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Introduction

*What are semi-duplex and simplex?

PSTN switching is based on circuit switching by duplex*
connections

Temporary bidirectional connections
Originally for speech (voice) only at 300-3400 Hz

Earlier two subscribers connected by purely physical
connection (physical switch contacts)

Nowadays by time slots ~ ISDN is integrated to PSDN
PCM is the TDMA standard for the digital transmission
PCM time slots consist of 8 bit samples

For voice digital exchange sets up 64 kbit/s connections

Data connections by (1) modems, (2) ISDN interface
(3) leased lines via X.25 / Frame relay, or (4) ADSL

PCM: pulse coded modulation
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History

1876 A. G. Bell telephone patent Strowger switch

1878 The first exchange constructed in La Porte, the US
= could connect any two of the 21 subscribers

= manual switching (1)

1891 first automatic exchange: Strowger Switch by Almon

B. Strowger: an undertaker in Kansas City
A 100 line '1{ i ¥ 1%’
Strowger switch: __| 1
= each user has its /

own selector
[] [ ]
= NO concentrators - W

= expensive

A
via selectors
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An early analog PBX: 100 subscriber
exchange (Subscriber controlled call set-up)

LS1 /\ 1
10 < \ CFL Gs1 / J
A-subs. : . B-subs.
10,7\ CF10 GS10 /
\' |/ >L510 1
MAIN PARTS: Call setup:

- Call finders (CF)
- Group selectors (GS)
- Line selectors (LS)

1. A-sub. picks up handset (CF detects)
- exchange sends line available -tone
2. A-sub. Send pulses (GS, LS activated)
- exchange sends ringing tone
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An early exchange, call setup

One of the 100 subscribers lifts his handset -> Call finder
is activated to search the line.

After the line is located other relays connect the dial-tone
generator.

The subscriber selects two digits.

The first digit selects the subscriber group by using the
group selector.

The second digit selects the line selector.

Selection is done by sending pulses that move the
selectors stepwise.

When connection is established a ringing tone is sent.

Note that only 10 subscribers of 100 can call at the same
time to different numbers! (why?) (concentration is 1:10)
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PSTN exchange development

= Register-controlled setup (1920 -)
= B-subscriber number receiver by a register

= register controls all the remaining call setup stages
= Distributed control

= Markers indicate idle switches

= Thus markers control path routing

Efficient use of switches

= Stored program control, 1960s and 1970s (SPC)

= New services
= supervision (operation & maintenance O&M)

ore flexibility
services

M
&

HUT Comms Lab., Timo O. Korhonen

= integrated charging
= gathering statistics
= IN services
= Easier updating and maintenance

1960

Categorizing switching

| Broadband (optical)

Broadband

SPC aigital switching |

|$P¢.analug switching ||

| Crossbar switch ||

Step-by-step [

SPC: Stored program con

1950

1860

HUT Comms Lab., Timo O. Korhonen

1970

= ‘Yoar
1980 1900 2000 2010 2020

trol




Some features in PSTN of “60
= Cail Ioadlng was used to enhance higher frequency range
R L
R i

c— C = [
R L R
— e
= Frequency division multiplexing (FDM) with single
sideband (SSB) modulation was used in trunk networks

Channal c -—-f-'Lj ' i
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Channel B —s . —
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Some features of PSTN of “60 (cont.)

= Network intelligence and value-added services
= not supported as such
= operators were anyhow intelligent :)

= value added services by tracking what happens in
the areal

= Inter-exchange signaling
= call setup took about 15 seconds
= channel-associated signaling (CAS: No.5, R1,R2%)
= about 10% of trunk line capacity was taken by
signaling
= Operation and maintenance
= using local info-bases and local workforce

= network maintenance was based on on-field check-ups
*nowadays in ISDN & PLMN: common channel signaling (CCS): SS7
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Present-day PSTN ‘terminals®

= Fixed-line phones (analog, ISDN)
= Cordless phones (PBX-RF interface: DECT?)
s Fax
= Pay phones
= Private Branch Exchange (PBX)
= Gateways to Public Land Mobile Networks (PLMN):
= GSM
= wireless local area networks (WLAN)
= Local loop data extensions
= modems
= ADSL technology

= (leased lines)

1Means here interfaces to other nets & equipment

2DECT: Digital Enhanced Cordless Telecommunications
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Present-day PSTN services Added

Basic

. . Supplementary
= Basic service

= Bearer service (local loop access): analog (/ISDN)
= Value-added services (telephonist-originated) services as
= directory inquiry (118)
= weather, stock exchange, ticket reservation ...

= Supplementary services (Intelligent Terminal (IN)
implementation)

= distributed supplementary as ‘call forwarding
unconditional’, ‘call waiting’, ‘queuing’ ...

= centralized supplementary services (IN) use specialized
routing & charging as VPN, credit card calls, free phone
(receiver pays), universal access number (connected
automatically to the nearest office), ...
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PSTN today summarized

s Gets still more subscribers!

= ISDN very popular in switches (in Finland all-digital
exchanges)

= ISDN getting popular also for local loop access

= Versatile access part

= Conventional local loop technology develops fast
= Remote controlled O&M

= IN services fully-developed - Intelligence moves to
terminals

= Fiber-optical DWDM links connect exchanges
= Common channel signaling (SS7)

= SDH-based (Synchronous Digital Hierarchy) trunk-
networking
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Analog local loop interface

201 - — = - 20 M
Digital-lines to
ISDN central office
P 0 rruk | | i ma
I e | e
ol e
P -~ ;m“‘*-.\ o r"-\ - Wurnber "R ¢ -
/ S 'H.\DD-EFI'.‘_, N ekght off currénl pulsas
| | g ]
[ & & b
b Ay et Handse Eath pulse monses the Handset
b | | . goeas "ol “sbep by step” rotary s e
e - & haok® awilch fanvard ang k™
e e positan nangup.

per trunk signaling

in local loop:

- long setup time

- hacking easy

- voice grade circuits
il - interference & cross-talk

Analog-line ! sensitiv_e

- expensive

Twiwténd i
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Basic telephone terminal

= A basic phone can be - — 7
made by using just e
four units {rl? 1
= The bell :

ok switcl

= The hook switch 0

= The keypad Micraphane .

= The speech circuit
= Modern keypads use dual-tone dialing
= The speech circuit adapts =

voice levels and isolates
mic and speaker

Aeceiver

Microphone

I
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Dual-tone dialing

= Dual-tone dialing is used in subscriber loop to transmit the

selected B-subscriber number

= Earlier pulse selection was applied (very rare nowadays)

Tone generalor

L

1209 1336 1477 Hz  Tpne generator

njnjoke
A6 &
u |ii (g | 852 Hz —C3}
A DREer @
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Basic modules of a modem

= Diagnostic unit

= Checks faults and controls the modem
= Interface and line units

= Adapt the modem and terminal

= Modem performs A/D and D/A conversion and select rate
such that transmission quality criteria (error rate) can be

meet
) emod.
*g’_ Interface [ \od Iy ——
e and ! Line
3 check - - unitiey
© Diagnostics
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What is specified in a modem
recommendation?

= Data signaling rates, symbol rates, carrier frequencies
pre-emphasis, scrambler, framing, encoder

= Interface circuits

= Start-up signals and sequences

= Operating procedures

= Testing facilities

= There are two kind of modems specified by ITU-T:

= Digital modems: Generates G.711 signals and receives V.34 signals
passed through a G.711 encoder. Connected to a digital switched
network through a digital interface

[ Analog modems: Generates V.34 signals and receives G.711 signals
that have been passed through a G.711 decoder in an analog PSTN

local loop
G.711 (11/88) - Pulse code modulation (PCM) of voice frequencies

V.34 (02/98) - A modem operating (up to 33 600 hit/s) for use in 22wire anadog PSTN
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Some modem specifications

= ITU-T specifies several modem standards as

= V.26 (11/88) - 2400 bits per second modem for use on
4-wire leased lines

= V.27 (11/88) - 4800 bits per second modem for use on
leased lines

= V.27ter (11/88) - 4800/2400 bits per second modem
for use in the general switched telephone

= V.29 (11/88) - 9600 bits per second modem for use on
point-to-point 4-wire leased lines

= V.90 (09/98) - 56 000 bit/s downstream and up to 33
600 bit/s upstream modem for use in the general
switched telephone
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Connecting V.34 (33.6 kb/s) modem

Central Office Central Office
Encode & Decode
(410 (=] l

64 kbits/s PCM 64 kbits/s PCM
End-user = or A-Law = or A-Law
V.34 ) 8 KHz 3 KHz Hyhrid
Modem 8 bits/level 8 bits/level .

Encade < '
[AID)
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Fax communications over PSTN

= Faxes follow standard PSTN modem communications
recommendations or IEEE recommendations, as V.17
(02/91) (- Wire modem for facsimile applications with rates up to 14
400 bit/s)

= Faxes are divided into groups:

Group 1 (“68): Analog scanning, 2400 bits/s

Group 2 (" 76): Analog scanning, 4800 bits/s

Group 3 (“80): Digital scanning, 14400 bits/s

= Group 4 (“84): Digital scanning, 64 kbit/s (ISDN)

= Example of modules in group 3 transmitting fax:

A4/US letter, Gray scales Modified QAM, V.27ter/
1144 lines by dithering Huffman V.29

I Scanning -I Coding -ICompron iModem (D/IA) >
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PSTN in ITU-T standards www.itu.org)

= Series D Recommendations - General tariff principles

= Series E Recommendations - Overall network operation,
telephone service, service operation and human factors

= Series G Recommendations - Transmission systems and
media, digital systems and networks

= Series | Recommendations - Integrated services digital
network (ISDN)

= Series M Recommendations - Network maintenance:

international transmission systems, telephone circuits,
telegraphy, facsimile, and leased circuits

ITU: International Telecommunications Union
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More PSTN standards...

= Series O Recommendations - Specifications of measuring
equipment

= Series P Recommendations - Telephone transmission
quality, telephone installations, local line networks

= Series Q Recommendations - Switching and signaling
(Signaling Systems no:4,5,6, and 7, Register Signaling no:
R1, R2, IN - Service)

= Series V Recommendations - Data communication over
the telephone lines
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Example: Q-recommendations:
SW|tCh | ng and S|g nal I | ng* (Illustrative examples denoted by arrows)

Lm0 ) P by 1 Sy s e -
Gy and gl ]
o1 Stgnad mecetvers for mansal working
0l Signal recuivers Tor musimatic and semi-automatic witing, used far manual wirking
0.4 dujtmatic Fwitehing funstens Tor wis in nathenal metwors
5 Sedvpntages of seme-miomatic sarace m the intematonal keEphons Erece
LG adventages of ntemabonal suismeatic working
o7 Stgnating Sysbems o b used for International automatic and semi-anmatic telephone working
0.8 SighaliEng Faabaim o be wad fof inbar national manual and aulasatie working of analogu leised cinous
0.9 Wodabulary af wiching and dgnalling L
Q, 1 Defretions releding to netional snd internationed nusberng plans
Q1 1bis Hembering plen for the B0H are
0. 11ber Temetabde for coordinated tmplementation of the ful capability of the numbering plan Tor e 150M era

{Recommendation L. 154}
(g DTy « albermative routing - rerouting - sstomatic repeat atiempt
0.13 Intsrnational teliphars routing plan
0,14 Wrand o centrol the aurbar of ietellite links inan intermational el phens conmection
5 Momenal mean power durng the busy hour
0% Wermum permeszible vakes for e gbsclube povesr avalof a signalbsg pulsa
0.0 Comparative advantages of "in-band” and Tut band spstems
Q. Sysleir redosimerdad fir oul-band Signating
Q.13 Frocpuinc i, tor ke arisd fizr in-land signalling
0.2 Tachrece] feabures of push-buthon balmphores ety
Q4 #ulbfregeency push-ation signed recepbon

*http:// Irec/recommendation.asp?type=products&lang=e&parent=T-REC-Q
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Switching and signalling (cont.)

053 y anal feitching centert and dland-aloss ache contic] device

0,55 Sagnateng between signal processing network eqapment (SFHE] and nbematoned maaching centres (155}

035 Sxgnaling Detseen signal processing network egapment [SFHE| and inbemational swiching cenbres (155} ower an P
nEtwerk

085 This il functiona | sethadalogy fof the characterizatian of Herdoes mnd nebwork apaliitieg

068 Chvarview of methodoiogy for developing menagement ervices

0.7 150H cirouit mode Switched bearer services

073 Sxape I dise ription far guckst Sade serviced

0,7 Sarvice procedures for Universal Personal Tetlemmmumicabion - Funcbonal sodeteng and indormaton fiows

.50 Inbrodue tion o stage I service descriptions Tor supplementary services

0.81.1 Chrmet diallireg-in

nE1.2 Wulbpie subscribes nusbar

0.51.3 Calling ¥ne identification presentation (CLIP) and calling Bne identification restriction (CLES)

0815 Conrmcted lifm | dimntilc A1, preseniatdion and ¢ an (OO Phand (CDLRY

08,7 B hictoues cad seentificaton (WCIDD

0.81.8 Sub-pddrassing [SUB}

0,831 Call brargra

0.8:.12 Call forwandng

0513 Call defiection

Q.54 Lire husting,

L T Espincit cafl trarefer

051 Call wialting {OW)

0.83.2 Call hedd

080 Stage 2 demcripton for call complaton supplementary Barvices | Completion of call o by subscriber

0.53.4 Tarminad portabddcy

Q.84 1 Confarence caling (O

HUT Comms Lab., Timo O. Korhonen

If you don't find it from Recommendations something
is lost: How to use pay phones?

= Recommendation E.134 (03/93) - Human factors aspects
of public terminals: Generic operating procedures

User action

Terminal

ty

ype . Means . . . .

Initialization of payment Identification Communication Next End
Payphone Lift handset Insert means Input number Transfer Press desig- Replace
of payment (Address) information nated button handset

Public fax Place Insert means Input number Transfer Press desig- Automatic
(Sendmode) document of payment information nated button

Public fax Place Insert means Input number Transfer Press desig- Automatic
(Receive document of payment (of Network information nated button

mode) Node)

Public Insert means Select option Transfer Select another

Videotex (if required) information option
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HUT Cc

Switching:

Transfer modes & connections

Circuit switching

- developed for voice

- nowadays also for data
- well-specified delays

- echo problems

Packet switching

- developed for data

- nowadays also for voice
- Statistical multiplexing

- variable delays

Connection oriented

- hand-shaking
- strict error requirements
- for fast data transfer

Connectionless

- broadcasting
- modest error rates
often accepted
- fast data in good channels




