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Ethernet Physical Layer Synchronization - A Success Story.
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Ethernet Physical Layer Synchronization - A Success Story
Why SyncE?

= Basis: Existing system with physical layer transport from A to B.

= Need to transfer frequency from A to B, e. g. to supply a SSU from a PRC.

= Solution:  AtA, physical layer frequency is derived from external source.
At B, external slave clock is driven by physical layer frequency
.....as known from E1 and SDH synchronization and used for many years.
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ESMC = Ethernet Synchronization Messaging Channel SSM = Synchronization Status Message
PRC = Primary Reference Clock SSU = Synchronization Supply Unit
QL = Quality Level
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Ethernet Physical Layer Synchronization - A Success Story
Why SyncE?

by 6y sy

Interoperability:

S ® S,
= 100% inter-operability with existing E1/SDH S S S
L S ® H
based synchronization. S S ®
, S ® H
CAPEX saving: S S ®
. e S ® S,
= |nter-operability allows step-by-step migration into
SyncE due to traffic growth over a long period. @ @ @
No need for system / module exchange due to ) ) 9
synchronization only. Figure 1 from WD17, DT Contribution
o . for ITU-T SG15Q13 Meeting Ottawa 06-2006
= Existing PRCs and SSUs can still be used. Included in G.8261

= Measurement equipment for synchronization interfaces is already available.

OPEX saving:
= QOperational stuff is trained for measurements as well as failure scenarios.
= Same well-known synchronization interfaces (2048 kHz).

..II-.........I.-....I...-l.l..l.............l.
S =SDH based, E = Ethernet based, H = Hybrid synchronization link
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Ethernet Physical Layer Synchronization - A Success Story
Why SyncE?

= Weather proof, guaranteed, 100% engineered

'\iz%\-\ solution,
\\\\\ works on both sunny days and rainy days.

= No chance for PDV dragon:
Packet Delay Variation (PDV) does not play any role

= No issues with link asymmetry
due to different cable length, PHY issues
or DCF (Dispersion Compensated Fiber).

.-.I-.I.-l.l.-I.-...I.-..-.-...........-....-..
1) See Kenneth Hann: Painless Migration to Packet Clocks (ITSF2010)
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Ethernet Physical Layer Synchronization - A Success Story.

SyncE History -

1 -Time bar.

ITU-T started working on SyncE triggered by UK contribution

First measurement results @ITU-T given by FT contribution

Many SyncE contributions @ITU-T by several companies

G.8261/Y.1361

(05/2008)

STANDARDIZATION SECTOR

TELECOMMUNICATION

G.8262/Y.1362

(08/2007)

G.8264/Y.1364

(10/2008)

g% 2009

/(5003 2006

Raised & rejected,

Antti Pietilainen (Nokia)
@|EEE802 Plenary
Ad-hoc Session,

March 9-14 2003
Dallas, Texas

as NGN Sync solution

BT-FT-DT @ITSF2004

? 5:] 53006@ 2007 20
Discovered

M i11sF 2004

The 2nd IEE International
Telecommunications Synchronisation Forum

ey 1 - & November 2008
IEE. Savoy Place. London, WCZR 8L UK

First System:

As option hidden
deep in the manual
Tellabs 8600

Ttellabs

2011 >

BT

/2%0

orange’

BT-FT-DT announced

|«

start Synck operation
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE History - 2003

Frequency Transfer in Packet Networks

Raised & rejected, with 802.3 PHYs*

| Pietilai Welcome to “exchange of ideas” session, Tuesday 7-8 PM in
Anttl Pletl Ialnen @lEEE802 plenary Constellation 11 ( same room as P2MP track)., Agenda:
- [ - + Short introduction
ad hOC Session MarCh 9 1 4 2003 * Preliminary survey of interest among equipment vendors and others
+ Di i f suitable standardization body — ITU-T SG13/SG15, IETF,
Da”aS, Tean IEEISECBLE]S;IM of suitable standardization body , ,

"Meed originates from desire to use packet transport employing 802.3 PHYs in fixed portion of
cellular networks. Howewer, others PHYs may come into question

Protection in clock distribution

= Clock quality indication

+ Clock input selection . . syne.syne. Antti Pietilainen  (anti pietilainen@nokia.com, cellular phone +358-50-4836660)
« Fall-back behavior in error llplmi uplink input output
situation ‘ ¢ I ‘ ‘ 4' ‘
TX/RX TX/RX
Ethernet i 1 Frequency_tarskr_lufaton pt 481 932003
NE g‘ré “? %l& ? .
E, ¢
iclock etwork element
selector ClOCkl
Ja R R 43 A‘st block diagram showing clock
N R N S R SN vt extraction from Ethernet ports,
Tx/Rx Tx/Rx Tx/Rx Tx/Rx steering a network element clock
A T A T function
downlink downlink downlink downlink ‘
4 Frequency_transfer_presentationppt APl 11.3.2003 4

- Deutsche Telekom @ ITSF 2011 - Helmut Imlau, SyncE 1.11.2011 7



Ethernet Physical Layer Synchronization - A Success Story.
SynckE History - 2004

November 2004

= Discussion at ITSF2004 with operators BT, FT, DT,
TA, Orange, Vodafone

= |dea was born,
to use Ethernet
Physical Layer
Synchronization
for packet based
Next Generation
Network
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE History - 2005

May 2005

_-1._1’[
= [TU-TSG15Q13 :
Started Work on Question(s):= Q. 13/15-foractions Meeting, date:=  20-—22-Nay-2005 -Soplia- A =
SynCE OffICIa”y Study- Group:= 15 Working Party:= 33 Intended-type of documwene(R-C-D-TCh - D :
Source:: BTx=
Title:-c Proposed-Architecture: for Synchronous-Ethernas =
Conts WG L
8= Ernail-mike. gils onbt. coms
One of the very first SyncE contributions ~gv ] e "
Provided as UK contribution s Emails
- don 't change-the: stra.coue- of this-table ; just: insert-thene cess any i Imat o 5 B
Insertion-of text- m- G.paciming section 9
hl
Introduc tion- 4
The-(). 131 Smeeting-held-in-Genesar 1 6-27-May- 2005 rec ognised-and-acc epted-therequirement-to-
distribitersynchronisation-to-warious parts-o fan-Ethernet-networlowia-the-plrrsical-layer - Seealso-
editorsnote-inthelatest-draft-0f G pactiming
All-of-the-following-proposalsandtext-wereintroduc ed-during-the 1 §- 27-May- 2005 mesting-and:
weresaccepted -Therefore-thes following-proposal-istnade-for-formal-inclusion-into-G. pactiming,
Al
Proposaly
In-section-9. 1-add-the-following |
: <
il
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE History - 2005

tcllabs Tellabs 8600 “x:%c...

May 2005

= First System with SyncE ready:
Tellabs 8600.
As option hidden deep in the manual. Tellabs® 8600 Managed Edge System SR1.0

CLI Commands Manual

node-timing clock-source 50002 01
—_— ) 16.0505

Command Description

Adds new clock into fallback list.

Use the no option to cancel the command and return to default values.
Command Mode

Configuration

Command Syntax

8620:

[mo] node-timing clock-source { ge f-module-as-nbrif-as-nbr-8620 | 0
if-module-as-nbrif-as-nbr-8620 | sci } priority priority

B660:
[mo] node-timing clock-source { ge slof-as-nbrif-moduls-as-nbrif-as-nbr | s
slot-as-nbrfif-module-as-nbrif-as-nbr | sci sci-slot-as-nbr } priority priority

if-as-nbr Interface number

Tellabs 8600 manual shows
configuration for Ethernet port
synchronization extraction 4 ‘
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IFM-2GE-OPT: 0 .. 1

IFM-85TM1-POS: 0. 7
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE History - 2005

——> GbE Traffic 125 MHz
to Wander
— Timing signals 2088 MHz | | nalyser
November 2005 959 conversion
= [TU-T SG15Q13 WD23 (FT) - @
First SyncE research results Ethernet | | Gbe 125 1he
p U bl |S h ed ;;{er;]seesr coan\jEAr'-s'Zion

e s
Analysis  Expork  Options

Ghecsy  330418- BOOTS3 s

25 MHz @

= | egathy Ethernet switches where modified

= [TU-T G.823 SEC synchronization mask was
fulfilled

= | oad & PDV independency was shown.

<
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE History - 2006

20006: @ @ @

= [TU-T work on SyncE increases a lot with many S 1S ® 1S S 1S
contributions S 1 & 1 & {
= DT Synck contribution requires inter-op with S ©® ®
existing SDH / E1 synchronization networks © S S,
® ® S
= SyncE idea was included in first specification
(G.8261, 8.1.1. “Synchronous @ @ @
Ethernet Networks”) at high level a) b) c)
Figure 1 from WD17, DT Contribution
= BT and DT decided on SyncE as part of for ITU-T SG15Q13 Meeting Ottawa 06-2006
NGN strategy

= DT: Several bilateral meetings with major vendors
on SyncE introduction

<
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE Application: 1 - Mobile backhauling

L2
Switch
with SyncE

SyncE W]]J

Demarkation Base Station
lllllll ﬁi% Device (eNB)
oo Hegiona! FoN R = First switch towards customer
must support Synck
SDH Bacane A Pre = Independent from packet
SDH-based synchronization network (F'réqL'Jency) backbone network
= Frequency synchronization network used (SDH or later OTN based) I4
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE Application: 2 - MSAN synchronization

Remote location synchronization:

= Synchronization path from synchronization network via Synck to MSAN selector A& C
to supply local SSU

= Customer interfaces @ MSAN are synchronized from local SSU via T3 and selector B

=ynchronization netwark

MSAN EEC function

SHDSL
WDSL2
1GSyncE
10GSyncE
100GSyncE
GPOM
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE Application: 3 - Synchronization Network Migration

= New Packet and/or OTN based transport technology do not need their own synchronization

(no TDM/SDH any more),
but must serve synchronization.

= Currently used frequency synchroni-
zation components Primary
Reference Clock (PRC) and
Synchronization Supply
Units (SSUs) are fit for
future.

= New frequency carrying
links are needed.

= Solution: SyncE over OTN

= New NGN synchroni-
zation architecture
follows simpler NGN
transport architecture.

YDSLNT Outdoor-MSAN
BRI EE R R R R R R R R R E E E T T T T T r  E  E T T T T T T T T T T T E E T E T
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Ethernet Physical Layer Synchronization - A Success Story.
SyncE Application: 4 - Planned ITU-T [EEE1588-2008 phase/time profile

= Several LTE-Advanced options as well as TDD need phase/time synchronization )

= |TU-T chosen method is Precision Time Protocol (PTP) acc. to IEEE1588-2008
with Telecommunication Application Profile for phase/time acc. to [TU-T G.8274.1

= First ITU-T profile for phase/time is based on SyncE

= Using SyncE in parallel improves phase/time synchronization
because of:;
=> shorter stabilization phase ((( I ))
=>more stable frequency for the local oscillator

=> providing time hold-over in case of PTP problems
=>allowing lower PTP packet rate

Example for al
Synck + PTP SEYT

L B BN ) L B B BN BN B BN BN BN BN BN BN BN BN BN OB B BN BN BN OB BN BN BN OB B BN BN BN OB BN BN BN BN BN BN BN BN BN OB B OB B
LTE =Long Term Evolution, TDD = Time division Duplex *)see DT @ WSTS2011: ..........
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Ethernet Physical Layer Synchronization - A Success Story.

. : : : CERN
SyncE Application: 5 - White Rabbit @CERN
GPS
Why: 4
= Large Hadron Collider (LHC) o e
Time Synchronization: Pe— T T R T
Collisions must be at detector %|  System | | Downink | | SYigF node
location 2| | peieg | e |
2 aster s
3 - — ' Downlink 2
' E Receiver Transmitter m N
HOW- @ ! Svnc-E Other_nodes
n SynCE + PTP + DDDS o vaitch D - or switches
esium
\ "'.‘ .i / / —E
13291
p S — FOGUSING MAGNET Source: Javier Serrano:
PN - Synchronization systems in
NJECTION © Fizelideis = - Particle Accelerators
¥ - Presentation at ISPCS 2011
p Munich
Link:

http://www.ohwr.org/projects
/white-rabbit/activity

...I...l....l...l...II....I.I.I.I...-.-..-.-..-
CERN = Conseil Européen pour la Recherche Nucléaire, engl.: European Organization for Nuclear Research, DDDS - Distributed Direct Digital Synthesis
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Ethernet Physical Layer Synchronization - A Success Story.

hank you for your attention!

Helmut Imlau

Deutsche Telekom Network Produktion GmbH
Fixed Mobile Engineering Deutschland
Neuenstrasse 76-80

28195 Bremen

Germany

phone: +49 421 3007410

fax: +49 421 300 7409

mailto: helmut.imlau@telekom.de

| <

- Deutsche Telekom @ ITSF 2011 - Helmut Imlau, SyncE 1.11.2011 18


mailto:helmut.imlau@telekom.de

Ethernet Physical Layer Synchronization - A Success Story.

Abbreviations

= BC

= CERN
= DDDS
= EEC
= eNB
= ESMC
= GM

= GPON
= LHC
= LTE
= MSAN
= NGN
= OC

= OTN
= PDV
= PRC
= PTP
= QL

= SDH
= SEC
= SSM
= SSU
= SyncE
= TDD

Boundary Clock

Conseil Européen pour la Recherche Nucléaire, Engl.: European Organization for Nuclear Research

Distributed Direct Digital Synthesis
Ethernet Equipment Clock

enhanced NodeB (LTE Base station)
Ethernet Synchronization Messaging Channel
Grandmaster

Gigabit Passive Optical Network
Large Hadron Collider

Long Term Evolution

Multi-Service Access Node

Next Generation Network

Ordinary Clock

Optical Transport Network

Packet Delay Variation

Primary Reference Clock

Precision Time Protocol

Quality Level

Synchronous Digital Hierarchy
Synchronous (SDH) Equipment Clock
Synchronization Status Message
Synchronization Supply Unit

Ethernet Physical Layer Synchronization
Time Division Duplex
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