
 

 

LENSING USING LOWER EARTH ORBIT REPEATERS 

BACKGROUND 

[0001] The following relates generally to communications and more specifically to signal 

detection. 

[0002] An antenna array at a satellite in a geostationary orbit may illuminate a geographic 

area that is associated with a coverage area of the satellite. In some examples, the satellite 

may be used to support communications between access node terminals and user terminals in 

the coverage area. The satellite may also be used to detect signals emitted within a coverage 

area of the satellite. In some examples, the detection resolution of the satellite may be limited 

— e.g., due to the distance of the satellite from a target geographic area. For example, the 

satellite may be unable to detect signals that are transmitted or emitted within the geographic 

area at low power levels or not intentionally directed to the satellite. 

SUMMARY 

[0002a]      According to a first aspect, there is provided a system for communications, 

including: a first satellite in a first orbit; a plurality of second satellites in second orbits that 

are lower than the first orbit, wherein the plurality of second satellites have respective 

antennas that illuminate respective portions of a geographic area and are configured to detect 

respective signal components of a signal originating from the geographic area and to transmit 

respective relayed signal components obtained from the respective signal components to the 

first satellite; and a beamformer located in a ground system or in the first satellite, the 

beamformer configured to form a beam associated with the geographic area to obtain a beam 

signal based at least in part on the respective relayed signal components and an estimated 

return channel, wherein the estimated return channel comprises channel components between 

the geographic area and the plurality of second satellites. 

[0002b]      According to a second aspect, there is provided a method for communications, 

including: obtaining beam coefficients of a beam associated with a geographic area based at 

least in part on an estimated return channel that comprises a first channel component between 

the geographic area and a plurality of second satellites and a second channel component 

between the plurality of second satellites and a first satellite, the plurality of second satellites 
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being in second orbits that are lower than a first orbit of the first satellite and having 

respective antennas that illuminate respective portions of the geographic area; and forming, 

by a beamformer located in a ground system or in the first satellite, a beam associated with 

the geographic area to obtain a beam signal based at least in part on the beam coefficients and 

respective relayed signal components obtained from a plurality of signal components of a 

signal originating from the geographic area, wherein the respective relayed signal 

components are obtained from the plurality of signal components by respective second 

satellites of the plurality of second satellites and transmitted to the first satellite by the 

respective second satellites of the plurality of second satellites. 

[0002c]      According to a third aspect, there is provided a ground system, including: a 

beamformer configured to: obtain beam coefficients of a beam associated with a geographic 

area based at least in part on an estimated return channel that comprises a first channel 

component between the geographic area and a plurality of second satellites and a second 

channel component between the plurality of second satellites and a first satellite, the plurality 

of second satellites being in second orbits that are lower than a first orbit of the first satellite  

and having respective antennas that illuminate respective portions of the geographic area; and 

form a beam associated with the geographic area to obtain a beam signal based at least in part 

on the beam coefficients and respective relayed signal components obtained from a plurality 

of signal components of a signal originating from the geographic area, wherein the respective 

relayed signal components are obtained from the plurality of signal components by respective 

second satellites of the plurality of second satellites and are transmitted to the first satellite  

by the respective second satellites of the plurality of second satellites. 

[0002d]      According to a fourth aspect, there is provided a first satellite, including: a 

beamformer configured to: obtain beam coefficients of a beam associated with a geographic 

area based at least in part on an estimated return channel that comprises a first channel 

component between the geographic area and a plurality of second satellites and a second 

channel component between the plurality of second satellites and the first satellite, the 

plurality of second satellites being in second orbits that are lower than a first orbit of the first 

satellite and having respective antennas that illuminate respective portions of the geographic 

area; and form a beam associated with the geographic area to obtain a beam signal based at 

least in part on the beam coefficients and respective relayed signal components obtained from 

a plurality of signal components of a signal originating from the geographic area, wherein the  
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respective relayed signal components are obtained from the plurality of signal components  

by respective second satellites of the plurality of second satellites and are transmitted to the 

first satellite by the respective second satellites of the plurality of second satellites.  

[0003] The described techniques relate to improved methods, systems, devices, and 

apparatuses that support lensing using lower earth orbit repeaters. A first satellite may be in a 

first orbit, and a set of second satellites may be in second orbits that are lower than the first 

orbit. The second satellites may detect signal components of a signal originating from a 

geographic area that is within a coverage area of the first satellite. The second satellites may 

relay the respective signal components to the first satellite. A beamformer coupled with the 

first satellite may form a beam associated with the geographic area. The beamformer may 

also obtain a beam signal based on the respective signal components, forming the beam, and 

a return channel. The return channel may at least include a channel between the geographic 

area and the set of second satellites. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1A shows a diagram of a communications system that supports lensing using 

lower earth orbit repeaters in accordance with examples as disclosed herein. 

[0005] FIG. 1B shows components of satellites that support lensing using lower earth 

orbit repeaters in accordance with examples as disclosed herein.  
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[0006] FIG. 2 shows an example of a coverage diagram that supports lensing using lower

earth orbit repeaters in accordance with examples as disclosed herein.

[0007] FIG. 3 shows an exemplary set of operations that support lensing using lower

earth orbit repeaters in accordance with examples as disclosed herein.

[0008] FIG. 4 shows an example of a constellation diagram that supports lensing using

lower earth orbit repeaters in accordance with examples as disclosed herein.

[0009] FIG. 5 shows a block diagram of a signal analyzer that supports lensing using

lower earth orbit repeaters in accordance with examples as disclosed herein.

[0010] FIG. 6 shows a diagram of a communications device that supports lensing using

lower earth orbit repeaters in accordance with examples as disclosed herein.

[0011] FIG. 7 shows a flowchart illustrating a method that supports lensing using lower

earth orbit repeaters in accordance with examples as disclosed herein.

DETAILED DESCRIPTION

[0012] A satellite communications system may include satellites in geostationary earth

orbits (GEOs), which may be referred to as GEO satellites; and satellites in non-GEO earth

orbits, which may be referred to as non-GEO satellites. In some examples, the non-GEOs are

lower in altitude than the GEOs. Some examples of non-GEO satellites include satellites in

medium earth orbits (MEOs), which may be referred to as MEO satellites; and satellites in

low earth orbits (LEOs), which may be referred to as LEO satellites. Satellites (e.g., GEO,

MEO, or LEO satellites) may be used to detect signals emitted from stationary or mobile

sources on land, water, or in the sky. In some examples, a satellite network operator may use

the detected signals to determine whether a known or unknown emitter is in a geographic

area.

[0013] A GEO satellite may be used to detect known and unknown signal emitters in a

geographic area. In some examples, a resolution of the GEO satellite associated with

surveying particular geographic areas may be limited based on a size of an antenna array at

the GEO satellite. Thus, for a GEO satellite, a 3dB boundary of a beam used to survey a

geographic area of interest may be excessively large relative to a boundary of the geographic

area of interest.
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