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Trendy v paternich sitich
Narust prenosové kapacity
—nx1...10...100 Gbit/s

Vinove multiplexovani
— DWDM i CWDM

Hierarchie pfenosovych systému

— SDH 2. generace - Ethernet over SDH (EoSDH)

— Opticka hierarchie OTH

PIné opticke site (ASON)

Integrace sluzeb - NGN i technologii - multiservisni
prepinace
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Vyvoj hierarchii digitalnich siti
 od TDM k WDM

PDH
E1 2 Mbit/s
E2 8 Mbit's  SDH (SONET)
E3 34 Mbit/ls STM-0 52 Mbit/s
E4 140 Mbit/s STM-1 155 Mbit/s
STM-4 622 Mbit/s OTH
STM-16 2,5 Gbit/s OTM-n.1 n x 2,5 Gbit/s
STM-64 10 Gbit/s OTM-n.2 n x 10 Gbit/s
STM-256 40 Gbit/s OTM-n.3 n x 40 Gbit/s
...160 Gbit/s
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Rozhrani OTN - G.959.1

»Plural“« Pan_ytZ ___— Vlakno

/ 1-G.652-1310 nm
max. A

2 - (G.652 - 1550 nm
3 - G.653 — 1550 nm

| — intra-office 7dB

S — short-haul 11dB

5 —G.655 - 1550 nm
L — long-haul 22dB

V —very L 33dB
U — ultra L 44dB

0 - 1,25 Gbit/s NRZ  Uroveri vykonu pro pouZiti
1-25...5-RZ A — se zesilovadi

2— 10...6-RZ B — jen koncovy zes.

3— 40...7-RZ C — jen predzesilovac
max. pocet useku 4-160...8-RZ D — bez zesilovacu

* Obousmeérné rozhrani — misto P oznacCeni B
» Pridavné symboly na konec: F (FEC G.709), D (adaptiv. kompenzace
disperze), E — el. kompenzace disperze v prijimaci
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Hierarchie OTH - G.709
« Vytvorena pro jednotné opticke site OTN
* Pruzné vydélovani pfispévkovych signalu
pomoci optickych rozvadéc€u (coss-connect)

* NavrZzena s ohledem na ruzné prenasenée
signaly (SDH, ATM, IP, Ethernet)
« Bohata vybava pro sluzebni ucely

— 1. Cast zahlavi Casove pridruzena (opticka transportni
jednotka - OTU)

— 2. Cast zahlavi na sluzebni vinové delce OSC (opticke
kanaly a opticky transportni modul)
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Prepinané opticke site
* Optické prepinace rizené signalizaci (mozna
kombinace prepinanych a fixnich domeén)

« Automaticky prepinané opticke site - ASON
— G.807/Y.1302 07-2001 Requirements for automatic switched
transport networks (ASTN)

— (.8080/Y.1304 11-2001 Architecture for the automatically switched
optical network (ASON)

— (G.8081/Y.1353 06-2004 Terms and definitions for Automatically
Switched Optical Networks (ASON)
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Alternativa - CWDM dle ITU-T G.694.2

* QOdstup kanalu 20 nm (od 1271 nm), tolerance nosné +6,5
nm (teplota), jednovidové vliakno 9/125 um:

— O — Original 1260 — 1360 nm (kanaly 1 - 5)
— E - Extended 1360 — 1460 nm (6 - 10)
(11-14) CHL PV IV
(5 | 1T T
— L —Long 1560 — 1620 nm (16 - 18)

— U — Ultra-long 1620 — 1700 nm
* Obvykle kanaly 2 — 5 ]
e P¥i VyéélCh Gtlumech 14 — 17 i . J LR LL
»  MozZnost pasivniho vydélovani

1 dB/km
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Usporadani optickeé site CWDM
« Bod-bod (koncové vinové muldexy)
* Mnohabodové (OADM)

— Liniové / Kruhové

* Smery prenosu |

— 2 separatni vlakna
— 1 vlakno, WDD
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Rozhrani CWDM dle G.695

CWDM <« _ _ —> viakno
A/Can ytz 2 G.652
3 -G.653
e / 5_ G.655
S — short-haul v D — bez zesilovacu
L — long-haul

0 - NRZ 1,25 Gbit/s
1 - NRZ 2,5 Gbit/s

max. pocCet useku

« Obousmérny prenos — pred oznacenim B-........
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Perspektivni Ethernet LAN i WAN
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Rozhrani 10GbE

« Ethernet 10 Gbit/s IEEE 802.3.ae
— 10GBASE-SR — MM 850 nm, 300 m, LAN
— 10GBASE-SW — MM 850 nm, 300 m, WAN
— 10GBASE-LR - SM 1310 nm, 10 km, LAN
— 10GBASE-LW — SM 1310 nm, 10 km, WAN
— 10GBASE-ER — SM 1550 nm, 40 km, LAN
— 10GBASE-EW — SM 1550 nm, 40 km, WAN

— 10GBASE-LX4 — MM (300 m), SM (10 km), WDM-4
kolem 1310 nm, 8B/10B
R — koéd 64B/66B
W — WIS — WAN Interface Sublayer — ramcovani STM-64
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Uvazované varianty 100GbE

Varianty rychlosti: 80 - 100 Gbit/s - 120
Varianty rychlosti a pocty kanalu

— 10 — 14 Gbit/s (12, 10, 8)

— 20 — 25 - 28 Gbit/s (6, 5, 4)

— 40— 50 - 56 Gbit/s (3, 2)
Vzdalenosti

— 100 m (datova centra)

— 10 km (metropolitni)

— 40 km (rozSifena metropolitni)

Varianty prenosu
- CWDM, DWDM
— DQPSK
— Vice vilaken
— TDM
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Konkretizace variant 100 GbE

DWDM 1550 nm 10x10 Gbit/s (200 GHz G.694.2):

— 1531.12, 1532.68, 1534.25, 1535.82, 1537.40, 1538.98,
1540.56, 1542.14, 1543.73, 1545.32 nm

CWDM 1550 nm 10x10 Gbit/s (20 nm ITU G.694.2):

— 1431, 1451, 1471, 1491, 1511, 1521, 1541, 1571, 1591,
1611 nm

DWDM 1310 nm 5x20 Gbit/s:
— 1310.28, 1311.43, 1312.58, 1313.73, 1314.89 nm

CWDM 1310 nm 5x20 Gbit/s:
- 1271, 1291, 1311, 1331, 1351 nm

DQPSK 1310 nm 2x50 Gbit/s
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Pristupova sit’ - trendy

e Snizovani poctu telefonnich a ISDN pfipojek
 Prechod na xDSL, mobilni telefonii
 Rozvoj FWA, WLAN (Wi-Fi, WiMax)

 Priblizovani k teoretickeé informacni propustnosti (modulace,
korekce, kodovani, zabezpeceni, prokladani)

* Rozvoj optickych siti (GPON, EPON)

* Pokles vyznamu ATM, rozvoj Ethernetu (EFM, PPPoOE,
VLAN)

« Kombinace audio / data / video
« Metropolitni site, velke rychlosti, datove sklady
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Pristupoveé site - EFM

IEEE 802.3ah - EFM (Ethernet in the First Mile)
EFMC (Copper)

EFMF (Fiber)

— P2P bod-bod

— EPON - sdilena kapacita

* Prenosove rychlosti

— 100 Mbit/s (10 Mbit/s EFMC)
— 1 Gbit/s

— 10 Gbit/s
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- Bod - bod (P2P) — 10 km ... 6 dB (MM 550 m)
_ 100BASE-BX10 - 1 SM vlakno (1310 / 1550 nm)
— 100BASE-LX10 - 2 SM viakna (1310 nm)
_ 1000BASE-BX10 - 1 SM viakno (1310 / 1490 nm)
— 1000BASE-LX10 - 2 SM viakna (1310 nm)

 EPON
— 1000BASE-PX10 - PMP - 1 SM vilakno do 10 km
— 1000BASE-PX20- PMP - 1 SM vlakno do 20 km

- EFMC
— 10PASS-TS - 10 az 100 Mbit/s — 1 par (VDSL) — 750 m
— 2BASE-TL - 2 az 5,696 Mbit/s — 1 par (SHDSL) - 2,7 km
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Hybridni pristupova sit EFM
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Zaklady PON

« Jednostupnove » Dvoustupnove rozboceni
rozbocCeni napfr. 1:8 napr. 1:4 /1:4
1310 nm ONT 1

ONT 1 1550 nm

OLT

OLT

ONT 8

ONT 16
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Pripravované varianty 10GEPON

« Asymetricka (10 Gb/s downstream + 1 Gb/s upstream)
« Symetricka (10 Gb/s downstream + 10 Gb/s upstream)
« Vzdalenosti a rozboCeni jako 1 Gbit/s — navic:
— Preklenutelny utlum 29 dB 10/20km — rozbocCeni 1:32 (pfip. 30 km)
* Pevné rychlosti na rozhrani (podpora 1 i 10G pomoci WDM)

— 10G symetricky - 10GBASE-PR
— 10G DS, 1G US - 10/1GBASE-PRX

« Podpora obou rychlosti (11 10G) na rozhrani
— o0be DS i US - 11GBASE-PRXRX
— DS obé, US 1G - 11GBASE-PRXX
— DS 10G, US obé - 10GBASE-PRRX
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Zaverem
* Odkazy:
— http://access.feld.cvut.cz
— http://matlab.feld.cvut.cz

* Kontakt:
— vodrazka@fel.cvut.cz

* Dekuji za pozornost



