
02) United States Patent
Miranda et al.

(54) SERVICING CELL SELECTION IN AIR TO

GROUND COMMUNICATION SY STEMS

(71) Applicant: GOGO LLC, Chicago, IL (US)

(72) Inventors: Heinz A. Miranda, Cary, IL (US);
Michael H. Baker, Elmhurst, IL (US); 

James P. Michels, Lake Zurich, IL 
(US); Yong Liu, Schaumburg, IL (US) 

(73) Assignee: GOGO LLC, Chicago, IL (US)

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by O days. 

(21) Appl. No.: 15/352,255

(22) Filed:

(65) 

Nov. 15, 2016 

Prior Publication Data 

(60) 

(51) 

(52) 

US 2018/0083692 Al Mar. 22, 2018 

Related U.S. Application Data 

Provisional application No. 62/358,437, filed on Jul. 
5, 2016. 

Int. Cl. 
H04B 71185 

H04W 48/20 

H04L 5/00 

H04L 12/26 

H04B 17/336 

U.S. Cl. 

(2006.01) 
(2009.01) 
(2006.01) 
(2006.01) 
(2015.01) 

CPC ....... H04B 7118506 (2013.01); H04B 17/336

(2015.01); H04L 5/006 (2013.01); H04L

43/0882 (2013.01); H04W 48120 (2013.01) 

I 11111 11111111 111 11111 11111 11111 lllll 11111 11111 11111 11111 111111 1111 1111 1111 

140 

US009954600B2 

(IO) Patent No.: US 9,954,600 B2 
Apr. 24, 2018 (45) Date of Patent:

(58) Field of Classification Search

(56) 

CPC ........... H04B 7/18506; H04B 7/18541; H04W 
16/28; H04W 84/06; H04W 36/08; H04W 

36/14; H04W 36/30 
See application file for complete search history. 

References Cited 

U.S. PATENT DOCUMENTS 

8,699,403 B2 
8,848,605 B2 

2008/0188228 Al 

4/2014 Lynch et al. 
9/2014 Ohm et al. 
8/2008 Pecen et al. 

(Continued) 

FOREIGN PATENT DOCUMENTS 

WO WO-2004/023677 A2 3/2004 

OTHER PUBLICATIONS 

U.S. Appl. No. 61/875,724, Interference Mitigation in an Air-to­

Ground Wireless Communication Network, filed Sep. 10, 2013. 

(Continued) 

Primary Examiner - Nam Huynh 
(7 4) Attorney, Agent, or Firm Marshall, Gerstein & 
Borun LLP; Randall G. Rueth 

(57) ABSTRACT 

Selecting serving cells in air to ground communication 
systems efficiently and with maximum knowledge of for­
ward and return link channel conditions allows maximum 
throughput available to a user at any point in time, particu­
larly in the presence of high interference. Airborne based 
and ground based systems may collect forward and return 
link cham1el conditions and develop user capacity estimates 
to be used by aircraft and ground based transceivers. Such 
user capacity estimates may be shared among distributed 
air-to-ground networks to ensure the latest channel condi­
tions are available for serving cell selection decisions. 

19 Claims, 6 Drawing Sheets 

13S 

160 

170 
165 

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 1 of 18



(56) References Cited 

U.S. PATENT DOCUMENTS 

2008/0240029 Al * 10/2008 Lynch ................ 

2009/0296681 Al 12/2009 Tasa et al. 
2015/0085761 Al 3/2015 Mal tsev et al. 
2016/0099769 Al 4/2016 Moffatt et al. 

OTHER PUBLICATIONS 

US 9,954,600 B2 
Page 2 

H04B 7/18508 
370/329 

International Application No. PCT/US2017/039634, International 

S earch Report and Written Opinion, dated Nov. 23,  2017. 

* cited by examiner

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 2 of 18



U.S. Patent 

145 

155 

GS 

XCVR 

110 

Apr. 24, 2018 

120 

I 

115 

C 

112 

150 

FIG.1 

Sheet 1 of 6 

140 

GS 

XCVR 

170 

GS 

XCVR 

US 9,954,600 B2 

135 

160 

165 

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 3 of 18



U.S. Patent Apr. 24, 2018 Sheet 2 of 6 

200 

L Ground Station 

205 

�::I 
measures power

Gr ound 225 
levels in various 

St ation 
directions :-::-::-: mea sures 

powe r levels 
in V arious 
dire ctions 

< Ground Station 
230 

•••••••••••• builds return link 
/ 

-::-::-::-: 

< noise matrix 
Gr ound 

;+ Statio n builds 
-: 

210 retu rn link 
noise matrix 

> Ground Station -::-::-::• 

shares return link 

)
noise matrix with Gr ound 235 

neighbor ground Static n shares 

215 

:-: stations and/or retu rn link 
•••• centralized network noise matrix 
< ••• controller with n eighbor >•··

gr ound 
statio ns and/ 
or cen tralized 

l>>>>I Ground Station
net work 

{
cont roller 

allocated by 
network controller 

) and steers beam

\+i towards aircraft

220 

FIG. 2 

US 9,954,600 B2 

Aircraft Station 
measures power 

lev els in direction of 
primary and 

secondary stations 

Aircraft Station 
de termines forward 
lin k candidates and 
records associated 

SIN R measurements 

Aircraft Station 
transmits forward 
lin k candidates and 
aircraft location to 
network controller 

Aircraft Station 
co mmunicates with 
Gr ound Station over 
Fo rward and Return 

Links 

::-::-::•: 
I,• .. • .. • .. • .. 

I 

1/j
I x 

u 
! 
i fr 
1::-::-::-::-: 

j-)i:+ 
::::-::-:: 

k / 
1::-::-::-::-

IFF 

I \ 

I i 
�i{/: 

240 

> 

245 

, 250 

255 

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 4 of 18



U.S. Patent Apr. 24, 2018 

Primary IFC Link 

ATG Link 

-- ATG 00B Control 

335 

360 

340 

I 380 

Sheet 3 of 6 US 9,954,600 B2 

300 

305 

325 

370 

375 

330 

FIG. 3 

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 5 of 18



U.S. Patent Apr. 24, 2018 Sheet 4 of 6 US 9,954,600 B2 

450 

400 

430 

420 

\1 

475 

465 

455 
405 

445 

Primary GSC 

' 

' 

" • •  > .... ,. ..... •»"·• .. " ..... ., '""., ..... " : 

. ' 
, .,,,,.,,..,,..,.,,..,,.,,...,,..,..,,. ... ,.,,. ... ,..,,..,,..,.,,,..,,..,,..,,. ............. ..,.,.,,. ........... ,. ...... ,..., ... ,,. ... ,. ..... ,.., .. .,. ......... ,. ... .,.,..., .................... ,,. ..... ., .. ,. .............................. ,. ... ,.,_,., 

FIG. 4 

500 

FL User Capacity Matrix 

505 BMH_ 

., 

'··.,, 
r:E 

" 
i:i' 

,,-
ca FR '1) '1) '1) <ll 

GS1 FR1 / 515 

GS2 FR2 I/ 

GS, FRs 

510 
... "' 

GSs FRs FIG. 5 

415 

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 6 of 18



U.S. Patent Apr. 24, 2018 Sheet 5 of 6 US 9,954,600 B2 

600 

640 

715 

I : 
/p(is 

... � ... -:...,....,_'.I<,. 

✓/ , ... ,, 

670 

665 

700 

620 

675 

720 RL Noise Matrix 

BMH 

,£ r/J 
"' '° "' VI <11 VI 

Az1 

Az2 

Az3 

AzM 

FIG. 7 

705 

Barr 

B1 

B2 

83 

BM 

645 

630 

" 

J 

\ 

'\ 
-.... '\ 

655 605 

650 

· ..

I �GS 

l�
,,,..,.L""-

r...-:-
.,,-..:..._ 

,.-"' ,, 

680 

/ 635 

� -

PrimaryGSC 

610 

!II! 
ll II 

625 

660 

615 

'-\ 
,, 

FIG. 6 
800 

RL User Capacity Matrix 

805 BMH. 

'··. ,£ J; '° 
,,-

RR V') V\ V) V') 

710 GS1 RR1 

GS2 RR2 1// 815

GS3 RR3 

... ... 

810 
GSs RRs 

FIG. 8 

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 7 of 18



U.S. Patent Apr. 24, 2018 Sheet 6 of 6 US 9,954,600 B2 

900 

930 935 

925 

920 905 910 915 

940 

945 ·. 950 955 960 

FIG. 9 

1010 

1005 

FIG.10 

IPR2025-00672 
Petitioner's Exhibit 1001 

Page 8 of 18



US 9,954,600 B2 

1 
SERVICING CELL SELECTION IN AIR TO 

GROUND COMMUNICATION SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

TI1e present application claims priority to and the benefit 
of U.S. Provisional Patent Application No. 62/358,437 
entitled "Hybrid Air-to-Ground Network Incorporating 
Unlicensed Bands" and filed on Jul. 5, 2016, the disclosure 
of which is hereby incorporated by reference herein in its 
entirety. 

FIELD OF THE INVENTION 

TI1e disclosure generally relates to apparatus, methods, 
and articles of manufacture to select serving cells in air to 
ground communication systems and, more particularly, to 
maximize throughput available to a user of an air to ground 
communication system in the presence of high interference. 

BACKGROUND 

Given the scarcity of allocated radio frequency spectrum, 
providers of air-to-ground (ATG) communication systems 
may make secondary use of already allocated spectrum, for 
example in the 14 gigahertz (GHz) range or use lllllicensed 
bands, for example in the 2.4 GHz range, while providing 
ATG services. Unfortunately, radio frequency (RF) spec­
trum surveys show that RF noise and interference sources 
have risen over time, and are expected to continue to rise in 
the foture. Some example surveys of the 2.4 GHz band 
observed noise rise on the order of 30 dB over a short period 
of time. Noise surveys also show a non-uniform distribution 
of noise levels over time or space. Such high levels of 
interference have the ability to significantly degrade the 
quality and available data bandwidth of the radio link, 
particularly if the objective is to provide consistent and 
reliable data rates that meet customer and industry expec­
tations. 

Given the presence of high RF noise and/or interference, 

2 
able instructions that when executed by a computer proces­
sor disposed within an airborne aircraft cause the computer 
processor to command a directional antemia installed on the 
aircraft and a transceiver disposed within the aircraft to 
measure a first signal-to-noise ratio for a first communica­
tion channel at a first location on the ground; command the 
directional antenna and the transceiver to measure a second 
signal-to-noise ratio for a second communication channel at 
a second location on the ground; calculate a first forward­
link user capacity estimate using the first signal-to-noise 

10 
ratio for the first communication channel; calculate a second 
forward-link user capacity estimate using the second signal­
to-noise ratio for the second communication channel; and 
calculate a forward-link user capacity matrix using the first 
forward-link user capacity estimate and the second forward-

15 link capacity estimate. 
Another exemplary embodiment includes a computer­

implemented method, executed with a computer processor 
disposed within an air-to-ground conn1rnnication ground 
station, that includes commanding, with the computer pro-

20 cessor, a directional antenna installed at the ground station 
and a transceiver disposed within the ground station to 
measure a first noise power level for a first communication 
channel at a first elevation and a first azimuth from a current 
position of the ground station; commanding, with the com-

25 
puter processor, the directional antenna and the transceiver 
to measure a second noise power level for a second com­
munication channel at a second elevation and a second 
azimuth from the current position of the ground station; 
calculating, with the computer processor, a first reverse-link 
user capacity estimate using the first noise power level for 

30 
the first communication channel; calculating, with the com­
puter processor, a second reverse-link user capacity estimate 
using the second noise power level for the second commu­
nication channel; and calculating, with the computer pro­
cessor, a reverse-link user capacity matrix using the first 

35 reverse-link user capacity estimate and the second reverse­
link capacity estimate. 

Yet another exemplary embodiment includes a computer 
system comprising one or more processors and/or transceiv­
ers configured to retrieve at least one of (i) a forward-link 

40 user capacity matrix comprising a plurality of forward-link 
user capacity estimates each associated with a location on 
the ground; and (ii) a return-link capacity matrix comprising 
a plurality of reverse-link user capacity estimates each 
associated with an azimuth and elevation from a current 

at a given time, it is possible to find particular locations 
where noise or interference is low enough to guarantee an 
acceptable data rate. For example, for a given aircraft 
location, establishing a connection with acceptable data rate 
may utilize a scheme that selects the serving cell considering 45 

the noise levels from multiple candidate serving cell loca­
tions. 

location of an airborne aircraft; calculate a candidate serving 
cell, using at least one of (i) the forward-link user capacity 
matrix and (ii) the reverse-link user capacity matrix; and 
command a directional antenna and a transceiver to transmit 
or receive data with the candidate serving cell. Network operators may establish primary communica­

tions for control information with the aircraft using their 
existing equipment and allocated spectrum and use the noisy 50 

2.4 GHz spectrum primarily for data traffic. Primary in-flight 
communication networks may require reliable connectivity 
between ground and the aircraft, whereas supplementary 
in-flight communication networks may operate over noisy 
radio frequency spectrum. Some exan1ples of primary net- 55

works may include satellite networks or other ATG networks 
that operate over licensed spectrum. 

Schemes to select among ATG serving cells that maxi­
mize throughput to a given aircraft in the forward and return 
directions in a high interference frequency band may pro- 60 

vide significant performance advantages in tem1s of stability 
of connection, available bandwidth, and latency 

SUMMARY 

One exemplary embodiment includes a non-transitory 
computer readable medium, comprising processor execut-

65 

Exemplary embodiments may include computer-imple­
mented methods that may in other embodiments include 
apparatus configured to implement the method, and/or non­
transitory computer readable mediums comprising com­
puter-executable instructions that cause a processor to per­
form the method. 

Advantages will become more apparent to those skilled in 
the art from the following description of the preferred 
embodiments which have been shown and described by way 
of illustration. As will be realized, the present embodiments 
may be capable of other and different embodiments, and 
their details are capable of modification in various respects. 
Accordingly, the drawings and description are to be regarded 
as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Figures described below depict various aspects of the 
system and methods disclosed herein. It should be under- IPR2025-00672 
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3 
stood that each figure depicts an aspect of a particular aspect 
of the disclosed system and methods, and that each of the 
Figures is intended to accord with a possible aspect thereof. 
Further, wherever possible, the following description refers 
to the reference numerals included in the following Figures, 
in which features depicted in multiple Figures are designated 
with consistent reference numerals. 

There are shown in the Figures arrangements which are 
presently discussed, it being understood, however, that the 
present embodiments are not limited to the precise arrange- 10 

ments and instrumentalities shown, wherein: 

4 
technology developed after the filing date of this patent, 
which would still fall within the scope of the claims. 

In one embodiment, aircraft air-to-ground (ATG) com­
munication equipment performs power measurements 
across an allocated or unallocated operating frequency band­
width using a high directivity antenna steered in the direc­
tions of the ATG stations. This procedure may end with the 
creation of a prioritized list of candidate forward link (FL) 
serving cells along with their corresponding SINR levels at 
different frequency sub-bands, or connnunication channels. 

The ground stations may also perforn1 periodic power 
measurements across the operating frequency in different 
directions using steerable high directivity antennas. Such a 
procedure may end with the characterization of the return 

FIG. 1 illustrates an exemplary illustration of an air-to­
ground communication system, including a variety of 
ground stations communicating with an airborne aircraft, in 
accordance with one aspect of the present disclosure; 

FIG. 2 illustrates an exemplary block diagram of a method 
to connnunicate between a variety of ground stations and an 
airborne aircraft, in accordance with one aspect of the 
present disclosure; 

15 link (RL) noise at different frequency sub-bands on different 
directions, and the creation of a RL noise matrix. The ground 
stations may then forward the RL noise matrix to the Ground 
Station (GS) ATG network controller, for example in a 

FIG. 3 illustrates an exemplary block diagram of a system 20 
that includes a variety of geographically distributed ground 
stations intercom1ected with ground station controllers, that 
communicate with an airborne aircraft, in accordance with 
one aspect of the present disclosure; 

FIG. 4 illustrates an exemplary block diagram of a system 25 

that includes a variety of geographically distributed ground 
stations that communicate with an airborne aircraft, where 
the aircraft builds a forward-link user capacity matrix, in 
accordance with one aspect of the present disclosure; 

FIG. 5 illustrates an exemplary illustration of a forward- 30 

link user capacity matrix, in accordance with one aspect of 
the present disclosure; 

FIG. 6 illustrates an exemplary block diagram of a system 
that includes a variety of geographically distributed ground 
stations that communicate with an airborne aircraft, where 35 

the ground stations build a reverse-link noise matrix and 
reverse-link user capacity matrix, in accordance with one 
aspect of the present disclosure; 

FIG. 7 illustrates an exemplary illustration of a reverse­
link noise matrix, in accordance with one aspect of the 40 

present disclosure; 
FIG. 8 illustrates an exemplary illustration of a reverse­

link user capacity matrix, in accordance with one aspect of 
the present disclosure; 

FIG. 9 illustrates an exemplary block diagram of a com- 45 

puting system, in accordance with one aspect of the present 
disclosure; and 

FIG. 10 illustrates an exemplary non-transitory computer 
readable medium, in accordance with one aspect of the 
present disclosure. 50 

centralized implementation, or to all neighbor ground sta­
tions, for example in a distributed implementation. 

In embodiments where the aircraft is ready to access a 
supplementary in-flight connnunication (IFC) system, the 
aircraft may send the candidate FL serving cell list and its 
location information to the ATG network controller over the 
primary IFC network. 

The ATG network controller may receive the candidate 
FL serving cell list and begin antelllla resource allocation in 
a predetermined or calculated order of priority. Once allo-
cation is successful. the corresponding serving cell may 
steer a FL beam towards the known or calculated aircraft 
location, and thus the UE, or aircraft, is now ready for FL 
transmission. Subsequently, the ground station controller, 
using the location inforniation from the aircraft and the RL 
noise matrix, may generate or calculate a prioritized list of 
RL candidate serving cells in a listing or order of priority. 
Following the successful creation of this list, the network 
controller may begin resource allocation procedures 
attempts in order of priority. Once the RL allocation is 
successful, the corresponding serving cell may steer a RL 
beam toward the aircraft, and the UE is now ready for RL 
transmissions. 

In one embodiment the air interface technology may 
require the FL and RL serving cells to be the same, and thus 
the ground station controller may determine a cell where the 
FL and RL meet certain data rate criteria. 

By employing a high directivity antenna to measure the 
noise levels in many different possible directions of com­
munication and refreshing such information periodically, the 
ATG supplementary IFC network may select serving cells 
that provide the best available SINR. Such an embodiment 
ensures that the aircraft will always be served by the cell that 
provides the best possible data rate to an aircraft. 

The use of a high reliability out-of-band link between the 
aircraft UE and the GS network allows communication of 

The Figures depict preferred embodiments for purposes of 
illustration only. Alternative embodiments of the systems 
and methods illustrated herein may be employed without 
departing from the principles of the invention described 
herein. 

DETAILED DESCRIPTION 

55 the noise measurements, cham1el status information, and 
location information for the purpose of selecting a suitable 
serving cell and aligning a steerable antenna that tracks the 
aircraft. In one embodiment, use of the out-of-band channel 

Although the following text sets forth a detailed descrip­
tion of numerous different embodiments, it should be under- 60 

stood that the legal scope of the description is defined by the 
words of the claims set forth at the end of this patent and 
equivalents. The detailed description is to be construed as 
exemplary only and does not describe every possible 
embodiment since describing every possible embodiment 65 

would be impractical. Numerous alternative embodiments 
may be implemented, using either current technology or 

enables identification of the best server and antenna steering. 
One embodiment includes a scheme that uses short term 

power measurements with steerable directive antemias on 
the aircraft to identify the serving cell in the direction with 
the highest SINR. A FL User Capacity Matrix may be built, 
for example, based on SINR measurements in the direction 
of all possible servers. 

Another embodiment includes short and long term power 
measurements with steerable directive antermas on the IPR2025-00672 
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5 
ground station to create three dimensional noise plus inter­
ference characterization matrix and a cell barring matrix 
with the objective of identifying serving cells with the 
lowest RL noise rise. Such an embodiment includes a RL 
Noise Matrix as a three dimensional characterization of the 
RL to enable quick identification of the most effective RL 
serving cell. 

Yet another embodiment includes a method to perform FL 
and RL serving cell selection based on noise characterization 
provided by the UE, or aircraft, in a centralized or distrib­
uted manner. Such an embodiment may include use of FL 
and RL User Capacity matrix to enable identification of the 
FL and RL metric that meets any desired selection criteria 
and is suitable for a centralized or distributed processing 
implementation. 

The following tem1s may include their associated defini­
tions as stated below, in accordance with the present dis­
closure: 

6 
120, 135, 150, and 165 may include a respective ground 
station transceiver 125, 140, 155, and 160 to transmit and 
receive signals. For example, ground station 150 with 
ground station transceiver 155 may communicate a radio 
frequency signal 145 to the with the antemia 113 and 
transceiver 112 on the aircraft 110. 

Likewise for each ground station 125, 140, and 170, each 
within communication range of the aircraft 110, RF signals 
115, 139, and 160 may be transmitted between the ground 

10 stations and the aircraft antenna 113 and transceiver 112. 
Each of the ground stations 125, 140, 155, and 170 may be 
disposed a different physical distances from the aircraft 110, 
and experience differing path attenuation, local area inter­
ference and noise, etc. that interfere with transmission of the 

15 signals 115, 130, 145, and 160 in differing ways. However, 
in some embodiments, the data services provided by the 
aircraft transceiver 112 may require use of some or all of the 
ground stations, or a changing set of the ground stations as 

Primary IFC network: the network that provides the 
primary IFC link to the aircraft. This network provides a 20 
reliable com1ection between aircraft and ground networks. 

channel conditions change. 
For example, in the illustrated block diagram 200 of FIG. 

2, serving and neighbor ground stations and aircraft stations 
use a method to measure and use changing challl1el condi­
tions to ensure reliable data services. The serving ground 
station may measure power levels in various directions 

AIG: Air to Ground System that provides supplemental 
IFC com1ectivity using noisya spectrum or uses spectrum as 
secondary use. 

Primary GSC: Gateway of the primary IFC network. If the 
Primary IFC network is an ATG system, this can be defined 
as the Primary Ground Station Controller. If the Primary IFC 
network is a satellite system, this can be a teleport. 

PGS: fixed stations of the Primary IFC network. If the 
Primary IFC network is anATG system, these can be defined 
as the Primary Ground Stations. If the Primary IFC network 
is a satellite system, these would be the transponders. 

GSC: Ground station controller of the supplementary IFC 
system. This is also known as the ATG Ground Station 
Controller. If the ATG system uses a distributed implemen­
tation, the GSC only performs routing of control plane 
messages. Otherwise if the implementation is centralized, it 
performs some computation and decision functions that are 
part of the antenna resource allocation procedures. 

GS: Ground stations of the supplementary IFC system. 
These are also referred as base stations. The area of coverage 
of a ground station can be divided into cells to increase 
spectral reuse and to allow practical deployment of beam 
forming technology. This includes the high directivity steer­
able antennas or antenna beams. A GS may have one or more 
antenna beams per cell. 

Aircraft or UE: ATG mobile equipment that is installed in 
the aircraft. This includes modem and the high directivity 
steerable antennas or antenna beams for the ATG system. 

25 (block 205) and build a return link noise matrix (block 210) 
using the results of such measurements. Likewise, a neigh­
bor ground station may measure power levels in various 
directions (block 225) and build a return link noise matrix 
(230) using the results. In one embodiment, both the serving

30 and neighbor ground stations may share the return link noise 
matrices with a centralized controller, or with other neighbor 
ground stations (blocks 215 and 235). 

In some embodiments, the aircraft station may measure 
power levels in the direction of the serving and neighbor 

35 ground stations (block 240). The aircraft station may calcu­
late or determine forward link candidate serving stations and 
record SINR measurements in for example a forward link 
user capacity matrix and transmit such candidates to a 
network controller (block 250). 'Ibe aircraft station (block 

40 255) and serving ground station allocated by the network 
controller based on the noise matrix (block 220) may steer 
a communications beam towards the aircraft, and commu­
nicate over forward and return links. As such, the most 
effective ground station communicates with the aircraft 

45 station as determined by knowledge of the forward and 
return link channel conditions. 

Effective Use of Forward-Link and Return-Link 
Data 

Forward link: radio link for wireless transmission from 50 

the GS to the UE. FIG. 3 illustrates an exemplary system with intercon­
nected ground stations 315, 320, 370, 330, and 335, and 
ground station controllers 305 and 310 communicating with 
an airborne aircraft, or UE 340. A variety of primary ground 

Return link: radio link for wireless transmission from the 
UE to the GS. 

In-band transmission: transmission using the noisy fre­
quency band (e.g. unlicensed spectrum). 

Out-of-band transmission: transmission using a licensed 
band that guarantees good reliability 

ATG OOB Control: ATG signaling messages exchanged 
out-of-band between the UE and the GS or GSC. 

55 stations (PGS) 315 and 325 are connected to the primary 
ground station controller (GSC) 305 by communication 
links 365 and 375. Likewise a variety of ground stations 
(GS) 320 and 325 are colll1ected to the ground station 
controller (GSC) 310 by communication links 340 and 345. 
The primary GSC 305 may be collllected by a communica­
tion link 307 to the GSC 310. 

GPS Information: the set of information that includes: 60 

latitude, longitude, altitude, heading and speed of the air­
craft. The UE, or aircraft 340, may in some embodiments send 

an Antenna Resource Request 350 message to the GSC 310 
over the Primary IFC link 370. The message may include the 

65 FL User Capacity Matrix sorted by forward-link data rate 
(FR). The UE 340 also may begin sending the GPS infor­
mation periodically to the GSC 310. Depending on whether 

Turning to the exemplary air-to-ground communication 
system 100 illustrated in FIG. 1, an aircraft 110 may include 
a transceiver 112 and antenna 113 to communicate with a 
number of ground stations 120, 135, 150, and 165, geo­
graphically dispersed from one another. Each ground station IPR2025-00672 
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7 
a centralized or distributed embodiment is employed, the 
GSC 310 may execute most of the serving cell antenna 
resource allocation procedures or act as a signaling layer 
proxy between the UE 340 and the GSs. 

In the centralized case, the GSC 310 parses the GSC 
message and selects the GS with the highest FR, then sends 
a FL Antenna Allocation Request 350 message along with 
the GPS information. The GS, for example 320 upon suc­
cessful allocation of antemrn resources respond with a FL 
Antenna Allocation Accept message and starts tracking the 10 

aircraft. Note that the GSC 310 continues forwarding the 
periodic GPS information to the GS to allow continuous 
tracking of the aircraft. If the GS is not able to allocate 
antemrn resources to the aircraft, it responds with a FL 
Antenna Allocation Reject. Then the GSC 310 selects the 15 

GS with the second highest FR and the process repeats. After 
completion the GSC 310 sends an 00B indication 350 to the 
UE 340 signaling that the FL antenna allocation is complete. 

In parallel or sequentially, the GSC 310, using the GPS 
information, creates a list of candidate RL serving cells 20 
based on free space loss characteristics only. Then, for each 
candidate cell, the azimuth from the cell to the UE 340 is 
determined, if the GS supports steering of the beam 355 in 
elevation, the elevation angle is also determined. With the 
azimuth and elevation information and its corresponding RL 25 

Noise Matrix the RL Noise plus interference for each 
sub-band is obtained. The GSC 310 calculates distance 
between the UE 340 and the candidate serving cell based on 
UE 340 and GS GPS information. Given the distance to the 
UE 340, the RL power capabilities of the UE and the RL 30 

Noise plus interference the GSC can estimate the RL data 
rate (RR) for each sub-band and the total maximum RL data 
for each candidate serving cell. 

The RL User Capacity Matrix captures the maximum data 
rate the candidate GSs can deliver, for example over the 35 

ATG linl< 360. Similar to the FL case, the GSC performs 
resource allocation procedures for the RL. Starting from the 
cell with the highest RR, the GSC attempts to allocate 
antenna resources by sending a RL Antenna Allocation 
Request 350. Upon successfol setup of RL resources the 40 

GSC sends confirmation to the UE, at this point the UE is 
ready to receive RL data over the ATG link. 

In the distributed case, the GSC 310 sends an Antemrn 
Allocation Request message 350 along with FL User Capac-
ity Matrix and the GPS infonnation to the GS with the 45 

highest FR, this is referred to as the anchor GS. The anchor 
GS 320 attempts to secure FL antenna resources, if this fails, 
it sends a FL Antenna Allocation Request and the last GPS 
information to the GS with the second highest FR. This 
process continues until FL antenna resources are secured. In 50 

parallel, RL antem1a resources are secured in the same way, 

8 
provides the highest FL data rate does not offer the highest 
RL data rate, or could even offer the worse RL data rate. 
Therefore, additional criteria such as the current UE RL and 
FL traffic type and loading and the anticipated traffic type 
and loading for the ATG network, need to be introduced to 
select the FL and RL serving cells. The exact criteria may 
depend on the type of traffic theATG is expected to carry. In 
one embodiment, candidate serving cells that meet mini­
mum thresholds for both RL and FL data rates could be 
identified, and then one of those selected as serving cell 
based on either highest RL or highest FL data rate. In the 
general case of TCP type traffic, the FL and RL bandwidth 
requirement may not be sylllllletric. For example, analysis of 
some traffic pattern in IFC services show that the ratio 
between RL and FL offer load is about 1:7. Then a possible 
embodiment could be to identify all cells that offer RL to FL 
data rate ratio greater than a given threshold and then sort 
this list in descending order of FR. The GSC or the anchor 
GS attempts to secure FL and RL antenna resources starting 
from the cell with the highest FR. 

After successfol setup of FL and RL serving cell antenna 
resources the UE can perform access procedures on the air 
interface following the procedures defined for the corre­
sponding air interface technology. Note that GPS infonna­
tion is continuously sent to the ATG network over the 
Primary IFC link, this enables antenna steering to track the 
aircraft. Once the UE gains access to the ATG network it can 
continue updating the FL User Capacity Matrix taking 
measurements during silence periods or using a second 
antenna. When the SINR degrades below a certain threshold 
or better candidates are found, the UE sends a Handover 
Request message, which includes the FL User Capacity 
Matrix, to the GSC. This enables mobility throughout the 
ATG network. 

In an alternative embodiment, the GSC, centralized 
implementation, or GS sites, distributed implementation, use 
GPS Information of each aircraft provided via the 00B 
control cham1el. With this information the GSC or GS sites 
can estimate the current elevation and azimuth angle and 
projected path or heading for each aircraft. The ATG net­
work may use this information to surgically update the RL 
Noise Matrices by steering antennas to make noise plus 
interference measurements at the current aircraft location 
and at the projected aircraft locations in the foture. 

Forward-Link User Capacity Characterization 

An exemplary system 400 illustrated in FIG. 4 to collect 
and calculate forward link user capacity includes a primary 
GSC 405 counected to a GSC 410 through a communication 
link 415. A set of primary ground stations 420 and 425 are 
connected to the primary GSC 405 by communication links 
430 and 435. Likewise a set of ground stations 440 and 445 

are connected by collllllunication links 455 and 460 to the 

for example by steering the beam 355 towards the UE 340. 

Since anchor GS 320 has the RL Noise Metric of all 
neighbor cells, it can perform RL antenna! allocation pro­
cedures in the same way. Upon successful setup of FL and 
RL allocation, the anchor GS 320 sends an Antenna Allo­
cation Accept to the GSC 310 which includes the identifi­
cation of the GS 320 where resources were allocated. The 
GSC changes the delivery of the periodic GPS infonnation 
to the GS 320 where resources were setup and notifies the 
UE 340 over the 00B link 350 that FL and RL antemrn 
resources had been allocated. After this the UE 340 is ready 

55 GSC 410. The aircraft, or UE 470 communicates with three 
ground stations 440, 445, and 450 via wireless communi­
cation links 475, 480, and 485. 

to exchange data over the ATG network. 
In some embodiments, the air interface technology may 

require the FL and RL serving cell to be the same. In that 
case, the selection of the FL and RL serving cell cannot be 
done independently since it is possible that the cell that 

The UE 470 starts the process of accessing the ATG 
network by estimating SINR for each surrounding cell, for 

60 example 440, 445, and 450. This can be performed by 
making SINR measurements or by measuring noise plus 
interference and deriving the SINR based on the power 
settings configured for the corresponding cell. In the former 
case, the UE 470 needs to know the times when each 

65 candidate serving cell pilot signal is transmitted to enable 
SINR measurements, therefore time synchronization with 
each candidate serving cell may be necessary. To address IPR2025-00672 
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this problem, prior to start the power measurements the UE 
470 sends a pre-allocation message to the GSC 410 over the 
Primary IFC link, as illustrated in FIG. 3, this message 
contains the GPS information for the aircraft. The GSC 410 

forwards this messages to a number of cells surrounding the 
aircraft, for example 440, 445, and 450. Upon reception of 
the pre-allocation message, the cells bring up a FL beam, for 
example 475, 480, and 485, in the direction of the aircraft 
and starts transmission of pilot signals. Using the pilot 
signals the UE 470 performs time synchronization followed 
by SINR measurements for each candidate serving cell 440, 

445, and 450. Once the FL antenna resources is complete, 
the beams are brought down. 

Alternatively, the UE 470 can estimate the SINR based on 
noise plus interference measurements and the power settings 
of each candidate serving cell 440, 445, and 450. This 
approach is simpler to implement however it has stricter 
requirements on the antem1as. Specifically, this approach 
may work well if the GS FL beams are narrow enough so 
that the probability of two aircrafts being served by the same 
cell is very low. The UE 470 may steer its narrow beam 
directional antenna pointing to each neighboring cell to 
enable the measurements. The UE 470 may know the 
location and basic configuration of all cells in the ATG 
network, this is configured during UE provisioning or down­
loaded over the Primary ATG network after provisioning. 
Because the FL transmission beam is narrow and the GS is 
not transmitting in the direction of the aircraft, all the 
measured power is expected to be noise plus interference 
only. This measurement will give the denominator for the 
SINR calculation. The signal power is estimated based on 
the known power level of the candidate serving cell adjusted 
by propagation losses. The propagation loss can be derived 
from the distance between the aircraft and the GS. With that 
information, the SINR is estimated. 

In some embodiments the SINR measurements or esti­
mations are performed at different sub-bands of the opera­
tional bandwidth. With that information, the UE 470 esti­
mates the expected FL data rate (FR) for each candidate 
serving cell, and builds a FL User Capacity Matrix. An 
exemplary illustration of a FL User Capacity Matrix is 
shown in FIG. 5. In exemplary embodiment, the bandwidth 
B is divided into N sub-bands (e.g. SBl, SB2, SBN) 505. 

Furthermore, the matrix 500 depicts the case where expected 
data rate for S ground stations (e.g. GSl, GS2, GSS) 510 is 
characterized. Using the SINR at each sub-band and the 
spectral efficiency vs SINR for the air interface technology 
in use the UE can estimate the expected data rate for each 
sub-band and the total expected data rate for each GS (e.g. 
FRI, FR2, FRS) 515. The FR is a single metric that accounts 
for the SINR and the total available bandwidth, this number 
can be used as the figure of merit to identify the serving cell 
that can provide the highest FL throughput. Once the UE 470 

completes the creation of the FL User Capacity Matrix 500 

it is ready to access the ATG system. 

Return-Link User Capacity Characterization 

One exemplary system 600 to determine return-link 
capacity is illustrated in the block diagram of FIG. 6. The 
system 600 includes a primary GSC 605 connected to a GSC 
610 through a communication link 615. A set of primary 
ground stations 620 and 625 are connected to the primary 
GSC 605 by communication links 645 and 650. Likewise a 
set of ground stations 630, 635, and 640 are connected by 
communication links 655, 660, and 665 to the GSC 610. 

10 

To obtain high SINR levels, good spatial isolation is 
needed in the radio link, enabled by using high directivity 
antemrns with narrow beamwidths and steerable capabilities 
in order to track the aircraft. In one embodiment, the 
elevation plane pattern of the antemrn can be constant and 
optimized to provide good coverage in elevation, then the 
azimuth antemrn beamwidth should be narrow enough to 
reduce interference in the azimuth plane. In this case, an 
azimuth beam width of 10 degrees or less could be used. If 

10 the antemrn teclmology allows to fonn a pencil beam, for 
example the beams 670, 675, and 680, then a beamwidth in 
azimuth and elevation of 10 degrees or less could be used. 
This invention does not define the exact beamwidth since 
that would depend on the specific link budgets, levels of 

15 interference and antenna technology available. 
The GSs 630, 635, and 640 periodically measures the RL 

noise plus interference levels. If frequency division duplex­
ing is used, measurements can be performed at any time the 
RL is not used, or by scheduling silence periods. Otherwise, 

20 if time division duplexing is used, measurements can be 
perforn1ed any time the RL is not used or by using the guard 
time period. Power measurements are used to estimate the 
RL noise power. Considering that the GS controls the FL and 
RL scheduling, RL power measurements performed when 

25 no transmissions are expected represent only noise and 
interference power. The entire RL noise plus interference 
power characterization is captured in a RL Noise Matrix 
700, as illustrated in FIG. 7. 

The RL Noise Matrix 700 is a three dimensional charac-
30 terization of the RL noise plus interference. The bandwidth 

B is divided in N sub-bands (e.g. SBl, SB2, SBN) 705, the 
value of N would depend on many factors like resource 
allocation bandwidth, cham1el state reporting bandwidth, 
measurement speed, etc. The area of coverage in azimuth 

35 plane is divided into M different directions (e.g. Azl, Az2, 
. . .  , AzM) 720 according to the azimuth beamwidth of the 
antenna array. For example, if a sector is intended to cover 
60° and the azimuth beamwidth is 10°, then M is 6 and the
azimuth directions would be ±5, ± 15, ±25 ( assU111ing 0° is at

40 the center of the sector). Similarly, the elevation plane is 
divided into L different elevations (El, E2, .. . , EL) 715 

according to the elevation beamwidth. For example, if the 
sector is intended to cover elevations from 0° to 40° and the
elevation beamwidth is 10°, then L is 4 and the elevation

45 directions are 5, 15, 25 and 35. In total the antenna beam is 
steered across MxL different directions and on each direc­
tion noise plus interference is measured for each of the N 
sub-bands. The objective is to characterize the noise across 
the degrees of freedom as the resource allocation will take 

50 place. In this document a given sub-band, azimuth and 
elevation combination is referred as the frequency-space 
resource. For the case where the antenna is not steerable in 
the elevation plane and rather has an elevation pattern that 
allows enough coverage in elevation, the RL Noise Matrix 

55 reduces to a two dimensional matrix. 
The simplest way to iterate through all frequency-space 

resources is a round robin scheme. However other schemes 
can be depicted to better fit the spatial multiplexing sched­
uling demands. For example, a weighting scheme where 

60 azimuths or elevations with more usage are assigned higher 
weights and therefore measured more often can be used. 
Another alternative is to update the RL noise matrix based 
on the known trajectories of scheduled flights. 

For each frequency-space resource the RL Noise matrix 
65 captures the average noise and interference power. The 

timescales of the variability in interference and implemen­
tation constraints define the time duration over which to IPR2025-00672 
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perform the power average. For the RL Noise matrix the 
average window is expected to be short tenn. There could 
also be other factors that make a certain frequency-space 
resource unsuitable to use, especially when observed over a 
long term window. For example, high noise peaks that cause 
the link to drop often with erratic patterns, in those cases it 

12 

control messages in-band. One aspect includes configuring 
a wide broadcast beam on each cell to perforn1 FL SINR 
measurements. Furthennore, this embodiment may provide 
advantages for the case where the FL and RL need to be 
served by the same cell. 

In some embodiments an 800 MHz ATG network may 
serve as the Primary IFC link and a 2.4 GHz ATG LIE 
network may serve as a supplemental service. However, in 
other embodiments IFC solutions may operate over LEO 

10 satellite constellations when available. LEO links may pro­
vide low enough latency to serve as an OOB link to enable 
exchange of control information to support the configuration 
of steerable beams between the aircraft and the ATG net-

is better to bar that frequency-space resource from usage. 
This condition can be captured by another matrix named RL 
Noise Barring Matrix. The objective of this matrix is to 
avoid a given cell to be assigned as a server on a given 
frequency-space if there is a high probability that the noise 
conditions will significantly degrade the link. Therefore long 
term observations define the RL Noise Barring Matrix. 
Additionally, it could make more sense to bar an azimuth 
direction all together, in this case an additional barring flag 15

710 per azimuth can be added to the RL Noise Matrix. 
Once the RL Noise matrix 700 is complete, the GSs send 

it periodically to the GSC 610, centralized implementation 
case; or sends it to all its neighbors, distributed implemen­
tation case. Note that the RF Noise matrix 700 is continu- 20 

ously updated, in this way the GSC 610 or the neighbor GSs 
always have the latest information. 

Similar to the FL User Capacity Matrix 500 of FIG. 5, The 
RL User Capacity Matrix 800 illustrated in FIG. 8 captures 
the maximum data rate (RR) 815 the candidate GSs 810 can 25 

deliver, for example over the ATG link 360 of FIG. 3. In 
exemplary embodiment, the bandwidth B is divided into N 
sub-bands ( e.g. SBl, SB2, SBN) 805. Similar to the FL case, 

work. 
Still more embodiments may include technologies other 

than LIE. For example, air interface technologies that allow 
supplementing the data pipe in only one direction, for 
example DVB, can be used and the information to enable 
tracking of the aircraft with a steerable beam can be sent 
over a reliable OOB connection. 

FIG. 9 illustrates an exemplary computing system 900, for 
example that may in some embodiments correspond to one 
or more GSCs, GS, and UE of FIGS. 1, 3, 4 and 6, or 
otherwise, that includes one or more microprocessors 905, 

coupled to supporting devices through multi-access busses 
925 and 940. Dynamic random access memory 930 and 935 

may interface to data bus 925, and store data used by the one 
or more microprocessors 905. The system 900 includes 
instruction registers 920 that store executable instructions 
for the one or more microprocessors 905, and data registers 
915 that store data for execution. In some embodiments, the 
system 900 includes one or more aritlnnetic co-processors 
910, to assist or supplement the one or more microproces­
sors 905. Data bus 940 includes interfaces to a graphics 

the GSC 610 performs resource allocation procedures for the 
RL. Starting from the cell with the highest RR, the GSC 610 30 

attempts to allocate antenna resources by sending a RL 
Antenna Allocation Request 350 as illustrated in FIG. 3. 

Upon successful setup of RL resources the GSC 610 sends 
confinnation to the UE, at this point the UE is ready to 
receive RL data over the ATG link. 35 interface 945 that may in some embodiments process and 

transmit graphical data for a user on a display or similar 
devices. Likewise, data bus 940 includes interfaces for a 
digital I/O interface that processes and transmits, for 
example, keyboard, pointing device, and other digital and 

Alternative Data Use and Characterization 
Embodiments 

Alternative embodiments of the present disclosure 
include characterization of the noise and interference envi­
ronn1ent relying on the spatial isolation provided by direc­
tivity nature of the antennas. Such an embodiment differs 
from existing technologies that rely on predefined coverage 
footprints defined by a wide broadcast beam to determine 
the serving cell. 

Furthermore, existing technologies fail to select a serving 
cell following comparison of data rates derived from mea­
sured noise at different sub-bands and spatial directions. The 
use of an OOB link to enable bean1fonning makes the ATG 
system more robust to interference and enables completion 
of the serving cell setup process with additional immunity to 
interference in the ATG spectrum. 

40 analog signals produced and consumed by users or other 
machines. A network interface 955 processes and transmits 
encoded in:forn1ation over wired and wireless networks to 
connect the system 900 to other machines and users. Data 
bus 940 also includes at least one interface to a non-volatile 

45 memory interface, that may process and transmit data that 
resides on non-volatile memory devices. 

FIG. 10 illustrates a non-transitory computer readable 
medium 1005, that comprises processor executable instruc­
tions 1010. Such processor executable instructions may 

50 include instructions executed by the one or more micropro­
cessors 905 of FIG. 9. 

Additional Considerations 
Other embodiments include selecting the best server 

making use of capabilities of narrow beam antenna tecln1ol- 55

ogy and exploiting the spatial diversity that anATG network 
creates around the aircraft. Such an embodiment enables full 

All of the foregoing computer systems may include 
additional, less, or alternate functionality, including that 
discussed herein. All of the computer-implemented methods 
may include additional, less, or alternate actions, including 
those discussed herein, and may be implemented via one or 
more local or remote processors and/or transceivers, and/or 
via computer-executable instructions stored on computer-

use of all degrees of freedom available for resource alloca­
tion and therefore identifies the best possible server. 

readable media or medium. 

Still other embodiments include multiple static beams that 60 

allow the aircraft to perfonn access procedures in the noisy 
spectrum. However, such an embodiment does not guarantee 
that the serving cell provides the best possible throughput 
and reliable link. Furthennore, a large number of beams may 

The processors, transceivers, mobile devices, service ter­
minals, servers, remote servers, database servers, heuristic 

65 servers, transaction servers, and/or other computing devices 
discussed herein may communicate with each via wireless 
communication networks or electronic connnunication net-

be required to provide sufficient coverage. 
Yet another alternative embodiment includes sending the 

GPS infonnation over an OOB link. but leaving all the other IPR2025-00672 
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works. For instance, the com1mmication between computing 
devices may be wireless communication or data transmis­
sion over one or more radio links, or wireless or digital 
communication chaimels. 

Customers may opt into a prograin that allows them share 
mobile device a11d/or customer, with their permission or 
affirmative consent, with a service provider remote server. In 
return, the service provider remote server may provide the 
functionality discussed herein, including security, fraud, or 
other monitoring, and generate recommendations to the 10 

customer and/or generate alerts for the customers in 
response to abnormal activity being detected. 

The following additional considerations apply to the 
foregoing discussion. Throughout this specification, plural 
instances may implement components, operations, or struc- 15

tures described as a single instance. Although individual 
operations of one or more methods are illustrated and 
described as separate operations, one or more of the indi­
vidual operations may be perfom1ed concurrently, and noth-
ing requires that the operations be performed in the order 20 
illustrated. Structures and functionality presented as separate 
components in exan1ple configurations may be implemented 
as a combined structure or component. Similarly, structures 
and functionality presented as a single component may be 
implemented as separate components. These and other 25 

variations, modifications, additions, and improvements fall 
within the scope of the subject matter herein. 

Additionally, certain embodiments are described herein as 
including logic or a number of routines, subroutines, appli­
cations, or instructions. These may constitute either software 30 

(e.g., code embodied on a machine-readable medium or in a 
transmission signal) or hardware. In hardware, the routines, 
etc., are tangible units capable of performing certain opera­
tions and may be configured or arranged in a certain mat111er. 
In example embodiments, one or more computer systems 35 

( e.g., a standalone, client or server computer system) or one 
or more hardware modules of a computer system (e.g., a 
processor or a group of processors) may be configured by 
software (e.g., an application or application portion) as a 
hardware module that operates to perform certain operations 40 

as described herein. 

14 
purpose processor may be configured as respective different 
hardware modules at different times. Software may accord­
ingly configure a processor, for example, to constitute a 
particular hardware module at one instance of time and to 
constitute a different hardware module at a different instance 
of time. 

Hardware modules may provide information to, and 
receive information from, other hardware modules. Accord­
ingly, the described hardware modules may be regarded as 
being communicatively coupled. Where multiple of such 
hardware modules exist contemporaneously, communica­
tions may be achieved through signal transmission (e.g., 
over appropriate circuits and buses) that connect the hard-
ware modules. In embodiments in which multiple hardware 
modules are configured or instantiated at different times, 
communications between such hardware modules may be 
achieved, for example, through the storage and retrieval of 
information in memory structures to which the multiple 
hardware modules have access. For exainple, one hardware 
module may perform an operation and store the output of 
that operation in a memory device to which it is communi­
catively coupled. A further hardware module may then, at a 
later time, access the memory device to retrieve and process 
the stored output. Hardware modules may also initiate 
conununications with input or output devices, and may 
operate on a resource (e.g., a collection of infonnation). 

The various operations of example methods described 
herein may be performed, at least partially, by one or more 
processors that are temporarily configured ( e.g., by soft­
ware) or permanently configured to perform the relevant 
operations. Whether temporarily or pennanently configured, 
such processors may constitute processor-implemented 

modules that operate to perform one or more operations or 
functions. The modules referred to herein may, in some 
example embodiments, comprise processor-implemented 

modules. 
Similarly, the methods or routines described herein may 

be at least partially processor-implemented. For exainple, at 

least some of the operations of a method may be performed 
by one or more processors or processor-implemented hard­
ware modules. The performa11ce of certain of the operations 
may be distributed ainong the one or more processors, not 

In various embodiments, a hardware module may be 
implemented mechanically or electronically. For example, a 
hardware module may comprise dedicated circuitry or logic 
that is permanently configured ( e.g., as a special-purpose 
processor, such as a field programmable gate array (FPGA) 
or an application-specific integrated circuit (ASIC)) to per­
form certain operations. A hardware module may also com­
prise progranimable logic or circuitry (e.g., as encompassed 
within a general-purpose processor or other programmable 
processor) that is temporarily configured by software to 
perform certain operations. It will be appreciated that the 
decision to implement a hardware module mechanically, in 
dedicated and permanently configured circuitry, or in tem­
porarily configured circuitry ( e.g., configured by software) 
may be driven by cost and time considerations. 

45 only residing within a single machine, but deployed across 
a number of machines. In some example embodiments, the 
processor or processors may be located in a single location 
(e.g., within a home environment. an office environment or 
as a server farm), while in other embodiments the processors 

Accordingly, the term "hardware module" should be 
understood to encompass a tangible entity, be that an entity 
that is physically constructed, permanently configured (e.g., 
hardwired), or temporarily configured ( e.g., programmed) to 
operate in a certain maimer or to perform certain operations 
described herein. Considering embodiments in which hard­
ware modules are temporarily configured ( e.g., pro­
grammed), each of the hardware modules need not be 
configured or instantiated at any one insta11ce in time. For 
example, where the hardware modules comprise a general­
purpose processor configured using software, the general-

50 may be distributed across a number of locations. 
The performance of certain of the operations may be 

distributed among the one or more processors, not only 
residing within a single machine, but deployed across a 
number of machines. In some example embodiments, the 

55 one or more processors or processor-implemented modules 
may be located in a single geographic location (e.g., within 
a home environment, an office environment, or a server 
farm). In other exainple embodiments, the one or more 
processors or processor-implemented modules may be dis-

60 tributed across a nun1ber of geographic locations. 
Unless specifically stated otherwise, discussions herein 

using words such as "processing," "computing," "calculat­
ing," "determining," "presenting," "displaying," or the like 
may refer to actions or processes of a machine (e.g., a 

65 computer) that manipulates or transforms data represented 
as physical (e.g., electronic, magnetic, or optical) quantities 
within one or more memories (e.g., volatile memory, non- IPR2025-00672 
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volatile memory, or a combination thereof), registers, or 
other machine components that receive, store, transmit, or 
display inforniation. 

As used herein any reference to "one embodiment" or "an 
embodiment" means that a particular element, feature, struc­
ture, or characteristic described in co1111ection with the 
embodiment is included in at least one embodiment. The 
appearances of the phrase "in one embodiment" in various 
places in the specification are not necessarily all referring to 
the same embodiment. 

Some embodiments may be described using the expres­
sion "coupled" and "co1111ected" along with their derivatives. 
For example, some embodiments may be described using 
the term "coupled" to indicate that two or more elements are 

10

in direct physical or electrical contact. The term "coupled," 15

however, may also mean that two or more elements are not 

16 
location on the ground, the seeond co11l111unication 
cha1111el configured to support transmissions to/from 
the airborne aircraft 

calculate a first forward-link user capacity estimate using 
the first signal-to-noise ratio of the first communication 
cha1111el; 

calculate a second forward-link user capacity estimate 
using the second signal-to-noise ratio of the second 
communication cha1111el; and 

calculate a forward-link user capacity matrix using the 
first forward-link user capacity estimate and the second 
forward-link user capacity estimate, 

wherein the forward-link user capacity matrix is utilized 
to select communication cha1111els to utilize for trans­
missions between a plurality of ground stations dis­
posed on the ground and the airborne aircraft. 

in direct contact with each other, but yet still co-operate or 
interact with each other. The embodiments are not limited in 
this context. 

As used herein, the terms "comprises," "comprising," 
"includes," "including," "has," "having" or any other varia­
tion thereof, are intended to cover a non-exclusive inclusion. 

2. The mediU111 of claim 1, wherein the first conummica­
tion channel comprises a first center frequency and a first 
bandwidth, wherein the second conrnmnication cha1111el 

20 comprises a second center frequency and a second band­
width, and wherein the first communication cha1111el does 

For example, a process, method, article, or apparatus that 
comprises a list of elements is not necessarily limited to only 
those elements but may include other elements not expressly 25 

listed or inherent to such process, method, article, or appa­
ratus. Further, 1mless expressly stated to the contrary, "or" 
refers to an inclusive or and not to an exclusive or. For 
example, a condition A or B is satisfied by any one of the 
following: A is true ( or present) and B is false ( or not 30 

present), A is false (or not present) and Bis true (or present), 
and both A and B are true (or present). 

not overlap the second communication cha1111el. 
3. The medium of claim 1, wherein the processor execut­

able instructions, when executed by the computer processor, 
cause the computer processor to: 

conrniand the directional ante1111a and the transceiver to 
measure a short-term average of the first signal-to-noise 
ratio of the first conrnrnnication channel; 

conunand the directional anterrna and the transceiver to 
measure a short-term average of the second signal-to­
noise ratio of the second co11l111unication charrnel; 

calculate the first forward-link user capacity estimate 
using the short-tern1 average of the first signal-to-noise 
ratio of the first co11l111unication cha1111el; and 

calculate the second forward-link user capacity estimate 
using the short-tern1 average of the second signal-to­
noise ratio of the second communication channel. 

In addition, use of the "a" or "an" are employed to 
describe elements and components of the embodiments 
herein. This is done merely for convenience and to give a 35 

general sense of the description. This description, and the 
claims that follow, should be read to include one or at least 
one and the singular also includes the plural lillless it is 
obvious that it is meant otherwise. 

4. The medium of claim 1, wherein the processor execut­
able instructions, when executed by the computer processor, 

40 cause the computer processor to: The patent claims at the end of this patent application are 
not intended to be construed under 35 U.S.C. § 112(f) lillless 
traditional means-plus-function language is expressly 
recited, such as "means for" or "step for" language being 
explicitly recited in the claim(s). 

The systems and methods described herein are directed to 45

improvements to computer flillctionality, and improve the 
functioning of conventional computers. 

This detailed description is to be construed as exemplary 
only and does not describe every possible embodiment, as 
describing every possible embodiment would be impracti- 50 

cal, if not impossible. One may be implement numerous 
alternate embodiments, using either current teclrnology or 
technology developed after the filing date of this application. 

What is claimed is: 
1. A non-transitory computer readable medium, compris- 55 

ing processor executable instructions that when executed by 
a computer processor disposed within an airborne aircraft 
cause the computer processor to: 

conunand the directional ante1111a and the transceiver to 
measure a long-term average of the first signal-to-noise 
ratio of the first conununication cha1111el; 

co11l111and the directional ante1111a and the transceiver to 
measure a long-term average of the second signal-to­
noise ratio of the second co11l111unication channel; 

calculate the first forward-link user capacity estimate 
using the long-term average of the first signal-to-noise 
ratio of the first co11l111unication channel; and 

calculate the second forward-link user capacity estimate 
using the long-term average of the second signal-to­
noise ratio of the second communication cha1111el. 

5. The medium of claim 1, further comprising additional
processor executable instructions that when executed by the 
computer processor cause the computer processor to com­
mand the directional antenna and the transceiver to transmit 
the forward-link user capacity matrix to a ground station 
controller using an out-of-band co11l111unication channel, the 
ground station controller disposed on the ground and in conunand a directional antelllla installed on the aircraft 

and a transceiver disposed within the aircraft to mea­
sure a first signal-to-noise ratio of a first conununica­
tion cha1111el corresponding to a first location on the 
ground, the first communication cha1111el configured to 
support transmissions to/from the airborne aircraft; 

60 communicative cmrnection with the plurality of ground 
stations. 

conunand the directional ante1111a and the transeeiver to 65 

measure a second signal-to-noise ratio of a second 
conununication cha1111el corresponding to a second 

6. The medium of claim 1, further comprising additional
processor executable instructions that when executed by the 
computer processor cause the computer processor to: 

conrniand the directional antenna and the transceiver to 
measure a third signal-to-noise ratio of a third conrnrn­
nication cha1111el corresponding to a third location on IPR2025-00672 
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the ground, the third communication channel config­
ured to support transmissions to/from the airborne 
aircraft; 

calculate a third forward-link user capacity estimate using 
the third signal-to-noise ratio of the third communica­
tion channel; and 

calculate the forward-link user capacity matrix using the 
first forward-link user capacity estimate, the second 
forward-link user capacity estimate, and the third for-

10 
ward-link user capacity estimate. 

7. A computer-implemented method, executed with a
computer processor disposed within an air-to-ground com­
munication ground station, comprising: 

commanding. with the computer processor, a directional 
15 

antenna installed at the ground station and a transceiver 
disposed within the ground station to measure a first 
noise power level of a first communication cham1el at 
a first elevation and a first azimuth from a current 
position of the ground station, the first communication 20 
cham1el configured to support transmissions between 
the ground station and airborne aircraft; 

commanding, with the computer processor, the directional 
antemia and the transceiver to measure a second noise 
power level of a second communication channel at a 25 

second elevation and a second azimuth from the current 
position of the ground station, the second communica­
tion cham1el configured to support transmissions 
between the ground station and the airborne aircraft; 

calculating, with the computer proeessor, a first reverse- 30 

link noise estimate using the first noise power level of 
the first collll1mnication channel; 

calculating, with the computer processor, a second 
reverse-link noise estimate using the second noise 
power level of the second communication charmel; and 35 

calculating, with the computer processor, a reverse-link 
noise matrix using the first reverse-link noise estimate 
and the second reverse-link noise estimate, 

wherein the reverse-link noise matrix is utilized to select 
communication cham1els to utilize for transmissions 40 

between a plurality of ground stations disposed on the 
ground and the airborne aircraft. 

8. The method of claim 7, wherein the first communica­
tion charmel comprises a first center frequency and a first 
bandwidth, wherein the second collllmmication channel 45 

comprises a second center frequency and a second band­
width, and wherein the first communication channel does 
not overlap the second collllnunication channel. 

9. The method of elaim 7, further comprising:
collllnanding, with the computer processor, the directional 50

antemia and the transceiver to measure a short-tenn 
average of the first noise power level of the first 
communication channel at the first elevation and the 
first azimuth; 

commanding, with the computer processor, the directional 55

antenna and the transceiver to measure a short-tern1 
average of the second noise power level of the second 
communication charmel at the second elevation and the 
second azimuth; 

calculating, with the computer processor, the first reverse- 60 

link noise estimate using the short-term average of the 
first noise power level of the first communication 
channel; and 

calculating, with the computer processor, the second 
reverse-link noise estimate using the short-tern1 aver- 65 

age of the second noise power level of the second 
collllnunication channel. 

18 
10. The method of elaim 7, further comprising:
commanding, with the computer processor, the directional

antenna and the transceiver to measure a long-term 
average of the first noise power level of the first 
communication chaunel at the first elevation and the 
first azimuth; 

collllnanding, with the computer processor, the directional 
antemia and the transceiver to measure a long-tern1 
average of the second noise power level of the second 
collllnunication cham1el at the second elevation and the 
second azimuth; 

calculating, with the computer processor, the first reverse­
link noise estimate using the long-term average of the 
first noise power level of the first collll1m11ication 
channel; and 

calculating, with the computer processor, the second 
reverse-link noise estimate using the long-tenn average 
of the second noise power level of the second collllnu­
nication channel. 

11. The method of elaim 7, further comprising eommand­
ing, with the computer processor, the ground station to 
transmit the reverse-link noise matrix to a ground station 
controller, the ground station controller disposed on the 
ground and in collllnmlicative connection with the plurality 
of ground stations. 

12. The method of elaim 7, further comprising:
colll11ianding, with the computer processor, the directional

antenna and the transceiver to measure a third noise 
power level of a tllird communication channel at a third 
elevation and a third azimuth from the eurrent position 
of the ground station, the third communication channel 
configured to support transmissions between the 
ground station and airborne aircraft; 

calculating, with the computer processor, a third reverse­
link noise estimate using the third noise power level of 
the third communication charmel; and 

calculating, with the computer processor, the reverse-link 
noise matrix using the first reverse-link noise estimate, 
the second reverse-link noise estimate, and the third 
reverse-link noise matrix. 

13. A computer system comprising one or more proces­
sors and/or transceivers configured to: 

retrieve at least one of: 
(i) a forward-link user capacity matrix comprising a

plurality of forward-link user capacity estimates
each associated with a respective signal-to-noise
ratio measurement of a respective communication
cham1el corresponding to a respective location on the
ground; or

(ii) a return-link user capacity matrix comprising a
plurality of return-link user capacity estimates each
associated with a respective noise power level of a
respective communication channel corresponding to
a respective azimuth and a respective elevation from
a current location of an airborne aircraft;

detern1ine, using at least one of (i) the forward-link user 
capacity matrix or (ii) the return-link user capacity 
matrix, a candidate serving cell that is disposed on the 
ground; and 

command a directional antem1a and a particular trans­
ceiver to transmit or receive data between the airborne 
aircraft and the candidate serving cell. 

14. The system of elaim 13, wherein the one or more
processors and/or transceivers are configured to 

retrieve the at least one of (i) the forward-link user 
capacity matrix or (ii) the return-link user capacity 
matrix from an air-to-ground network controller dis- IPR2025-00672 
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posed on the ground and in communicative with a 
plurality of serving cells, the plurality of serving cells 
including the candidate serving cell. 

15. The system of claim 13, wherein the candidate serving
cell comprises a respective noise power level above a 
threshold. 

16. The system of claim 13, wherein the one or more
processors and/or transceivers are further configured to 
transmit the at least one of (i) the forward-link user capacity 
matrix or (ii) the return-link user capacity matrix using an 10

out-of-band cha1111el. 
17. The system of claim 13, wherein the forward-link user

capacity matrix indicates a lower signal-to-noise ratio asso­
ciated with the candidate serving cell than an alternative 
serving cell, and wherein the alternative serving cell is 15

located at a distance from the airborne aircraft that is greater 
than a distance from the airborne aircraft of the candidate 
serving cell. 

18. The system of claim 13, wherein the return-link user
capacity matrix indicates a higher noise power level asso- 20 
ciated with the candidate serving cell than a noise power 
level associated with an alternative serving cell, and wherein 
the alternative serving cell is located at a distance from the 
airborne aircraft that is greater than a distance from the 
airborne aircraft of the candidate serving cell. 25 

19. The system of claim 15, wherein the threshold com­
prises at least one of: 

a short-term noise threshold that enables a serving cell 
selection decision among a plurality of serving cells; or 

a long-term noise threshold that enables a future serving 30 

cell restriction decision. 

* * * * * 

20 
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