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Robustnhess of network services

US Executive Order 13905 Strengthening National
Resilience Through Responsible use of Positioning,
Navigation, and Timing (PNT) Services
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The FCC moved March 27, 2025, to broaden and
deepen its investigation of options to complement
and supplement U.S. GPS capabilities

The Notice asks about a wide array of PNT
technologies under development by broadcasters,
wireless operators, satellite constellations, and startups
that use FCC-licensed spectrum.

NEWS FROM THE FEDERAL COMMUNICATIONS COMMISSION

FCC Launches Proceeding on GPS Alternatives

Inquiry Seeks to Promote Innovative Technologies that
Protect Americans from GPS Disruptions

WASHINGTON, March 27, 2025—The Federal Communications Commission today launched
an inquiry to explore commercial technologies that would complement the Global Positioning
System (GPS)
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Swedish regulators strive for improved robustness
in digital communications (fixed broadband, mobile
networks, etc) and critical systems.

Swedish Telecoms Regulator PTS has mandated
GNSS independent synchronization back-up for all
Swedish 5G networks

“If the primary source of common time reference is the
reception of signals from satellite (GNSS) or if the source is
otherwise located outside Sweden, a redundant source located
in Sweden must be functionally tested and ready to put into
use when required at latest by January 15, 2025”

- Swedish Post and Telecom Authority



What critical Infrastructure in US Relies on PNT?

Transportation Systems: Navigation, traffic management, aviation, maritime, rail, and road
Financial Services: Precise timing for transaction timestamping and trading platform synch

Communications and IT: Timing synchronization for network operations and data
transmission

Energy: Grid synchronization, fault detection, and energy distribution in electric power systems

Water & Wastewater Systems: Operational control and monitoring of treatment and
distribution networks

Emergency Services: Location tracking and coordination for effective emergency response

Defense Industrial Base: Navigation, targeting, communication, and logistics for military
operations, including mobility command

A widespread GPS outage can result in economic damages exceeding $1B per day

Sources: https://www.dhs.gov/science-and-technology/pnt-program Metinsi ht
https://domesticpreparedness.com/articles/pnt-signals-as-national-critical-infrastructure 9
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Transporting - Time - over critical
network infrastructure

Diverse transport for critical network resiliency
For critical network resilience, a mix of transport technologies must be used.
This includes fiber and core microwave and diverse transport equipment.

Access MW

Time must be transported over all diverse transport technologies with high Access Microwave in Europe:
precision to support broadcast, mobile services and other critical systems. Many operators distribute time over microwave. Having said
that the challenge remains the number of hops, weather, etc.
\ North America: Mobile operators distribute time over leased
Core MW lines or rely on GNSS which can be unreliable in dense urban
areas.

Leased last mile networks often do not support PTP, or the
number of hops can lead to problems with network timing.
Flbef Alternatively, service providers can deploy GPS at every
((( ))) single cell site, which is costly.
I Networks relying on GNSS are susceptible to
jamming/spoofing.

Core Microwave Broadcast SFN <(( ))>
A Broadcast SFN,

Time source Access Microwave Mobile TDD

Wide Area Network Synchronization Delivery PTN / (ePTS *) (¥ under standardization in ITU-T
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T challenges to overcome
peagas
GNSS i;deendence

| Swedish Telecoms Regulator PTS is mandating
GNSS independent synchronization back-up for
all Swedish 5G networks.

FCC NOI requesting input on GNSS Resilience

for the United States Market March 2025
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Delay variation ] Asymmetries Reroutes

Radio networks have more jitter Most modern transport technologies have
varying transport delays

(Delay Varlatlon) than fiber and - Asymmetries are harmless for frequency

fixed IP networks ﬁ! sync but devastating for phase/time sync

Reroutes across radio and fiber
topologies will cause various new
asymmetries
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Asymmetries in transport

infrastructure

Roundtrip time changes in fiber
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Typical DWDM or OTN asymmetries caused by link breaks
and link re-establishment.

Each time a link is switched, protected or restarted it's a
new and random delay. Varying independently in each
direction. Typically, between 1 — 10 ys variation.

Core MW

Fiber

Roundtrip time changes in Microwave
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Microwave also has variations in delay, but these
happen not only at link re-establishment, but in
real time.

Weather disturbances, temperature shifts with
reflections etc. could lead to modulation shifts
and changes of the delay profile.




Meeting PRTC requirements
over an DWDM/OTN Network —~

Target is to deliver PRTC accuracy, nationwide, in all Transport delay change - 4 ps
points of the core fiber network ‘
219 ps

‘ ‘ | 217 ps
> 215 |15 e e
' .

To do that, the system must detect asymmetry changes
and compensate for these changes while maintaining Maximum Time Error Interval - 40ns
time and phase, without access to UTC / GNSS

G.8272 PRTC conformant
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NETWORK RESULTS
[ Maximum Time Error Interval = 40 ns ]

Key takeaway — You don't have to rebuild your core network to deliver precise timing ,



Timing over Core Microwave /-

Link variance after filtering
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Core Microwave implements
resiliency and added benefits

Media diversity increases overall
infrastructure resiliency (2 or 3 paths)

Direct shortest paths can reduce
latency for time critical services

Radio links improves reachability

We have gained experience over the last 1 % years of running precise
timing distribution over core Microwave radio networks.

Typical performance on a multi-hop core Microwave radio network is:

Impossible to reach 100 ns PRTC requirement using only microwave
Delivered £ 200 ns in almost all locations across core network
Far below the normal requirement of 600 — 700 ns

Synchronization is running in the existing Microwave infrastructure




Timing - Access MW Acoess MW
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Single Frequency Networks (SFN) using Access Microwave
have highly variable characteristics where attempts to
provide timing using PTP have failed:

* Rural deployments
» Many hops over long distances
* Noisy environment

Good timing performance is guaranteed by a combination of
advanced:

» Timing algorithms for delay variation

» Asymmetry detection and correlation

» Timing Orchestration to analyze and re-calibrate the
network (Al/ML)

In this example total time error at handoff is around + 500 ns
which meets requirements for critical service network timing.
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ITU-T: Enhanced Partial Timing
Support

. -— > ITU-T work item (Question 13/15): ITU-T G Suppl.ePTS
// \\ // V\\ “Enhanced Partial Timing Support”
ITU Standardization process is currently ongoing with
estimated timing around the end 2025.
Orf)e=ln) [ g
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To address the challenges of transporting time over the o1
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WAN where intermediary nodes do not have Full Timing LB AT
Support (FTS), techniques are introduced to the standards ;

body, and this is being called enhanced Partial Timing
Support (ePTS).




Summary

The FCC in the US and PTS in Sweden recognize the need for resilience in PNT
Economic impacts of not having PNT resilience can be > $1B per day
Having a diverse network architecture is essential to improve resiliency
Delay Variation, Asymmetry and Reroutes are key challenges to overcome
To meet distributed PRTC requirements one must provide:
1. Timing algorithms for delay variation
2. Asymmetry detection and correlation
3. Timing orchestration to analyze and re-calibrate the network (Al/ML)

Our experience has shown we can exceed PRTC requirements for Core and Access Microwave
networks without altering the network design

We are working closely with ITU-T on the ePTS standardization effort
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