SATHYABAMA

INSTITUTE OF SCIENCE AND TECHNOLOGY
(DEEMED TO BE UNIVERSITY)
Accredited “A” Grade by NAAC | 12B Status by UGC | Approved by AICTE

www.sathyabama.ac.in

SCHOOL OF ELECTRICAL AND ELECTRONICS
DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINERING

UNIT 7 | - BASICS OF TELECOMMUNICATION T SEC1321




UNIT 1

End users, nodes and connectivitiestelephone numbering and Routing, use of Tandem
switches in Local area connectivity, Busy Hour and Grade of Service, Simple, Half duplex
and full duplex, One- way and two-way circuits, Network topologies, variations in traffic
flow, quality of service, Sandardization in telecommunication

Telecommunications

The electronic transmission of information over distances, called telecommunications,
become nearly inseparable from computers: Computers and telecommunications create
together. Componentd a Telecommunications Network Telecommunications are the mean
electronic transmission of information over distances. Telecommunication is the exchan
signs, signals, messages, words, writings, images and sounds or information of any nat
wire, radio, optical or other electromagnetic systems.

A complete, single telecommunications circuit consists of two stations, each equipped v
transmitter and a receiver. The transmitter and receiver at any station may be combined
single devicecalled atransceiver The medium of signal transmission can be via electrical wi
or cable ( "copper"ptical fiber electromagnetic fieldser light. The free space transmissior
and reception of data by means of electromagnetic fields is ealieldésscommunications.

Types of telecommunications networks

The simplest form of telecommunications takes place between two stations, but it is comm
multiple transmitting and reoceng stations to exchange data among themselves. Such
arrangement is called a telecommunicatioesvork Theinternetis the largest example of a
telecommunications network. On a smaller scale, examples include:

1 Corporate and academic wideea networksWANS)
Telephone networks

Cellularnetworks

Police and fire communications systems

Taxi dispatch networks

Groups ofamateur (ham) radioperators

1 Broadcast networks
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Data is transmitted in a telecommunications circuit by means of an electrical signal calle
carrier or the carrier awe. In order for a carrier to convey information, some for
of modulationis required. The mode of modulation can be broadly categorized
eitheranalogor digital.

Telecommunication Network
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® A network has nodes connected by
links:
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Figure 1 Telecommunication Network

External nodes are users and sometimes access points tm@herw o r k s . a I n
part of the network infrastructure and j
between nodes. The goal is to have a path from any node to any other node without the ni
an excessive number of links.

PUBLIC SWITCHED TELECOMMUNICATIONS NETWORK (PSTN)

The telephone is connected to the public switched telecommunications network (PSTN
local, national, and international voice communications. These same telephone connectior
also carry data and image anfmation (e.g., television). In the United States the connection
the PSTN may be via a local exchange carrier (LEC) or by a competitive local exchange c
(CLEC). The personal computer (PC) is beginning to take on a role similar to that of
telethoné® namely, being ubiquitous.

In many situations, the PC uses telephone connectivity to obtain Interneinaaitservices.
Cable television (CATV) offers another form of connectivity providing both telephone :
Internet service.

1 The PSTN has evéncreasing data communications traffic where the network is usec
a channel for data. PSTN circuits may be rented or used in-agli@ode for data
connections.

1 The Internet has given added stimulus to data circuit usage of the PSTN. The PSTI
facsimile as just another data circuit, usually in the-d@mode.

1 Conference television traffic adds still another flavor to PSTN traffic and is also a n
growth segment.

1 The trend for data is aloft where today data connectivity greatly exceeds teleplgme |
on the network. There is a growing trend for users to bypass the PSTN partiall
completely.

1 The use of satellite links in certain situations is one method for PSTN bypass.

1 Other provider could be a power company with excess capacity on its mieronityer
optic system.



1 There are other examples such as a railroad with extensive-ofghtsy which may be
used for a fibeoptic network.

1 Another possibility is to build a private network using any one or a combination of fi
optics, copper wireithe, lineof-sight microwave, and satellite communications. Son
private networks take on the appearance of a-R8WN.

Local Network
Local Network

Long-Distance Network

Local Network Local Network

The PSTN consists of local networks interconnected by a long-distance network.

Figure 2 PSTN

It consists of local networks interconnected by one or moreddstgnce networks. The concep
is illustrated in Figee . This is the PSTN, which is open to public correspondence. It is usu
regulated by a government authority or may be a government monopoly, although ther:
notable trend toward privatization.

End-Users

Endusers, provide the inputs to the netilwvand are recipients of network outputs. The-en
user employs what is called an 1/O, standing for input/output.An 1/O may be a PC, comg
telephone instrument, cellular/PCS telephone or combined device, facsimile, or conferenc
equipment. It may ab be some type of machine that provides a stimulus to a coder or rece
stimulus from a decoder in say some sort of SCADA(supervisory control and data acquis
system.



To/from other nodes
or end-users

Figure 3 End User
Nodes

End-users usually connect to nodes. It is a nodeiat @o junction in a transmission system
where lines and trunks meet. A node usually carries out a switching function. In the case
local area network (LAN).

Connectivity

Node Node
End-user 7 End-user

Figure 4 Connectivity

A network interface unit is used, through which one or moreuseds may be connected.
Connectivity links an endser to a node, and from there possibly through other nodes to s
final enduser destination with which the initiating ender wants to comunicate. Figure 4 ,the
| EEE defines a connection as fian asso
functional units set up to provide means for a transfer of information between two or more
in a telecommuni cat iseems$obatwotintepretations of This @efingion

First, the equipment, both switching and transmission facilities, are available to set up &
from, say, Socket A to Socket B. Assume A and B to be useipeints. The second

interpretation would bé&hat not only are the circuits available, but also they are connected
ready to pass information or are in the information passing mode.

End User as a Telephone User

The endusers are assumed to be telephone users, and the path that is set up is a speect
could, of course, be a data or video path).



There are three sequential stages to a telephone call.
1. Call setup

2. Information exchange

3. Call takedown

Call setup is the stage where a circuit is established and activated. The setup is facilita
signaling,

It is initiated by the calling subscriber (user) goinglodbk. This is a term that derives from the
telephony of t he eaxtion of taking thebtedephorie instroneeiat ous of i

cradle. o Two Ilittle knobs in the cradle
closure. If a light is turn on, an electrical closure allowing electrical current to pass. The :
thinghappens with our telephone set; it no

that resides at the local serving switch. It is connected by the subscriber loop. This is just
of copper wires connecting the battery and switch out to trecsbbr premises and then to the
subscriber instrument. The action of current flow alerts the serving exchange that subs
requests service. When the current starts to flow, the exchange returns a dial tone, wt
audible in the headset (of the satiger instrument). The calling subscriber (user) now knov
that she/he may start dialing digits or pushing buttons on the subscriber instrument. Each
is associated with a digit. There are 10 digits, 0 through 9.

Battery é Subscgber loop Subscriber
feed bridge | : 3 o subset
Switch \
| D >

D-Distance (loop length)
Figure 5A subscriber set is connected to a telephone exchange by a subscriber loop

Figure 5 shows a telephone end instrument connected through a subscriber loop to «
serving exchange. It also shows thatimportant battery (battery feed bridge), whicloydes

a source of current for the subscriber loop. If the called subscriber and the calling subscrik
in the same local area, only seven digits need be dialed. These seven digits represe
telephone number of the called subscriber (user). Thesdy signaling, the dialing of the digits,
is calledaddress signaling.The digits actuate control circuits in the local switch, allowing
connectivity to be set up. If the calling and called subscribers reside in the serving area c
local switch, o further action need be taken. A connection is made to the called subscriber
and the switch sends a special ringing signal down that loop to the called subscriber, and |
telephone rings, telling her/him that someone wishes to talk to herfhitmeatelephone. This

audible ringing is called alerting, another form of signaling. Once the called subscriber goe
hook (i.e., takes the telephone out of its cradle), there is activated connectivity, and the call

the informationpassing phaser phase 2 of the telephone call.



When the call is completed, the telephones at each end are returned to their cradle, break
circuit of each subscriber loop. This, of course, is analogous to turning off a light; the cu
stops flowing. Phase 3 difie telephone call begins. It terminates the call, and the connec
circuit in the switch is taken down and is then fregpdfor another user. Both subscriber loop
are nowidle. If a third user tries to call either subscriber during stages 2 and/i3¢ $heeturned
abusypack by the exchange (serbusysiggal swiat t b
particular cadence. The return of the bbsgk is a form of signaling callechll-progress
signaling.

Local Local
Serving Serving
Switch Switch
W A B

Subscriber Loops Trunks Subscriber Loops

Figure 6 Subscriber loops connect plene subscribers to their local serving exchange; trun
interconnect exchanges (switches).

Now that a subscriber wishes to call another telephone subscriber outside the local servir
of her/his switch. The call setup will be similar as beforegpkthat at the calling subscriber
serving switch the call will be connected to an outgoing trunk. As shown in Figure 6, trunk
transmission pathways that interconnect switchegbscriber loops connect endisers
(subscriber) to a local serving switchirunks interconnect exchanges or switches

Trunk

The | EEE defines a trunk as fAa transmis
word transmission in the IEEE definition refers to one (or several) transmission media.
medium might be wirgair cable, fibeioptic cable, microwave radio, and, stretching th
imagination, satellite communications. In the conventional telephone plant, coaxial cable
fallen out of favour as a transmission medium for this application.
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Figure 7 Stat@ransition Diagram

Figure 7 shows that the states between Idle, seize, clear, busy tone and ringing

Telephone Numbering and Routing

Every subscriber in the world is identified by a number, which is geographically tied 1
physical location.4 This ithe telephone number. The telephone number, as used it abov
seven digits long.

Example 2345678

The last four digits identify the subscriber line;

the first three digits (i.e., 234) identify the serving switch (or exchange).
Numbering capacity

The subscriber number, consisting of the last four digits, has a theoretical numbering capa
10,000. The first telephone number issued could be 0000; the second number, if it were as
in sequence, would be 0001, the third would be 0002, and. #d tre point where the numbers



ran out, the last number issued would be 9999. The first three digits of the example above ¢
the exchange code (or central office code). These three digits identify the exchange or s
The theoretical maximum cagity is 1000. If again assign numbers in sequence, the fi
exchange would have 001, the next 002, then 003, and finally 999. However, particularly i
case of the exchange code, there are blocked numbers. Numbers starting with 0 may
desirablebecause in North America O is used to dial the operator.

Examplel
The numbering system for North America

The numbering system for North America (United States, Canada, and Caribbean islan
governed by the North American Numbering Plan (NANP). itestéghat central office codes
(exchange codes) are in the form NXX, where N can be any number from 2 through 9 and
be any number from 0 through 9. Numbers starting with 0 or 1 are blocked numbers in the
of the first digit N. This cuts the totakchange code capacity to 800 numbers. Inside these
numbers there are five blocked numbers such as 555 for directory assistance and 958/¢
local plant test. When londistance service becomes involved, must turn to using still
additional threedigits. Colloquially call these area codes. In the official North Americ:
terminol ogy used i muntbériegpldnrfarke® and sall fhdsdahea cotlec
NPA codes. We try to assure that both exchange codes and NPA codes do not
political/administrative boundaries. What is meant here are state, city, and county bound
exceptions to the county/city rule, but not to the state.

Example 2

For example, the exchange code 443 (in the 508 area code, middle Massachusetts) is excl
for the use of the town of Sudbury, Massachusetts. Bordering towns, such as Framingharnr
not use that number. Of course, the 443

central office (local serving switch). There is similar thinking for IR#&rea codes). In this case
these area codes may not cross state boundaries. For instance, 212 is for Manhattan and
be used for northern New Jersey. Return now to our example telephone call. Here the ¢
party wishes to speak to a called gdhat is served by a different exchange (central officeb).

Example 3

Assign the digits 234 for the calling p
exchange we assign the digits 447. This connectivity is shown graphically in Figureel.5
described the functions required for the calling party to reach her/his exchange. This is th
exchange. It examines the dialed digits of the called subscrib&i87285. To route the call, the
exchange will only work upon the first three digits. ¢casses its local loelkp table for the
routing to the 447 exchange and takes action upon that information. An appropriate vacant
is selected for this route, and the signaling for the call advances to the 447 exchange.



234 447
Exchange Exchange

Called subscriber

Calling subscriber 8765

Figure 8 Connectivity subsber to subscriber through two adjacent exchanges

Here this exchange identifies the dialedmber as its own and connects it to the corre
subscriber loop, namely the one matching the 8765 number. Ringing current is applied
loop to alert the called subscriber. The called subscriber takes her/his telephone off hool
conversation cahegin.

Use of Tandem Switches in a Local Area Connectivity

Tandem
Exchange
Exchange Exchange
A Direct route c
B

Figure 9 Direct route and tandem connectivities

Routing through a tandem switch is an important economic expedient for a telephone con
or administration. A tandem switchtaaffic concentrator. To employ a direct trunk circuit,
there must be sufficient traffic to justify such a circuit. For a connectivity with traffic intens
under 20 erlangs (The erlang is a unit of traffic intensity. One erlang represents one hour ¢
(circuit) ocapancy.) for the busy hour (BH), the traffic should be routed through a tanc
(exchange). For traffic intensities over that value, establish a direct route.

Busy Hour and Grade of Service



The PSTN is very inefficient. This inefficiency stems from the bemof circuits and the
revenue received per circuit. The PSTN would approach 100% efficiency if all the circuits
used all the time. The facts are that the PSTN approaches total capacity utilization for
several hours during the working day. Aft€r P.M. and before 7 A.M., capacity utilization may
be 2% or 3%. The network is dimensioned (sized) to meet the period of maximum usage de
This period is called the busy hour (BH). There are two periods where traffic demand o
PSTN is maximum: amin the morning and one in the afternoon.

F'y

Traffic

[
2 ' [ ] ] 10 12 14 15 b ] 20 22 26 h
Tima

—e Rasidential subscribers

- Buginess subscribers

Figure 10 Busy hour

Note the two traffic peaks are caused by business subscribers. If the residential and bt
curves were combined, the peaks would be much sharper. Also note that the morning p
somevhat more intense than the afternoon busy hour. In North America (i.e., north of the
Grande), the busy hour (BH) is between 9:30 A.M. and 10:30 A.M. Because it is more int
than the afternoon higtnaffic period, it is called the busy hour. There at least four distinct
definitions of the busy hour. The | EEE
60 minutes during the day when the traff
in Ref. 4. BH traffic intensities arased to dimension the number of trunks required on
connectivity as well as the size of (a) switch(es) involved. Now a PSTN comp
(administration) can improve its revenue versus expenditures by cutting back on the num|
trunks required and making swt c hes fAsmal |l er . o0 Of cour s
compl aining about poor service. Let s 1
number of circuits. Now, during the BH period, a user may dial a number and receive eit
voice annancement or a rapidadence tone telling the user talittrunks are busy (ATB) and

to try again later. From a technical standpoint, the user has encountered blockage. This wc
due to one of two reasons, or may be due to both causes. Thessudfieient switch capacity
and not enough trunks to assign during the BH. Networks are sized/dimensioned for a



traffic load expected during the busy hour. The sizing is based on probability, usually
expressed as a decimal or percentage. That probability pentage or decimal is called the
grade of service.

The | EEE (Ref . 2) defines grade of servi
busy hour, that cannot be compl eted i mme
service and blcking probability are synonymous. Blocking probability objectives are usue
stated as B = 0.01% or 1%. This means that during the busy hour, 1 in 100 calls can be ex
to meet blockage.

Simplex, Half-Duplex, and Full Duplex

Simplex is one way opeiah; there is no reply channel provided. Radio and televisit
broadcasting are simplex. Certain types of data circuits might be based on simplex operat

Half-duplex is a tweway service. It is defined as transmission over a circuit capable
transmiting in either direction, but only in one direction at a time.

Full duplex or just duplex defines simultaneous-meay independent transmission on a circu
in both directions. All PSTNype circuits discussed in this text are considered usingldllex
operation unless otherwise specified.

Basis for Comparison Simplex Half Duplex Full Duplex

Direction of o . . . . . . .
o Unidirectional Two-directional, one at a time Two-directional, simultaneously
Cemmunicaticn

, . Sender can send and receive data, but Sender can send and receive data
Send / Receive Sender can only send data

one a time simultaneously
Worst performing mode of ) . L.
Performance L. Better than Simplex Best performing mode of transmission
transmission
Example Keyboard and monitor Walkie-talkie Telephone

One-Way and Two-Way Circuits

Trunks can be configured for either eway or twoway operation. A third option is a hybrid
where oneway circuits predominate and a number of-way circuits are provided for overflo
situations.

Figure 11 a shows twavay trunk operation. In this case, any trunk can be selected for opere
in either direction. The incisive reader will observe that there is some fair probability thai
same trunk can be selected from either sid#he circuit. This is called double seizure. It i
highly undesirable. One way to reduce this probability is to use normal trunk numbering (
top down) on one side of the circuit (at exchange A in the figure) and to reverse trunk numb
from the batom up at the opposite side of the circuit (exchange B).
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Figure 11 Twoway and oneway circuits: two-way operation (a), oneway operation (b),
and a hybrid scheme, a combination of onevay and two-way operation (c).

Figure 11 b shows onsay trunk operation. The upper trunk group is assigned for the direct
from A to B; the lower trunk group is assigned for the opposite direction, from exchange
exchange A. Here there is no possibility of double seizure. Figueellustrates a typical hybrid
arrangement. The upper trunk group carries traffic from exchange A to exchange B exclus
The lowest trunk group carries traffic in the opposite direction. The small, middle trunk gt
contains tweway circuits. Switbes are programmed to select from the-wag circuits first,
until all these circuits become busy; then they may assign from the/dyaircuit pool. Let us
clear up some possible confusion here. Consider thevageircuit from A to B, for example.
In this case, calls originating at exchange A bound for exchange B in Figure 11b are assig
the upper trunk group. Calls originating at exchange B destined for exchange A are ass
from the pool of the lower trunk group.

Network Topologies

The | EEE ( Ref . 2) defines topology as qt
telecommunications network consists of a group of interconnected nodes or switching ce
There are a number of different ways , interconnect switches incaaieunication network.

Mesh topology



If every switch in a network is connected to all other switches (or nodes) in the network, |
ipat t e rmeshnawork. Thelfigure has 6 nodes. A-faésh network is very survivable
because of a plethora obgsible alternative routes.

OLNIP X

Ring Fully Connected

soapes %0 &%

Line

Figure 12 Different Network topologies
Star network:

Figure 12 shows a star network. It is probably the least survivable. However, it is one ¢
most economic nodal patterns both to install and to administer.

Tree Topology

The root node then communicates with a number of smaller nodes, and those in
communicate with an even greater number of smaller nodes. A host that is a branch off frc
main tree is called af. If a leaf fails, its connection is isolated ahd rest of the LAN can
continue onwards.

Ring Topology

A ring topology(commonly known as a token ring topology) creates a network by arrangir
or more hosts in a circle. Data is passed between hosts thrtalgmaThis token moves rapidly
at all times throughout the ring in one direction. If a host desires to send data to another h
will attach that data as well as a piece of data saying who the message is for to the toke
passes by. The other host will then see that the token has a enéssagby scanning for
destination addresses that match its own.

Line Topology

This rare topology works by connecting every host to the host located to the right of it. It is
expensive (due to its cabling requirements) and due to the fact thatuich more practical to
connect the hosts on either end to form a ring topology, which is much cheaper and
efficient.

Bus Topology



A bus topologycreates a network by connecting 2 or more hosts to a length of coaxial back
cabling. In this topolog, a terminator must be placed on the end of the backbone coaxial cab

Multiple star network

1A 18

N N\

7N 7N TN 7

3A, |BA: 343 |3A, 3As 6 38,| 13B,| |38, 38,| |3Bs

2A,

Figure 13 Multiple star network.

To modify such networks by adding direct routes. Usually ther2Mhg rule in such situations.
If a certain traffic relaon has 20 erlangs or more of BH traffic, a direct route is usually justifie
The term traffic relation simply means the traffic intensity (usually the BH traffic intensity).



Figure 14 Hierarchical network.

It is a natural outgrowth of the multipsar network .The PSTNs of the world universally use
a hierarchical network; CCITT recommended such a network for international applicatio
Figure 14 there are five levels. The highest rank or order in the hierarchy is the class 1
,and the lowst rank is the class 5 office , The class 5 office (switch), often called an end of
is the local serving switch. Remember that the term office is a North American term mee
switching center, node, or switch. In a typical hierarchical network;tmsgige (HU) routes may
be established, regardless of rank in the hierarchy, if the traffic intensity justifies. -Adagk
route or connectivity is the same as a direct route.



Rules of Conventional Hierarchical Networks One will note the backbone stture of Figure
, If remove the highusage routes (dashed lines in the figure), the backbone structure ren
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backbone structur _.

Figure 15 backbone structure

In the terminology of hierarchical networks, the backbone represents the final route from v
no overflow is permitted. Overflow is defined as that part of the offered traffic that canno
carried by a switch over a selected trunk group. It is tha dfptraffic that met congestion,
which called blockage above. Also overflow of a buffer (a digital memory), where overflow
spills, and is lost.

This was the AT&T network around 1988. The CCITT recommended network was very sin
In the case of &ierarchical network, the overflow can be routed over a different route. It n
overflow on to another HU route or to the final route on the backbone. A hierarchical syste
routing leads to simplified switch design.

A common expression used when dising hierarchical routing and multipstar
configurations is that loweank exchanges home on higliank exchanges. If a call is destinec
for an exchange of lower rank in its chain, the call proceeds down the chain. In a similar me
if a call is deined for another exchange outside the chain , it proceeds up the chain and a
When highusage routes exist, a call may be routed on a route additional or supplementary
pure hierarchy, proceeding to the distant transit center10 and then degderitle destination.
Of course, at the highest level in a pure hierarchy the call crosses from one chain over
other. In hierarchical networks, only the order of each switch in the hierarchy and t
additional links (highusage routes) that priole access need be known. In such network
administration is simplified, and storage or routing information is reduced when compared t
full-mesh type of network,



The backbone of a hierarchical network. The backbone traces the final route. Th&Wwessnd
from the Hierarchical Structure. There has been a decided trend away from hierarchical rc
and network structure. However, there will always be some form of hierarchical structure
the foreseeable future. The advent of CCITT Signaling SystenT NChapter 7) working with
high-speed computers made it possible for optimum routing based etmreahformation on
the availability of route capacity and shortest routes. Thus the complex network hierarchy s
to become obsolete. Nearly all reface to routing hierarchy disappeared from CCITT in tt
1988 Plenary Session (Melbourne) documents.

Variations in Traffic Flow

In networks wrapper large geographic expanses and even in cases of certain local net
there may be a variation of the #nof day of the BH or in a certain direction of traffic flow. It
should be pointy out t hat the busy hour
different working habits and standard business hours vary. In Mexico, for instance, the E
moreskewed toward noon because Mexicans eat lunch later than do people in the United ¢
In the United States, business traffic peaks during several hours beforehand and severa
after the noon lunch period on weekdays, and social calls peak ireeaniyng.

Traffic flow tends to be from residential living areas to an urban center in the morning, an
reverse occurs in the evening. In national networks covering several time zones whel
difference in local time may be appreciable, kafigtancetraffic tends to be concentrated in &
few hours common to BH peaks at both ends. In such cases it is conceivable to direct tra
that peaks of traffic in one area (time zone) fall into valleys of traffic of another area. Th
called taking advangge of the non coincident busy hour. The network design can be made r
optimal if configured to take advantage of these phenomena, particularly in the design of
routes and overflow routes

QUALITY OF SERVICE

Quality of service (QoS) appears at théset to be an intangible concept. However, it is ve
tangible for a telephone subscriber unhappy with his or her service. The concept of se
qguality must be covered early in an-allcompassing text on telecommunications. Syste
designers should neronce lose sight of the concept, no matter what segment of the system
may be responsible for. Quality of service means how happy the telephone company (or
common carrier) is keeping the customer. For instance, might find that about hatiehe t
customer dials, the call goes awry or the caller cannot get a dial tone or cannot hear what is
said by the party at the other end. All these have an impact on quality of service...
transmission engineer calls QoS customer satisfaction hwficommonly measured by how
well the customer can hear the calling party. The unit for measuring how well , can hear a c
party on the telephone is loudness rating, measured in decibels (dB). From the networ
switching viewpoints, the percentagélost calls (due to blockage or congestion) during tf
busy hour certainly constitutes another measure of service quality. Remember, this ite
denominated grade of service. One target figure for grade of service is 1 in 100 calls lost c
the busyhour.

Other elements to be listed under QoS are:



1 Can connectivity be achieved?
1 Delay before receiving dial tone (dial tone delay).
1 Postdial(ing) delay (time from the completion of dialing the last digit of a number to

first ring-back of the cééd telephone). This is the primary measure of signaling quali
1 Availability of service tones [e.g., busy tone, telephone out of order, time out, anc
trunks busy (ATB)].
Correctness of billing.
Reasonable cost of service to the customer.
Respmsiveness to servicing requests.
Responsiveness and courtesy of operators.
Time to installation of a new telephone, and, by some, the additional services offere
the telephone company. One way or another, each item, depending on the service
goal, will have an impact on the design of a telecommunication system.
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What is Telecommunications Standard??

Telecommunications standards (wire and wireless) are the underlying "laws" that gover
emerging Global Information Highway and the existingpélone system. Telecommunication:
networks in every country in the world utilize formal telecommunications standards to physi
interwork. Without public agreements and the telecommunications standards that codify
agreements, widarea voice and da communications would not be possible.

It is often difficult to tell whether a standards committee is a formal one. In the US, for
standards committees are accredited by American National Standards Institute (ANSI)
accreditation process is coregl but offers some specific values to potential users a
implementers of standards:

1 Standards work is coordinated to avoid two different standards committees creating diff
standards for the same functions.

i Standards committees must maintainrtb&andards so long as there is a minimal level of us
9 The standards process is designed to prevent domination by any group and to allc
reasonable technical input to be heard.

1 Intellectual Property Rights (IPR, i.e., patent or pending patemes)identified (but not
resolved) during the standards creating process

INTERNATIONAL ORGANIZATION

There are international, regional, and national standardization agencies. There are at les
international agencies that impaelecommunications. The most encompassing is the I
(International Telecommunication Union) based in Geneva, Switzerland, which has prod
literally over 2000 standards. Another is the International Standardization Organization (
that has issued aimber of important data communication standards.

The two important branches to us were the CCITT, standing for International Consult
Committee for Telephone and Telegraph; the second was the CCIR, standing for Interna



Consultative Committee foiRadio. After the reorganization, the CCITT became tf
Telecommunication Standardization Sector of the ITU, and the CCIR became the ITU F
communication Sector. The former produces {T®Recommendations and the latter produce
ITU-R Recommendations. THEU Radio communications Sector essentially prepares the Ra
Regulations for the General Secretariat.

REGIONAL ORGANIZATION

ETSI, the European Telecommunication Standardization Institute. For example, it is respol
for a principal cellular radiopecification, GSM or Ground System Mobile (in the French). Pri
to the 1990s, ETSI was the Conference European Post and Telegraph or CEPT. CEPT pr
the European version of digital network PCM, previously called CEPT30+2 and now calle
1.

NATIONAL STANDARDIZATION ORGANIZATIONS

There are numerous national standardization organizations. There is the American Na
Standards Institute based in New York City that produces a wide range of standards
Electronics Industries Association (EIA) and thelecommunication Industry Association
(T1A), both based in Washington, DC, are associated with one another. Both are responsil
the preparation and dissemination of telecommunication standards. The Institute of Elec
and Electronic EngineersHEE) produces the 802 series specifications, which are of partic
interest to enterprise networks. The Advanced Television Systems Committee (ATSC) star
for video compression produce CATV (cable television) standards, as does the Society of
Telecommunication Engineers. Another important group is the Alliance for Telecommunice
Industry Solutions. These standards were especially developed for the Regional Bell Ope
Companies (RBOCSs). There are also a number of Forums. A forum, irothext is a group
of manufacturers and users that band together to formulate standards. For example, ther
Frame Relay Forum, the ATM Forum, and so on. Often these ad hoc industrial standar
adopted by CCITT, ANSI, and the ISO, among others.

An association of organizations, governments, manufacturers and users form the stal
organizations and are responsible for developing, coordinating and maintaining the stan
The intent is that all data communications equipment manufacturersemsctamply with these
standards. The primary standards organizations for data communication are:

1. International Standard Organization (ISO) ISO is the international organization
standardization on a wide range of subjects. It is comprised mainhyeaibers from the

standards committee of various governments throughout the world. It is even responsib
developing models which provides high level of system compatibility, quality enhancern
improved productivity and reduced costs. The ISO is atsponsible for endorsing and
coordinating the work of the other standards organizations.

2. International Telecommunications Unidelecommunication Sector(IT-0) ITU-T is one of
the four permanent parts of the International Telecommunications Uniod bageeneva,
Switzerland. It has developed three sets of specifications: the V series for modem interf



and data transmission over telephone lines, the X series for data transmission over public
networks, email and directory services; the | @ekries for Integrated Services Digital Networl
(ISDN) and its extension Broadband ISDN. FTUmembership consists of governmen
authorities and representatives from many countries and it is the present standards organ
for the United Nations.

3. Institute of Electrical and Electronics Engineers (IEEE) IEEE is an international professi
organization founded in United States and is compromised of electronics, computer
communi cations engineers. |t I ssocety with evert
200,000 members. It develops communication and information processing standards wi
underlying goal of advancing theory, creativity, and product quality in any field relatec
electrical engineering.

4. American National Standardisstitute (ANSI) ANSI is the official standards agency for th
United States and is the U.S voting representative for the ISO. ANSI is a completely pri
nonprofit organization comprised of equipment manufacturers and users of data proce
equipmentand services. ANSI membership is comprised of people form professional socie
industry associations, governmental and regulatory bodies, and consumer goods.

5. Electronics Industry Association (EIA) EIA is a nprofit U.S. trade association that
esablishes and recommends industrial standards. EIA activities include standards develoy
increasing public awareness, and lobbying and it is responsible for developing the
(recommended standard) series of standards for data and communications.

6. ETS The European Telecommunications Standards Institute (ETSI) was formed in 198
the Commission of the European Communities to assist the process of technical harmoni
in telecommunications, broadcasting and office information technology. CSRsrepdffT Sl's:

9 AT Access and Terminals Projedt. TIPHON Telecommunications and Internet Protocc
Harmonization over Network§.TM6 Access Transmission Systems on Metallic Cables.

7. TIA Telecommunications industry Association (TIA) is the formal orgdiin responsible

for the standards of the telecommunications equipment that connects to the
telecommunications network. The TIA is closely aligned with the Electronic Indust
Association, an organization tracing its origin back to 1944.

8.3GPP TheProject 3GPP work is a very intensive and extensive activity to develop a |
family of standards for the negeneration wireless capabilities. The NCS successfu
introduced the ETS requirements into a 3GPP work item. Work is progressing on a fgasi
study. Upon completion of this work, it is anticipated that change requests to existing GSNh
3G standards and work items will be initiated to satisfy ETS requirements. DOSTI DC
ifDevel opment Organization of StiaaaSD® that aimsf
at developing and promoting Indgpecific requirements, standardizing solutions for meetit
these requirements and contributing these to international standards, contributing to ¢
standardization in the field of telecommunicatiomsintaining the technical standards and oth
deliverables of the organization, safearding the related IPR, helping create manufacturil
expertise in the country, providing leadership to the developing countries (such as in South



South East AsiaAfrica, Middle East, etc.) in terms of their telecommunicatiomesated
standardization needs.

ITU-T in brief The Study Groups of 1 TUGSH T
assemble experts from around the world to develop internatiomalastss known as ITAT

Recommendations which act as defining elements in the global infrastructure of informatiol
communication technologies (ICTs). Standards are critical to the interoperability of ICTs
whether , exchange voice, video or data mgssastandards enable global communications
ensuring that countriesd I CT networks an

9.Gl obal Standard Coll aboration At GSC,
standards organizations meet to promote innovation and collaboration on a broad spectt
standards topics. Some hundred participants from Participating Standardgé&irgas (PSO)
and ITU attend, along with observers from additional groups.

De Jure Versus De Facto

De jure standards, or standards according to law, are endorsed by a formal star
organization. The organization ratifies each standard through itsabffrocedures and gives
the standard its stamp of approval.

De facto standards, or standards in actuality, are adopted widely by an industry and its cust
They are also known as mardriven standards. These standards arise when a critical
simply likes them well enough to collectively use them. Matk@éten standards can become di
jure standards if they are approved through a formal standards organization.

References:

1. Roger L. Freeman ,Fundamentals of Telecommunications Second E¢t8BN 0-471-
710458 .

PART A

N

Mention the significance of tandem switches in local area connectivity

3. Compare half duplex and full duplex in terms of performance and direction.

4. For 10 devices in a network, what is the number of cable links requiredfesla and
ring topology?

5. A Busy tone does nainply that the called party is actually engaged in a conversatic
justify your answer.

6. If the queuing systems are connected in tandem configuration, what would be the r

of delay?

Identify the variationsn traffic flow.

Define erlang and CCS. How are they related?
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9. Explain telephone numbering concept in telecommunication.

PART B

Suggest the differenbpologies thaare needed for the various communication applicatic
which are required for the real time scenario.

Interpret the major functions performed by the layers of the-(38€) model

. Describe the physical construction characteristics of the following trasismmedia. If
there is more than one type of each media then present the choices of type and ident
differences between them.

i) Twisted pair

i) Coaxial cable

iii) Optical fibre cable

How important is telecommunication standardization to the society? Justify your an:
with various standards.
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UNIT 2
WHAT IS THE PURPOSE OF SIGNALING?

The IEEE (Ref. 1) definesignalingas t he Afexchange
specificallycon cernedwith the establishment and control of connections and
the transfer of userto-user and management information in a
telecommunicatiom et wor k. 0

Conventional signaling has evolved with the telephone network. Many of
the tech niques we deal with in this chegter are applicable to a
telecommunicatiometwork which is principally involved with telephone
calls. With telephony, signaling is broken down in three functi@mahs:

1. Supervisory;
2. Address;and
3. Call progressaudiblevisual.

Another signalindpreakdown is:

1 Subscribesignaling;
1 Interswitch (interregisteryignaling.

2.2 DEFINING THE FUNCTIONAL AREAS

2.2.1 Supervisory Signaling

Supervisory signalingrovides information on line or circuit condition. It
informs a switch whether a circ(internal to the switch) or a trunk (external
to the switch) is busy or idle; when a called party ishafbk or orhook, and
when a calling party is ehook or offhook.

Supervisory information (status) must be maintained-terahd on a
telephonecall, whether voice, data, or facsimile is being transported. It is
necessary to knowhen  a calling subscribetifts herhis telephoneoff-
hook, therebyrequestingservice.

It is equallyimportantthatwe know whenthe called subscribeanswers
(i.e., lifts the tele-phoneoff-hook) becaus¢hatis whenwe maystartmetering
thecall to establisicharges.

It is also importanto know when the calling and called subscribers return their
tele phones to the ehook condition.

That is when charges stapd the interveningunkscomprisingthe talk path
aswell astheswitching pointsarethenrendereddle for use by another

pair of subscribers.

During the period of occupancy of a speech path &nend, we must know

that this particular path is busy (i.e., it is occupied) so no other call attempt
can seize it.

o f



2.2.2 Address Signaling

Addresssignalingdirectsandroutesatelephonesall to thecalledsubscriberlt
originates as dialed digits or activagmashbuttons from a calling subscriber.
The local switch accepts these digits and, by using the information contained
in the digits, directs the call to the called subscriber. If more than one switch
Is involved in the call setup, signaling is requiredwssn switches (both
address and supervisory). Address signabetveen switches is called
interregistersignaling

2.2.3 Call Progres® Audible-Visual

This type of signaling we categorize in tl@ward directionand in the
backwardlirec- tion. In the forwarddirection there islerting. This provides
some sort of audibleisual means of informing the called subscriber that there
is a telephone call waiting. Thso f t en done by ringing
buzzer, chime, or light may also be usedhlerting.

The remainder of the techniques we will discuss are used in the backward
direction. Among these are audible tones or voice announcements that will
inform the calling subscriber of the following:

1. Ringback.This tells the calling subscribethat the distanttelephonds ringing.

2. Busyback.This tells the calling subscribeithat the calledline is busy.

3. ATB3 All TrunksBusy.There is congestion on the routing. Sometimes a
recorded voice announcement is ubede.

4. Loud warble on telephone instruménkimeout.This occurs when a
telephone instrument has been leftlodiok unintentionally.

2.3 SIGNALING TECHNIQUES

2.3.1 Conveying Signalinglnformation

Signaling information can be conveyed by a number of means from a
subscriber to the serving switch and between (among) switches. Signaling
information can be transmitted by means such as:

1 Durationof pulses(pulsedurationbearsa specificmeaning);
1 Combination ofpulses;

1 Frequency ofsignal,

1 Combination offrequencies;

1 Presence or absence o$ignal;

1 Binary code;and
1 Directionand or level of transmittedcurrent(for dc systems).

2.3.2 Evolution of Signaling
Signalingandswitchingareinextricablytied together.Switchingautomated

a



the network. But without signaling, switching systems could not function.
Thus it would bebetter said that switching with signaling automatedthe
network.

Conventional subscriber line signaling has not changed much over the
years, withtheexception of the pushutton tones, which replaced the dial for
address signalingdSDN, beinga full digital serviceto the subscriberpysesa
uniquedigital signalingsystemcalled DSS1 (Digital Subscriber Signaling
No. 1).

In the 1930s and 1940s interregisd@d line signaling evolved into many
types of signaling systems, which made international automatic working a

virtual nightmarel Nearly every international circuit required special
signaling interfaces. The samastrue, to a lesserextent, on the national
level.

In this section we will cover several of the more common signaling
techniques used on the analog network which operated with frequency
division multiplex equipment. Although these signaling systems are obsolete
in light of the digital network, He concepts covered here will help in
understanding how signaling works.

2.3.2.1 Supervisory Line Signaling

2.3.2.1.1 Introduction.Line signaling on wire trunks was based essentially
on the presence or absence of dc current. Such dc signals are incompatible
with FDM equip ment where the voice channel does not extend to 0 Hz.
Remember, the analagice channel occupies the band from 300 Hz to 3400
Hz. So the presence or absence of a dentiwas converted to an ac tone

for one of the states and-tane for theother state. There were two ways to
approach the problem. One was caliedand signalingand the other was

called out-of-bandsignaling?

23212 In-Band SignalingIn-bandsignaling refers to signaling systems
usinganaudio tone, or tones, inside the conventional voice channel to convey
signalinginfor- mation There are two such systems we will discuss here: (1)
onefrequency (SF or single frequency), and (2){nemuency (2VF). These
signaling systems used oatwo tones in the 2000 Hz to 3000 Hz portion of
the band, where less speech energy is concehtrate

Singlefrequency (SF) signaling used exclusively for supervision, often
with its adjunct callede&M signaling which we cover in Section 2.3.2.1.4. It
is used with FDMequipment,and mostcommonlythe tone frequencywas
2600Hz. Of coursethiswouldbe in fourwire operation. Thus we would have
a 2606Hz tone in eithgr both directions. The direction of the tone is
important, especiallywhen working with its E&M signaling adjunct. A
diagram showing the application of SF signaling on a¥ave trunk is shown
in Figure 2.1.



Twofrequency (2VF) signalingan be used for both supervision (line
signaling)andaddress signaling. Its application is with FDM equipment. Of
course when discussing such types of line signaling (supervision), we know
that the termdle refers to the onhook condition, whildusyrefers to the off
hook condition. Thus, for such typet line signaling that are governed by
audio tones of which SF and 2VF are typical, we htheeonditionsof it o n e
onwheni d lardé t oonwhenb u s Vhe discussion

1Line signalingis the supervisory signalingsed among switches.
2Calledout-bandby CCITT and in nations outside of North America.

Single-
frequency
tone gen.

Transmit
pair

a8 v 2 - {j——‘&
T
.48 V—D £ ]

Narrow- Receive

<)
C -+

b_and — pair
filter
Trunk equipment AC signaling equipment
Signal Tone Operation Lead Condition
On hook On Transmitting M Ground
Receiving E Open
Qff hook Off Transmitting M Battery
Receiving E Ground

Figure 2.1 Functional block diagram of an SF signaling circhiote: Wire

pairs fireceivedo and Atransmit o0 deri v
Note alsothe Elead and Mlead.holds equally well for hand and oubf-

band signaling methods. However, iimband signaling, supervision is by

necessity tonen idle; otherwise subscribers would have an anno2B@0

Hz toneon throughoutthe call.

A major probfem withinb and signaling i sdotwne 0OpoSs:¢
which refers to the premature activation or deactivation of supervisory
equipment by amad vertent sequence of voice tones through the normal use
of the channel. Such tones could simulate $ftetone, forcing a channel
dropout (i.e., the supervisory equipmerduld return the channel to the idle
state). Chances of simulating a 2VF tone set are tesslikely. Toavoid the
possibility of talkdown on SF circuits, a timeelay circuit or slot filters to
by-pass signaling tones may be used. Such filters do offer some degradation
to speech unless they are switched out during conversation.



They must be switchedu if the circuit is going to be usedfor data
transmission(Ref. 2).It becomes apparent why some administrations and
telephone companies have turned to the use of 2VF supervision,-of out
band signaling, for that matter. For examméypical 2VF line gynaling
arrangement is the CCITT No. 5 code, whére (one of the two VF
frequencies) is 2400 Hz amdis 2600 Hz. 2VF signaling is also used widely
for addresssignaling(seeSection2.3.2.20f this chapter;Ref. 3).

2.3.2.1.3 Outof-Band Signaling.With outof-band signaling, supervisory

informa tion is transmitted out of band (i.e., above 3400 Hz). In all cases it is

a singlefrequency system. Some estb and systems wuse fAtc
i dl e, 0 i ndhoakeotrd ingi ¢ e whenoae otfierds T
advantage of outf-band signaling ishateither system, tone on or tone off,

may be used when idle. Tatlown cannot occur because all supervisory
information is passed out of band, away fromspeeckinfor- mation portion

of thechannel

2600 H=z
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] | | i
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Figure 2.2 SF signaling 4) in-band andlf) outof-band.



The preferred CCITT owbf-band frequency is 3825 Hz, whereas 3700 Hz
iIs com monlyused in the United States. It also must be kept in mind that out
of-band signalings used exclusively on carrier systems, not on wire trunks.
On the wire side, insidanexchange, its application is E&M signaling. In
other words, oubf-band signaling isone method of extending E&M
signalingover a carriersystem.

In theshortrun,out-of-bandsignalingis attractivein termsof botheconomy
anddesign. One@rawbacks thatwhenchannepatchings required signaling
leadshaveto be patched asvell. In the long run, the signaling equipment
required may indeed make eaftband signalinggvenmorecostlybecausef
the extra supervisorysignaling equipmentand sig- naling lead extensions
requiredat eachend, and at eachtime that the carrier (FDM) equip ment
demodulates to voice. The major advantage ofofitand signaling is that
contin- uoussupervisions provided,whethertoneon or toneoff, duringthe
entire telephonecon versation. In-band SF signaling and outof-band
signalingareillustratedin Figure2.2. An exampleof out-of-bandsignalingis
the regionalsignalingsystemR-2, prevalentin Europe and nations under
European hegeonomy (see Tahlk)

Table 2.1 R2 Line Signaling (3825 Hz)

Direction

Circuit State Forward Backward
(Go) (Return)

Idle Tone on Tone on
Seized | one oft lone on
Answered I one oft | one oftt
Clear back | one oftt lone on
Release lone on (I)ﬁne on or
Blocked Tone on Tone off

2.3.2.1.4 E&M Signaling.The most common form of trunk supervision in the
analognetwork was E&M signaling. It derived from the SF or 2VF equipment,
as showrnin Figure 2.1. It only becomes true E&M signaling where the trunk
interfaces with the switch (see Figure 2.3)}leBd and Mlead signaling
systems are semanticatligrivedfrom the historical designation of signaling
leads on circuit drawings coverinfjesesystems. Historically, the E&M
interface provides two leads between the swiotwhat we call thdrunk
signaling equiment(signaling interface).



One lead izalled the Elead, which carries signatls the switching
equipment. Such signal directioaeshown in Figure 2.3, where we see that
signals from switch A and switch B leaveoAthe M-lead and are delivered
to B on the Head. Likewise, from B to A, supervisory informatitgavesB
on the M-leadandis deliveredto A on the E-lead.

For conventiona E&M signaling (referring to electromechanical
exchanges), the folowing supervisory conditions are valid:

DIRECTION CONDITION CONDITION
AT A AT B

Signal Signal

AtoB BtoA M-Lead E-Lead M-Lead E-Lead
On hook On hoo Ground Open Ground Open
Off hook On hoot Battery Open Ground Ground

Ground Ground Battery Open
On hook Offhook
Off hook Off hook ~ Battery Ground  Battery  Ground

Source:Ref. 8.

2.3.2.2 Address SignalingAddress signalingriginates as dialed digits (or
actr vated push buttons) from a calling subscriber, whose local switch accepts
thesedigitsand, using that information, directs the telephone call to the desired
distant subscriber. If more than one switch is involved the call setup,
signaling is requiredbetweenswitches (both address and supervisory).
Address signaling between switches in -coentional systems is called
interregister signaling

Figure 2.3 E&M signaling.

M - - - M
Trunk - Signaling anal Signaling - Trunk
switching interface Signaling interface switching
equipment E exchqange medium exchange E _ equipment
d B




The paragraphs that follow discuss various more popular standard ac
signaling techiques such as 2VF and MF tone. Although interregister
signaling is stressadhereappropriatesomesupervisorytechniques
arealsoreviewed.

2.3.2.2.1 Multifrequency SignalingMultifrequency (MF) signaling has been
in wide use around the world for interregister signaling. It is abamd
method using fiver six tone frequencies, two tones at a time. It works well
over metallic pair, FDM, and TDM systes. MF systems are robust and
difficult to cheat. Three typical MF systems are reviewed irfahewing:

MULTIFREQUENCY SIGNALING IN NORTH AMERICAS
THE R-1 SYSTEM.

The MF signahg system principally employed in the United States and
Canada is recognideby the CCITT asthe R-1 code (whereR standsfor

Ar eqgi bisawodytof-five frequency pulse system. Additional signals

for control functions are provided by frequency comtation using a sixth

basic frequency. Table 2.2 shows the ten basic digiy ¢ghdther command

functions with their corresponding twitequency combinatits, as well as a
brief explanati on Wewi Iilot ha&lr]l atplpil $ cay
f or waygetholt is called this because few backward acknowledgment
signals are requiredhisis in contraposition to the-R system, where every
transmitteddigit must be acknowldged.

Table 2.3 CCITT No. 5 Code Showing Variations with the RL Code&

Signal Frequencies (Hz) Remarks

KP1 1100 + 1700 Terminal traffic
KP2 1300 + 1700 Transit traffic

1 700 900

2 F00 4 1100

3-0 Same as Table 4.5

ST 1500 + 1700

Code 11 700+ 1700 Code 11 operator
Code 12 900 4 1700 Code 12 operator

#Line signaling for CCITT MNo. & code is 2VF, with f; 2400 Hz and £
2600 Hz. Line-signaling conditions are shown in Table 4.7.

Source: Ref. 3. Also see Ref. 4.



CCITT NO. 5 SIGNALING CODE. Interregister signaling with the CCITT
No. 5 codas very similar to the North American-R code. Variations with
theR-1 code are shown ihable2.3. The CCITT No. 5 line signalingcode

Is alsoshownin Table2.4.

R-2 CODE. The R2 code has been denominated by CCITT (CCITT Rec.
Q.361) asa European regional signaling code. Taking full advantage of
combinations of twaut of-six tone frequencies, 15 frequency pair
possibilities are available. This numliedoubled in each direction by having
meaning in groups | and Il in the forward directi(i.e., toward the called
subscriber) and groups A and B in the backward direcaisshown in Table
2.5.

Groupsl andA aresaidto be of primarymeaningandgroupsll andB are
said to be of secondarymeaning.The changefrom primary to secondary
meaningis commandedby the backwardsignal A-3 or A-5. Secondary
meaninganbe changedackto primary mean ingsonly whenthe original
changefrom primary to secondarywas madeby the useof the A-5 signal.
Turningto Table2.5,the10digitsto besentin theforwarddirectionin theR-2
system are in group | and are index numbers 1 through 10 in the table. The
index 15 signal (groupA) indicatesi ¢ 0 n g & aninieroationakxchange
oratitso u t pTiis is adypical backwardinformationsignalgiving circuit
statugnformation.GroupB consists ohearlyalli b a ¢ kiwafrodr raadt{ i o n 0
in particular,dealswith subscribestatus.

Table 2.4 CCITT No. 5 Line Signaling Code

- a

Recognition

Sending Time
Signal Direction Frequency Duration (ms)
Seizing — fa Continuous 40 1+ 10
Proceed to send - fa Continuous 40 +10
Busy flash — fa Continuous 125+ 25
Acknowledgment > fa Continuous 125 + 25
Answer — fa Continuous 1251 25
Acknowledgment — fa Continuous 125+ 25
Clear back < fa Continuous 125+ 25
Acknowledgment » fa Continuous 125 + 25
Forward transfer - fa 850 1 200 ms 1254 25
Clear forward — fi+fa Continuous 1256+ 25
Release guard < fi+fa Continuous 125+ 25

fy = 2400 Hz; f> — 2600 Hz.
Source: Ref. 10.



Table 2.5 European R2

Frequencies (Hz)

Forward
1380 1500 1620 1740 1860 1980 Direction I/11

Index MNo. for Backward
Groups /Il and A/B 1140 1020 0o 780 660 540 Direction A/B

1 X X

2 X x

3 X X

4 X x

5 X X

6 X X

i X X

8 X X

9 x X

10 X X

11 X X
12 X X
13 X X
14 X X
15 X X

The R2 line-signaling system has two versions: the one used on analog
networks is discussed here; the other, used-biPEM networks, was briefly
covered in Chapter
6. The analog version is an eof-band toneon-when idle systenirable 2.6
shows the line conditions in each direction, forward and backward. Note that
the codetakesadvantage of a signal sequence that has six characteristic
operating conditions. Letsconsider several of thesenditions.

Seized.The outgoing exchange (caltiginating exchange) removes the
tone in the forward direction. If seizure is immediately followed by
release, removal of the tone must be maintained for at least 100 ms to
ensure that it is recognized at the incoming end.

Ansvered.The incoming end removes the tone in the backward direction.
When another link of the connection using tamewhertidle continuous
signaling precedes t he out goi nogf fex cchoanndgiet,
must be established on the link as soon as itet®gnized in this
exchange.



Table 2.6 Line Conditions for the R2 Code

Signaling Conditions

Operating Condition

of the Circuit Forward Backward

1. Idle Tone on Tone on

2. Seized Tone off Tone on

3. Answered Tone off Tone off

4, Clear back Tone off Tone on

5. Release Tone on Tone on or off
6. Blocked Tone on Tone off

Table 2.7 Audible Call Progress Tones Commonly Used in North America

TABLE North American Push-Button Codes
Dial Pulse Multifrequency
Digit (Breaks) Push-Button Tones

0 10 941,1336 Hz

1 1 6971208 Hz

2 6971336 Hz

3 3 6971474 Hz

4 4 770,12009 Hz

5 5 770,1336 Hz

6 6 7701477 Hz

7 7 8521209 Hz

B 8 8521336 Hz

9 9 8521477 Hz
TABLE Audible Tones Commonly Used in North America

Tone Frequencies (Hz) Cadence

Dial 350 + 440 Continuous
Busy (station) 480 + 620 0.5 s on, 0.5 s off
Busy (networl congestion) 480 + 620 0.2 son, 0.3 s off
Ring retum 440 + 480 2 son, 4 s off
Off-hook alert Multifrequency howl 1 s0on,1 soff
Recording warning 1400 0.5 son, 15 s off

Call waiting 440 0.3 son, 8.7 soff




Clear Back.The incoming end restores the tone in the backward direction.
Whenanother link of the connection using temewhentidle continuous
signaling precedes the out goi nogf fex cchoanndgiet, i
must be established on this link as soon as it is recognized in this
exchange.

Clear Forward.The outgoing endestores the tone in the forward direction.

Blocked.At the outgoing exchange the circuit stays blocked as long as the
tone remains off in the backward direction.

2.3.3 Subscriber Call ProgressTonesand PushButton
Codes(North America)

Table 2.7 shows the ailde call progress tones commonly used in North
America as presented to a subscriber. Subscriber subsets are either dial or push
button, and they will probably be all push button in the next ten years. A push
button actuates two audio tones simultaneowssiyilar to the multifrequency
systems described previousiyth interregister signaling. However, the tone
library used by the subscriber is differahtinthe tone library used with
interregister signaling. Table 2.8 compares digital dialed, dial p(liseaks),

and multifrequency(MF) pushbuttontones.

2.4 COMPELLED SIGNALING
In manyof thesignalingsystemsliscussedhusfar, signalelemendurationis
animpor- tant parameterFor instancen a call setupan initiating exchange

sendsa 100-ms

Table 2.8 North American PushButton Codes

o Dial Pulse Multifrequency Push
Digit (Breaks) Button Tones

941,1336 Hz
09/7,1209 Hz
0Y/,133b6 Hz
09/,14/4 Hz
(70,1209 Hz
(/0,133b Hz
((0,14/(( Hz
892,1209 Hz
892,1336 Hz
852,1477 Hz
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© C~CUPLUNFO
© C~CUPUNFO




Qutgoing register Incoming register

Forward signal >
—_— -
-

Acknowledging backward
signal

Time

Next forward signal

Acknowledging backward
signal

Receiving

Sending I

Figure 2.4Fully compelled signaling procedure.

seizure signal. Once this signal is received at the distant end, the distant
exchange sends a Aproceed to sendbo
in the case of thB-1 system, this signal is 140 ros more in duration. Then,
on receipt of fiproceed to sendo the
In the case of R, each digitisan  MF pulse of-&& duration with 68 ms
between each pulse. After the last address digit an STofegmdsing) signal
is sent. In the case of-Rthe incoming (faend) switch register knows the
number of digits to expect. Consequently there is an explicit acknowledgment
that the call setup has proceeded satisfactorily. ThussRx good example of
noncomelled signaling.

A fully compelled signaling system is one in which each signal continues
to besentuntil an acknowledgmenis received.Thussignal durationis not
significantandbearsno meaning. The R and SOCOTEL are examples of

fully compelled sigaling systems Figure 2.4 illustrates a fully compelled
signaling sequence. Note the small overlap of signals, causing the
acknowledging (reverse) signal to start after a fixed time on receipt of the
forward signal.



This is because of the minimumme required for recognition of the
incoming signal. After the initial forward signal, further forward signals are
delayed for a short recognition time (see Figure 2.4). Recognition time is
normally less than  8@s.

Fully compelled signaling is advantageous in that signaling receivers do not
have to measure duration of each signal, thus making signaling equipment
simpler and moreeconomical. Fully compelled signaling adapts automatically
to the velocity of propagaion, to long circuits, to short circuits, to metallic
pairs, or to carrier and is designed to withstand short interruptions in the
transmission path. The principal drawback of egmelled signaling is its
inherent lower speed, thus requiring more time fduseSetup time over
spacesatellite circuits with compelled signaling is appreciable and may force
the system engineer to seek a compromise signaling system.

There is also a partially compelled type of signaling, where signal duration
is fixed in both foward and backward directions according to system
specifications; or thierwardsignal is of indefinite duration and the backward
signal is of fixed duration. THerward signal ceases once the backward signal
has been received correctly. CCI®Bignaling System No. 4 (not discussed in
this text; see CCITT Recs. Q.120 to 130) is an example of a partially
compelled signalingystem.

25 CONCEPTS OF LINK-BY-LINK VERSUS END-TO-END SIGNALING

An important factor to be considered in switching systengddbat directly
affects both signaling and customer satisfaction is postdialing delay. This is
the amount of time it takes after the calling subscriber completes dialing until
ring-back is received. Rindpack is a backward signal to the calling sulisaari
indicating that the dialed number is ringing. Postdialing delay must be made
as short as possible.

Another important consideration is register occupancy time for call setup
as the setup proceeds from originating exchange to terminating exchange.
Call-setup equipment, that equipment used to establish a speech path through
a switch and to select thgroperoutgoing trunk, is expensive. By reducing
register occupancy per call, we may be ablethucethe numberof registers
(and markers)per switch, thus savingmoney.

Link-by-link and eneto-end signaling each affect register occupancy and
postdialing delay, each differently. Of course,we are consideringcalls
involving oneor moretandem exchanges in a call setup, because this situation
usuallyoccurs on longlistance or toll callslink-by-link signalingmay be
definedasasignalingsystemwhereall interregisteaddress information must
be transferred to the subsequent exchange in theatalb routing.



Once this information is receivetithis exchange, the preceding exchange
control unit (register) releases. This same operation is carried on from the
originating exchange through each tandem (transit) exchange to the
terminating exchange dfiecall. The R-1 systemis an exampleof link-by-
link signaling.

Endto-end signaling abbreviates the process such that tandem (transit)
exchanges receive only the minimum information necessary to route the call.
For instance, the last four digits of a sedgit telephone number need be
exchanged only between tlgiginating exchange (e.g., the calling
subscriber 6s | o ctal exchangeimthercal sep)amdthe h e f |
terminating exchange in the call setup. With this type of signaling, fewer digits
are required to be sent (and acknowledged) fantbeallcall-setup sequence.
Thus the signaling process may be carried out much rapidly, decreasing
postdialingdelay. Intervening exchanges on the call route work migds,
handling only the digits necessary to pass the call to the next exchahge in
se quence.

Thekeytoendoe nd signaling is the concept
the regis ter (control unit) in the originating exchange that controls the call
routing until a speech path is setup to the terminating exchange before
releasiny to prepare for another call setup. For example, consider a call from
subscribeX to subscribely:

Originating Terminating
exchange Tandem exchanges exchange

/

@@ .............. .,

The telephone number of subscrilyas 345 6789. The sequence of events is
asfollows using endo-end signaling:

1 A register at exchange OE receives and stores the dialed number 345
6789 from subscribex.

1 ExchangeOE analyzeghe numberandthenseizesa trunk (junction)
to exchange
B. 't then retexranwks i gimalocieredi cat i
atB is ready to receive routing information (digits).

1 Exchange OE then sends digits 34, which are the minimum necessary to
effectcorrecttransit.

1 ExchangeB analyzeghedigits 34 andthenseizesatrunk to exchangeC.
Exchanges ORndC arenow in directcontactandexchangeBd eegister
releases.



1TExchange OE recteserdotdiegrmaplCaridreend e
then sendsligits 45, thoserequiredto effect propertransitat C.

1 ExchangeC analyzedigits 45 and then seizes a trunk to exchange TE.
Direct communication is then established between the leading register for
this call at OE andhe registerat TE beingusedon this call setup.The
registerat C thenreleases.

1Exchange OE mwoecedwosenrdot Beghfipgk from
towhich it sendsdigits 5678,the subscribemumber.

1 Exchange TE selects the correct subscriber line and retukspback,
line busy,out of order,or otherinformation after which all registersare
released.

Thus we see that a signaling path is opened between the leading register
and the terminating exchange. To accomplish this, each exchange in the route
mu st Aknowo its | ocal routing arran:
register those digits heeds to route the call further along its proper course.

Again, the need for backward information becomes evident, and backward
signaling capabilities must be nearly as rich as forward signaling capabilities
when such a system is implemented.

R-1 is a sgtem inherently requiring little backward information
(interregister) Thelittle informationthatis neededsuchasii p r cotoeemd , 0
is sentvia line signaling.The R-2 system has major backward information
requirements, and backwardformation andeven congestionand busy
signalssentbackby interregistersignals(Ref. 5).

26 EFFECTS OF NUMBERING ON SIGNALING

Numbering, the assignment and use of telephone numbers, affects signaling

as well as switching. It is the number or thenslated number, as we found

out in Section 1.3. 2, t hat routes th
Anonuni for mo numbering. How does e
numbering can simplify a signaling system. Masiform systems in the

nontoll or Iacalarea case are based on seven digits, although some are based

on six. The last four digits identify the subscriber. The first tdige its (or

the first two in the case of a sihgit system) identify the exchange. Thhe

local exchange or transsixchanges know when all digits are received. There

are two advantages to this sortsmheme:



1. The switch can proceed with the call once all digits are received
because whenttiekstdigiw &itherthe sixth or seventhhas

beenreceived.
2 AKnowi ngo the number of digits to
control and mimkeeds fti me out o

For nonuniform numbering, particularly on direct distance dialing in the
international service, switches require considerably more intetlegeuilt in.
It is the initial digit or digitsthatwill tell how manydigits areto follow, at
leastin theory.

However, in local or national systems with nonuniform numbering, the
originating register has no way of knowing whether it has received the las
digit, with the exception of receiving the maximum total used in the national
system. With nonuniform numbeng, an incompletely dialed call can cause
a useless call setup across a network up to the terminating exchange, and the
call setup is releasashly after time out has ruits course. It is evident that
with nonuniform numbering systems, national (and intetioaal) networks
are better suited to signaling systems operating end to end with good features
of backwardinformation,suchasthe R-2 system(Ref. 5).

2.7 ASSOCIATED AND DISASSOCIATED CHANNEL SIGNALING

Here we introduce a new concept: disassociated channel signaling. Up to now
we have only considered associated channel signaling. In other words, the
signaling is carried right on its associated voice channel, whetiamnith or
out-of-band. Figure 2.5 lils- trates two concepts: associated channel and
separate channel signaling, but still assatgd. E1 channel 16 is an example.
It is indeed a separate channel, but associated with tieae&Bthel group of
traffic channels. We will call thiquastassocated channel signaling.
Disassociated channel signaligwhen signaling travels on a separate and
distinct route than the traffic channels for which it serves. CCITT Signaling
System No. 7 uses either this type of signaling or gassociated channel
signaling. Figure 2.6 illustrates quassociated channel signaling, whereas
Figure 2.7 shows fully disassociated chael signaling.



2.8 SIGNALING IN THE SUBSCRIBER LOOP

2.8.1 Background and Purpose

In Section 5.4 we described logfart signaling, although we did not call it
that. Wherasubscriber takes a telephone-béfok (out of its cradle), there is
a switch closure at the subset (see the fsvakch in Figure 5.3), current flows
in the loop alding the serving

4 Ti me out 0 i s-setuheguipmensaad réturnroidialdoheta a | |
subscriber as a result of incomplete signaling procedure, subset left off hook,
and so forth.

Exchange A Signal Trunks Signal Exchange B
= be{sF} —{SF ] =
= Switch Switch =
1 network - SF {SF ework =
— ->{ SF | {sF =
sender receiver
Processor Processor

Associated Channel Signaling
(Conventional SF-MF)

Exchange A Trunks Exchange B
— —
~— [r—
] Switch Switch [~
] network network p—
— —
Processor = Ces CCs P
terminall | gignaling terminal[ ] T rocessor

Separate Channel Signaling

Figure 2.5 Conventional analog associated channel siggdlippel versus
separate channel signaling (which we call qqaasiociated channel signaling)
(lower).



Note:Signaling on upper drawing accompees voice paths; signaliran the

lower drawing is conveyed on a separate circuit (or time slot). €CS
common channel signaling such as CCITT Signaling System No. 7.exchange
that service is desired on that telephone. As a result, dial tone is returned to
the subscriberThis is basicsupervisorysignalingon the subscribetoop.

A problem can arise from this form of signaling. It is caligare. Glare is
the result of attempting to seize a particular subscriber loop from each
direction. In this case it would be an outgoing aalll an incoming call nearly
simultaneously. There is a much greater probability of glare with a PABX than
with an individual subscriber.

Groundstart signaling is the preferred signaling system when lines
terminate in a switching system such as a PAB&pérates as follows: When
a call is from the local serving switch to the PABX, the local switch
immediately grounds the conductor tip to seize the line. With some several
seconds delay, ringing voltage is applied to the line (where required). The
PABX immediately detects the grounded tip conductor and will not allow an
outgoing call from the PABX to use this circuit, thus avoiding glare.

In a similar fashion, if a call originates at the PABX and is outgoing to the
localserving exchange, the PABX grouris ring conductaio seize the line.
The sering switch recognizes this condition and prevents other calls from
attempting tdeminate the circuit.

The switch now grounds the tip conductor and returnstolied after it
connects a digit receiver. Tleecan be a rare situation when double seizure
occurs, causing glare. Usually one or the other end of the circuit is
programmedo back down and allow the other call to proceed. A ground start
interface is shown in Figure 2.8.



Speech
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O Switching points

Figure 2.6 Quastassociated channel signaling, typical ef Ehannel 16. As
shown, the signaling trawels on a separate channel but associated with its
group of traffic channels for which it serves. If it were conventional analog
signaling, it would be just one solid line, where the signaling is embedded
with its associated traffic.

Terminology in signalingften refers back to manual switchboaods
specifically, tothe plug usedwith theseboardsandits correspondingack
asillustratedin Figure
2.9. Thus we have tip (T), ring (R), and sleeve (S). Often only the tip and
ring are used, and tlseeve is grounded and has no real electrical function.



Figure 2.7 Fully disassociated channegsaling.

Figure 2.8 Groundstart interface block diagram.



