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Background & Acknowledgements

▪ Part of the work described here was undertaken as part of an EU/ESA 
funded research programme by Telespazio (UK) & Chronos Technology

▪ Aims: Resilient, trustworthy, ubiquitous time transfer
assessing alternative sources of time for a possible (future) hybrid 
timing receiver architecture

https://navisp.esa.int/uploads/files/documents/NAVTIMING%20Final%20Presentation.pdf

https://navisp.esa.int/project/details/102/show
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https://navisp.esa.int/uploads/files/documents/NAVTIMING%20Final%20Presentation.pdf
https://navisp.esa.int/project/details/102/show


Lockdown(s) 2020

▪ Lab work started Aug 2020 
– lab logbook: last entry 10 MAR 2020 !
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Lockdown(s) 2020

▪ Lab work started Aug 2020 
– lab logbook: last entry 10 MAR 2020 !

▪ Remote control! And lots of assistance…
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Scope: Alternative Sources Studied

▪ GNSS – MCMF ublox ZED-F9
– Not really alternative, MCMF nature

▪ CSAC (as datasheet)

– As low power holdover

▪ LF - eLORAN 100kHz (Tx faulty 6-7ms offset +6.7ppb)
▪ LF – BBC R4 198kHz
▪ LoRa

– Proprietary timing messages gateway → mote

▪ STL (Satelles/Iridium)
– 1000x (30dB) higher signal strength vs. typical GNSS

▪ 5G (not lab based)

– SSB GSCN/EARFCN etc. – GNSS proxy
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} Focusing on these today

} Results in the slide deck 
but not presented



Setup Diagram (simplified)

▪ GNSS Firewall 
RF input via 
combiner/selector
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▪ Lab Ref
3 x GNSS/Cs



Setup photos
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Results – BBC R4 198kHz

▪ Analogue AM radio signal – 500kW
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Results – BBC R4 198kHz
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TIE = ±800ns wrt UTC                                                                   MTIE = 1.6µs



Results - LoRa

▪ Gateway – 1PPS in
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▪ Mote – 1PPS out



Results - LoRa
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TIE = ±4.2µs wrt UTC                                                                   MTIE = 8.5µs



Results - STL

▪ Global coverage - 66 LEO satellites and traceable to UTC
▪ Indoor antenna, mounted “as high as possible within the room”
▪ Iridium satellites perform beamforming to (licensed) receivers
▪ 1000x (30dB) signal strength than typical GNSS, encrypted

05/05/2022 ©2021 Chronos Technology: COMPANY PROPRIETARY 16



Results - STL
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TIE = ±600ns wrt UTC                                                                   MTIE = 1.0µs



Results - 5G

▪ Portable 5G OTA tester
Sep 2021, Liverpool UK

▪ FriEEndly 5G operator

▪ Stand-alone GNSS 
1PPS reference + 
estimate of 
propagation delay
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Results – 5G

▪ Base-station uses local GNSS reference

▪ 5G basically a proxy for GNSS
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Approx. 30m antenna to tester, direct line-of-sight
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Results - 5G - indoors
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Approx. 400m antenna to tester, no direct line-of-sight



Conclusions

▪ BBC R4 – prototype receiver, 
transmitter upgrade/re-config?

▪ STL performed as expected

▪ LoRa  - OK for applications with lower accuracy reqs (or LoRaSync?)

▪ 5G shows promise but for ultimate accuracy needs calibration for propagation delay 
(i.e. needs Rx & TX position knowledge)

▪ Future research work looking at combining “Signals of Opportunity”

▪ (GNSS-MCMF/eLORAN/CSAC results in the slide deck)

▪ And… on a personal level this work helped me get through the UK Lockdowns 2020/1
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} Capable of delivering ~1µs
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For reference – hidden slides follow



Setup

▪ Live sky + (remote control) jammer via RF combiner

▪ Pre-recorded jamming scenarios (LabSat)

▪ “Constellation errors” SVN23 scenario (Spirent)

▪ 2 x (synchronised) Simulators + scenarios (Syntony) –
basic/intermediate/advanced spoofer

▪ GNSS FireWall (Microchip) – 10MHz/1PPS from alternate 
source → (simulated o/p) → test receiver ublox M8-T
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Results MCMF-GNSS

05/05/2022 ©2021 Chronos Technology: COMPANY PROPRIETARY 33

TIE = ±16ns wrt UTC                                                                   MTIE = 30ns
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http://websdr.uk:8079 showing BBC R4 
@ 198kHz and eLORAN @ 100kHz

http://websdr.uk:8079/


Results – eLORAN

▪ Only eLORAN 
transmitter “working” 
in Europe…!
(“research” status)

in 2020:
6-7ms offset + 6.7ppb

Cs reference had failed
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eLORAN

GNSS/R4



Results – eLORAN – 26/04/2022

eLORAN (blue trace) ~600ns p-p error over 6 days
(no ASF compensation on receiver)
other traces (red/violet/green) all GNSS-traceable
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Results - CSAC

▪ Performed 
roughly as 
expected to  
Datasheet 
Specifications

approx. 
2µs/day
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