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NON-GEOSTATIONARY SATELLITE MOBILE COMMUNICATION SYSTEM
INTEGRATION WITH NETWORK PRINCIPLES FOR TERRESTRIAL CELLULAR

Field of the Inventi

The present invention relates to a non-geostationary satellite mobile
communication system, and more particularly to handover and location management in

non-geostationary satellite mobile communication systems.

Background of the Invention

Cellular communications is quickly becoming an accepted and valuable facet of
everyday life. At first, land-based cellular communication systems were used to provide
coverage for the cellular systems. A typical terrestrial or land-based cellular
communication system is illustrated in Figure 1. Figure 1 illustrates ten cells or regions
C1-C10 in a typical land-based cellular mobile radio communication system. Normally
a cellular mobile radio system would be implemented with more than ten cells.
However, for the purpose of simplicity, the present invention can be explained using the
simplified representation illustrated in Figure 1. For each cell C1-C 10, there is a base
station B1-B10 with the same reference number as the corresponding cell. Figure 1
illustrates the base stations as situated in the vicinity of the cell center and having omni-
directional antennas. Figure 1 also illustrates nine mobile stations M1-M9 which are
moveable within a cell and form one cell to another. In a typical cellular radio
communication system, there would normally be more than nine cellular mobile stations.
In fact, there are typically many times the number of mobile stations as there are base
stations. However, for the purposes of explaining the present invention, the reduced
number of mobile stations is sufficient.

Also illustrated in Figure 1 is a mobile switching center MSC. The mobile
switching center MSC illustrated in Figure 1 is connected to all ten base stations B1-B10
by cables. The mobile switching center MSC is also connected by cables to a fixed
switch telephone network or similar fixed network. All cables from the mobile switching

center MSC to the base stations B1-B10 and the cables to the fixed network are not
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illustrated.

In addition to the mobile switching center MSC illustrated, there may be
additional mobile switching centers connected by cables to base stations other than those
illustrated in Figure 1. Instead of cables, other means, for example, fixed radio links,
may also be used to connect base stations to mobile switching centers. The mobile
switching center MSC, the base stations and the mobile stations are all computer
controlled. In land-based cellular communication systems, mobility functions, handover
and location management where the network handles the movement of the users are
developed and implemented in the mobile switching equipment, i.e., home location
register, mobile switching center, base station controllers.

However, there is a need to provide coverage in areas where terrestrial coverage
is not viable. Satellite systems may also be used to assure access over regions using
different terrestrial standards. As a result, mobile communication via satellites is being
developed as a complement to terrestrial mobile telephony. The satellites in these
satellite communication systems are either in geostationary orbit, i.e., fixed orbit over
a certain area of the earth, or non-geostationary orbits. A geostationary satellite mobile
communication system is illustrated in Figure 2. In this geostationary system, a satellite
10 is generally positioned 30,000 miles above the earth in a stationary position in relation
to a point on the earth. A land base station 11 and a plurality of mobile stations can
communicate with each other and other users around the world by transmitting and
receiving signals to and from the satellite over feederlinks. Since the relative position
of the satellite is fixed, geostationary communication systems do not have to consider
handoff problems caused by the motion of a satellite. However, geostationary satellite
communication systems have several drawbacks. Since the satellite is so far away from
the earth, time delays on both the up and down feederlinks can create problems for two-
way conversations. Furthermore, the limited output power and antenna gain/diversity of
handheld mobile phones also limit the effectiveness of the geostationary satellite
communication systems. In addition, huge antennas are needed to create the spot beams
on the earth.

To achieve sufficient link margins and to support handheld mobile phones with

limited output power and antenna gain/diversity, satellite systems using non-geostationary
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satellites are being considered. In such non-geostationary systems, the satellites move
with respect to a point on the earth. As a result, handover and location management
functionalities in the satellite communication network are needed in order to handle the
motion of the network’s satellites.

Associated with non-geostationary satellites, various techniques are known on how
radio resources should be distributed on the ground via satellite beams. Several known
techniques are Regionally Oriented Frequency Assignment (ROFA) and Satellite Oriented
Frequency Assignment (SOFA). In ROFA, radio resources are assigned to regions
meaning that the same geographical region always uses the same radio resource, i.e.,
frequency, timeslot, or spread spectrum code. Thus, in ROFA, the mobiles will see a
fixed radio resource pattern, i.e., frequency reuse pattern, irrespective of the motion of
the satellites. In SOFA, the beam from each satellite uses the same frequency
irrespective of the satellite location. Thus, in SOFA, the radio resources are connected
to the satellites. Thus, the mobiles will see the radio resource patterns, i.e., the
frequency reuse pattern, move according to the motion of the satellites.

Due to the motion of the satellites in non-geostationary systems, mobility
functions such as handover and location management to handle the satellite’s motion need
to be developed.

Summary of the Disclosure

It is an object of the present invention to provide a non-geostationary satellite
communication system which overcomes the deficiencies cited above by providing
equipment, protocols and other technical solutions from terrestrial mobile cellular system
for mobility functions for a satellite network in order to handle mobility of mobile
stations as well as the movement of the satellites in the communication system.

According to one embodiment of the present invention, a non-geostationary ROFA
type satellite system where radio resources are fixed to terrestrial regions, are combined
with control elements from a terrestrial cellular system is disclosed. Due to the ROFA
type configuration, the terrestrial regions are associated with an assigned set of radio
resources, e.g., frequency, timeslot and/or spread spectrum code. Thus, the ROFA type

satellite systems lay out a fixed terrestrial pattern of radio resources, i.e., a cell pattern.



10

15

20

25

30

WO 96/31017 PCT/SE96/00383

-4-
The non-geostationary satellite communication system comprises cellular system control
means, satellite system control means, and management control means. The cellular
system control means assigns each mobile station in said cellular system to a specific
region and creates a record of such assignment, wherein each mobile station periodically
updates its location within the system. The satellite system control means tracks the
position and motion of the satellite and assigns and records the assignment of terrestrial
regions, i.e., radio resources, to each satellite, and periodically hands off coverage of
one region from one satellite to another. The management control means maps the
region assignment records of said mobile stations with said satellite assignment records
of said regions so as to perform mobility functions, handover, and location management
due to the motion of the satellites and the mobile stations.

Brief Description of the Drawi

These and other features and advantages of the invention will be readily apparent
to one of ordinary skill in the art from the following written description, used in
conjunction with the drawings, in which:

Figure 1 illustrates a typical land-based cellular communication system;

Figure 2 illustrates a satellite communication system;

Figure 3 illustrates a regionally oriented frequency assignment non-geostationary
satellite communication system according to one embodiment of the present invention;

Figure 4 illustrates a total system control diagram according to one embodiment
of the present invention; and

Figure 5 illustrates a layout diagram of a cellular antenna pattern.

Detailed Description

The present invention will now be described with reference to a satellite
communication system. It will be understood by one of ordinary skill in the art that the
present invention can also be used in similar systems where the mobility of the system
comes from the motion of a vehicle other than a satellite such as an airplane.

A non-geostationary satellite communication system using Regionally Oriented

Frequency Assignment (ROFA) according to one embodiment of the present invention
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is illustrated in Figure 3. In Figure 3, a plurality of satellites 32 orbit the earth 30 in
non-stationary orbits. Furthermore, land earth stations (LES) 34 which reside on the
surface of the earth 30 are in data communication with at least one of the orbiting
satellites 32 through data feederlinks. The land earth stations 34 are connected to the
public switched telecommunication networks from which calls directed towards
subscribers will be received and to which calls placed by subscribers may be sent. The
system also includes a number of mobile stations 36. The mobile stations may be
configured as conventional portable telecommunications equipment. The present
invention accommodates the movement of mobile stations 36 anywhere within the
confines of the earth 30 whether on or near the surface or in the atmosphere above the
earth. However, nothing requires that the mobile stations 36 move. The present
invention operates satisfactorily if the position of the entire population of mobile stations
remain stationary. The mobile stations are configured to receive communications from
the satellites 32 through communications channels.

Since the present invention is based on a ROFA type system, the cellular radio
resources, €.g., frequency, timeslot, and/or spread spectrum code, on earth are fixed to
regions. The radio network as perceived from the mobile station on earth is the same
type of radio network as the land-based cellular system. Thus, the present invention
makes it possible to implement cellular communications via non-geostationary satellite
systems using terrestrial cellular equipment, protocol, and other technical solutions as
will be described below.

In Figure 4, the control system for the non-geostationary satellite communication
system can be divided into three main sections: the cellular system control section 44;
the management control section 42; and the Tracking, Traffic and Control section 40
(TT&C). As will be described below, each control section has a specific function to
perform in order to create an overall control system for a non-geostationary satellite
communication system.

Due to low earth orbits, the satellites 32 constantly move relative to the earth 30.
If, for example, the satellites 32 are placed in orbits which are around 765 km above the
earth, then an overhead satellite 32 travels at a speed of around 25,000 km/hr with
respect to a point on the surface of the earth 30. This allows a satellite 32 to be within
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view of a point on the surface of the earth 30 for a maximum period of approximately
nine minutes. It will of course be understood that as the satellites are placed further
away from the surface of the earth, the satellite 32 will be within view of a point on the
surface of the earth 30 for a longer period of time. According to one embodiment of the
present invention, the satellites are placed in medium height orbits, for example 15,000
miles above the surface of the earth, so that a satellite covers an area on the earth for a
longer period of time. Due to the relatively low orbits of the satellites, line of sight
electromagnetic transmissions from any one satellite cover a relatively small area of the
earth at any point in time.

Figure 5 illustrates a layout diagram of a cellular antenna pattern achieved by
satellites 32. As shown in Figure 5, each satellite 32 includes an array 52 of directional
antennas. [Each array 52 projects numerous discrete antenna patterns on the earth’s
surface at numerous diverse angles away from its satellite 32. Figure 5 shows a diagram
of a resulting pattern of cells, regions, or coverage areas 54 that satellite 32 collectively
form on the surface of the earth 30. A region 56, which is bounded by a double line in
Figure 35, results from the antenna pattern produced by an antenna array 52 of a single
satellite. The cells 54 which reside outside of region 56 are produced by antenna arrays
from other satellites. According to the present invention, each of the cells illustrated in
Figure 5 is assigned a set of radio resources, e.g. frequencies, on which to carryout radio
communications. It will be recognized by one of ordinary skill in the art that radio
resources can be reused in a cellular pattern, e.g. frequency reuse patterns can be used
so that the same frequency can be used in a plurality of cells so long as the cells are
separated from each other by an appropriate distance.

As the satellites orbit the earth, the individual cells illustrated in Figure 5 are
handed off from one satellite to another as each satellite passes over the horizon. While
the cells are handed off from one satellite to another, each cell maintains the radio
resource, i.e., frequency, it was originally assigned. Thus, if a cell Cl is assigned a
frequency f1 in the satellite communication system, the cell C1 uses the frequency fl
regardless of which satellite is currently providing coverage for the cell. As a result,
when the cell C1 is handed off from one satellite to another satellite, the mobile stations

operating in cell C1 do not have to be handed off form one frequency to another.
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As illustrated in Figure 4, the Tracking, Traffic and Control section 40 keeps

track of the position and the motion of the satellites within the system.
Each satellite system must have a TT&C system that keeps track of the position and
motion of the satellites, as well as keeps records of which LES provides the feederlinks
for communication traffic to each satellite. TT&C systems are well known in the prior
art so they will not be described in more detail. Furthermore, the TT&C section 40 also
maintains records that indicate which satellite is handling each region. Thus by its
function, the TT&C system of a ROFA type satellite system must keep records,
according to the position and movement of the satellites, which indicate which satellite
is assigned to each terrestrial cell, given by its fixed set of radio resources, and through
which LES (record assignment (cell, satellite, LES)) the satellite communicates. As a
result, the TT&C section 40 knows when and to which satellite a region/cell should be
handed off to when the satellite currently providing coverage can no longer provide the
coverage. Furthermore, the TT&C section 40 also maintains records on which land earth
station is handling which satellite or satellites. Thus, the TT&C section 40 also knows
which land earth station handles which region or regions on the earth. Furthermore,
when a cell/region is handed off from one satellite to another satellite, the records are
updated. As a result, the TT&C section 40 has dynamic records which assign each
region to its respective land earth station.

According to the present invention, the cellular system control section 44 keeps
records of which mobile stations are assigned to specific radio regions or cells. The
cellular systems are equipped with location registers, a home location register (HLR) and
a visited location register (VLR). As well as other functionalities so that the accurate cell
location of each user can be maintained in the records. Thus, the cellular system control
elements have support for mobility that assigns users/terminals to cells (record
assignment (user/terminal, cell)). According to one embodiment of the present invention,
the mobile stations periodically update their locations within the system and these position
updates are recorded in the cellular system control section 44. Location updates can be
made according to different methods well known in the prior art. One example of
location updating can occur at power on of the terminal, wherein the terminal identifies

a control channel and, when communication to the base station or the satellite is
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established, location update information is sent to relevant registers (HLR/VLR). The
network can also request periodic registration, i.e., the base station orders the mobiles
to send location update information to either the HLR or the VLR. The location update
can also be made due to handover between different base stations, i.e., after handover
the mobile sends location update information to either the HLR or the VLR. The cellular
system control section 44 also has handover functionalities in order to handoff a mobile
station from one cell to another.

In order to handle mobility functions due to the satellites’ motion in a ROFA type
system, a management functionality section 42 between the TT&C section 40 and the
cellular system control section 44 is needed. The management control section 42
combines the information recorded in the TT&C system (record assignment (cell,
satellite, LES)) and the cellular system control section (record assignment (user/terminal,
cell)) into a combined record (combined record assignment (user/terminal, cell, satellite,
LES)). This combined record assignment makes it possible to implement a ROFA type
satellite mobile communications system using cellular system control elements, i.e.,
equipment, protocols and other technical solutions developed for terrestrial cellular
systems to handle mobility, route calls and invoke services associated with mobile
telephony (telephony, teleservices, bearer services, supplementary services, etc.).

By known techniques, the cellular system control section has functions to handle
mobility and service provisioning to the mobile user. By interrogations and/or other
means of information exchange, the cellular system control section utilizes the combined
record assignment maintained by the management control section to handle routing of
calls, assignment of LES radio resources, handover due to satellite motion, etc. By such
an information exchange, the cellular system control section can, by obtaining the
combined record assignment information, always find the current information needed in
order to route calls to the appropriate LES, to assign LES radio resources and to perform
handover due to satellite motion. The management control section 42 connects the
mobile stations recorded assignment records from the cellular system control section 44
with the land earth station and satellite assignment records from the TT&C controi
section 40. Thus, the management functionality will have dynamic records that map the

mobile station onto a region, land earth station, and satellite. Thus, as the satellites
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move over the horizon, their areas of responsibility are handed off to other satellites.
According to the present invention, the management functionality will have all of the
information needed for the network equipment using cellular type functionality to perform
mobility functions, handover, location update, due to the motion of the mobile station as
the satellite. The management control section maintains the combined record assignment
and thus must be in communication with the TT&C system and the cellular system
control. The management control function can be integrated with the cellular system
control, e.g. the HLR. In such an implementation, the HLR will maintain the combined
record assignment by communication with the TT&C system. Alternatively, the
management control functionality can be integrated with the TT&C system or made into
a stand alone node in the satellite communications system.

An example of an implementation of how mobility due to motion of the satellites
can be handled in a ROFA type system using the present invention will now be
described. In this example, a cell/region x with radio resource f1 will be handed over
from satellite sl to satellite s2. Satellite sl is feed from a LES L1 and the satellite s2
is feed from a LES L2 during the entire time period for handover. The TT&C system
informs the management control section when the cell/region x will be handed off. The
management control section informs the LES L2, via channel assignment messages taken
from the terrestrial cellular system, to set a certain radio resource to fl. The
management control section also performs switch handover of the ongoing call from the
LES L1 to the LES L2 using MSC handover defined for the terrestrial cellular system.
For this embodiment, each LES is equipped with functionalities from the cellular system
control, i.e., MSC functionalities for call control and mobility management and BSC
functionalities for radio resource management. In addition, each LES contains physical
transmission resources, i.e., transceivers to provide the feederlinks to/from the satellites
and network connection to gateways to other systems (PLMN, ISDN, PSTN, etc.) and
other elements of the network (HLR, TT&C, management control function, other LES's
etc.). In this embodiment, the management control section radio resource management
protocols, i.e., BSC functionalities, will be used when the management functionality
informs LES 12, via channel assignment messages, to set a radio resource to f1. Mobility

management protocols, i.e., MSC functionalities, will be used to handover the ongoing
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call from LES L1 to LES L2.

After completed handover a location update message can be sent to the HLR
giving new routing information to the LES L2. Alternatively, the location updates are
only performed when the mobile changes cell. Thus, the HLR will interrogate at call
setup the management control section of the present assignment of the call to the LES and
thus obtain the relevant routing information.

It will be appreciated by those of ordinary skill in the art that the present
invention can be embodied in other specific forms without departing from the spirit or
essential character thereof. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restrictive. The scope of the invention
is indicated by the appended claims rather than the foregoing description, and all changes
which come within the meaning and range of equivalents thereof are intended to be
embraced herein.
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Claims:

1. A control unit for use in a non-geostationary satellite
communication system combining a satellite communication system with a land-based
cellular communication system, said land-based cellular communication system being
divided into regions wherein each region is assigned a radio resource, comprising:

cellular system control means for assigning each mobile station in said
cellular system to a specific region and creating a record of such assignment, wherein
each mobile station periodically updates its location within the system;

satellite system control means for tracking the position and motion of
satellites in said satellite communications system, assigning some of the regions of said
land-based cellular communication system to each satellite, and periodically handing off
coverage of one region from one satellite to another; and

management control means for mapping the region assignment records of
said mobile stations with said satellite assignment records of said regions so as to perform
handover due to motion of the mobile stations and the satellites.

2, A control unit for use in a non-geostationary satellite
communications system according to claim 1, wherein said satellite system uses
regionally oriented frequency assignment.

3. A control unit for use in a non-geostationary satellite
communication system according to claim 1, wherein said regions are assigned
frequencies using a frequency reuse pattern.

4. A control unit for use in a non-geostationary satellite
communications system according to claim 1, wherein each region is assigned a set of
timeslots.

5. A control unit for use in a non-geostationary satellite
communications system according to claim 1, wherein each region is assigned a set of
spread spectrum codes.

6. A control unit for use in a non-geostationary satellite
communications system according to claim 1, wherein said management control means
links said satellite system control means with land-based cellular equipment and protocols

in order to perform mobility functions, handover, and location management due to the
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motion of the satellites and the mobile stations.

7. A control unit for use in a non-geostationary satellite
communications system according to claim 1, wherein each mobile station updates its
location at a call setup which is recorded and stored in said cellular system.

8. A satellite/cellular communications system, comprising:

a satellite communications system comprising a plurality of satellites for
transmitting and receiving a plurality of signals, wherein each satellite is assigned a
certain coverage area for a predetermined period of time, and a plurality of land earth
stations for communicating with said satellites over feederlinks;

a land based cellular communications system;

a plurality of mobile stations which can communicate with each other and
other communication stations using either the cellular system or the satellite system;

control means for handing off coverage areas from one satellite to another
due to the motion of the satellites, wherein the handoff is performed using equipment and
protocols from said land-based cellular communication system.

9. A satellite/cellular communications system according to claim 8,
wherein said satellite system uses regionally oriented frequency assignment.

10. A satellite/cellular communications system according to claim 8,
wherein said coverage areas are assigned frequencies using a frequency reuse pattern.

11. A satellite/cellular communications system according to claim 8,
wherein said satellites are in a medium height orbit around earth.

12. A satellite/cellular communications system according to claim 8,
wherein each mobile station updates its location at a call setup which is recorded and
stored in said cellular system.

13. A satellite/cellular communications system according to claim 8,
wherein each mobile station periodically updates its location which is recorded and stored
in the cellular system.

14. A satellite/cellular communications system according to claim 8,
wherein each of said coverage areas is assigned a set of timeslots.

15. A satellite/cellular communications system according to claim 8,

wherein each of said coverage area is assigned a set of spread spectrum codes.
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16. A method for handing off responsibility for a cell from one satellite
to another in a satellite/cellular communications system, comprising the steps of:

determining in a satellite tracking unit when a cell needs to be handed off;

signalling a management control section that a cell needs to be handed off;

determining which satellite and land earth station should handle said cell;
and

handing off said cell to a selected satellite and land earth station using
equipment and protocols from the cellular communication system.

17. A method according to claim 16, wherein said satellite system uses
regionally oriented frequency assignment.

18. A method according to claim 16, wherein said cells are assigned
frequencies using a frequency reuse pattern.

19. A method according to claim 16, wherein said satellites are in a
medium -height orbit around earth.

20. A method according to claim 16, further comprising the step of:

updating location records for mobile stations operating in said
satellite/cellular communications system.

21. A method according to claim 20, wherein said locatio update is
performed at call setup.

22. A method according to claim 20, wherein said location update is
periodically performed.

23. A method according to claim 16, wherein each of said cells is
assigned a set of timeslots.

24. A method according to claim 16, wherein each of said cells is

assigned a set of spread spectrum codes.
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