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TIME AS A SERVICE
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TIME AS A SERVICE
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Already Available Precision Time Protocol
e DWDM IX architecture (alien lambda)

* Certified Timing (Traceability to UTC)

PTP-WR
e High Integrity /SLA




What is White Rabbit?

* Open hardware and open software project
e Synchronous Ethernet (SynckE)
* Precise Time Protocol (PTP)
* Digital Dual-Mixer Time Difference (DDMTD)

The aim is to develop a distributed timing and data network capable of
synchronizing up to 2000 nodes with an accuracy less than 1 ns relative to the
master timing station over long hauls




Performances Time As A Service (PTP-WR)

TSI3 20160425 vs TRF|

@,
- 2
User Timing S
vs UTC o
(7))
@
L
0o -
3 by INRIM . | . | |
57503 57504 57505 57506 57507 57508 57509 57510
Modified Julian Date [Days]
Validation:

=  PTP-WR vs GPS-PPP comparisons
= |nfield over 150 km



Prestazioni TaaS /2
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Time over Fibre: Performances
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WRITE (JRP-i26):
White Rabbit Industrial Timing Enhancement

Coordinator: D. Calonico

June 2018- 2021 EMPIR

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States
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METHODS

IMPROVING PTP-WR FOR INDUSTRY:

WP1 - Scalable Calibration Techniques

WP2 - Resilient and Redundant Time Transfer
WP3 - Improving Performances of White Rabbit

Adequate TRL
Perfomance Gain eedback on the

Clear Protocols implementation
Industrial Assessment

WP4 -IN-FIELD INSTALLATION AND VALIDATION
WR UTC Time and Frequency Distribution for
Industrial Users
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2"d |level Specializing Master's Programme in

PHOTONICS FOR DATA NETWORKS AND METROLOGY

Campus: Politecnico — Lingotto, Turin January 2019
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2" level Specializing Master's Programme in

PHOTONICS FOR DATA NETWORKS AND METROLOGY

AT A GLANCE

Data traffic will experience a dramatic growth over the next years driven by 5G access, high-definition video, virtual
and augmented-reality contents, and the considerable growth in cloud services due to Big Data Exchange. Photonic
data networks will be required to be more and more pervasive and elastic, to supporting the paradigm of Internet of
Thing and to enabling Industry 4.0. Besides data transport, photonic networks will also distribute time and frequency
(T/F) standards for research and industry, enabling orders of magnitude performance improvements with respect to
satellite systems, over continental geographical areas. The list of institutions supporting the initiative testifies the need
for a vertical multidisciplinary knowledge, from the transmission layer up to the IP layer, and training such new
professional figures is indeed the mission of the 2nd level Specializing Master's Programme.

COURSES

1 Digital Communication
Deadline: September 7t 2018 (11:59 a.m.) 2 Optical Transmission
Campus: Politecnico — Lingotto, Turin 3 Photonic Devices
Format: full t'm,e 4 Time and frequency metrology
Language: English, 5 Ultrabroadband access network
ECTS: 69_ . 6 Long-haul optical transport
Internship: at companies and/or research 7 Photonic Networks
institutes in the photonic technologies field. 8 Quantum Communications
Number of participants: 10 - 25 9 Photonics applications in metrology

Time and frequency laboratory
Security for ICT

12 Communications laboratory
13 INTERNSHIP

=
= O

The Programme is supported by the EU through the project H2020-
INFRAINNOV-CLONETS and will offer theoretical and practical
lecturing, hand-on experiences and a final internship in European
industrial and/or research environments.
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CONCLUSIONS

Coherent Fibre Link for Scientific Users
PTP-WR for industrial AND Academic users
INRIM/TOPIX Time As A Service

WRITE project to scale up PTP-WR adoption

O 0O 0 0D O

PTP-WR is supported by a worldwide community, to target
also scientific excellence /is close to standardization

O

H2020-CLONETS to build a European Network

O

Italy is rally active in the field

d  Collaboration Inrim — Gar going on
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OBJECTIVES / SCIENTIFIC EXCELLENCE
O1: Scalability 0O2: Resilience

To develop validated techniques for
redundant and resilient time transfer

To develop scalable calibration techniques for
PTP-WR.

Target: best uncertainty 200 ps;

Using existing fibre configurations WP2 v

v Resilient and Redundant Time

WP1 _ _ , Transfer
Scalable Calibration Techniques > Network topologies

» Propagation Calibration > Resilience and hold-over
» Absolute calibration = Nk Ve

» In Field protocols
PHASE DATA
From 2016-04-25 To 2016-05-01
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OBJECTIVES / SCIENTIFIC EXCELLENCE

03: Performance

New PTP-WR devices, with improved performance and better
compatibility with existing protocols and standards.
Target freqg. instability: < 1e-13 @100s

"’
WP3 V’

Improving White Rabbit Performances

» Improving WR Hardware

(Local Oscillator, physical PPS output, Digital electronic FPGA)
» Compatibility with other protocols
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OBJECTIVES / SCIENTIFIC EXCELLENCE

04: Real field

Demonstrate the use of PTP-WR to deliver
UTC to industrial users
(from TRL 5 to TRL 9).

N
WP4 V

UTC T/F Distribution for Industrial
Users

Protocols and stress test

UTC(OP) to space industry (Thales)
UTC(IT) to space industry, (LEONARDO)
UTC(VSL) to Point of Presence of Internet
Exchange

UTC(SP) to a telecom user
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O5: Impact

Take up of the technology and measurement
infrastructure developed by WRITE

WP5 v

Creating Impact
Knowledge Transfer/ Training
Stakeholder Committee
Congresses/Papers
Workshop (M24)
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Synchronous Ethernet

Standard Ethernet Synchronous Ethernet
Node 1 System Timing Master

free-running| Link 12 free-running zx?lce
oscillator oscillator oscillator

[
= e B

Master port

No

L,Shupm
PLL | st
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Precision Time Protocol

* Packet-based synchronization protocol aster e

12

* Synchronizes local clock with the master clock | =
tl
16 —

* Link delay evaluated by measuring and o
exchanging packets tx/rx timestamps 20 —
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Round-trip time A= (T, —Ty) + (Ty,—T3) = (Ty,—T;) — (T3—T,) 327

34 —
(T2—T1)+(T3—T4) ——
2

Offset 6 =
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Digital Dual-Mixer Time Difference

* PTP limitation: timestamping granularity

e Solution: take advantage of Synck and measure phase shift

reference clock
4
DMTD

phase
detector

f

recovered clock

Transmitter

Receiver
with CDR PLL

A

Link
(up to 10 km single mode fiber)

v

Receiver
with CDR PLL

uncompensated clock

g

DMTD-based
phase shifting
PLL

Transmitter |«

I\

recovered in-phase clock
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Implementation

* A White Rabbit network is composed of:
* WR Switches
* WR Nodes
* WR Timing Master

* Copper/Fiber links (same optical link used for
transmission/reception)



