
MOBILE SATELLITE PHONE SYSTEM INCORPORATLNG         SYMMETRICAL AND
NON-SYMMETRICAL WAVEFORM MODES             The present invention generally
relates to satellite communication systems. More particularly, the present
invention is directed to a satellite communication system capable of
operating in a "mobile-to-mobile" mode in which mobile units communication
substantially directly via a satellite.           At the present time,
there are many proposals for mobile satellite systems, in which orbiting
satellites would support communication (including voice, data, and fax)
with dual- mode (cellular/satellite) mobile or handheld phones. FIG. 1
illustrates a block diagram of a satellite communication system. An
orbiting satellite 110 is in communication with at least one ground station
or outstations called the HUB 100 as well as with  a number of portable
mobile stations or phones 120. The phones are each serviced by an
appropriate antenna beam from a multiple spot-beam antenna on the satellite
providing high gain in the direction of each phone. The HUB communicates
with the satellite using, for example, C-band or K-band frequencies, while
the satellite communicates with the phones using, for example, L-band or
S-band frequencies. Such a satellite system can operate in multiple modes.
In a first mode, communication links can be established between
communication devices (e.g., standard telephone or mobile telephone) which,
as a result of the respective locations of the communication devices,
incorporate Public Switched Telephone Network (PSTN) equipment. In a second
mode, a so-called "mobileto-mobile" mode, communication links are
established substantially directly between mobile units via the satellite.
The "mobile-to-mobile" mode substantially reduces the signal delay by
allowing a first mobile to communicate with a second mobile directly via
the satellite transponder without requiring the signal of the transmitting
mobile to go to the HUB then back up to the satellite, and finally to the
receiving mobile. Mobile-to-mobile communication is discussed in detail in
U.S. Patent No. 5,809,141, entitled "Method and Apparatus for Enabling
Mobile-to Mobile Calls in a Communication System" and     



la  filed on July 30, 1996 as application Serial Number 08/681,916.
EP-A- 0 748 063 describes a satellite communication system directed to the
problem of increasing the overall connectivity of a low earth orbit
satellite system through the use of overlapping "footprints." In the system
of D1, a plurality of low earth orbit relay stations are provided to enable
a voice communication to be routed through a plurality of coverage areas
and gateways, thereby bypassing a substantial portion of an underlying
terrestrial communication system. In achieving this objective, mobile calls
("user segment", Fig. 1) in D1 are uplinked ("Retur link fom User"; 17B,
Fig. 3A) to a satellite transponder (18, Fig. 3A), converted from one
frequency band to another (L-C band Frequency Conversion Section, 12I, Fig.
3A) and then transmitted on the return link to the terrestrial land necwork
(Fig. 3A, Gateway, 18: Ground Segment, 3). Calls from the land network
(such as "return link" mobile calls being transmitted on the forward link
to another mobile user) are further transmitted on the foward link
("Forward lihk Gateway", Fig. 3A) to the satellite forward transponder
(12B, Fig. 3A) where the calls are again converted from one frequency band
to another (C-S band frequency conversion; 12J, Fig. 3A) before
transmission on the downlink to the mobile user ("Forward Link to User";
17A, Fig. 3A).        WO-A-96 28900 discloses a conventional
non-symmetrical air interface where the bandwidth of the uplink is an
integer fraction of the bandwidth of the downlink and where mapping of the
bandwidth from the uplink to the downlink is performed in an intermediary
satellite. This technique, however, requires that additional hardware be
added into the intermediary satellite to provide for the conversion between
the first and second channel bandwidths. This additional hardware
disadvantageously adds power consumption, weig, cost and complexity to the
satellite.        WO-A-92 21195 discloses a dual mode receiver which can
selectively switch between two different transmitter or receiver paths,
where one path receives/transmits narrowband signals at a first bandwidth
and the other path receives/transmits spread spectrum signals at a second
bandwidth. The purpose of the dual mode receiver is to enable a single
mobile telephone to have the capability of functioning both as a narrowband
frequency, time, and/or code division multiplexed cellular phone as well as
a broader band spread spectrum microcellular telephone.         



2         A satellite communication system can have a symmetrical or
non-symmetrical air interface. In a symmetrical air interface, both the
downlink and uplink carrier waveforms occupy the same channel bandwidth. In
a non-symmetrical air interface, the downlink carrier waveform occupies a
first channel bandwidth (e.g., 200 kHz) and the uplink carrier waveform
occupies a second channel bandwidth (e.g., 50 kHz). In a typical
non-symmetrical satellite system operating in a mobile-to-mobile mode, a
converter located in the satellite or in the ground station converts
signals between the first and second carrier bandwidths. Mobile units in
such a system transmit communication signals at a first carrier bandwidth
(e.g., 50 kHz) and receive communication signals at a second carrier
bandwidth (e.g., 200 kHz). A converter adds power consumption, weight, cost
and complexity to the satellite. Accordingly, it would be desirable to
eliminate the converter, such that mobile units operating in a mobile
satellite system would be able to communicate in a "mobile-to-mobile" mode
without requiring a carrier bandwidth conversion at the satellite.
Summary the Invention        The present invention overcomes the
above-described problems, and provides additional advantages, by providing
for a method, system and mobile unit which enables a non-symmetrical mobile
satellite system to operate in a "mobile-to-mobile" mode without requiring
carrier bandwidth conversion at the satellite. More particularly, according
to a preferred embodiment of the invention, an additional mode capability
is added to the receiver of each mobile unit, such that, when in the
mobile-to-mobile mode, the receiver can receive the first carrier bandwidth
(50 kHz) without requiring conversion to the normal second carrier
bandwidth (200 kHz). The mobile unit is provided with two receiver paths
and a switch. When in a first mode (PSTN-to-mobile), the switch is
controlled to select the first receiver path so as to receive signals at
the normal second carrier bandwidth. When in the second mode
(mobile-to-mobile), the switch is controlled to select the second receiver
path so that the mobile unit can receive unconverted signals at the first
carrier bandwidth.        According to the present invention, a
non-symmetrical air interface in a satellite communication system can be
supported without requiring bandwidth conversion to be performed at the
satellite, thus reducing payload hardware and software.
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Brief Description of the Drawines        A more complete understanding of
the present invention can be obtained upon reading the following Detailed
Description of the Preferred Embodiments, in conjunction with the
accompanying drawings, in which like reference indicators are used to
designate like elements, and in which:        FIG. 1 shows a satellite
communication system in which the present invention can be implemented;
FIGs. 2A-B are block diagrams of a conventional mobile phone and a mobile
phone according to the present invention, respectively; and        FIGs.
3A-B are more detailed block diagrams of a conventional mobile satellite
system and a mobile satellite system according to the present invention,
respectively.   Detailed Description of the Preferred Embodiments
Referring now to FIG. 2A, major components of a conventional mobile phone
are shown in block diagram form. The mobile phone 10 has a receiver path
which includes a receive antenna 12 for receiving communication signals
(e.g., from a satellite), a first receive filter 14, a low noise amplifier
16, a second receive filter 18, a mixer 20, a third receive filter 22, an
amplifier 24, a second mixer 26, and receiver processing circuitry 28. A
synthesizer 30 exchanges signals with the receiver processing circuitry 28
and provides inputs to the mixers 20 and 26. The third receive filter 22 is
selected according to the frequency of the downlink carrier bandwidth
(e.g., 200 kHz). The mobile phone 10 further has a transmitter path which
includes an I/Q modulator and upconverter 32, a power amplifier 34, a
transmission filter 36, and a transmit antenna 38, connected as shown. The
I/Q modulator 32 receives signals from the receiver processing circuitry 28
and synthesizer 30 and modulates and up converts the signal intended for
transmission.        Referring now to FIG. 3A, a block diagram of a
conventional satellite communications system having a non-symmetrical
interface is shown. The system includes a satellite 40 and a plurality of
mobile telephones 42[err], 42[err],...42[err]. Each mobile telephone
42[err],... 42[err] is of the type shown and described with respect to FIG.
2A above, and thus transmits communication signals to the satellite at a
first carrier channel spacing (e.g., 50 kHz), and receives signals from the
satellite at a second carrier channel spacing (e.g., 200 kHz). In the
communication system of FIG. 3A, mobile telephone 42[err] is operating in a
first                                                     4  



mode, in which a mobile link is established between the mobile telephone
42[err] and the satellite- 40, and a feeder link is established between the
satellite 40 and a ground station 44 associated with a public switched
telephone network (PSTN) 46. The mobile telephone 42[err] transmits signals
(e.g., at a 50 kHz carrier bandwidth B[err]) to the ground station 44 via a
channelizer 46 contained in the satellite 40, and the mobile telephone
42[err] receives signals (e.g., at a 200 kHz carrier bandwidth B2) from the
ground station 44 via a channelizer and router 48 contained in the
satellite 40. In the communication system of FIG. 3A, mobile telephones
42[err] and 42[err] are operating in a second mode (mobile-to-mobile). In
this mode, channelization and routing are performed by channelizer 52 and
router 54. Signals transmitted between mobile telephone 422 and mobile
telephone 42[err] are converted from a first carrier bandwidth (50 kHz) to
a second carrier bandwidth (200 kHz) by rate converter 50. Rate conversion
is necessary because the mobile telephones 42[err], ... .42[err] can
receive only signals transmitted at the second carrier bandwidth (e.g., 200
kHz).        Referring now to FIG. 2B, a mobile phone architecture
according to a preferred embodiment of the present invention is shown. The
phone includes the same principal components shown in FIG. 2A, but also
includes an additional receive filter 23. The receive filter 23 is selected
in response to a command from the HUB (or ground station 44) to initiate
communications in the mobile-to-mobile mode. According to this embodiment,
the receive filter 22 is a 200 kHz filter, and receive filter 23 is a 50
kHz filter. A switch 25 operates to select a receiver path which includes
one of the receive filters 22 or 23. This arrangement enables the mobile
telephone to receive communication signals from the satellite at either a
first carrier bandwidth (e.g., 200 kHz) used by the communication system in
a first mode (PSTN-to-mobile) or receive signals from the satellite at a
second carrier bandwidth (e.g., 50 kHz) used by the communication system in
a second mode (mobile-to-mobile).        The switch 25 can select the
appropriate receiver path, for example, according to call setup information
provided to the mobile by ground station 44. As will be appreciated by
those skilled in the art, call setup information provides a mobile
telephone with, for example, frequency and time slot assignments which are
required to establish communication with the mobile telephone. According to
this exemplary embodiment, the ground station 44 recognizes when an
anticipated communication link between two mobile phones can be established
in the mobile-to-mobile mode. When this condition is recognized, ground
station 44 includes, in the call setup information provided to the mobile
telephones, a command
5  which causes the switch 25 to select the appropriate receiver path.
Referring now to FIG. 3B, a satellite communication system incorporating a
non- 



symmetrical air interface according to the present invevtion is shown. In
this embodimet, the mobile telephones 42[err],...42[err] have architectures
similar to the mobile telephone shown and described with respect to FIC.
2B. Because such mobile telephones are capable of selectively receiving
signals  transmitted at different carrier bandwidths, no rate conversion is
necessary; therefore, the satellite communication system of FIG. 3B does
not include a rate converter 50.
6  WHAT IS CLAIMED IS:        1. A satellite communications system,
comprising a satellite and a plurality of mobile communication devices
(42[err]...4[err]), characterized in that:        the system operates in a
first mode, in which each device transmits signals to the satellite at a
first carrier bandwidth and receives signals from the satellite at a second
carrier bandwidth, and selectively operates in a second mode, in which each
device transmits signals to the satellite and receives signals from the
satellite at the first carrier bandwidth.          2. The system of claim
1, further comprising a converter for converting the signals between the
first carrier bandwidth and the second carrier bandwidth when the system
operates in the first mode.          3. The system of claim 1, wherein each
mobile communication device includes a receiver having a switch (25) and at
least two receiver paths, the switch (25) operable to select a first
receiver path (22) in the first mode of operation and a second receiver
path (23) in the second mode of operation.          4. The system of claim
1, wherein the first carrier bandwidth is approximately 50 kHz, and the
second carrier bandwidth is approximately 200 kHz.          5. The system
of claim 1, wherein the devices operating in the second mode of operation
communicate with each other substantially directly via the satellite.
6. The system of claim 1, wherein the devices operating in the first mode
of operation 



communicate with each other via the satellite and equipment associated with
a public switched telephone network (PSTN) (46).
7         7. The system of claim 3, wherein the switch (25) selects between
the first receiver path (22) and the second receiver path (23) based on
call setup information provided to the mobile communication device.
8. A method for exchanging communication signals in a communication system,
characterized by the steps of.        establishing, in a first mode of
operation, a first communication cation link between a first communication
device, a satellite, a control station associated witn the satellite, and a
second communication device, the first communication device transmitting
signals to the satellite at a first carrier bandwidth and the second
communication device receiving signals at a second carrier bandwidth;
establishing, in a second mode of operation, a second communication link
between the first communication device, the satellite, and a second.
communication device, the first commmunication device transmitting signals
to the satellite at the first carrier bandwidth and the second
communication device receiving signals from the satellite at the first
carrier bandwidth          9. The method of claim 8, further comprising the
step of converting, at the control station associated with the satellite,
signals between the first carrier bandwidth and the second carrier
bandwidth in the first communication link.          10. The method of claim
9, wherein the control station is further associated with a public switched
telephone network.          11. The method of claim 8, further comprising
the steps of:        filtering, in the second communication device, the
received signals over the first communication link in a first filter; and
filtering, in the second communication device, the received signals over
the second communication link in a second filter. 



8         12. The method of claim 8, wherein the first carrier bandwidth is
approximately 50 kHz, and the second carrier bandwidth is approximately 200
kHz.           13. The method of claim 8, further comprising the steps of:
selecting between the first mode and the second mode; and         providing
call setup information to direct the communication devices to receive
signals at the first carrier bandwidth or at the second carrier bandwidth.
14. A communication device, characterized by:         a first receiver path
(22) for receiving communication signals from a satellite at a first
carrier bandwidth in a first mode;        a second receiver path (23) for
receiving communication signals from the satellite at a second carrier
bandwidth in a second mode; and        means (25) for selecting between the
first mode and the second mode in response to control information, wherein
in the second mode, the device communicates with a second communication
device substantially directly via the satellite, and in the first mode the
device communicates with the second communication device via the satellite
and equipment associated with a public switched telephone network (PSTN).
15. The device of claim 14, wherein the control information is call setup
information.          16. The device of claim 14, wherein the first carrier
bandwidth is approximately 200 kHz and the second carrier bandwidth is
approximately 50 kHz.          17. The device of claim 14, further
comprising a transmission path for transmitting communication signals at
the second carrier bandwidth in the first and second modes.    


