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* Motivation: Where/why do we need precise time in the network
* Timekeeping: Sources for time
* Time transfer
* White Rabbit a.k.a. PTP High Accuracy profile
 VTT MIKES time-network
* Results from long/short links usign 1 or 2 fibers
e Future: distributed, robust, accurate timekeeping
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Telecom standards for synchronization 24 V% s &
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Need for synchronization in Smart Grids

Smart Grid
A real-time, dynamic network of
electrical demand, supply, and control

for i activiey.

Magnitude error

Phasor to be
measured

Measured phasor with
magnitude error

Elax &
Bamary chargses e
both a new demand and
W ponabie supply.

Total Vector Error (TVE)

Phase and time synch error

IEEE C37.118

Measured phasor with phase and/or time
synch error

Islanding

ot s ot 1% total vector error
->~1 us requirement
on timing.

[Fluke] " Modification of this document is not permitied
without written permission from Flake Corporation.
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Synchronization in Finance / e-Commerce

ITU-R TF.1876

Examples of implementation to the concept

¥ MIFID 2 w

4¥ * Timing centre  Trusted third party
UTC(K) f—d TaAA UTC() —J»  TaA
Business Clocks — What requirements will apply with MiFID [1?
Reference time: Operators of ¥ading venues and ther members or participants shall synchronsse the business docks ey use lorecord®
— o

and tme of any reportable event with the Coordinated Universal Time (UTC)
0 Level of accuracy: Applicable for operators of trading venues and thelr members

Gateway-to-gateway Max. divergence Granularity of TSA Trusted third party TSA Trusted third party
latency’ from UTC timestamp

= 1 ms? ims 1ms or better
Trading venues <) d)
< tms? 100 us Tus or better . . .
Timing centre Trusted third party Timing centre

UTC(k) & TAA  [— UTC®k)
RFQ

Voice trading - 1s 1sorbetter
_uTCcQ
y

Negotiated : 1s 15 orbetter
Ti tl TAA Trusted third party
Other trading activity - ims 1ms or better

ps = microsecond, ms = milisecond, s - second

TSA Trusted third party TSA Trusted third party
* TAA: Time assesment authority _)' Dissemination
* TSA: Time stamp authority H Certification

16/05/2019



International Timekeeping, UTC-laboratories ﬂ/L[/;T

Active hydrogen maser
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Timekeeping Is based on predictable “/‘WT
frequengy.error of stable clocks
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Traceability through Circular-T, :
published monthly by the BIPM

CIRCULAR T 357 ISSN 1143-1393
2017 OCTOBER 10, 13h UTC

BEUREAU INTERNATIONAL DES POIDS ET MESURES
ORGANISATION INTERGOUVERMEMENTALE DE LA CONVENTION DU METRE
PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 FAX. +33 1 45 34 20 21 tai@bipm.org

"

The contents of the sections of BIPM Circular T are fully described in the document "Explanatory supplement to BIPM Circular T
available at ftp://ftp2.bipm.org/pub/tai/publication/notes/explanatory_supplement_v0.1.pdf

1 - pifference between uTC and its local realizations UTC(k) and corresponding uncertainties.
From 2017 January 1, Oh uTC, TAI-UTC = 37 s,

Date 2017 Oh uTC AUG 29 SEP 3 SEP & SEP 13 SEP 18 SEP 23 SEP 28 uncertainty/ns Notes
MID 57994 57999 58004 58009 58014 58019 58024 ua UB u
Laboratory k [uTc-uTC (k)] /ns
v (Kjeller) 4,8 -6.2 -17.2 -16.6 -17.6 -19.0 -19.6 0.4 20.0 20.0
KEBS (Mairobi) - - - - - - -
KIM (Serpong-Tangerang) 141.1 168.3 169.5 174.4 188.4 200.4 173.8 2.0 20.0 20.1
KRIS (Dasjeon) 35.53 40.3 44,3 47.7 50.6 52.2 52.9 0.4 11.1 11.1
KZ (Astana) -294.7 -322.8 -334.3 -331.1 -313.3 -298.9 -301.0 1.5 9.3 9.4
LT (vilnius) 158.7 144.0 145.4 157.0 152.5 168.8 181.8 2.0 11.3 11.4
MASM (Bayanzurkh) -411.6 -428.7 -451.6 - - -34.5 -60.0 0.7 20.0 20.1
MBEM (Podgorica) 51657.3 51989.6 52323.7 52643.4 52978.9 53335.9 53658.6 1.5 20.0 20.1
MIKE (Espoo) -0.4 -0.3 0.5 0.5 0.8 -0.2 -0.7 0.7 4.2 4.3
MKEH (Budapest) -65005.0 -65222.3 -65420.4 -65627.5 -65836.7 -66030.7 -66237.0 1.5 20.0 20.1
M5L  (Lower Hutt) 285.3 289.9 309.0 301.6 285.8 300.7 321.8 1.5 20.0 20.1
MTC  (Makkah) 1149.2 1164.1 1145.4 1170.6 1149.7 1204.2 1187.0 10.0 7.4 12.4
NAD  (Mizusawa) Q9.4 86.1 93.0 95.8 a7.0 89.5 75.7 2.0 20.0 20.1
NICT (Tokyo) -5.7 -5.8 -7.5 -6.9 -5.9 -4.2 -1.9 0.4 2.2 2.3
NIM (Beijing) 5.2 4.5 3.8 3.3 3.9 3.7 2.9 0.7 1.9 2.0
NIME (Bucharest) 1813.1 1816.1 1803.5 1816.4 1818.9 1814.2 1808.5 0.4 7.2 7.2
NIMT (Pathumthani) 203.3 208.9 214.5 217.7 219.5 218.6 221.5 1.0 20.0 20.1
NIS (cairo) 11.9 g.4 2.4 -19.9 -30.1 -48.5 -55.3 1.6 20.0 20.1
NIST (Boulder) 0.5 0.6 1.1 1.7 2.2 2.2 1.4 0.4 4.9 4,9

16/05/2015 >75 laboratories in total



Network Time Transfer Techniques

NTP: milliseconds
(software time-stamping, unpredictable delays in routers/switches/gateways)

PTP: microseconds
(hardware time-stamping)

PTP = Precision Time Protocol
(IEEE 1588-2008, PTPv2)

PTP White Rabbit: nanoseconds
(IEEE 1588-2018 High Accuracy profile)
(hardware time-stamping enhanced by precise phase-

...... Metrology & scientific clocks

TC PRTC NTPin LAN
Metrology “ Telecommunication
100fs  1ps 100ps  1ns ns fps  10ps 100ps

0 BRTCRB Mobile TDD [Deutsche Telekom]



Time-transfer (principle) —\/“V’T

» Round-Trip-Time
Sae | T, T = (T4-T1) - (T3-T2)
Time | S
: Master-Slave-Delay
=~ 1/2 Round-Trip-Time
|
[
|
I Time- Time-stamp Allow for Link
stamping Accuracy asymmetry?
I Software
I PTPv2 Hardware ~5-10 ns? Usually no.
I (IEEE1588-
2008)
Master I PTP White Hardware <1lns Allow for
Time Rabbit SyncE + constant
IEEE1588- phase- asymmetry
Ty T, 2018 measurement

Symmetry essential for good accuracy!
1-fiber links with BiDir optics are best. 2-fiber (long) links often need calibration before use.



White Rabbit: Precision Time Protocol + Step 2. =
7y
Synchronous Ethernet

Step 1

Hardware time-stamping of t;-t,
Gives coarse (8 ns) RTT

Master Slave
time time
Announce

t -
I Syne N
Faollow U,
A& t)
Delay Req ty
I
Delay Resp
" i
v v

delay coarse = (t4—1t1)— (ta —t2)

Phase measurement to enhance T2
and T4

a) millimeter scale
- input clock
— v
o
[T B o m e m e ‘cm.}z

Tt i L
IALLRLA AL L PP P

T vernier
- offset clock

bars in line
- output transition

—lo . . .
DDMTD: Measuring picoseconds with

~125 MHz clocks on FPGAs

clk,—+ o
= S | phase
53 Q € N
helperNPLL 52 $5E | difference
= Wfdu . %m ! S%g e
g | {8k
| Q 'E_
o3

clk, YD Q- -
125 MHz o 10 ke

-> Round-trip-time measurement
with sub-nanosecond precision

NOTEs for PTP High Accuracy

Point-to-Point links between WR/HA-devices
No optical/electrical conversion on path
No legacy switches

Best performance in 1-fiber
Asymmetries of ~1 us per 100-300km 2-fiber links observed



1000 km Espoo - Kajaani White Rabbit link
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lGPS1 '

[HPPS

10 MHz

—
H-maser z 3 1.3 km e g

= bidir duplex SFPs and link
+—10-km-~1000 km link length
* 10.4 millisecond round trip
*  Uplink—downlink = ~4 us

e 12 amplifiers/multiplexers
e Longest span ~140 km

Issues:
*  Network maintenance
changes asymmetry
*  Stability limited by
Cs-clock and
GPS-PPP

Time Transfer Error (ns)

100 days
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[Dierikx et al. http://dx.doi.org/10.1109/TUFFC.2016.2518122]
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Round-Trip-Time (ms)
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http://dx.doi.org/10.1109/TUFFC.2016.2518122

280km Link between H-maser clocks
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-> Almost like having the remote clock
16/05/2019 In the lab next door! ©



Future: Clock Network, as of 2019-04

MATINE-project
- Cal0nodes
- Cal4clocks
- Algorithms

14
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Loop M1-M2-M3 closure error

VTT MIKES - M2 Time&Frequency link data

5 040 18=0 ! 2019-03-|13 15:40

—— Linear, -0.003 ns/day = 3.58e-17
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019 VTT - beyond the obvious

Large offset of 5 us!

But very small
Instability!
+/-0.5 ns during 200 days

15



Conclusions & References

ePRTC requirements approach the level of national UTC-labs!
* GNSSis widely used — but can be spoofed/jammed!?
PTP White Rabbit / High Accuracy can be used for ePRTC-level distribution.
works with ns stability and offsets limited by the network
Timekeeping in the future will be distributed and redundant

VTT MIKES operates around 1700 km of time-links, mostly for research at the moment.

* Do we need/want a national reliable operational timekeeping-network?
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Thank You!
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