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WHAT IS PON?

AT THE SPEED OF IDEAS COPYRIGHT © 2013 ALCATEL—LSCENT. ALL RIGHTS RESERVED.



BUILDING HIGH-CAPACITY FIBER NETWORKS

SPLITTER ~ ONT/ONU

* |s a point-to-multipoint, Fiber-to-the-
Premises(FTTP) network with
unpowered optical splitters

 Typically 16-128 premises on the
same fiber.

* |t contains 1xPON port, many
Optical Network Units which are
connected through the Optical
Distribution Network (ODN)
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Composition of PON vs P2P Ethernet

Take 32 nodes as an example

P2P

32/64 optical fibers

Terminal 64 transceivers Usr

P2P

1 optical fiber
Terminal ©6 transceivers

P2MP

1 optical fiber
Terminal 33 transceivers
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VARIETY OF ONT/ONUS

Data only Voice & Data Universal Indoor/Outdoor
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History of PON

2013 IEEE working NG EPON
100G?

2000

1995
w
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2012 ITU-T working on NGPON2
4x10G with TWDM

2011

2010

ITU G.987 (10G GPON)
@  9.95Gb/s DS/1.25US XGPONL, 9.95 US XGPON2 - never finalized

IEEE 802.3av (10G EPON)
2005 10.3125Gb/s DS&US and 1.25 US

. SCTE 174 2010 - RFoG

ITU G.984 GPON
2.488DS/1.244US

ITU G.983 BPON IEEE 802.3ah (EPON)
622 DS/155 US 1.25Gb/s DS&US

FSAN Established

Point-to-Multipoint FTTP Technologies

ITU-T G IEEE 802.3 SCTE

o _J[—eron _Jf
1ocig EPon
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Basic Transmission Mechanism

PON systems use Wavelength Division Multiplexing

(WDM) to achieve transmission of 2 directions (Up
and down) in the same fiber)
1:N optical
If multiple PON technologies (EPON & 106 EPON, or i o
GPON and XGPON or any of those with RFoG) are Headend (OLT) .
- -}'\.

required to co-exist again WDM technique is used. data fo -

trarsmit Medium || TX
Aside from the WDM technology within the PON il wo

dat logic r
itself in the upstream direction Time-Division roco0s = e SUbscnbe (GNU)
Multiple Access (TDMAY) is also used. W X H Medium H— fansm

_ | access

So in Downstream direction all the packets are rx H'e9i i O
broadcasted to all the ONU/ONTSs on the PON,

In Upstream direction, each ONU is given a time-slot
that changes dynamically.

The dynamic allocation of timeslots in upstream

provides each ONU to have a certain bandwidth on A, =1310nm -1Gbps
the line which is controlled by "Dynamic Bandwidth =1270nm - 10Gbps
Allocation (DBA)" Engine on the OLT. A; =1490nm -1Gbps

=1578nm — 10Gbps

..................................................................................... eseeeeereseseetiiiitttttiittitttiitstttniiittttnens A|cate|.|_ucent @
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PON Deployment Topologies

] |

ONUS

(a) Tree topology (using 1:N splitter)

ONU5 ONU3 ONU4

(b) Bus topology (using 1:2 tap couplers)

AT THE SPEED OF IDEAS
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CO-EXSITENCE ON THE SAME FIBER

............................................................................................................................................. Alcatel.Lucent @
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Co-existence and Evolution

10G ONTs WBF on
WDM to split EPON Existing_ONTs
from 10 Gbh/s EPON

No changes to OSP

EPON &10
Gb/s EPON
10 Gb/s DS on different As
10 EPON up EPON up EPON down CATV10G EPON down
EPON &™), A A A
10 Gb/s 1260 1260 1480 1550 1575

11280 11360 1500 -1560 -1580 |
EPON overlap (innm)

» Coexistence with WB EPON can relegate the 10G US to near 1G performance
o |deally it is better to separate but for economic reasons 1G US with 10G DS may

may prove to be widely deployed

............................................................................................................................................. A|Cate| . Lucent / D
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1G/10G ONUs on the same PON in WDMA Mode

10G/10G ONTs

WDM to split EPON

from 10 Gb/s EPON
5> No changes to OSP

EPON &10
Gb/s EPON

10 Gb/s DS on different As

WDM Downstream (Continuous Mode) =

€ WDM Upstream (Burst Mode)

............................................................................................................................................. Alcatel-Lucent @
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1G/10G ONUs on the same PON in TDMA Mode
Every 100Mb/s on 16 US consumes 16 capacity on a 106G US pipe

10G/10G ONTs

WDM to split EPON
from 10 Gb/s EPON

No changes to OSP

EPON &10
Gb/s EPON C— |

10 Gb/s DS on different As

WDM Downstream (Continuous Mode) =
10 Gb/s, 1577 nm ' ONUA B ONU B

1 Gb/s, 1490 nm

............................................................................................................................................. A|cate| . Lucent @
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PON TECHNOLOGY DETAILS
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PON DOWNSTREAM IS BROADCAST

i =

USER 2

8023 frame

[[[rezsr[_pavocs Jrcs

USER 3

i
:
LR

= Each Flow is given a unique identifier.

= The unique identifier is called LLID (Logical Link identifier) in EPON & 10G EPON, and is called GEM (GPON
Encapsulation Method) in GPON or XGEM in XGPON.

= The unique identifier of LLID was initially used 1 per ONU but lately it is multiple per ONU (1.. 32).
= The LLID/GEM is part of the packet on the PON (prepended to the packet)

= So there is a logical pipe/channel for each flow where all the ONT/ONUs are monitoring all the incoming
traffic but only picking up the ones destined for themselves (LLIDs = mine, so pick it up)

= There is also Broadcast LLID/GEMs where all the ONUs are picking up the traffic from these broadcast

............................................................................................................................................. A|cate| . Lucent @
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PON UPSTREAM IS TIME DIVISION MULTIPLE ACCESS
o=

OLT ONU 2 USER 2
<IN 0 NNl \ ¢ [2T] < :I

time slot KD
USER 3
~H 0N

e Pavons Jecs

= Each Flow is given a unique timeslot to send traffic upstream by the OLT ahead of the time,
= Each assigned timeslot contains compensations for time delays and optic

» The OLT assigns the timeslot for the related traffic sometimes independent of the amount of the traffic in the ONU
queues, thus some traffic may be left over. Also in GPON case, the traffic is segmented.

= Then the ONU/ONT sends the related LLID/GEM traffic in the reserved/assigned timeslot.
= The collision is not possible and guaranteed by the OLT.

= The mechanism that calculates the BW usage, checks the demands and assigns the timeslots is called Dynamic
Bandwidth Allocation (DBA) Engine
............................................................................................................................................. Alcatel.Lucent @
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PON UPSTREAM GENERAL CHARACTERISTICS

AGC | CDR /‘

Laser DFF‘ ‘

‘ Laser ON SyncTime Effective Overhead

Eeport .
 For EPON: Grant Spacing

* Laser ON = Laser OFF which are roughly 512nSecs,
¢ AGC (Automatic Gain Control) and CDR (Clock & Data Recovery) easily combined takes another 512nS.
* Grant Spacing (aka Dead Zone) is ~512nSecs
* For GPON:
¢ Guard Band = ~ 100Bytes, roughly 643nsecs

* Evenin US, the raw data rate for GPON .

Laser Laser AGC
OFF ON

Dead

Fone Laser OMN Time

Guard Band

............................................................................................................................................. A|Cate| . Lucent @
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EPON -1-:

EPON FRAMES VERSUS ETHERNET

10101010 | 10101010 | 10101010 | 10101010 | 10101010 | 10101010 | 10101010 | 10101011
0x55 0x55 0x55 0Ox55 0x55 Ox55 0x55 0xD5 SFD
10101010 | 10101010 | 10101011 | 10101010 | 10101010 LLID LLID CRC
0x55 0x55 0xD5 SFD 0x55 0x55
Frame
Start of
MAC 802.10 tag Check Interframe
Preamble DF:F“!E destination MAC source {optional) Length Payload G =
elimiter (32-bit CRC)
7 octets of 1 octet of
01010101 11010101 & octets {2 octets) 2 octets 421500 12 octets
{0%55) {OxD5) EEEES

64—1522 octets
72—1530 octets
84-1542 octets

* EPON packets differ only in the Preamble & SFD section from a regular Ethernet packet.

« The preamble of 7-octets of 0x55 is reduced to 4-Octets just that 2 before SFD and 2 after. Thus SFD is moved to 3" octet.
+ The gained 3 octets are used as 16-bit LLID and a CRC (protects from SFD -34 octet- through LLID -7 octet).

e LLID is such that (mode, logical_link_id[15]) => it has 32K Unicast values and 32K Multicast values):

*  Mode (Upper most bit) =0 , The traffic is UNICAST and can be either direction

o Jode (Vppermost BT) 71 The fraffic s Multicast/Broadeastand S o n D Alcatel - Lucent @
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EPON-2-:

HOW TO MAKE POINT-TO-MULTIPOINT

(P2MP) WORK LIKE REGULAR ETHERNET'?

AT THE SPEED OF IDEAS

LLIDs are unique and assigned to the ONU during registration.
InDS:
e Just change the Preamble with LLID as described on OLT

T3
(T3-T1)

GATE

T ... | REPORT

« ONU only picks up its own LLID(s) and broadcasts. OLT TX
In US: Multi-Point Control Protocol (MPCP) allows a control mechanism between OLT and Rx
ONU.

¢ OLT compensates the distance differences between the ONUSs,

¢ OLT allows only 1 ONU to send data in US at a time,

e S0 OLT polls the ONUs periodically.
System uses "GATE" (from OLT to ONU) and "REPORT" (ONU to OLT) Messages, ONU Tx
First the Round Trip Time is important as it gives an idea about the location of the ONU Rx
(delay wise).

Moreover using the information from the packet time-stamps, the difference between
the time for ONU and OLT can be corrected.

19
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Down- Upstream H

stream delay
delay

(T2-T1)

72| ...
T .. REPORT

GATE
T1 T2
=(T3-T1) - (T2-T1) = T3-T2



EPON-3-: GATE AND REPORT MESSAGE TIMING

OLT ONU
MAC Control Client MAC Confrol Client
Generate GATE m
S Ston |
| |
| |
MA_CONTROL request{GATE) MA_CONTROL indication(GATE) MA_DATA request .__ )
MAC Control ; | MAC Control l
(1]

" s
Timestamp m o Write registers [E104] _g i
carEmesere [ o ' &3

) Laser ONIOFF

MAC MAGC

=
PHY —  |pny @
. S

OLT

MAC Control Client

MA_CONTROL.indication(REPORT)

-

MAC Control

Clock register °

Measure Round-Trip Time

MAC

AT THE SPEED OF IDEAS
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PHY
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ONU

MAC Control Client

Fi]  Generate REFORT
meszsage

-t

MA_CONTROL request(REPORT)

MAC Control
Bl +—{ ciot g |
m Timesztamp
| TED [T message
MAC
PHY
J/




EPON-5-: SINGLE LLID OR MULTI-LLID?

OLT OMNT1 ONTZ2
LLIDA LLIDZ LLIDZ
OAM || CAM | | CAM OAM oAM OAM
Multiplexing Control Multiplexing Control Multiplesing Crl Multiplexing Crrl
mas oTRL | | mac cTRL MAS CTRL MAC CTEL MAC CTREL MAC CTRL
MAC MAC MAC MAC MAC MAC
Emulation Emulation Emulation
PHY PHY PHY

- Single LLID :
Single MAC stack at the ONU PON port,

Bridge/L2 switch at the ONU

- Multiple LLID

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

............................................................................................................................................. A|Cate| . Lucent @
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EPON-4-: ONU INITIALIZATEON

ONU tries to register with OLT upon initialization . The process
is called "Discovery”, and is controlled by OLT.

[EATEL A= MAC Conmel, SA= OLT MLAC sddress, conese=Cimumt-Syes T

1. OLT sends periodical "Discovery” Frames to open up 4
. . wWNC " N

discovery windows. "Discovery Gate" messages are sent in @ g ey

broadcast mode, window

REGISTE F._F..E'QJ 1A= WAL Commol, 54 = O MAC addreys
contbe =Pending graum)

2. Upon power-up, the ONU is in the "Discovery state” waiting
for "Discovery Gate".

3. If the received frame is a "Discovery Gate" and LLID is the
default then the ONU responds after a random delay with a
"Register_Request” message.

4. The OLT upon receiving the request message, knows the
RTT, MAC Address of the ONU and assigns an LLID to the
ONU and sends a Register Gate Message (again in Broadcast
mode) towards the ONUs.

5. OLT sends a GATE message to allow a time-slot for the ONU
to respond back (unicast this time).

6. The ONU that is being registered acknowledges the
Registration with "Register_ACK" message.

So the ONU is now registered and working.
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FEGETER |DA=DNT MAC ackdrewy. 5A4=0LT MAC address
cobent = LLID -+ Syise Thane “eche of peading grancs)

PECISTER _ACKT DA=MAC Consol, SA=ONL MAC address,

coetemt = echo of LLID + pcho of Syre Tome]

Discovery handshake completed

TMessames senr on broadcast chianse]
* Mlessapes e on wnecass channels

e

Grant SEa [

GA'['E:ED..'-"-; WA Comtrel, SA=0LT MAC addiess, oontent=lrant]

oMU

Randam
H=Fr
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EPON-6-: OPTICAL TERMINOLOGY IN EPON

. DS

. 1GEPON:  1480-1500nm  1290-1330nm WPACZALEARN0/CTA N 106/ 10 OPTIC(ﬂ

. 106 EPON:  1575-1580nm  1260-1280nm EPON | EPON Budget

EPON

| empletor Y | PX10 PRX10 PRIO  +20dB
. TX Side RX Side
« OLT Side:  +2 to0+7 dBm -6 t0 -27 dBm PX20 PRX20 PR20 +24dB
« ONU Side: +1 to +4 dBm -3 to -24 dBm

. Example for PR30: PX20+ - - +27dB

™sde  Rxsiie  PX30 PRX30 PR30  +29dB

« OLT Side: +2 to +5 dBm -6 to -28 dBm

. ONUSde:  +4to-9dem 1010285 PX40  PRX40 ~ PR40  +33dB

............................................................................................................................................. A|Cate| . Lucent @
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GPON-1-: GPON FRAMES

—— GTCframe ——

|— scrambled M

125 usec —

PCBd pavioad

PCBd pavload PCEd

pavload

PSvnec (4B) | Ident (4B)

-

- \h"
PLOANM (13B) | BIP (1B} —‘

L FLend (4B)

FLend (4B)

ATM
partition

GEM
partition

US BW map (N*8B)

AT THE SPEED OF IDEAS

Physical Control Block downstream is the header for DS and varies 38 to 518 bytes.

24
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GPON & XGPON & NGPONZ2 runs on GTC Frames that are created every 125uSecs (DS & US)

For DS, the packet has 5bytes GEM header instead of 8bytes Preamble+SFD and 12 bytes IFG.

For DS: Each frame has 38,840 bytes (x8000 x8) -> 2.488326b/s and similarly X6PON1 = 155,520 bytes-> 9.953286Gb/s
For US: Each frame has 19,440 bytes (x8000 x8)-> 1.24416Gb/s and similarly XGPONI1 = 38,840 bytes -> 2.488326Gb/s



GPON-2- : GPON BASICS

- GPON can carry 2 different encapsulation:
- ATM cells (with Alen header that is 12bits)
- GPON Encapsulation Method (GEM) where the header is 5 bytes per packet.

| PCBd | ATM cell ‘ ATM cell .| ATM cell | CEMframe CEMframe ver  CEMframe
- Generally GEM method is used.
PLI PortID FTI HEC pavload fragment
(12h) {12h) (3h) (13h) (L Bvtes)

PLT: Payload Length Indicator (in bytes),

PortID: GEM#

PTI: Payload Type Indicator

HEC: Header Checksum

GPON allows fragmentation in US & DS so the full BW can be used.

unfragmented Cthernet frame

‘ PLI | D ‘ PTI=001 ‘ HEC ‘ DA | SA ‘T | data ‘ FCS ‘
fragmented Ethernet frame
‘ PLI | 1D ‘ PII=000 | HEC | DA ‘ SA |'1' ‘ datay
PLI | ID | PTI=001 | 1ICC dataz TCS

............................................................................................................................................. Alcatel . Lucent @
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GPON-3-: UPSTREAM

- US frame contains multiple US sub-frames (one per each ONU) since multiple ONUs are served within a frame.

Blpastrocon Frommss

LT

LA ARA

= -

CERuy
.o

Faylond X

Fagtaad ¥

T A

StantTime ndicates
s Dyte DHoIarnciEry

S

DERE
=

Paylosd Z

B e L =Pt ST
Fraamsnbs Ce=m tar Bse |00 bl
* Eyler & Bylem [ 1 5gpte | 1 byte |1 eyt

- InUS, there is a concept of T-CONT (Transmission Container) where multiple GEMs are combined and the BW is allocated per T-CONT

by DBA.

- T-Cont is an abstraction layer to provide aggregated service flow.

AT THE SPEED OF IDEAS
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GPON-4-: EFFICENCY OF LINE PER DATA BITS
Packet Size (Bytes)

Ethernet & EPON% GPON 7%
Data/Baud Data/Data
64 60.95 76.19 92.68
128 69.19 86.48 96.17
364 75.83 94.79 98.57
1518 78.96 98.70 99.59
2000 79.20 99.00 99.68

- Bits/sec versus data bit/sec.

- EPON is actually 1.256baud/s to carry 1Gb/s Ethernet like the GE lines.

- Data efficiency varies which are dependent on encoding related losses (i.e. 8B/10B
encoding), packet headers and gaps.

- Over that protocol related inefficiencies (i.e. EPON 's GATE messages),

- Upstream is a more complicated story which is heavily dependent on the number of
ONT/ONUs on the line.

............................................................................................................................................. A|Cate| . Lucent @
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DPoOE

28
AT THE SPEED OF IDEAS COPYRIGHT © 2013 ALCATEL-LUCENT. ALL RIGHTS RESERVED.



What is DPoOE?
DOCSIS PROVISIONING OF EPON

1. Service order entered at DOCSIS OSS

2. Config file created and loaded on TFTP
server

3. ONU connected to fiber

4, OLT Discovers the ONU

5. Virtual Cable Modem (vCM) created on DPoE
System(OLT)

6. VCM launches DHCP request

7. DHCP server responds with offer, TFTP

DOCSIS 0SS

SFP ONU__.m
5

address and config file name
oLT \ 8. VCM retrieves config file from TFTP server

_ Spitter 9. Per the config file received, the vCM on the
OLT configures

=I o‘ 1. LTPON MAC chipsef,

I 2. ONU through OAM messaging

TFTP L
Config file server 10. System integrates vCM provisioning with

provisioning of Ethernet switch on LT board
11. ONU is active and running customer
configuration received by the config file.
12. vCM behaves like a CM hiding all the PON &
ONU details.

............................................................................................................................................. A|cate| . Lucent @
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DPOE ARCHITECTURE DEFINITION

DPoE-SP-IPNEv1.0
SSH/Telnet
TACACS+

RADIUS
HTTP
NTP
FTP/SFTP . )
;FST: DOCSIS 3.0 Equl‘valent IP Service External
NP SSAFE SNMP FSSNAJE Extornal m Descrlptlon
eSAFE
D eSAFE EVCs EVCs
‘ DOCSIS IP NNI
DPoE-S(;"S-(S)ISSIvLO Co S, LCI CMCIl| MU
SNMP C _sp. i | '
| | :S EPON O/m%%xtensions : éisi '\';'L\ : MN NNI for MEF svcs (Lz VPN SVCS)
] Switch otor ] . .
: TU ' [ T Cwen Cs DS classifier ingress
' DPOE-SP-PHYV1.0 ' F_ J‘ - W]_:
IPTransport | oo — "B e i Co US classifier ingress
[
|\ R (] / ' ‘ DEMARC'—.— PON X t rf
oLt v : TU interface
D onu| | VIl mer
DPoE System ONU" INNI S1 SA ONU General IF
= .
DPoE ]
N IEEE 8023 s . 4 oo S2 IF on DEMARC
MEF INNI — x| Ml
L2VPN o LT MEF MI MEF INNI (form of S1)
DPOE-SP-IPNEV1.0 : M | == INNI
A IEEE 802.3 (EPON) 802.1 @
R%énﬂ | Swich § "E"'A:EE . LCI Local CPE IF (form of S1)
M?f:gP DPOE-SP-MEFv1.0 Sz w CMCI Docsis CM CPE IF (form of Sl)
MEF EVCs 802.1q VLAN
802.1ad or g-in-q
T 802.1ah ISID or MAC-in-MAC MU MEF UNI (form of Sl)
KEY
¥ Reference Point Interface
s (GREEN) (RED)
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PROVISIONING IS ONLY PART OF DPOE!

- DPoE v 1.0 Specifications:
*DPoE-SP-ARCHv1.0-T01-110225
*DPoE-SP-IPNEV1.0-I106-130808
*DPoE-SP-MULPIv1.0-I06-130808
*DPoE-SP-OSSIv1.0-I05-130808
*DPoE-SP-OAMv1.0-I05-130328
*DPoE-SP-DEMARCV1.0-102-130614
*DPoE-SP-MEFv1.0-I103-120830
*DPoE-SP-PHYv1.0-I03-130328
*DPoE-SP-SECv1.0-T04-130808

- Similar specs exist for v2.0

Architecture Description

IP Network Element requirements

MAC and Upper Layer Protocol Regs
Operation and Support System Intf. Regs
OAM Extensions Specifications

DEMARC Device Specification

Metro Ethernet Forum Specification
Physical Layer Specification

Security and Certificate Specifications
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DPOE V1.0 VS V2.0 — WHAT'S DIFFERENCE?

» V1.0: Supports simple services that covers most of the deployment:

e E-LINE: (all L2 services)
e EPL (Ethernet Private Line): Transport what comes into the ONU - layer 2

e EVPL (Ethernet Virtual Private Line): Encapsulate with a VLAN or selectively pick VLANs
that are coming to the ONU:

« IPHSD (Internet — High Speed Data): Allows traffic from a user to exit the OLT on
a layer 3 interface

 V2.0: Builds on top of DPoE_1.0 and adds:
« E-TREE, E-LAN, Voice Services using more MPLS and L3 services.

It allows automated end-to-end commercial services.
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BACKUP SLIDES
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Basic L2 Switching

.J':_ L
Layer 2 Router
Switch
4
Al A’
Station A Station D i S

Local IP: 10.0.1.4| Src DestIP =10.0.1.9
Subnet Mask: 255.255.255.0 (Dest Net = 10.0.1.X)

Local Network: 10.0.1.X E_I L
ARP Request ARP
for 10.0.1.9 Reply
MAC|

] s
Station B Station C

Dest

Dest

............................................................................................................................................. Alcatel . Lucent @
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L2 Switching with VLANS

& VAN 3
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What about L3?

What is a Router?

| 192.168.2.0/24
LAN a8

T,
—

192.168.1.0/24

Rl#show ip route
Codes: C - connected, 8§ - static, I - IGRF, R - RIF, M - mobile, B - BGF
I - EIGRP, EX - EIGEF external, O — 08PF, IA - 08FF inter area
Ml - OZPF WSSA externzl type 1, N2 - OSPF NSSR external type 2
El - 0O8PF external type 1, E2 - QSFF external type 2, E — EGP
i - IS-I8, L1 —I8-I§ level-1l, L2 - IS-IS level-2, ia - IS-IS
inter area
* - candidate default, U - per-user static route, o — 00R
P - periodic downleaded static route

Gateway of last rezort is not set

;QZ.IES.l.QHEé is directly
192.16B.2.0/24 is direstly
3.0/24 ia directly

connected, FastEtheraetGﬁU
connected, Serial0/0
connected, Seriall /0

ol

192.168.3
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192.168.3.0/24

Routers use the routing table
like a map to discover the best
path for a given address.
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Multiple Wavelengths On The Same Fiber (WDM)

XGPON1Ds RFOGUS

i

10G EPON 1G EPON & RFoG DS 10G EPON
XGPON1 US WB 1G GPON DS
NB 1G EPON EPON US
& GPON US \
Waterpeak
1 L 1 L 1 L | L L 1 L L
L Y N I I B B 1 1 T T T 1
1260 1300 1340 1380 1420 1460 1500 1540 1580

. GPON and Narrowband EPON:
. Wideband EPON:

. XGPON & 106 EPON:

. RFoG:

UuS
1310nm +20nm -> 1290nm to 1330nm
1310nm +50nm -> 1260nm to 1360nm (*)
1270nm +10nm -> 1260nm to 1280nm (*)
1610nm £10nm -> 1600nm to 1620nm

1620

1490nm +10nm ->
1490nm +10nm ->

1660 Wavelength, nm

DS
1480nm to 1500nm
1480nm to 1500nm

1577 .5nm +2.5nm-> 1575nm to 1580nm

1555nm +5nm ->

1550nm to 1560nm

. Wideband EPON uses Fabry-Pérot Lasers which have wideband spectrum in TX. However, narrowband EPON uses DFB (Distributed
Feedback) lasers which have narrowband TX spectrum.

. (*), the wideband EPON US collides with 106 EPON (or XGPON1) US so co-existence becomes an issue.

. In theory,

- GPON or NB EPON can co-exist with 106 EPON or XGPON1 and RFoG,
- WB EPON can co-exist RFoG and 106 EPON in TDMA mode.

AT THE SPEED OF IDEAS
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Examples of 1G & 10G mixed in a single PON

- Assume the average packet size of 400Bytes for these sample calculations. Also assume each
ONU is given equal tfime-slots and the ONUs are polled at regular intervals (3.93msec) and given
acknowledgement for that entire period.

Case

1

N o0l WD

1
32
o)
o)
31
16

Configuration
# 106/16 ONUs # 106/10G6 ONUs

o)
0
1
32
1
16
31

Effective Data Rate
998.787 Mb/s
961.177 Mb/s

9,989.407Mb/s
9,661.012 Mb/s
1,233.046 Mb/s
5,311.094 Mb/s
9,389.142Mb/s
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GPON-5-: UPSTREAM DATA EFFICENCY IN GPON

# of ONTs |Effiective GPON US Corresponding Effective Data Rate on Ethernet Line
per US Payload (Mb/s) for ONU | for Packet Size (Mb/s)
Frame

All ONUs Per ONU 648 3648 15188 2000B

1 1240.768 1240.768 1150.86 1223.95 1236.68 1237.66
10 1210.240 121.024 1122.54 1193.84 1206.26 1207.22
32 1135.616 35.488 1053.32 1120.23 1131.88 1132.78
64 1027.072 16.048 952.65 1223.95 1023.69 1024.50

............................................................................................................................................. A|Cate| . Lucent @
AT THE SPEED OF IDEAS COPYRIGHT © 2013 ALCATEL-LUCENT. ALL RIGHTS RESERVED.



)

AT THE SPEED OF IDEAS COPYRIGHT © 2013 ALCATEL-LUCENT. ALL RIGHTS RESERVED.



