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CLAIMS 

What is claimed is: 

1. A system, comprising: 

a set of co-located satellites (105, 515) that orbit together around Earth, each 

satellite (110, 305) of the set of co-located satellites (105, 515) configured to receive a 

respective return link signal component (330) of a return link signal transmitted from a 

terminal (120, 525-a), wherein the each satellite (110, 305) of the set of co-located satellites 

(105, 515) comprises a first payload (320) configured to receive the respective return link 

signal component (330) over a first frequency range (420-a) and a second payload (325) 

configured to transmit a representation (335) of the respective return link signal component 

(330); 

one or more ground stations (225, 315) of a ground segment, the one or more 

ground stations configured to receive, from multiple satellites of the set of co-located satellites 

(105, 515), the representations (335) of the respective return link signal components 

(330) of the return link signal transmitted from the terminal; and 

a central processor (230) included in the ground segment and configured to 

apply a set of beamforming coefficients to the representations (335) of the respective return 

link signal components (330) received by the one or more ground stations (225, 315) from the 

multiple satellites of the set of co-located satellites (105, 515) to obtain a first plurality of 

return link beam signals comprising a return link beam signal corresponding to the return link 

signal from the terminal (120, 525-a), wherein the first plurality of return link beam signals 

corresponds to a first plurality of return link beams associated with a first plurality of return 

link coverage areas, wherein the first plurality of return link coverage areas are non- 

overlapping with each other, and wherein the return link beam signal corresponds to a return 

link beam of the first plurality of return link beams that is in a direction of the terminal. 

 

2. The system of claim 1, wherein: 

the central processor (230) is configured to obtain a second plurality of return 

link beam signals corresponding to a second plurality of return link beams associated with a 

second plurality of return link coverage areas; 
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the second plurality of return link coverage areas are non-overlapping with 

each other; and 

the second plurality of return link beams are associated with one or more 

second return link signals transmitted from one or more second terminals over a second 

frequency range (420-b). 

3. The system of claim 1, wherein a first ground station (225, 315) of the one 

or more ground stations (225, 315) is configured to receive a first representation (335) of a first 

return link signal component (330) from a first satellite (110, 305) of the set of co-located satellites 

(105, 515) and a second ground station (225, 315) is configured to receive a second representation 

(335) of a second return link signal component (330) from a second satellite (110, 305) of the set 

of co-located satellites (105, 515) based at least in part on the first satellite (110, 305) being 

configured to transmit the first representation (335) of the first return link signal component (330) 

within a first coverage area excluding a second coverage area to which the second satellite is 

configured to transmit the second representation (335) of the second return link signal component 

(330). 

 

4. The system of claim 1, wherein a ground station (225, 315) of the one or 

more ground stations (225, 315) is configured to receive a first representation (335) of a first return 

link signal component (330) from a first satellite (110, 305) of the set of co- located satellites (105, 

515) and to receive a second representation (335) of a second return link signal component (330) from 

a second satellite (110, 305) of the set of co-located satellites (105, 515) based at least in part on the 

first satellite (110, 305) being configured to transmit the first representation (335) of the first return link 

signal component (330) at the first frequency range (420-a) excluding a second frequency range (420-

b) over which the second satellite (110, 305) is configured to transmit the second representation (335) 

of the second return link signal component (330). 

 

5.      The system of claim 1, wherein: 

the second payloads (325) of the set of co-located satellites (105, 515) are configured to receive 

respective representations (340) of forward link signal components (345); 
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the first payloads (320) of the set of co-located satellites (105, 515) are configured to transmit 

the forward link signal components (345) based at least in part on the received respective 

representations (340) of the forward link signal components (345); 

the central processor (230) is configured to apply a set of forward link beamforming 

coefficients to one or more forward link beam signals to obtain the representations of the forward link 

signal components; and 

the one or more ground stations (225, 315) are configured to transmit the representations 

(340) of the forward link signal components (345) to the set of co-located satellites (105, 515). 

  

6. The system of claim 1, wherein the first payload (320) of each satellite (110, 

305) of the set of co-located satellites (105, 515) comprises a plurality of elements and a local 

processor (350) configured to perform beamforming of a plurality of local component signals 

received at the plurality of elements to obtain the respective signal component. 

7. The system of claim 6, wherein: 

the local processor (350) of each satellite (110, 305) of the set of co-located satellites 

(110) is configured to obtain a first representation of the respective signal component corresponding 

to a respective first local beam associated with a first local coverage area from the plurality of local 

component signals received at the plurality of elements and to obtain a second representation of a 

respective signal component corresponding to a respective second local beam associated with a 

second local coverage area from the plurality of local component signals received at the plurality of 

elements, and 

the respective first local beam and the respective second local beam are associated 

with at least partially overlapping frequency ranges. 

8. The system of claim 7, wherein the central processor (230) is configured 

to obtain a first beam signal based at least on applying a first set of beamforming coefficients to 

the first representations obtained by each of the set of co-located satellites (105, 515) and to obtain 

a second beam signal based at least on applying a second set of beamforming coefficients to the 

second representations obtained by each of the set of co-located satellites (105, 515). 

 

9. The system of claim 1, wherein the system further comprises: 

 a central satellite (615) configured to collect the representations (610) of the 

respective return link signal components (330) and to transmit the representations to the one or more 

ground stations (225, 315). 
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10. The system of claim 9, wherein the central satellite (615) is configured to 

receive a first representation (610-a) of a first return link signal component (330) from a first satellite 

(605-a) of the set of co-located satellites (105, 515) and to receive a second representation (610-b) 

of a second return link signal component (330) from a second satellite (605-b) of the set of co-

located satellites (105, 515) based at least in part on the first satellite (605-a) being configured to 

transmit the first representation (610-a) of the first return link signal component (330) at a first range 

of frequencies (630-a) excluding a second range of frequencies (630-b) over which the second 

satellite (605-b) is configured to transmit the second representation (610-b) of the second return link 

signal component (330). 

11. The system of claim 9, wherein the central satellite (615) comprises one 

co-located satellite (110, 305) of the set of co-located satellites (105, 515). 

12. The system of claim 1, further comprising: 

a local processor (350) on one of the set of co-located satellites (105, 515), wherein 

the central processor (230) is configured to apply the set of beamforming coefficients to the 

representations (335) of the respective return link signal components (330) to obtain the return link 

beam at a first time and the local processor is configured to apply a second set of beamforming 

coefficients to at least a subset of the representations (335) of the respective return link signal 

components (330) to obtain a second return link beam at a second time. 

 

13. The system of claim 1, wherein the central processor (230) is configured 

to identify a location of each satellite (110, 305) of the set of co-located satellites (105, 515) and to 

generate the set of beamforming coefficients based at least in part on the identified location. 

14. The system of claim 1, wherein: 

the one or more ground stations (225, 315) comprises a set of ground stations (225, 

315); and
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a subset of the set of ground stations (225, 315) is configured to form the beam for 

receiving the representation (335) of the respective return link signal component (330) from one 

satellite (110, 305) of the set of co-located satellites (105, 515). 

 

15. The system of claim 1, wherein an inter-satellite spacing of adjacent 

satellites (110, 305) of the set of co-located satellites (105, 515) along a first dimension or a second 

dimension orthogonal to the first dimension is greater than a distance that is equivalent to a 

wavelength of the return link signal components (330). 

 

16. The system of claim 1, wherein an inter-satellite spacing of adjacent 

satellites (110, 305) of the set of co-located satellites (105, 515) along a first dimension or a second 

dimension orthogonal to the first dimension is greater than a distance that is equivalent to ten times 

a wavelength of the return link signal components (330). 

 

 

17. A method, comprising: 

receiving, at each satellite (110, 305) of a set of co-located satellites (105, 515) that 

orbit together around Earth, a respective return link signal component (330) of a return link signal 

transmitted from a terminal (120, 525-a), wherein each satellite (110, 305) of the set of co-located 

satellites (105, 515) receives the respective return link signal component (330) over a first frequency 

range (420-a) and a second payload (325); 

transmitting, from each of multiple satellites (110, 305) of the set of co- located 

satellites (105, 515) to one or more ground stations (225, 315) of a ground segment, a respective 

representation (335) of the respective return link signal component (330); and 

applying, at a central processor (230) included in the ground segment, a set of 

beamforming coefficients to the representations (335) of the respective return link signal components 

(330) of the return link signal received by the one or more ground stations (225, 315) from the 

multiple satellites of the set of co-located satellites (105, 515) to obtain a first plurality of return link 

beam signals comprising a return link beam signal corresponding to the return link signal from the 

terminal (120, 525-a), wherein the first plurality of return link beam signals corresponds to a first 

plurality of return link beams associated with a first plurality of return link coverage areas, wherein 

the first plurality of return link coverage areas are non-overlapping with each other, and wherein the 

return link beam signal corresponds to a return link beam of the first plurality of return link beams 

that is in a direction of the terminal. 
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18. The method of claim 17, further comprising: 

obtaining, at the central processor (230), a second plurality of return link beam signals 

corresponding to a second plurality of return link beams associated with a second plurality of return 

link coverage areas, wherein the second plurality of return link coverage areas are non-overlapping 

with each other, and wherein the second plurality of return link beams are associated with one or more 

second return link signals transmitted from one or more second terminals over a second frequency 

range (420-b). 

19. The method of claim 17, further comprising: 

receiving, from a first satellite (110, 305) of the set of co-located satellites (105, 515) 

and at a first ground station (225, 315) of the one or more ground stations (225, 315), a first 

representation (335) of a first return link signal component (330); and 

receiving, from a second satellite (l 10, 305) of the set of co-located satellites (105, 

515) and at a second ground station (225, 315) of the one or more ground stations (225, 315), a second 

representation (335) of a second return link signal component (330) based at least in part on receiving 

the first representation (335) of the first return link signal component (330) within a first coverage 

area excluding a second coverage area within which the second representation (335) of the second 

return link signal component (330) is received. 

20. The method of claim 17, further comprising: 

receiving, from a first satellite (110, 305) of the set of co-located satellites (105) and 

at a ground station (225, 315) of the one or more ground stations (225, 315), a first representation 

(335) of a first return link signal component (330); and  

receiving, from a second satellite (110, 305) of the set of co-located satellites (105, 

515) and at the ground station (225, 315), a second representation (335) of a second return link signal 

component (330) based at least in part on receiving the first representation (335) of the first return link 

signal component (330) at a first range of frequencies (420-a) excluding a second range of frequencies 

(420-b) over which the second representation (335) of the second return link signal component (330) 

is received. 

 

21. The method of claim 17, further comprising: 
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applying, at the central processor (230), a set of forward link beamforming 

coefficients to one or more forward link beam signals to obtain representations (340) of forward link 

signal components (345) for transmission by the set of co-located satellites (105, 515); 

transmitting, from the one or more ground stations (225, 315) and to the set of co-

located satellites (110), the representations (340) of the forward link signal components (345); 

receiving, at the set of co-located satellites (105, 515), the respective representations 

(340) of the forward link signal components (345); and 

transmitting, from the set of co-located satellites (105, 515), the forward link signal 

components (345) based at least in part on the received respective representations 

(340) of the forward link signal components (345). 

 

22. The method of claim 17, wherein each satellite (110, 305) of the set of co-

located satellites (105, 515) comprises a plurality of elements and a local processor (350), the 

method further comprising: 

performing, at the local processor (350), beamforming of a plurality of local 

component signals received at the plurality of elements to obtain the respective signal component. 

 

23. The method of claim 22, further comprising: 

obtaining, at the local processor (350) of each satellite (110, 305) of the set of co-

located satellites (105, 515), a first representation of the respective signal component 

corresponding to a respective first local beam associated with a first local coverage area from the 

plurality of local component signals received at the plurality of elements; and 

obtaining, at the local processor (350) of each satellite (110, 305) of the set of co-

located satellites (105, 515), a second representation of a respective signal component 

corresponding to a respective second local beam associated with a second local coverage area 

from the plurality of local component signals received at the plurality of elements, wherein the 

respective first local beam and the respective second local beam are associated with at least 

partially overlapping frequency ranges. 

 

24. The method of claim 23, further comprising: 
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obtaining, at the central processor (230), a first beam signal based at least on applying 

a first set of beamforming coefficients to the first representations obtained by each of the 

set of co-located satellites (105, 515); and 

obtaining, at the central processor (23), a second beam signal based at least on 

applying a Second set of beamforming coefficients to the second representations obtained by each 

of the set of co-located satellites (105, 515). 

 

25. The method of claim 17, further comprising: 

collecting, at a central satellite (615), the respective representation (335) of the 

respective return link signal component (330) for each satellite (110, 305) of the set of co- located 

satellites (105, 515), wherein the central satellite (615) transmits the respective representation (335) 

of the respective return link signal component (330) for each satellite (110, 305) of the set of co-

located satellites (105, 515) to the one or more ground stations (225, 315). 

 

26. The method of claim 25, further comprising: 

receiving, at the central satellite (615) and a from a first satellite (605-a) of the set 

of co-located satellites (105, 515), a first representation (610-a) of a first return link signal 

component (330); and 

receiving, at the central satellite (615) and from a second satellite (605-b) of the set 

of co-located satellites (110), a second representation (610-b) of a second return link signal 

component (330) based at least in part on receiving the first representation (610-a) of the first return 

link signal component (330) at the first frequency range (630-a) excluding a second frequency range 

(630-b) over which the second representation (610-b) of the second return link signal component 

(330) is received. 

 

27. The method of claim 25, wherein the central satellite (615) comprises one 

co-located satellite (110, 305) of the set of co-located satellites (105, 515). 

 

28. The method of claim 17, further comprising: 

applying, at the central processor (230), the set of beamforming coefficients to the 

representations (335) of the respective return link signal components (330) to obtain the return link 

beam signal at a first time; and 
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applying, at a local processor (350) on one of the set of co-located satellites (105, 

515), a second set of beamforming coefficients to at least a subset of the representations (335) of the 

respective return link signal components (330) to obtain a second return link beam signal at a second 

time. 

29. The method of claim 17, further comprising: 

identifying, at the central processor (230), a location of each satellite (110, 305) of 

the set of co-located satellites (105, 515); and 

generating, at the central processor (230), the set of beamforming coefficients based 

at least in part on the identified location. 

30. The method of claim 17, wherein the one or more ground stations (225, 315) 

comprises a set of ground stations (225, 315), the method further comprising: 

forming, via a subset of the set of ground stations (225, 315), the beam for receiving 

the representation (335) of the respective return link signal component (330) from one satellite (110, 

305) of the set of co-located satellites (105, 515). 

31. The method of claim 17, wherein an inter-satellite spacing of adjacent 

satellites of the set of co-located satellites (105, 515) along a first dimension or a second dimension 

orthogonal to the first dimension is greater than a distance that is equivalent to a wavelength of the 

return link signal components (330). 

32. The method of claim 17, wherein an inter-satellite spacing of adjacent 

satellites of the set of co-located satellites (105, 515) along a first dimension or a second dimension 

orthogonal to the first dimension is greater than a distance that is equivalent to ten times a 

wavelength of the return link signal components (330).


