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PTP Profiles Calnex
|[EEE 1588 states in clause 19.3.1.1:

"The purpose of a PTP profile is to allow organizations to specify specific selections of
attribute values and optional features of PTP that, when using the same transport
protocol, inter-work and achieve a performance that meets the requirements of a
particular application.”

cal‘—""n ex PTP Profile Comparison for ITU-T Telecom Applications
sgftandinoton PTP Profile Comparison for [TU-T Telecom and
IEEE Power Applications
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Objectiva Frequency distribution to better than 16pph Tirme distributian to better than =1 5
llorg term fractianal frequency affset specified in GEZE1.1)
Profila Idantification
Profle for Phase/Time [GE275.1 ArnexA]  [EEE PTP Profle for Poer Systems Applications ((37.238- 2011)
prafilelame MU-T PTP Prafle for Frequeney Distriution without timing suppert  [TL-T PTP profile for phase fime distribution with Ful timing support
Fram the netwark (Unicast madel. from the netwark. lattar than 1.5us Tims distribution o battar than 145
prafileliersian 12 10
prafileidsntifisr 00-18-A7-00-01-00 00-18-A7-01-01-00
=l LI ) hasg ftima distribution win full Bming: IEEE Standant Prafiu for Uss of EEE 1588 Procisien Tima Proteosl
Lacaticn W ituLint: whanw ituint Work. In Power Systam Appicatons.
PTP Options 14
Permitted Nades Drdinary clocks f.e. Grandmasters, shave-anly dacs). Ordinary diocks .. Grandmasters, slave-only clocks] bourdary docks. - -
Frchitited Nades Boundary chacks, transparent clocks. Transparent dacks. o P i i T e PR e
s Loe i 3 Ethernet, as per EEE1585-2008 Arnex F. Substakion Cormmittan.
stack. The use of WLAN tags is nat allowed. Pt standars. ose.org
v IRE/UDP g i IPUIDP asi D& B are for
stack. further study.
Multicastar Unicast. Both d slaves L L i ian, using both of the addre: roted in ske-any ciocky, ¥ Crdinary docks, pesr-te-pesr bransparent Cechs, bounday docks,
see details below. 1EEE 1588 2002 Ariee .
Uricast is nat permitted.
- - - Etharnat, as par EEESES- 200E ANNs F. |EEE902.3 EXhamat, s par [EEET SEE- 2008 Anns F (TP dimcty
EMCA Seatic EMCA specified (se= below]. Altermate BMCA specified [see below]. et uar Ethamot).
Path Delay Uses delay_req pai iy, if requined (ie. twa-way Uses delmy_request/responss mecharism. hntsms {ag. IPFLOP s in Annares DA B arafor LA tags (IEEES0Z 1 0 am rmandatony, w kh 2 dof ault priorty of 5,
cperatiar. et delng yperfaria st mt be e and defautt VLAN 1D of @
Peer delay mechanism must not be ussd. Othar trarspart machanisme ans prohibkad.
FTF Manegement Mot specified in this versicn of the profile. Not specified in this w ersian of the prafile. I —— Full multicast peration, Lsing WAL adressas spectied in
Mezsags Types Usedt Anraunce, Syre, Fallow-up, Deley_Aeq, Delay_Resp, Signaling  Us=d: Annaunce, Sync, Falow-up, Delay_Req, Delay_Re=sp F. |EEE1SEB-2008Ann F: -
Mat used: Pdzlay_Req, Pdzlay_Resp, Pdelay_Aesp Follow_Up Not used: Podelay_Req, Poslay_Resp, Pl ay_Resp_Fallow_Up md. e
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PTP with No Timing Support (G.8265.1) Calnex

No BC/TCs in Packet network

;

PRC Packet Network End clock

Features
* Packet timing protocols such as PTP or NTP used to deliver frequency
* Aims to deliver at least same quality of timing as TDM
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PTP with Full Timing Support (G.8275.1) Calnex

GPS

PR

;/ Reference Reference Reference Reference
! Point Point Point Point

A B C D

: all switch/routers on the path _ :
i between T-GM and T-TSC contain a T-BC ((( )))

PRTC PTP Packet Network PTP Slave End clock
Grandmaster

Features

* Every network element in the path must be “PTP aware”

* Each node contains a Telecom Boundary Clock (T-BC), avoiding accumulation
of PDV along the path

* (Can use a combination of SyncEk & PTP, where SyncE provides the frequency
and the PTP the phase/time
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not all switch/routers on the path
between T-GM and T-TSC contain a T-BC

PRTC PTP Packet Network Combined End clock
Grandmaster GPS/PTP Slave

Features
* Objective is backup to GPS: i.e. “assisted holdover”

e (Can use GPS when in service to monitor PTP service quality and measure
network asymmetry

e PTP can maintain timebase when GPS is out of service
(e.g. due to jamming or antenna failure)
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Power — the need for Sync Calnex

 “The Power Grid” is one of the world’s largest infrastructures

* High synchronization requirements due to distributed nature of the grid
and the critical balance between power generation and consumption

* Power can’t be stored easily so Grids Generate according to Demand
* Need good Comms and Sync to correlate Demand and Generation

* Has evolved from seconds to milliseconds and will evolve to
microseconds > Greater Efficiencies

* Also enables the Greater Diversity of the Smart Grid

Company Confidential 8



Power Grid vs Smart Grid
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Calnex

Simple topology
means sync is
needed but
milliseconds is ok

Greater complexity
and diversity plus
less predictability
drives the need for

better sync

Source: IWE IﬁﬁE HE




1588v2 for Substation Communications

Central Engine Room Description

Time Synchronization with Intelligent Modular System
(IMS) and MEINBERG Modular Distribution Unit (MDU)

Metering and Cantral Devices

'\.:.) Integrated
= Bay Controller

HNTP over Lan

HNTP over Lan

IMS - MDU *

IRIG-B DC Fiber Optic / Multimode

Ethernet over Fiber Optic / Multimode

IRIG-BC {DC)
More Protection Relais are

ION Code (TX) Fiber Optic/ Multimode

IRIG-B (D)

3 circles with 8 relais
(e.g. General Electric) are possible
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IRIG-B DC
IEEE-1588 PTPv2
Serial Data String
Ethernet

Fiber Optic

IMS - M3000
with LAM-CPL
and GPS Antenna

possible
‘ IEEE-1588 PTPv2

NTP over LAN
Bay Controller

(e.g. BC1703ACP) . -
Protocol over LAMN [} [l

Yy

e

e Digital Power Metering
[} (e.g. |OM 8300 R5485
i) (e.g )

g

source:| TTIENBERG




Power Profile — IEEE C37.238-2011 Calnex

* LAN (Layer 2 Ethernet Mapping)

* |EEE 802.1Q VLAN tags

* Multicast addressing

* Switches are Transparent Clocks

* Peer-to-peer delay measurement

* Time transfer accuracy and holdover time defined

* Message Rates
* Sync ( & optional Follow _up) - 1 per second
* Announce — 1 per second
* Peer Del _Req, Peer Del_Resp, - 1 per second

 Minor revision under development to align with new IEEE 1588

Company Confidential 11



PTP Power Profiles — IEEE C37.238-2011 Calnex

e Maximum 16 hops

 Network loads up to 80% wire-speed (line rate) on each link.

 Random-length Ethernet frames shall be used: 80% with priority 4 and
20% with lower priority

Company Confidential 12
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The Connected Car Calnex

Infotainment

Safety Sensors

On-Board Diagnostics

)
~/ f il b ted
1 00% (b)y g?)réssw e connecte

5% ©

f cars onitheﬂ roa,c_j wiII be

e
o +

360° Camera System Seamless Connectivity with Mobile Devices

.....

Source: "GSMA 2013, 2Navigant Research 2013

Broaccom Proprietary. ane Coeficential  © 2013 Broaccom Corporation. A rights Tecened
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Moving to new Applications Calnex

Assisted Parking Object Detection Self Driving Vehicles

© forcegt.com/ Ford © Vvolvo © Google

All these new Applications need Cameras and Sensors
with control systems that need accurate timing

Company Confidential 15
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In-Car Communications - Tomorrow Calnex

ADAS

= |EEE1386 or IEEEBD2.1AS

/ Side Camera

Ethernet PHY

BODY

Front
- |EEEB02.1 AS / Qat | Qav (AVE) Dash Board

Camera

CAN Bridge &

Diagnostics

Ethernet PHY

Display &

ey Driver Assist
Navigation

Telematics

Ethernet Switch

% Side Camera

Rear Seat
Entertainment

Ethernet PHY

Amplifier

Ethernet PHY Ethernet Switch

INFOTAINMENT

- IEEEB02.1 AS / Qat / Qav (AVB) Display Rear Camera
= DTCP-IP and AES128

- IEEE1722

= |ECE1B83 Ethernet PHY Ethernet PHY Ethernet PFHY

© 2013 Broadcom Corporation. All rights reserved.
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New Automotive Ethernet Interfaces Calnex

e OABR - OPEN Alliance BroadR-Reach

WWW.opensig.org
http://en.wikipedia.org/wiki/BroadR-Reach Ethernet standard

e 2-wire unshielded twisted pair copper instead of 8-wire shielded twisted pair
* Today 10/100 Mbit/s (1 Gbit/s in planning )

* Easy and less expensive to install (reduce connectivity cost 80%)

* Weight reduction up to 30%

* Now being standardised through IEEE:
e 802.3bw — 100Base-T1, expected completion Feb. 2016
e 802.3bp —1000Base-T1, expected completion May 2016

Company Confidential 17
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IEEE 802.1AS Calnex

 The standard for transport of precise timing and sync in Time Sensitive
Networks, (formerly known as AVB — Audio/Video Bridging)

* Includes a PTP profile:
e Ethernet
e Multicast
* Boundary Clock switches
* Single Master Clock
* Pdelay_Req mechanism (Not mandatory to use)
* VLANSs can be used

e Standard being used in Automotive, Professional Audio and Video and some
Industrial networks
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The need for Sync in Financial Networks Calnex

* High-Frequency Trading (HFT) requires accurate
timestamping of trades for:

* Accurate records of transactions during playback regression to
improve trading algorithms

* Reporting and regulatory purposes, disputes, etc.

* GPS has primarily been used for this but faces issues:
 Coverage and signal loss is a significant and expensive issue
* Security - a USS20 device can jam GPS signals

 1588v2 PTP is getting a lot of interest

e Time can be delivered via the Ethernet network

 However accuracy needs to be verified during trials and monitored
in-service



Sync in the trading floor Calnex

Scenario 1 — all servers co-located in the Trading Exchange or Data Warehouse
GPS-locked Time-master, feed to servers via IRIG-B, NTP or 1588v2 PTP
Servers or switches have IRIG-B, NTP or PTP Clients (Slaves)

IRIG-B sent via
dedicated lines




Sync in the trading floor Calnex

Scenario 2 — all servers co-located in the Trading Exchange or Data Warehouse
GPS-locked Router is 1588v2 PTP Master
Switches are NTP/PTP Clients (Slaves)

NTP/PTP sent via network




Sync in the trading floor

Scenario 3 —servers located in multiple locations

““-—J

Calnex

GPS at every location, either Scenario 1 or Scenario 2 at each location

Switches are NTP/PTP Clients (Slaves)

s
o \Data Warehouse A

4- 4
. f‘Ad.

(S
Data Warehouse B /

<—
« I
|. I

.i I

Proprietary Sync check between locations



Sync in the trading floor Calnex

Scenario 4 —servers located in multiple locations
1588v2 PTP (Timing Service) from Telco Carrier
Ny /

w
Primary Reference Clock

a1
et
E

Data Warehouse A Data Warehouse B




The Requirement and The Options Calnex

Requirement
e Conventional wisdom is:
* The applications need 1ms, so the hardware needs 1us
Options
e GPSand IRIG-B
* |RIG-Bis old technology (limited support) and needs a costly dedicated link
e Used in older installs
e GPSand NTP
* Not accurate enough - deliver 1ms rather than 1us
* Used when 1ms is sufficient
e GPSand 1588v2 PTP (or PTP-only)
* Loading changes cause PDV and Asymmetry, which cause inaccuracy
* Ongoing trials and investigations
 PTP Profile
* |ETF: Draft Enterprise Profile for PTP (latest version -04, October 2014)
* Ongoing Working Group calls

25
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Broadcast Studios

Increasingly, studio equipment
connected via Ethernet

* Digital TV studio needs synchronization
to within 1pus



Broadcast PTP Profile Calnex

SMPTE standardising on use of PTP for synchronisation

Replacing analog Genlock

Most equipment has two Ethernet connections:
 “essence” (i.e. the media stream)
e Control/management interface

Proposal to run PTP over the control/management connection

For large studios, transparent clocks needed to reduce PDV

SMPTE PTP Profile has gone to ballot:

* Draft ST 2059-2: “Precision Time Protocol SMPTE profile for time and
frequency synchronization in a professional broadcast environment”

* |n Comment Resolution Phase



