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(57) Abstract: A low-carth orbit (LEO) satellite includes a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites. An inter-satellite transceiver is configured to send and receive inter-satellite communications
with other LEO navigation satellites. At least one processor is configured to execute operational instructions that cause the at least
one processor to perform operations that include: determining an orbital position of the LEO satellite based on the first signaling; and
generating a navigation message based on the orbital position. A navigation signal transmitter configured to broadcast the navigation
message 1o at least one client device, the navigation message facilitating the at least one client device to determine an enhanced position
of the at least one client device based on the navigation message and further based on second signaling received from a second plurality

of non-LEO navigation satellites.
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AMENDED CLAIMS
received by the International Bureau on 02 March 2021 (02.03.2021)

CLAIMS

What is claimed is:
1. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in LEO
around the earth, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first plurality
of non-LEO navigation satellites of a constellation of non-LEO navigation satellites in non-
LEO, wherein the first plurality of non-LEO navigation satellites include four or more non-
LEO navigation satellites of the constellation of non-LEO navigation satellites that are in
reception range of the global positioning receiver;

a backhaul transceiver configured to receive correction data associated with the
constellation of non-LEO navigation satellites and further configured to transmit radio
occultation data, wherein the correction data includes orbital correction data and timing
correction data associated with the constellation of non-LEO navigation satellites;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites;

at least one processor configured to execute operational instructions that cause the at
least one processor to perform operations that include:

generating the radio occultation data based on the inter-satellite
communications with at least one of the other LEO navigation satellites in the
constellation of LEO navigation satellites;

determining an orbital position of the LEO satellite based on the first signaling
and further based on based the correction data; and

generating a navigation message based on the orbital position, wherein the
navigation message includes a timing signal and the orbital position associated with the

LEO satellite and the navigation message further includes the orbital correction data

and the timing correction data associated with the constellation of non-LEO navigation

satellites; and

a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to
determine an enhanced position of the at least one client device based on the navigation
message and further based on second signaling received from a second plurality of non-LEO
navigation satellites of the constellation of non-LEO navigation satellites in the non-LEO,
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wherein the second plurality of non-LEO navigation satellites include four or more non-LEO
navigation satellites of the constellation of non-LEQO navigation satellites that are in reception

range of the at least one client device.

2. The LEO satellite of claim 1, further comprising:
a non-atomic clock configured to generate a clock signal;
wherein the timing signal is generated by adjusting the clock signal based on the first

signaling and further based on the timing correction data.

3. The LEO satellite of claim 1, wherein the inter-satellite communications include
one-to-many transmissions between the LEO satellite and two or more of the other LEO

navigation satellites in the constellation of LEO navigation satellites.

4. The LEO satellite of claim 1, wherein the constellation of non-LEO navigation
satellites are associated with at least one of: a Global Positioning System of satellites, a Quasi-
Zenith Satellite System, a BeiDou Navigation Satellite System, a Galileo positioning system,
a Russian Global Navigation Satellite System (GLONASS) or an Indian Regional Navigation
Satellite System.

5. The LEO satellite of claim 1, wherein the inter-satellite communications include at
least one of: the navigation message sent to at least one of the other LEO navigation satellites
in the constellation of LEO navigation satellites; radio occultation; atmospheric data generated
based on radio occultation; control information associated with satellite direction; control
information associated with satellite attitude; control information associated with satellite
status; control information associated with satellite inter-satellite transmit/receive condition;
command information associated with satellite inter-satellite transmit/receive status; command
information associated with inter-satellite transmit power or frequency; control information
associated with encryption; constellation integrity information relating to the health of one or
more LEO navigation satellites in the constellation of LEO navigation satellites; or
constellation integrity information relating to health of one or more non-LEO navigation

satellites in the constellation of non-LEO navigation satellites.
6. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in

LEO around the earth, the LEO satellite comprising:
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a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites
in non-LEO around the earth;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites;

at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:

determining an orbital position of the LEO satellite based on the first signaling;
and
generating a navigation message based on the orbital position; and

a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to
determine an enhanced position of the at least one client device based on the navigation
message and further based on second signaling received from a second plurality of non-LEO
navigation satellites of the constellation of non-LEO navigation satellites in the non-LEO

around the earth.

7. The LEO satellite of claim 6, further comprising:

a backhaul transceiver configured to receive correction data associated with the
constellation of non-LEO navigation satellites;

wherein the determining the orbital position of the LEO satellite is further based on

based the correction data.

8. The LEO satellite of claim 7, wherein the backhaul transceiver is configured to
receive the correction data from one of: a backhaul communication satellite in geostationary

orbit around the earth or a terrestrial transmitter.

9. The LEO satellite of claim 7, wherein the operations include:

generating radio occultation data based on the inter-satellite communications with
at least one of the other LEO navigation satellites in the constellation of LEO navigation
satellites; and

transmitting the radio occultation data via the backhaul transceiver.
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10. The LEO satellite of claim 7, wherein the correction data includes orbital correction
data and timing correction data associated with the constellation of non-LEO navigation

satellites.

11. The LEO satellite of claim 10, wherein the navigation message includes a timing signal
and the orbital position associated with the LEO satellite and the navigation message further
includes the orbital correction data and the timing correction data associated with the

constellation of non-LEO navigation satellites.

12. The LEO satellite of claim 11, further comprising:
a non-atomic clock configured to generate a clock signal;
wherein the timing signal is generated by adjusting the clock signal based on the first

signaling and further based on the timing correction data.

13. The LEO satellite of claim 6, wherein the constellation of non-LEO navigation satellites
are associated with at least one of: a Global Positioning System of satellites, a Quasi-Zenith
Satellite System, a BeiDou Navigation Satellite System, a Galileo positioning system, a
Russian Global Navigation Satellite System (GLONASS) or an Indian Regional Navigation
Satellite System.

14. The LEO satellite of claim 6, wherein the navigation message includes correction
data associated with the constellation of non-LEO navigation satellites in non-LEO around the
earth, and wherein the at least one client device determines the enhanced position of the client

device by applying the correction data to the second signaling.

15. The LEO satellite of claim 6, wherein the navigation message further includes a
timing signal and the orbital position associated with the LEO satellite and wherein the at least
one client device determines the enhanced position of the at least one client device further

based on the timing signal and the orbital position associated with the LEO satellite.

16. The LEO satellite of claim 6, wherein the inter-satellite communications include
correction data associated with the constellation of non-LEO navigation satellites received via
at least one of the other LEO navigation satellites in the constellation of LEO navigation

satellites;
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wherein the determining the orbital position of the LEO satellite is further based on

based the correction data.

17. The LEO satellite of claim 6, wherein the inter-satellite communications include at
least one of: the navigation message sent to at least one of the other LEO navigation satellites
in the constellation of LEO navigation satellites; radio occultation; atmospheric data generated
based on radio occultation; control information associated with satellite direction; control
information associated with satellite attitude; control information associated with satellite
status; control information associated with satellite inter-satellite transmit/receive condition;
command information associated with satellite inter-satellite transmit/receive status; command
information associated with inter-satellite transmit power or frequency; control information
associated with encryption; constellation integrity information relating to the health of one or
more LEO navigation satellites in the constellation of LEO navigation satellites; or
constellation integrity information relating to health of one or more non-LEO navigation

satellites in the constellation of non-LEO navigation satellites.

18. The LEO satellite of claim 6, wherein the inter-satellite communications include
one-to-many transmissions between the LEO satellite and two or more of the other LEO

navigation satellites in the constellation of LEO navigation satellites.

19. The LEO satellite of claim 6, wherein the first plurality of non-LEO navigation
satellites include four or more non-LEO navigation satellites of the constellation of non-LEO

navigation satellites that are in reception range of the global positioning receiver.

20. The LEO satellite of claim 6, wherein the second plurality of non-LEO navigation
satellites include four or more non-LEO navigation satellites of the constellation of non-LEO

navigation satellites that are in reception range of the at least one client device.

21. A mobile device comprising:
a global positioning receiver configured to:
receive a navigation message from at least one low-earth orbit (LEO)
satellite of a constellation of LEO navigation satellites in LEO, wherein the
navigation message includes correction data associated with a constellation of non-

LEO navigation satellites in non-LEO; and
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receive first signaling from a plurality of non-LEO navigation satellites of a
constellation of non-LEO navigation satellites in non-LEO; and
at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:
applying the correction data to the first signaling to generate corrected first
signaling; and
generating an enhanced position of the mobile device based on the navigation

message and the corrected first signaling.

22. The mobile device of claim 21, wherein the navigation message further includes a
timing signal and the orbital position associated with the LEO satellite and wherein the at least
one processor generates the enhanced position of the mobile device further based on the timing

signal and the orbital position associated with the LEO satellite.

23. A method comprising:

receiving a navigation message from at least one low-earth orbit (LEO) satellite of a
constellation of LEO navigation satellites in LEO, wherein the navigation message includes
correction data associated with a constellation of non-LEO navigation satellites in non-LEQ,

receiving first signaling from a plurality of non-LEO navigation satellites of a
constellation of non-LEO navigation satellites in non-LEQ,

applying the correction data to the first signaling to generate corrected first signaling;
and

generating an enhanced position of a mobile device based on the navigation message

and the corrected first signaling.

24, A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in
LEO, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites
in non-LEOQ;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation

satellites;
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at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:

determining an orbital position of the LEO satellite based on the first signaling;

determining, based on the first signaling, an error condition associated with one
of the non-LEO navigation satellites of the constellation of non-LEO navigation
satellites; and

generating a navigation message based on the orbital position, wherein the
navigation message includes a timing signal and the orbital position associated with the
LEO satellite, correction data associated with the constellation of non-LEO navigation
satellites, and an alert signal that indicates the error condition associated with the one
of the non-LEO navigation satellites of the constellation of non-LEO navigation
satellites,

a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to
determine an enhanced position of the at least one client device, while excluding signaling from
the one of the non-LEO navigation satellites, based on the navigation message and further
based on second signaling received from a second plurality of non-LEO navigation satellites

of the constellation of non-LEO navigation satellites in the non-LEQO.

25. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in
LEO, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites
in non-LEOQ;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites;

at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:

determining an orbital position of the LEO satellite based on the first signaling;
determining, based on the inter-satellite communications, an error condition
associated with one of the other LEO navigation satellites of the constellation of LEO

navigation satellites; and
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generating a navigation message based on the orbital position, wherein the
navigation message includes a timing signal and the orbital position associated with the
LEO satellite, correction data associated with the constellation of non-LEO navigation
satellites, and an alert signal that indicates the error condition associated with one of
the other LEO navigation satellites of the constellation of LEO navigation satellites.

a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to
determine an enhanced position of the at least one client device, while excluding signaling from
the one of the other LEO navigation satellites, based on the navigation message and further
based on second signaling received from a second plurality of non-LEO navigation satellites

of the constellation of non-LEO navigation satellites in the non-LEQO.

26. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in
LEO, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites
in non-LEOQ;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites;

a navigation signal transmitter; and

at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:

determining a first orbital position of the LEO satellite at a first current time
based on the first signaling;

generating a plurality of first orbital position estimates of the LEO satellite for
a plurality of first subsequent times associated within a first time window from the first
current time;

generating, based on a curve fitting technique, a first navigation message
indicating the first orbital position at the first current time and the first plurality of
orbital position estimates of the LEO satellite for the first plurality of subsequent times;

broadcasting, via the navigation signal transmitter, the first navigation message

to at least one client device;
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determining a second orbital position of the LEO satellite at a second current
time based on the first signaling, the second current time corresponding to one of the
first plurality of subsequent times associated with the first time window and the second
current time corresponding to one of the first plurality of orbital position estimates;
generating an error metric based a difference between the first orbital position
of the LEO satellite at the second current time and the corresponding one of the first
plurality of orbital position estimates;
when the error metric compares unfavorable to an error threshold:
generating, based on the curve fitting technique, a second plurality of
updated orbital position estimates of the LEO satellite for a second plurality of
subsequent times associated within a second time window from the second
current time;
generating a second navigation message indicating the second orbital
position at the second current time and the second plurality of orbital position
estimates of the LEO satellite for the second plurality of subsequent times; and
broadcasting, via the navigation signal transmitter, the second
navigation message to the at least one client device;
when the first time window expires at a third current time without a second
navigation message generated:
determining a third orbital position of the LEO satellite at the third
current time based on the first signaling;
generating, based on the curve fitting technique, a third plurality of
updated orbital position estimates of the LEO satellite for a third plurality of
subsequent times associated within a third time window from the third current
time;
generating a third navigation message indicating the third orbital
position at the third current time and the third plurality of orbital position
estimates of the LEO satellite for the third plurality of subsequent times and
broadcasting, via the navigation signal transmitter, the third navigation

message to the at least one client device.
27. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in

LEO, the LEO satellite comprising:
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a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites
in non-LEQ, the first signaling including at least one first timing signal generated based on an
atomic clock;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites;

a non-atomic clock configured to generate a clock signal;
at least one processor configured to execute operational instructions that cause the at
least one processor to perform operations that include:

determining an orbital position of the LEO satellite based on the first signaling;

generating a second timing signal by adjusting the clock signal based on the first
signaling and further based on correction data associated with the constellation of non-
LEO navigation satellites; and

generating a navigation message based on the orbital position, wherein the
navigation message includes the second timing signal and the orbital position of the
LEO satellite and correction data associated with the constellation of non-LEO
navigation satellites; and

a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to
determine an enhanced position of the at least one client device based on the navigation
message and further based on second signaling received from a second plurality of non-LEO

navigation satellites of the constellation of non-LEO navigation satellites in the non-LEO.

28. A mobile device comprising:

a global positioning receiver configured to:

receive a navigation message from at least one low-earth orbit (LEO)
satellite of a constellation of LEO navigation satellites in LEO, wherein the
navigation message includes correction data associated with a constellation of non-
LEO navigation satellites in non-LEO;

receive first signaling from a plurality of non-LEO navigation satellites of a
constellation of non-LEO navigation satellites in non-LEO; and

receive second signaling from at least one terrestrial GPS station at a fixed

location; and
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at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:
applying the correction data to the first signaling to generated corrected first
signaling; and
generating an enhanced position of the mobile device based on the corrected

first signaling, the second signaling and the navigation message.

29. A method comprising:

receiving a navigation message from at least one low-earth orbit (LEO) satellite of a
constellation of LEO navigation satellites in LEO, wherein the navigation message includes
correction data associated with a constellation of non-LEO navigation satellites in non-LEQ,

receiving first signaling from a plurality of non-LEO navigation satellites of a
constellation of non-LEO navigation satellites in non-LEO; and

receiving second signaling from at least one terrestrial GPS station at a fixed location;
and

applying the correction data to the first signaling to generated corrected first signaling;
and

generating an enhanced position of a mobile device based on the corrected first

signaling, the second signaling and the navigation message.

30. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in
LEO, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites
in non-LEOQ;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites;

a backhaul transceiver;

at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:

generating radio occultation data based on the inter-satellite communications

with at least one of the other LEO navigation satellites in the constellation of LEO
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navigation satellites, the radio occultation data indicating atmospheric conditions
associated with an ionosphere and a troposphere;
transmitting the radio occultation data via a backhaul transceiver;
receiving correction data associated with the constellation of non-LEO
navigation satellites, the correction data generated based in part on the radio occultation
data;
determining an orbital position of the LEO satellite based on the first signaling
and the correction data; and
generating a navigation message based on the orbital position; and
a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to
determine an enhanced position of the at least one client device based on the navigation
message and further based on second signaling received from a second plurality of non-LEO

navigation satellites of the constellation of non-LEO navigation satellites in the non-LEO.

31 A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in
LEO, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites
in non-LEOQ;

an inter-satellite transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites in accordance with a transmit/receive status;

at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:

determining the transmit/receive status for the inter-satellite communications
between the LEO satellite and at least one other of the other LEO navigation satellites
in the constellation of LEO navigation satellites;

determining an orbital position of the LEO satellite based on the first signaling;
and

generating a navigation message based on the orbital position; and

a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to

determine an enhanced position of the at least one client device based on the navigation
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message and further based on second signaling received from a second plurality of non-LEO

navigation satellites of the constellation of non-LEO navigation satellites in the non-LEO.

32. The LEO satellite of claim 31, wherein the transmit/receive status for the inter-
satellite communications between the LEO satellite and at least one other of the plurality of
other LEO navigation satellites in the constellation of LEO navigation satellites is determined
based on at least one of: a memory usage of the LEO satellite; a memory usage of the at least
one other of the plurality of other LEO navigation satellites; a distance between the LEO
satellite and a backhaul receiver; a distance between the at least one other of the plurality of
other LEO navigation satellites and the backhaul receiver; a battery level of the LEO satellite;
a different between the battery level of the LEO satellite and a battery level of the at least one
other of the plurality of other LEO navigation satellites; an estimated time that the LEO satellite
can generate more power; an estimated time that the at least one other of the plurality of other
LEO navigation satellites can generate more power; or atmospheric data that indicates

atmospheric conditions generated based on radio occultation.

33. The LEO satellite of claim 31, wherein the inter-satellite communications include
at least one of’ the navigation message sent to at least one of the other LEO navigation satellites
in the constellation of LEO navigation satellites; radio occultation; atmospheric data generated
based on radio occultation; control information associated with satellite direction; control
information associated with satellite attitude; control information associated with satellite
status; control information associated with satellite inter-satellite transmit/receive condition;
command information associated with satellite inter-satellite transmit/receive status; command
information associated with inter-satellite transmit power or frequency; control information
associated with encryption; constellation integrity information relating to the health of one or
more LEO navigation satellites in the constellation of LEO navigation satellites; or
constellation integrity information relating to a health of one or more non-LEO navigation

satellites in the constellation of non-LEO navigation satellites.

34. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in
LEO, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites

in non-LEOQ;
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at least one transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites and to receive correction data corresponding to the first signaling;
at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:
determining an orbital position of the LEO satellite based on the first signaling
and the correction data; and
generating a navigation message based on the orbital position; and
a navigation signal transmitter configured to broadcast the navigation message to at
least one client device, the navigation message facilitating the at least one client device to
determine an enhanced position of the at least one client device based on the navigation

message.

35. A processing system of a node communicating with a satellite constellation system
comprising:

at least one receiver configured to receive at least one navigation signal from at least
one first other node communicating with the satellite constellation system;

at least one processor configured to execute operational instructions that cause the at
least one processor to perform operations that include:

generating, based on the at least one navigation signal, a new navigation signal

that includes a ranging signal modulated with at least one navigation message; and

at least one transmitter configured to transmit the new navigation signal for receipt by
a second other node communicating with the satellite constellation system, the new navigation

signal facilitating the second other node to determine a position of the second other node.

36.  The processing system of claim 35, wherein the operations further include:

generating, based on the at least one navigation signal, at least one of’ a position of the
node, or timing data for the node;

wherein the new navigation signal is generated based on the at least one of’ the position

of the node, or the timing data for the node.

37.  The processing system of claim 35, wherein the at least one first other node is

implemented as at least one low-earth orbit (LEO) satellite of a constellation of LEO satellites.
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38.  The processing system of claim 37, wherein a first other processing system of one LEO
satellite of the at least one LEO satellite transmitted one navigation signal included in the at
least one navigation signal based on the one LEO satellite:

receiving first signaling from a first plurality of non-LEO navigation satellites of a
constellation of non-LEO navigation satellites in non-LEQ,

receiving correction data corresponding to the first signaling;

determining an orbital position of the one LEO satellite based on the first signaling
and the correction data; and

generating the one navigation signal based on the orbital position.

39.  The processing system of claim 35, wherein a second other processing system of the
second other node is configured to generate and transmit another new navigation signal based

on the new navigation signal transmitted by the node.

40.  The processing system of claim 35, wherein the new navigation signal is received by a
plurality of second other nodes that includes the second other node based on broadcasting of

the new navigation signal by the at least one transmitter.

41.  The processing system of claim 35, wherein the new navigation signal is generated
based on at least one of’ the least one navigation message included in the at least one navigation
signal, timing data included in the at least one navigation signal, a position of the at least one

first other node included in the navigation signal; or the ranging signal of the navigation signal.

42. The processing system of claim 35, wherein the processing system further comprises a
global positioning receiver configured to receive first signaling from a first plurality of non-
LEO navigation satellites of a constellation of non-LEO navigation satellites in non-LEO, and

wherein generating the new navigation signal is further based on the first signaling.

43.  The processing system of claim 35, wherein the node is implemented as a low-earth
orbit (LEO) satellite of a constellation of LEO satellites, wherein the operations further include
generating a position of the node based on the at least one navigation signal, and wherein the

position indicates an orbital position of the LEO satellite.
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44, The processing system of claim 35, wherein the node is implemented as a backhaul

satellite in one of: a medium earth orbit (MEQ) and/or a geostationary orbit (GEO).

45.  The processing system of claim 35, wherein one other node of the at least one first other

node is implemented as a stationary infrastructure node.

46.  The processing system of claim 45, wherein another processing system of the one other

node is installed at a top of a building.

47.  The processing system of claim 35, wherein the node is implemented as a client device,

and wherein the second other node is implemented as another client device.

48. The processing system of claim 47, wherein the operations further include generating,
based on the at least one navigation signal, at least one of: a position of the node, or timing data
for the node, and wherein the node further comprises:

a display device configured to display the at least one of: the position of the node or the

timing data for the node.

49.  The processing system of claim 48, wherein the client device is one of: a mobile device,

a cellular device, or a wearable device.

50.  The processing system of claim 35, wherein the node is implemented as a vehicle, and

wherein the second other node is implemented as a second vehicle.

51.  The processing system of claim 50, wherein the vehicle is an autonomous vehicle or a
highly automated vehicle, and wherein the operations further include utilizing the at least one

navigation signal for precision autonomy.

52.  The processing system of claim 51, wherein the at least one first other node includes at

least one of: at least one stationary infrastructure node, or at least one third vehicle.

53. The processing system of claim 35, wherein the processing system further comprises at
least one memory that stores application data corresponding to a service of the satellite
constellation system, and wherein the operational instructions are executed by the at least one

processor based on execution of the application data.
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54. The processing system of claim 35, wherein generating the new navigation signal
includes changing an encryption state from the encryption state of the at least one navigation

signal received from the at least one first other node.

55. The processing system of claim 35, wherein the at least one navigation signal is
received from the at least one first other node via a first schema, and wherein the new

navigation signal is transmitted via a second schema that is different from the first schema.

56. A method comprising:

receiving at least one navigation signal from at least one first other node communicating
with a satellite constellation system;

generating a new navigation signal based on the at least one navigation signal; and

transmitting the new navigation signal for receipt by a second other node
communicating with the satellite constellation system, the new navigation signal facilitating
the second other node to determine at least one of: timing data based on the new navigation

signal, or a position of the second other node based on the new navigation signal.

57. A mobile device comprising:
a receiver configured to:
receive a set of navigation signals from a set of low-earth orbit (LEO) satellites of a
constellation of LEO navigation satellites in LEO, wherein each of the set of navigation signals
is transmitted by a corresponding one of the set of LEO satellites based on the corresponding
one of the set of LEO satellites:
receiving first signaling from a first plurality of non-LEO navigation satellites
of a constellation of non-LEO navigation satellites in non-LEQ,
receiving correction data corresponding to the first signaling;
determining an orbital position of the one LEO satellite based on the first
signaling and the correction data; and
generating the each of the set of navigation signals based on the orbital position;
and
at least one processor configured to execute operational instructions that cause the at

least one processor to perform operations that include:
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generating at least one of: timing data based on the set of navigation signals, or

a position of the mobile device based on the set of navigation signals.

58. The mobile device of claim 57, wherein the set of navigation signals are received from

a set of at least four LEO satellites of the constellation of LEO navigation satellites.

59. A method comprising:
receiving a set of navigation signals from a set of low-earth orbit (LEO) satellites of a
constellation of LEO navigation satellites in LEO, wherein each of the set of navigation signals
is transmitted by a corresponding one of the set of LEO satellites based on the corresponding
one of the set of LEO satellites:
receiving first signaling from a first plurality of non-LEO navigation satellites
of a constellation of non-LEO navigation satellites in non-LEQ,
receiving correction data corresponding to the first signaling;
determining an orbital position of the one LEO satellite based on the first
signaling and the correction data; and
generating the each of the set of navigation signals based on the orbital position;
and
generating at least one of: timing data based on the set of navigation signals, or a

position based on the set of navigation signals.

60. The method of claim 59, wherein the set of navigation signals are generated by the set
of LEO satellites with encryption, and wherein the position is implemented as a secure position

solution with encryption based on the set of navigation signals being generated with encryption.

61. A method comprising:

receiving a navigation signal from at least one low-earth orbit (LEO) satellite of a
constellation of LEO navigation satellites in LEO, wherein the navigation signal includes
correction data associated with a constellation of non-LEO navigation satellites in non-LEQ,

receiving first signaling from a plurality of non-LEO navigation satellites of a
constellation of non-LEO navigation satellites in non-LEQ,

applying the correction data to the first signaling to generate corrected first signaling;

and
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generating enhanced timing data based on the navigation signal and the corrected first

signaling.

62. A client device comprising:
at least one receiver configured to:
receive first signaling from a first plurality of non-LEO navigation satellites of
a constellation of non-LEO navigation satellites in non-LEQO; and
receive a navigation signal from at least one low-earth orbit (LEO) satellite of a
constellation of LEO navigation satellites in LEO, wherein the navigation signal
includes correction data associated with a constellation of non-LEO navigation
satellites in non-LEQO;
at least one processor configured to execute operational instructions that cause the at
least one processor to perform operations that include:
applying the correction data to the first signaling to generate corrected first
signaling; and
generating enhanced timing data based on the navigation signal and the

corrected first signaling.

63. The client device of claim 62, wherein the client device has a known static position,
and wherein the operations further include:
generating a new navigation signal based on the enhanced timing data and the
known static position of the client device; and
transmitting the new navigation signal for receipt by at least one other client
device, the new navigation signal facilitating the at least one other client device to

determine a position of the at least one other client device.

64. The client device of claim 63, wherein the at least one other client device includes: at

least one mobile device or at least one vehicle.

65. A low-earth orbit (LEO) satellite of a constellation of LEO navigation satellites in
LEO, the LEO satellite comprising:

a global positioning receiver configured to receive first signaling from a first
plurality of non-LEO navigation satellites of a constellation of non-LEO navigation satellites

in non-LEOQ;
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at least one transceiver configured to send and receive inter-satellite
communications with other LEO navigation satellites in the constellation of LEO navigation
satellites and to receive correction data corresponding to the first signaling;
at least one processor configured to execute operational instructions that cause the
at least one processor to perform operations that include:
determining state data for the LEO satellite based on the first signaling and the
correction data; and
generating a navigation signal based on the state data; and
a navigation signal transmitter configured to broadcast the navigation signal to at
least one client device, the navigation signal facilitating the at least one client device to
determine, based on the navigation signal, at least one of: enhanced state data or enhanced

timing data.
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Statement under Article 19(1)

The claims as amended in the present application are believed to have novelty, an
inventive step and industrial applicability, and such an indication is respectfully requested
in the issuance of the International Preliminary Report on Patentability. It is respectfully

requested that the Examiner call or email the undersigned if clarification is needed on
any matter within this Amendment.
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