and understood. The effi-
ciency of transmission, considered as a rela-
tive change in user quality assessment or lis-
tening effort, is improved with increased S/N.
Since the S/N can be increased by a reduction
of noise or an increase in the signal power, or
both, the performance of a channel or connec-
tion is affected simultaneously by the noise
and the loss. Even in the absence of a speech

IEEE STANDARD METHODOLOGIES FOR SPECIFYING

signal, high noise through a telephone connec-
tion is disturbing. Experiments have also
shown that the disturbing effect of idle-circuit
noiseld is dependent upon the ambient room
noise (Richards [18]).14

5.3.2 Definition. Idle-circuit noise of a
channel or connection is defined as the
weighted average noise power during the qui-
escent state, i.e., with no signal on the channel
or connection. In speech transmission, the
quantity of interest is the interfering effect of
noise rather than the absolute noise power. For
this reason idle-circuit noise is frequency
weighted to reflect the detection characteristics
of the human ear. The most common weight-
ings adopted to reflect the interfering effect of
noise on speech transmission are the C-mes-
sage weighting (Aikens and Lewinski [1];
AT&T Technical Reference PUB 41009 [3])
used in this standard and in North America,
and the psophometric weighting (CCITT Rec-
ommendation P.53 [7]) used in international
applications and in CCITT Recommenda-
tions. Idle-circuit noise is the total interfering
effect of various noise sources such as white
noise, crosstalk, and other interferences.
NOTE: Signal-dependent noise components, such as
quantization noise and syllabically compandered noise,
have different interfering effects on speech transmission;
syllabically compandored noise is not considered in this
edition of the standard.!®

5.3.3 Method and Units of Measurement.
Idle-circuit noise is measured at the receiving
end of a channel or connection with a measur-
ing set incorporating C-message weighting
and bridged across the nominal terminating
impedance of the channel or connection. The
sending end of the channel or connection is

13 Idle-circuit noise levels are referenced to a receiving
system with ROLR (receiving objective loudness rating) =
46 dB. See 6.2.3.2 and Appendixes B and C.

14 Level of room noise as measured with a sound level
meter, A-weighting ANSI 51.4-1983 [2].

15 When a channel is derived on compandored systems,
the channel noise is dependent on whether or not the
signal being transmitted is on or off. This type of noise is
measured while a holding tone is being transmitted, and
removed (notched out) at the receiving end where the noise
is measured with C-message weighting. Noise thus
measured is called C-notched noise. C-notched noise and
syllabically compandored noise are not covered in this
edition of the standard because of lack of a generally
agreed on model for the subjective effect of compandored
noise. See Appendix B for further information on
compandors. See also footnote 17.
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NOTE: L’s are in dB at 1004 Hz.

Fig4
Connection Loss Example

terminated in its nominal impedance. IEEE
Std 743-1984 [16] defines the standard mea-
surement methods and equipment character-
istics.

The 3-type noise measuring set (Cochran
and Lewinski [8]), or equivalent instrumenta-
tion, is extensively used in existing telecom-
munications networks. When measured with
this type of instrumentation, the idle-circuit
noise (level) is expressed in terms of dBrnC,
which is the C-message weighted noise power
in dB relative to 1 picowatt (10~12 watts or —90
dBm).

NOTES: (1) In CCITT recommendations, idle-circuit
noise is referenced to picowatts with psophometric weight-
ing, and is expressed in terms of dBmp. For conversion
purposes dBrnC = dBmp + 90.5 (CCITT Recommendation
P.53 [7]) but this is commonly rounded-off to dBrnC
=dBmp +90.

(2) Idle-circuit noise of a channel may also be ex-
pressed in terms of dBrnC0, which is the level in dBrnC
referred to the channel 0 TLP (transmission level point;
see Transmission Systems for Communications [4)). The
TLP at the channel output (or the TLP at some other point
in the channel and the loss between that point and the
channel output) should be stated when channel idle-circuit
noise is expressed in dBrnC0.

5.3.4 Method of Specification of Channel
Idle-Circuit Noise. The idle-circuit noise of a
channel or a group of channels, N;, shall be
specified for both directions of transmission
using any one of the forms of 4.2.

In cases where a group of channel consists of
two or more subgroups that have different idle-
circuit noise characteristics, it is desirable
that the idle-circuit noise values be separately
stated and an indication given of the probabil-
ity of encountering a channel from a given

subgroup. (In such cases, the noise values
should be uniquely identified.) When the idle-
circuit noise is distance-dependent, the value
or range of values of facility or airline dis-
tance for which the specification applies
should be stated. Specifically, if the idle-cir-
cuit noise values are given in terms of facility
distance, the vendor shall provide, upon re-
quest, one of the following for channels be-
tween specified locations:

(1) Facility distance

(2) Range of facility distance

(3) Ratio of facility distance to airline dis-

tance

(4) Range of the ratio of facility distance to

airline distance

5.3.5 Method for Calculating Connection
Idle-Circuit Noise. The idle-circuit noise of a
connection, N¢, comprised of two or more
channels connected in tandem is determined
by the power addition of the idle-circuit noise
of each channel adjusted by the loss of each
succeeding channel. Loss (gain) adjustment
of idle-circuit noise reflects the reduction of
noise (attenuation) resulting from the loss of
the succeeding channel in the connection.
This method provides a good approximation to
its actual value since most channels have a
relatively flat frequency response in the band
of interest.

If the N; and L; are normal distributions or
can be approximated by normal distributions,
then the channel distributions can be com-
bined using convolution methods, such as
Monte Carlo or analytic techniques (see 4.3
and Appendix B); the result will be a near-
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normal distribution. If one or more of the L; or
N; are not normal distributions (or cannot be
approximated by normal distributions), then
the channel distributions can be combined us-
ing Monte Carlo techniques; the result can be
expressed as a cumulative distribution or a
histogram. (See 4.3 for alternative methods.)

The methodology for determining the idle-
circuit noise of a connection is described below
using the model of Fig 5. The three channels
comprising the connection are characterized
by. their losses L1, Lg, and L3 and by their idle-
circuit noise values at the receiving end of
each channel Nj, Ng, and N3. The total noise
Nc at the receiving end of the connection is
given by

Nc=[[(N1-Lp) “+” Na}~L3]“+”Ns  (Eq2)

where “+” means power addition according to
N,“¢" Np =10 loglo(ION J10 | 1N ”/10)

5.4 Quantization Noise

5.4.1 Effect of Quantization Noise on Per-
formance. Quantization noise results when
an analog signal is encoded to digital format,
then decoded to analog format. (The term digi-
tal codec is used in this standard as designat-
ing the combination of the encoding and de-
coding processes.) This type of noise is signal-
level-dependent: when the signal level is
high, the quantization noise level is high;
when the signal level is low, the quantization
noise level is low. Quantization noise can af-
fect speech transmission performance of a
channel and/or connection, as is the case with
idle-circuit noise.

5.4.2 Definition. Quantization noise is de-
fined as the distortion introduced when an
analog signal is encoded to digital format,
then decoded to analog format, e.g., PCM,
ADPCM. The quantization noise is thus the
difference between the original analog speech
signal and the analog signal (speech plus
noise) resulting from the decoding process.!6

5.4.3 Method and Units of Measurement. No
single objective method currently exists that,

(Eq3)

16 Other signals (e.g., idle-circuit noise) preceding the
codec are also encoded and decoded, resulting in
additional quantization noise. The levels of these signals
are generally sufficiently low that the resulting noise is
insignificant.

IEEE STANDARD METHODOLOGIES FOR SPECIFYING

in the general case, gives a suitably accurate
indication of the effect of a digital codec on the
perceived quality of speech.l? Thus, the
quantization noise performance of a digital
codec for telephony needs to be determined by
subjective tests. The procedure involves carry-
ing out a series of subjective opinion tests in
which speech signals are processed through (a)
the digital codec(s) under test, and (b) a refer-
ence system called the modulated noise ref-
erence unit (MNRU). Digital codec perfor-
mance is expressed in terms of the MNRU set-
ting, called @ (in dB); @ is the ratio of the un-
weighted speech power (while active) and the
unweighted noise power.18
NOTES: (1) @ reflects only the quantization noise and
does not account for other impairments, such as (a)
transmission delay (covered in 5.6) introduced by encod-
ing and decoding processes or by intervening systems
(e.g., transmission media), or (b) digital codec idle-cir-
cuit noise (covered in 5.3).

(2) The effect on the Q of a digital codec due to interven-
ing digital processes (e.g., digital echo cancelers, digital

attenuators) that alter the digital format in a manner al-
tering the quantization noise needs to be specified.

5.4.4 Method of Specification of Channel
Quantization Noise. The quantization noise,
Q;, of a channel or a group of channels shall be
specified for both directions of transmission
using any one of the forms of 4.2.

In cases where a group of channels consists
of two or more subgroups that have different Q;
values, it is desirable that the @; values for the
subgroups be separately stated and an indica-
tion given of the probability of encountering a
channel from a given subgroup. (In such
cases, the @ values should be uniquely identi-
fied.) In principle, quantization noise is not
distance-dependent, but depends on the chan-
nel makeup (e.g., the number/type of asyn-
chronously tandemed codecs). However,
quantization noise may be expressed in a dis-
tance-dependent manner,!® and in these cases
the value or range of values of facility or

17 C.notched noise (see footnote 15) is not considered in
this issue of the standard. It is frequently used as a mea-
sure of “the noise behind the signal,” and is reported as
giving a measure of the noise encountered by a continuous
data signal or the noise a listener would hear during a
speech burst (IEEE Std 743-1984 [16]). It has not been estab-
lished as giving a suitable accurate indication of the effect
of a digital codec on the perceived quality of speech.

18 See Appendix B for available information on the
MNRU and on Q.

19 Quantization noise might, for example, be expressed
as distance-dependent where two or more routes are in-
volved, and where the number of digital codecs is different
for the different routes.
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