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MOBILE COMMUNICATION SYSTEM 

CROSS-REFERENCE TO THE RELATED 
APPLICATION 

[0001] This application is a continuation of International 
Application No. PCT/JP99/03239, Whose International ?l 
ing date is Jun. 17, 1999, the disclosures of Which Appli 
cation are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a mobile commu 
nication system in Which radio communication is performed 
betWeen a ground radio base station and a subscriber station 
(for example, a ?xed radio station, a semi-?xed radio station, 
a mobile station, a portable radio station and so on) by using 
a Time Division Multiple Access (TDMA) method, a Code 
Division Multiple Access/Time Division Duplex (CDMA/ 
TDD) method or a Time Divided CDMA method. 

[0004] 2. Description of Related Art 

[0005] In a mobile communication system, communica 
tion of information is, for example, performed betWeen a 
mobile station such as a mobile on-vehicle communication 
apparatus or a mobile portable communication apparatus 
and a ground radio base station through a radio channel. 

[0006] A technique, in Which a satellite is added to the 
mobile communication system to make the satellite function 
as a relay repeater, has been disclosed in the patent gaZette: 
Publication of the Japanese Application No. H7-75344 of 
1995, the Published Unexamined Japanese Patent Applica 
tion No. SSS-131842 of 1983, the Published Unexamined 
Japanese Patent Application No. 559-6642 of 1984 and the 
Published Unexamined Japanese Patent Application No. 
H5-130001 of 1993. 

[0007] HoWever, the satellite functions only as a relay 
repeater, but the satellite has no function for adjusting the 
phase of a radio Wave transmitted and received. 

[0008] Because the conventional mobile communication 
system has the above described con?guration, a satellite can 
be used as a relay repeater. HoWever, because the satellite 
has no function for adjusting a phase of radio Wave, a phase 
shift betWeen a radio Wave directly transmitted from a 
ground radio base station and a radio Wave transmitted from 
the ground radio base station through the satellite is gener 
ated in a subscriber station. Therefore, even though a poWer 
of one of the radio Waves is Weakened, there is a problem 
that it is difficult to hand over the other radio Wave to the 
subscriber station. 

SUMMARY OF THE INVENTION 

[0009] The present invention is provided to solve the 
above problems, and has an object of providing a mobile 
communication system Which can be used in cases Where the 
radio Waves are received in a subscriber station. At the same 

time, the present invention alloWs While changing over from 
either one of a radio Wave directly transmitted from a ground 
radio base station and a radio Wave transmitted from the 
ground radio base station through a satellite (a stratospheric 
platform base station) to the other in response to conditions 
of the radio Waves. 
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[0010] In a mobile communication system according to 
the present invention, When a prescribed delay time passes 
after the transmission of a radio Wave to a stratospheric 
platform base station, another radio Wave relating to the 
same information as that indicated by the radio Wave is 
transmitted to a subscriber station. 

[0011] Therefore, a phase of a radio Wave directly trans 
mitted from a ground radio base station can be synchroniZed 
With a phase of a radio Wave transmitted from the ground 
radio base station through the stratospheric platform base 
station. Accordingly, When one of the radio Waves becomes 
Weakened, it is possible to hand over the other radio Wave 
to the subscriber station. 

[0012] In a mobile communication system according to 
the present invention, the subscriber station compares a 
phase of the radio Wave transmitted from the ground radio 
base station With a phase of the radio Wave transmitted from 
the stratospheric platform base station, the subscriber station 
transmits phase difference information, the ground radio 
base station receives the phase difference information from 
the subscriber station, and the ground radio base station 
adjusts the prescribed delay time. 

[0013] Therefore, the phase synchroniZation can be pre 
cisely performed, and communication turbulence in a hand 
over operation can be suppressed. 

[0014] In a mobile communication system according to 
the present invention, the subscriber station has a plurality of 
phase detectors for respectively detecting phase difference 
information and transmits the pieces of phase difference 
information to a plurality of ground radio base stations. 

[0015] Therefore, even though the subscriber station 
moves to a Zone of an adjacent ground radio base station 
during the communication, communication turbulence can 
be suppressed. 

[0016] In a mobile communication system according to 
the present invention, the subscriber station transmits the 
phase difference information in Which one symbol length is 
a minimum unit. 

[0017] Therefore, the phase synchroniZation can be per 
formed more minutely. 

[0018] In a mobile communication system according to 
the present invention, the subscriber station transmits the 
phase difference information in Which one chip rate length 
is a minimum unit. 

[0019] Therefore, the phase synchroniZation can be per 
formed more minutely. 

[0020] In a mobile communication system according to 
the present invention, the ground radio base station com 
pares a phase of the radio Wave transmitted from the 
stratospheric platform base station With a phase of the radio 
Wave transmitted to the subscriber station and adjusts the 
prescribed delay time according to a comparison result. 

[0021] Therefore, the phase synchroniZation can be pre 
cisely performed, and communication turbulence in a hand 
over operation can be suppressed. 

[0022] Also, the phase synchroniZation can be performed 
more minutely. 
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[0023] In a mobile communication system according to 
the present invention, the ground radio base station adjusts 
the prescribed delay time according to the comparison result 
in Which one symbol length is a minimum unit. 

[0024] Therefore, the phase synchroniZation can be per 
formed more minutely. 

[0025] In a mobile communication system according to 
the present invention, the ground radio base station adjusts 
the prescribed delay time according to the comparison result 
in Which one chip rate length is a minimum unit. 

[0026] Therefore, the phase synchroniZation can be per 
formed more minutely. 

[0027] In a mobile communication system according to 
the present invention, the stratospheric platform base station 
receives the radio Wave transmitted from the ground radio 
base station, measures a frame length of the radio Wave, 
compares the frame length With a standard frame length and 
adjusts a delay time extending from the reception of the 
radio Wave to the transferring of the radio Wave according to 
a comparison result. 

[0028] Therefore, even though the stratospheric platform 
base station is moved by an air ?oW, phase synchroniZation 
can be performed. 

[0029] In a mobile communication system according to 
the present invention, the stratospheric platform base station 
receives the radio Wave transmitted from the ground radio 
base station, measures a multi-frame length of the radio 
Wave, compares the multi-frame length With a standard 
multi-frame length and adjusts a delay time extending from 
the reception of the radio Wave to the transferring of the 
radio Wave according to a comparison result. 

[0030] Therefore, even though the stratospheric platform 
base station is moved by an air ?oW, phase synchroniZation 
can be performed. 

[0031] In a mobile communication system according to 
the present invention, the stratospheric platform base station 
receives the radio Wave transmitted from the ground radio 
base station, measures a super-frame length of the radio 
Wave, compares the super-frame length With a standard 
super-frame length and adjusts a delay time extending from 
the reception of the radio Wave to the transferring of the 
radio Wave according to a comparison result. 

[0032] Therefore, even though the stratospheric platform 
base station is moved by an air ?oW, phase synchroniZation 
can be performed. 

[0033] In a mobile communication system according to 
the present invention, the stratospheric platform base station 
adjusts a delay time for each of radio Waves transmitted from 
a plurality of ground radio base stations in cases Where link 
channels are set betWeen the stratospheric platform base 
station and the plurality of ground radio base stations. 

[0034] Therefore, even though one link channel is discon 
nected by an accident or natural conditions, a lack of 
information can be prevented. 

[0035] In a mobile communication system according to 
the present invention, the stratospheric platform base station 
receives a plurality of radio Waves transmitted from a 
plurality of ground radio base stations, the stratospheric 
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platform base station selects one of the radio Waves, and the 
stratospheric platform base station transfers the selected 
radio Wave to the subscriber station. 

[0036] Therefore, the radio Wave received under superior 
conditions can be transferred to the subscriber station. 

[0037] In a mobile communication system according to 
the present invention, TDMA signals and time divided 
CDMA signals are included in time slots composing a frame 
to construct the information to be transmitted. 

[0038] Therefore, a large number of pieces of high-speed 
data and pieces of loW-speed data can be simultaneously 
transferred. 

[0039] In a mobile communication system according to 
the present invention, one or more TDMA signals and one or 
more time divided CDMA signals are included in time slots, 
Which are successively transferred along a time axis and are 
selected from a plurality of time slots composing a frame, to 
construct the information to be transmitted. 

[0040] Therefore, a large number of pieces of high-speed 
data and pieces of loW-speed data can be simultaneously 
transferred. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a constitutional diagram shoWing a 
mobile communication system according to a ?rst embodi 
ment of the present invention; 

[0042] FIG. 2 is a constitutional diagram shoWing a main 
portion of a ground radio base station 3; 

[0043] FIG. 3 is an explanatory diagram shoWing an 
example of a time slot structure for a person communication 
system (PCS) and a cellular system according to the TDMA 
method and the Time Divided CDMA method; 

[0044] FIG. 4 is an explanatory diagram shoWing a delay 
time in information transfer of a doWn link Which connect 

stations; 

[0045] FIG. 5 is a constitutional diagram shoWing a main 
portion of a subscriber station 10 of a mobile communica 
tion system according to a second embodiment of the 
present invention; 

[0046] FIG. 6 is an explanatory diagram shoWing a phase 
synchroniZation of a time slot; 

[0047] FIG. 7 is a constitutional diagram shoWing a 
mobile communication system according to a fourth 
embodiment of the present invention; 

[0048] FIG. 8 is an explanatory diagram shoWing a main 
portion of a stratospheric platform base station 7 of a mobile 
communication system according to a ?fth embodiment of 
the present invention; 

[0049] FIG. 9 is a constitutional diagram shoWing a 
mobile communication system according to a sixth embodi 
ment of the present invention; 

[0050] FIG. 10 is an explanatory diagram shoWing a main 
portion of the stratospheric platform base station 7 of a 
mobile communication system according to the sixth 
embodiment of the present invention and 
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[0051] FIG. 11 is an explanatory diagram showing an 
example of a time slot structure for a person communication 
system (PCS) and a cellular system according to the TDMA 
method and the Time Divided CDMA method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0052] The invention Will noW be described With reference 
to the accompanying draWings. 

EMBODIMENT 1 

[0053] FIG. 1 is a constitutional diagram shoWing a 
mobile communication system according to a ?rst embodi 
ment of the present invention. In FIG. 1, 1 indicates a public 
sWitching telephone netWork (PSTN). 2 indicates a mobile 
sWitching center, Wire-connected With the PSTN 1, for 
controlling a ground radio base station 3. 3 indicates the 
ground radio base station (BS), arranged on the ground, for 
performing a tWo-Way communication of information With a 
stratospheric platform base station 7 and performing a 
tWo-Way communication of information With a subscriber 
station 10. 4 indicates a directional antenna for performing 
a radio communication With the stratospheric platform base 
station 7. 5 indicates an antenna for performing a radio 
communication With the subscriber station 10. 

[0054] 6 indicates a stratospheric platform Which is halted 
at an elevation of about 20 km from the ground (automati 
cally halted at a prescribed position While using a poWer of 
propellers against a Wind Which is a loW-density air ?oW) 
and has a total length of about 200 m. The stratospheric 
platform 6 is made of a balloon on Which a base station is 
mounted. 7 indicates the stratospheric platform base station 
(HAPS), set on the stratospheric platform 6, for performing 
a tWo-Way communication of information With the ground 
radio base station 3 and performing a tWo-Way communi 
cation of information With the subscriber station 10. 8 
indicates a directional antenna for performing a radio 
communication With the ground radio base station 3. 9 
indicates an antenna for performing a radio-communication 
With the subscriber station 10. 

[0055] 10 indicates the subscriber station (MS) such as a 
?xed radio station, a semi-?xed radio station, a mobile 
station or a portable radio station. The subscriber station 10 
performs a tWo-Way communication of information With the 
ground radio base station 3 and performs a tWo-Way com 
munication of information With the stratospheric platform 
base station 7. 11 indicates an antenna for performing a 
radio-communication With the ground radio base station 3 or 
the stratospheric platform base station 7. 

[0056] FIG. 2 is a constitutional diagram shoWing a main 
portion of the ground radio base station 3. In FIG. 2, 21 
indicates a for-HASP information processing unit for receiv 
ing information transmitted from the mobile sWitching cen 
ter 2 and performing a prescribed processing to transmit the 
information to the stratospheric platform base station 7. 22 
indicates a transmitter for converting the information output 
from the for-HASP information processing unit 21 into radio 
Wave and outputting the radio Wave. 23 indicates a time 
setting unit for setting a delay time of the information. 24 
indicates a for-MS information processing unit for receiving 
the same information as that received in the for-HASP 
information processing unit 21 and performing a prescribed 
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processing to transmit the information to the subscriber 
station 10. 25 indicates a delay control unit for holding the 
information output from the for-MS information processing 
unit 24 by the delay time set in the time setting unit 23. 26 
indicates a transmitter for converting the information output 
from the delay control unit 25 into radio Wave and outputting 
the radio Wave. 

[0057] Next, an operation is described. 

[0058] First, signals are transmitted or received betWeen 
the subscriber station 10 and the stratospheric platform base 
station 7 or betWeen the subscriber station 10 and the ground 
radio base station 3 by using a digital modulating method, 
and both the subscriber station 10 and the stratospheric 
platform base station 7 or both the subscriber station 10 and 
the ground radio base station 3 are connected With each other 
in radio communication according to a Frequency Division 
Multiple Access/Time Division Duplex (FDMA/TDD) 
method, a Code Division Multiple Access/Time Division 
Duplex (CDMA/T DD) method, a Multi-carriers Time Divi 
sion Multiple Access/Frequency Division Duplex (TDMA/ 
FDD) method, TDMA/T DD method, a Time Divided 
CDMA/FDD method or a Time Divided CDMA/T DD 
method. 

[0059] Mobile communication systems using these meth 
ods are described in detail in the Patent Application PCT/ 
JP97/02890 and the Patent Application PCT/JP97/03492 
submitted by the present inventors. HoWever, a mobile 
communication system, in Which a case Where a radio base 
station is arranged in a stratospheric platform is considered, 
is not described in the above submitted Patent Applications. 
Therefore, the mobile communication system is described in 
detail hereinafter. 

[0060] FIG. 3 shoWs an example of a time slot structure 
for a person communication system (PCS) and a cellular 
system according to the TDMA method and the Time 
Divided CDMA method. 

[0061] Contents shoWn in FIG. 3 are brie?y described. 
#21-0A to #21-5A, #21-0B and #21-1B indicate time 
divided CDMA time slots for the person communication 
system (PCS) high-speed data transfer in ?rst and second 
frames. 

[0062] #22-0A to #22-5A, #22-0B and #22-1B indicate 
time divided CDMA time slots for the PCS loW-speed data 
transfer in the ?rst and second frames. 

[0063] #23-1A to #23-5A and #23-0B indicate TDMA 
time slots for the PCS loW-speed data transfer in the ?rst and 
second frames. #24-0A to #24-4A and #24-1B indicate 
TDMA time slots for the PCS middle-speed data transfer in 
the ?rst and second frames. 

[0064] #26-1A to #26-5A and #26-0B indicate TDMA 
time slots for the PCS high-speed data transfer in the ?rst 
and second frames. 

[0065] #25-0A to #25-5A, #25-0B and #25-1B indicate 
TDMA time slots for the cellular loW-speed data transfer in 
the ?rst and second frames. #27-0A to #27-4A and #27-1B 
indicate time divided CDMA time slots for the cellular 
high-speed data communication in the ?rst and second 
frames. 

[0066] FIG. 3 shoWs Up-Link and DoWn-Link of Time 
Division Duplex (TDD), the Up-Link corresponds to time 
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slots expressed by R1OB and R11B along a time axis, and 
DoWn-Link corresponds to time slots expressed by T10A to 
T15A and T20A to T23A along the time axis. 

[0067] Here, the time slots R1OB and R11B of the Up-Link 
and the time slots T10A to T15A of the DoWn-Link compose 
one frame, and the time slots T20A to T23A belong to a next 
frame. That is, FIG. 3 shoWs one frame and 1/zof a following 
frame. 

[0068] First, When information is transferred to the ground 
radio base station 3 from a station on the other end through 
the PSTN 1 and the mobile sWitching center 2, the infor 
mation is converted into radio Wave and is transmitted from 
the directional antenna 4 of the ground radio base station 3 
to the stratospheric platform base station 7. Also, in the 
ground radio base station 3, the same information as the 
information is converted into radio Wave and is transmitted 
from the antenna 5 to the subscriber station 10. 

[0069] Thereafter, in the stratospheric platform base sta 
tion 7, When the radio Wave transmitted from the ground 
radio base station 3 is received in the directional antenna 8, 
the radio Wave is transferred from the antenna 9 to the 
subscriber station 10. 

[0070] Thereafter, in the subscriber station 10, the radio 
Wave transmitted from the ground radio base station 3 is 
received in the antenna 11, and the radio Wave transmitted 
from the stratospheric platform base station 7 is received in 
the antenna 11. 

[0071] Here, FIG. 4 is an explanatory diagram shoWing a 
delay time in the information transfer of a doWn link Which 
connects stations. 

[0072] A time position just after the radiation of the radio 
Wave from the directional antenna 4 of the ground radio base 
station 3 is indicated by A, and a time position, at Which the 
radio Wave is received in the directional antenna 8 of the 
stratospheric platform base station 7, is indicated by B. 

[0073] Therefore, a delay time F indicates a propagation 
time in Which the radio Wave radiated from the directional 
antenna 4 of the ground radio base station 3 is received in the 
directional antenna 8 of the stratospheric platform base 
station 7. 

[0074] In the mobile communication system having the 
stratospheric platform base station 7, because it is consid 
ered that an elevation of the stratospheric platform 6 is about 
20 km, it is assumed that a distance in a straight line betWeen 
the ground radio base station 3 and the stratospheric plat 
form base station 7 is 30 km, and the delay time F; 
3O><1O3/(3><1O8)= 0.1><10_3=0.1 msec is obtained. 

[0075] As a standard example, one frame length of 10 
msec is shoWn in FIG. 4. This delay time F differs from a 
delay time of 200 msec in a case of the satellite communi 
cation and is on the order of 1% of one frame length. 
Therefore, the mobile communication system has a charac 
teristic that the delay time F can be easily controlled. This 
characteristic is one reason that the introduction of the 
stratospheric platform base station 7 to the mobile commu 
nication system can be easily handled. 

[0076] A time position C shoWn in FIG. 4 indicates a time 
position just after the radio Wave, Which is received in the 
directional antenna 8 of the stratospheric platform base 
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station 7 at the time position B and is transmitted from the 
antenna 9 to the subscriber station 10, is received in the 
antenna 11 of the subscriber station 10. 

[0077] Therefore, a delay time G indicates a summed 
time-period (a sum of a processing time-period in the 
stratospheric platform base station 7 and a propagation 
time-period) extending from a time of the reception of the 
radio Wave in the stratospheric platform base station 7 to a 
time of the reception of the radio Wave, Which is transmitted 
from the stratospheric platform base station 7, in the sub 
scriber station 10 through a signal processing in the strato 
spheric platform base station 7. 

[0078] Also, because the radio Wave transmitted from the 
antenna 5 of the ground radio base station 3 directly arrives 
at the antenna 11 of the subscriber station 10, a time position, 
at Which the radio Wave is received in the antenna 11 of the 
subscriber station 10, is indicated by D. 

[0079] In this case, to radiate the radio Wave from the 
ground radio base station 3 so as to make the radio Wave 
arrive at the subscriber station 10 at the time position D, it 
is required to transmit the radio Wave from the ground radio 
base station 3 at a time before the time position D. A time 
position, at Which the radio Wave is transmitted from the 
ground radio base station 3, is indicated by E. 

[0080] Apreparatory time-period, in Which the radio Wave 
transmitted from the ground radio base station 3 arrives at 
the subscriber station 10, is indicated by I. 

[0081] As is described above, When a delay time J passes 
after the radiation of the radio Wave from the ground radio 
base station 3 to the stratospheric platform base station 7, the 
radio Wave is transmitted from the ground radio base station 
3 to the subscriber station 10. 

[0082] Hereinafter, a delay function for a transmission 
time in the ground radio base station 3 is described With 
reference to FIG. 2. 

[0083] First, in the for-HAPS information processing unit 
21 of the ground radio base station 3, When information to 
be transferred from the mobile sWitching center 2 to the 
subscriber station 10 is received, a prescribed processing is 
performed to transmit the information to the stratospheric 
platform base station 7. 

[0084] Thereafter, in the transmitter 22, the information 
processed in the for-HAPS information processing unit 21 is 
converted into radio Wave, and the radio Wave is transmitted 
from the directional antenna 4 to the stratospheric platform 
base station 7. 

[0085] Also, in the for-MS information processing unit 24 
of the ground radio base station 3, When information (Which 
is the same as the information transmitted from the mobile 
sWitching center 2 to the for-HAPS information processing 
unit 21) to be transferred from the mobile sWitching center 
2 to the subscriber station 10 is received, a prescribed 
processing is performed to transmit the information to the 
subscriber station 10. 

[0086] In the delay control unit 25, to synchroniZe the 
phase of the radio Wave, Which is directly received in the 
subscriber station 10 from the ground radio base station 3, 
With the phase of the radio Wave Which is received in the 
subscriber station 10 from the ground radio base station 3 
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through the stratospheric platform base station 7, the infor 
mation output from the for-MS information processing unit 
24 is temporarily held by a delay time (the delay time J 
shoWn in FIG. 4) set in the time setting unit 23. That is, 
When the delay time J passes after the outputting of the 
information processed in the for-MS information processing 
unit 24, the information is output to the transmitter 26. 

[0087] Thereafter, in the transmitter 26, the information 
output from the delay control unit 25 is converted into radio 
Wave, and the radio Wave is transmitted from the antenna 5 
to the subscriber station 10. 

[0088] As is apparent in the above description, in the ?rst 
embodiment, When the delay time J passes after the trans 
mission of a radio Wave to the stratospheric platform base 
station 7, another radio Wave relating to the same informa 
tion as that of the radio Wave is transmitted to the subscriber 
station 10. Therefore, the phase of the radio Wave, Which is 
directly transmitted from the ground radio base station 3, is 
synchroniZed With the phase of the radio Wave, Which is 
transmitted from the ground radio base station 3 through the 
stratospheric platform base station 7, in the subscriber 
station 10. As a result, even though one of the radio Waves 
is Weakened, it is possible to hand over the other radio Wave 
to the subscriber station 10. 

EMBODIMENT 2 

[0089] FIG. 5 is a constitutional diagram shoWing a main 
portion of the subscriber station 10 of a mobile communi 
cation system according to a second embodiment of the 
present invention. In FIG. 5, 31 indicates an ampli?er for 
amplifying the radio Wave received in the antenna 11. 32 to 
34 indicate a plurality of time slot detectors for respectively 
detecting time slots from the radio Wave ampli?ed in the 
ampli?er 31. In the eXample shoWn in FIG. 5, a plurality of 
time slot detectors, of Which the number is n, are prepared. 
35 to 37 indicate a plurality of information detectors for 
respectively detecting information from the time slots 
detected in the corresponding time slot detector 32, 33 or 34, 
38 indicates a delay time measuring unit for detecting a time 
difference (or a phase difference) betWeen the time slots 
detected in the time slot detectors 32 to 34 and transmitting 
information of the phase difference to the delay control unit 
25 of the ground radio base station 3. 

[0090] Next, an operation is described. 

[0091] In the ?rst embodiment, the information output 
from the for-MS information processing unit 24 is tempo 
rarily held in the delay control unit 25 of the ground radio 
base station 3 by the delay time J set in the time setting unit 
23 to synchroniZe the phases of the radio Waves With each 
other in the subscriber station 10. HoWever, in cases Where 
the subscriber station 10 moves, the delay time J slightly 
changes With time to maintain the phase synchroniZation. 
Therefore, it is required to adjust the delay time J for the 
purpose of precisely maintaining the phase synchroniZation. 

[0092] Therefore, in the second embodiment, the sub 
scriber station 10 has a function for receiving the radio Wave 
of each time slot, at Which the radio Wave transmitted from 
the ground radio base station 3 is directly received, simul 
taneously With the reception of the radio Wave of the 
corresponding time slot at Which the radio Wave arrives 
through the stratospheric platform base station 7. 
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[0093] In detail, each time slot of the radio Wave trans 
mitted from the ground radio base station 3 is detected in the 
time slot detector 32. In cases Where the corresponding time 
slot of the radio Wave arriving through the stratospheric 
platform base station 7 is detected in the time slot detector 
33, a phase difference betWeen the time slots is detected in 
the delay time measuring unit 38. In the eXample shoWn in 
FIG. 6, a time slot L of the radio Wave arriving through the 
stratospheric platform base station 7 is shifted in the forWard 
direction by 3 time slots as compared With a time slot K of 
the radio Wave directly transmitted from the ground radio 
base station 3. 

[0094] Thereafter, When a phase difference betWeen the 
time slots is detected in the delay time measuring unit 38, 
phase difference information, in Which one symbol length is 
a minimum unit, is transmitted to the delay control unit 25 
of the ground radio base station 3. 

[0095] In cases Where the phase difference information is 
measured in the delay time measuring unit 38, in FIG. 6, 
information of the arriving of a ground BS direct signal K at 
a frequency-time slot F114-T104 is sent in advance from the 
ground radio base station 3 to the subscriber station 10 
through a control channel. 

[0096] Therefore, because the ground BS direct signal K 
does not exactly arrive at the frequency-time slot F114 
T104, as shoWn in FIG. 6, the ground BS direct signal K 
shifts slightly in the forWard direction, and this time differ 
ence is measured as a phase difference to be measured 
(Which is the same as the delay time J shoWn in FIG. 4). This 
time difference corresponds to the delay time J shoWn in 
FIG. 4. In FIG. 6, a through-HAPS signal L is placed in a 
time-slot T101, and the ground BS direct signal K is placed 
in a time-slot T104. Because a time slot difference betWeen 
the time-slots T101 and T104 is set in advance, the time slot 
difference is not included in the delay time J to be measured. 

[0097] As is described above, When the phase difference 
information transmitted from the delay time measuring unit 
38 of the subscriber station 10 is received in the delay 
control unit 25 of the ground radio base station 3, the delay 
time J set in the time setting unit 23 is adjusted according to 
the phase difference information. Therefore, the phase syn 
chroniZation betWeen the radio Waves can be precisely 
maintained. 

[0098] As is apparent in the above description, in the 
second embodiment, the phase of the radio Wave transmitted 
from the ground radio base station 3 is compared, in the 
subscriber station 10, With the phase of the radio Wave 
transmitted from the stratospheric platform base station 7, 
and the phase difference information is transmitted to the 
ground radio base station 3. Accordingly, the phase synchro 
niZation can be precisely maintained, and communication 
turbulence in the hand-over operation can be suppressed. 

[0099] Here, in cases Where it is required to minutely 
maintain the phase synchroniZation, it is preferable that 
phase difference information, in Which one chip rate length 
is a minimum unit, be transmitted to the ground radio base 
station 3. 

EMBODIMENT 3 

[0100] In the second embodiment, the subscriber station 
10 has one delay time measuring unit 38 (or one phase 
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detecting unit), and the phase difference information is 
transmitted to the ground radio base station 3. HoWever, in 
cases Where a subscriber station can perform an information 
communication not only With one set of the ground radio 
base station 3 and the stratospheric platform base station 7 
but also With a set of a plurality of ground radio base stations 
3 and the stratospheric platform base station 7, it is appli 
cable that a plurality of delay time measuring units 38 be 
arranged in the subscriber station 10 to transmit pieces of 
phase difference information to the plurality of ground radio 
base stations 3. 

[0101] Therefore, even though the subscriber station 10 
moves to a Zone of an adjacent ground radio base station 3 
during the communication, communication turbulence can 
be suppressed. That is, the subscriber station 10 can hand 
over phase difference information to another ground radio 
base station 3 Without a lack of information. 

EMBODIMENT 4 

[0102] In the second embodiment, the phase difference 
betWeen the radio Waves is detected in the subscriber station 
10, and the phase difference information is transmitted to the 
ground radio base station 3. HoWever, it is preferable that the 
phase difference betWeen the radio Waves be detected in the 
ground radio base station 3 to adjust the delay time J. 

[0103] In detail, a plurality of time slot detectors and a 
delay time measuring unit are arranged in the ground radio 
base station 3 in the same manner as in the subscriber station 
10 shown in FIG. 5, and a link 40 is neWly added between 
the stratospheric platform base station 7 and the ground 
radio base station 3 (refer to FIG. 7). 

[0104] Thereafter, a time slot of the radio Wave (Which is 
transmitted from the ground radio base station 3 to the 
stratospheric platform base station 7 and is returned from the 
stratospheric platform base station 7) returned from the 
stratospheric platform base station 7 is detected in one time 
slot detector of the ground radio base station 3. When a time 
slot of the radio Wave transmitted from the ground radio base 
station 3 to the subscriber station 10 is detected in the other 
time slot detector of the ground radio base station 3, a phase 
difference betWeen the time slots is detected in the delay 
time measuring unit 38 of the ground radio base station 3. 

[0105] In this case, a propagation time betWeen the ground 
radio base station 3 and the stratospheric platform base 
station 7 is considered for the radio Wave returned from the 
stratospheric platform base station 7. HoWever, a propaga 
tion time betWeen the ground radio base station 3 and the 
subscriber station 10 is not considered for the radio Wave 
transmitted from the ground radio base station 3 to the 
subscriber station 10. Therefore, in cases Where a phase 
difference betWeen the time slots is detected, a prescribed 
delay time is added to the phase of the radio Wave (Which is 
transmitted from the ground radio base station 3 to the 
subscriber station 10) detected in the other time slot detector, 
and a phase difference betWeen the time slots is detected. 

[0106] Thereafter, in the delay control unit 25 of the 
ground radio base station 3, the delay time J set in the time 
setting unit 23 is adjusted according to the phase difference 
detected in the delay time measuring unit 38, and the phase 
synchroniZation betWeen the radio Waves is precisely main 
tained. 
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[0107] As is apparent in the above description, in the 
fourth embodiment, the phase of the radio Wave returned 
from the stratospheric platform base station 7 is compared, 
in the ground radio base station 3, With the phase of the radio 
Wave transmitted to the subscriber station 10, and the delay 
time J is adjusted according to the comparison result. 
Accordingly, the phase synchroniZation can be precisely 
maintained, and communication turbulence in the hand-over 
operation can be suppressed. 

[0108] Here, in cases Where it is required to minutely 
maintain the phase synchroniZation, it is preferable that the 
delay time J be adjusted according to a comparison result of 
phases in Which one chip rate length is a minimum unit. 

EMBODIMENT 5 

[0109] FIG. 8 is an explanatory diagram shoWing a main 
portion of the stratospheric platform base station 7 of a 
mobile communication system according to a ?fth embodi 
ment of the present invention. In FIG. 8, 51 indicates a 
frequency measurement standard having a precision on the 
order of 10_9. 52 indicates a 720 msec counter for measuring 
a standard multi-frame length in synchroniZation With a 
standard frequency of the frequency measurement standard 
51. 53 indicates a receiver for receiving the radio Wave 
transmitted from the ground radio base station 3. 54 indi 
cates a 720 ms multi-frame counter for measuring a length 
of 720 msec and detecting a multi-frame length from the 
radio Wave received in the receiver 53. 

[0110] 55 indicates a phase comparator for comparing the 
multi-frame length detected in the 720 ms multi-frame 
counter 54 and the standard multi-frame length measured in 
the 720 msec counter 52, instructing a variable delaying unit 
57 to shorten a delay time, in cases Where the multi-frame 
length is longer than the standard multi-frame length, and 
instructing the variable delaying unit 57 to lengthen a delay 
time in cases Where the multi-frame length is shorter than the 
standard multi-frame length. 56 indicates a ?xed delaying 
unit for holding the radio Wave received in the receiver 53 
by a pre-set ?xed delay time. 57 indicates the variable 
delaying unit for holding the radio Wave received in the 
receiver 53 by a variable delay time set under the instruction 
of the phase comparator 55. 58 indicates a transmitter for 
transmitting the radio Wave output from the variable delay 
ing unit 57 to the subscriber station 10. 

[0111] Next, an operation is described. 

[0112] Though the stratospheric platform 6 is moved by 
air ?oW (or Wind), the stratospheric platform 6 is controlled 
by propellers to be returned to an original point. 

[0113] HoWever, because the control of the stratospheric 
platform 6 depends on Wind strength, inertia of the strato 
spheric platform 6 and control performance of the strato 
spheric platform 6, the stratospheric platform 6 is placed 
Within a limited area (for example, Within 3 

[0114] For example, in cases Where the stratospheric plat 
form 6 ?oating at an elevation of 20 km is placed at a 
distance of 30 km (3013 km) from the ground radio base 
station 3, a movable distance of 3 km is equivalent to 10 pm 
by converting the distance into time according to a radio 
Wave speed. In case of a data transfer rate of 2 Mbps, 
because one symbol length is 1 us in the quadrature phase 
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shift keying method, the position change of the stratospheric 
platform 6 is equivalent to :10 symbol lengths. 

[0115] In general, because a guard time betWeen a channel 
and a time slot in the TDMA method is 2 or 3 symbol 
lengths, it is assumed that the control at the precision of one 
symbol length is sufficient for practical use to control the 
change of the symbol length. Also, in cases Where a maxi 
mum speed of the Wind is 60 m/s, because it takes 5 seconds 
to move the stratospheric platform 6 by a distance of 300 m 
equivalent to one symbol length of 1 us, it is sufficient that 
a correction control for the delay change is performed once 
a second. 

[0116] For example, because one super-frame length 
according to the TDD method of IMT-2000 is 720 msec, it 
is possible that the correction control is performed every 720 
msec. 

[0117] Hereinafter, a correction control for the delay 
change is described With reference to FIG. 8. 

[0118] First, in the 720 msec counter 52, a standard 
multi-frame length is measured in synchroniZation With a 
standard frequency of the frequency measurement standard 
51. 

[0119] Also, in the 720 ms multi-frame counter 54, a 
multi-frame length is detected from the radio Wave received 
in the receiver 53. 

[0120] Thereafter, in the phase comparator 55, the multi 
frame length detected in the 720 ms multi-frame counter 54 
is compared With the standard multi-frame length measured 
in the 720 msec counter 52. 

[0121] In cases Where the multi-frame length correspond 
ing to the received radio Wave is longer than the standard 
multi-frame length, the variable delaying unit 57 is 
instructed to shorten a delay time. In contrast, in cases Where 
the multi-frame length corresponding to the received radio 
Wave is shorter than the standard multi-frame length, the 
variable delaying unit 57 is instructed to lengthen a delay 
time. 

[0122] Therefore, after the radio Wave received in the 
receiver 53 is held in the ?xed delaying unit 56 by a pre-set 
?xed delay time, the radio Wave received in the receiver 53 
is held in the variable delaying unit 57 by a variable delay 
time (the delay time set in the phase comparator 55), and the 
radio Wave is transmitted from the transmitter 58 to the 
subscriber station 10. 

[0123] Here, in cases Where 3 km denoting the maximum 
moving distance of the stratospheric platform 6 is converted 
into a time-length of light, this time-length is 10 us. There 
fore, the delay time in the ?xed delaying unit 56 and the 
delay time in the variable delaying unit 57 can cover the 
delay adjustment for the radio Wave. 

[0124] As is apparent in the above description, in the ?fth 
embodiment, When the radio Wave transmitted from the 
ground radio base station 3 is received in the stratospheric 
platform base station 7, the frame length of the radio Wave 
is measured and is compared With the standard frame length, 
and a delay time extending from the reception of the radio 
Wave to the transferring of the radio Wave is adjusted 
according to the comparison result. Therefore, even though 

Jun. 21, 2001 

the stratospheric platform base station 7 is moved by air 
?oW, the phase synchroniZation can be maintained. 

[0125] Here, in the ?fth embodiment, the frame length of 
the radio Wave is measured and is compared With the 
standard frame length. HoWever, it is applicable that a 
multi-frame length of the radio Wave be measured and be 
compared With a standard multi-frame length, and the same 
effect can be obtained. 

[0126] Also, it is applicable that a super-frame length of 
the radio Wave be measured and be compared With a 
standard super-frame length, and the same effect can be 
obtained. 

EMBODIMENT 6 

[0127] FIG. 9 is a constitutional diagram shoWing a 
mobile communication system according to a sixth embodi 
ment of the present invention. In FIG. 9, constituent ele 
ments, Which are indicated by the same reference numbers 
as those of FIG. 1, are the same as or equivalent to those of 
FIG. 1, and the description of the constituent elements is 
omitted. 

[0128] 3a and 3b indicate a plurality of ground radio base 
stations Which are the same as the ground radio base station 
3. 4a and 4b indicate a plurality of directional antennas 
Which are the same as the directional antenna 4. 5a and 5b 
indicate a plurality of antennas Which are the same as the 

antenna 5. 

[0129] FIG. 10 is an explanatory diagram shoWing a main 
portion of the stratospheric platform base station 7 of the 
mobile communication system according to the sixth 
embodiment of the present invention. In FIG. 10, constitu 
ent elements, Which are indicated by the same reference 
numbers as those of FIG. 8, are the same as or equivalent to 

those of FIG. 8, and the description of the constituent 
elements is omitted. 

[0130] 53a and 53b indicate a plurality of receivers Which 
are the same as the receiver 53. 54a and 54b indicate a 
plurality of 720 ms multi-frame counters Which are the same 
as the 720 ms multi-frame counter 54. 56a and 56b indicate 
a plurality of ?xed delaying units Which are the same as the 
?xed delaying unit 56. 57a and 57b indicate a plurality of 
variable delaying units Which are the same as the variable 
delaying unit 57. 

[0131] 61 indicates a phase comparator for comparing the 
multi-frame length detected in the 720 ms multi-frame 
counter 54a and the standard multi-frame length measured 
in the 720 msec counter 52, comparing the multi-frame 
length detected in the 720 ms multi-frame counter 54b and 
the standard multi-frame length measured in the 720 msec 
counter 52 and informing a processor 62 of those compari 
son results. 62 indicates the processor for controlling a delay 
time in the variable delaying unit 57a and a delay time in the 
variable delaying unit 57b according to the comparison 
results of the phase comparator 61 and controlling a sWitch 
ing selection of a sWitching unit 63. 63 indicates the sWitch 
ing unit for selecting the radio Wave output from the variable 
delaying unit 57a or selecting the radio Wave output from the 
variable delaying unit 57b. 
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[0132] Next, an operation is described. 

[0133] In the ?rst embodiment, a tWo-Way communication 
is performed betWeen the stratospheric platform base station 
7 and the ground radio base station 3 in one-to-one corre 
spondence. HoWever, it is applicable that a tWo-Way com 
munication be performed betWeen the stratospheric platform 
base station 7 and the plurality of ground radio base stations 
3a and 3b. 

[0134] HoWever, in cases Where a tWo-Way communica 
tion is performed betWeen the stratospheric platform base 
station 7 and the plurality of ground radio base stations 3a 
and 3b, the stratospheric platform 6 is not necessarily placed 
at a middle point of the plurality of ground radio base 
stations 3a and 3b. Therefore, a delay time betWeen the 
ground radio base station 3a and the stratospheric platform 
6 differs from a delay time betWeen the ground radio base 
station 3b and the stratospheric platform 6. 

[0135] HoWever, it is assumed that the mobile sWitching 
center 2 is controlled to make the ground radio base stations 
3a and 3b simultaneously receive system synchroniZing 
signals output from the mobile sWitching center 2, it can be 
regarded that the system synchroniZing signal to be output 
from the directional antenna 4a and the system synchroniZ 
ing signal to be output from the directional antenna 4b are 
simultaneously radiated. 

[0136] As is described above, in cases Where the system 
synchroniZing signals are simultaneously radiated from the 
ground radio base stations 3a and 3b, because a distance 
betWeen the ground radio base station 3a and the strato 
spheric platform 6 differs from a distance betWeen the 
ground radio base station 3b and the stratospheric platform 
6, a delay time in both the ?xed delaying unit 56a and the 
variable delaying unit 57a differs from a delay time in both 
the ?xed delaying unit 56b and the variable delaying unit 
57b. 

[0137] In cases Where a position of the stratospheric 
platform 6 is once determined, delay times '51 and '52 in the 
?xed delaying units 56a and 56b are ?xed. 

[0138] In the above states, in cases Where the position of 
the stratospheric platform 6 is moved, a phase change caused 
by the movement of the stratospheric platform 6 is absorbed 
in the variable delaying units 57a and 57b (in the ?fth 
embodiment, the phase comparator 55 directly controls the 
variable delaying unit 57. HoWever, the sixth embodiment 
differs from the ?fth embodiment in a point that the pro 
cessor 62, Which receives the comparison results from the 
phase comparator 61, controls the variable delaying units 
57a and 57b. HoWever, the control in the sixth embodiment 
is substantially the same as that in the ?fth embodiment). 

[0139] Therefore, because the phase of the radio Wave 
transmitted from the ground radio base station 3a is syn 
chroniZed With the phase of the radio Wave transmitted from 
the ground radio base station 3b on an input end of the 
sWitching unit 63, it is alloWed that any of the radio Waves 
is transmitted to the subscriber station 10. HoWever, to 
transmit one radio Wave of Which the signal strength is high, 
in cases Where the signal strength of one radio Wave cur 
rently selected is higher than a reference value, the radio 
Wave is still selected and is transmitted. HoWever, in cases 
Where the signal strength of one radio Wave currently 
selected is loWer than a reference value, the other radio Wave 
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is selected and is transmitted. HoWever, in cases Where the 
signal strength of the other radio Wave is loWer than the 
signal strength of one radio Wave currently selected, the 
other radio Wave is not selected, and the radio Wave cur 
rently selected is transmitted. 

[0140] As is apparent in the above description, in the sixth 
embodiment, in cases Where a link channel is set betWeen 
the stratospheric platform base station 7 and each of the 
plurality of ground radio base stations 3a and 3b, the delay 
time is adjusted for each of the radio Waves transmitted from 
the ground radio base stations 3a and 3b. Accordingly, even 
though one link channel is, for example, disconnected 
because of an accident or natural conditions, a lack of 
information can be prevented. 

EMBODIMENT 7 

[0141] In the ?rst embodiment, as shoWn in FIG. 3, the 
TDMA signals and the time divided CDMA signals are 
included in the time slots composing each frame in the 
ground radio base station 3, and pieces of information to be 
transmitted are constructed. HoWever, as shoWn in FIG. 11, 
it is applicable that one or more TDMA signals and one or 
more time divided CDMA signals be included, in the ground 
radio base station 3, in a plurality of time slots (refer to 
#21-0A to #21-4A, #20-5A, #21-0B and #21-1B), Which are 
successively transmitted along the time axis and are selected 
from all time slots composing each frame, to construct 
pieces of information to be transmitted. 

[0142] In the above both cases, a large number of pieces 
of high-speed data and pieces of loW-speed data can be 
simultaneously transmitted. 

[0143] As is described above, in cases Where a radio 
communication is performed betWeen a ground radio base 
station and a subscriber station, When the strength of one 
radio Wave is Weakened, the mobile communication system 
according to the present invention is appropriate to a case 
Where another radio Wave is handed over to the subscriber 
station. 

What is claimed is: 
1. A mobile communication system, comprising: 

a ground radio base station for converting information 
transmitted from a mobile sWitching center into a radio 
Wave and transmitting the radio Wave; 

a stratospheric platform base station for receiving the 
radio Wave transmitted from the ground radio base 
station and transferring the information included in the 
radio Wave; and 

a subscriber station for receiving both the radio Wave 
transmitted from the ground radio base station and the 
radio Wave transferred from the stratospheric platform 
base station, Wherein the ground radio base station 
transmits another radio Wave relating to the same 
information as that of the radio Wave to the subscriber 
station When a prescribed delay time passes after the 
transmission of the radio Wave from the ground radio 
base station to the stratospheric platform base station. 

2. A mobile communication system according to claim 1, 
Wherein the ground radio base station receives phase differ 
ence information from the subscriber station and adjusts the 
prescribed delay time in cases Where the subscriber station 
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compares a phase of the radio Wave transmitted from the 
ground radio base station With a phase of the radio Wave 
transmitted from the stratospheric platform base station and 
transmits the phase difference information. 

3. A mobile communication system according to claim 2, 
Wherein the subscriber station has a plurality of phase 
detectors for respectively detecting phase difference infor 
mation and transmits the pieces of phase difference infor 
mation to a plurality of ground radio base stations. 

4. A mobile communication system according to claim 2, 
Wherein the subscriber station transmits the phase difference 
information in Which one symbol length is a minimum unit. 

5. A mobile communication system according to claim 2, 
Wherein the subscriber station transmits the phase difference 
information in Which one chip rate length is a minimum unit. 

6. A mobile communication system according to claim 1, 
Wherein the ground radio base station compares a phase of 
the radio Wave transmitted from the stratospheric platform 
base station With a phase of the radio Wave transmitted to the 
subscriber station and adjusts the prescribed delay time 
according to a comparison result. 

7. A mobile communication system according to claim 6, 
Wherein the ground radio base station adjusts the prescribed 
delay time according to the comparison result in Which one 
symbol length is a minimum unit. 

8. A mobile communication system according to claim 6, 
Wherein the ground radio base station adjusts the prescribed 
delay time according to the comparison result in Which one 
chip rate length is a minimum unit. 

9. A mobile communication system according to claim 1, 
Wherein the stratospheric platform base station receives the 
radio Wave transmitted from the ground radio base station, 
measures a frame length of the radio Wave, compares the 
frame length With a standard frame length and adjust a delay 
time extending from the reception of the radio Wave to the 
transferring of the radio Wave according to a comparison 
result. 

10. Amobile communication system according to claim 1, 
Wherein the stratospheric platform base station receives the 
radio Wave transmitted from the ground radio base station, 
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measures a multi-frame length of the radio Wave, compares 
the multi-frame length With a standard multi-frame length 
and adjust a delay time extending from the reception of the 
radio Wave to the transferring of the radio Wave according to 
a comparison result. 

11. Amobile communication system according to claim 1, 
Wherein the stratospheric platform base station receives the 
radio Wave transmitted from the ground radio base station, 
measures a super-frame length of the radio Wave, compares 
the super-frame length With a standard super-frame length 
and adjust a delay time extending from the reception of the 
radio Wave to the transferring of the radio Wave according to 
a comparison result. 

12. Amobile communication system according to claim 9, 
Wherein the stratospheric platform base station adjusts a 
delay time for each of radio Waves transmitted from a 
plurality of ground radio base stations in cases Where link 
channels are set betWeen the stratospheric platform base 
station and the plurality of ground radio base stations. 

13. A mobile communication system according to claim 
12, Wherein the stratospheric platform base station receives 
a plurality of radio Waves transmitted from a plurality of 
ground radio base stations, the stratospheric platform base 
station selects one of the radio Waves, and the stratospheric 
platform base station transfers the selected radio Wave to the 
subscriber station. 

14. Amobile communication system according to claim 1, 
Wherein the ground radio base station makes time slots 
composing a frame include TDMA signals and time divided 
CDMA signals to construct the information to be transmit 
ted. 

15. Amobile communication system according to claim 1, 
Wherein the ground radio base station makes time slots, 
Which are successively transferred along a time axis and are 
selected from a plurality of time slots composing a frame, 
include one or more TDMA signals and one or more time 

divided CDMA signals to construct the information to be 
transmitted. 


