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CENTRAL EUROPEAN TERRESTRIAL AND UNDERSEA FIBEROPTIC ROUTES PLANNED OR IN PLACE
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AXERFRALS

Who’s who 1n standards

ISO: International Standard Organization
an mternational agency for the development of standards in many areas
currently 89 member countries including: Britain, France, USA
consists of several national standard bodies
ITU: International Telecommumication Union (formed in 1993, ex- CCITT International
Telegraph and Telephone Consultative Committee)
The ITU-T publishes standards (ITU-T Recommendations) covering all fields of telecommunications
except radio aspects
IEEE: Institute of Electrical and Electronic Engineers

the IEEE standards for local area networks have subsequently been used by ISO as the basis for its
standards on LANs
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» Summary & Comments
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“Evolution of OpticaliNetwork

' \ Q‘:/‘>/-EE
Long Haul

Networks Regional

Networks
Campus

Networks

WF”@«

Optical networks contlnuouslv growing in scope, capability



(NEENCAEESE (& AT

RIS [

T2 NI Y f% I B OO I

-9
-9
-~ 9
i
9
*
d
Kl
2
2 ®
2
R
- @
- ®
. ®




N ) e

_ 9

> N TR 2 H At R B B oK R P 4%
> EEREIERI A EEITL 10125
> B A IC BT &R P 4

> HEIA&ABHEIE. FE. InternetE BN ZL2ZER RS
F2Z LS5

> KA Yaah | AL =

19
e
Lo
E
- @
. 9
Lo
£ 9




.

“® Circuit Switched Voice and Internet Traffic

Source: Renaissance Analysis via Marconi PLC 2001

14,000
12,000

10,000 Internet

95.8%

8,000 )
Voice over

6.000 IP 30%

Terabytes / day

Data Traffic
4,000 30%
2080 Circuit
Switched
& 12.1%
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S ® FTTHSFTTD ?

> FH 2k & A 56kbit/shy, TF#E—IE4.5MbitH] &
. 4500/56=80.4 [s], IE1.5%r4%.

> MRACAIERH P2, BE RAaENHIPNEEN
1Gbit/s, g EI{X A 4.5/1000=4.5 [ms].

> AR P (FTTH) FE427pAK (FTTD) EARRZ
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> AR A Fe B BB ARAERKER ERAXEEZ
BAE#r, @.35ISDN. B-ISDN. xDSL (x=A, H, V, U)
ZH AR, HE+ADSL (L4764 ~ 640kbps, F471.536 ~
6.144Mbps) &-E#mHENF A . & F WL TiL100Mbps

> AR IAH CATVHEN (500k ~ 4Mbps2160Mbps )
> FIR A B FHiEF AT REREN
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CATYV Fiber Networks

Master )
headend Primary
hub

Distribution
hubs

Transport network | Distribution network
HFC—Hybrid Fiber Coax Systems
Rl R A =LY 160MDbit/s, A REW XML ELS BTSN FE
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e Why Fibre-to-the-Home (FTTH / FTTP) ?
— User pressure for higher bandwidth

» Remove last mile bottleneck between multi-Gbps worlds

— Overcome Copper limitations
» Bandwidth

» Distance

» Noise / crosstalk / asymmetry

— Convergence: voice, video, data




FTTH Technology

(a) P2P (Point-to-Point)
ﬂEtW'UI'k (a) Point-to-point network

(b) AON (Active Optical Nmscevers (Tt
Network) co |

(¢) PON (Passive Optical
N env 0 Il{) (b} Curb-switched network |

1 fiber .
—  E-PON: Ethernet based (10- | ﬁ
1000 Mbps each way) co

A-PON: ATM based

» B-PON (622 Mbps down/ [R& :’Tﬂ_z:i‘fﬂ optical network
=T

155 Mbps up) N fransceivers ﬁ
» G-PON (2.4 Gbps down /
622 Mbps up)
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PCM5TDM

4 kHz ANALOG 64 kbps DIGITAL
Voice IN Voice OUT

- L=

Pulse Code Modulation (PCM) Time Division Muxing (TDM)
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Plesiochronous Digital Hierarchy
(PDH)
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PDHI B 32 5 %=

> B T1960s, HTEAMERRIEL HiGFE
MRS

R HAKATHIE, H24RESFES
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T1 Basic Frame Structure

o000 frames per second

8 bits per slot

F timeslot1 timeslot2 tmeslot 3

\ 1.544 Mbitls

extra bit for framing

8 bit/sample x 24 samples/frame + 1 bit/frame = 193 bit/frame

193 bit/frame % 8000 frame/s=1.544 Mbit/s (T1)
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E1 Frame Structure

6000 frames per second

8 bits per slot

timeslot0  timeslot 1 tmeslot2  timeslot 3

AN T
TS0: MifE>
TS16: {5415

8 bit/sample x 32 samples/frame = 256 bit/frame
256 bit/frame x 8000 frame/s=2.048 Mbit/s (E1)
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> E%H (PCM30/32) 16 A4) 5 = it
RANWERES GEERES 5544,

W SN 548-2) AR 2245 B

> THIF, (PCM24) : HB12Witg sk E i (D4
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THIF T R FE 5 (DS)EEFH

 Faster T-carrier signals (DS-n) are formed by bit-

Interleaving slower T-carriers & adding overhead (frame
sync, error check, facility data link)

. T-124vc
Ll D30 #1 (1.544 Mbps)

Voice In  Dsos T-296vc

_ DS1 #1 (6.312 Mbps)
MO \| T-3672vc
DS0 #24 - Iva2 Looz \l (44.736 Mbps) T4
j DS2#2 -
24 DS-0s info ~ DS1#4] ) |23 D53 21 (274.176 Mps)
. Z DS3 #2 D54 #1
1 DS-1 4 DS-1sifo D147 w34
1 DS-2 7DS-2sinto  DS3#6 4032ve

1 Ds-3 6 DS-3s mto
1 DS-4
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ERATHBFEESEZFH

= = 64 kbit's

El= 32X 64kb/s= 2.048 Mbit/s 30vc, 2M

=
(—
[ =

E2= 4 X El1-+overhead = 8.448 Mbit/s 120vc, 8M

E3=4 X E2-+overhead = 34.368 Mbit/s
480vc, 34M

E4= 4 X E3+overhead

/‘_— = 137.264 Mbit/s 1920vc 140M

Mote: the actual data rates are somewhat
higher because of overhead bits (O).
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Frame Duration

0 Samples (bytes) must arrive in 125 us intervals
¢ So receiver gets 8000 samples (bytes) per second

¢ Higher order frames must ensure the same frequency per
channel

DSO: 1 Byte

E1- 32 Byte

2.048 kbit/s

E2: 132 Byte

8.448 kbit/s
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Terminology: Digital Signal Levels

a Note: Different terms for

¢ Signal (Framing layer)

& Carrier system (Physical Layer)
a North America

+ American National Standards Institute (ANSI)
¢ DS-n = Digital Signal level n
& Carrier system: T1, T2, ...

a Europe

¢ Conference of European Post and Telecommunications
(CEPT, now ETSI)

¢ CEPT-n = ITU-T digital signal level n
¢ Carrier system: E1, E2, ...
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Why Plesiochronous?

a Limitations of 1960s technology

+ No buffering of frames at high speeds possible
0 Goal

¢ Fast delivery, very short delays (voicel)
Q Solution

¢ Immediate forwarding of bits

< Bit stuffing instead of buffering

Q Plesiochronous = "nearly synchronous”
+ Network itself is not synchronized but fast
+ Sufficient to synchronize sender and receiver




Worldwide Digital Signal Levels

North America Europe

Carmer |Channels| Mbit/'s Camer |[Channels| Mbit's

1 0.064 "EO" 1 0.064
24 1.544 E1 32 2.048
48 3.152 E2 8.448
96 6.312 E3 34368
44 736 E4 139 264
274176 E3 265.148

» [ncompatible MUX rates
= Different signalling schemes
= Different overhead

= u-law versus A-law
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PDHIE B

® PDH Multiplexing of 2 Mbit/s to 140 Mbit/s requires 22
PDH multiplexers:

» 16 x 2DME
= 4 x3DME
= 1 x4DME

® Also a total of 106 cables required.

ZMbNs BMbiNs 34 Wbis
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PDHR) T &8 7 =

34Mbps

fift 140Mbps
g —

H

—

ﬁ

q
q

¢ 15
FH_] rﬁﬁ

2Mbps  2Mbps

® |f a small number of 2 Mbit/s streams passing through a
site need to be dropped then in PDH this requires large
amount of equipment to multiplex down to 2Mbit/s.
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£+ PDHIAR

> BFEBAFAHPDHIER R (THEH )

> B SUEK R B L W EE e, BESRE LR R £ £ 50uUs
(+100b/s), EEFEHEEFEIIHEN WFHATLHEFHE

> EERRBER T R NEEE T FREUKERE T, &
EESHWEREEAEZEERES, LTHEBEXEE R

> AR FGhit/s L E#ERE S, FMULETERBXRELE
2, T HMLAFHREMKA, EEG. WEHHE
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Synchronous Digital Hierarchy
(SDH)
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SDHEg 5

> FCEHRAR N R R AL 1% Mbit/ste far A & it
FJPDHA R 532

> SONET— Synchronous Optical Network : 19864
5 [E BellcoreiB 5T, IF A< E ARt

> B J5 BRUN3R L SDHE Z i 2 A &

> 19884E, CCITT (BRITU-T) 7ESONET IR I
el 7RIS A is R EiaiatE, FFIEXara N
R AR &R (SDH)
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SONET/SDH® £ 25

> STS-N— Synchronous Transport Signals [&]2P{&1%
7 SONETHE I K KI{E 55K

> OC-N—Optical Carrier J5# {55 : SONETLE)E
IG5 EH

> STM-N— Synchronous Transport Modules [F]04%
IERELHL, SDHERZZ

SONET Signal SDH signal Bit rate [Mb/s]

STS-1 51.84

STS-3 (0C-3) STM-1 155.52  155Mbl/s
STS-12 (OC-12) STM-4 622.08 622Mb/s
STS-24 1244.16

STS-48 (OC-48) STM-16 2488.32 2.5Gb/s
STS-192 (OC-192) STM-64 9953.28 10Ghb/s
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STM-NIimi 444

® STM-N frame structure is shown in the Figure below. The
three main areas of the STM-N frame are indicated:

= SOH;
=  Administrative Unit pointer(s);
= |nformation payload.

270 = N columns | bytes)

a=N 281 =N

T
7 7 7

Section overhead

S 7/

Administrative unit poinfens)

4
5 7 / / STM-M payload

Sractmn c-verhead Virtual Container (VC)
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Multiplexing Structure in SDH

Big VC

Small VC Small VC Small VC

Smaller VC

PN
.9
PN
- 9
9
z3
®
e
o
2

e | ITU-T G.7091/p%

— BRhASE (£3EFH) C (Container) #WZE&4: C-11, C-12, C-2,
C-3, C-4 that carry 1.6, 2.176, 6.784, 48.384, 149.76 Mb/s PDH
streams

- VC =POH+C : VC-11, VC-12, VC-2, VC-3, VC-4 that carry
1.664, 2.246, 6.848, 48.96, 150.336 Mb/s

— STM-1 = synchronous Transport Module = 155 MB/s

SOOO O




From C4 to STM-N

® C-4 container being mapped into an STM frame via a VC-4
virtual container

Conifaimer-

VT4 POH ‘ Container-4 WO

s A J LIS LSS S A
v F I L7 I 7777w

S0OH AJG | ALIG STH-M

—# Logical associafion

. - T1S1739055
Phiysical association
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SDHE &R

® SDH defines a multiplexing hierarchy that allows all
existing PDH rates to be transported synchronously.

® The following diagram shows these multiplexing paths:

x1

44736 kbis
— (Ds2)

4368 kbis

8312 kbis
L=2)

LOP

2048 kbi's
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1544 kbis
(DS1)




SDHMI& Bt s %

> Zig B R (TM)
RS S a4, 5PDH. ATM. IPEFNE&ER

> A A& (ADM)
RS A5 5 1 L T, S BRI

> BFAE X EH % (DXC)
2 B N JERT Y, SR 2 s B A B
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SDH M £% &5 125

Backbone ring/ ADM \

ADM

<C-3/OC-12

ADM

Access ring

™

Backbone ring

BLSR/2 \

Point to point/ ADM
/

BLSR/2

—— Central
office
UPSR

DCS

Ny

ADM Or

BLSR/4

ADM []

BLSR/4 7
vOlZ/QC-My Central offi
Ny

DXC

/ ADM \ ADM
UPSR

ADM \
/ UPSR

N

ADM

ADM

ADM

oc-3/oc-y

ADM ADM

ADM

Qc-sloc-y

Access ring

A

N

ccess ring

{
\OC-lZlOC-48

ADM

Linear add/drop

™

| Digital crossconnect (DXC):

Manage all transmission
facilities in the central office




SDHr B!

Path layer Path layer

Line layer Line layer Line layer

Section layer Section layer Section layer Section layer
[ I 1 [ T 1 [

Physical layer PTysicaI Iallyer Ph)isical Iallyer Physical layer

Regenerator connection

PIBRJR: J6er. sZiRIf A RAH R B ORIVE, 4157 bedpfEix

O BARE: FEEANRGEE. SRMRE BRRY
BHEBR: FEMERMER, HREMNSZKET. SHEART TR
EIEZE: YR B R B REEEE, RIECRA R BRI ER R
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SDHr B!

VC-12 Path remains uninterrupted between termination points
—

Mux R eqen Reden
Mux s&ctlon Eection seclon | section

Ll |

DXNC 44 Termimal

vC-12 vic-12
term ination X-connect

=
0
IS

Term ination

! VC-12
-connect |

ower Order
P ath
Layer

:

Higher Order
F ath

Layer

T T T T

Multiplex
Section
Layer

Regenerator
Section

Layer

P hy sica
interface
Lay
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MLt (BaRPEIRSHRE)

> 1+ 1453
(=B RN ERIROCAT F A5, Bl ERis g

> 1: 1454

T REHMIRCATERE, RIFCTER, BTG SRR B3)
VI 2 & Fuet
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Y
§* HEE3CH, (Circuit Switching)

=9 o BEMN, £ R —&ERNYEGE
=9

23 5 BEREAEEFRBR=1TE

e

| o I TiR: FEKETHEMEGRENTE, &&ETHN0
Mo TS5 T AR R AR 45 i & (QoS — Quality of Servuce)
W&

R SRR (Fi5<50%; THEHLEE<10%)

Kl
_ @
2 ®
2
-

#%l+%. PDH, SDH

e ®




: ' o 444 (A1) Z# (Packet Switching)
T OBERAB AN MOBER A (), FExiE
MR, BRI B
434 3 B HUHRR 5 48 0 LB FTHE A 004
43 SFL ST AT B 1

9 BN T ER S A AL E R, 456
5 R A B

W B FEIE, SR

SR B AAAAERENLI SE, SERPERCE,
QoS A frfE

Bl+: IPMLE
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FUEIEERER (ATM)

ATM— Asynchronous Transfer Mode Z£& T HEA #5453 4HAT
BRI =

fE RS REEKERSA, ATMIETT (cell) K533 (bytes),
fFL557T, BREL (payload) 487

Rk BEIEMEE, B Rsit, F BRBEFL, FREEER

RIS AR AU B SR B B R S Rl E (T F IR EEE), R
B REARE RN G BEESRETER

ATMIE TR MBEAT Ge vt BV S 1218 5, ATMAZEAMIR #E (5K
FRITE 725 R 5 0 2 HEAE TGS S ) R B A RV R A 3 P HE AR AR

(EPM s 3
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7 RKAR TUIE 5 A AR A EAT PR AL #k
2 o Al H 2R

A 3o Y 50 52 S ) R R B HEAT AR 16 B R e PR SE NP A
QoS{rFE

SRR AL MR BARE (R E . 2R AIL), H A
TINR=M 5K ek S HE

SICETE R, S TMNEREIT. BEEMZ4H (0OAM)
ST EHEEA (IP, SDHE) £
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ATME 5 B R

ATM Adaptation
Layer

Convergence Sublayer

Segmentation & Reassembly

ATM Layer

Physical Layer

> P)EE
1515 JufEi%£, FILLESDHARER, Wr] LR EWDM R 2%

> ATME
1 5 DR L A AR R Sk P I VPIATVCI 2 8% th 15 B

> ATMEEZ E
PR BRI AR TS, S B R A AT AR IR
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ATM over SDH

0

SDH % i

SDH Network

ATM Network

ATM Layer

SDH Layer




9

% |P, ATM, and SDH Networks

/N

N/ SDHZ&

SDH Network

= K
A ATM Network -

IP IP Network

IP 2% HH 2%
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Iy [y (-

BEAMES—FTTH, FTTDRERZXMWBHR TR
HEifE R TR —xDSL, CATV, L&A
FTTHRH: AR T ZE—AON, PON

HOOLE T B SR f B, R
ARIE R b 2K

BFEHERA: PDH, SDH/SONET
THFA: HBEKAH (PDH, SDH), BAZ# (IP)
T ) HAR AR —ATM

HETHI M 2% A& —ATM/SDH, IP/ATM/SDH




Comments

g JEEFWDMEBCARE ST B S A 2 A B K

OTDM, OCDMBLEZ 4 B B BaEa8#E AR &
KB HENRH BT H R

H Brg in b X M A E R B AREHZESDH/WDM, ATM/WDM,
IP/WDMZE JLAN 5 AT &

SDH, ATM, IPEFARYZERHEERIEN THR~Y, Ha2
EMTFRERITRERTOER A E 50, BT MNERSITHEE

fgjﬁ MR D7 582 H A AE VG SR I M 48 B2 #ETh BE — i 2068
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