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« Data Networking vs Voice Transfer W3C |
» E| efecto de la World Wide Web
 Determinantes:
~IP
— WDM

— Conmutacion de altas prestaciones
— PCs
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Area

Resultado

Core network

— Fibra

— WDM

— STM 256 (40Gbps)
— Alta velocidad
Metroas

Cuello de botella
“wFirst mile problem

AccesS hetwor,
— Cableada o inalambrica
— Unos pocos Mbps

(...
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Agregacion  Public Switched Telephone
Network

Acceso a Internet (...)

Area de Ingenieria Telemética
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§ Agregacion « Public Switched Telephone
e Network

§ Acceso a Internet

% Analdgico (56Kbps)

< Digital  (64Kbps,  128Kbps,

2Mbps, 34Mbps, 45Mbps)

—
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upia :
P=2 ¢ Actualizar la red de acceso?

 Inicialmente el trafico con Internet era reducido (e-
mail, un poco de web...)

 j Llevé décadas desplegar el cableado telefonico
actual !

REDES DE BANDA ANCHA
Area de Ingenieria Telemética

« ¢ Se justifica econdmicamente cambiarla?
* La burbuja de las dot-com no ha ayudado
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"°== Tecnologias en el acceso

« Cableadas
— Fibra
— xDSL
— Cable coaxial
— PLC
— PSTN

* Inalambricas
— Satélite
— Fixed
— WiFi
— Celular
— FSO

Area de Ingenieria Telematica
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u Universidad u
Piblica de Navarra
Nafarroako
Unibertsitate Publikoa

« FTTX =Fiber To The X

* Acercar la fibra al abonado

FTTH = Fiber To The Home (hasta casa)

FTTC = Fiber To The Curb (hasta la acera)
FTTB = Fiber To The Building (hasta el edificio)

Area de Ingenieria Telematica
°

cobre Oficina 2
Central E1, LANY
—_— lineas de
E3 (fibra) datos

Cabina de
calle
___;’
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Universida
Piblica de Navarra

Unibertsitate Publikoa

Fibra

PON: Passive Optical Network

E-PON: Ethernet PON (802.3ah)

B-PON: Broadband PON (G.983)

G-PON: Gigabit PON (G.984)

XG-PON: 10G PON (G.987, aprobada 2010-10-07, sin publicar)

OLTU = Optical Line Terminal Unit
ONU = Optical Network Unit

Splitter / qﬁ)
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u Universidad
Piblica de Navarra
Nafarroako
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* Red CATV (Community
Antenna TeleVision)

« FDM, canales de TV de 6MHz
 HFC (Hybrid Fiber Coaxial) (...)

Area de Ingenieria Telematica

2P Splitter OE
Head
End > TI_I —

Amplificador
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 Red CATV (Community + DOCSIS = Data Over Cable
Antenna TeleVision) Service Interface Specification

« FDM, canales de TV de 6MHz Canal de retorno por el mismo

« HFC (Hybrid Fiber Coaxial) (...) coaxial

« ¢ Datos ? : Emplear uno de * Encapsulado MPEG
esos canales  Downstream: 30-50Mbps

« Upstream: 10-30Mbps
* Permite bonding
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CMTS = Cable Model
Termination System
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u Universidad
Piblica de Navarra
Nafarroako
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* Power Line Communications
« Senal eléctrica es de 50-60Hz y gran amplitud

Datos en frecuencias superiores

Area de Ingenieria Telematica

ISP o,
- 1
Internet )
A I'“"—-f-""‘a.,_ S o
i eledricity
A £ (power) grid o
AHT H I
‘ T
computer power
(Internet connection) jack
powerline Central
T n
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Ao

satellite

receiver
—_—
dakup
8 modem

Satélite

* Normalmente upstream por otra tecnologia

belemmmumanon

doy

downstream

- streah'l
local loop l ntD 1
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- F [Xe d WI fe I eSS

* Microondas

« Varias frecuencias y anchos de banda

* Velocidad y distancia con relacion inversa

« MMDS = Multichannel Multipoint Distribution Service
— 10Mbps, 55Km

« LMDS = Local Multipoint Distribution Service
— 150+Mbps, 5Km

« 802.16 WirelessMAN (WIMAX)
— 50Km, decenas de Mbps (70Mbps)

Area de Ingenieria Telemética

Interfaces:
- E1T1

-10/100 base T '|
- n x 64kbit/s |

- POTS

- etc.
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* Wireless LAN (WLAN)
« Corta distancia
« Banda ISM (Industrial, Scientific and Medical)
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u Universidad
Piblica de Navarra
Nafarroako
Unibertsitate Publikoa

* Free Space Optics
— BW muy superior (10Mbps a 2.5Gbps)
— 4-6 Km
« Para distancias mas cortas: Infrarrojos

Area de Ingenieria Telematica
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Piblica de Navarra

afarroako
Unibertsitate Publikoa

xDSL

Sobre par telefonico

Puede simultanearse con POTS
No soporta un BW elevado

Alta atenuacion

Asimétricos

P iegioonc
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Ethernet In the First Mile
e
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’ D c') nde en Caj a 7

« 802.3ah (ya es parte de 802.3)
« EFMC: Ethernet in First Mile for voice-grade Copper
« EFMF: Ethernet in First Mile using point-to-point Fiber topology

« EFMP: Ethernet in First Mile using point-to-multipoint topology,
based on Passive optical networks (PONSs)

Area de Ingenieria Telemética

. Existing
Maximum IEEE 802.3 | 1egnossan| [TLEIENY
Bandwidth (Symmetric)  2ndards :
F'\
10Gbps —
10GbLE
1Gbps —
ficcosASE-T 1000Base
T 1000BASE-LX (SMF) el
100Mbps —
100BASE-T 100BASE-FX
(Cu Cat §) (MMF)
10Mbps —
10Pass-TS 100Base-L/BX10
2Mb 1OBASEST (VDSL) (Single Mode Fiber)
pPs -
(Gl Cats) 2Base-TS Mini
(SHDSL) inimum
| | I I I

100m 500m 750m 2000m 2700m S5000m 10km 20km Reach
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upfid
o Sobre Cobre

* Punto-a-punto, solo full-duplex

« Voice grade copper

« Los interfaces de ambos extremos son diferentes (CO side y CPE side)
pero velocidad simétrica

Area de Ingenieria Telemética

« 2BASE-TL: 2Mb/s@2700m, minimo 192Kb/s, max 5.7Mb/s, basado en
SHDSL

« 10PASS-TS: 10Mb/s@750m, basado en VDSL
* Son minimos, equipos comerciales suelen soportar valores superiores

100: 3 A
>

AL‘—’A
] \

Rate (Mbps)
Bandwidth

0.1

Distance (meters)

==$==10Base-T (2-pairs) =#=EFMC SR (1 pair)
EFMC LR (1 pair) EFMC LR (8 pairs)

Figure 1: Distances and bandwidth for 10BASE-T, .
EFMC SR and EFMC LR Distance
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upfid
o Sobre Cobre

« Conectables a otras Ethernet mediante puentes
Puede usar bonding

Mecanismos OAM
— Monitorizar estado del enlace
— Emplea OAMPDUSs que se multiplexan con las de datos
— Entre subnivel MAC y LLC

Area de Ingenieria Telemética
[ ]

PG| Pre- Ethernet frame PG | P | Ethernet frame
amble amble
Fragmentation il
Fragmnet | Frag. Fragmnet Fragmnet
k 1 e [ KN
Y
S |E
Sequence o|0 Fragment Data FCS
Number PlP
14 bits 1b 1b 64 Bytes - 512 Bytes 4 Bytes B/65B
S S S
Y | Payload Y | Payload Y | Payload
N Data N Data N Data
C C C
1B 64B 1B 64B 1B 64B

ao/p
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:§
: Punto-a-punto:  omeistoe _ mEm
% * 100Mb/s y 1000Mb/s Central EERENR..... -
?8: e 100BASE-LX10: :t:'dc: Aggregation Link m FW* W 100 or 100008 "r
E — Dos SMF (10km) i IR N
< +« 100BASE-BX10: o
— Una SMF 1000Base.LX100
— Diferente A cada sentido (10km) ¢« Maximum Distance 10km ———
° 1000BASE-LX10: 100Base-LX10 or
~ Dos SMF (10km) o dos MMF 100B2se-LX10U
(550m) 100Base-LX10 or
. 1000BASE-BX10: “— __in
- . Central
—  Una SMF (10km) 2
-

Fiber Strands

Tor2 o M

¢———————— Maximum Distance 10 km ——888—

| Singe Gs2fiber |

1.3pmLaser

1.3um Receiver 1.5 um Receiver
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upna .
- Sobre Fibra

: EPON:

2« Punto-a-multipunto pasiva * OLT  controla  cuando
g, Full-duplex pueden transmisir las ONUs
£ « Diferente A uplink y downlink ~* MAﬁ e ,

* Los interfaces extremos son j Ng é;\j A(/)(f;rap i
diferentes (CO side y CPE ~ MPCP  (Multi-Point  Control
side) Protocol)

 1000BASE-PX10:

— Monomodo, 10km ONU

+  1000BASE-PX20: / 1
— Monomodo, 20km Splitter / Drop

« Al menos 1:16 \ / l
oLT Q\ ONU

Feeder \ :
\ ONU

IEEE 802.3
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upna .
- Sobre Fibra

Downstream Upstream

. « TDMA
E
E

 Report procesings: BW requests
from ONU to OLS

« Gate processing: asignacién de <¢. &S] @-E

tiempos para transmitir en uplink
USER3
8 B B j

Area de Ingenieria Telemética

» Discovery processing: of ONUs

time slot E&
L\
[ s 5




uphna

— Tramas de control MPCP

<8
z ' ipo d flow- 802.3
s * Mismo tipo de tramas que para flow-control con 802.3x
<
[a IR
=
23 <+ Ethertype 0x8808
o <
[
a e« Campo de 2 byt ra indicar la funcién de control concret
o s ampo ae yiles para indicar ia tuncio e control concreta
RS
©
i
<
Table 31A-1—MAC Control opcodes
Opcode MAC Control . . . a
(Hexadecimal) function Specified in Value/Comment Timestamp
00-00 Reserved
00-01 PAUSE Annex 31B | Requests that the recipient stop trans- No
mitting non-control frames for a period
of time indicated by the parameters of
6 OCTETS Di%ggggN ! this function. '
00-02 GATE Clause 64 Request that the recipient allow trans- Yes
SOURCE mission of frames at a time, and for a
6 OCTETS ADDRESS period of time indicated by the parame-
ters of this function.
2 OCTETS LENGTH/TYPE 00-03 REPORT Clause 64 Notify the recipient of pending trans- Yes
OCTETS WITHIN mission requests as indicated by the
2 OCTETS MAC CONTROL OPCODE eeTo T parameters of this function.
TOP-TO-BOTTOM
00-04 REGISTER_REQ | [Clause 64 Request that the station be recognized | Yes
. ) by the protocol as participating in a
| MAC CONTROL PARAMETERS | gated transmission procedure as indi-
(MinFrameSize —160) /8 { b = = = = = = = = = = = = = 4 cated by the parameters of this function.
CTETS : RESERVED (transmitted as zeros) : v 00-05 REGISTER Clause 64 Notify the recipient that the station is Yes
e K recognized by the protocol as participat-
ing in a gated transmission procedure as
el 1 1T T I T T | wmss indicgted by the parameters of this
b0 b7 function.
I_ BITS WITHIN 00-06 REGISTER_ACK | [Clause 64 Notify the recipient that the station Yes
FR”L“E}ETT’;SN;QH; ED—P acknowledges participation in a gated
transmission procedure.
Figure 31-3—MAC Control frame format 00-07 through FF-FF | Reserved

The timestamp field is generated by MAC Control and is not exposed through the client interface.
IEEE 802.3
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upfid
P Ethernet OAM

« Operation, Administration <« OAMPDU

Area de Ingenieria Telemética

and Maintenance — MAC Destino reservada,
- 802.3ah, opcional filtrada
- Compatible con cualquier — Ethertype  0x8809  (Slow
Ethernet full-duplex Protocols)
* Objetivos:

— Remote failure indication

* Indicar al otro extremo que
el camino de recepcion del
DTE local no funciona

— Remote loopback
— Link monitoring

Octets
6 | Destination Address = 01-80-c2-00-00-02

6 | Source Address

2 | Length/Type = 88-09 [Slow Protocols]

Common, fixed header

1 | Subtype = 0x03 [OAM] for all OAMPDUs
2 | Flags
1 | Code

42-1496 | Data/Pad
4 | FCS
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Area

10G-EPON

e 802.3av-2009
 Modificacion a 802.3-2008

 Extiende EPON:

— 10Gbps simétricos
— 10Gbps downstream y 1Gbps upstream

— Compatible con 1Gbps EPON: Cambia
capa fisica, no MAC

— Al menos 10 y 20Km (segun velocidad)
— Split ratio de 1:16 y 1:32

Telematica

de Ingenieria




