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» Time dissemination and Coordination
» Leveraging the addition of newer constellations
» Addressing vulnerabilities in GNSS and adding resiliency

» Advances in clocks
» For e.g., Going beyond the quantum limit
» Applications in relativistic geodesy
» Redefining the geoid due to rising sea levels?

» Tests of gravity/fundamental physics using clocks
» Effect of gravity on passage of time
» Testing variation of fundamental constants
» Tests of certain types of dark matter candidates
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Report from USNO / Arnold Colina

nanoseconds

To ensure interoperability of all different GNSS

* Need to measure and report timing offset between systems
* GPS-to-GNSS Time Offset (GGTO)
* Requires stable, repeatable GNSS receiver calibration for all GNSS signals

=

o =
COABNONMOIRODOOBNONBBRMRO

Tooo |GPS Time - GALILEO Time modulo 1s|

800

——GPS - UTC{USNO) without boadcasted clock corrections

600

400

nanoseconds

200

_— GPS - UTC{USNO) with boadcasted clock corrections applied

w
-]
£
-400 8
o
v
o
-600 £
c
-800
-1
-1000
A% b & N X o D O 4
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 @OP ,@q ,@q& 3’ .\,°:°’ 0@ q,@ S .-\960 f@@’ ,19\’ ,19\' ,\9"' f&"' qp"’ f@'\’ ,\9"’

Year Year



Report from PTB, Germany / Andreas Bauch CGSIC Timing Subcommittee 2021

EPB n e
= | Involvement in international metrology

PTB serves as the pivot for GPS time comparisons and
TWSTFT, evaluated and used by the BIPM, because of

America: ol Asia:
NIST, USNO A% &8 . e NIET, NIM, NMIJ,
2 NP, NTSC, TL

« Geographical position P2 A
(TWSTFT to US and to Asia), r

 Equiment in redundancy
and reliably operated,

AMC-1 & AM-2

* Predictable, stable time . ¥ ' Aps-24%
scale UTC(PTB). S SOy o

LTFB, UME, GUMPL) , VNIIFTRI (RUS) _

Physikalisch-Technische Bundesanstalt B Braunschweig und Berlin Nationales Metrologieinstitut
20.Sept.2021 6 CGSIC Timing Subcommittee



Report from PTB, Germany / Andreas Bauch CGSIC Timing Subcommittee 2021

Time Transfer Data Analysis September 2021
Difference GPS - TW for links UTC(PTB) - UTC(K)
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Report from the CCTF WG on GNSS/ Pascale Defraigne CGSIC Timing Subcommitee 2021

Revised section 4 for Circular T

From GNSS : position + (t...iver — tenss ) on: —
( Yreceiver — “uTc” )

GOAL :

Provide a validation o - quantify UTC — “UTC”

Current situation :
Only GPS and GLONASS
[UTC-UTC(USNO)_GPS] = C0', [TAI-UTC(USNO)_GPS] =37 s+ CO'
[UTC-UTC(SU) GLONASS]=C1', [TAI-UTC(SU) GLONASS]=37s+C1’
No specified uncertainty



Report from the CCTF WG on GNSS/ Pascale Defraigne CGSIC Timing Subcommittee 2021

Revise section 4 for Circular T

Naming Convention : “UTC” = Broadcast_UTC,,, (xxx=BDS GAL GLO GPS)
Pivot UTC(k)
UTC — Broadcast_UTC,,,
= [UTC(k) — Broadcast_UTCyyy lcnss— [UTC(k) — UTC]

circular T

G1 laboratories
- laboratories regularly calibrated
and monitored by the BIPM, NIST OF = INIM NICT
- directly calibrated differentially against
an absolutely calibrated station
- Geographically distributed over the world




Report from the CCTF WG on GNSS/ Pascale Defraigne CGSIC Timing Subcommitee 2021

Uncertainties on UTC-Broadcast_UTC s

Final uncertainty Budget:

BeiDou Galileo GLONASS GPS

Calibration 2.6 2.4 3.8 2.6

Broadcast value 3.0 0.5 1.7 1.3
dispersion

Code noise and 1.5 0.7 3.5 0.9
multipath

UTC-UTC(k) pivot 2.2 2.2 2.2 2.2

Total 4.8 ns 3.4 ns 5.9 ns 3.7 ns




Improvements in PPP processing / Sunil Bisnath CGSIC Timing Subcommittes 2021

PRIMARY DRIVER FOR INCREASING PPP PERFORMANCE

— MEASUREMENT STRENGTH

(@]

()] ()

(%) O
c
gﬂ Multi-frequency,
g fixed GNSS Also function of:
5 e lono constraining
(@ o
= Fixed GNSS *  Quality of h/w
= * Quality of corrections
o * Processing s/w
=y Fixed GPS -oSSINg SIW
g e Static/kinematic

= 9

= ~ Float GPS

Increasing precision / accuracy

dm mm



Resilient PNT Architecture/ Patricia Larkoski CGSIC Timing Subcommittes 2021

Summary

" Resilient PNT Reference
Architecture provides a structured PNT UE system
way to design PNT user equipment
systems for resilience PNT Source Manager

— Supports the Resilient PNT

Conformance Framework to increase
robustness

— Reference with examples and
catalog of resilience techniques

= Applying resilience concepts
directly affects the design of
resilient PNT architectures

— Timing UE system example with
resilience built-up from 5 categories

= Regardless of design, outcomes prove resilience — withstanding and recovering from disruptions
= |[EEE P1952™ working group Kickoff 15 September 2021 (website: https://sagroups.ieee.orq/p1952/)

HSSEDI

Homeland Security Systems Engineerin ing & Development Institu




Resilient National Timing Architecture/ Dana Goward CGSIC Timing Subcommittes 2021

Layered PNT Architecture Construct

Global  Space-based Ubiquitous. 3-Dimensional Posibon and Precise Time

Regional Space-based or Terrestrial. Mon-global (Nabonalinternatonal) Coverage
Local Space-based, Terrestnal, andlor Autonomous, Localized by dessgniperformance

GLOBAL

Global Layer

e giomal

CONTINENTAL

Figure 7 = Layered PNT Enterprise Architecture
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Clocks in space and fundamental physics/ Holly Leopardi

CGSIC Timing Subcommittee 2021

Why go to Space?

Space provides a

unique environment:

* Microgravity

* Long baselines

* Large aperture
networks

* Not limited by seismic
noise

* Low-noise
environment Reduced
atmospheric
interference on optical
signals — optical links




Clocks in space and fundamental physics/ Holly Leopardi CGSIC Timing Subcommitee 2021

Optical time transfer links can support optical clock performance.
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Applications of cold atoms in space/ Sheng-wey Chiow CGSIC Timing Subcommittes 2021

VWV Matter wave -
Atom interferometry - WV i W\ . — =
. . . ooling Cooling
@
> Inertial navigation et WML W

» Gravity gradiometry
» Planetary science

» Atomic seismometer i == /‘\
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Interference pattern

Nature 562, 351-352 (2018)

Clocks for testing:
» Certain dark matter candidates
» Dark energy models with gravitational screening potential
» Complementary to space based gravitational wave detectors
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Thank you all for your participation.



