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‘The Honorable Thad Allen, Chairman
National Space-Based Positioning, Navigation, and Timing Advisory Board (PNT Board)
/o Mr. James Joseph Miller, Designated Federal Officer

Space Operations Mission Directorate

NASA Headquarters

Washington, DC 20546

HARS status, developments

e Lots of industry interest

By this letter, Apple Inc. offers its support for accelerated GPS modernization and for the establishment of a GPS High
Accuracy and Robustness Service (HARS).

H H 1] ”., H
. S p e C I a y I l l . O u S l l eS S V I a av Apple sees great value in the modernization of GPS and in particular the accelerated availability of GPS LS. It s well

understood that LS, in conjunction with L1, enables better robustness and accuracy. Apple is an early adopter of GPS L5 in
products such as iPhone 14 Pro, iPhone 16 Pro and Apple Watch Ultra, and supports any accelerated deployment of LS
capable satelites to complete the constellation.

a ta d I St r I b u t I O l l The US showed global leadership in satellite navigation with the deployment of GPS. With the inclusion of GPS capabilities in

iPhone, Apple Watch and other Apple products, citizens globaly enjoy the tremendous benefits of personal navigation and
fitness applications. These features can be challenged in difficult environments, where tall buildings or dense foliage can
obstruct satellite visibilty. Increasing the number of available satelites, perhaps with payloads focused exclusively on
navigation capabiliies, would help ensure the continued importance of GPS and would significantly aid these use cases in

e Still need a government owner of this

Apple also supports the HARS proposal to include access to satelite navigation data via the intemet. Today's intemet
connected devices support download speeds up to gigabits per second over secure SSL/TLS. Apple recommends that the
GPS Control Segment make the navigation data, for each satelite, available via the intemet instead of continued reliance on
the slower, unauthenticated satelite broadcasts at 50 bits per second. This would improve the accuracy and robustness of
consumer navigation systems like those used in iPhone, iPad, and Apple Watch. Specifically, publishing this data via the
Internet would allow devices to acquire more quickly and better track signals that lack a modernized pilot channel, and to
independently validate the data they decode over-the-air as an effective signal authentication measure. In pursuing the
Board's proposals, Apple nds that a future HARS that are valid for at least four to
eight hours from their time of publication to ensure effective utiization.

s Rob Mayor

Mailstop 35-3WTB
Senior Director
Sensing & Connectivity at Apple

“Apple also supports the HARS proposal to include
access to satellite navigation data via the internet.”



HARS developments and next steps

e \We will update the white paper with a deep dive into the “R”: Robustness
achieved by distribution of Nav data. By Next PNTAB meeting.

e Upcoming paper at ION GNSS+ conference, Sep 2024

“Nav data bits for increasing sensitivity and robustness in GNSS receivers”
Frank van Diggelen, Tim Murphy, John Betz



Plans for future meetings

e Renato Filjar preparing a white paper on Al use for PNT

e Focus in LEO constellations and use for PNT

Led by Scott Burgett and Bryan Chan, vice chairs.
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