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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

• Future: distributed, robust, accurate timekeeping
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Telecom standards for synchronization

[Microsemi]

[Huawei]
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Need for synchronization in Smart Grids

[Fluke]

1% total vector error
-> ~1 µs requirement
on timing.
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Synchronization in Finance / e-Commerce
ITU-R TF.1876
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International Timekeeping, UTC-laboratories

Active hydrogen maser

Cesium clock
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Predictable frequency drift over >100 days

Based on stable MIKES-building environment

1
0

0
 m

K

Timekeeping is based on predictable

frequency error of stable clocks

Active Hydrogen Maser
~200 k€
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Traceability through Circular-T, 

published monthly by the BIPM

>75 laboratories in total



NTP: milliseconds

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

PTP: microseconds
(hardware time-stamping)

PTP White Rabbit: nanoseconds
(IEEE 1588-2018 High Accuracy profile)

(hardware time-stamping enhanced by precise phase-
measurement)

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

[Deutsche Telekom]

Network Time Transfer Techniques



Time-transfer (principle)

Master
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Slave
Time
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Round-Trip-Time
= (T4-T1) – (T3-T2)

Master-Slave-Delay
= ~ 1/2 Round-Trip-Time 

Time-
stamping

Time-stamp 
Accuracy

Allow for Link 
asymmetry?

NTP Software ~ms No

PTPv2
(IEEE1588-
2008)

Hardware ~5-10 ns? Usually no.

PTP White 
Rabbit
IEEE1588-
2018

Hardware
SyncE + 
phase-
measurement

< 1 ns Allow for 
constant 
asymmetry

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



Step 1.
Hardware time-stamping of t1-t4

Gives coarse (8 ns) RTT

Step 2.
Phase measurement to enhance T2 
and T4

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

DDMTD: Measuring picoseconds with 
~125 MHz clocks on FPGAs

White Rabbit:  Precision Time Protocol + 
Synchronous Ethernet

125 MHz ~10 kHz

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



16/05/2019 12

100 days

2 ns

200 ns

1000 km Espoo - Kajaani White Rabbit link

• bidir duplex SFPs and link
• 10 km ~1000 km link length
• 10.4 millisecond round trip
• Uplink – downlink = ~4 us
• 12 amplifiers/multiplexers
• Longest span ~140 km

[Dierikx et al. http://dx.doi.org/10.1109/TUFFC.2016.2518122]

Issues:
• Network maintenance
changes asymmetry
• Stability limited by

Cs-clock and 
GPS-PPP

H-maser

http://dx.doi.org/10.1109/TUFFC.2016.2518122
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280km Link between H-maser clocks

MJD

40 days

1 ns 100 ns

-> Almost like having the remote clock
In the lab next door! 
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Future: Clock Network, as of 2019-04

M9

M10

MATINE-project
- Ca 10 nodes
- Ca 14 clocks
- Algorithms
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Loop M1-M2-M3 closure error

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

Large offset of 5 us!



Conclusions & References
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Hajautetut vikasietoiset kelloverkot
https://www.defmin.fi/files/4563/2500M-0099_Tiivistelmaraportti_Wallin.pdf

GSA: Report on Time & Synchronisation User Needs and Requirements
https://www.gsc-europa.eu/system/files/galileo_documents/Time-Synchronisation-Report-on-User-Needs-and-Requirements-v1.0.pdf

White Rabbit best practices guide
https://www.ohwr.org/project/white-rabbit/wikis/Documents/wr-good-practice-guide

PTP White Rabbit on ~1000 km Otaniemi-Kajaani link
https://ieeexplore.ieee.org/document/7383303

• ePRTC requirements approach the level of national UTC-labs!
• GNSS is 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?

References

https://www.defmin.fi/files/4563/2500M-0099_Tiivistelmaraportti_Wallin.pdf
https://www.gsc-europa.eu/system/files/galileo_documents/Time-Synchronisation-Report-on-User-Needs-and-Requirements-v1.0.pdf
https://www.ohwr.org/project/white-rabbit/wikis/Documents/wr-good-practice-guide
https://ieeexplore.ieee.org/document/7383303


Thank You!
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