
La T- n. " a . a 3ti- S21 8 NOVEMBER 2005 -2 has a signal processing unit 80
connected to the backbone  network (e.g., mobile communication network), a
transmitter 81, a receiver 82, a band pass filter (BPF) 83  with a center
frequency of fl, a band pass filter (BPF) 84 5 with a center frequency of
f2, and antennas 85, 86  connected to the receiver 82 and the transmitter
81,  respectively. The mobile station 21, has an input unit 70 (e.g.,
microphone 70a or keyboard 70b), an output unit 71 (e.g.,  10 display 71a or
speaker 71b), a signal processing unit 72, a transmitter 73, a receiver 74,
a band pass filter (BPF)  75 with a center frequency of fl, a band pass
filter (BPF)  76 with a center frequency of f2, and antennas 77, 78
connected to the transmitter 73 and the receiver 74, 15 respectively. In
operation of the mobile station 211, digital  signals supplied from the
input unit 70 are converted to  baseband signals by the signal processing
unit 72. The  baseband signals are converted to radio signals by the 20
transmitter 73, which then pass through the band pass  filter 75. Radio
signal components of center frequency fl  are extracted by the band pass
filter 75, and the signals  are transmitted from the antenna 77 to the base
station  11, at a frequency fl. 25 The radio signals transmitted from the
mobile  station 21, are received by the antenna 85 of the base  station 111,
and supplied to the receiver 82 via the band  



pass filter 83. The received radio signals are converted  to baseband
signals, and the baseband signals are then 30 converted to digital signals
by the signal processing unit  80. The digital signals are transmitted to
the backbone  network, such as a mobile communication network. On the other
hand, in the downlink, digital 8 NOVEMBER 2005 -3 signals received by the
base station 111 from the backbone  network are converted to baseband
signals by the signal  processing unit 80, and then converted to radio
signals by  the transmitter 81. The band pass filter 84 extracts only 5
those signal components with a center frequency of f2,  which are then
transmitted to the mobile station 211.  The radio signals transmitted from
the base station 11, are received by the antenna 78 of the mobile  station
211, and supplied to the receiver 74 via the band  10 pass filter 76. The
radio signals are converted into digital signals through the receiver 74 and
the signal  processing unit 72, and supplied to the output unit 71.  In FDD,
radio communication is carried out by allocating different frequencies f1
and f2 to the uplink  15 (from the mobile station 21, to the base station
111) and  the downlink (from the base station 11, to the mobile  station
211. Figs. 4-7 illustrate the concept of conventional  TDD communication. In
conventional TDD, the same radio 20 frequency is used on the uplink and the
downlink, unlike  FDD. As illustrated in Fig. 4, base stations 121-1214 are
located in the respective cells 700-713. In this cell  



structure, a mobile station 221r which is under management  of the base
station 121r is connected to a mobile station 25 222, which is under
management of the base station 122 by  means of TDD communication. In TDD,
three or more  frequencies (fl-f3) are allocated alternately and  repeatedly
to the cells (#l-#3). This arrangement is  required to guarantee a
sufficient spatial distance 30 between those cells that use the same radio
frequency in  order to preclude interference from the neighborhood cells.
Each frequency allocated to one of the cells #1-#3 is used  for the uplink
and the downlink alternately each at an 8 NOVEMBER 2005 -4 equal time
interval. The time period allocated to the  alternate links is called a time
slot. Fig. 6 illustrates a conventional TDD mobile  communication system.
This TDD system includes a base 5 station 121 and a mobile station 221. The
base station 121  has a signal processing unit 120 connected to the backbone
network (e.g., mobile communication network), a  transmitter 122, a receiver
123, a switch (SW) 124, a band  pass filter (BPF) 125 with a center
frequency of fl, and 10 an antenna 126 for transmitting and receiving radio
signals. The mobile station 221 has an input unit 110,  such as a microphone
110a or a keyboard 110b, an output  unit 111, such as a display llla or a
speaker lllb, a 15 signal processing unit 112, a transmitter 114, a receiver
115, a switch (SW) 116, a band pass filter (BPF) 117 with  a center
frequency of fl, and an antenna 118 for  



transmitting and receiving radio signals. In operation of the mobile station
221 in the  20 TDD system, digital signals supplied from the input unit  110
are converted to baseband signals by the signal  processing unit 112. The
baseband signals are converted to  radio signals by the transmitter 114,
which then pass  through the switch (SW) 116 and the band pass filter (BPF)
25 117. Radio signal components of center frequency of flare  extracted, and
are transmitted from the antenna 118 to the  base station 121 at a frequency
fl. The radio signals transmitted from the mobile  station 221 are received
by the antenna 126 of the base 30 station 121r and supplied to the receiver
123 via the band  pass filter (BPF) 125 and the switch (SW) 124. The
received radio signals are converted to digital signals by  the receiver 123
and the signal processing unit 120. The 8 NOVEMBER 2005 -5 digital signals
are then transmitted to the backbone network. On the other hand, in the
downlink, digital  signals received at the base station 121 from the
backbone 5 network are converted to radio signals by the signal  processing
unit 120 and the transmitter 122. The radio  signals pass through the switch
(SW) 124 and the band pass  filter (BPF) 125, in which only those signal
components  with a center frequency of f1 are extracted. The radio 10
signals of frequency f1 are transmitted from the antenna  126 to the mobile
station 221. The radio signals transmitted from the base  



station 121 are received by the antenna 118 of the mobile  station 221r
supplied to the receiver 115 via the band 15 pass filter (BPF) 117 and the
switch (SW) 116. The radio  signals are converted into digital signals
through the  receiver 115 and the signal processing unit 112, and  supplied
to the output unit 111. The switching controllers 121 and 113 of the 20 base
station 121 and the mobile station 221r respectively,  superpose control
signals on the downlink communication  signals so that the base station 121
and the mobile  station 221 synchronize with each other. The switching
controllers 121 and 113 switch the switches (SWs) 124 and 25 116,
respectively, based on the control signal supplied  from the signal
processing unit 120 of the base station.  With this arrangement, during
uplink communication, the signal processing unit 120 of the base  station
121 stops supplying signals to the transmitter 122.  30 Accordingly, the
transmitter 122 of the base station 121 and the receiver 115 of the mobile
station 221 suspend  operations. On the other hand, during the downlink
communication, the signal processing unit 112 of the 8 NOVEMBER 2005 -6
mobile station 221 stops supplying signals to the  transmitter 114.
Accordingly, the transmitter 114 of the  mobile station 221 and the receiver
123 of the mobile  station 121 suspend operations. 5 In recent years, the
volume of data transmitted  in mobile radio communication has increased
greatly.  Unlike voice communication on telephone lines, data  



communication is likely to produce asymmetric situations in the volume of
data between the uplink and the downlink.  10 In particular, as browser
phones, which are cellular  phones allowing the users to access homepages
uploaded in  servers on the Internet or use electronic mail, have  rapidly
spread, digital contents is frequently downloaded  from the servers set by
providers. As a result, the data 15 amount transmitted on the downlink is
likely to be larger  than that on the uplink. In the conventional duplex
method (either FDD or  TDD), even if the data amount on the downlink is much
larger than that on the uplink because of asymmetric 20 transmission volume,
an equal radio frequency or a time  slot has to be allocated to the uplink
and the downlink.  For this reason, the radio resources, such as a time slot
or a frequency band, are wasted. Besides, since the radio  frequency band
allocated to mobile radio communication is 25 limited, the transmission
capacity of the system is also  restricted. Accordingly, it is an important
requirement to  eliminate waste of radio resources so as to maximize
deterioration of the transmission capacity of the system 30 in the limited
radio frequency band. From this viewpoint,  the 3rd Generation Partnership
Project (3GPP), which is an  organization that investigates technological
standards of  IMT-2000, has proposed asymmetric duplex as illustrated in 16
TS_ff3'q_MDM LAW Fig. 7. fn. rn.'~5 WAthnn,', ?, serYes of fr_,3Lv.s i;
Lr'4L1. Lr+$'L,... F#n) , each consisting of a plurality of time sluts ci  



example, four 1rL tie czt w'ic v7 i . 77~ ; give iv3iuCU. The  5 numbers of
time sluts allo~ate~. to t e ut,i2LT.k downlink are set asymmetric in order
to cope with  asymmetric data vo uttie rzn the ugLrr. k aru tzt  However,
this a yTTtletIil duYLe niy is 'uTiS'uitauie to a large-capacity mobile
communication system because  10 data are transmitted in to same ra~'Tie fhe
ectt.:~ a iLt  both the uplin' and the downlink, and thereioic, a
continuing wide range of frequency bands must be  guaranteed.
Unfortunatel~js , the ailxate' ~ar.'T~~ freqaenc'  bands are overcrowded,
and it is difficult to obtain a L5 continuing wide range of frequency bands.
Another 'oroGleiim arises ii Tiu is 'urn l'~er.' t'a 44 CDMA systems, and if
the data volumes in the uplink and  the Jiv jsto 1 i n k hennroe a slvmmetrs
c_ In asymmetric TDD-type A- GDMA, as the volume oL the coirt coTiicati ni
data iTiCieases , 20 high-speed processing is required in generating clock
the a band si ftca1 and -modulating the  basebanr- si gn_aL to a radio
siL]nal. This causes the  structures of both the mobile terminal and the
base 25 JUT14.d f 31F '"LIAZ Thee forme, _,' t ; s an nbj ect of the present
~rrt r rn C(S 41 h1Lc ^ t i 's am that  iI :v..... ~ _ .S Lc1 uluC d L uu i
can realize an eiii~isnt 'use of to na i o rTPc liencV 30 resources without
n~>>~ i r_ati n' the structure,. even if the ratcam. I"~.~...,.. v n111me Y
v n th e 



uplink and the d~'wTiiiiillt. To achieve the ..^.T: e o.,r ect of the 8
NOVEMBER 2005 -8 invention, a mobile communication system includes a base
station, and a mobile station configured to communicate  with the base
station using a radio frequency. This mobile  communication system has a
first communication mode, a 5 second communication mode, a third
communication mode, and  a mode switcher that switches the first through
third  communication mode in accordance with data transfer  volumes on the
uplink and the downlink. In the first  communication mode, a first radio
frequency is used for an 10 uplink and a second radio frequency is used for
a downlink.  In the second communication mode, the first radio frequency is
used for the uplink, and the second radio  frequency is shared by the uplink
and the downlink. In the third communication mode, the second radio
frequency is  15 used for the downlink, and the first radio frequency is
shared by the uplink and the downlink. If the communication volumes on the
uplink (from  the mobile station to the base station) and the downlink
(from the base station to the mobile station) are 20 symmetric, the first
mode is selected. If the  communication volumes on the uplink and the
downlink  become asymmetric, the mode is switched to the second or  the
third communication mode, in which either the first or  second radio
frequency is used for bidirectional 25 communication (e.g., for both the
uplink and the downlink)  in a duplex manner. With this mobile communication
system,  



radio resources required for radio communication is  allocated efficiently
to both symmetric and asymmetric  communication. 30 In another aspect of the
invention, a mobile  communication system that can easily cope with increase
of  the data transfer volume on the uplink is provided. This  mobile
communication system includes a base station and a 8 NOVEMBER 2005 -9 mobile
station configured to communicate with the base  station, and it has a first
communication mode, a second  communication mode, and a mode switcher that
switches the  first and second communication modes in accordance with 5 data
transfer volumes on the uplink and the downlink. In  the first communication
mode, a first radio frequency is  used for an uplink and a second radio
frequency is used  for a downlink. In the second communication mode, the
first radio frequency is used for the uplink, and the 10 second radio
frequency is shared by the uplink and the  downlink. If the data transfer
volume on the uplink  increases, the communication mode is switched to the
second mode, in which the up channel communication and the  15 down channel
communication are switched in a duplex manner  at the same second frequency.
Since the mode switching causes the downlink frequency (e.g., the second
frequency)  to be used in a duplex manner, the mode control operation  is
simplified, without causing the structures of the base  20 station and the
mobile station to be complicated. In still another aspect of the invention,
a  



mobile communication system that can easily cope with  increase of the data
transfer volume on the downlink is  provided. This mobile communication
system includes a base 25 station and a mobile station configured to
communicate  with the base station using a radio frequency, and it has  a
first communication mode, in which a first radio  frequency is used for an
uplink and a second radio  frequency is used for a downlink, and a second 30
communication mode, in which the second radio frequency is  used for the
downlink and the first radio frequency is  shared by the uplink and the
downlink. The system also has  a mode switcher configured to switch the
first and second 8 NOVEMBER 2005 _10 communication modes in accordance with
data transfer  volumes on the uplink and the downlink iii yc 2iiiv~i12i ~S'
~, 'J tiff :ZP 'y T ?. ~ru~p station configured to communicate with a mobile
terminal 5 in a prescribed geographical is provided. The base station  coccn
n~cates Rctth. the. mnJ-v le terra caL u1ainq at least two  of a first
communication mode in which a first radio  frequency is used for an uplink
and a second radio  frequency is used for a downlink, a second communication
10 mode in which the first radio frequency is used for the  uplink, and the
second radio frequency is shared by the  uplink and the downlink; and a
third communication mode in  which the first radio frequency is shared by
the uplink  and the downlink and the second radio frequency is u-sei 15 for
the downlink. The base station comprises a signal  processing unit
configured to produce a control signal for  



designating one of the r -(-milli i t tl i itts'u~o, u switching controller
configured to receive the control  /~ signal and change the communication
mode based on the  20 contr v i s i yna . BRIRF DESCRIPTION OF THE DRAWINGS
Other objects., features, and advantages of the  invention will become more
apparent from the following  25 detailed description when read in
conjunction with the  accompanying drawings, in which Fig. I illustrates a
cell structure of the  system; conventional =D Fig. 2 illustrates the
concept of conventional 3D FDD; IF ig. J iii'u th ~t ?L~~. is of a
conventional FD,D mobile communication system; Fig. 4 illustrates a cell
structure of the -11 conventional TDD system; Fig. 5 illustrates the concept
of conventional TDD; Fig. 6 illustrates the structure of a  5 conventional
TDD mobile communication system; iy. S'T,f NL of  conventional TDD
communication; Fig. 8 illustrates an example of the cell  structure of a
mobile communication system according to an  10 embodiment of the present
invention; Figs. 9A-9C illustrate three types of  communication modes used
in the mobile communication  



system according to an embodiment of the invention; rig. lU i us1ur-dt-E-'S
1L. Cit 3-Lmr uzLULC 0i Life 1tt~}u *  15 communication system according to
an embodiment of the  invention; EL q. 1 ~~ 1,lCtYate t:-bp- r~r~Rrati~zn_
of the mobile  communication system in the FDD mode, in which the data
volumes on the downlink and the uplink are almost equal; 20 Fiq. 12
illustrates the operation of the mobile  communication system in the FDD/TDD
mixed mode A, in which  the data volume on the aowni.inx is greater
tnanJtnaL -cm  the uplink; Fig. 13 illustrates the operation of the mobile
25 COIS5~1or1ication sjste yn t};R F'i1,_W/ nI m LyRd mnr3..R a-, L1)_
which- the data volume on the uplink is greater than that on the  downlink;
and Fiq. 14 illustrates an example of the base  station used in the mobile
communication system according  30 to the embodiment; Fig. 15 illustrates a
modification of the base station; T L . iv of t:-hi -12 5 10 base station;
and Fig. if iii'uStiat s fnei Q~F~^TN e. ^.,f t^.e CeLL' structure of the
mobile communication system according to  the i! e! tL 'n_ DETAILED DESCRfg'
3F 'THE 9FEFERFS,3 The details of the preferred embodiment of the  



&'L22 in,2w ~'e C~escr 2~i li tel: ieference to the  attached drawing s .
Fiq_. S I ost-La .es an exa;<<Nle e~ t:.e ce??  structure of the mobile
communication system according to an A bD~~.me_rt. .be ~b~1e ccimrnwication
system comprises  u se st?ti o s ~,BS L-BS Lid, -lO positioned in cells l ,
200, 300, respectively, and mobile stations (MS1 NS3) 20j 15 203
c,!nmectee-' to the esso atems' base stoti~?ns ? Dl -? D. via t.v uctte e
~jnl ce cowmiinication, non telephone con nicat~un, a.c~ other t es of
communication,  In t h i ~'S } ? r c Lo i eQZiCi c' i t is used on tle
-U'plin,ft iviti llc 1lVllll -f...t".., -!.LhR ~t-,; ie S~ +ati ~. fl.l 9J
tie -b.. n ,S ~... t~ ase ..__  20 stations iO1-2fs3r end re~'itQ Lre, cL'
fz is :?se& on the  downlink i-r"itm file Lase Std t'~e^,S E'l'i I'3 to the
?riL Le  stations 201- W3. These frequencies it and' -f2 al'e: used in all
the cells. rice. yit-'C iiiust~atc t ee ~ytRS ^..~ 25 communication modes
used in the mobile conmiunica tiori  system in an em odi.<<es t. f-,, t .ls
ex~* NyA , one f t f ~ cee  modes is selected depending on the ci amclniea
teen `3^ ~u eS  on the unlink and the downlink. These three modes incl~udo
the FDD mode (Fitt. `3A) , t~~c L L3j 133 <<i' ^;ci e 30 9B) , and the
FDD%i'DD mixed mode ' 'frig. 'Ci If the data volume on the uplink 'l from
the  w.ohLLe station to the base stations) is almost tine Sa^Le, as  that on
the downlink from the base station to the mobile  



station; , the FnL .n?Dde is se?ecter~. In the FDD mflde, for 35 eca Nie,
fre~~e ~c~~ ,, i s used axc'Lusively for the uplink, 8 NOVEMBER 2005 -13 and
frequency f2 is used exclusively for the downlink. This  mode is similar to
the conventional FDD technique. If the data volume on the downlink becomes
greater than that on the uplink, the mode is switched to  5 the FDD/TDD
mixed mode A, in which the uplink frequency f1 is shared between the uplink
and the downlink, while the  downlink frequency f2 is still used exclusively
for the  downlink. In other words, the downlink channel and the  uplink
share the uplink frequency fI in alternate time 10 slots, as in the TDD
technique. In the example shown in  Fig. 9B, the time slots (intervals) for
the uplink and the  downlink communication are set equal, and the data
capacity, ratio of the uplink to the downlink becomes I to  3 (1:3) . 15 If
the data volume on the downlink becomes  smaller than that on the uplink,
the FDD%TDD mixed mode B  is selected. In this mode, the uplink frequency t1
is used  exclusively for the uplink, and the downlinK frequency f2  is
shared between the uplink and the downiinK in ait.e-rnat.e 20 time slots, as
in TDD. In this case, the commuTiiC:dLUrI 25 ratio of the uplink to the
downlinK is Ti to '1 By switching these three modes -dep nuliry in 4 L~Tf--
situation, the system can deal win t'ne a5ynmrCur t. r u~~  communication.
r!-g. '1v iiiu~~ia~c3 uf~ 'RC~I,'~~Q "^J LTl~n,i r~ttnn_  



system according to an station 201 and a 'base s'ta'tion 'LV1. 1 e 7[(Jt le
Jla Liva ,  has an input unit 31, such as a micropnone 3'La um a  keyboard
31b, an output unit 32, such as a display TIa um 30 a speaker 32b, a signal
processing unit 33, a switching  controller 34, a serial to parallel
converter (S/P) 35,  and a parallel to serial converter (PIS) 36. The mobile
station 20, also has two transmitters 37 and 38, two receivers 39 and 40,
two switches (SWI and SW2) 41 and 42,  35 fL rst b.cd_ gass filter (BPF) 43
with a center frequency S NO VEMBER 2005 -14 of f1, a seCoriti `L)a'rli pass
ik$' v) ifZ 1v ~~, frequency of i2, fl-fu' -L: wv aii~C?r, 2s~ air "Yv .
TLS':, u ~ na  is USer'1 ir)l Lift1T1 rTr l^ ^ ., ., +- ^ +- ; 7 f1 Y, c c i
n I " rn ryc c, yn 5 unit. `)v ~uTiif~C tcau L^v L'if~ ,i ~f~i^J:R ;f2L'~ fa
y. , 122C~~?i Ia  corgiiuii t tiV i i2 d/vi~f ti~ , ' t ~u ~3R Etta ~G S 7
anx 52 -, a  pares l L ~f2~~u~ ~J:La~fiar fP/.SI 54-, a se-riaL to paraLLeL
c~n.aP ate r.~/~~ 55_, ansi- two receivers 56 and 57.  The. tasiA ' tat i
n_n. i f1,, aLJsci h two switches (SW1 and SW2)  14 SA end. S9 , a fz_rat
band pass filter (BPF) 60 with a center frarn~iF?ncw of f,_, a second band
pass filter (BPF) 61 with a  center frequency of f,, and antennas 62, 63,
each antenna  used for both transmitting and receiving radio signals. In
operation, a digital signal input from the  15 input unit 31 of the mobile
station 20, is converted to a  baseband signal by the signal processing unit
33, and  divided into two lines of baseband signals by the serial  to
parallel converter 35. These baseband signals are  



converted to radio signals by the first and second 20 transmitters 37 and
38. The radio signals are supplied to  the first and second band pass
filters (BPS) 43 and 44 via  the first and second switches (SWI and SW2) 41
and 42,  respectively. The first band pass filter 43 extracts the  signal
component of frequency fl, and the second band pass 25 filter 44 extracts
the signal component of frequency f2.  These radio signals of frequencies f1
and f2 are to 'be  transmitted to the base station 101 via the antennas 4-o
and 46, respectively. The radio signals transmitted -i-iunt L ~irC
mrJuL1-?-- 30 station 2U1 at frequencies 11 ant' -12 dt~ L~~.clzcu ''.fl
L':t  associated antennas bL and bS, dlyd --scrpPLLz~u L^u and second
receivers Sn anal the  associated 'pants -pass rL11L~LJ 'J air'u Z,i,
a''.'f- the t NQ VF.MJ1ER 2005 -15 switcnes 5o ann Sy . `Tire auiv ~ gral-
~~~ ~^~r.rz.~~ tau to  basebanz sigr7dl5 'uy synthesized 'ry Jrre ~1cti
il1cel tv 3~i iu~ fi^J;IL~~ tQ ;D ; C 1 Say  The UURl~USi tC ua~cri aifu Si
~ii~ai ~S J:z ~' t~ ? T ~~n~~ to I 5 SigT1a1 Uy rC tYanG i.au  to i% LZ.i
JFJ2J J?f 'i+Q. ~t~/.~ii51 . Q,J:, th A ~nta~ .~ ; nk_, f ritgital siaual
suzgglied  ii^l^, t;.Q /~ :~S np nptr,7nY _ L.S r-rlnverted to a baseband
Siyn,ui r,~ the G; ana ? r~Lracessina unit 50. The baseband 10 signaL Ls,
d.LvLdQd_ into two lines of baseband signals by  the serial to parallel
converter (S/P) 55, and then  converted to radio signals by the associated
transmitters  r 



51 and 52. These two radio signals pass through the  associated switches
(SWI and SW2) 58 and 59, and the 15 associated band pass filters (BPFs) 60
and 61. The first  band pass filter 60 extracts only the signal component of
frequency fl, and the second band pass filter 61 extracts  only the signal
component of frequency f2. These radio  signals are transmitted to the
mobile station 20, from the 20 associated antennas 62 and 63. The radio
signals transmitted from the base  station 102 at frequencies f1 and f2 are
received by the  associated antennas 45 and 46 of the mobile station 201r
and supplied to the receivers 39 and 40 via the associated 25 band pass
filters 43 and 44, and the switches (SW1 and  SW2) 41 and 42, respectively.
The radio signals are `tnen  converted to baseband signals "by the receivers
'jy d-I1 The two lines of 'basebana signals are syr1`L'rr~'~ [ ~'u ''.sg the
parallel to serial converter '~ri ~'~ ',ti  irr~ ~~~mn~~ei ~ 30 signal is
conve-L'ue'u -LC) -a processing Crni~ 33, zfir~u icutjj i tiff "~3
~"r32t'22)J U i1C i tiriitir v 1ii~i^v LQi S :f t i f~2 R .5D. ) .iO7]
dTlt-'1 t11C 3 vL i Lv iiir ^Ji ~^~T  14 'zf t i-- mn-J2LlP_ eta ion  01 8
NOVEMBER 2005 LU1 superpo-STt base station Cul an- 211e -nR1iJ-1r with eadh
other. Unger the syndnroni-za  nl, ih ~3r'L~iililry  controllers 33 and 34
switdh the communication -nrc e zi t~re  5 system based on the control
signal supplied from tne signal processing unit 50 of the base station lul.
-The  switching controllers 53 and 34, and the signal processing  



unit 50 constitute a mode switcher. in other words, based on the control
signal from  10 the signal processing unit 50, the switching controllers  53
and 34 regulate operations of the first switches (SW1)  58 and 41, the
second switches (SW2) 59 and 42, the serial to parallel converters (SIP) 55
and 35, and the parallel  to serial converters (PIS) 54 and 36 in three
different  15 manners illustrated in Figs. 11-13. With the data volume on
the uplink almost the  same with that on the downlink, the mobile
communication  system operates in the FDD mode, as illustrated in Figs.  11
A and 11B. In the FDD mode, radio frequency f1 is used 20 exclusively for
the uplink, and radio frequency f2 is used  exclusively for the downlink, as
illustrated in Fig. 11A.  The control signal generated by the signal
processing unit  50 of the base station 101 contains commands for
regulating the first switches (SW1) 58 and 41, the second 2.5 switches (SW21
59 and 42, the serial to parallel cor.v rters (S/P) 55 and 35, and the
parallel to serial  crinvarters (P/S). 54 and 36, so that the mobile station
20,  trap. .tts at frequency fL and receives at frequency f2, and  that the
hale station receives at frequency fl and 30 tra'.Jr tG at frP i i nCV f err
marp firer i se. in the mobile station 201,  Lh-e iiiS SvL~t tF. IK? f, J. i
S rl~J]n at d to the transmitter  A iY`i , airu -'2zr~; ^nr~ ~s it ~h.
f,S.W2 J, 4_? is connected to the %MQVF%UER..2(124 receiver B (40) , as
illustrated in Fig. 11B. No serial to  parallel conversion is carried out by
S/P converter 35,  and all the signals from the signal processing unit 33
are  



supplied to the transmitter A (37). Similarly, no parallel 5 to serial
conveYsttn 1-s Zai -e is t i;y T-SS a,T al 1 the e 1 yid L c t`-a1' Lvf:i a
t t -bp- receiver B (40) are supplied to the signal processing unit 33. On
the other hand, in the base station 10;, the  first switch (SWI) is
connected to the receiver A (56) ,  10 and the second switch (SW2) is
connected to the transmitter B (52). No serial to parallel conversion is
carried out '-'Y -&ii ui~ S1 ynaLa fine,  the sLnnai r,rnr-p SSLncx tut-Lt
50 are supplied to the  transmitter B (52). Similarly, no parallel to serial
15 conversion is carried out by P/S converter 54, and all the  signals
received at the receiver A (56) are supplied to  the signal processing unit
50_ If the data volume on the downlinx'Decum-es  L..1cti, +-!z + +uF, n T i
n `b1 LC (` j7, t a  ~at~T a-u 11 uia ~. vii i~ , P t~.l7.P .J ~ Sl'. A 20
the EDQ/TDD mixed mode A,, as illustrated in Figs. 12A and  12B. in this
mode, radio frequency fl on the uplink is  shared by the up channel and the
down channel in the time  division duplex (TDD) manner, as illustrated in
Fig. 12A.  The control signal generated by the signal processing unit 25 50
of the base station 'L-01 cam-ins zvzi~xvl ~-,-mmzr tl-zi~  i~qui~i Limy tho
fL-~st syr.?tr.=t?_r~S (SW 58 and 41,, the second  switches (SW2) 59 and 42,
the serial to parallel  converters (S/P) 55 and 35, and the parallel to
serial  converters (P/S) 54 and 36, so that the base station 10, 30
transmits and the mobile station 20, receives at frequency  



f2, and that the uplink frequency rl is used 'ti  the base statin Tvl 2iiftu
i.v :2f~.~L~2 ~t~tL^n L2. -tu tCar?-afer  data b. t as them . 8 NOVEMBER
2005 -18 To be more precise, in the mobile station 101,  the first switch
(SW1) 41 is switched alternately between  the transmitter A (37) and the
receiver A (39), and the  second switch (SW2) 42 is connected to the
receiver B (40), 5 as illustrated in Fig. 12B. No serial to parallel
conversion is carried out by S/P converter 35, and all the  signals from the
signal processing unit 33 are supplied to  the transmitter A (37). Parallel
to serial conversion is  carried out by P/S converter 36 so that the signal
ratio 10 of the receiver A (39) to the receiver B (40) becomes 1 to  2
(1:2). In the base station 101, the first switch (SW1)  58 is switched
alternately between the receiver A (56) and  the transmitter A (51), and the
second switch (SW2) 59 is 15 connected to the transmitter B (52). Serial to
parallel  conversion is carried out by S/P converter 55 so that the  signal
ratio of the transmitter A (51) to transmitter B  (52) becomes 1 to 2 (1:2).
No parallel to serial  conversion is carried out by P/S converter 54, and
the all 20 the signals from the receiver A (56) are supplied to the  signal
processing unit 50. If the data volume on the uplink becomes greater  than
that on the downlink, the mode is changed to the  FDD/TDD mixed mode B, as
is illustrated in Figs. 13A and 



25 13B. In this mode, the downlink frequency f2 is shared by  the up channel
and the down channel in the time division  duplex (TDD) manner, as
illustrated in Fig. 13A. The  control signal generated by the signal
processing unit 50  of the base station 101 contains control commands for 30
regulating the first switches (SW1) 58 and 41, the second  switches (SW2) 59
and 42, the serial to parallel  converters (S/P) 55 and 35, and the parallel
to serial  converters (P/S) 54 and 36, so that the base station 101 8
NOVEMBER 2005 -19 transmits and the mobile station 201 receives at frequency
fl, and that the downlink frequency f2 is used alternately  by the base
station 201 and the mobile station 101 to transfer data between them. 5 To
be more precise, in the mobile station 101,  the first switch (SW1) 41 is
connected to the transmitter  A (37), and the second switch (SW2) is
switched  alternately between the transmitter B (38) and the  receiver B
(40), as illustrated in Fig. 13B. Serial to 10 parallel conversion is
carried out by S/P converter 35 so  that the signal ratio of the transmitter
A (37) to  transmitter B (38) becomes 2 to 1 (2:1). No parallel to  serial
conversion is carried out by P/S converter 36, and the all the signals from
the receiver B (40) are supplied  15 to the signal processing unit 33. In
the base station 101, the first switch (SW1)  58 is connected to the
receiver A (56), and the second  switch (SW2) 59 is switched alternately
between the  receiver B (57) and the transmitter B (52). No serial to 



20 parallel conversion is carried out by S/P converter 55,  and all the
signals from the signal processing unit 50 are  supplied to the transmitter
B (52). Parallel to serial  conversion is carried out by P/S converter 54 so
that the  signal ratio of the receiver A (39) to the receiver B (40)  25
becomes 2 to 1 (2:1). In this manner, the mobile communication system
according to the embodiment changes the communication mode  depending on the
data volumes on the uplink and the downlink. With the substantially equal
data volumes 30 between the uplink and the downlink, radio frequencies fi
and f2 are used exclusively for the uplink and the downlink,  respectively.
With the uplink data volume increased over  the downlink data volume, the
downlink frequency f2 is 8 NOVEMBER 2005 -20 shared between the uplink and
the downlink in the TDD  manner. With the downlink data volume increased
over the  uplink data volume, then the uplink frequency f1 is shared
between the uplink and the downlink in the TDD manner, so 5 that the up
channel communication and the down channel  communication are carried out
alternately. With this  arrangement, the radio resources are appropriately
allocated to the links in accordance with the data volumes  on the uplink
and the downlink. As a result, the radio 10 resources are utilized
efficiently. The mode switcher, which comprises the signal  processing unit
50 of the base station 101 and the  switching controllers 53 and 34, also
controls the time  slot allocation ratio between the uplink and the
downlink. 



15 In the example shown in Fig. 9B, the time slots of the  uplink frequency
f1 are allocated to the uplink and the  downlink alternately at the same
ratio. However, this  allocation rate may be adjusted in accordance with the
data transfer volumes in the uplink and downlink. For 20 example, the time
slots may be allocated to the uplink and  the downlink at a ratio of 1 to 2,
so that the up channel  uses frequency f1 one of every three time slots. In
this  case, the signal processing unit 50 generates a control  command that
regulates the switchers, the transmitters, 25 the receivers, the P/S
converters, and the S/P converters  so as to operate at an appropriate
timing and ratio.  Although the explanation has been made using an example
in which the three communication modes are used,  only two of them may be
used. For example, the FDD mode  30 and the FDD/TDD mixed mode A are used
and the radio communication may be switched between these two modes if  the
downlink generally has a heavy traffic. Alternatively,  the FDD mode and the
FDD/TDD mixed mode B are used if the 8 NOVEMBER 2005 -21 uplink traffic is
generally heavy. Next, the mode switching technique will be  explained in
more detail below. The mode change described  above may be implemented in
cooperation with any one or 5 any combination of the means described below.
(1) Remote Monitoring Controller Fig. 14 illustrates a modification of the
base  station 101, which carries out mode switching. The signal  processing
unit 50 includes a remote monitoring controller 



10 (RMC) 50a and a control signal generator (CSG) 50b. The  remote
monitoring controller 50a receives via the backbone  network a monitoring
control signal from, for example, a  monitoring station that monitors the
data transfer volumes  on the uplink and the downlink. The remote monitoring
15 controller 50a selects an appropriate mode from the FDD  mode, FDD/TDD
mixed mode A, and FDD/TDD mixed mode B  illustrated in Figs. 11-13, based on
the received  monitoring signal. The selected mode is supplied to the
control  20 signal generator 50b. The control signal generator 50b
generates a control signal based on the selected mode. The control signal is
supplied to the switching controller 53,  which then switches the first and
second switches (SWl and  SW2) 58 and 59, and controls the operations of the
P/S 25 converter 54 and the S/P converter 55, in an appropriate  manner.
This control signal is supplied to the switching  controller 34 of the
mobile station 201 on the downlink,  and it causes the switching controller
34 to control the  connections of the switches (SWl and SW2) 41 and 42 and
30 the operations of the S/P converter 35 and the P/S converter 36. (2) Time
Management Controller Fig. 15 illustrates another modification of the 8
NOVEMBER 2005 -22 base station 101. The switching controller 53 has a time
schedule table (TST) 53a. In this modification, the  switching controller 53
functions also as a time  management controller. For example, the monitoring
station 



5 takes statistics of the time-varying data volumes on the  uplink and the
downlink, and makes up a time schedule of a  day or a week for mode change
in advance, based on the  statistics result. The time schedule is
incorporated in  the switching controller 53. The switching controller 53 10
controls the connections of the switches (SW1 and SW2) 58  and 59 and the
operations of the P/S converter 54 and the  s/P converter 55. Although not
illustrated in Fig. 15, a  corresponding time schedule (i.e., a time
schedule table)  is also incorporated in the switching controller 34 of the
15 mobile station 201. Thus, the communication mode of the  mobile
communication system is automatically switched in  accordance with the
prescribed time schedule. (3) Communication Observation Controller Fig. 16
illustrates still another modification  20 of the base station 101. The
signal processing unit 50 has  a control signal generator (CSG) 50b and a
communication  observation controller 50c. The communication observation
controller 50c includes a communication volume monitoring  (CVM) unit 50d
for measuring the communication volumes on  25 the uplink and the downlink,
and a comparator 50e for comparing the measurements of the uplink and the
downlink.  The comparison result is supplied to the control signal
generator (CSG) 50b, which generates a control signal for  causing the
switching controller 53 to appropriately 30 switch the connection states of
the switches (SW1 and SW2)  58 and 59 and the operations of the P/S
converter 54 and  the S/P converter 55. Although not illustrated in Fig. 16,
the control signal is supplied to the switching controller 8 NOVEMBER 2005 



-23 34 of the mobile station 201, and the switches 41 and 42,  the S/P
converter 35, and the P/S converter 36 are  appropriately controlled. With
this arrangement, mode  control centralizes in each of the base stations
101-103 5 (Fig. 8), using the measuring results obtained at the base
station. The mode switch operations may be carried out  independently among
the base stations 101-103, or  alternatively, all of or some neighborhood
base stations 10 may change the communication mode in synchronization with
each other in order to prevent interference in carrier  propagation. In the
latter case, the transmitters 51, 52  and the receivers 56, 57 of the base
station 101, and the  receivers 39, 40 and the transmitters 37, 38 of the
mobile 15 station 201 synchronize with each other. In addition, if  the
FDD/TDD mixed mode A or B is selected, the up channel  communication and the
down channel communication may be  switched using the same frequency after
the base stations  of all of or some neighborhood cells are synchronized
with  20 each other. The mode switcher of the mobile communication  system
is not limited to the above-described examples. For  example, a system
manager that monitors and manages the  mobile communication system may
manually switch the 25 communication mode of the system. Fig. 17 illustrates
another example of the cell  structure. In this frame structure, adjacent
cells use  different combinations of radio frequencies. For example,  cell
100 uses frequencies f1 and f2, the adjacent cell 200 



30 uses frequencies f2 and f3, and another adjacent cell 300  uses
frequencies f2 are f4. This arrangement can  effectively prevent
interference, which may occur in the  cell structure shown in Fig. 8, in
which the same 8 NOVEMBER 2005 -24 frequencies f1 and f2 are used in all the
cells. With the  cell structure of Fig. 8, if the downlink data volume
becomes greater than the uplink data volume, and therefore,  uplink
frequency f1 is used in the TDD manner, then, the 5 base station may receive
radio frequency f1 from the  adjacent cell, which causes undesirable
interference. By  allocating different frequencies to the adjacent cells, as
illustrated in Fig. 17, signal interference can be  prevented effectively in
the mobile communication system. 10 Preferably, the switching timing of the
switches  41, 42, 58, 59 of the mobile station 101 and the base  station
201r and the signal ratio defined by the serial to  parallel converters 35,
55 and the parallel to serial  converters 36, 54 are adjusted more finely.
This 15 arrangement allows the system to cover possible  contingencies in
the asymmetric data communication between  the uplink and the downlink, and
consequently, the  resource utilization efficiency can be further improved.
Basically, the mobile communication system  20 described in the embodiment
operates in the FDD manner,  and uses the TDD method as required depending
on the data  transfer volumes on the uplink and the downlink.  Consequently,
the mobile communication system does not  require the clock rate and the
modulation rate to be 



25 extremely increased, unlike in the conventional asymmetric  TDD system,
and the system structure, including the signal  processing units and the
transmitters/receivers of the  base station and the mobile station, can be
simplified. Although the invention has been described using  30 specific
examples, the present invention is not limited to  those examples, but
includes many substitutions and  modifications without departing from the
scope of the  invention. For example, although in the embodiment three 8
NOVEMBER 2005 -25 communication modes are used, two of these modes (for
example, the FDD mode and the FDD/TDD mixed mode A, or the  FDD mode and the
FDD/TDD mixed mode B) may be used. In  this case, the mode switcher switches
the system operation 5 between the selected two modes. This patent
application is based on and claims  the benefit of the earlier filing date
of Japanese patent  application No. 2001-146852 filed May 16, 2001, the
entire  contents of which are hereby incorporated by reference. 10   r . . 8
NOVEMBER 2005 29 a remote monitoring controller (50a) configured to receive
a monitoring .ontrol  signal representing data transfer volumes on the
uplink and the downlink from the backbone  network; and a control signal
generator (50b) configured to produce the control. signal based on the  



monitoring control signal supplied from. the remote monitoring controller.
15. The base station according to claim 13, wherein the signal processing
unit having: a communication volume measuring unit (50d) configured to
measure data transfer  volumes on the uplink and the downlink; a comparator
(50e) configured to compare the data transfer volumes of the uplink and  the
downlink; and a control signal generator (50b) configured to receive a
comparison result from the  comparator and produce the control signal based
on the comparison result. 16. The base station according to claim 12,
comprising: the switching controller having a time schedule table indicating
a time-based suitable  communication mode and configured to change the
communication mode according to the  time schedule table. 17. A mobile
terminal (20) configured to communicate with a base :station (10)  in a
prescribed geographical area (100, 200, 300) and characterised by using a
lea:;t two modes  of: a first communication mode for communication between
the base station and the  mobile terminal in which a first radio frequency
is used for an uplink and a second radio  frequency is used for a downlink;
a second communication mode for communication between the base station and
The  mobile terminal in which the first radio frequency is used for the
uplink, and the second radio frequency is shared by the uplink and the
downlink; and a third communication mode for communication between the base
station and the  mobile terminal in which the first radio frequency is
shared by the uplink and the downlink  and the second radio frequency is
used for the downlink, the mobile terminal comprising: 8 NOVEMBER 2005 30  a
switching controller (34) configured to change the communication mode, while
keeping the transmitting and receiving parts of the mobile terminal in.
synchronisation with the  transmitting and receiving parts of the base
station. 



18. The mobile terminal according to claim 17, comprising the switching:
controller  being configured to receive a control signal designating a
suitable communication mode from  the base station and change the
communication mode based on the control signal. 19. The mobile terminal
according to claim 17, comprising: the switching controller having a time
schedule table indicating a tune-based suitable  communication mode and
changing the communication mode according to the time schedule  table. 1 


