Chap-7 (Wide Area Network)

Chapter 7 Wide Area Networks

Wide Area Networks — BackBone Network
7.1 Introduction
7.2 Transmission systems (WAN Technologies)
-> Bandwidth
7.3 Switching systems (Routers in Backbone)
7.4 Signaling systems
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7.1 Introduction (1)

PSTN, ISDN

Three hierarchical sub-networks
— local access and switching networks
» LE: Local Exchange
» EO: End Office
— Inter-exchange trunk/carrier networks
— International networks
Local exchange carriers (LXCs)
Inter-exchange carriers (1XCs)

Three inter-related systems for overall network
— transmission

— switching

— signaling
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7.1 Introduction (2)

e Transmission systems
— customer line, subscriber line
« in PSTN, analog transmission
» a BW of 200Hz to 3.4kHz
 in ISDN, digital transmission : digital subscriber line (DSL)
» 1.5Mbps or 2Mbps (24calls/30calls)

e Switching system
— to support a defined number of simultaneous calls/connections

« Signaling system
— transfer of a defined set of control message
» call control
» connect control
— Dbetween calling and called subscriber
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7.2 Transmission systems

e Transmission system
— In the local access network
» PSTN : &3 20l
» XDSL : & 3t 2+ 91 E Digiatal2 H&tAI2] A
» Digital line

— In the trunk network
» digital transmission via switch
» PDH: plesiochronous digital hierarchy
» SDH: synchronous digital hierarchy

* Analog subscriber lines
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4-wire-to-2-wire hybrid e } fom microphone
o/ from Awirator 24wire A = analog speach signal from this hondset
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Access network structure Ty e
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PSTN modems (1)

* The representation of digital information by an analog signal
— ex: transmit data from an computer to a public telecommunication

line

e Basedon
— Amplitude Shift Keying (ASK)
— Frequency Shift Keying (FSK)
— Phase Shift Keying (PSK)
— Quadrature Amplitude Modulation (QAM)
» combines changes in both amplitude and phase
 used in all modern modems
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FSK Encoding
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PSK Encoding
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PSTN modems (2)

Amplitude Shift Keying (ASK)

— the strength of the signal is varied to represent binary 1 or O
— both frequency and phase are constant
— Problem

 noise interference: by heat or electromagnetic

» changes the amplitude

— on-off-keying:

 one of the bit values is no voltage

* reduction in amount of energy for transmission

— Bandwidth for ASK
e BW = (1+d) x Np,q
— d : a factor related to the line condition
— Npaq: baud rate
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PSTN modems (3)

Phase Shift Keying (PSK)
— the phase is varied to represent binary 1 or O

— Type of PSK
o 2-PSK (See Figure 5.30 and 5.31)
— a phase of 0 degrees is binary 0
— a phase of 180 degree is binary 1
o 4-PSK (See Figure 5.32, and 5.33)
— a phase of 0 degrees is binary 00
— a phase of 90 degree is binary 01
— a phase of 180 degrees is binary 10
— a phase of 270 degree is binary 11
» 8-PSK (See Figure 5.34)
— Bandwidth for PSK
e Minimum bandwidth = N baud
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PSTN modems (4)

e Quadrature Amplitude Modulation (QAM)

— combining ASK and PSK in such a way that we have maximum
contrast between each bit, dibit, tribit, quadbit, and so on

— various configuration (see Figure 5.36)

o 4-QAM (2bits)
— 1 amplitude and 4 phases

* 8-QAM (3bits)
— 2 amplitudes and 4 phases

o 16-QAM (4bits)
— 3 amplitudes and 12 phases : ITU-T recommendation
— 4 amplitudes and 8 phases : OSI recommendation
— 2 amplitudes and 8 phases

— Bandwidth for QAM
e the same for ASK and PSK transmission
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PSTN modems (5)

2-wire switched connections
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PSTN modems (6)
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ITU-T modem standards
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ITU-T

V-series modem standards
for use with analog subscriber lines

V.24 /EIA-232D

linterface definition]

I—I—I

2 / dwire Zowire
leased circuits switched circuits
| |
V.23 600 or 1200 bps V.21 300/300 bps duplex
V.26 1200 or 2400 bps V.22 1200/1200 bps duplex
V.27 2400 or 4800 bps V.22bis 2400/2400 bps duplex
V.29 4800 or 9600 bps V.23A 75/ 1200 bps duplex
V.33 14400 bps V.29 4800 or 9600 halfduplex
thalfduplex 2-wire V.32 4800 or 9600 bps duplex
duplex 4-wire| V.32bis 14400 bps duplex

V.34 19200 or 240007r 28800 or 33600 duplex:
V.90 up to 56kbps duplex
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Quantizing using sign and magnitude

024 (LT 013 10001111 +125 0eLeeio.
+038 00100110 — 080 11010060 110 011011140
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7.2.3 Digital subscriber lines

e NTU
— Network Termination Unit
e B-channel : Bearer
» 64Kkbps user channel
» D-channel : 16kbps signaling channel
— 2B + 1D : 64*2 + 16 = 144kbps duplex
e 48 bit frames for time-sharing 2B and D channel
» 8B1, 1D, 8B2, 1D, 8B1, 1D, 8B2, 1D
» 16 bits * 2B ch + 4 bits * D ch + 12bits
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ISDN network termination: 4-port NTU

Subscriber fterminal [S/THnrterace

NTL
Analog .
I A Sbus
LTL)
|ser ||..|||n aface
pﬂ?Elﬂg . 9B +D
LTU L8 + 0
e
aital [==rF=—| D _
DI%IE’H:I' _ L= Ty
O
Digital Ty
TE “
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ISDN network termination: S-bus NTU
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Digital

TE

NT = network termination
NTU = network termination unit
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TA = teming :Jci{:pmr
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(<)

—-|~E | superrome = B rames T |~
] 2 £ Fi 5 & 7 H
E— —
.—'—'_'_'_'_'_'_'_'_ —_——_———\—.
- | rama = 240 bits
18 214 &

sync. word | user data field = 12 x (8B1 + BB2 + 20| | Mebils

2B+D bit-stream
. 18 bit synchronization word
. 12 groups of 18 bits : user data field
. Maintenance message
Example 7.1
Q) bit rate and baud rate of BRI line
A) 64 x 240/96 = 160 kbps (12x8 = 96bits per B channel)
80 k baud (2bits per signal element)
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T1 line: 1.544 Mbps PRI: frame and multi-frame structure
193 bits / 125 * 10 sec=1.544 Mbps

(b)
— o Cne multifrome = 24 frames e~
|25us
—_— -,y
—124( 1213|4367 (82101121131 TS TG AT |
-t Cine frame = 193 bits -
FIT1 234516171811 1213141510181 {213 &
— -k | - i o
T Time slof 1 Time slot 2 Time slot 24
Frame bit
F-bif

Note: Frame alignment signal (FAS) = Fbits from fromes 4, 8, 12, 16, 20, 24 and these are set 1o 001011 respactively
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El line: 2.048 Mbps PRI: frame and multi-frame structure

256 bits / 125 * 10° sec= 2.048 Mbps

(=)
— |-y One multitrame = 16 frames - |- ————
125us
SE— -
1510 | 11213145 a1 8% 10T TEFLE] ]k TSR
-l One frame = 2548 bils -
Time skl O Time slot 1 Time slol 2 Time slot 31
e e -uj N |-ai e =allf — — | -ag N
1 Z21--18 1 21 --18 | 2l1--18|--——-—-1]1 2 |1--18
x | G0 ] 1 o | 1 Contents of time slot O
in alternate tframes
x I s = ® % ® P
— = Frame alignment signal -
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7.2.4 Plesiochronous digital hierarchy

A hierarchical way by progressively multiplexing together
multiple lower-level multiplexed streams

e Justification bits

— compensate for the small differences in the timing of
each stream

example: E1 is 2.048 Mbps
E2=4%*2.048 + JB =8.192 + 0.256 = 8.448Mbps

e Drop-and-Insert or Add-Drop Multiplexer (ADM)

— multiplexing and demultiplexing of BW for user
requirement and transmission
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CSU(Channel Service Unit)
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DSU (Digital/Data Service Unit)
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7.2.5 Synchronous Digital Hierarchy

« SDH
— developed by Bellcore under SONET
« Synchronous Optical NETwork
— basic transmission rate
» 155.52 Mbps
e STM-1 : synchronous transport module level 1
» STM-4: 622 Mbps
» STM-16: 2.4 Gbps
« SONET
— synchronous transport signal (STS)
— optical signal (OC)
e STS-1/0C-1: 51.84Mpbs
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SDH/SONET multiplexing

e Container

— contains the information content to carry multiple
1.5/2/6/34/45/140 Mbps PDH streams

— contains additional stuffing bits, control information
— path overhead , control BER (bit error rate)

» Virtual Container

— see figure 7.19 : SDH/SONET multiplexing hierarchy
and terminology




Figure 7.19
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SDH/SONET detail

The Structure of SDH/SONET frame

— sections: a single length of transmission cable, between STE
— lines: extends across multiple cable, between LTE
— paths: an end-to-end transmission path through the complete TS

ITE

STE
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e

lina

o

SEE)

ITE

e

line

-

:

Pah

i

STE = suction harminctton aculoment
PTE = petth femingtion aculpmant

ITE = 'ine temningtion equipment
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Service provision with SDH equipment using

Switching office/exchange A
- <DH EMh E SCH - Customer sile
B ML
D ™ oo ™ o €
» g /;
SDH - SDH
ADM N ADM
/ -.-.-.-.-.-.-.-.:::: : ::: ----------------- \
n Fo ————
l Logical paths of network
marcagament [N messages

ADM = ackd-drap mulfiplexer .
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7.3 Switching Systems

Switching Capacity
— local exchange/ end offices
— regional tandem exchanges
— national tandem exchanges
— remote concentrators

* major difference is the volume of traffic switched
Two kinds

— space switching: an array of M input and N output lines
— time switching: N time slots
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Time Switching
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Space Switching
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7.4 Signaling Systems

« Signaling operation
— the setting up and clearing of a connection between two subscriber
— two separate signaling systems
« first which operates over the local access networks
 second which operates over the core trunk network

(a)
SUbscnber Local exchange \ local e:-:chu::nge Subs{rlber
(end office) Trun [end office]
network

Qmm[:].:ss:Dme

Access neiwn::-rk
signaling

Trunk network

Access network
signaling

signaling

(b)

ol { il T i

sefup

. B e e e e e ——— -
clearing =
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7.4.1 Access network signaling

» Basic steps
— call setup
— Information interchange
— call closing

 two Kkinds of access network
— analog access circuits
e telephone line : see Figure 7.26
e a modem
— link access procedure for modems
— see Figure 7.27
— digital access circuits : see Figure 7.28, 7.29, 7.30, 7.31
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(a)

Figure 7.26 Analog access signalin
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(a) Modem [DCE)

|_SETPARM.req

L_SETPARM.ind
L_SETPARM. resp

|_SETPARM. conf

|_ESTABLISH. req

L_ESTABLISH. ind
L_ESTABLISH. resp

L_ESTABLSH.conf
L_DCWATA, rag

L_DATA.ind

L_SIGMNAL reg IBRK)

L_SIGMAL.ind
UNBRKACK] L_SIGNAL rasp

_SIGMNAL canf

[_RELEASE reg DisC

L_RELEASE ind

L_RELEASE rasp

|_RELEASE conf

UIP = user interface part ECP = arror contral part
DTE = data terminal equipment DCE = daota circuitterminating equipment



ISDN

Chap-7 (Wide Area Network)

- D-channel ; carry out the exchange of signaling message
- Channel associated signaling (CAS)
-> Digital Subscriber Signaling 1 (DSS1)

Layer 3

Leyer 2

Layer |

Q.231

Q.921 (LAPD]

Basic rate
interface

Primary rate
interface

> D5S1 signaling protocol stack

D551 = digital subscriber signaling number 1
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7.4.2 Trunk network signaling

e Common channel signaling (CCS)
— common channel signaling system number 7
» SS7
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OMAAP = aparclions, moinfenance, and adminsrolion part

L5 = loeal signaling interfoce

MATP = message mansber part

38 = signaling paint

STF = signoling transfer point
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}
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SS7: protocol architecture

Application )
parts

Messoge transher )
part [(MTF]

TP = falephone user part

TUF

CLUP

CMAP ARP

ISLIP

l l

Transaction copabilities/support

' Signaling connection confral part

Signaling netwark

Signaling link

Signaling data link

CUP = gota user part
|SUF = [5DMN user pari

ARF = addrass resolution part

MNetwark kayer

Link loyer

Physical loyer

OMAF = gperafions, maintenance, ond adminisiration par




Chap-7 (Wide Area Network)

Format of MTP message

(b)

&1
wi—Signaling link headar —m j———— Signaling link user datg ————— = {at— |Iﬁr?ﬂ”|.';]
| I iz
-— Signaling network —mj=e—[5UP ARP afc —m
8 8 4 32 Hx N 14 8 | Bits
Hrame B
oot | 1199 BSM | Ll SIF Applicofion dota FCS | Flag
_,_,_'—P’FF'_'_FFF _hh—_‘hh_\_\_h
4 4 14 14 4 Difs
Servica | Subsarvice Dastination peint | Criginating point s
indicatar fiild code [DPC) code [OPC)

FSM = forward sequance number
B5M = backword sequence number

langth indicator

S0

SlF

service information octat
signaling information field
FCS = frome check sequance
SLS = signaling link selection
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(a)
Public circuit-switched networks
Access network
PSTM IS
Analog subscriber lines Digital subscriber lines
Subscriber Modems Basic rate Primary rate
signaling I 128 + [ [23B + DS308B + &)
Modulation Interface |
methods standards Signaling system

(b)

Core transmission and switching network

Transmission system Switching system Signaling system

PO SOH,/SCOMET CCS S57
Time Space
switching switching

Crigital switching units
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