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1 Al RBORNE RADI OTELEPHONE COVMUNI CATI ONS SYSTEM

BACKGROUND OF THE INVENTION - 5 I. FIELD OF THE | NVENTI ON The
present invention relates to the field of yconmunications. Mre
particularly, the present invention relates to cellular radiotel ephone
comuni cat i ons bAIRBORNE RATHCTELERHGAGNE COMMUMNMTCATIINSSYSTEM |1.

DESCRPTI ON OF THE RELATED ART Present communi cati ons technol ogy
enabl es aircraft passengers to make tel eg{hone calls to anywhere in the
worl d from any properly 1BACKGROUND QFFHE ENYENTIONe-type aircraft

as well as smaller general aviation-type aircraft can be equi pped with
t he radiotel ne equi pnent . A radi ot el ephone conversation is
typically gciﬁ%ﬁ%&?@m‘m

The present invention relates to the field of communications. More
particularly, the present invention relates to cellular radiotelephone
communications between an airplane and a ground based station.

II. DESCRIPTION OF THE RELATED ART

Present communications technology enables aircraft passengers to

make telephone calls to anywhere in the world from any properly .
15 equipped airplane. Large airline-type aircraft as well as smaller general
aviation-type aircraft can be equipped with the radiotelephone equipment.

A radiotelephone conversation is typically accomplished by first
entering the telephone number to be called as well as credit card
information to pay for the call. The radiotelephone then connects with one

20 of 70 — 80 radiotelephone base stations, also known as cells, on the ground.
The cell to which it connects depends on to which base station the aircraft
is closest when the call is initiated. The cells, each connected to the public
switched telephone network (PSTN), cover most of the continental United
States, thus allowing a telephone call to be initiated from an aircraft

25 almost anywhere.

Aircraft radiotelephones, however, experience a number of
problems. First, the aircraft based radiotelephone does not register in the
ground based system. The ground based system, therefore, does not know
the location of the aircraft radiotelephone. This restricts the aircraft

30 radiotelephone to initiating calls; it cannot receive calls since the ground
system does not know where to forward calls.

Another problem is that the aircraft radiotelephone system does not
perform hand-offs between cells as is done in ground based cellular
radiotelephone systems when the radiotelephone reaches the edge of the

35 cell. This results in the call from the aircraft radiotelephone being
dropped when the aircraft reaches the limit of the cell’s coverage. There is
a resulting need for an airborne radiotelephone system that is compatible
with the ground based cellular radiotelephone system. In other words, an
airborne radiotelephone system is needed that enables ground initiated
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ground initi aifm the ground based subsystem to the airborne radio. The ground based _
subsystem includes.a base station that. is coupled to a public switched
15 - telephone network (PSTN) for transmxttxng PSTN ongmated signals and
- receiving relayed radio signals. The base station has at least one upward
radiating antenna for transmitting and rec_eiv_ing the radio signals.

Bm-DEscmprmN OF THE DRAW_INGS

FIG. 1 shows the a1rborne radmteleph_one commumcat1ons system
of the present 1nventxon ,
FIG. 2 shows the axrborne based subsystem of the present inven-
tion.
25 FIG. 3 shows a flowchart of the process of the present mventmn
- FIG. 4 shows a block dlagram of an alternate embochment of the
_ present mventton

| DETAILED nn'scn'mnon or 'ms PREFERRED EMBODIMENT |

The alrborne radlotelephone commumcatmn system of the present
mventxon is 1llustrated in FIG. 1. This system is comprised of two
subsystems the ground based subsystem (105) and the alrborne based
subsystem (125) :

35 The ground based subsystem ( 105) in the preferred embodiment, is
the code d1v1smn multrple access (CDMA) cellular radiotelephone system.
An alternate embodlment uses the t1me dnnsxon ‘multiple access system.
Another alternate embodlment uses' the present advanced mobile phone
system (AMPS) A typlcal CDMA radxotelephone system is discussed in



VO 96/ 020380 96/02093 PCRCTUESSH/a@B860 7

2 tel ephone calls to be received by the airborne radiotel ephone in
addition to the call fromthe airborne radiotel ephone bei ng handed off
to the next cell as it reaches the edgg of the cell's coverage. 5
SUMVARY COF THE | NVENTI ON The sysStem of the present invention

enconpasses ' . | i : ' r '
subsyst em a%-e%hépaé&gll }%g%g%é gééu%@ % ?ebrzt ﬂ?ﬁgng¥?%g e g & g’b%gtg gsggﬁg&l
subsyst em i nctou@aleomanii Ina0 for transmitting and receiving radio signals
and an ai rborne 1 aghg grourdd BA3LE!rddibedlEAYAS hysbietn Albomprnal B¢ fd BEsLhe

;
airborne radio to round based sufsyst T g d repeater also

g h eI 3
rel ays radi o shagien §120), alsgrknewn asdneeb8ite; comrled: toa mabite switshing

radi 0. The5 greutitérb@i®) that is coupled to the public switched telephone network
(PSTN) (110). The base station (120) communicates with the mobile
radiotelephones and switches the signals from the radiotelephones to the
mobile switching center (115). The base station (120) also provides the
proper channels to the radiotelephone, thus enabling communication
10 with the base station. The mobile switching center (115) switches the

signals from the base station (120) to the PSTN (110} and vice versa.

Each base station (120) is coupled to an antenna (150) that receives
and radiates the CDMA radiotelephone signals. In the preferred
embodiment, the antenna (150) is identical to typical cell site antennas

15 that are well known to one skilled in the art. An alternate embodiment
uses an antenna that radiates upward. This upward radiation forms a
cell that is elevated above the ground allowing the airborne radiotelephone
to travel through the elevated cells in the same manner that a mobile
radiotelephone on the ground travels through terrestrial cells. An

20 antenna that forms this type of elevated cell is a typical directional
antenna that is well known in the art.

A block diagram of the airborne based subsystem of the present
invention is illustrated in FIG. 2. This subsystem uses a CDMA-type
radiotelephone (205) to communicate with a radiotelephone signal

25 repeater (210), having an antenna, that is located in the aircraft. In the
preferred embodiment, the repeater (210) also has an amplifier to increase
the signal’s gain that is being communicated to the repeater.

The repeater (210) receives the signals from the individual
radiotelephones (205) within the aircraft and relays them fo an antenna

30 (215) mounted on the outside of the aircraft. The outside antenna (215)
relays the signals to the base station on the ground. This subsystem may
have a single radiotelephone, as in a small aircraft, or multiple
radiotelephones, as in an airline size aircraft.

The airborne subsystem also operaﬁ:;els in the reverse direction.

35 Telephone calls from the PSTN to the bése station on the ground are
transmitted to the outside antenna (215) that relays them to the repeater
(210) mounted in the aircraft. The repeater’s antenna communicates the
signal to the proper radiotelephone (205) in the aircraft. The
radiotelephones (205) determine which signal is to be decoded by the



subsystem incl-udes a base station that is coupled to a public switched 15
t el ephonMW3k. (PSTN) for transnmitting PSTN ori gi nat ed PETGHISA8647d
receiving relayed radi o signals. The base station has at | east one upward-
radiating antenna for transmtting and receiving the radio signals.
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preferred enbo
_the radxotelephone w1th ‘the ground based subsystem ‘This base station

- has the same functxonahty of jts ground-based counterpart but on a much
" smaller scale since 1t does not’ have to handle the thousands of
10 radlotelephones of the ground-based stat:on S -
" The an-borne commumcatxons system of the present invention
operates in a similar way to the ground based CDMA radiotelephone
L system discussed in Gzlhousen et al A ﬂowchart of th.ts operatxon is -
1llustrated m FIG 3 ) '
B The process begms by the axrborne repeater reglstermg ‘the
radxotelephone with the nearest cell slte (301) Thxs is accomphshed in the
‘same manner as a terrestnal radxotelephone reglsters with the ground
based rad.lotelephone system, the repeater searches for the strongest pilot
_ sxgnal and reglsters with that cell Tlns registratxon process involves the
20 radxotelephones telephone number and’ electromc serial number being
| .transm1tted to the base statlon The reglstratlon process 1s descnbed in
~ greater detaxl m U. S Patent No. 5 289 527 to ’1‘1edemann and asslgned to
Qualcomm, Inc.
o 'The rad:otelephone or ground-based land-lme telephone system
P+ can now unt:ate a call (310) The call from the radlotelephone is received
" by the airborne repeater and amphﬁed (320) before being transmitted to
‘the ground base stataon The ground base station then transmits the call
to the mobile sthchmg center that routes the call to the PSTN where it is
~ then connected to the called telephone number (325).
30 ' The slgnals from the PSTN to the a1rborne radxotelephone are
- routed 1n the reverse of the radlotelephone lmtlated call. The mobile
sthchmg center sthches the’ call to" the base station to which the =
radiotelephone is regxstered The base station then transmits the signal
) (325) to the a:rborne external antenna that relays it to the aircraft repeater
3H (320) The repeater amphﬁes 1t and transmlts the amphﬁer signal to the
radxotelephone in the aircraft. '_ i
The present xnventmn ‘also enables a ground telephone or
radxotelephone to contact an alrborne radlotelephone Since the repeater
has registered the alrborne radiotelephone thh the proper ground base
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center (115) Omaectde taivcraft reaches the fringe of the present cell site, the
radiotelephone begins the hand-off process described in Tiedemann. The
signals from the ground base stations are received by the external
10 antenna of the airborne subsystem and repeated to the radiotelephones.
This enables the radiotelephones to search for the strongest pilot signal of
the next cell and register with that base station. The determining factor
on when the quality of the pilot signal has been reduced to the point that a
hand-off is required is when the pilot signal drops a predetermined
15 amount. This amount may be different for every system and is set to
optimize the system performance.

In the alternate embodiment, the airborne repeater is replaced by a
base station-type unit that registers the radiotelephone aboard the
aircraft. A block diagram of the airborne base station is illustrated in

20 FIG. 4. Once the radiotelephone is registered with the aircraft base
station, the aircraft base station then searches for the strongest pilot
signal from a ground base station and registers with that base station.

Referring to FIG. 4, the airborne base station is comprised of a
number of base station transceivers (410) that are the link between the

25 radiotelephone and the base station. The CDMA interconnect subsystem
(415) routes the signals between the transceivers (410) and the rest of the
base station. The call control processor (420) controls signaling with the
radiotelephones, controls all call processing, and allocates the base
station resources. The time and frequency unit (430) provides the timing

30 and frequency signals for the base station. The base station manager (435)
performs initialization, configuration, and performance management of
the base station. And finally, the selector bank subsystems (440) processes
and formats the data between the ground base stations and the
radiotelephone. The selector bank subsystems (440) are connected to the

35 aircraft’s external antenna (315) to receive and radiate the radiotelephone
signals.

Other embodiments using the airborne base station may have
different components and different features. A base station that simply



signals {romthe base station (120) to the PSTN (110) and _vice versa.
Each basg%éyﬁp?gan (120) is coupled to an antenna (150) thXCTUSSUPRSRT
and radi ates the CDVA radi otel ephone signals. In the preferred .
enbodi ment; the antenna (150) is identical to typical cell site antennas 15

that are well known to one skilled in thé art. An alternate enbodi nent

uses an antenna. that, radi,ates upward. ;This upward r.adi.ation forns a .
ColT that | EOBREARH the ABBCIRLORR o THAERG FrEctratian fe PeRrterdphone
to travel tbasegtatidieischlsuatithinctid scope dfithe presentiinventiohat a nobil e
radi ot el ephone on the ground travels through terrestrial cells. An 20

antenna that forns this type of elevated cell is a typical directiona
antenna that is well known in the art. - -~ A block diagramof the
ai rborne based subsystem.of the present ~invention is illustrated in
FIG 2. This subsystem uses a CDVA-type radi ot el ephone (205) to
comuni cate with a radi ot el ephone signal 25 repeater' (210), having an
antenna, that i's located in the aircraft. In the . preferred enbodi nent,
the repeater (210) also has an anplifier to increase . the signal's gain
that is being communicated to the repeater. .~~~ The repeater (210)
recei ves the signals fromthe individual radi ot el ephones (205) within
the aircraft .and relays.themto an antenna 30 . (215) nounted on the outside
of the aircraft. The outside antenna (215) . relays the signals to the
base station on the ground.: This subsystemmay - have a single

radi ot el ephone, as in:a small aircraft, or nultiple :
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proper radi in the airc $ r adi ot el ephones (205)
determ ne which signal is to be decoded by t he _ WD 96/ 02093

PCT/ US95/ 05607
describod in Gl hodsen & aixrbomg commumcatmns system having a ghbQfi@Sased

Associ at i oi/ EFubsy$em aﬂddﬁ%tﬂ*%nﬁg&ieﬁaﬁ‘ﬁ!ﬁygg%@%%%h&q%? ’&Inp?d%% em

(TIA :EI S-95). comprlsmg I'n an alternate enbodi nent), the radiotel ephone
I SRS e R
base station themsméging and receiving radio signals;
6 an airborne radio repeater for relaying radio signals from the
airborne radio to the ground based subsgystem and for relaying radio
8 signals from the ground based subsystem to the airborne radio; and
a ground based subsystem base station, coupled to a public switched
10 telephone network (PSTN) for transmitting PSTN originated signals and
receiving relayed radio signals, the base station having at least one
12 upward radiating antenna for transmitting and receiving the radio -
signals.

2. The communications system of claim 1 wherein the repeater
2 has the capability of registering the airborne radio with the base station.

3. An airborne communications system having a ground based
2 code division multiple access (CDMA) radiotelephone subsystem and an
airborne based subsystem, the communications system comprising:

4 an airborne radiotelephone, in the airborne based subsystem, for
transmitting and receiving. CDMA signals;
6 an airborne base station for registering the radiotelephone with the

ground based CDMA radiotelephone subsystem and relaying CDMA radio
8 signals from the airborne radiotelephone to the ground based subsystem
and for relaying CDMA radio signals from the ground based subsystem to
10 the airborne radio; and

a CDMA base station in the ground based CDMA subsystem,
12 coupled to a public switched telephone network (PSTN), for transmitting
PSTN originated signals and receiving relayed CDMA radio signals, the
14 base station having a plurality of upward radiating antennas for

transmitting and receiving the radio signals.

4. The airborne communications system of claim 3 wherein the
2 plurality of upward radiating antennas substantially precluding
radiation of the CDMA radio signals at ground level.
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transm tt eW9/02883 ai r borne repeater which then anplifies tRETARIFO860
transmts it to the radi otel ephones @3 the aircraft. As discussed above,
the 5 radi ot el ephones then determ ne which signal is to be decoded.

Anot her benefit of the present invention is the hand-off capability.

Once the aircraft reaches the fringe of the present cell sitgpi§he

radi ot el ephone begins the hand-off process described in '-u-nann The
signals fromthe ground base statj@ns are received by the\gxf ernal 10
antenna of the airborne subsysteniand repeated to the radi bt el ephones.

Thi s enabl es the fadiotel ephones to sarch for the stronget pi | ot signal
of the next cg¢ and = he det erm ni ng

fact or on vvhen reduced to the

point that a hand- off I reqw red i s when the pi I ot signal drops a
predeterm ned 15 unt. TH} s anou may be different for every system and
is set to optiA ze -t he st em perN,or nance. In the alternate

enbodi ment, the alrborne repeater is repl acedEIg 2 base station-type
unit that registdgrs the radiptel ephong aboard aircraft. A block
di agram of the aifrborne base|station ijs illustrated in 20 FIG 4. Once the

r adi ot el ephon regi st gree-p th trhe-e rcraft base station, the
aircraft base[STan on thgn_searchedTor]the strongest pil ot signal from
a ground base{@OR} on andARG(st er OMPh t hat base station.
Referring to FbBOK, the |[DOOprne hagOFtation is conprised of a nunber
of base stati ggg anscei vggg 410) 8@8 are the |link between the
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25 radi ot 3¥@pée2ess and t he base station. The CDMA i nt er connePCTASIEH085¢7%2 M
(415) routes the signals between the transceivers (410) and the rest of the
base station. The call control procé&sor (420) controls signaling with the
radi ot el ephones, controls all call processing, and allocates the base
station resources. The tine and frequency @nit (430) provides the timng 30
and frequency signals for the base stations The base station manager (435)
perfornms initialization, configuration, and pgrformance managenent of

the base station. And finally, the selector k subsystens (440) processes
and formats the data between the ground base ns and the

radi ot el ephone. The sel ector bank subsystens 40) {are connected to the 35
aircraft's external antenna (315) to receive and rddi ate the radi otel ephone
si gnal s. O her enbodi nents using the g#rborne base station may
have di fferent conponents and different fe A base station that
sinply WD 96/ 02093-
PCT/ US95/ 08607
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65 ‘registers the radiotel ephone and relays this regi SREBL.ACEMENET SHEET

gr ound base station is also within the scope of the present invention,
REPLACEMENT SHEET : » -78 (ﬁEBlmS K£7Mm p
1. A conmmuni cations system conpri si ng: an airborne based < =Y

subsystem for transmtting radio signals to, and receiving comunication
signals having a quality level from a first base stat+on of--a-plurality of

base stations in a ground based subsystem and if the | f said
first base station's conmunication signal is |ess than]: i’ m E ll
anount, transmtting the radio signals to, gmd receivi I on

CLAIMS

1. A communications system comprising:

an airborne based subsystem for transmitting radio signals to, and
receiving communication signals having a quality level from, a first base station
of a plurality of base stations in a ground based subsystem, and if the quality
level of said first base station’s communication signal is less than a predetermined
amount, transmifting the radio signals to, and receiving the communication
signals from, a second base station of said plurality of base stations, the airborne
based subsystem comprising:

an airborne radio for originating the radio signals and receiving the
communication signals, and selecting the second base station in response to the
quality level of the second base station’s communication signal; and

an airborne radio repeater for relaying the radio signals from the airborne
radio to the ground based subsystem and for relaying the communication signals
from the ground based subsystem to the airborne radio;

the ground based subsystem being coupled to a public switched telephone
network (PSTN) and having at least one upward radiating antenna for

transmitting the communication signals and receiving the radio signals.

2. The communications system of claim 1 wherein the plurality of
upward radiating antennas emits a radiation pattern defining a plurality of

airborne cells.

3. A communications system comprising:

an airborne based subsystem for transmitting radio signals to, and
receiving communication signals having a quality level from, a first base station
of a plurality of base stations in a ground based subsystem, and if the quality
level of said first base station’s communication signal is less than a predetermined

amount, transmitting the radio signals to, and receiving the communication



signal § from a second base staii on of said plurality %EPEAQE?\WM}'SHEET

ai rborne based subsystem conpri si ng: an airborne radro

originating the radio signals and receiving the comunication sigﬂSIEEségaﬂ
selecting the second base station in response to the quality |level of the
second base station's comuni cation signal; and an airborne radio
repeater for relaying the radio signals fromthe airborne radi-o to-the -
ground based subsystem and for relaying the comrunicati i he
ground based subsystemto the airborne radio; thﬁiﬂ\'ﬁﬂ!ﬁ.ﬂ&%ﬂ!"
subsystem bei ng coupled to a public sw tchedgtel ephone ne L d
havi ng at | east one upward radi ating antenna for transmtting the

comuni cation signals and receiving the radi o signals. 2. The
conmuni cati ons sy | Al lLk: : ' dar.adrating
antennas enits a ?ﬁ?g? foch?], %%@@%‘ﬂgéﬁhﬁ?tﬁgg%%ﬁﬁ?@%ﬁ%ﬁ al rbs’otrhﬁggﬂggﬂes.
3. A communi cabasedssubyystemmcomprisingi ng: an airborne based

i gnal s having . qual | @ abgRe THiGiseRRoRs fE orBRENE Hia PR SIS B APV of
base stations in aZdiRHRAUnRARGsigHIS Yotb SBlec@iiilelsebdifd BH48 stati¥n in response to
the quality level of the second base station’s communication signal; and
an airborne base station for registering the radiotelephone with the ground
based subsystem and relaying the radio signals from the airborne radiotelephone
to the ground based subsystem and for relaying the communication signals from
the ground based subsystem to the airborne radio;
the ground based subsystem being coupled to a public switched telephone
network (PSTN), and having a plurality of upward radiating antennas for

transmitting the communication signals and receiving the radio signals.

4. The communications system of claim 3 wherein the plurality of
upward radiating antennas emits a radiation pattern defining a plurality of

airborne cells.
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(57) Abstract 301
The airborne radio communications system of the present invention enables an REGISTER /
airbome radio to communicate with the ground based cellular radiotelephone system. The RADIOTELEPHONE
present invention also enables the ground based system to keep track of the location of the WITH NEAREST CELL
airbome radiotelephone and page it when a cail from the ground based telephone system
is received. The ground base station is connected to upward radiating antennas that form
aitbome cells. As the aircraft with the radio #lies through the airbome cells, thé airborne
relay receives the signals from the base station and relays them to the radio. If the radio 310
is transmitting signals, the relay transmits those signals, through the airbome ¢elis, to the
base station. As the aircraft moves from cell to cell, the radio is handed off to the next cell RADIOTELEPHONE | _~
to maintain communications with the ground.




an airborne base station for registering the radi otel ephone with the ground
based subsystem and rel aying the radio signals fromthe airborne

r adi ot el ephone to the ground based subsysten1and for relaying the
communi cation. signals fromthe ground based subsystemto the airborne
radi o; t he ground based subsysten1be|ng coupled to a public swtched
t'el ephone network (PSTN);  -and having a plurality of upward radlatlng '
antennas for transmtting the communication signals and receiving the radio
si gnal s. 4.- - The conmunications systemof claim3 wherein the
plurality of upward radlatlng antennas en1ts a radlatlon pattern deflnlng a
plurality of alrborne ceIIs
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