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FElSTU Ethernet vo WAN
Vyuzitie

O Ako bod-bod technoloégia

= Ethernet pIni len funkciu linkovej technoldgie na prepojenie dvoch
susednych sietovych uzlov, smerovanie sa vykonava na vysSich

vrstvach.
U Ako sluzba (Carrier Ethernet)

= |de o poskytovanie Standardizovanych ethernetovych sluZieb
prostrednictvom inych transportnych technolégii, napr. SDH, DWDM
alebo MPLS, ktoré zabezpecuju potrebni QoS.

O Ako transportna technolégia (Carrier Ethernet Transport)

» Ethernet slUzi ako prenosova technoldgia pre prenos paketov v
transportnych sietach telekomunika¢nych operatorov.

» Pouzivaju sa Specialne verzie Ethernetu schopné zabezpecit QoS a
SLAV tzv. carrier grade kvalite.
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oy Ethernet vo WAN

FEISTY

Dévody zavadzania

U Za
» VacSina prevadzky vznika, alebo konéi na ethernetovych
portoch
= Schopny pokryt buduce poziadavky na kapacitu (az 100Gbit/s)
» Vysoko Skalovatelny
= Lacnejsi, ako iné transportné technolégie

QProti
= Podvodne navrhnuty len pre best-effort sluzby
= Pévodne navrhnuty bez OAM
» Pdvodné verzie nedosahuju carrier grad spolahlivost

——
Potreba Standardizacie novych verzii Ethernetu
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FEISTY CE

Carrier Ethernet
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!gf]s-w Carrier Ethernet

Carrier Ethernet

U Carrier Ethernet je Standardizovana, carrier-class sluzba
a siet’ definovana piatimi tributmi, ktoré ho odliSuju od
LAN Ethernetu.

QSu to: _ ‘ Standardized
. Services

Q4 Standardizované sluzby .

0 Skalovatelnost

U4 Spolahlivost

4 Kvalita sluzby

U Manazment sluzby
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Architektura CE

Customer Service Provider 1 Service Provider 2 Customer
Site Site

ETH ETH ETH ETH ETH ETH
UNI-C UNI-N ENNI-N ENNI-N UNI-N UNI-C
UNI User Network Interface NNI Network to Network Interface
UNI-C UNI-customer side ENNI External NNI
UNI-N UNI-network side I-NNI  Internal NNI
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Vrstvovy model CE

Aplikatna Vrstva gl

(napr. IP, MPLS, PDH atd.)

= Datovarovina- zabezpeduje prvky siete, ktoré smeruju ethernetové toky a podporuje prenos
zakaznickych datagramov sietou.

OVA rovin

Ethernetova Vrstva
(Ethernet PDU)

Transportna Vrstva
(napr. IEEE 802.1, SDH, MPLS)

= Riadiacarovina- ovlada funkéné prvky, ktoré riadia distribuované ethernetové toky v sietovych
prvkoch datovej roviny. Tato rovina tiez zabezpecuje signalizaciu potrebnud pre
zostavenie, udrzanie a ukonéenie spojenia ako aj iné kontrolné funkcie.

= ManazZmentovarovina - zabezpecuje funkcie FCAPS a OAM.
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Referencny model CE siete

Zakaznik Zakaznik
5 """""""" T UNI Carrer UNl Y T
iKoncovy = LAN | Ethernet i . LAN Koncowy |
 uzivatel ~ zakaznika | - | ‘zékaznika | | uzivatel |
- | X siet X i | ‘
Y Y
EVC

Ethernetovy tok “End-to-End”

= Poziadavky na UNI su definuje MEF11 /Metro Ethernet Forum/

= EVC (Ethernet Virtual Connection) je komunika¢ny vztah medzi dvoma alebo
viacerymi UNI rozhraniami vytvoreny za u€elom prenosu ethernetovych tokov po
metropolitne;j sieti operatora.

= Do jedného EVC mdze byt namapovanych viacero ethernetovych tokov.
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_— Carrier Ethernet
Typy EVC
U MEF definovalo 2 typy EVC

Multibod - Multibod

Multipoint-to-Multipoint EVC
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FElSTU Metro Ethernet

Flér{w Carrier Ethernet

CE sluzby

U E-Line (Ethernet Line)
U sluzba na prepojenie dvoch UNI

4 Varianty:
= EPL (Ethernet Private Line)
= EVPL (Ethernet Virtual Private Line)
= E-LAN (Ethernet Private LAN)

Bod-Bod EVC

CE sluzby

U EPL (Ethernet Private Line)
» Sluzba typu bod-bod - vzajomne prepaja par UNI rozhrani
» Na decen fyzicky port je vytvorené jedno EVC.
» Nepovoluje multiplexovanie sluzieb
= Je to rdmcovo a VLAN transparentna sluzba:

o0 Vsetky ramce su mapované do jedného EVC
(tzv. all to one bundling).

0 Ramce vstupujuce do zdrojového UNI su identické s
ramcami vystupujucimi z cielového UNI.
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CE CE
P "
—@——/— ——————————— —ﬂm—g‘
UNI
Metro Ethernet siet’
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CE sluzby

U EVPL (Ethernet Virtual Private Line)
» Nahradza technoldgie ako ATM multilexovanim sluzieb.
* Pre jedno UNI je umozneny vacsi pocet virtualnych spojeni
(jednym fyzickym portom méze byt prenasany vacsi pocet EVC)
» (Od tejto sluzby nie je pozadovana uplna transparentnost
prenosu ramcov

(ramce patriace réznym VLAN mdzu byt mapované do réznych
EVC)
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F%-.‘,s-w Carrier Ethernet

CE sluzby

UE-LAN (Ethernet Private LAN)

» Sluzba na vytvaranie multibodovych L2 VPN spojeni a transparentnych LAN

sluzieb ako aj ich multiplexovanie,

= Zaklad pre ethernetové multicast siete vyuzivané pre broadcastové sluzby

ako napr. IPTV

Multibod-Multibod EVC
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FErSTY Carrier Ethernet

Flér{w Carrier Ethernet

Sluzby podlfa MEF

4 E-Tree

U4 typ multibodového pripojenia umozniujuci komunikaciu jednej vetvy len s
hlavhym bodom a zamedzujuci komunikaciu s akoukolvek inou vetvou.

U Komunikacia jedného bod-bod spojenia je neviditelna pre iné takéto

MEF 10.1
Q Standard MEF 10.1 popisuje:

» Jednotlivé definované atributy sluzieb

Detaily tykajuce sa tvorby EVC

= Profily prenosovych rychlosti:

+ vstupny profil pre vstupné UNI,

+ vstupny profil pre EVC,

+ vstupny profil pre CoS (Class of Service) identifikator

CoS (Class of Service)

= Tagovanie ramcov
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spojenie
Metro Ethernet siet
—
CE NI L — CE
_ — == ~ R —
B )
~
~
Smerovany Multibod EVC At
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FEISTU Carrier Ethernet

Ethernet cez SDH

U Kombinuje vyhody Ethernetu a SDH
= Efektivny spbsob zavadzania Ethernetu efektivnou a

» Ponechava vSetky doterajsSie vyhody SDH (rychlost, monitoring
kvality liniek, existujuce mechanizmy sietového manazmentu.

Enkapsuléacia Ethernet ramca do SDH

Prenos cez SDH

SDH pole ramca
Vstup do SDH EOS ramec Vystup z SDH
’ ‘ Ethernetovy ramec ‘ >
Ethernetovy rdmec ‘ ‘ Ethernetovy ramec
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F%-.‘,s-w Carrier Ethernet

Ethernet cez MPLS

U Ethernetovy ramec je prena8any bez pridania akejkolvek hlavi¢ky
a virtualna cesta méze byt v dvoch moédoch:
= _Raw"“ mdd - reprezentuje virtualny spoj medzi dvomi eth. portami.
Méze nim prechadzat tagovana alebo netagovana prevadzka.
= Tagovany mod — reprezentuje spojenie medzi dvomi VLAN.
Kazda VLAN ide po inej virtualnej ceste a je inak prepajana sietou.

Tagovany méd

IP/MPLS
,Raw” méd
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FErSTU G.8032

G.8032 - Ethernet Ring Protection

O Bezporuchovy stav
= ERP zarucuje bezsluckovy stav blokovanim RPL (linky medzi uzlami 1 a 6)

= Kazda linka je monitorovana uzlami na obidvoch jej koncoch pomocou ETH CC OAM
sprav
= Strata signalu (def. v Y.1731) iniciuje ochranny mechanizmus

S
— RPL RPL
Praeel < - wher

\_/ a
9
9 % 9 E\ Fyzicka topologia
m" m
<ETH-CC <EIHCC]

Logicka topologia
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g;{w Carrier Ethernet

OAM

Su Specifikované
O OAM Ethernet linky - IEEE 802.1ah (pre tzv. poslednu milu)
O OAM Ethernet sluzby - IEEE 802.1ag, Y.1731

Poskytovatel Ethernet sluzby

Budova zakaznika Budova zékaznika

CPE E-UNI o RN o T E-UNI CPE
s__’— Operator A — Operator B ",,——g?—

e S —

IEEE 802.3ah
OAM Linky
IEEE 802.1ag / Y.1731 OAM Sluzby
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FErSTU (G.8032

G.8032 - Ethernet Ring Protection

U Porucha linky
1. Porucha linky/uzla je detekovana susednymi uzlami

2. Susedné uzly zablokuju nefunkénd linku a prostrednictvom R-APS (SF) spravy to
oznamia ostatnym uzlom v kruhu
3. Na zaklade R-APS (SF) spravy:
= vlastnik RPL odblokuje RPL
= VSetky uzly vykonaju FDB flushing

4. VSetky uzly ostanu zapojené v logickej topologii

N
RPL RPL
=GO 8E
L S

Fyzicka topoldgia

(48)sdv-d

RAPS(SF) RAPS(SF) I::—I

RAPSED) Logicka topologia
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- G.8032
G.8032 - Ethernet Ring Protection

U Obnova po poruche
Po odstraneni poruchy ostava prevadzka na linke blokovana

Susedné uzly poslu spravu R-APS(NR)

Vlastnik RPL po prijati R-APS(NR) spravy spusti ¢asova¢ WTR

Po pretec€eni ¢asovaca WTR vlastnik RPL zablokuje RPL a poSle spravu
R-APS (NR, RB)

5. Uzly po prijati spravy vykonaju FDB Flush a odblokuju zablokované porty

o=

Q

R-APS(NR, R RPL

=y AR LIS
wng AN

Fyzicka topoldgia

(g4 "9N)Sdv-H =

pe)
R-APS -APS(NR)
O 2 |:>
I RAPSTRRT Logicka topologia
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FE1STU Carrier Ethernet

Ochrana a vrstvy

U Porucha nemdze byt odstrdnena na SDH vrstve

U Porucha méze byt odstranena na MPLS vrstve

. Carrier Ethernet
Ochrana a vrstvy

U Priklad — prenos ETH -> MPLS -> SDH

O Porucha méze byt odstranena na SDH vrstve

U4 Odstranenie poruchy je na nizSich vrstvach rychlejSie

ECF LSR LSR ECF
ECF |—] over — S~ over — EcF
LER LER
SDH/RPR
ECF ECF
over — | LSR LSR |~ over
LER \*/ LER
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Ochrana a vrstvy

U Porucha bude odstranena na Ethernet vrstve

ECF LSR LSR ECF
ECF |—] over X ™~ over — EcF
LER LER
SDH/RPR
ECF ECF
over — | SR . — over
LER LER
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ECF LSR LSR ECF
ECF ) over ] ™~ over — EcF
LER LER
SDH/RPR
ECF ECF
over — | EEIR - over
LER LER
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FErsTU Carrier Ethernet FersTY Carrier Ethernet
Sluzba - Emulacia okruhu Sluzba - Emulacia okruhu
U TDM Line Service (T-Line) U TDM Access Line Service (TALS)
U Vyuzitie: nahrada prenajatej linky U Vyuzitie: Pripojenie do inej siete (napr. PSTN)
Customer : CESOETH
Premises - CESoETH N Premises Premises
‘ - DM Ethemet m Ethernet oM
T om RS2 Etremet (Rletro Ethernet) £emet [RO2 70w i prel—— et,:,(;ts\fgre;net — iy — PSTNL\}
233 ! W+ T Network N \WF ! : : Lw.:j) i A
yau \ i i | I 1 l ]
— 1 1 1 1 I 3 A 1
: ; E-Line i : : Ethelrnet E—que Eth(-;rnet :
! Ethernet Service Ethernet ! | UNI o UNI |
: UNI UNI : ! _ - y !
| : . | TDM subscrib Service Provider Networ TDM Network
TOM subscriber Service Provider Network DM subscriber dormarears e Intortans
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FEISTY Carrier Ethernet FEISTY CET

Sluzba - Emulacia okruhu

U Zakaznikom ovladana emuléacia okruhu

U Vyuzitie: Obidenie poplatkov

Customer Customer
Premises CESoETH Premises

| . Carrier Ethernet Transport
TDM CES Ethernet Mhet Eth?rnet CES DM (PB, PBB’ PBB_TE)

IWF ! w IWF
1
1

\ E-Line '
Ethernet UNI and Service Ethernet UNI and
subscriber subscriber
demarcation demarcation

Service Provider Network

LN
LN
LA

Y -
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g{w Ethernet

Povodny Ethernet

Urcené pre: LAN

Prepinanie zaloZzené na Spanning Tree

Neefektivne vyuZitie zdrojov

Obmedzené moznosti traffic engineering-u

Naroc¢na optimalizacia v pripade pouzitia ,viac stromov*
Pomalé zotavenie po vyskyte poruchy (secondy)

,Plocha“ hierarchia prepinania (broadcast ak nie je znamy ciel)
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FEISTY CET

Carrier Ethernet Transport

« UrCené pre: Transportné siete

* Prepinanie zalozena na transportnych labeloch, nie na MAC
adresach zakaznikov

* Vytvara virtualne tunely (cesty)
* Broadcast v pripade neznalosti ciela je zakazany

+ Centralizovany manazment, alebo distribuovana riadiaca
rovina (napr. GMPLS)

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava SpSS - VIl / 31

g{w Carrier Ethernet

Carrier Ethernet

« Ur€ené pre: Metro agregacia
+ Standardizacia v ramci Metro Ethernet Forum:
* VylepSené QoS
« Manazovatelnost, OAM
+ ZlepSena skalovatelnost s VLAN, Q-in-Q
* Dostupnost
+ Stale vyuziva Spanning Tree

+ Pomalé zotavenie po vyskyte poruchy
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FEISTY Ethernet
Ethernet

IEEE 802.1Q VLAN Standard
IEEE 802.1ad Provider Bridges (Q-in-Q)
IEEE 802.1ah  Provider Backbone Bridges (MAC-in-MAC) PBB

IEEE 802.1Qay Provider Backbone Bridges with Traffic Engineering/
Provider Backbone Transport PBB-TE/PBT

IEEE 802.3ah Ethernet in the First Mile (s OAM)

IEEE 802.1ag Connectivity Fault Management (OAM)
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FEISTY Ethernet
IEEE 802.1Q ramec
6 6 4 2 < 1500 bajty
DA | SA | Tag| Typ/Dizka Data FCS
e 4
TPID Priorita CFlI VID
16 3 1 12 bity
«—— Tag Control Information (TCI) —

TPID - Tag Protocol Identifier (0x8100 /default/, 0x9100 alebo 0x9200)
Priorita - prioritné urovne podla 802.1p (0 - 7)

CFI — Canonical Format Indication (0 = kanonicka MAC, 1 = nekanonicka MAC)
VID — jedine¢na VLAN identifikator (0 — 4095)
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FEISTU Ethernet

g{w Ethernet

IEEE 802.1ad Q-in-Q ramec

DA | SA | Typ/Dizka| Data | FCS Povodny Ethernet ramec

DA [ SA | Typ | Tag | Typ/Dizka| Data | FCS 802.1Q ramec zo

zakaznickej siete

DA | SA | Typ | Tag | Typ | Tag | Typ/Dizka| Data | FCS

Double-tagged ramec

I[EEE 802.1ah MAC-in-MAC ramec

IEEE 802.1ad Q-in-Q ramec

C-DA | C-SA | S-Tag| C-Tag Data FCS

IEEE 802.1ah MAC-in-MAC ramec ...
B-DA | B-SA | B-Tag| I-Tag 802.1ad ramec FCS

B-TAG Backbone Tunel Tag
I-TAG Extended Service Tag
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IEEE 802.1ah MAC-in-MAC ramec

B-DA Backbone-DA (MAC) (48b)

B-SA Backbone-SA (MAC) (48b)

Ethertype (Specifikuje dihy/kratky I-TAG) (16b)
B-TAG Backbone-VLAN ID (16b)

Ethertype (Specifikuje, ¢o je enkapsulované) (16b)
I-TAG (Short I-TAG:32b, Long I-TAG:128b)
C-DA Customer-DA (16b)

C-SA Customer-SA (16b)

Ethertype (Stand. typ Eth.,napr. IPv4 (0x0800), IPv6 0x86DD) (16b)
S-TAG Service-VLAN ID (16b)

Ethertype (802.1ad = 0x88A8) (16b)

C-TAG Customer-VLAN ID (16b)

Ethertype (802.1Q = 0x8100) (16b)

Payload
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IP/MPLS

/éplay FTTH 7(

aPlay vosL
Glnlomlr lPﬁ.Me- ‘

FEISTU
IP/MPLS Transport
(Subscriber/) [ Access Aggregation I Core Strengths
Service : I
i I Service Awareness
Residential Layer 2 Emulation 1 Il.ayer 3/1P Packet routing
P / Tunnelin | A L3A Traffic Engineering
(W' '.k 9 | ? Robust network
) z 3 ]
1P, Voice, | | : (Restoration)
Video - T
Layer 2/ Carrier Etherhét Tran
Business : !
B #cmﬁwilch | :
i [-[ | ‘.‘i : 1
1 i
LLL’J;':?L\:;:N 1 | Cost efficient
Eline | 2.5Gbps, 10Gbps,
ey 40Gbps, 100Gbps
: ) (&
. AN \ L N
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FersTY CET
Carrier Ethernet Transport
Service Access Aggregation IP/Aggregation . Core
| Edge | Aoplicati
pplication

A

l Carri rEther et Transport

_CES g
Customer Ethemet Seadss - - - - - - = ! [
B il | | Optical Transport
4 A
/ F ’ DWDM Metro DWDM Core  —
/2,93. ) --f/ / / = ./
/ Optical Servics.
;/ L 7 ;/
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FEISTY

CET

Carrier Ethernet Transport

ol

L1/L2/L3 VPN
Leased Line,
E-Line

Y
-

Access Switch
Al

- © ~ . T
Subscﬂber? Access Aggregation ! I Core

Service : I

I
I

Residential v Feerap 2
- Mgy ) -

IP, Voice, \ 1 I

Video TR

Layer 2/ Carrier Etherngt Transport

Business

&

AN

A5 1 :
N\

Service Awareness
Packet routing
Traffic Engineering
Robust network
(Restoration)

Packet switching
Traffic Engineering
Robust network

Native laye

r2

Predictable behavior
Carrier Grade OAM

Cosi efficient
2.5Gbps, 10Gbps,
40Gbps, 100Gbps
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Carrier Ethernet

Priklad (Ciena)

ActivEdge 3000 Series (Service Delivery Switches)
Model Description NNVUNI Ports UNI Ports Tgﬂ_ Factor temp Range
3180 ice Pscudowire Gateway (8T/ED) 2) 100MYGbE SFP s 2 1RU | 40°C w0 +£5°C
- » (8) 10/100M RIAS
31e1 Pseudowire G 14TIED | (2) 10OM/GBE SFP e 2 1RU _305C tn +£50C
3190 | Multisenice Delivery and Aggregation éﬂz;mwa s L‘zsws BE;W‘]“’L,‘ ez | = 3RU 0°C 1o +50°C
3911 | Weatherprof Ethemet D {10-pory) | (2) 10DM/GBE SFP 12) 10/100/1000M R385 | 10 | Ousdoor | -20°C 1o 288°C
_ 2) 100M/GBE SFP 1RU ETSI
3916 | Ethemes Demarcation (5-port) (2) GBE SFP Oy loomore sterrus | & | Datn t | TCm 50T
3920 | Ethemet Demarcation (12-port (4) 10OM/GbE SFP 8 10/100/1000M R34S | 12 | TRUETSI | O°Cw +50°C
LE-311v | Ethemet Service Delivery (@) GbE SFP 24) 10/100M RJAS &a 1RU O to +50°C
3930 | Extendad-tamp Ethamet Service Dalivery (2) GBE/10G SFP+ mesﬁims 28 | 1RUETS) | -10°C o +£5°C
3931 | Weatherpeof Ethemet Service Delivery (2) GLE/DG SFP+ oo crmaas | 28 | Ousdoor | A0°C o va5ec
3940 | 15t Tier Ethermnet Aqgregation (4) 100M/GBE SEP/RIAS | (20) 100M/GBE SEP/RUSS | 24 1RY 0°C 1 +50°C
3960 | 10G Ethernet Service Defivery (@) 10G xFP e 1RU ©0°C to +50°C
ActivEdge 5000 Series (Service Aggregation Switches)
5140 | Extended-temp 1st Tier A ) E SFP/MI45 | (20) 100M/GLESFP/RIsS | 24 | 2RUETSI | -40°C o +€5°C
5150 | Extended-temp Aggregation/MPLS Edge ‘;’ ﬁ’"“";& xee #48) 100MYGbE SFP €8 2RU ETsI | -AD°C w +4&5°C
5305 | Ethemet Agaregation/MPLS Edge 253“5]""{‘:; (10) 10G or | yp 50 FeT 0°C o +40°C
5410 | High eapacity Agaregation/MPLS Edgs élg;‘{‘::&’ B0 10G or | pn 1000| 22mU O°C 1o +40°C
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g{w Carrier Ethernet

Priklad (Ciena)
(Mobile backhaul)

SRR |-

o}
1%}
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F“gw Carrier Ethernet

Priklad (Ciena)
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g{w Carrier Ethernet

Priklad (Ciena)
(Mobile backhaul) 3960

- 3930

ZS 2011/12 M.Medvecky, UT FEI STU Bratislava épSS —VIII /42
F“gw Carrier Ethernet

Ciena 5410 - Agregacny prepinac

QO Kapacita: 1 Tb/s o ———
| .
4 Porty: max 10GbE/port, 100Gb/slot (10x10GbE) ra R il

U Ethernet:
= |EEE 802.1Q VLAN (128000 VLAN/system)
* |EEE 802.1ad Provider Bridging (Q-in-Q)
= |EEE 802.1ah PBB
= |EEE 802.1Qay PBB-TE

Q Carrier Ethernet OAM:
= |EEE 802.1ag Connectivity Fault Management
= |EEE 802.3ah Ethernet in the First Mile (EFM)
= |EEE 802.1AB Link Layer Discovery Protocol
= |ITU-TY.1731 Performance Monitoring

Q MPLS/VPLS:
Q Spolupraca: MPLS/VPLS, VLAN/Q-in-Q, PBB-TE

a QOS 5410 chassis, front viaw
= 32,000 hardvérovych radov / linkovy modul
= Klasifikacia podlia: IEEE 802.1D priority, IEEE 802.1ad PCP priority, IEEE 802.Qay PCP priority,
VLAN ID, zdrojovy a cielovy port, IP Precedence, IP DiffServ Code Point (DSCP)
MPLS EXP Priority, TCP/UDP port
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