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METHOD AND SYSTEM FOR IMPROVING THE SPECTRAL EFFICIENCY OF A

DATA COMMUNICATION LINK

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001]  This application is based on and derives benefit of the filing date of the U.S.
Provisional Patent Application No. 60/908,289, filed on March 27, 2007, the contents of

which are incorporated herein by reference.

FIELD OF THE INVENTION
[0002]  Methods and apparatuses consistent with the present invention relate to
cormmunications by a mobile device with a plurality of transceivers, and more particularly, to

reusing channels to improve spectral efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003]  Detail embodiments of the present invention will be described with reference to the
attached drawings, in which:
[0064)  FIG. 1 illustrates a mobile satellite communication system according to an
embodiment of the present invention;
[0005]  FIG. 2A illustrates an allocation of channels in a spot beam;
[0006]  FI1G. 2B illustrates an allocation of channels in a spot beam with the addition of a
plurality of out of band channels, according to an embodiment of the present invention;
[0007]  FIG. 2C illustrates an allocation of channels in a spot beam with the addition of
out of band spectrum in an MSS/ATC system, according to another embodiment of the

present invention;
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[0008]  FIG. 3 illustrates hand-off boundaries between Mobile Satellite System (MSS)
mode, Terrestrial Mode ATC (TMA) mode and Terrestrial Mode Enhanced (TME) mode
according to an embodiment of the present invention; and

[0009]  FIG. 4 illustrates a flow chart describing a method for communicating between a

mobile device with plural transceivers according to an embodiment of the present invention.

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS
[0010] Embodiments of the present invention will be described in detail with reference to
the accompanying drawings.
[0011]  Throughout the description, several acronyms and shorthand notations are used to
aid the understanding of certain concepts pertaining to the associated system and services.
These acronyms and shorthand notations are solely intended for the purpose of providing an
easy methodology of communicating the ideas expressed herein and are in no way meant to
limit the scope of the present invention.
[0012]  The present invention may be embodied in many different forms and should not be
construed as being limited to the embodiments set forth herein, and are defined by the
appended claims. Like reference numerals refer to like elements throughout the specification.
[0013]  FIG. 1 illustrates a mobile satellite communication system 100 with multiple
communication devices interacting with each other according to an embodiment of the
present invention.
[0014]  As shown in FIG. 1, a satellite transceiver 102 can communicate bi-directionally
with multiple mobile devices 106. Likewise, a terrestrial base station 104 can communicate
bi-directionally with multiple mobile devices 106. In this embodiment, a mobile device 106
may include a cellular mobile phone, a personal digital assistant (PDA), or any mobile device

that is capable of communicating data to other objects.
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{0015]  The satellite transceiver 102 may include any object that is capable of orbiting
another object and capable of communicating data bi-directionally with other objects.

[0016] A base station 104 may include any station with a radio transceiver that maintains
communications with a mobile radio device within a given range.

[0017]  According to an embodiment of the present invention, there are four different
communication links to be discussed.

[0018]  In the satellite-to-earth communication link 108, a satellite transceiver 102 may
transmit data to a mobile device 106. Here, the satellite-to-earth communication may be a
part of the Mobile Satellite System (MSS) communication standard. In one embodiment, the
satellite transceiver 102 may transmit and receive data to and from an area illuminated by a
spot beam 116 that encompasses a mobile device 106. In an earth-to-satellite communication
link 112, a mobile device 106 may transmit data to a satellite transeeiver 102. In a base
station-to-mobile device communication link 114, a base station 104 may transmit data to a
mobile device 106. In a mobile device-to-base station communication {ink 110, a mobile
device 106 may transmit data to a base station 104.

[0019]  The satellite transceiver 162 may transmit data over multiple channels. Each
channel can have an assigned frequency. According to an embodiment of the present
invention, a satellite transceiver 102 can transmit over any of the four channels labeled A;,
Bi. Cy, Dy, respectively, as shown in FIG, 2A. Of course, any number of channels can be
provided. Mobile device 106 can transmit to satellite transceiver 102 over multiple channels.
Each channel can have an assigned frequency. According to an embodiment of present
invention, the mobile device 106 can transmit over any of four channels labeled A, B, C, D,
respectively, corresponding to channels Ay, By, Cy, Iy, respectively.

{80620}  In one embodiment, the communication from the sateHite transceiver 102 will be

over one of those channels, for example, channel A;. The mobile device 106 will transmit
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over corresponding channel A. Within the spot beam 116 of satellite transceiver 102, base
stations 104 will also be communicating with mobile devices 106. Typically, the frequencies
used to communicate between base stations 104 and mobile devices 106 are different from
the frequencies used to communicate between satellite transceiver 102 and mobile devices
106. Alternatively, the conventional MSS/ATC standard provides that channels reserved for
satellite communications, but unused by the satellite transceiver 102, can be used for base
station to mobile device communications within the spot beam 116 of the satellite transceiver
102. Thus, the other channels, in this example, channels B, C, and D)y can be used for base
station to mobile device communications, for example as Auxiliary Terrestrial Component
(ATC) channels. In accordance with MSS standard, FIG. 2A provides a plurality of channels
used in these data transmissions. The satellite-to-earth communication link will be referred to
as a MSS communication downlink and the earth-to-satellite communication link will be
referred to as a MSS communication uplink.

[0021}  In the uplink data transmission, in the embodiment illustrated, there are four
possible channels labeled A, B, C and D, respectively, as depicted in FIG. 2A. Uplink
channel A is associated to downlink channel A; mentioned above. That is, channels A and
A; form a channel pair. In other words, downlink channel Ay refers to the half of the channel
ased for sending data from a satellite to a terrestrial device on the earth. Uplink channel A,
on the other hand, refers the other half of the channel for sending data from a terrestrial
device to the satellite 102. Similarly, this is the case for the remaining channel pairs B/B,.
C/C4, and /Dy, where B, C and D correspond to the uplink channels and By, Cy and Dy
correspond to the downlink channels.

[0022]  In the example shown in FIG. 2A, the frequency spectrum from 2000 to 2020
MHZ may be used for conventional MSS communication uplinks 202 and the frequency

spectrum from 2180 to 2200 MHZ may be used for MSS communication downlinks 204. in
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this example, four S MHZ wide channels are used as the communication uplink and downlink
channels.

[0023]  FIG. 2B illustrates an allocation of channels in a spot beam with the addition of a
plurality of out of band channels, according to an embodiment of the present invention. As
shown in FIG. 2B, there are a plurality of dual downlink T/S channels 250 used for
communication from satellite to mobile device (downlink S channels) and from base station
to mobile device (downlink T channels). The notation T and S is used to generally indicate
terrestrial (T) based communication, such as a communication between the base station and
the mobile device and a satellite (S) based communication, such as a communication between
the mobile device and satellite. For example, in one embodiment, the one or more terrestrial
(T) channels can be ATC channels and one or more of the satellite (§) channels can be MSS
channels, although this system can be used apart from a MSS/ATC system. The T/S dual
downlink channels 250 allow both the satellite transceiver 102 and base stations 104 to
communicate to mobile device 106 on each of the plurality of channels 250. The satellite
transmission will not interfere with the base station transmission on the same frequency
because the base station signal is order of magnitude stronger than the satellite signal in the
coverage area of the spot beam transmission from the satellite transceiver 102. The downlink
8§ channels in the T/S dual downlink channels 256 (i.¢., satellite to mobile device downlink
channels) are paired with the uplink S channels 252 (i.e., mobile device to satellite uplink
channels).

[0024]  The uplink channels {i.c., mobile device to base station channels) corresponding to
the downlink T channels (i.c., base station to mobile device channels) in the T/S dual
downlink channels 250 are handled differently. As shown in FIG. 2B, a plurality of
terrestrial out-of-band uplink channels (T OOB) 254 are added to the aplink S channels (i.e.,

mobile device to satellite uplink channels). The T OOB channels 254 allow a mobile device
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106 to communicate with a base station 104 without interfering with reception by the satellite
transceiver 102. Each terrestrial out-of-band channel (T QOB channel) in the plurality of
uplink T QOB channels 254 together with cach of the plurality of downlink T channels in the
plurality of dual T/S downlink channels 250 form a terrestrial channel pair permitting
communications between a base station and a mobile device. In the embodiment illustrated
in F1G. 2B, the OOB spectrum portion is comprised of four QOB uplink channels and each
of the four QOB uplink channels is paired with a respective channel in four downlink T
channels. However, it must be appreciated that any number of channels can be implemented,
as desired.

[0025] Fach uplink T OOB channel in the T QOB channels 254 can be used along with a
corresponding downlink T channel in the plurality of dual T/S downlink channels 250 for
terrestrial transmission within a coverage area of a spot beam from a satellite transceiver.
The uplink T OOB spectrum may include any spectrum with adequate propagation
characteristics for mobile or portable use.

[0026] Interference is mitigated because the uplink T OOB channel is not seen by the
satellite transceiver 102. The uplink T OOB channels 254 are out of the satellite transceiver
band pass.

{0027} By pairing T QOB uplink (mobile device to base station) spectrum with terrestrial
T downlink spectrum in the dual T/S downlink spectrum (at the satellite downlink frequency)
in the manner described above, there is substantially no uplink interference posed to any
satellite transceiver operating in the normal satellite uplink band. The satellite transceiver
“sees” only energy associated with desired uplink earth to space communications. Any
energy associated with the uplink to terrestrial base stations is removed to another band of
frequencies outside the satellite uplink spectrum that cause substantially no interference to the

satellite transceiver.,
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[0028]  In areas where the satellite is the only service provider, the uplink from the mobile
device to satellite transceiver and downlink from the satellite transceiver to the mobile device
operate in a designated satellite band. In areas where terrestrial base stations operate, either
some or all of the satellite downlink spectrum is used by the terrestrial base stations to
provide downlink (i.e., downlink from the base station to the mobile device). Since the
terrestrial signals are order of magnitude stronger in the coverage area, the stronger terrestrial
signals will “override™ the satellite downlink signals. In the uplink direction, the OOB
spectrum is used in the terrestrial uplink (i.e., uplink from the mobile device to the base
station) with substantially no effect on satellite operation as the OOB uplink spectrum is
outside the “normal” satellite uplink spectrum.

[0029] FIG. 2C illustrates an allocation of channels in a spot beam with the addition an
out of band channel in an MSS/ATC system, according to another embodiment of the present
invention. As shown in FIG. 2B, there are a plurality of data transmission uplink channels
208. In accordance with the MSS/ATC standard, one or more channels may be used as either
a satellite (e.g., MSS) channel or a terrestrial {e.g., ATC) channel. For example, in one
embodiment, one uplink channel 210 can be used as a MSS uplink channel {(i.e., mobile
device to satellite communication channels). The remaining channels 212 can be used as
uplink terrestrial channels (i.e., mobile device to base station communication channels), for
example, in ATC channels.

[0030]  Furthermore, FIG. 2C shows modified data transmission links 216 in accordance
with the co-channel reuse and out of band techniques described herein. The moditied data
transmission downlinks 216 can comprise a MSS/ATC dual downlink channel 218 in
addition to the normal downlink tervestrial channels 219 (i.e., base station to mobile device
communication channels) which are paired with uplink terrestrial channels 212 (i.e., mobile

device to base station communication channels). The MSS/ATC dual downlink channel 218
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allows both the satellite transceiver 102 and base stations 104 to communicate to mobile
devices 106 on the same channel. Similar to the embodiment described above with respect to
FIG. 2B, the satellite transmission will not interfere with the base station transnuission on the
same frequency because the base station signal is orders of magnitude stronger than the
satellite signal.

[0031]  The uplink channel corresponding to base station to mobile device downlink
channel in dual downlink channel 218 is handled differently. As shown in FI1G. 2C, a
terrestrial out-of-band (QOB) uplink channel 214 is added to the data transmission uplink
channels 208. For example, an ATC QOB uplink channel 214 is added to the data
transmission links 208. This terrestrial out-of-band uplink channel {¢.g., ATC OOB uplink
channel) 214 allows a mobile device 106 to communicate with a base station 104 without
interfering with reception by the satellite transceiver 102. The terrestrial out-of-band uplink
channel (e.g., ATC OOB uplink channel) 214 together with the terrestrial downlink chanpel
(e.g., ATC downlink channel) 218 form a terrestrial channel pair {e.g., an ATC channel pair)
permitting communications between base station and mobile device.

{0032]  The OOB spectrum is a portion of spectrum which may be eqgual to the spectrum
allocation of any channel transmitted in the data transmission link. The same OOB spectrum
can be used for any spot beam from a satellite transceiver using any channel. Preferably, the
QOB spectrum may include any spectrum with adequate propagation characteristics for
mobile or portable use.

[6033]  Interference is mitigated because the QOB channel is not seen by the satellite
transceiver. That is, the OOB channel is out of the satellite transceiver band pass.

{0034]  The schemes described above improve the spectral efficiency. For example,
referring to the embodiment illustrated in FIG. 2C, with convention MSS/ATC

communications a spot beam would normally allow three of the four channels, for example,
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to be used for terrestrial data communications. Thus, one-fourth of the channels would not be
available for terrestrial communications. The additional use of an MSS downlink channel for
satellite to mobile device transmissions coupled with a mobile device to base station uplink in
additional QOB spectrum outside the pre-assigned spectrum portion for satellite
communications enables an increase in spectral efficiency. That is, another channel pair is
now available for terrestrial data transmission.

[0035]  For example, referring to the embodiment iltustrated in FIG. 2C, if the MSS or
ATC uplink and downlink channels each occupy 20 MHZ of bandwidth and the terrestrial
OOB uplink (ATC QOB) channel occupies a 3 MHZ portion of terrestrial, unpaired
spectrum, the efficiency of an MSS/ATC system may be increased by 12%. In other words,
45 MHZ of alfocated spectrum gives rise to 50 MHZ of effective spectrum.

[0036]  Similarly, referring to the embodiment ilfustrated in FIG. 2B, in the downlink
direction, each of the four downlink channels is used for both communications from satellite
to mobile device (downlink S channels) and from base station to mobile device (downlink T
channels). In the uplink direction, each of the four uplink channels is used for
contmunication between the mobile device and the satellite. The uplink communication
between the mobile device and the base station is handied using the four OOB uplink
channels to prevent interference with the satellite uplink channels. So, there is a total of 8
uplink channels. Normally, in the downlink direction there would be aiso 8 counterpart
downlink channels, i.e., 4 downlink channels for communication between the satellite and the
mobile device (S downlink channeis) and 4 downlink channels for communication between
the base station and the mobile device (T downlink channels) giving rise to a total of 16
satellite and terrestrial channels. However, because the signal from the base station is orders
of magnitude stronger than the satellite signal, the terrestrial signal would override the

satellite signal. Therefore, the 4 downlink channels for communication between the satellite
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and the mobile device (S downlink channels) and 4 downlink channels for communication
hetween the base station and the mobile device (T downlink channels) can be combined or
merged such that each S downlink channel and a corresponding T downlink channel uses the
same frequency band. As a result, in the downlink direction, only 4 downlink channels are
used instead of the normal 8 channels, in this example.

[6037]  Therefore, if each of the uplink and downlink channels and each of the OOB
uplink channels occupies a same bandwidth, for example, 5 MHZ of bandwidth, the
efficiency of a satellite-terrestrial system may be increased by 25% {i.¢., 4 channels divided
by a total of 16 channels).

[0038]  The QOB spectrum application may be applied to a terrestrial implementation of
overlay base station sites and underlay base station sites. Overlay base station sites may
include any site used for broad coverage, for example, a site located at a higher elevation.
Underlay base station sites may include any sites used to fill in coverage and capacity at least
partially within the coverage of the overlay site, for example, sites located at a lower
elevation relative 1o the overlay site. The QOB spectrum application may allow co-channel
use of the same downlink channel for both the underlay base station-to-mobile device
communications link and the overlay base station-to-mobile device comumunications link.
Interference is avoided on the uplink side by using the OOB spectrum for the mobile device-
to-underlay terrestrial base station communication uplink.

[0039]  This implementation can avoid regulatory hurdles associated with ATC as the
terrestrial implementation will have no negative effect on satellite operations. Furthermore,
this implementation can also offer an alternative method of implementing a terrestrial

component in a satellite based communication system.
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[0040]  FIG. 3 illustrates hand off boundaries between Mobile Satellite Systern (MSS)
mode, Terrestrial Mode ATC (TMA) mode and Terrestrial Mode Enhanced (TME) mode,
according to an embodiment of the present invention.

[0041]  As shown in FIG. 3, a spot beam 116 illuminates an area that that encompasses a
mobile device 106. Within this area, there are three communication modes in which the
satellite transceiver 102 may communicate bi-directionally with the mobile devices 106.
Similarly, in some of this area, the base stations 104 may communicate bi-directionally with
the mobile devices 106.

[0042] The MSS mode region 302 is the region where the mobile devices 106 may
communicate bi-directionally with the satellite transceiver 162, In MSS mode region 302,
the mobile devices 106 are out of range of base stations 104. The TMA mode region 306 and
the TME mode region 304 are regions where the mobile devices 106 can communicate with
cither base stations 104 or satellite transceivers 102, Further, FIG. 3 shows the various
boundaries at which the mobile devices 106 are handed off between modes.

[0043]  MSS mode refers to the mode where a mobile device 106 is communicating via a
satellite transceiver 102 on a portion of the radio spectram assigned for satellite transceiver
102 communications (i.e. MSS communication downlink and uplink) in accordance with the
conventional MSS standard. MSS mode may be employed where terrestrial communications
with a base station 104 is not possible. Channels employed for adjacent satellite spot beams
116 are governed by conventional rules to avoid adjacent spot beam interference.

[0044] TMA mode refers to the mode where a mobile device 106 is communicating via a
terrestrial base station 104 within a spot beam 116 of a satellite transceiver 102. The
spectrum is assigned for both terrestrial base stations-to-mobile device communication links

and mobile device-to-terrestrial base station communication links employing conventional

i1
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MSS/ATC standards. For example, a channel is assigned for satellite communications and
remaining channels can be used for terrestrial communications, as depicted in FIG. 2A.
[0045] TME mode refers to the mode where a mobile device 106 is communicating via a
terrestrial base station 104 using the spectrum assigned using the conventional MSS/ATC
standards, the spectrum assigned for the MSS communication link for an additional terrestrial
base station-to-mobile device communication link and the out of band spectrum that is not
part of the portion of spectrum assigned to the MSS communication link for an additional
mobile device-to-base station communication link.

[0046] TMA mode regions 306 between TME mode regions 304 and MSS mode regions
302 cause mobile devices 106 which may have been receiving communications from base
station 104 using a channel shared with a downlink from the sateflite transceiver in TME
mode regions 304 to switch to a channel not used for satellite communications in accordance
with the MSS/ATC standard before the mobile devices 106 enter the MSS mode regions 302.
Here, it is assumed that TMA mode coverage is greater than TME mode coverage. That is,
TME mode allows the utilization of more channels. In this case, TMA covers any given
geographical area which is covered by TME.

[0047] Mitigation of interference in the TME mode can be achieved by using different
multiplexing schemes for the base station-to-mobile device link and the satellite-to-mobile
device link that share the same channel. For example, a wide-band code division multiple
access {CDMA) signal can be used in the terrestrial base stations-to-mobile device
conumunication link. The satellite-to-mobile device communications link can employ
orthogonal frequency division multiplexing (OFDM). Of course, many other variations are
possible. If'a channel is subdivided into multiple portions, the wide-band CDMA signal will

appear as a narrow band signal with weak signal strength and will be rejected by the CDMA
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system gain discriminator. As a result, any degradation on the communication link is
minimal.

[0048]  In general, in transitional areas between terrestrial operations and satellite
operations, several methods may be used to achieve an interference free or minimize
interference in a hand over between the terrestrial and satellite systems. For example, il the
individual channel bandwidths on the satellite and ground systems are similar, a portion of
the satellite downlink spectrum can be climinated from use in outer coverage areas of the
terrestrial system so as to offer a co-channel interference free channel for handoff between
the satellite and terrestrial systems in those transitional areas where terrestrial service ends
and satellite-only service begins.

[0049] However, the bandwidth of the individual channels used on the satellite can also be
narrower than the bandwidth of a channel used on a terrestrial network. For example, this
may be the case when the MSS system uses modified Global System for Mobile
communications (GSM) channels and the terrestrial network uses Universal Mobile
Telecommunications System (UMTS) or Worldwide Interoperability for Microwave Access
{WiMax), or other 3G or 4G broadband transmission technologies.  If the bandwidth of the
individual channels used on the satellite are narrower than a bandwidth of channel in the
terrestrial network, the difference in energy density per Hz between the wide terrestrial
channels and the narrow satellite channels can be exploited as an interference protection
between terrestrial operations and satellite operations. Indeed, at an edge of terrestrial
coverage, terrestrial signals may have less energy than near the base station. In addition, the
bandwidth of the terrestrial channels being broader than the bandwidth of the satellite system,
the result is that the energy density per Hxz for the terrestrial system is smaller than the energy
density per Hz for the satellite system. Hence, at the transitional area, the mobile device

would “see” the satellite fransmission system and would drop the terrestriaf transmission
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system as the energy density of the terrestrial transmission system is smaller than the energy
density in the satellite transmission system. This minimizes or substantially eliminates
interference between the satellite and terrestrial transmission systems at the transitional areas.
[0050]  FIG. 4 illustrates a flow chart 400 describing a method for communicating
between a mobile device 106 with plural transceivers according to an embodiment of the
present invention. A second transceiver may be positioned in an area covered by a first
transceiver. Further, in this embodiment, a first signal is received by the mobile device from
the first transceiver which has a lower energy than a second signal received by the mobile
device from the second transceiver.

[0851]  The first transceiver transmits to the mobile device on any one of a plurality of
channels (S402). Next, a second transceiver transmits to the mobile device 106 on any one of
the plurality of channels (5404). In turn, the mobile device 106 transmits to the first
transceiver on the one channel on which the first transceiver is transmitting to the mobile
device 106 (84006). Lastly, the mobile device 106 transmits to the second transceiver on any
of the plurality of channels other than the one channel or on a channel separate from the
plurality of channels (8408).

[0052]  The first transceiver can be a satellite transceiver 162, Additionally, the second
transceiver can be a base station 164. In one embodiment, any one of the plurality of
channels other than the one channel may be an Auxiliary Terrestrial Component (ATC)
channel having a spectrum equal to the spectrum allocation of any of the plurality of channels
other than the one channel. In another embodiment, anyone of a plurality of channels used in
a transmission from the first transceiver or from the second transceiver may be configured to
be both a Mobile Satellite System (MS8) channel and an Auxiliary Terrestrial Component

{ATC) channel.
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[0053] It will be understood by those of ordinary skill in the art that various replacements,
modifications and changes may be made in the form and details without departing from the
spirit and scope of the present invention as defined by the following claims. Therefore, it is
to be appreciated that the above described embodiments are for purpose of ilfustration only

and are not to be construed as Himitations of the invention.
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What is claimed 1s:
k. A method for comniunicating between a mobile device, first and second transceivers
wherein the second transceiver is positioned in an area covered by the {irst transceiver,
wherein a first signal received by the mobile device from the first transceiver has lower
energy than a second signal received by the mobile device from the second transceiver, the
method comprising:

transmitting from the first transceiver to the mobile device on any one of a plurality of
channels; and

transmitting from the second transceiver to the mobile device on any one of the
plurality of channels, the plurality of channels including the one channel on which the first

transceiver is transmitting.

2. The method of claim 1, further comprising:

transmitting from the mobile device to the first transceiver on the one channel on
which the {irst transceiver is transmitting to the mobile device; and

transmitting from the mobile device to the second transceiver on any of the plurality
of channels other than the one channel or on a channel separate from the plurality of

channels.

The method of claim 1, wherein the first transceiver is a sateflite transceiver.

D3

4, The method of claim 1, wherein the second transceiver is a base station.

(¥4

The method of claim |, wherein any one of the plurality of channels other than the

one channel is an Auxiliary Terrestrial Component {ATC) channel.
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6. The method of claim 1, wherein the one channel used in a transmission from the first
transceiver or from the second transceiver is configured to be both a Mobile Sateilite System

{(MSS) channel and an Auxiliary Terrestrial Component {ATC) channel.

7. The method of claim 1, wherein each of the plurality of channels is configured to be
both a satellite channel for communications from a satellite to the mobile device and a

terrestrial channel for communication from a base station to the mobile device.

8. The method of claim 7, further comprising:
transmitting from the mobile device to the satellite on the satellite channel, and
transmitting from the mobile device to the base station on a channel separate from the

plurality of channels.

9. The method of claim 8, wherein the channel separate from the plurality of channels 1s

one channel in a plurality of terrestrial out-of-band (O0B} channels.

10. The method of claim 9, further comprising pairing each of the plurality of terrestrial

out-of-band channels with a respective terrestrial channel in the plurality of channels.

i1, A method for communicating between a mobile device and first and second
transceivers, wherein the second transceiver is positioned in an area covered by the first
transceiver, wherein a first signal received by the mobile device from the first transceiver has
lower energy that the a second signal received by the mobile device from the second

transceiver, the method comprising:

~J
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transmitting from the mobile device to the fivst transceiver on any one of a plurality of
channels; and
transmitting from the mobile device to a second transceiver on any of the plurality of

channels other than the one channel or on a channel separate from the plurality of channels.

12, The method of claim 11, wherein the first transceiver is a satellite transceiver.
13 The method of claim 11, wherein the second transceiver is a base station.
14. The method of claim 11, wherein any one of the plurality of channels other than the

one channel is an Auxiliary Terrestrial Component {ATC) channel.

15, The method of claim 11, wherein transmitting from the mobile device to the first
transceiver on any one of a plurality of channels comprises transmitting from the mobile

device to a satellite on a satellite channel in the plurality of channels.
16. The method of claim 11, wherein transmitting from the mobile device to the second
transceiver comprises transmitting fron the mobile device to a base station on a channel

separate from the plurality of channels.

17.  The method of claim 16, wherein the channel separate from the plurality of channels

is one channel in a plurality of terrestrial cot-of-band (OOB) channels.

18.  The method of claim 17, wherein the terrestrial out-of-band channels are Auxiliary

Terrestrial Component (ATC) channels.
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19.  The method of claim 17, further comprising pairing cach of the plurality of terrestrial

out-of-band (OOB) channels with a respective terrestrial channel in the plurality of channels,

20.  An apparatus for communicating with a mobile device, the apparatus comprising:

a first transceiver which transmits to the mobile device on any one of a plurality of
channels; and

a second transceiver which transmits to the mobile device on any one of the plurality
of channels, the plurality of channels including the one channel on which the first transceiver
is transmitting, wherein the second transceiver is positioned in an area covered by the first
transceiver, and wherein a first signal received by the mobile device from the first transcetver
has lower energy than a second signal received by the mobile device from the second

fransceiver.

21.  The apparatus of claim 20, further comprising the mobile device, wherein the mobile
device transmits to the {irst transceiver on the one channel on which the first transceiver is
fransmitting to the mobile device, and transmits to the second transceiver on any of the
plurality of channels other than the one channel or on a channel separate {rom the plurality of

channels.

&
|3

The apparatus of claim 20, wherein the first transceiver is a satellite transceiver.

The apparatus of ¢laim 20, wherein the second transceiver is a base station.

t
L3
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24, The apparatus of claim 20, wherein any one of the plurality of channels other than the

one channel is an Auxiliary Terrestrial Component (ATC) channel.

25, The apparatus of claim 20, wherein the one channel used in & transmission from the
first transceiver or from the second transceiver is configured to be both a Mobile Satellite

System (MSS) channel and an Auxiliary Terrestrial Component (ATC) channel.

26.  The apparatus of claim 20, wherein each of the plurality of channels is configured to
be both a satellite channel for communications from a satellite to the mobile device and a

ferrestrial channel for communication from a base station to the mobile device,

27.  The apparatus of claim 26, wherein the mobile device is configured to transmit to the
satellite on the satellite channel, and to transmit to the base station on a channel separate from

the plurality of channels.

28,  The apparatus of claim 27, wherein the channel separate from the plurality of

channels is one channel in a plurality of terrestrial out-of-band {OOB) channels.

29, The apparatus of claim 28, wherein each of the plurality of terrestrial out-of-band

(QOB) channels is paired with a respective terrestrial channel in the plurality of channels.

30.  An apparatus for communicating with a plurality of transceivers, the apparatus
comprising:
a mobile device which transmits to a first transceiver on any one of a plurality of

channels, and transmits to a second transceiver on any of the plurality of channels other than
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the one channel or on a channel separate from the plurality of channels, wherein the second
transceiver is positioned in an area covered by the first transceiver, wherein a first signal
received by the mobile device from the first transceiver has lower energy that a second signal

received by the mobile device from the second transceiver.

31.  The apparatus of claim 30, wherein any one of the plurality of channels other than the

one channel is an Auxiliary Terrestrial Component {(ATC) channel.

32. The apparatus of claim 30, wherein the first transceiver 1s a satellite transceiver and
the second transceiver is a base station, wherein the mobile device is configured to transmit to
the satellite transceiver on any one of a plurality of satellite channels and configured to
transmit to the base station on a channel in a plurality of tervestrial out~of-band channels

separate from the satellite channels.

2i
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