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In a satellite communication system according to the present invention, when a transmission request for new data is made under a

situation where a plurality of data from a plurality of service areas (1, 2, and 3) are transmitted to a specific service area, a feeder link
station 4 searches a down-link frequency band of the specific service area whether any frequency Is available to be allocated to the
new data, performs a relay control of allocating a down- link frequency band used In the data communication as a down-link

frequency band for the new data, and a satellite repeater 5 arranges the new data to a down-link frequency band of which data
communication Is just completed, following the relay control performed by the feeder link station 4.
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ABSTRACT

In a satellite communication system according to the

present invention, when a transmission request for new data

p

1s made under a situation where a plurality of data from a

plurality of service areas (1, 2, and 3) are transmitted to

a specific service area, a feeder link station 4 searches a

down-link frequency band of the specific service area

‘requency 1s avallable to be allocated to the

| —

whether any

iy

new data, performs a relay control of allocating a down-

link frequency band used in the data communication as a

down-1link frequency band for the new data, and a satellite

repeater O arranges the new data to a down-link frequency

-

pand of which data communication is just completed,

following the relay control performed by the feeder link

station 4.
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DESCRIPTION

SATELLITE COMMUNICATION SYSTEM

TECHNICAL FIELD

(0001 ] The present invention relates to a satellite
communication system, and particularly relates to a

satellite communication system that achieves i1mprovement in

efficiency in a use of frequency by compressing a frequency

bandwidth of a down-link from a satellite.

BACKGROUND ART
[(0002] Fig. 7 1s a schematic diagram that depicts a

ﬁ

general configuration of a satellite communication system.

A feeder link station 4 1s a base station for controlling a

p—
e

satellite repeater 5, and each of terminal stations © and 7

present in service areas 1 to 3. 1In this case, 1t 1s

assumed that the satellite communication system 1s a

#

single-hop system, although 1n a case of a double-hop

system where communication 1s established between termlnals

via a feeder link, the feeder link station 4 sends and

receives a communication through a communication channel

-

from each of the terminals.

[0003] A plurality of terminal stations (for example, a

small satellite station, a mobile phone terminal, an

aircraft, a bullet train, or a ship) that use a service of

the satellite communications are in the service areas 1 to

3. Tt 1s conceivable a case where one service area

P

includes a plurality of terminals. For simplifying

explanations, in this case, 1t 1s assumed that the

satellite communication system 1includes three service areas,

F

although a system that includes tens of service areas 1is

P

concelivable because of recent achievement of a multi-beam

syétem.
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[0004] The feeder 1link station 4 establishes

communications between service areas via a satellite, or

communications between a service area and the feeder link

station by controlling connections between terminals via

the satellite repeater 5 and controlling a transmission and
a receipt between terminals present in the service areas 1

to 3.

[0005] According to Fig. 7, communication channels 11 to

13 and 71 to 73 between the service areas 1 to 3 and the

satellite repeater 5 are referred to as service links, and

communication channels 14 and 74 between the feeder link

station 4 and the satellite repeater 5 are referred to as

feeder links. The service links 11 to 13 and the feeder

1ink 14 from the terminals in the service areas 1 to 3 and

"eeder link station 4 toward the satellite repeater S

the

I

constitute an up-link beam, and links from the satellite

repeater 5 toward the terminals in the service areas 1 to 3

L

feeder link station 4, namely, the service links 71

and the

to 73 and the feeder link 74, constitute a down-link beam.

[0006] Fig. 8 is a schematic diagram that depicts a
sequence in a case where the terminal station 6 1n the
service area 1 carries out a communication with the

terminal station 7 present in the service area 3 as a

-

concrete example of a communication sequence of the system.

(0007 ] The terminal station 6 in the service area 1

transmits a transmission request signal to the feeder link

station 4 via the satellite repeater 5 (Step S1). The

transmission request signal includes information about a
bandwidth desired to be used, a transmission destination
(the terminal station 7), and a transmission source (the

terminal station 6), as well as transmission request

information.

[0008] The feeder link station 4 has grasped all
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terminals connected to the system and a state of the use or

frequencies in each service area, and when receiving the

transmission request signal from the terminal station 6,

the feeder link station 4 examines at first whether the

terminal station 7 as the transmission destination exists

in the system (Step S5S2).

[0009] If the terminal station 7 exists 1n the system

(Yes at Step S2), the feeder link station 4 examines

whether allocation of a frequency band in accordance with

the request from the terminal station 6 1s available on

both an up-link (from the terminal station o6 to the

satellite repeater 5), and an down-link (from the satellite

repeater 5 to the terminal station 7) (5teps S3 and S4:

p— -

examining an available frequency). If the terminal station

7 does not exists in the system (No at Step S2), the

processing is terminated.

(0010] When the allocation of a frequency band 1s

available on both the up-link and the down-link (Yes at

Step S4), the feeder link station 4 then transmits a
transmission request signal to the terminal station 7 in

the service area 3 via the satellite repeater 5 (Step So).

The transmission request signal includes information about

a frequency band to be used, a transmission destination

(the terminal station 7), and a transmission source (the

terminal station 6), as well as transmlission request

—

If the allocation of a frequency band 1s

| I—

information.

unavailable (No at Step S4), the feeder link station 4

repeatedly executes the processing at Steps S3 and 54.

(00111} After the transmission request signal from the

'
e

feeder link station 4 1s received, i1f approving the

transmission request, the terminal station 7 then transmilts

a communication approval signal to the feeder link station

4 via the satellite repeater 5 (Step S6). Simultaneously,
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the terminal station 7 waits a signal from the terminal

station 6 with the frequency band instructed in the

transmission request signal from the feeder link station 4
(Step So).

[0012] After receiving the communication approval signal

—

feeder link station 4

from the terminal station 7, the

transmits relay control information for performing relay

control to the satellite repeater 5 such that the satellite

repeater 5 can transmit the signal from the terminal
station 6 in the service area 1 to the terminal station /

in the service area 3 (Step S57).

(0013] After that, the feeder link station 4 transmits a
communication permission signal to the terminal station 6

via the satellite repeater 5 (Step S8). The communication

permission signal also includes frequency band information

to be used by the terminal station 6 for communications.,
0014 ] The terminal station 6 then starts a
communication to the terminal station 7 by using a
frequency band instructed in the communication permission

signal when receiving the communication permission signal

from the feeder link station 4 (Step S9).

[0015] To carry out communications for control between

the feeder link station 4 and the terminal stations 6 and ]

e

for the

in the above sequence, fixed channels allocated

control 1s used.

[0016] It is desirable 1in recent satellite
communications that signals in various bandwildths, such as
an audio signal and an image signal, are transmitted and

' ol
—

received by efficiently using frequency resources between

terminals (and also between the terminals and the feeder

1ink station in a case of a double-hop system). Therefore,

it is expected that a high efficiency in communications 1s

e

achieved and a communication capacity of a system 1s
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increased within limited frequency resources flexibly

- 0
pan

coping with variations in traffic from a low-speed audio

signal to a high-speed data communication.

'0017] As a conventional technology that achieves an

efficient use of the frequency resources, there 1s a

technology described 1in a non-patent document 1 described

below. For example, according to a satellite system using

a through repeater satellite, a frequency bandwidth BWd of

3 down-link beam in a service area 1s as follows:

I}

BWd=[bandwidth of each up-link beam BWu]x[number o:

servlice areas]
However, according to the non-patent document 1, the same

communication volume as a conventional one 1s achieved Dby

compressing the frequency bandwidth of the down-link beam
through a cluster multiplexing.
[0018] Fig. 9 is a schematic diagram that depicts an

A~

operation example of a system according to the non-patent

document 1. The left graph of the two graphs depicts an

Jr—
e

operation example of an up-link in each service area, and

also depicts an operation example of a down-link when not
using a method according to the non-patent document 1. On
the other hand, the right graph depicts an operation

example of a down-link when using the method according to

#

the non-patent document 1. A vertical axis 1n each of the

graphs indicates the frequency of a down-link beam to the
service area 1, and a horizontal axis indicates time.

(0019] According to Fig. 9, rectangles A to G 1ndicate

211 data transmitted to the service area 1 from the service

areas 1 to 3 with time and frequency directions. The

P

vertical axis of each of the rectangles indicates a

frequency band to be used for transmission of data. The

data A and B are transmission data from the service area 1

to the service area 1, the data C and D are transmission
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data from the service area 2 to the service area 1, and the

data F and F are transmission data from the service area 3

to the service area 1. Upward arrows "' shown under the

time axis in each of the graphs indicate time points at

each of which a transmission request

for each data 1s made.

[0020] According to a left graph in Fig. 9, the

frequency bandwidth BWd required for the down-link to the

service area 1 1is "BWux3". On the other hand, according to

the method of the non-patent document, frequencies of

F

sighals from respective up-links are switched by the

1

satellite repeater 5, the

frequencies are rearranged

(compressed in the frequency axis direction) such that the

frequencies are packed to eliminate unused intervals, and

then the signals are transmitted to the service area 1. A

right graph in Fig. 9 depicts a state of each data on the

down-link when the freguencies are compressed.

(0021 ] The satellite repeater 5 extracts only necessary

data from signals from up-links, and packs the signals 1in

the frequency axis direction, so that the down-link

frequency bandwidth allocated to the service area 1 from

each of the service areas 1is compressed from BWu to BWC

(BWu>BWc). As clearly shown 1n Fig.

9, the down-1link

frequency bandwidth to the service area 1 1s reduced to

BWd' (=BWcx3) from BWA without any trouble in communicatlions

because of the rearrangement of frequencies performed by

the satellite repeater »O.

[0022] In this way, according to the non-patent document

gro—
—

1, the efficiency of use of frequencies is 1improved Dy

compressing a down-link frequency bandwidth from a

satellite when the satellite repeater 5 switches

frequencies.

[0023] Non-Patent Document 1: "Equipment Technology 1n
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Next Generation Mobile Satellite Communication System',

Technical Study Report, SAT2003-113, Institute of

Electronics, Information and Communication Engineers.

[0024] However, when compressing a signal in the frequency

axis direction as described in the non-patent document 1,

there 1s a problem that i1f communication traffic from a

certain service area to another service area 18 suddenly

increased, a frequency cannot be allocated, consequently a

ey

walting time (gqueue) of a communication 1s 1increased.

[0025] For example, the satellite system according to the
non—patent:document 1, suppose.a transmission request for
the data G from the sexrvice area 3 to the service area 1 1s
newly made. In this case, according to the non-patent
document 1, the bandwidth of the down-link from each service

area to the service area 1 is narrowed from BWu to BWc, so

that the data G cannot be transmitted from the service

area 3 to the service area 1 via the satellite repeater 5 as
long as either a communication of the data E or that of the
data F has not been finished. The right graph in Fig. 9

depicts a state of starting the transmission of. the data G

after the transmission of the data E is completed. In this

way, according to the conventional system, althOugh

frequencies on the up-link side from the service area 3 to
the satellite repeater 5 are not fully occupied, the down-

link side from the satellite repeater 5 to the service

area 1 has no spare frequency, so that a waiting time for a
transmission of data is generated, as a result, a system

throughput 1is decreased.
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DISCLOSURE OF INVENTION
(0025a] According to one aspect of the present invention,

there is provided a satellite communication system comprising:

a feeder link station that issues a relay control by performing

an up-link frequency allocation and a down-link frequency

allocation in response to a transmission request received from
a transmission source terminal in any one of a plurality of

service areas; and a satellite repeater that compresses a down-

link frequency bandwidth allocated to each of the service areas

and relays a communication between the service areas following

receipt of the relay control by the feeder link station;

wherein when a transmission request for new data 1s 1ssued

under a situation where a plurality of data are transmitted to
a specific service area from a plurality of service areas, the
feeder link station determines Whether a down-link frequency
band included in a down-1link frequency bandwidth of the

specific service area 1s avallable to be allocated to the new

data, and when the down-link frequency band included in the

down-link frequency bandwidth of the specific service area 1s
determined to be available, allocates a down-link frequency

band used in any of data communication to the specific service

area as the down-link frequency band for the new data, and the

satellite repeater arranges the new data on the down-link

frequency band right after the data communication is completed,

following the relay control by the feeder link station.

[0025Db] According\to another aspect of the present invention,
there is provided a satellite communication method, implemented

on a satellite communication system that includes a feeder link

station and a satellite repeater, comprising: issuing a relay
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control, at the feeder link station, by performing an up-link

frequency allocation and a down-link frequency allocation in

response to a transmission request received from a transmission

source terminal i1n any one of a plurality of service areas; and

compressing, at the satellite repeater, a down-link freguency
bandwidth allocated to each of the service areas and relaying a
communication between the service areas following the relay
control; wherein when a transmission request for new data is

1ssued under a situation where a plurality of data are

transmitted to a specific service area from a plurality of

service areas, the feeder link station determines whether a
down-link frequency band included in a down-link frequency
pbandwidth of the specific service area is available to be

allocated to the new data, and when the down-link frequency

band i1ncluded in the down-link frequency bandwidth of the

specific service area is determined to be available, allocates

a down-link frequency band used in any of data communication to

the specific service area as the down-link frequency band for
the new data, and arranging, at the satellite repeater, the new
data on the down-link frequency band right after the data

communication 1s completed, following the relay control.

[0026] Some embodiments may provide a satellite

communication system that achieves further reduction in a

transmission time of data relay.

[0027] In a satellite communication system according to some

empodliments, a feeder link station allocates frequencies to an

up-link (from a transmission source terminal to a relay

satellite) and a down-link (from the relay satellite to a

transmission destination terminal) 1n response to a

transmission request from a terminal (a transmission source
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terminal) in any one of a plurality of service areas, and the
relay satellite compresses a down-link frequency bandwidth
allocated to each of the service areas and relavys a
communication between the service areas following a relay
control by the feeder link station. For example, when a
transmission request for new data 1s issued under a situation

where a plurality of data are transmitted to a specific service

area from a plurality of service areas, the feeder link station

.performs a relay control in which the feeder link station

searches an avallable frequency to be allocated to the new data
in a down-link frequency band of the specific service area, and
when any of data communications'is completed, allocates a down-
link frequency band used i1n the data communication as a down-

link frequency band for the new data, and the relay satellite

arranges the new data on the down-link frequency band right

after the data communication is completed followlng the relay

control by the feeder link station.

100281 According to some embodiments, time taken for

transmission may be reduced to shorter than the conventional

technology, and a high efficiency of an up-link may be

achieved, so that a communication efficiency of the whole

satellite system may be further improved within limited

frequency resources.
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BRIEF DESCRIPTION OF DRAWINGS
[0029] [Fig. 1] Fig. 1 is a schematic diagram that

depicts a configuration example of a satellite

communication system according to a first embodiment of the

present i1nvention.

[Fig. 2] Fig. 2 is.a schematic diagram that depicts an

example of a concrete communication sequence -performed by
the satellite communication system.

[F1g. 3] Fig. 3 is a schematic diagram that depicts an

e .

operatlon example according to the first embodiment.
[Fig. 4] Fig. 4 is a schematic diagram that depicts an
operation example according.to a second embodiment.

[Fig. 5] Fig. 5 is a schematic diagram that depicts an
operation example according to the second embodiment.
[Fig. 6] Fig. 6 is a schematic diagram that depicts a
configuration example of a satellite communication system

according to a fourth embodiment of the present invention.

[Fig. 7] Fig. 7 is a schematic diagram that depicts a

- general configuration of a satellite communication system.

[Fig. 8] Fig. 8 is a schematic diagram that depicts an
example of a communication sequence performed by a
conventional satellite communication system.

[F1g. 9] Fig. 9 is a schematic diagram that depicts an

operation of a system according to a non-patent document 1.

EXPLANATIONS OF LETTERS OR NUMERALS

| —

(00301 1 to 3 service areas
4 feeder link station
5 satellite repeater

11 to 13, 71 to 73 service links

14, 74 feeder links
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20, 21 antennas
31 to 33 recelving units
40 filter bank
ol pbuffer
52 frequency/time switching unit

61 to 63 transmitting units
101 transmitting unit
102 receiving unit

103 demodulating unit

BEST MODE (S) FOR CARRYING OUT THE INVENTION

P

(0031] Exemplary embodiments of a satellite

communication system according to the present invention

will be explained below in detail with reference to the

drawings. However, the present invention is not limited to

the embodiments. A general configuration of the satellite

F

communication system according to each of the embodiments

is similarly to the configuration described above with

reference to Fig. 7. According to the present ilnvention,

an up-link and a down-link are not limited to a service

link and a feeder link, and the embodiments are applicable

F

as long as each of the up-link and the down-link are

configured as a multi-beam.

(0032 ] First embodiment.

Fig. 1 is a schematic diagram that depicts a

configuration of a satellite communication system according

to a first embodiment of the present invention. The

satellite communication system includes the service areas 1

to 3, the feeder link station 4, the service links 11 to 13,

and 71 to 73, the

- |

feeder links 14 and 74, and the satellite

repeater 5. Among the service links 11 to 13 and 71 to 73,

and the feeder links 14 and 74, the service links 11 to 13

and the feeder link 14 are referred to as up-link beamns,

and the service links 71 to 73 and the feeder link 74 are
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referred to as down-—-link beams.

[0033] The satellite repeater 5 includes antennas 20 and

21, receiving units 31 to 33, a filter bank 40, a buffer 51,

a frequency/time switching unit 52, transmitting units 61
to 63, a transmitting unit 101, a receiving unit 102, and a

demodulating unit 103.

[0034] Operation of the satellite repeater 5 1s

explained below. To begin with, data transmitted from the

service areas 1 to 3 via the service links 11 to 13 1s
received by the antenna 20, the received data 1s down-

converted to a baseband from a carrier wave frequency by

the receiving units 31 to 33, and further divided 1nto a

F

plurality of frequency bands by the filter bank 40. The

divided data are switched (each down-link frequency

bandwidth is compressed) by the frequency/time switching

unit 52 to cope with the service links 71 to 73, and up-

converted to respective carrier wave frequencies by the

transmitting units 61 to 63. The'up~converted data 1s

transmitted from the antenna 20 to the service areas 1 to 3

by using the service links /1 to 73, respectively. The

buffer 51 is configured to save therein data from an up-

link and a feeder link temporarily when frequency cannot De

allocated to a down-link.

[0035] A transmission request signal transmitted from
the service areas 1 to 3 is down-converted by the receiving

units 31 to 33, then up-converted to a carrier wave

frequency of the feeder link /4 (down-1ink beam) by the

transmitting unit 101, and transmitted from the antenna 21

via the feeder link 74 to the feeder link station 4. The

feeder link station 4 creates control information, such as

a transmission request signal and a communication

permission signal, based on data received from the

satellite repeater 5, and transmits the created data to the
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satellite repeater 5 via the feeder link 14 (up-link beam).

[0036] The data received by the antenna 21 1s down-
converted to the baseband by the receiving unit 102, and

relay control information in the down-converted data 1s

demodulated by the demodulating unit 103. The demodulated

relay control information is input to the frequency/time

switching unit 52, and switched by the frequency/time

switching unit 52 based on relay control information from

the feeder link station 4. The transmission request signal

and the communication permission signal from the feeder link

station 4 to respective terminal stations are input from the

demodulating unit 103 to the transmitting units 61 to 63,

and transmitted from the transmitting units 61 to 63 wvia the

antenna 20 and the gservice 1links 71 to 73 (down-1link beams)

to respective terminals. The transmission request signal
and the communication permission signal to the respective

terminal stations do not need to be modulated by the

satellite repeater 5.

[0037] A concrete communication sequence performed by the

satellite communication system 1s explained below with

reference to Figs. 2 and 7. Fig. 2 1s a schematic diagram

that depicts a sequence when the terminal station 6 1n the

service area 1 carries out a communication with the terminal

station 7 present 1n the service area 3, as an example of a

concrete communication seguence performed by the satellite

communication system.

[0038] To begin with, the terminal station 6 1in the service
area 1 transmits a transmission request signal to the feeder

link station 4 (Step S11). The transmission request signal

includes information about a bandwidth desired to be used, a

transmission time (or a transmission data length), a
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transmission destination (the terminal station 7), and a

transmission source (the terminal station
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6), as well as transmission request information.

[0039] The feeder link station 4 has grasped all

g—

terminals connected to the system, a state of the use or

frequencies in each service area, a schedule, for example,

between which time points each communication is carried out,

and a data volume buffered in the satellite repeater »>.

When receiving the transmission request signal from the

- 2

terminal station 6, the feeder link station 4 examines at

first whether the terminal station 7 as the transmission

destination exists in the system (Step S12).

(0040 ] If the terminal station 7 exists 1n the system

(Yes at Step S$S12), the feeder link station 4 examines

p—
—

whether allocation of a frequency band in accordance with

the request from the terminal station 6 1s avallable on an

up—-link (from the terminal station 6 to the satellite
repeater 5) (Steps S13 and S14: examining an avallable up-
link frequency). If the terminal station 7 does not exists

in the system (No at Step S2), the processing 1s terminated.

(0041 ] In the next step, when the allocation of a

frequency band is available on the up-link (Yes at ostep

S14), the feeder link station 4 then examines whether

F

allocation of a frequency band is available within a total

P

band of the down-links to the service area 3 (according to

the embodiment, BWd'=3BWc) (Step S15), not confirming only

availability of a frequency in the band (BWc) on the down-

link side from the service area 1 to the service area 3

B S

similarly to the conventional example. If the allocation

e

F

of a frequency band is unavailable on the up-link (No at

4

Step S14), the feeder link station 4 repeatedly eXxecutes

the processing at Steps S13 and Sl4.

10042] If the allocation of a frequency 1n the

processing at Step S15 is available within the total band

P

of the down-links to the service area 3 (Yes at Step S195),
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the feeder link station 4 transmits a transmission request
signal to the terminal station 7 1in the service area 3 via

the satellite repeater 5 (Step S16). - The transmlssion

request signal includes information about a frequency band
to be used, a transmission destination (the terminal

station 7), and a transmission source (the terminal station

6), as well as transmission request information. When

determining a frequency to be used for a communication, 1t

is desirable that the time period after a transmission

request is made until a transmission start 1s the shortest.

Therefore, for example, according to Fig. 3, lbecause the

g pp—
—

finish of a transmission of the data A i1s the earliest, the

data G of which transmission is to be newly started 1s

arranged after the data A.

(004 3] After the transmission request signal from the

e

feeder link station 4 is received, 1if approving the

transmission request, the terminal station 7 then transmits

a communication approval signal to the feeder link station

4 via the satellite repeater 5 (Step S17). Simultaneously,

the terminal station 7 waits a signal from the terminal

-t

station 6 with the frequency band instructed 1n the

transmission request signal from the feeder link station 4

(Step S17).

(0044] After receiving the communication approval signal

from the terminal station 7, the feeder link station 4

transmits relay control information for performing relay

control to the satellite repeater 5 such that to the

satellite repeater 5 can transmit the signal from the

terminal station 6 in the service area 1 to the terminal

station 7 in the service area 3 (Step S18). The relay

control information has an influence specifically on the

1

frequency/time switching unit 52 1in the satellite repeater

0.
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[0045] After that, the feeder link station 4 transmits a
communication permission signal to the terminal station 6 via

the satellite repeater 5 (Step S19). The communication

permission signal also includes frequency band information to

5 be used by the terminal station 6 for communications.

[0046] The terminal station 6 then starts a communication to

the terminal station 7 by using a frequency band i1nstructed 1in
the communication permission signal when receiving the

communication permission signal from the feeder link station 4

10 (Step S20).

[0047] By contrast, 1f the allocation of a frequency in the

F

processing at Step S15 1s unavallable 1n the total band of the

down-links to the service area 3 (No at Step S15), the feeder

link station 4 1instructs the terminal station 6 to carry out

15 only an up-link transmission from the terminal station 6 to the

satellite repeater 5 for the time being. Specifically, the

P

feeder link station 4 obtains at first a data volume of the

terminal station 6 from the transmission request information

from the terminal station 6, and 1f the data volume 1s less

20 than a space 1in the buffer 51, the feeder link station 4

transmits a communication permission signal to the terminal

station 6 1n the service area 1 vlia the satellite repeater 5

(Step S21). The transmission request signal 1ncludes

information about a fregquency band to be used, a transmission

25 destination (the terminal station 7), and a transmission source
(the terminal station 6), as well as transmlssion request
information.

[0048] When receiving the communication permission signal from

the feeder link station 4, the terminal station 6 starts a

30 communication to the satellite repeater 5 by using a frequency

band instructed 1n the communication permission signal (Step

S22) .

[0049] When receiving the data from the terminal station
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6, the satellite repeater 5 temporarily saves the recelived

data into the buffer 51 (Step S23). Saving operation into

the buffer 51 is performed in accordance with the relay

control information from the feeder link station 4.

[0050] The feeder link station 4 searches the all bands

F

of the down-1links to the service area 3, and as sooOn as

P

allocation of a freguency to a signal from the terminal

station 6 turns available, the feeder link station 4

allocates the frequency band for the down-link from the
terminal station 6 to the terminal station 7, and
simultaneously transmits a transmission request signal tO

the terminal station 7 in the service area 3 via the

satellite repeater 5 (Step S24). The transmission request

signal includes information about a frequency band to be
used, a transmission destination (the terminal station 7/),

and a transmission source (the terminal station 6), as well

as transmission request information.

(0051 ] After the transmission request signal from the

plr—
—

feeder link station 4 is received, 1f approving the

transmission request, the terminal station 7 transmits a
communication approval signal to the feeder link station 4

via the satellite repeater 5 (Step S520). Simultaneously,

the terminal station 7 waits a signal from the terminal

station 6 with the frequency band instructed in the

transmission request signal from the feeder link station 4.

(0052] After receiving the communication approval signal

from the terminal station 7, the feeder link station 4

gives an instruction to the satellite repeater 5 to read

the signal from the terminal station 6 temporarily saved 1n

the buffer 51 of the satellite repeater 5, and switches a

frequency of the frequency/time switching unit 52 1in real

time such that the saved signal can be transmitted from the

satellite repeater 5 to the terminal station 7 1in the
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service area 3 (Step S26).

[0053] FEventually, the signal transmitted from the

terminal station ©6 1n the service area 1 1s buffered 1in the

satellite repeater 5, added with a delay more or less, and

then transferred to the terminal station 7 1n the service

area 3 (Step S$S27).

(0054 ] In this way, a transmission request to the

terminal station 7 in the service area 3, a communlication

approval to the feeder link station 4, and a transmission

on the up-link side carried out by using the control

-

channels are carrled out before allocation of a down-link

frequency becomes availlable at Step S24, so that a higher

-

efficiency in communications particularly on the up-1link

side can be achieved.

[0055] Fig. 3 1s a schematlic diagram that depicts an

operation example according to the first embodiment based

on the above communication sequence. Fig. 3 depicts an

example when a transmission request for the data G is made
at time tG under the same conditions as those in Fig. 9 and
under a state where the data A to F are belng sent to the

service area 1.

(0056] In this case, although because the down-1link

frequency BWd' 1s fully used by the other communications at

the time tG, the data G cannot be transmitted on the down-

1link side; however, the buffer 51 is available on the up-

link side, so that an up-link transmission of the data G is

carried out. In this way, even 1f communication on the

down—-1link side cannot be carried out, but 1f a

communication on the up-link side 1s sendable, the

—

e-:

ficlency in communications on the up-link side can be

1mproved by starting only an up-link transmission ahead.

(0057 The data G 1s to be temporarily saved into the

buffer 51 of the satellite repeater 5, and the satellite
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repeater 5 reads and transmits the data G saved 1n the

buffer 51 immediately after time tX at which the

p

transmission of the data A having been carried out between

the terminals 1n the service area 1s completed.
Accordingly, a waiting time of the data G, which 1is

conventlonally unable to be transmitted until the

1s finished (time tY), can be

L*]

transmission of the data .

reduced by (tY-tX). Additionally, a time for finishing

-

transmissions of the data A to G can be reduced by (tZ-tW).

[0058] Thus, according to the embodiment, a time

requlred for transmissions can be shorter than the

g

conventlonal technology, and a higher efficiency of an up-

1

link can be achieved, so that a communication efficiency of

the whole satellite communication system can be further

improved within limited frequency resources.

100597 The embodiment is not limited to the above

configuration, and, for example, can be configured not to

include the buffer 51. In such case, a higher efficiency

’l-llv

of an up-link cannot be achieved; however, system

architecture can be simplified because Steps S21 to S27 are

not needed when the buffer 51 1s not provided.

(0060] The processing according to the embodiment is an

invention for efficiently using unoccupiled frequency bands,

so that, for example, a sub-carrier in a multi-carrier

communication, such as OFDMA, can be efficiently used.

(00061 ] Second embodiment.

Operation according to a second embodiment is

iy

explained below. A configuration example of a satellite

communication system i1s similar to the first embodiment as

described above. The embodiment 1s explained below about

F
p—

processing different from the first embodiment.

(00062 ] Fig. 4 1s a schematic dilagram that depicts an

operation example according to the second embodiment.
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an example when a transmission request
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[ ——

first embodiment, Fig. 4 depicts

“or the data G is

made at the time tG under the same conditions as those 1n

Fig. 9, and under a state where the data A to F are beilng

sent to the service area 1.

[0063] According to the embodiment,

communication system 1s con:

the satellite

"igured such that frequency

bands occupied by data in communication are packed to

eliminate unoccupled

e

frequencies by changing the frequency

bands during transmission, and frequency switching process

can be performed in real time.

o
p—

For example, according to

Fig. 4, a transmission time of each of the data A to G 1s

reduced by occupylng a spare

frequency with each of data 1in

communication such that unused segment 1s not generated 1in

an allocated frequency band when rearranging the data A tO

G. Accordingly, a time for finishing transmissions of the

data A to G can be reduced by (tW-tV). It 1s assumed that

the data A to G are packets in which information required

for communications, for example,

transmission rate, are incorporated.

a volume of data and a

(0064 ] A concrete communication sequence performed by

the satellite communication system is explained below with

reference to Fig. 2 described above.

explained below.

(0065 ] First of all,

available on the up-link side

!

Ll

allocation of a

P

first embodiment. Then, 1f allocation o:

a

(Yes at Step S14), and 1f

*

Only different part

from the communication sequence shown in Fig. 2 1s

Steps S11 to S14 are similar to the

frequency 1s

"requency 1s available within the total

band of the down-1links to the service area 3 (Yes at Step

S15), the feeder link station 4 per:

“orms control of

g
-—

allocating a frequency band as wide as possible 1in a total

frequency band (BWd')

for the down-link

from the terminal



10

15

20

29

30

CA 02652881 2008-11-20

20

station 6 to the terminal station 7 when allocating a

this, according to the second embodiment, differently

the

information about a

zone to be used.

frequency on the down-link side (see Fig. 4).

To achieve

from

first embodiment, a communication permission signal and

a transmission request signal include two-dimensional

frequency band to be used and a time

The following processing at Steps 516 to

S20 is similar to the first embodiment.
(00060] By contrast, if the allocation of a frequency
band is available on the up-link (Yes at Step S14), but the

allocation oO:

band of the down-links (No at Step S195),

within the total

T

a frequency is unavallable

the feeder link

station 4 temporarily saves data on the up-link side into

the

per:
onto the down-link side when the allocation of a

turns available within the total band of

At
all
tot

terminal station 6 to the terminal station 7/

The

the
[00

fee

F

buffer 51 similarly to the and

first embodiment,

‘orms control of transmitting the data in the buffer 5l

 and

1

frequency

P—

the down—-l1inks.

feeder link station 4 performs control o:

that time, the

frequency band as wide as possible 1in the

ocating a

the

from

for the down—-link

al frequency band (BWd')
(see Fig. 4).

following processing at Steps S21 to S27 is similar to

first embodiment.

the

o7 ] After that, according to the embodiment,

der link station 4 regularly notifies each terminal

station currently in communication of used-channel change

information for instructing the terminal station to change
information about a frequency band and a time zone to Dbe
used, in accordance with the transmission request.

10068 ] When receiving the used-channel change

information

station in communication changes the

.

cach terminal

feeder link station 4,

from the

frequency band and the

time zone in use by using the received information.
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[0069] In this way, according to the embodiment, 1t 1s

configured such that the feeder link station 4 grasps as

i

packets a transmission start time-point and a finish time-

point of each of the data, and a time-polnt at which the

frequency band occupied by the data is changed, and the

satellite repeater 5 allocates a frequency band as wide as

possible in the down-link frequency band for the down-1link

to a terminal station based on the information in the

packets. Accordingly, transmissions of the data A to G can

be finished earlier than Dby the conventional system.

p—

[0070] According to the embodiment, 1f a transmission

request to transmit data urgently is made by a terminal

station, allocation to such urgent communication can be

i 1)

such

given a high priority. Fig. 5 depicts a situation oO:

urgent communication. For example, suppose the data F

shown on the left in Fig. 5 is an urgent transmission

- N

request. According to the embodiment, frequencles are

rearranged as shown on the right in Fig. > to create no

waiting time for a data transmission in response to the

urgent transmission request F, and to finish the

transmission early. Accordingly, a conventional

transmission time taken for the data F (tU-tF) can Dbe

reduced to (tU'-tF). In this way, by introducing

precedences in arrangement of data, the total transmission

time can be the shortest, and data having a higher urgency

(the data F) can be preferentially transmitted.

[0071] Although the second embodiment described above 1s

that the all frequency bands on the down-link side are

[

F
—

efficiently used, similarly, improvement 1n the e:

ficlency

F
—

of frequency use and reduction in waiting time on the up-

1ink side can be achieved as the feeder link station 4

fr—
—

performs control of packing frequencies 1nto frequency

p—

bands occupied by data to eliminate unoccupied frequencies
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1n the frequency bands on the up-link side (BWu) of the

service areas. In such case, the feeder link station 4

p—

performs control of allocating to each terminal station a

frequency band as wide as possible within the up-link

frequency band (BWu) 1n response to a transmission request

signal from each terminal station in a service area.
(00721 Third embodiment.

A third embodiment 1s explalned below 1n a case where

Jr—
p—

data 1s a non-packet signal. A confilguration example of a

satellite communication system 1s similar to the first

embodiment as described above. The embodiment 1s explained

—
o

below about processing different from the first or second

embodiment.

[0073] F'or example, when data 1s a non-packet signal, it

1s conceivable that the feeder link station 4 cannot grasp

—

a transmission finish time-point of the non-packet signal.

Therefore, according to the embodiment, the processing

shown 1n Fi1g. 2 1s changed as described below. A case

where transmission signals from the terminal station © and
a terminal station ©6' (another terminal station in the
servlice area 1) are non-packet signals is explalned below.

1}"

[0074] For example, suppose the data E in Fig. 4 is a

non—-packet signal. It 1s assumed below that while the

terminal station 6 1is transmitting the non-packet data E,

the terminal station 6' makes a communication request for

data (the data F) to the terminal station 7.
L0075] First of all, Steps S11 to S14 described above

are performed between the terminal station ©' and the

feeder link station 4. However, because the non-packet

—

data E occupies all of allocated frequency bands (BWc (3 to

F

1)) (see the right side of Fig. 4), the feeder link station

4 transmits a request to change frequency allocation to the

terminal station 6 via the satellite repeater 5.
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[0076] When receiving the request to change freqgquency

'

allocation, the terminal station 6 performs processing of

b

narrowlng a transmission frequency band.

[0077] Then, when confirming that the terminal station ©

has narrowed the transmission frequency band, the feeder

link station 4 gives a transmission start 1nstruction to

the terminal station 6'. In addition, the feeder 1link

t

station 4 notifies the terminal station 7 that two kinds o:

I

1]

data, namely, the data E and the data F, are allocated to

the band having been occupied by the data E until then.

[0078] When recelving the transmission start instruction

from the feeder link station 4, the terminal station 6

starts a transmission. When receilving the transmission

b

feeder link station 4, the

start instruction from the

terminal station 6 continues the transmission to the

terminal station 7 via the satellite repeater 5 with a

frequency band that 1s narrowed by a band occupied by the

data F.
[0079] When confirming the finish of the data
transmission from the terminal station 6, the feeder 1link

station 4 notifies the terminal station 6' and the terminal
station 7 that the terminal station 6' is to transmit data
to the terminal station 7 by using the whole band.

P

Detection of the finish of the data transmission can be

performed by determining whether there 1s data input 1nto

the buffer 51.

10080 ] Finally, when receiving information that the
termlinal station 6' 1s to transmit data to the terminal
station 7 by using the whole band, the terminal station 6
transmits the data F to the terminal station 7 via the

satellite by using the whole band.

(0081] In this way, according to the embodiment, the

apove processing can achlieve a higher efficiency in time
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similarly to the second embodiment even in a case Of a non-
packet communication.
(0082 ] Fourth embodiment.

Fig. 6 is a schematic diagram that deplcts a

F

configuration example of a satellite communication system

according to a fourth embodiment of the present invention,

and a scheduler 53 is added to the configuration according

to the first to third embodiments. The fourth embodiment

is configured to achieve a higher efficiency than the third

embodiment.

(0083] For example, when performing the processing as

g
g

described in the third embodiment, a higher efficiency 1n
q

time can be expected as the satellite repeater 5 1s

r~
pr—er

configured as shown in Fig. 6. Such effect 1is explalned

below with reference to the right side of Fig. 4.

(0084 ] The scheduler 53 receives from the feeder link

station 4 a transmission request signal and a communicatilon

approval signal from a terminal station as occasion arises.

Under such state, when the scheduler 53 i1s notified at a

time-point tF from the feeder link station 4 that the

feeder link station 4 intends to transmit the data F while

monitoring a transmission finish of the non-packet data E

shown on the right in Fig. 4, the scheduler 53 allocates a

frequency band (BWc) that has become unoccupied to the data

P
—

F immediately after confirming the transmission finish of

-ﬁ

the non-packet data E (for example, based on information

from the buffer 51), without waiting a control signal from

the feeder link station 4. The scheduler 53 then transmits
a command signal to respective transmitting unit such that
the terminal station 6' and the terminal station 7/

transmits and receive data by using the unoccupied

frequency band.

[0085] In addition, the scheduler 53 simultaneously
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notifies the feeder link station 4 of the allocation.

Accordingly, the feeder link station 4 can grasp the state

of frequency allocation to each channel in real time, even

when the scheduler 53 separately allocates a frequency.

(0086] Although, for example, according to the third

embodiment, to change a transmission frequency band,

communications are carried out between the feeder link

F

station 4 and the satellite repeater 5 a plurality of

number of times; by performing the above operations

according to the fourth embodiment, the processing

f—
—

performed by the scheduler 53 can reduce the number oI

ﬁ

times of communications between the satellite repeater o

and the feeder link station 4, thereby achieving further

reduction in the transmission time.

INDUSTRIAL APPLICABILITY

100871 As described'above, the satellite communication

system according to the present invention 1is useful for

satellite communications controlled by a feeder link

station, and particularly suitable as an application

‘or achieving improvement in efficilency 1n the

Ll

technology

1)

use of frequencies by compressing a frequency bandwildth of

a down-1link from a satellite.
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satelllte communilication system comprising:

feeder link station that i1ssues a relay control by

performing an up-link frequency allocation and a down-link

frequency allocation in response to a transmission request

received from a transmission source terminal in any one of a

g

plurality o:

d

- service areas; and

satellite repeater that compresses a down-link

frequency bandwidth allocated to each of the service areas and

relays a communication between the service areas following

receipt of the relay control by the feeder link station;

wherein when a transmission request for new data 1s

issued under a situation where a plurality of data are

transmitted

to a specific service area from a plurality of

service areas, the feeder link station determines whether a

down-1link frequency band included in a down-link frequency

bandwidth of the specific service area 1is available to be

allocated to the new data, and when the down-link frequency

band included in the down-1link frequency bandwidth of the

specific service area is determined to be available, allocates

a down-1link

frequency band used in any of data communication to

the specific service area as the down-link frequency band for

the new data, and

the satellite repeater arranges the new data on the

down-link frequency band right after the data communication 1s

completed, following the relay control by the feeder link

station.
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2. The satellite communication system according to

claim 1, wherein

when the feeder link station determines that the

down-1link frequency band is not available to be allocated to
the new data, the feeder link station instructs the

transmission source terminal to perform an up-link data

transmission first, and instructs the satellite repeater to

temporarily save the up-link data from the transmission source

terminal, and

iy

when any of the data communications is completed, the

satellite repeater reads the new data from the buffer, and

arranges the new data on the down-link frequency band right

after the data communication is completed, following the relay

control by the feeder link station.

3. The satellite communication system according to

claim 1 or claim 2, wherein under a situation that a plurality

of data are transmitted from a plurality of service areas to

the specific service area, the feeder link station changes a

down-link frequency band occupied by each of the data in

communication such that there is no unused segment in down-link

frequency bands occupied by the data.

4, The satellite communication system according to

claim 3, wherein when changing the down-link frequency band,

the feeder link station rearranges the down-link frequency band

1n accordance with a priority of data to be transmitted.

5. The satelllte communication system according to

- o

claim 3, wherein when data to be transmitted to the specific

service area 1is a non-packet signal, the feeder link station
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detects an end of the data and a transmission request for

unsent data, upon detecting the transmission request for the

unsent data, performs a relay control such that a down-link

frequency is allocated to the unsent data by changing a down-

link frequency band occupied by the data in transmission, and
upon detecting the end of data in transmission, further

performs a relay control such that a down-link frequency band

occupied by other data in transmission is changed to avoid any

unused segment in the down-link frequency band.

6. The satellite communication system according to
claim 4, wherein when data to be transmitted to the specific

service area is a non-packet signal, the feeder link station

detects an end of the data and a transmission request for

unsent data, upon detecting the transmission request for the

unsent data, performs a relay control such that a down-link

frequency is allocated to the unsent data by changing a down-
link frequency band occupied by the data i1n transmission, and
upon detecting the end of data in transmission, further

performs the relay control such that a down-link frequency band

‘occupied by other data 1in transmission is changed to avoid any

unused segment i1in the down-link frequency band.

7. The satellite communication system according to
claim 5, wherein when data to be transmitted to the specific

service area 1s the non-packet signal,

the satellite repeater includes a scheduler that

—

detects an end of data in transmission and a transmission

request for unsent data and schedules the down-link frequency,

and
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upon detecting the transmission request and the end

o~

of the data in transmission, the scheduler allocates a down-

link frequency to the unsent data without waiting for the relay

control from the feeder link station.

8 . The satellite communication system according to

claim 6, wherein when data to be transmitted to the specific

service area 1s the non-packet signal,

the satellite repeater includes a scheduler that

F

detects an end of data in transmission and a transmission

request for unsent data and schedules the down-link frequency,

and

upon detecting the transmission request and the end

F

of the data 1in transmission, the scheduler allocates a down-

link frequency to the unsent data without waiting for the relay

control from the feeder link station.

9. A satellite communication method, implemented on a

satellite communication system that includes a feeder link

station and a satellite repeater, comprising:

1ssulng a relay control, at the feeder link station,

py performing an up-link frequency allocation and a down-link

frequency allocation in response to a transmission request

recelved from a transmission source terminal in any one of a

—

plurality of service areas; and

compressing, at the satellite repeater, a down-link

frequency bandwidth allocated to each of the service areas and

relaying a communication between the service areas following

the relay control;
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wherein when a transmission request for new data 1s

issued under a situation where a plurality of data are

pr—
=

transmitted to a specific service area from a plurality of

service areas, the feeder link station determines whether a

down-link frequency band included in a down-link frequency

pandwidth of the specific service area 1s availlable to be

allocated to the new data, and when the down-link frequency

F

band i1ncluded 1n the down-link frequency bandwidth of the

specific service area 1s determined to be available, allocates

g

a down-link freQuency band used in any of data communication to

the specific service area as the down-link frequency band for

the new data, and

arranging, at the satellite repeater, the new data on

the down-1link frequency band right after the data communication

is completed, following the relay control.
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FI1G.2

TRANSMIT TRANSMISSION REQUEST SIGNAL
(FROM TERMINAL STATION 6 TO TERMINAL STATION 7)
AND FREQUENCY BAND DESIRED TO BE

USED TO FEEDER LINK STATION VIA SATELLITE
FROM TERMINAL STATION 6

512

HAS FEEDER

LINK STATION GRASPED EXISTENCE OF
TERMINAL STATION 772

YES

EXAMINE BY FEEDER LINK STATION WHETHER
ALLOCATION OF FREQUENCY BAND
IN ACCORDANCE WITH REQUEST
FROM TERMINAL STATION 6 {S AVAILABLE ON UP-LINK

S14
CAN
FREQUENCY BE ALLOCATED
ON UP-LINK?
YES
S15

CAN FREQUENCY
BE ALLOCATED WITHIN TOTAL BAND OF
DOWN-LINKS TO SERVICE
AREA 37

NO

OBTAIN DATA VOLUME OF TERMINAL STATION FROM
TRANSMISSION REQUEST INFORMATION
FROM TERMINAL STATION 6 BY FEEDER LINK STATION,
AND TRANSMIT COMMUNICATION PERMISSION SIGNAL
TO TERMINAL STATION 6 VIA SATELLITE IF OBTAINED
DATA VOLUME IS LESS THAN SPACE IN BUFFER

START COMMUNICATION TO SATELLITE
BY TERMINAL STATION 6 BY USING FREQUENCY BAND
INSTRUCTED IN COMMUNICATION PERMISSION SIGNAL

FROM FEEDER LINK STATION

RECEIVE DATA FROM TERMINAL STATION 6
BY SATELLITE, AND TEMPORARILY SAVE RECEIVED
DATA INTO BUFFER, BY PERFORMING SAVING
OPERATION INTO BUFFER BASED ON RELAY CONTROL
INFORMATION FROM FEEDER LINK STATION

AS SOON AS ALLOCATION OF FREQUENCY TO SIGNAL
FROM TERMINAL STATION 6 TURNS AVAILABLE AMONG
ALL BANDS OF DOWN-LINKS TO SERVICE AREA 3,
ALLOCATE FREQUENCY BAND FOR DOWN-LINK
FROM TERMINAL STATION 6 TO TERMINAL STATION 7,
AND SIMULTANEOUSLY TRANSMIT TRANSMISSION
REQUEST SIGNAL TO TERMINAL STATION 7 VIA

SATELLITE REPEATER BY FEEDER LINK STATION

IF TERMINAL STATION 7 APPROVES TRANSMISSION
REQUEST FROM FEEDER LINK STATION,
TRANSMIT COMMUNICATION APPRQOVAL SIGNAL

TO FEEDER LINK STATION VIA SATELLITE

GIVE INSTRUCTION TO SATELLITE TO READ SIGNAL
FROM TERMINAL STATION 6 TEMPORARILY SAVED
IN BUFFER OF SATELLITE, AND SWITCH ALLOCATED
FREQUENCY OF FREQUENCY/TIME SWITCHING UNIT
IN REAL TIME BY FEEDER LINK STATION

BUFFER SIGNAL FROM TERMINAL STATION 6
IN SATELLITE FOR SOME MOMENT,
AND THEN TRANSFER SIGNAL TO TERMINAL STATION 7

TERMINATE COMMUNICATION
FROM TERMINAL STATION 6 TO TERMINAL STATION 7

NO

YES

St

S13

S21

S22

S23

S24

S25

S26

S27

TRANSMIT TRANSMISSION REQUEST
SIGNAL TO TERMINAL STATION 7 VIA
SATELLITE BY FEEDER LINK STATION

S16

IF TERMINAL STATION 7 APPROVES
TRANSMISSION REQUEST,
TRANSMIT COMMUNICATION

APPROVAL SIGNAL TO FEEDER LINK
STATION VIA SATELLITE,
AND SIMULTANEOUSLY WAIT SIGNAL

FROM TERMINAL STATION 6

S17

TRANSMIT RELAY CONTROL
INFORMATION FOR SATELLITE
TO SATELLITE FROM FEEDER LINK
STATION SUCH THAT SATELLITE CAN

TRANSMIT SIGNAL FROM TERMINAL
STATION 6 TO TERMINAL STATION 7

518

TRANSMIT COMMUNICATION
PERMISSION SIGNAL TO TERMINAL
STATION 6 VIA SATELLITE
FROM FEEDER LINK STATION

S18

WHEN TERMINAL STATION G
RECEIVES COMMUNICATION
PERMISSION SIGNAL

FROM FEEDER LINK STATION,
START COMMUNICATION
TO TERMINAL STATION 7 BY USING
FREQUENCY BAND INSTRUCTED
IN COMMUNICATION
PERMISSION SIGNAL

S20
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FIG.3
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FIG.4
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FIG.5
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FIG.3

TRANSMIT TRANSMISSION REQUEST SIGNAL
(FROM TERMINAL STATION 6 TO TERMINAL STATION 7)

AND FREQUENCY BAND DESIRED TO BE S1
USED TO FEEDER LINK STATION VIA SATELLITE
FROM TERMINAL STATION 6
S2
HAS FEEDER NO

LINK STATION GRASPED EXISTENCE OF
TERMINAL STATION 77

END

EXAMINE BY FEEDER LINK STATION WHETHER
ALLOCATION OF FREQUENCY BAND IN ACCORDANCE
WITH REQUEST FROM TERMINAL STATION 6 IS
AVAILABLE ON UP-LINK AND DOWN-LINK

S4

S3

NO CAN
FREQUENCY BAND BE
ALLOCATED?

YES

TRANSMIT TRANSMISSION REQUEST SIGNAL
TO TERMINAL STATION 7 VIA SATELLITE S5
BY FEEDER LINK STATION

RECEIVE TRANSMISSION REQUEST SIGNAL
BY TERMINAL STATION 7; IF APPROVING REQUEST,
TRANSMIT COMMUNICATION APPROVAL SIGNAL
TO FEEDER LINK STATION VIA SATELLITE;

AND SIMULTANEOUSLY WAIT SIGNAL
FROM TERMINAL STATION 6 WITH FREQUENCY BAND
INSTRUCTED FROM FEEDER LINK STATION

S6

WHEN FEEDER LINK STATION RECEIVES
COMMUNICATION APPROVAL SIGNAL
FROM TERMINAL STATION 7, TRANSMIT RELAY
CONTROL INFORMATION TO SATELLITE SUCH
THAT SATELLITE CAN TRANSMIT SIGNAL
FROM TERMINAL STATION 6 TO TERMINAL STATION 7

S7

TRANSMIT COMMUNICATION PERMISSION SIGNAL
TO TERMINAL STATION 6 VIA SATELLITE S8
FROM FEEDER LINK STATION

START TRANSMISSION
BY TERMINAL STATION 6 TO TERMINAL STATION 7
BY USING FREQUENCY BAND INSTRUCTED
IN COMMUNICATION PERMISSION SIGNAL
IMMEDIATELY AFTER RECEIVING COMMUNICATION
PERMISSION SIGNAL FROM FEEDER LINK STATION

TERMINATE COMMUNICATION

S9
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