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The Enhanced Loran (eLoran) System

Internationally Standardized PNT System (Positioning Navigation 
and Timing)
Latest evolution of the LOng RAnge Navigation system
Meets Accuracy, Availability, Integrity and Continuity requirements 
of
� Aviation non-precision instrument approaches
� Maritime harbour entrance and approach manoeuvres
� Land-mobile vehicle navigation
� Location-based services
� Precise source of time and frequency for applications such as 

telecommunications 
Independent, Dissimilar complement to GNSS Systems
� Uses a different part of the electromagnetic spectrum
� Time traceable to UTC independently of GNSS
� Interoperable with GNSS for positioning, navigation and timing
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Other Loran Facts

Loran/Chayka networks in many countries/regions
� USA, Europe, Russia, Saudi Arabia, China, Japan, India, 

South Korea
� All funded and active with different functional capabilities

Interference Immunity
� Not susceptible to GPS impacting interference 
� Unique adaptive notch filtering to mitigate LF interference

100KHz LF Transmission Frequency
� Different part of spectrum to GNSS (1-2 GHz)
� Better building penetration

Pulsed signal transmission
� Allows separation of ground/skywave
� Different to DCF77 or MSF 60KHz
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Loran Transmitter Site @ Sylt
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Timing for Telecom Networks

Bit Rate Timing – i.e. controlling the rate of traffic in a Time 
Division Multiplexed (TDM) circuit switched network
2G/3G (GSM/UMTS) Base Station radio frequency stability and 
handover efficiency
Timing of packets in a packet switched network PSN or “Next 
Generation Network” – (NGN)
Time of Day for time stamping of phone call billing data 
Alignment of time slots in a Time Division Duplex (TDD) 
transmission system e.g. TETRA, Wi-Max, Mobile Long Term 
Evolution (LTE)
Relative time for service level agreements on packet delay 
variation (PDV)

Introduce the concept of Timing “ Layers”
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Timing “ Layers”  in Telecom Networks

“ Standalone” , “ Network Connected”  or “ Protocol”
Layer 0 – Primary Reference Sources

� Cs, GPS, Future (Galileo, Glonass, Compass, eLoran), Time 
and Timing Sources

Layer 1 – Transmission Infrastructure
� SSU, BITS, Slaved Rb and/or OCXO, Traffic & Switching 

elements - distribution of timing
� SDH, SONET, Synchronous Ethernet – SyncE
� DTI, Future (UTI) Physical Layer distribution of time and timing

Layer 2 – Pseudowires, Precision Time Protocol (PTP)
� IEEE 1588 - TWTT of UTC traceable time and timing in PSN
� Proprietary single direction timing protocols in PSN

Layer 3 – Network Time Protocol
� NTPv4 TWTT of UTC traceable time in PSN

Loran is a candidate for a Layer 0 primary reference source 
and source of UTC
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NIST ATIS Workshop on 
Synchronisation in 

Telecommunications 
Systems (WSTS)

ETSI 
TM1 
WG4

ITU-T
Study Group 15

Question 13

International Telecom 
Synchronisation Forum 

(ITSF)

Telecom Transmission Timing Standards
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Telecom Timing Protocol Standards

Network Timing 
Protocol 

Working Group (BOF) 
“ TICTOC”

Precision Time Protocol 
Working Group

NTP v4

IEEE 1588 v2

Two Way Timing Protocols

Also a number of proprietary one way timing protocols
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Wireless Timing Standards
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New Timing Standards Emerging….

ITU – International Telecommunications Union
� Study Group 15 Question 13

� G.8261 – (G.pactiming)
� G.8262 – (G.paclock)
� G.8263 – (G.paclock-bis)
� G.8264 – (G.pacmod)

IEEE – Institute of Electrical & Electronic Engineers
� Precision Time Protocol Working Group

� IEEE 1588v2 PTP - Packet Time Protocol
IETF – Internet Engineering Task Force

� TICTOC - Timing over IP Connection and Transfer of Clock ‘BOF’ 
� NTP - Network Time Protocol v4

SMPTE - The Society of Motion Picture and Television Engineers
EBU - European Broadcasting Union

� Joint Task Force - future needs for timing and synchronization in broadcast
MET – Metro Ethernet Forum

� MEF 8, MEF 18, Circuit Emulation Services over Ethernet
CableLabs

� DOCSIS 3
� DTI – DOCSIS Timing Interface - SP-PHYv3.0 
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Key Standards

ITU – G.803, G.810, G.811, G.812, G.813, G.822, G.783, G.8251
ETSI – EN 300 462 Series -1,-2,-3,-4,-5,-6,-7
ANSI – T1.101-1999, T1.105.09-1996
3GPP – TS125 104/105, TS125 402, TS145 010
ITU – G.8261 (G.Pactiming)

Contenders for Layer 0 Timing - Key Metrics 
� Stability – <1 x 10-11

� Rate of change of stability between sources
� Time Interval Error – TIE
� Maximum Time Interval Error – MTIE
� Time Deviation - TDEV
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MTIE Equation

peak to peak 
Phase deviation

Time
Interval
Error

Time

observation
time

MTIE (t )= max (max ( [x(t)] - min [x(t)])
- t 0 > t  >t 0+t- ¥ >t 0> ¥ - t 0 >t < t 0+t

MTIE
ns

Observation Time (t )
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A TIE Plot
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MTIE Masks for Network Wander

ITU 
G.811

ETSI 
EN300 462-3

1 nsec!
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Some TIE Plots
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TDEV Equation! 

TDEV (nt 0) =               1 S [ S( xi+2n - 2 xi+n +xi) ]2

6n2 (N -3n+1)

N -3n+1

j =1 i = j

n  + j -1

xi+2n - 2 xi+n +xi

(xi - xi+n ) – (xi+n – Xi+2n)

xi xi+n xi+2n

(xi - xi+n)

(xi+n – Xi+2n)

TIE Samples

TDEV uses 2nd difference of TIE
Derived from Allan Deviation (ADEV)
Then Modified Allan Deviation (MDEV)

xi - xi+n xi+n – xi+2n

Averages series of readings
to differentiate noise types
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Test results - TDEV
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Test setup
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Test setup
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Test Set-up #1 – Lab Test Bench

Cs Ref

Universal 
Counter Timer Loran Rx

Universal 
Counter Timer

Universal 
Counter Timer Tel GPS Rx

GPS Engine

Laptop runs 
“TimeMonitor” with 
GPIB interface to 

UCTs
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Test Set-up #2 – Web Enabled Testing

Probes send 
data to a central 

Server via 
GPRS or LAN. 

Cs Ref
SyncWatch 

Probe Loran Rx

SyncWatch 
Probe Tel GPS Rx

www.syncwatch.com

Internet

Viewer retrieves 
data using 

standard web 
browser
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TIE Data – GPS Rx (x2) v Loran Rx – Test Setup #1

30 nsec/div Lab Cs Offset 
� 1.3 x 10-12

3 - Loran

2 - Telecom 
Quality GPS Rx

1 - Low Cost 
GPS Engine
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Test results - MTIE

3 - Loran
2 - Telecom 

Quality GPS Rx

1 - Low Cost 
GPS Engine
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Test results - TDEV
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Long Term Testing using Test Setup #2

Data can be viewed 
on 

www.syncwatch.com. 

Steady State 
Data. 

Catch 
Transients 

for later 
study, refine 

firmware
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Further Work

Set up a network of eLoran Monitoring Stations
� Continuous 24x7 Monitoring of TIE v Reference 

� Study TIE behaviour of transient phenomena
� Correlate with weather, station outages etc

Tactically deploy eLoran at typical telecom deployment 
locations
� Study performance when antenna indoors

� Large telephone exchange

� Local exchange
� Cabinet 
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Conclusion

eLoran performs under the G.811 MTIE & TDEV masks
eLoran is as good as GPS in delivering TIE stability

We have proved that eLoran achieves the “Accuracy” 
metric
We now need to understand more about the “Availability, 
Integrity and Continuity” issues.
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Thank You & Questions

Charles Curry B.Eng, FIET
Founder & Managing Director

Chronos Technology Ltd

With thanks to 
Dr. Arthur Helwig – Reelektronika bv 

Chris Farrow - Chronos Technology Ltd
Dr. Sally Basker – Trinity House

charles.curry@chronos.co.uk
www.chronos.co.uk

www.syncwatch.com
www.gps-world.biz


