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Why Timing without GNSS is Required 

• Submarines operate long periods 

without GNSS

• Accurate Sync is needed for:

• Communications

• Internal Synchronization

• Ranging & Sensing Systems

• GNSS-less Location and Navigation (IMU / INS) 



Growing Interest in Ultra-Accurate Timing Underwater

“Deployed optical clocks will improve 
positioning for navigational 
autonomy”

“Three of these clocks operated 
continuously aboard a naval ship in 
the Pacific Ocean for 20 days while 
accruing timing errors below 300 ps 
per day”

Au st ra lia  Com p le t e s  
Fir s t -Eve r  Se a  Tr ia l o f 
Po r t a b le  Op t ica l Clock
Published 22 April, 2026

“This experiment was a first critical 
step towards understanding how 
quantum clocks can be deployed 
on underwater platforms to enable 
precision navigation and timing 
(PNT) in support of prolonged 
operations.”

“Such devices could provide precision support 
to navigation systems without the need for 
global satellite positioning networks.”



ePRTC: Stable Time 
Reference for Weeks

• The ePRTC system ensures precise time 

synchronization by integrating stable clock 

(Atomic Clock) with Phase and Time signals 

(such as GNSS)

• Achieving accuracy within 100 nanoseconds 

for reliable operations in critical 

environments



The Gap is Short Surfacing Periods 

• In real operations, submarines may 

surface briefly but not long enough 

to “recharge” holdover fully

• After a short surfacing, ePRTC in 

fact requires restart the learning 

period

TIME



The Timing TOP UP Approach

• Instead of requiring long learning 
periods, we treat holdover like a battery

• Even short GNSS windows 
incrementally “top up” the holdover 
reserve

• This allows more flexibility: brief 
surfacing still extends your timing 
stability underwater. A once in a while 
have small window of GNSS reception 



The Timing Battery Affect on Holdover Period



Holdover Performance Depends on Locked Mode Duration

GNSS failure

GNSS failure GNSS failure



No Holdover Improvement with Relearning After Each GNSS Lock

10 learning days 10 learning days 10 learning days 



Learning Beyond Lock: Using Holdover as Training Time

10 learning days 

30 learning days 

50 learning days 



Poor Holdover Readiness When Having short Window of GNSS Reception 



Be Ready for Extended Under-Water Mission with Short Windows of GNSS Reception

20 learning days 

31 learning days 

42 learning days 



Takeaways

• Submarines operate long periods without GNSS

• Accurate timing is needed

• Enabling accurate positioning and navigation autonomy, supporting integration with 

next-generation quantum-based IMUs

• Be ready for extended under-water mission with excellent holdover performance 

• Use short GNSS availability period to “charge” holdover readiness instantly



Thank you
Please contact me in case you have any comments or questions: 

igal.pinhasov@adtran.com, alon.stern@adtran.com

oscilloquartz.com 
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