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AIRBORNE RADIOTELEPHONE COMMUNICATIONS SYSTEM 

BACKGROUND OF THE INVENTION 

5 I. FIELD OF THE INVENTION 

10 

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 a~ywhere in the world from any properly_ 

l5 equipped airplane. Large airline-type aircraft as well a~ smaller general 
aviation-type aircraft can be equipped with the radiotelephone equipment. 

A radiotelephone conversation is· typically accomplished by fi,rst 
entering the telephone number to be called as well as credit card 
information to pay for the call. The radiotelephone then connect.a with one 

3> 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 

00 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 raqiotelephone 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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telephone calls to be received by the airborn~. radiotelephone in addition to 
the call from the airbome,.radiot~lephone being handed off to the next cell 
as it reaches the edge of the cell's cover~ge. . · . · 

SUMMARY OF THE INvENrt6N 

'l'he ~ysteD). of tpe present ipventi()n ep.compasses an airborne 
communications llY~teD) )laving a gro~ncl .~~se4 ·i~ubsystem and an 
airborne based subsystem. The airborne based subsystem includes a radio 

10 for transmitting and receiving radio signal~ .. an9 . an airborne radio 
.· .. ·. ·.- .. ; .. -:. : .. . · . . . . 

repeater for relaying the radio signals from the airborne radio to ·the 

ground based subsysteµi .. The radio . rep~atE!r ..• alse> . relays radio sign8ls C 
from the ground based st1bsystem· to the airb()rne radio. The ground based _ 
subsystem includes .a base $tation t:\)at iii!,, co~pled; t,o ~ pu?lic switched 

15 telephone network .(PSTN) fcg ·trans~ittiJtg PSr,rN originated signals and 
receiving relayed radio sign.is. /rl1e ·base s~ij9n. h~· at least one upw~d 
radiating antenna for transm.jtting and r~eivi.p.g the radio signals. 

BRIEF DESCR.IPTION OF TID; DRAWINGS 
m 

FIG. 1 s}iQws the ~rborn:e rac;Uotelepb(>n~, communi~ations system 
of the present inventio~.· . . . .· · .· . . . · ·. . 

FIG., 2 shows the airborne based subsy~tem of the. present inven-
ti on. 

2D FIG. 3 shows a flow~art oftl:it! process of the present invention. 
FIG. 4 shows a block diagram ()(an alteniate embodiment of the 

present invention. 

DETAILED DES~ON OF~ ~-EMBOl)IMENT 

. The airborne· radiotelephone communication system of the present 
invention is illustrated in FIG. · 1. This system is comprised of two 
subsyste:ois: the ground based subsysteih (105) and the airborne based 
subsystem (125). .· . . . - . . . 

35 The grounci based ,~ubsystem (105), in:· the preferred embodiment, is 
the code divf~ion multiple access CCDMA> cellwar radiotelephone system. 
An aiternate ~b~climent us~ the illne divisiorf multiple access system. 
Anothe~ alternate e~bodimeri.t uses' :the ·pre&~nt ·advanced. mobile phone 
system (AMPS). A: tyP~citl CDMA radiotelephone system is discussed in 
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greater detail in 'Q-~-~ Patent No. 4,901,307 to q~1~ousen et al. and assigned 
to Qualcomm, Inc. · · ·· 

The ground based radiotelephone system is comprised of a base 
station <120), also known as a cell site, c,oupled to a mobile switching 

5 center (115) that is coupled to the public switched telephone network 
(PSTN) (110). The base station (120) co~municates with the mobile 
radiotelephones and switches the signals ft:om the radiotelephones to the 
mobile switching center (115). The base station (120) also provides the 
proper channels to the radiotelephonet 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 r.adiotelephone signals. In the pref erred _ 
embodiment, the antenna (150) is identical to typical c~ll 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 form~ 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 tr~vels through terrestrial cells. An 

m 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 to an antenna 

3) (215) mounted on the outside of the aircraft. The outside antenna (215) 
relaY,s 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 aircra; 

The airborne subsystem also oper':l~s in the reverse direction. 
35 Telephone calls from the PSTN to the base station on the ground are 

transmitted to the outside antenna (215) t~t 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 silnal is to be decoded by the 
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process described in Gilhousen et al.·. S:nd in the:'Telecommunications 
Industries Association/Electronic Industrie·s· 'As:~fotiation Interim 
Standard 95 <TIAJE1Ans~95) . 

. In an alterna:te; emb'odiment, t~e radiotelephone signal r~p-eater is 
5 replaced by an· airb~~ne ba~e statio~ that has ·th..~ ~bility to 'register the 

radiot~lephones ~n :th~ aircraft. The 'all-bortie pase station th~n registers 
the radiotelepho~e .~ith :the ground .b~$~d:'sub~ystem~ This base station 
has the same function~lity ofjts ground~b~ia~tfboiinterpart but.on a much 
smaller scale sin~~: it does not have ~-· i~- handle the thousands of 

10 radiotelephones_ of the,itrolind-based stati6n.: · : 
The· airborne. coinmunications sys'tf!m ·of the -present invention 

operates in a similtl~ way to the ground 'b~s·ea·:CDMA radiotelephone t 
syste~ discussed in .Gilhousen· et al. A t1tiw~h'1-t of this o~eration is -
illustrated in FIG. 3. . ... · " ··. . 

15 Th:e ·.·.· pro~ess ·: belins by the· ai~botrte ._,repeat$r registering ·the 

radioteleph~li~ '.\vith the nearest celi site (SO it 'hilii' is 'accomplished in the 
'same manner 'as' a te~estrial radiotelephone:'.registers with' the ground 
based radiotelephone system; the repeater~ seatches for the strongest pilot 
signal and ~giste~- with that 'ceit' This reiistr.tioli process involves the 

m radiotelephone'i telephone' number and: Ji~~liic serial 'number being 
transmitted to the base station .. 'Tiie' regiltfatfon PJ:'Otess is described in 

. greater deurll in U.S. ·Patent.No. 5,2~9,527 tO Tied~ann and assigned to 
Qualcomm, Inc. 

The 'radiotelephone or groupd·based land-line telephone system 
2.5 can now initiate ~-·call.(310). The eallfrOm the r.diotelephone is received 

by the ~rbome repeat~ and ilmplified. <820> before being transmitted to 
the itround base' statjoil. The' ·gt.oiind' base: statio1f then transmits the call 

''to the mobile switching center that routes' the call to the PSTN where it is 
then conn~cted io the called telepho~e,number (a25). 

3) The signals from the.· PSTN:: to: the mrbome radiotelephone are 
rout9d in the . re~erse of the· radiotei~phone initiated calt The mobile 
switchi~g cent~r ·~\Vitches -the : ~~il to the: base 'station to which the 
radiotelephone is registered. 'The bas$ station then: ~ansmits the signal 
(325)to the airboril~ external alltet1na thiltrelays it.to the &ircraft repeater 

35 (320). The, repeater amplifies it a~d tra'.ti~its the amplifier signal to the 
radiotelephone ln the' aircraft. ' ,' •· ' . 

The prese~t ·invention :. also ~·rtables ·a ground telephone or 
radiotelephone to -c~htact an airborile'·radi~te~ephone. Since the repeater 
has register~d th~ ~bome radiotelephClne with the proper ~ound base 
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station, the mobil~ Fitching center knows to whjch base station the call 
is to be routed. ~ the call is routed to t~~~ih-oper base station it is 
transmitted to the airborne repeater which then amplifies the call and 
transmits it to the radiotelephones on the aircraft. As discussed abovet the 

5 radiotelephones then determine which signal is to be decoded. 
Another benefit of the present invention is the hand-off capability. 

Once the aircraft reaches the fringe of the present cell sitet 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 

a> 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 slgnals 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 

3> 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 
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registei:-s th:e radi<>telephone and relays·· this registration to the ground 
base station is also within the scope of the present invention. 
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CLAIMS 

THIS SHEET HAS BEEN 
REF LACED 

* C L M S * 

1. An airborne communications system having a ground based 

2 subsystem and an airborne based subsystem, the communications system 

comprising: 

4 an airborne radio, in the airborne based subsystem, for 

transmitting and receiving radio signals; 

6 an airborne radio repeater for relaying radio signals from the 

airborne radio to the ground based sub•f.stem 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 CPSTN) 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, 

l2 coupled to a public switched telephone network (PSTN), for transmitting 

PST?i originated signals and receiving relayed CDMA radio signals, the 

14 base station having a plurality of upward radiating antennas for 

transmitting and receiving the radi'o 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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5. An airborne radiotelephone system, comprising: 
2 an airborne radiotelephone having a capability for transmitting and 

receiving code division multiple ac~ess (CDMA) radiotelephone signals; 
4 a plurality of base stations, c~upled t~ ~ p~bli~ switched telephone 

· network (PSTN), for c9upling received CDMA .radiotelephone signals "to 
6 the PSTN and for c'ori~~rti~g P~TN .signal~ to. CDMA radiotelephone 

signals for transmission' t6 the ·~rbo~h~. r~dioteleph~ne; and 
8 a plurality of U:i>~ard'radiating. anteruias, ~a~h intenna coupled to 

a· first base· station .. 6fthe plurality ·of ba~k,.stations, fo~ receiving and 
10 radiating the CDMA ·radiotelephone · ~igil~lls~-.-:tb~ piurality -of upward 

radiating antennt1s :substanti~lly precI.ti4iiig-.radiation of the CDMA 
12 radiotelephone sigrialaf at g?'ound level. - : · 
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