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(57) ABSTRACT 

Seamless hand-off of air-to-ground telephony calls is 
achieved autonomously within an aircraft by using one of at 
least two radio links to search for additional ground stations. 
The search for candidate ground stations for hand-off is 
expedited by eliminating ground stations exhibiting zero or 
negative Doppler effects. Other values indicating quality of 
the link corresponding to the channel over which the search 
is conducted is compared with the quality of the call and an 
alternate call is established using the call identification code 
previously established for the call in progress. The hand-off 
of the call may then be easily conducted by transferring the 
voice signal to the channel over which the search was 
conducted. This is preferably done at a time when the 
transmission quality of the two channels would be approxi
mately the same or the quality improved on the channel to 
which hand-off is made. 

27 Claims, 4 Drawing Sheets 
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SEAMLESS HAND-OFF FOR AIR-TO
GROUND SYSTEMS 

This application is a continuation of U.S. patent appli
cation Ser. No. 08/037,600, filed Mar. 26, 1993, abandoned. 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

2 
spheric conditions. Wired links will be largely immune from 
variation in propagation delays due to variation of atmo
spheric conditions. Therefore, the transfer of communica
tions links can usually be accomplished fairly simply and 
largely without the users becoming aware of the transfer, 
even when complex hand-off procedures are employed. 
Under normal circumstances in a stationary system, a sec
ond communication link is established in a synchronized 
fashion and time correlated or piggy-backed with the first. 

The present invention generally relates to mobile tele
communications and, more particularly, to air-to-ground 
telecommunications through a sequence of ground stations 
through which maximum quality communications may be 
maintained during the course of a flight. 

10 
Then, at an appropriate time, such as when the packet rate 
is low, the hand-off is accomplished by substituting the 
second link for the first. The slight time shift is not notice
able to the users since it will usually be manifested in the 
slight shortening or lengthening of a period of relative 

2. Description of the Prior Art 
15 

silence, for which the respective users have no reference. 
In a cellular system, however, to avoid the loss of a call 

when a mobile cellular unit travels beyond the range at 
which a base station can maintain a good quality commu
nication link, a base station controlled "hand-off mechanism 
has been developed. In this hand-off mechanism, a channel 

Recent progress in high-frequency radio communications 
has enabled the support of many simultaneous communica
tion links such as are involved in telecommunications. In 
particular, mobile telephony has effectively replaced citizens 
band radio as the communication link of choice when one or 
a plurality of communicating parties are located in vehicles 
such as automobiles, boats or airplanes. In fact, the limited 
number of channels available limited the privacy of such 
communications and use of such communications was there
fore inappropriate to many of the types of communication 
commonly conducted by telephone. More recently, however, 
so-called cellular telephony systems, characterized by the 
overlapping reception fields have made the privacy and 
convenience expected of stationary communications utilities 
available to the mobile communications market. 

20 unit of the base station measures the quality of the signal 
from the mobile unit and notifies the base station controller 
when quality drops below a predetermined level. The base 
station controller will contain a list of adjacent base stations 
and, when the received signal quality becomes low, com-

25 mands these adjacent base stations to scan for the radio link 
on which the call is being conducted. It should be noted that 
cellular systems are synchronously operated with a national 
clock and the scanning process requires testing received 
signals for signal from the mobile unit in the same signal 

In cellular telephony systems, the size of the reception 
area of a single cell is very large relative to the speed of 
vehicle travel. That is, due to the overlapping arrangement 

30 
transmission frame at a plurality of adjacent stations. When 
such a signal is found at another base station, the received 
signal quality is tested and the hand-off is controlled by one 
of the base stations. 

So-called mobile assisted hand-off systems are also 
known which are similar to the hand-off mechanism for 
cellular telephony. In mobile assisted hand-off systems, the 
mobile unit is directed to scan control frequencies of the 
adjacent base stations and to notify the current base station 
of the strongest candidates. The base station then directs 
only those candidate base stations to scan for the signal of 

of the reception fields, a channel will normally be available 
through at least one cell for a given location of the mobile 35 
transmitter. Further, while a call may be extended, it is 
relatively unlikely that a call will continue while the vehicle 
moves beyond the range of the cell in which it is begun or 
even so close to a fringe area of the cell that service will be 
significantly impaired. 40 the mobile station. 

The same is not true of air-to-ground telecommunications 
due to the increased speed of the aircraft with which the 
communication may be held. While air-to-ground telecom
munications are in many ways similar to cellular telephony 
systems, the speed of the mobile vehicle and the average 45 

duration of the call (since the caller is seldom the operator 

Both of these systems require many complex operations 
and numerous communications between base stations as 
well as requiring the ground-based system to be operated in 
a synchronized manner. However, this complexity is toler
able in view of the low likelihood that a hand-off will be 
required. 

In contrast, with mobile communications involving a high 
speed aircraft the time during which an aircraft remains 
within good quality communication range of a base station 
is very much reduced and the likelihood that a hand-off will 
be required during a particular call is very much increased. 
Further, time relationships and propagation delays are con
stantly changing. Therefore, it is difficult to provide a change 
of communications links which is "seamless" and not 

of the vehicle as is often the case in communications to 
automobiles) are significant in comparison to the diameter of 
the zone over which quality communication may be main
tained. In addition, atmospheric conditions may be more 50 

likely to increase packet error rate and reduce received 
signal power. Doppler shift effects which may reduce trans
mission quality may also be significant in air-to-ground 
telephony but of negligible effect at the normal speeds of 
ground or water based vehicles. 55 readily detectable by an operator since such a change is often 

accompanied by momentary high noise levels or the omis
sion or repetition of a portion of the communication or a 
very audibly noticeable change in the quality of the com-

The concept of altering communication links while a 
particular call is in process is complex but not unknown in 
telephony. However, such transfers are often accomplished 
in telecommunication utilities for the benefit of the utility in 
accommodating traffic levels at any particular time. Ideally, 60 

the quality of service provided by stationary facilities should 
not change but, in practice, quality may be affected by 
atmospheric conditions where microwave or satellite links 
are employed. Even where communication links must be 
changed during the course of a call, the time delay inherent 65 

in each communication link is constant in stationary systems 
to a relatively high degree of accuracy regardless of atmo-

munication link. The changing time relationships also would 
complicate the scanning for the call from the mobile unit if 
a complex, synchronous system such as are used in cellular 
or mobile assisted hand-off systems were to be employed. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a technique of alteration of communication links in which 
the quality of communication links will be closely matched. 
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It is another object of the present invention to provide a 
system for substitution of communication links in which the 
communication will be substantially "seamless" and without 
noticeable time error. 

4 
state zone 10 of about 132 miles in diameter centered on the 
ground station. 

In order to accomplish these and other objects of the 5 

invention, a method is provided for substitution of commu
nication links in a seamless manner including the steps of 
establishing a first communication channel carrying a call 
over a first communication link, establishing a second com
munication channel over a different communication link, 10 

establishing a call over the second communication channel 
corresponding to the call carried by said first communication 
channel, comparing quality of transmission in said first and 
second channels, and transferring voice signals of the call 
from the first communication channel to the second com- 15 

munication channel in response to the comparing step. 

It is important to realize from FIG. 1 that the average 
operational airspeed of commercial aircraft is about five 
hundred to five hundred fifty miles per hour. Therefore, a 
diameter of the entire cell envelope 80 would normally be 
traversed in somewhat less than forty-eight minutes and the 
diameter of the steady state zone 10 would be traversed in 
one-third that time or somewhat less than eighteen minutes. 
More importantly, perhaps, the width of the optimal hand-off 
zone 50 could be traversed in a radial direction in about four 
minutes or less. Considering these transit times relative to a 
distribution of normal telephone call durations, it can be 
readily appreciated that a large number of air-to-ground calls 
beginning at arbitrary times (and, hence, locations) while air 
aircraft is traversing an arbitrary but generally linear flight 
path will require hand-off to an adjacent ground station 
before the minimal service threshold 60 is crossed where the 
aircraft enters the mandatory hand-off zone 70. For example, 
a call beginning when an aircraft was at point 90 which 
lasted for ten minutes while the aircraft traversed a linear 
flight path such as 91 would terminate when the aircraft was 
at some point on the locus indicated by circle 92, about one 
third of which are within the mandatory hand-off zone 70 
which is beyond the minimal service threshold 60. (It should 

In accordance with another aspect of the invention, a 
method is provided for substitution of communication links 
between a mobile telephony unit and ones of a plurality of 
ground stations in a seamless manner including the steps of 20 

comparing quality of reception at said mobile unit over at 
least first and second communication links between the 
mobile unit and respective first and second ground stations, 
and transferring call signals between the first and second 
communication links in response to said comparing step. 25 be understood that the cell envelope allows a call to continue 

but at a lower than desired level (e.g. "minimal" of quality.) 
About one-half of the points on locus 92 are outside the 
preferred ground station selected zone 30 and, since the 
duration or the call (e.g. the radius of locus 92) is not known 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages 
will be better understood from the following detailed 
description of a preferred embodiment of the invention with 
reference to the drawings, in which: 

FIG. 1 is a diagram of the operational range of a base 
station, 

FIG. 2 is a diagram of the system organization in accor
dance with the invention, 

FIG. 3 is a schematic illustration of a preferred form of the 
invention, and 

FIG. 4 is a diagram of the reception ranges of a hypo
thetical array of base stations. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Referring now to the drawings, and more particularly to 
FIG. 1, there is shown a diagram of the transmission/ 
reception typical of a ground or base station for airborne 
telecommunications. The pattern is generally circular and 
centered on the transmitter location. However, local 
geography, meteorological conditions and the like can make 
the pattern vary, as noted above. However, the general 
proportionality of the sub-ranges will remain approximately 
the same. These sub-ranges are somewhat arbitrary since 
they correspond to differences in reception quality of either 
the mobile (e.g. airborne) station or the base station or both. 
However, it is to be understood that this qualitative differ
entiation is largely based on quantitative measurements of 
reception parameters such as signal strength, signal to noise 
ratio and bit error rate. 

30 while the call is in progress, hand-off should be attempted in 
about one-half of all ten-minute calls beginning at point 90 
and the hand-off completed in substantially more than 
one-third in order to maintain communication quality. 

Referring now to FIG. 2, the organization of the invention 

35 100 will now be explained. In accordance with the 
invention, the aircraft will include an air terminal 110, 
preferably in the form of an integrated switching digital 
network (ISDN). However, the particular form of the tele
phone distribution provided by the air terminal is unimpor-

40 tant to the practice of the invention. If an ISDN network is 
provided, the air terminal controller will provide for an 
arbitrary number of ISDN terminals, each of which provides 
two voice channels and a control channel in one of the ISDN 
loops 111 to which several (preferably eight) handsets can be 

45 connected. Selectivity between these handsets is provided 
by air terminal controller 112 and also is unimportant to the 
practice of the present invention. Signals from the handsets 
are preferably converted into digital signals in the ISDN 
network and a radio frequency carrier is modulated by 

50 Modem 113 for transmission at a radio frequency by 
transmitter/receiver 114. Received signals are also demodu
lated by modem 113 to derive digital packet to be distributed 
and converted to analog signals by the ISDN system. 

Radio transmitter 114 in the air terminal provides a 
55 minimum of two communication channels for communica

tion with ground stations. FIG. 2 assumes a call is in 
progress over channel1, communicating with ground station 
A 120 which also contains a radio transmitting/receiving 
unit and a modem. Ground station controller 121 is in some 

The diameter of the cell envelope 80 is generally about 60 

400 miles. The radius is divided approximately into thirds 
and the outer third again divided into halves. Thus, the 
minimal service threshold 60 is about 33 miles inside the cell 
envelope 80, the optimal service threshold 40 is about 33 
miles inside the minimal service threshold 60, and the 65 

preferred ground station threshold 20 is about 66 miles 
inside the optimal service threshold 40, leaving a steady 

ways similar in function to the air station controller in that 
it should be capable of carrying a plurality of calls and 
directing them to different connections to a public switched 
telephone network (PSTN) 140 which is generally referred 
to as a "platform" since it supports connections between 
ground stations and arbitrary destination parties such as 150. 

It should be understood that radio communications 
between the air terminal and a ground station, in accordance 
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with the invention, are not limited to calls. Test or other 
predetermined forms or patterns of signals may be 
transmitted, as well, to ascertain the status of the radio linlc 
In accordance with the invention, when the at least one radio 
communication channel (e.g. channel2) is not being used to 
conduct a call, it can be used to attempt to establish a radio 
link with another ground station such as ground station B 
130, as indicated by a dashed radio link symbol (to indicate 
the transmitted signal is not a call). Once such a link is 
established, the link can be tested in many ways in regard to 
transmission quality and other factors such as doppler effects 
due to aircraft motion. When the radio link is of sufficient 
quality to support high quality telecommunications, a dupli
cate call can be established over channel 2 through ground 
station 130 to platform 140 using the call identification code 
originally established when the call was originated over 
channel!. The platform will superimpose these calls. It then 
becomes completely unimportant which of the channels 
carries the voice information and switching of ground sta
tions can then be accomplished, in accordance with the 
invention by switching the connection of voice signals from 
or to the ISDN network between channels 1 and 2. When this 
switching is done, channel1 becomes free to control termi
nation of the connection between ground station 120 and 
platform 140, leaving the call through ground station 130 
uninterrupted. Thereafter, channel 1 will be free to either 
carry newly initiated calls through ground station 130 or for 
use as a "probe" to search for additional ground stations to 
which subsequent hand-offs may be conducted in the same 
manner as described above. Thus, the invention provides 
complete autonomy of the air terminal to control which 
ground station will be used to carry the call. Moreover, all 
calls carried by the channel will be handed-off in the same 
operation. If additional radio channels are provided, they 
may be handed-off separately or together, as desired. 
Further, as will be explained in more detail in regard to FIG. 
4, if the quality of the radio links is comparable when 
switching is done, the hand-off will be undetectable (e.g. 
seamless) to parties to the call. 

Referring now to FIGS. 3 and 4, the detailed operation of 
the invention will now be explained. The same reference 
numerals are applied to the (ISDN) air terminal controller 
112 and the radio transmitter/receiver 114 as in FIG. 2. 
Again assuming a call proceeding on channel1 and channel 

6 
time the aircraft has proceeded to the area marked by circle 
420, assuming the call to continue, the optimum hand-off 
zone of ground station A would also have been reached. 
Note that at this point, the aircraft will have already entered 

5 the optimal hand-off zone for ground station C. Between 
point 430 and point 440, however the aircraft is still within 
the preferred ground station selected zone of ground station 
A and hand-off will not be attempted between point 440 and 
region 420, the aircraft will have passed the point of nearest 

10 proximity to ground station C and when a radio link with 
ground station C is tested for Doppler effects in this region, 
the effects will be zero or slightly negative, indicating that 
the aircraft is travelling away from ground station C. While 
a hand-off to ground station C would be possible, it is clear 

15 that another hand-off would be required shortly since the 
aircraft is near the minimal service threshold of ground 
station C and flying away from it. In this way, the search for 
candidate ground stations can be expedited sufficiently to 
reliably achieve hand-off within a period which may be as 

20 short as four minutes, as noted above. In theory, ground 
station B could be located as early as point 450, once ground 
station C was eliminated as a candidate by exhibiting a lower 
value of Doppler effects than ground station B. Assuming a 
radio link was achieved with ground station B, hand-off 

25 would then occur somewhere within approximately area 420 
or somewhat beyond where the optimum hand-off zones of 
ground stations A and B overlap. Note that in region 420, the 
relative proximity of the aircraft to each of ground stations 
B and C and the relative radio link quality is about equal. 

30 However, there is no ambiguity of operation in this and in 
most cases because of the discrimination based on the value 
of Doppler effects. 

Returning now to FIG. 3, it is seen that signals on both 
channels 1 and 2 are directed through switch 350 to a signal 

35 strength comparator 330. 320 and/or an error rate compara
tor. These elements detect these respective transmission 
quality values in the signal received over each channel and 
compare them. If one or more of the values are not 
comparable, a channel scan control causes another radio link 

40 to be established and tested. On the other hand, the com
parators also preferably apply a threshold and can terminate 
search for further candidates for hand-off when the values 
compare within a given tolerance. At this level of favorable 

2 being free to search for a ground station to which a 45 

hand-offwill be made, test signals will be present on channel 

comparison and when a candidate for hand-off has been 
selected, the search channel is placed in a mode referred to 
as the overhead mode by mode control 370 and a predeter-

2 which are directed through a switch means such as a 
transmission gate array connected to function as a double 
pole-double throw (DPDT) switch and thence to a doppler 
effect detector 310 and comparators 320 and 330. These 50 

comparators detect the zones of respective ground station in 
which the aircraft is presently located by determining rela
tive radio link quality. The Doppler effect detector will be 
used to expedite the search for ground stations which may be 

mined code is transmitted over channel 2 to place calls 
through the candidate ground station using the previously 
established call identification code for each call. 

When the error rates and or signal strengths (and/or other 
values) compare closely or when the radio link of the search 
channel becomes of higher quality than the call channel, 
hand-off is controlled by combinatorial logic unit 340 
(which may also provide a threshold difference in quality or 

a candidate for hand-off. 
Referring now to FIG. 4, an array of cell envelopes such 

at that of FIG. 1 is shown and the respective cells are 
labelled A, B and C. The separation of ground stations A and 

55 impose a time duration over which the improvement in 
quality must be maintained before hand-off is commanded) 
by causing switching of the voice signal of the call signals 
to and from the air terminal network 112 and handset 380 to 

B relative to the size of their respective envelopes is ideal for 
maximum performance and economy. That is the optimal 60 

service thresholds of these ground stations meet more or less 
precisely. On the other hand, as is often the case, envelope 
C is not precisely located in a grid pattern for optimum 
coverage. Assuming a call to have begun at location 410 
along a flight path, the call would have been initiated 65 

through ground station A If earlier, the call would have been 
handed off to ground station A at least by point 410. By the 

the channel previously used for the ground station search 
and testing to complete the hand-off of the call. Other values 
such as signal-to-noise ratio could be detected as well for 
causing this switching to take place. Whatever values or 
combination of values are used, however, comparable qual
ity of radio links is assured and hand-off will be seamless 
and usually undetectable to users. Also, due to the symmetry 
of envelopes of the respective cells about the aircraft posi-
tion at the instant of hand-off, time delays will also be 
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comparable and little or no noise or delays in the voice 
signal will occur. At the same time switch means 350 is 
toggled (equivalently, the names of the channels could be 
changed in software) to allow search signals from channel1 
to be evaluated in the same manner as channel 2, as 5 
discussed above. 

However, immediately after hand-off of the call by 
switching at switch 360, the channel which had previously 
carried the call preferably assumes the overhead mode and 
a further predetermined signal is sent to terminate the 

10 
connection to telephone platform 140 through the ground 
station 120 and to terminate the previous radio link. The 
details of this operation are of little importance to the 
practice of the invention since use of the free channel to 
search for a further link will terminate the radio link, 

15 
especially because the previous link will always exhibit a 
zero or negative value of Doppler effects. Normal call time 
out procedures will then terminate the connection from the 
previous ground station to the platform. However, some 
additional search time may be made available by deliber-

20 
ately terminating the previous connection through operation 
of the channel briefly in the overhead mode. 

Thus it is seen that by comparison of transmission quality 
values on at least two radio channels, alternate call paths 
may be established as needed and the call may be handed-off 25 
seamlessly and autonomously from the ground stations 
without need for synchronization of ground stations or 
communication therebetween. 

In the preferred embodiment of the invention, the zones, 
as they are determined by comparators 320 and 330, may be 30 
used to enhance the call-carrying capacity of the air terminal 
by control of the network 112 by combinatorial logic unit 
340. Specifically, when it is detected that the aircraft is in the 
steady state zone 10, hand-off is not possible due to the 
spacing of ground stations and both channels may be used 35 
for carrying calls by causing connection of network 112 to 
the other channel through switches schematically depicted at 
390 and 395. Calls initiated during this state of operation 
may be continued well after the aircraft has left the steady 
state zone and, potentially the cell. In this latter case, no 40 
searching could be conducted if all communication channels 
are occupied with calls. Therefore, it is also preferred to 
have more than two channels so that one channel is likely to 
be available for searching in the Preferred ground station 
selected zone. It is preferred to implement this control by 45 
providing that seizure of at least one channel is prevented 
when it is detected that the aircraft is in any of zones 30, 50 
or 70. Thus, even if all channels are used for calls in the 
steady state zone, the first channel to be released after the 
aircraft has left that zone cannot be again seized until 50 
presence in another steady state zone is detected. 

If, however, no channel becomes available until presence 
in the mandatory hand-of zone is detected, hand-off will be 
performed for the first candidate with which a radio link is 
established. This circumstance, for example, could cause a 55 

short duration hand-off to ground station C and thereafter to 
ground B in the scenario of FIG. 4. Nevertheless, this 
operation is tolerable and the call connection is not broken. 
If all lines are occupied until after the aircraft has exited the 
cell, all connections will be broken but a search channel will 60 

become immediately available and only the calls on a single 
channel will not be recoverable. Detection of presence in the 
mandatory hand-off zone can also be used to scan the 
channels to determine the channel carrying the lowest num-
ber of calls to minimize call loss. 65 

In view of the foregoing, it is seen that the invention 
provides an arrangement which will provide seamless hand-

8 
off of calls between ground stations while minimizing the 
complexity thereof compared to known arrangements. The 
need in prior arrangements for synchronization of ground 
stations has been eliminated and there is no need for 
communications between ground stations as was previously 
required. The hand-off of calls is completely autonomous to 
the air terminal and can thus be optimized or customized for 
the needs of the particular aircraft. In fact, there are no 
special requirements whatever in regard to the telephone 
platform and no special functions are required in the ground 
stations. Accordingly, the invention is immediately appli
cable to existing telecommunications worldwide. 

While the invention has been described in terms of a 
single preferred embodiment, those skilled in the art will 
recognize that the invention can be practiced with modifi
cation within the spirit and scope of the appended claims. 

Having thus described my invention, what I claim as new 
and desire to secure by Letters Patent is as follows: 

1. A method for providing communication between a 
mobile terminal and a plurality of unsynchronized base 
stations comprising the steps of: 

initiating the establishment of a first two-way call over a 
first communication link, said first two-way call carry
ing two-way signals between said mobile terminal and 
a first base station; 

establishing a second communication link between said 
mobile terminal and a second base station; 

evaluating at least one characteristic of said second com
munication link at said mobile terminal; 

in response to said evaluating step, said mobile terminal 
initiating the establishment of a second two-way call, 
which is a duplicate of said first two-way call, over said 
second communication link while said first two-way 
call exists; and 

performing a hand-off by simultaneously switching said 
two-way signals from said first communication link to 
said second communication link under control of said 
mobile terminal. 

2. The method of claim 1 wherein said two-way signals 
are voice signals. 

3. The method of claim 1 wherein said two-way signals 
are data signals. 

4. The method of claim 1 wherein: 
said mobile terminal is an airborne terminal; 
said plurality of unsynchronized base stations are ground 

stations linked by a platform coupled to a public 
switched telephone network; and 

said first and second communication links are air to 
ground communication links. 

5. The method of claim 1 further comprising the steps of: 
terminating said first two-way call; and 
dropping said first communication link. 
6. The method of claim 1 wherein said at least one 

characteristic is Doppler effect. 
7. A method for providing communication between a 

mobile terminal having a plurality of communication chan
nels and a plurality of unsynchronized base stations com
prising the steps of: 

initiating the establishment of a first call carrying two
way signals between said mobile terminal and a first 
base station over a first communication channel of said 
mobile terminal; 

searching for a second base station using a second com
munication channel of said mobile terminal; 

in response to said searching step, said mobile terminal 
initiating the establishment of a second call over said 
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second communication channel while said first call 
exists, said second call being a duplicate of said first 
call; and 

simultaneously transferring said two-way signals from 
said first call to said second call under control of said 5 

mobile terminal. 
8. The method of claim 7 wherein said two-way signals 

are voice signals. 
9. The method of claim 7 wherein said two-way signals 

are data signals. 10 

10. The method of claim 7 farther comprising the steps of: 

terminating said first call; and 

searching for a third base station using said first commu-
nication channel. 

15 
11. A method for providing communication between a 

mobile terminal having a plurality of communication chan
nels and a plurality of base stations comprising the steps of: 

establishing a first communication link between said 
mobile terminal and a first base station over a first 20 
communication channel, said communication link car
rying a first plurality of two-way calls carrying two
way signals; 

establishing a second communication link between said 
mobile terminal and said first base station over a second 25 

communication channel, said second communication 
link carrying a second plurality of two-way calls car
rying two-way signals; 

detecting the presence of the mobile terminal in a man
datory hand-off zone; 

in response to said step of detecting, determining which of 
said first or second communication links is carrying 
fewer two-way calls; 

30 

dropping the communication link carrying the fewer calls; 
35 

and 

searching for a second base station using the communi
cation channel which was used to establish the dropped 
communication link. 

12. The method of claim 11 further comprising the step of: 40 

in response to said step of searching, establishing a third 
communication link between said mobile terminal and 
said second base station over the communication chan
nel which was used to search for said second base 
station; 45 

initiating the establishment of a third plurality of two-way 
calls, each of which is a duplicate of an associated one 
of said plurality of two-way calls which are carried by 
the communication link carrying the greater number of 
calls; and 50 

performing a hand-off by simultaneously switching said 
two-way signals from said communication link carry
ing the greater number of calls to said third communi
cation link under control of said mobile terminal. 

13. A method for providing communication between a 55 

mobile terminal having a plurality of communication chan
nels and a plurality of base stations comprising the steps of: 

establishing at least one communication link between said 
mobile terminal and a first base station over at least one 

60 
communication channel, said at least one communica
tion link carrying at least one two-way call; 

determining when said mobile terminal has left a steady 
state zone; and 

in response to said determining step, preventing the 65 

establishment of a communication link carrying at least 
one two-way call over at least one other communica-

10 
tion channel when said mobile terminal has left a 
steady state zone. 

14. The method of claim 13 further comprising the step of: 
searching for a second base station using said at least one 

other communication channel. 
15. The method of claim 13 wherein said step of deter

mining when said mobile terminal has left a steady state 
zone further comprises the step of: 

evaluating the communication link quality of said at least 
one communication link. 

16. A mobile terminal for providing communication 
between at least one mobile station coupled to said mobile 
terminal and a plurality of unsynchronized base stations, 
said mobile terminal comprising: 

a transmitter/receiver for establishing a first communica
tion link with a first base station over a first commu
nication channel, said first communication link carry
ing a first two-way call, and said transmitter/receiver 
for establishing a second communication link with a 
second base station over a second communication 
channel; 

a controller coupled to said transmitter/receiver for pro
viding two-way call signals between said first base 
station and said at least one mobile station over said 
first communication link; 

a comparator coupled to said transmitter/receiver for 
evaluating signals received over said second commu
nication link; 

a mode controller coupled to said transmitter/receiver and 
said comparator for initiating a second two-way call 
over said second communication link while said first 
two-way call exists, wherein said second two-way call 
is a duplicate of said first two-way call; and 

a logic unit coupled to said transmitter/receiver and said 
controller for controlling a hand-off such that the 
provision of two-way call signals to and from said at 
least one mobile station is simultaneously switched 
from said first communication link to said second 
communication link. 

17. The mobile terminal of claim 16 wherein said at least 
one mobile station is a telephone handset. 

18. The mobile terminal of claim 16 wherein said two
way call signals are voice signals. 

19. The mobile terminal of claim 16 wherein said two
way call signals are data signals. 

20. The mobile terminal of claim 16 wherein said con
troller further comprises an integrated switching digital 
network controller. 

21. The mobile terminal of claim 16 further comprising a 
Doppler effect detector for evaluating signals received over 
said second communication link. 

22. A system for providing mobile communication com
prising: 

a first base station and a second base station, wherein said 
first and second base stations are unsynchronized; 

a mobile terminal for initiating the establishment of a first 
two-way call over a first communication link, said first 
two-way call carrying two-way signals between said 
mobile terminal and said first base station, and for 
establishing a second communication link between said 
mobile terminal and said second base station, said 
mobile terminal evaluating the quality of signals 
received over said second communication link and 
upon determining said quality being acceptable, send
ing a duplicate call setup signal over said second 
communication link; 
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a platform coupled to said first base station and said 
second base station and supplying said two-way call 
signals between said first base station and a fixed 
station coupled to said platform, for receiving said call 
setup signal and in response thereto establishing a s 
second two-way call over said second communication 
link which is a duplicate of said first two-way call, and 
for superimposing said first and second two-way calls; 
and 

wherein said mobile terminal further comprises switch 10 

means for simultaneously switching said two-way sig
nals from said first communication link to said second 
communication link thereby accomplishing a hand-off 
of communications between said first base station and 
said second base station. 

12 
23. The system of claim 22 wherein: 
said mobile terminal is an airborne terminal; 
said first and second base stations are ground stations; and 
said first and second communication links are air to 

ground communication links. 
24. The system of claim 22 wherein said platform is 

coupled to a public switched telephone network. 
25. The system of claim 22 wherein said mobile terminal 

is coupled to at least one telephone handset. 
26. The system of claim 22 wherein said two-way signals 

are voice signals. 
27. The system of claim 22 wherein said two-way signals 

are data signals. 

* * * * * 
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