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http://en.wikipedia.org/wiki/Internet

IP halozathoz tavkozlé gerinc

Nagyobb tavra ,elviszi” a jelet (ISP-n belll és kdztlik)
SUrGbb topologia — kevesebb ugras

Megbizhatobb, és ha meghibasodik van védelem
Bevalt management rendszer
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De miért nem elég az SDH ??? ;m

Mert beszédre j0, de adatra nem elégge...

Mert adatatvitelre olyan bonyolult megoldasok, hogy:
IP/ATM/SDH
IP/Ethernet/ATM/SDH _
IP/MPLS/SDH — W
IP/PoS/SDH

IPIMAPOS/SDH O
sthb....

Tul sok keretezes, ismetelt funkciok, bonyolult...

5 3 S5 3 3 3

POS: Packet over SONET/SDH — PPP over SONET/SDH (RFC2615)
PPP: Point-to-Point Protocol (RFC1661)
MAPOS: Multiaccess Protocol over SONET/SDH (RFC2171, RFC2176)




SDH Kkeretszervezés (ITU-T G.707)

-~ Csomagokkal, keretekkel toltjuk a konténereket:
n VC-4: 149.760 Mbit/s = 260 oszlop x 9 sor x 8 bit x 8000 keret/s
n VC-4-4c: 599.040 Mbit/s
n VC-4-16¢: 2 396.160 Mbit/s
n VC-4-64c:. 9 584.640 Mbit/s

o Tul merev savszeélesseg lepcsok

) 9 oct

»d »
<«

261 octets / STM-1

y VC-4
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»
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VC-4 POH

261 octets




ITU-T G.707 — Multiplexelési struktura

39 813x1120 I\/Ibit/le 38 338 560 Mbit/s

A

AU-4-256c «-1 VC4-256C C4-X6¢

9 584.640 Mbit/s

STM-64 AU-464c (-1 VCABAC [« C4-64c
2 488 320 Mbit/s x1 2 396.160 Mbit/s
STV-16 |« < AU-416c [¢-1 VC416C | C-4-16c
x4
622 0891|\/|bit/s 1 599.040 Mbit/s
STM-4 AUG4 AU-44c -1 VC44c |« C4-4c
x4
155 5291|\/|b|t/s x1 149.760 Mbit/s
STV-1 [« | AUGL AU-4 -1 VC4 | c4
x3 x1
<3 TU3 |- VC3 +L
x1 « c3
STM-0 1« AU-3 ¢-{ VC3 | i
x7 x7
x1
TUG-2 TU2 -1 VC2 [« GC2
Pointer processing i ) 3 i
Ez az 4bra masodszor szerepel . . 2048 kbit/s
<4——  Multiplexing U2 | VG2 Cl2
- Aligning Forras. ITU-T G.707 x4 i
«——  Maping — TUIL ¢-{ VC11 [« C11

T1540590-00




SDH/SONET hatranyok

n Nincs dinamikus utvonalvalasztas
Konfiguralt (provisioned), nem kapcsolt (nincs is vezeérldsik)

n Rossz granularitas
Eleve csak allandd sebességi forgalmakra

n Statisztikus nyalabolas (multiplexelés) hianya

Egy fényszalszerel6 szerszamkeészlet:
http://images.cableorganizer.com/Fiberoptic%20Power%20Point.pdf



http://images.cableorganizer.com/Fiberoptic%20Power%20Point.pdf

10.3. ngSDH/SONET

=

Kovetkez6 (U)) generacios SDH/SONET
(Next generation SDH/SONET)

SDH/SONET

+ GFP

+ VCat

+ LCAS

Egy Patch-kabel és néhany csatlakozo: \

http://images.cableorganizer.com/Fiberoptic%20Power%20Point.pdf b \'
;:__:::'_j_f : \
= F.r _‘1 ‘: ~"‘-L__:€‘kj -
s =£§’*_~ 9


http://images.cableorganizer.com/Fiberoptic%20Power%20Point.pdf

ng SDH/SONET: GFP, \/Cat, LCAS

“next generation SDH/SONET”

n Kulonbodzd felsd rétegekhez egyseges keretezés

n Egységes aramkorkapcsolt reteg

n Statisztikus nyalabolas (multiplexelés) a GFP révén
n JO granularitas VCat reven

SDH/SONET kompatibilis

n Nem kell az 6sszes eszkdz tAmogassa az Uj
kepessegeket

n A fokozatos atmenet olcsobb mint a teljes technologia
csere
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GFP

ITU-T G.7041

GFP: Generic Framing Procedure

(Altalanos keretezési eljaras)
Core Header (scrambled)
Payload (,rakomany”)

5 3 3

n

CRC
Oktett szinkron

Két tzemmod

n GFP-T: Transparent (atlatszo)
n GFP-F: Frame mapped (keret

alapu)

ctrl & felhasznaldi keretek

Ethernet|IP/PPP |8B/10B [MAPOS

GFP

VC-n

ODU-k

CORE
HEADER

16-bit PAYLOAD
LENGTH INDICATOR

cHEC
(CRC-16)

PAYLOAD
AREA

Forras, ITU-T G.7041

PAYLOAD
HEADERS
(4-64 BYTES)

CLIENT
PAYLOAD
INFORMATION
FIELD

OPTIONAL
PAYLOAD FCS
(CRC-32) 11




GFP: Generic: Altalanos?

Generic?

Frame-Mapped Ethernet

Frame-Mapped PPP

Transparent Fiber Channel

Transparent FICON

Transparent ESCON

Transparent Gb Ethernet

Frame-Mapped Multiple Access Protocol over SDH (MAPOS)

> 5 5 3 3 3 3

12



GFP: Altalanos

IP SANs
v v v_ [z
Ethernet MAC HDLC || ATM | | & = 2
O
PR o||2|[2
70GbE | [ 70GbE | [ GbE S
LAN PHY | lwan PEY] | PHY
v v oyl y
GFP
) vy
G707/SDH
Y y y o
G.709 OTN
y \ 2 / Y V V¥

Optical fiber/optical transport network (WDM, Metro WDM)

’

13



Vcat

ITU-T G.707

Vcat: Virtual Concatenation
Folytonos helyett virtualis 6sszeflizés (concatenation)

Virtualis (k4:b2)
n Jobb granularitas

n Jobb er6forraskihasznalas

n Nagyobb savszélességl csatornak hozhatok létre

Inverz MUX!
jobb stat. mux.

n Multi-Path Protection

Folytonos (Contiguous)

VC-4-4c. 599.04 Mbps
VC-4-16c: 2396.16 Mbps
VC-4-64c: 9584.64 Mbps

X4

— g

P Q

Virtualis (Virtual)

~——

_[

}

MUX-1

VC-12-nv (n=1-63), 2.176 Mbps — 137.088 Mbp
VC-3-nv (n=1-64), 49 Mbps- 3.1 Gbps
VC-4-nv (n=1-64), 149 Mbps -9.6 Gbps

Pl.: Gbit Ethernet VC-4-7v
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Ethernet over SDH w/wo VirCat

Tobb réeteg (mar megint!)
Hatekonyabb atvitel

SOMNET/SDH with

Data En{:;NEiTéSDaHngag;?%%idth virtual concatenation
signal effiggn? payload mapping and

y bandwidth efficiency
Ethernet ) 5 ; _ 11T — ROy
(10 Mb/s) STS-IVE-3 — 21% VT1.5-wVC-11-7v — 89%
Fast
Ethernet STS-3¢/VC-4 —67% VT1.5-64yVC-11-64v — 98%
(100 Mhb/s)
Gigabit

| STS-3c-TwVC-4-Tv — 95%

Ethernet STS-A8cNVC-4-16c — 42%

Forras: P. Bonenfant, A Rodrigez-Moral: GFP: The Catalyst for Efficient
Data over Trasport, |[EEE Communications Magazine May 2002
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LCAS ITU-T G.7042

LCAS: Link Capacity Adjustment Scheme

(szakasz-kapacitas allito modszer)

Atéllitja VCat-ot hasznalé SDH és OTN rendszerek Ut-kapacitasait
megszakitas nelkul

Az alkalmazasok igényeinek megfelel6en
Meghibasodott 6sszeflizott ut (VC) levalasztasaval javitja a hibatlrést

“...acontrol mechanism to hitless increase or decrease the capacity
of a VCG link to meet the bandwidth needs of the application.”

18



ngSDH oOsszefoglalas

JelentOs eldrelépés SDH-hoz képest

Sok ngSDH eszkdz éplult be a halozatokba
GFP, VCat, LCAS tobb mint ngSDH!
OTN-ben is hasznaljak!

19
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10.4. OTN: G.872 + G. 709 + stb.

Optical Transport Network - Digital
Wrapper

Optikai Szallitohaldzat
n Egyittes hullamhossz ES idéosztasos
nyalabolas!

- Ethernetl_ | mﬁfog? ngspfn
N\ /
¥

|
|
OTN wrapper provides
= complete transparency
'g Transparent E for client signals in
2 Payload flexible containers
OoT qg

| —

http://www.itu.int/ITU-T/studygroups/com15/otn/OTNtutorial.pdf

Client signal

:

Optical Channel Payload Unit
(OPU)

Optical Channel Data Unit
(ODU)

Optical Channel Transport Unit
OoTu
(0TV) D
~

Optical Channel
(OCh)

Optical Multiplex Unit
(OMU)

Optical Transport Module
(OTM) p,

-

Electrical
Domain

Optical
Domain

https://www.pmc-sierra.com/myPMC/download.htm|?res id=101211&filename=2081250 otn tutorial 101211.pdf

21


http://www.itu.int/ITU-T/studygroups/com15/otn/OTNtutorial.pdf
https://www.pmc-sierra.com/myPMC/download.html?res_id=101211&filename=2081250_otn_tutorial_101211.pdf

G.709 OTN

Optical Transport Network (Optikai szallitdo haldzat):
OTS: Optical Transmission Section (Atviteli szakasz)
OMS: Optical Multiplex Section (Nyalabolo szakasz)
OCh: Optical (Lambda) Channel (Optikai (hullamhossz) csatorna)

= optical F / optical sutritwork \
NS N N
> P

optical

|~ v :
W subnetwork qub-networ - IrDI :

< >«

v

OTS’:3< OTS

e 3 : E : 5
“o1s *ots’ ‘ors ® ors’ ors”
< > > gs‘ >« >
. OoMS iy OMS >;<0P > < OoMS - OMS .
OCh .~ OCh  OChr OCh
< & > < -« >
.o~ omw oty oTU £
. ODU!
D Optical line amplifier (OTS termination) H 3R regeneration (OCh, OTU termination)

. Optical cross connect/addrop/terminal mux . Client access (ODU termination)

(OMS termination)

Forrés: https://www.pmc-sierra.com/myPMC/download.html?res id=101211&filename=2081250 otn tutorial 101211.pdf



https://www.pmc-sierra.com/myPMC/download.html?res_id=101211&filename=2081250_otn_tutorial_101211.pdf

Az OTN és WDM viszonya

P ATM Ethernet STM-N <« Client Data Units

| | | | «— Optical Channel Payload Unit (OPU)

Optical channel Data Unit (ODU)

GbE STM-N GbE STM-N

Optical Transport Unit (OTU) ‘ ‘ ‘ ‘
Optical Channel (OCh)
Optical
Physical N P _ Pre-OTN
Section Optical Multiplex Section (OMSn) WDM
(OPS0)
Optical Transmission Section (OTSn)

OTM-0 OTM-n(n > 1) Pre-OTN I/F

Forras: ITU-T G.872: Relationship between OTN and WDM 23



Fej- es farok-reszek

Client
! Client Payload
OPU _
Client Payload
ODU ODU Client Payload
FAS|OTU
OTU Client Payload FEC

ODU

25




Az OCh keret

OTU: Optical Channel Transport Unit (Optikai csatorna szallitd egysege)
FAS: Frame Alignment Signal (keretszinkronszo)
FEC: Forward Error Correction (OTU FEC)

ODU: Optical Channel Data Unit OH (Optikai csatorna adat egysége)
OPU: Optical Channel Payload Unit OH (Optikai csatorna hasznos rakomanya)

1 78 141516 17 3824 3825 4080

1 FAS

Client Payload FEC

26



4 ODULI jel nyalabolasa egy ODU?2-be

—e—

— e —
/ \
N \\ N \\ \\
\ \
\ \
N N A
\
\\ N \\ \\
\
'
1 '
1 '
1 '

ODU2

ODU1

Hierarchiaszinttél fuggetlentl minden OTU keret 4x4080 oktettbél all!

A hierarchidban felfelé — idében rovidilnek!
29



Bitsebességek és a keretidsk

Keretezés OTU Time t
Szint [Gbit/s] [ns] §
1 2. 066 057 48 971 E De a keretméret (bit darabszam)
S ugyanannyi
2 10.709 225 12.191 S valamennyi hierarchiaszinten!!!!
3 43.018 414 3.035 -

Valamennyi esetben +20ppm a tiir s! _
(Kivéve flex ahol 100) I:> Nem szinkron!!!

Hierarchy | Technique Adjustment increment
PDH Positive justification (stuff) Single bit
SONET / Positive/negative/zero (pnz) | Single byte for SONET VTs and STS-1 (SDH
SDH justification (via pointers) VC-1/2/3). N bytes for SONET STS-Nc, 3 bytes
for SDH VC-4, and 3N bytes for SDH VC-4-Nc.
OTN Positive/negative/zero Single byte
justification

PDH, SDH és OTN AMP (Asynchronous Mapping Procedure) fekvenciakiigazitasainak 6sszevetése 3g



Nyalabolasi struktura

OTH: Optical Transport Hierarchy (optikai szallito hierarchia)
OTM: Optical Transport Module (optikai szallitd egyseg (modul))

OTM-n.m:
n: A-k szama

m: csator nak bitsebessege: (1) 2.5 Gbhit/s; (2) 10 Gbit/s; (3) 40

Ghit/s, vagy a fentiek kombinacioi
+ OH (non-associated)

OTM-5.12
5\, 2.5 vagy 10 Gbit/s

¥l il ¥l
0TS opou3 OPL3
w1 =1 1
OTLE = JouzZ (= OPLZ2
¥#1 ¥l #1
+ 0T = oo (e 0P
I"u__l"""""'"""l ¥ re—
7 OSC l—— 005 | 0TS, GMS, QCh AH™
[ S—] SRR

S5Th- 266, ATM, IF,
Ethernet, .

STh-64, 10 GEE, ATM,
IF, Etherriet

STH-1E, AT, IF,
Etherhet

. ; s OSC: Optical Supervisory Channel
("1 OS5 C iz supporied ondy by OTM-n with fll funclionalite 00S: OTM Overhead Signal



Példak

OTN tobb mint 4x

SDH, GFP kozvetlentl OTN keretbe
1 STM-16 keret — 2.55 OTU-1 keret
16x270x9 byte bruttd / 3808x4 byte nettd = 2.55
1 STM-64 keret — 10.2 OTU-2 keret
64x270x9 byte brutto / 3808x4 byte netto = 10.2

(Virtual Concatenation: pl: egy ODU2-4v szallithat egy STM-256-0t)

G.709 Line Rate | Corresponding Line Rate
Interface SONET/SDH
Rate
OTU-1 2.666 OC-48/STM-16 | 2.488
Gbps Gbps
OTU-2 10.709 OC-192/STM-64 | 9.953
Gbps Gbps
OTU-3 43.018 OC-768/STM- 39.813
Gbps 256 Gbps

Forras: Guylain Barlow, Innocor Ltd.:

+7.15%

Redundancia: FEC

+7.6%

Redundancia

+8.05%

Redundancia

A G.709 Optical Transport Network Tutorial

SDH pont 4x

33



LY,

FEC &g

RS (255,239) Reed Solomon kéd, mert
n Egyszeri
n Jelentés hibajavito képesseég
n Blokkhibarais j6 (max 8 byte)
16 blokk festiszeriien
n Blokkonként kisebb a kédolasi sebesség mint a vonali bitsebesség
n Keveésbé érzékeny blokkhibara (16x8=128 folytonos byte-hibara is véd)

12 239240 255

<. X16 minden sorra

T T

Client Payload FEC

35



A FEC nyeresege (1)

A BER fuggese a jelszinttél FEC-el es nélkiile

BERA

{013 Optical poding gain (Avalanche Photodiode detector)
G.975 5.4dB ¢ 107 BER (Bi} Error Rate)
-14 e
1o RS(255 2300
1o - .
\ |elszint .
-39 -38 -37 -36 -35 -34 -33

Forras: Guylain Barlow, Innocor Ltd.: A G.709 Optical Transport Network Tutorial

36



Mieért hasznaljunk FEC-et?

(DW, OTN, G.709)

Teljesitmeény (jelszint) nyereseg: 7% FEC: 5dB vagyis
20 km-rel hosszabb szakaszok

104 BER helyett 10-14 BER

2.5 Gbit/s-o0s szakasz hasznalhato 10 Gbit/s-on
Jelminéség romlas korai észlelése

Jobb SNR ,ellenallas”

Minden negyedik regenerator (jelfrissitd) kihagyhato
FEC , kikapcsolhat6” — csupa ‘O’

37



Tobb ,,reteg” — Tobb haldzati technika

IP, IPX, MPLS, etcetera - SANs
v :
Ethernet = = =
: : = O O
Yy Vv O 2 O
PPP 5
Y Vv
. RPR
Y L 4
HDLC
L J L 4 L 4 4 Y Vv ¥
ATM GFP
H SONET/SDH
Y Y K
OTN
Y ¥ L 4
WDM
Y L 4 Y ¥y
Dark fiber

Forras: M. Scholten, Z. Zhu, E.H. Vaencia, J. Hawkins: GFP, |IEEE Communications Magazine, May 2002
38



Osszefoglalas

SDH nem elég
SDH +GFP+VirCat+LCAS — ngSDH

(TDM+FEC) + ( WDM+Mngmnt) — OTN
OTN + GFP+VirCat+LCAS + Ctr| — \/

39



Roviditesjegyzék

(OTN témakor)

3R
AIS
APS
BIP
CBR
CRC
FAS
FEC
GCC
laDlI
IrDI
LCAS
MFAS
MFI
MSI
naOH
NNI
occC
OCCo
OCCp
OCCr
OoCG
OCGr
OCh
OChr
OoDU
ODUK

Reamplification, Reshaping and Retiming
Alarm Indication Signal

Automatic Protection Switching

Bit Interleaved Parity

Constant Bit Rate

Cyclic Redundancy Check

Frame Alignment Signal

Forward Error Correction

General Communication Channel
Intra-Domain Interface

Inter-Domain Interface

Link Capacity Adjustment Scheme
MultiFrame Alignment Signal

Multiframe Indicator

Multiplex Structure Identifier
non-associated overhead

Network Node Interface

Optical Channel Carrier

Optical Channel Carrier — overhead
Optical Channel Carrier — payload
Optical Channel Carrier with reduced functionality
Optical Carrier Group

Optical Carrier Group with reduced functionality
Optical channel with full functionality
Optical channel with reduced functionality
Optical Channel Data Unit

Optical Channel Data Unit-k

ODTUjk Optical channel Data Tributary Unit j into k
ODTUG Optical channel Data Tributary Unit Group
ODUk-Xv X virtually concatenated ODUK's

OH
OMS

Overhead
Optical Multiplex Section

OMS-OH Optical Multiplex Section Overhead

oMU Optical Multiplex Unit

ONNI Optical Network Node Interface

00Ss OTM Overhead Signal

OPS Optical Physical Section

OPU Optical Channel Payload Unit

OPUk  Optical Channel Payload Unit-k

OPUK-Xv X virtually concatenated OPUK's

0oSsC Optical Supervisory Channel

OTH Optical Transport Hierarchy

OT™M Optical Transport Module

OTN Optical Transport Network

OoTS Optical Transmission Section

OTS-OH Optical Transmission Section Overhead

OTU Optical Channel Transport Unit

OTUk completely standardized Optical Channel Transport Unit-k
OTUKV functionally standardized Optical Channel Transport Unit-k

PCC Protection Communication Channel
PLD Payload

PM Path Monitoring

PMI Payload Missing Indication

PMOH  Path Monitoring OverHead

ppm parts per million

PT Payload Type

RS Reed-Solomon

SM Section Monitoring

SMOH  Section Monitoring OverHead

TC Tandem Connection

TCM Tandem Connection Monitoring
TCMOH Tandem Connection Monitoring OverHead
UNI User-to-Network Interface

VCG Virtual Concatenation Group
VCOH  Virtual Concatenation Overhead
vcPT virtual concatenated Payload Type

40



