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Passive Optical Network

« Shared feeder fiber

« Same bit rate on feeder and distribution, but each home must share using
multiple-access protocol

« Increase capacity by reducing sharing
+ Electronics at CO and home

% Technology evolution requires upgrading all homes served by splitter
simuitaneously

+ Distance limited by power loss due to splitting
+ unless use optical amplifiers

« Services on common data link layer (unless muitiple lambdas per home
used)
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Contents
1 |IEEE 802.3ah EFM STFs
2 EPON MAC Protocol : MPCP
3 MPCP issues
4 PMD Issues
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« [EEE LAN/MAN Standard Committee(LMSC) &5t 802.3 WG2 2000.11 Plenary meeting0Oli Al EPON
ES FIBEFMSG EYE &2
+ Sub-track® &= Al (2001.07) .
« NesComilt STBS| H & PARZ &0 20t TF £4(2001. 10)
« EPON STF, Optical PMD STF baseline Pass(2002.03), OAM STF baseline Pass(2002.05)
» Draft v1.1(-2002.10) (2 F XI¢! DIi5)

« Over 200 individuals from 80+ companies worldwide participated in.
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EFM Objectives

®,

< Speed

« P2P optical fiber : 100Mbps, 1000Mbps using 100BASE-X, 1000BASE-X

» P2P copper : support a variety of bit rates, depending on the span and the SNR
+ P2MP optical fiber : support 1000Mbps

*,
o

Support the only FDX

MPCP(Multi-Point MAC Control Protocol
« The MAC protocol for P2MP topology consist of OLT and ONUs

g

)
8

e

% P2P Emulation sublayer
» Makes an underlying P2ZMP network appear as a collection of P2P links to the
higher protocol layer(above MAC Client)
« It achieves this by prepending a LLID to the beginning of each packet, replacing 2
octets of the preamble
Support far-end OAM for subscriber access networks:
+ Remote Failure Indication ‘
+ Remote Loopback
« Link Monitoring

o
*
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EFM issues

LLE

Logical Link Control

patranm
Bandwidth
Allocation
Rolicy

" Qutside Plant e
Wavelength plan S High Link Budget
. FECJAPD
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Architectural layers(lEEE view)
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EFM STFs(l)

Sub tracks gg=g S5 FREs08
P2MP(Point-to-Multi Point) HBEYHY UHAX L H Gerry Pasavento(teknovous)
EPON MAC control Dolors Sala(Broadcom)
Ariel Maistos(Passave)
o2ES
Glen Kramer(Alloptic)

> MPCP(Multi-Protocol Control Protocol) : MAC Control protocol
» MPCPS 333l & convergence &

> timing control : OLT absolute timestamp(Jan. 2002)

# P2P emulation : LLID(Logical Link ID)(Mar. 2002)

» single LLID vs. multiple LLID per ONU(July 2002)

~ 802.1D Compliance : ULSLE{Sept. 2002)

% multiple vMAC definition(Sept. 2002)

» multipoint MAC Control(Sept. 2002)

Telecommunication R&D Center
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EFM STFs(Il)

Sub-tracks ggee SH FREsE
Optics optical PMDS L= | optical PMD(Physical Medium | Vipul Bhatt(Finisar)
EZ0l 0IXl= Y& | Dependent)

» BM(Burst Mode) transceiver& & ¢l

OAM EFMOI A 2} OAMS) Ethernet2 S X Q! OAMEIE | Matt Squire(Hatteras Networks)
nId Y Ben Brown(AMCC)

> 0AMS i<
- remote loopback
- link monitoring

- remote failure indication
» Slow protocol& AHE3t= OAM 22t baseline proposal £ 1t(2002.5)
> OAM sublayer & &} (draft v1.0)
> OAM control client & 2| (Nov. 2002)

Telecommunication R&D Center
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EFM STFs(lll)

Sub-tracks gy s FRES2

Al

Copper HES0NE F3HolE eiZetd 450! @9 | Hugh Barrass(Cisco)
copperZ Gt WEIAEE UF
29 el d
&5 89 7138

» encapsulation technique AH2 X| &
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Contents
1 {EEE 802.3ah EFM STFs
2 EPON MAC Protocol : MPCP
~ Message format
- Auto discovery
~ Ranging
- Report _
- Transmission
3 MPCP issues
4 PMD Issues
Telecommunication R&D Center

- 215 -






FFABFAA S 20023 33 Hwy

SAMSUNG D'G[Ttx”) evaryone's invited:

Basic operation of EPON

& downstream
@ Broadcasting

& Upstream
eh Time division

M No collision

@ No fragmentation

Telecommunication R&D Center

General description of MPCP

® The Multi-Point Control Protocol (MPCP)

@D specifies a control mechanism between a Master unit and Slaves units
connected to a Point-to-Multi-Point (P2MP) segment to allow efficient
transmission of data

@M operates by allowing only a single ONU to transmit in the upstream at a time

® Functions performed are:
— Support P2PE
- Support multiple MACs and MAC Clients

- Support dynamic binding of MACs to ports by allocation/deallocation of such
LLID

- Support a mechanism for SCB(Single Copy Broadcast)

— Flexible architecture allowing dynamic allocation of bandwidth
- Use of 32 bit timestamp for timing distribution

— MAC Control based architecture

— Registration process

— Ranging process
Telecommunication R&D Center
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ONU operations

1. waits for discovery GATE from OLT
& performs discovery process which includes
® ONU synchronizes to OLT timing through timestamps on
@ Ranging
® Assignment of LLID

3. waits for Normal GATE for its transmission grant
@& ONU transmits frames in these grants
® Request for additional bandwidth can be sent in REPORT frames

Telecommunication R&D Center
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OLT operations

1. Controls ONU registration process
® broadcasts discovery GATE
® Performs ranging operation
@ Generates time stamped messages to be used as global time
reference
2. Assigns bandwidth (MPCP allocation)
® Assigns individual grant windows to registered ONUs
® Generates discovery windows for new ONUs

Telecommunication R&D Center
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Message format

® MAC Control Frame
& GATE, REPORT, REGISTER_REQUEST, REGISTER, REGIST ER_ACK

K Comstret
Ruticamt Adkress

For?
ONUIGLT Audiens

T Stamp Muszige
4 Byiesy 145 Hytess

s wacoa MACSA L OYRE |
“u| isbytes) | Gbgise Lﬁw

Telecommunication R&D Center
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Auto Discovery(l)

® Knowing it’s there

® Knowing who it is

& Negotiating System parameters such as:
@ Determining RTT

@D Laser turn-on/off times
A0 Number of Logical MAC’ s per-ONU

Various Logical MAC Types (P2PE, SE, SCB) are being defined
During Discovery, At Least One vMAC is registered

Assigning PON Tags (LLID’s) for vMACs

Registration failure mode

@M Random start time
@ Random GATE skip

Telecommunication R&D Center
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Auto Discovery(ll)

o " Discoveéy Gate” . - '
GATE (dest_addrsmult '
) = icast, content = GRANT+OL,
i , T ONU

UEST(content=PHY D cap&'.’l'b:li:lties*ONU
ities+echo O OLY capabﬂmes)

OLT

- conTenTion | REGISTER.REQ
ZONE capabil

REGISTER (dest_addr=ONU MAC addr, content=PHY ID
list+techo of ONU capabilities)

GATE

(dest,,addrzt)hiu MAC addr, content = GRANT)

echo of registered PHY D)

CHANNE! REGISTER_ACK(content =

ESTABLISHED

Telecommunication R&D Center
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Ranging : RTT measurement

(® OLT sends GATE at absolute T1

& ONU receives GATE at T2 and resets local counter to show T1
& ONU sends REPORT at time T3, showing timestamp T4
M OLT receives REPORT at absolute T5

ﬁrr:frz—'rn T5- 73
=75~ T4
(13- 72 =T4~T1)

et s SRR B

Telecommunication R&D Center
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REPORT

® REPORT frames pass queue status from ONU to OLT .

® A reported element contains the number of bytes requested per
802.1Q priority queue

® REPORT must be sent periodically for ranging.

® Requests include IPG. OLT will compute compensation for Laser turn-
on/off times.

®» More efficient reporting method is considered : queue threshold,
vendor general space,..

|REPORT BIT MASK [1BYTE]
1 Bit #n4s 0: No report for queue ¥n
| Bit #n is 1: Queue #n report exists

Telecommunication R&D Center
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Transmissions

(& Emulation issues
#N P2P-LAN : service for data only applications

@ SCB(Single Copy Broadcasting) : support of digital video
broadcast

éD Shared-LAN : for campus environments

P2P emulation SCB .

Telecommunication R&D Center
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LLID

& What they are:
@ Introduced for 802.1D Bridge compliance
@> Identification of an ONU from a Bridging perspective (P2PE)
@ 1:1 association between single ONU and OLT vMAC
a” Allow for filtering of ONU-ONU bridged traffic
@ Carried in the preamble in either direction on the PON
&M Stripped off before frame enters MAC

Telecommunication R&D Center
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Ex) P2P Emulation using LLID

upstream All Upstroam trame {inclucing unifbroadcast } s Lo8PHY D
forwarded to higher layer { bridge / router ) ]

1] LO&RHY.IDS
Downstream Frame is

downstream B received only by ONE ONU

Telecommunication R&D Center
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Compllance layering : ULSLE

A new optional functionality is proposed : ULSLE(Upper Layer Shared LAN
Emulation)

* A simple way to describe the ULSLE functionality is as a modified Bridge
¢ A LLID information is passed between MAC-control and ULSLE.

* P2P emulation is defined with a LLID between a single logical port ONU and
oLY

o In Sept, 2002, IEEE802.3ah asked the functionality requirement to 802.1D

group
Bridge 802.10
CPE 1|[CPE ZHCPE 3

wame) e frarna)

Ly [Ty

ONU
MAC & PHY
Telecommunication R&D Center
s)\;ﬁ’éu’&ﬁ mGlTnlD everyone's inviled.w
Contents
1 IEEE 802.3ah EFM STFs
2 EPON MAC Protocol ; MPCP

3 | MPCPissues
"} e layering issue

o' # 0Of LLID per ONU?
4 PMD Issues
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Layering issue : OLT layer diagram(1)

Client Client Client

| | |

Muitipoint MAC Control
MAC MAC MAC

RS
GMiI

Physical Layer

Figure 56-2—0LT Layered system diagram

Telecommunication R&D Center

OLT layer diagram(Z):MultipfﬁifﬁW‘A’C“

C antEral
A" A\"J B AL "4

@& Multipoint MAC Control
@ Can support new functions like MPCP, management protocol
1. OMP
@l Located in MAC control sublayer
@ Manage the real-time control
@ Transparent to CSMA/CD MAC
2. MAC Control

@ Has extensive functionality to manipulate multiple underlying MACs
simultaneously

@ Mandatory for P2MP
3. Multiplexing Control

M Multiplexing Control function) ensures that at any time only one frame exists

Telecommunication R&D Center
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OLT layer diagram(3):Multip8THERAC

L arnkral
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& Frame reception

[

MA_DATA WMA_CONTROL
indication{...} indication; ...}
L )
) @« @ © @ 0 )
£ galgeiizl (g 118 |4
S szileslgg] 2 lle 1|g
O dajla™|lEg] |& o a
Q -
<L other OG-0t - ) - 5 00-06
= Opcode
[]
\o her 88-08 (MAC Ctrl) /

EtherType

RecgiveFrame{ ..}

MAC

Telecommunication R&D Center

OLT layer diagram(4):MultipSTHtRAC

Cantral
WWITLE VI

& Frame transmission

MA_ DATAV MA_CONTROL
request{...} request{...}
‘ Flow
Contrat

\
\Contrul {Data Mul(iplexer/

I A | Multi-paint
MUX Control

| TransmitFrame(...)

Multi-Point
MAC Control

MAC

Telecommunication R&D Center
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OLT layer diagram(5):virtual MAC

oLT

Telecommunication R&D Center
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LLID issue : Single or multiple per ONU?

@ Single LLID
@ Single MAC stack at the ONU PON port
@D Bridge/L2 switch at the ONU
& ONU follows the typical Ethernet switch model
@) Supports intra-ONU bridging
@b Accept in principle in Sept. meeting
® Multiple LLID

@ The goal of having multiple LLIDs per ONU is to make multi-subscriber ONU
behave as multiple single-subscriber ONUs

OLT ONT1 ONT2
LLIO LLID2 LLID3
OAM [ CAM | [ CAM OCAM CAM DAM
Muitipiexing Contrel Muitiplexing Control Multghing Mastesing Cul
mec orre [|aae crae | [ sac sl MAC CTRL MAC CTRL MAC CTRL
[ tAC MAC MAC MAT MAC
muization Emdation Emuiation
FHY PHY PHY

Telecommunication R&D Center
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Contents
1 IEEE 802.3ah EFM STFs
2 EPON MAC Protocol : MPCP
3 MPCP issue
4 PMD Issues
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PMD issues

« EPONPMDE ITU-T Q2/158 ZH =9 AL&H0 2 interoperability2 §&2 4

L) AS

« Burst mode timing parameters and its system implications, link budget,
evaluation of FEC-related test reports.

« Critical review of Tx parameters like OMA and spectral width.

« Harmonization with TTC specs, MDC/MDIO compatibility, test patterns.

EPON2} competitor@! 100M P2P Ol CH&r A2l ZAH0| TTC2HO liaison2 Soll
L5 OI2 XL US

« TDP refinement and preparation to collect data, completion of power budget
tables, examining the need for RIN and stressed sensitivity specs .

« FECZ2| adopt 01 2= CDR locking 1t data integrity2 2HZ &t LIS 322
¢l
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