La T--n. " a . a 3ti- S21 8 NOVEMBER 2005 -2 has a signal processing unit 80
connected to the backbone network (e.g., nobile commswWoewEMBRRReWOrk), a
transmtter 81, a receiver 82, a band pass filter (BPF) 83 wth 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 transmtter
81, respectively. The nobile station 21, “has an input unit 70 (e.g.,

m crophone 70a or keyboard 70b), an output unit 71 (e.g., 10 display 71a or
speaker 71b), a signal processing unit 72, a transmtter 73, a receiver 74,
a band pass fi | tETLERPF) THESINYENY I9Ncent er frequency of fl, a band pass
filter (BPF) 76 with a cgpterg fdgansnexrebyfRsang antennas 77, 78
connected to the transmtter 73 and the receiver 74, 15 respectively. In
operation of the nobile station 211, digital signals supplied fromthe

i nput unit 70 ar ed_t signals by the signal processing
unit 72. The b Bltb e fhEl%ﬁv%%%egNted to radio signals by the 20
transmtter 3, which then.passsidircdughet bevdanibrpass filter 75. Radio

si gnal conmponents of center freq¥ency fl _are extra Hed by the band pass
filter 75, and the signal $7€REIFTENSAELELCT rEHYREe EnT-IHLT77%4 6 t he base
station 11, at gdinequemsynidatizh Eheteadi snsimdial pattansmditedcbrom the
nobile station 21, are received by the antenna 85 of the base station 111,

and supplied to ¥ leecereprl@tinng syReehafpt is capable of switching

the duplex modes of an uplink or downlink depending on the

10 transmission volume communicated between a base station
and a mcbile station.

2. Description of the Related Art

Duplexing carried out in the current mobile
communication system 1is generally classified into

15 frequency division duplex (FDD) and time division duplex
(TDD) .

Fig. 1 illustrates a conventional cell structure
in FDD communication, and Fig. 2 illustrates the basic
concept of conventional FDD communication. As shown in Fig.

20 1, base stations 11;, 11,, and 113 are located in the
respective cells 400, 500, and 600, and connected to
mobile stations 21, 21,, and 213, respectively, via radio
channels. In FDD, d&fferent frequencies f; and f, are
allocated to the uplink, which is directed from the mobile

25 station to the base station, and the downlink, which is
directed from the base station to the mobile station. The
radio frequencies f; and f; occupy the associated links all
'the time, as shown in Fig. 2. In addition, the radio
frequencies £, and f, are used equally in all the cells 400,

30 500, and 600.

Fig. 3 illustrates a conventional FDD mobile
communication system. This FDD system includes a base

station 11; and a mobile station 21,. The base station 11,



pass filter 83. The received radio signals are converted to baseband
signals, and the baseband signals are then 30 convert ed NOWEMEER 2005 Si ghal s
by the signal processing unit 80. The digital signals are transnmtted to
t he backbone network, such as a nobile comunication network. On the other
hand, in the downlink, digital 8 NOVEMBER 2005 -3 signals received by the
base station 111 fromthe backbone network-are converted to baseband
signals by the signal processing unit 80, and then converted to radio
signals by the transmtter 81. The band pass filter 84 extracts only 5
t hose signal conpanentsanitlhpaocesdigrg unegquéhcyorofedt2d tehiloh mcébbhen
transmtted to the ”DQ!HG station 211. The radio skgg%kﬁ transmtted from
e

t he base stati onne_‘Lflvforareer' gcei Ve ey TPHEUBRTERHE 78 Frobile station

211, and suppl i etrdstiteetree verrddkivieca Bhe danthd tespasslddd t@pry6g3The
radio signals are converted into digital signals through the receiver 74 and
the signal proc®sst fy SERICET 72 AR SUPP! fed & 62RHePIR putl “6hi (555, 84 n FDD,
radi o conmmuniscat o i &%&ékeﬂr&ﬁ}er@y alel ecatddngrdichhesem fgeequencies f1
and f2 to the uplink 15 (fromthe nobile station 21, to the base station
111) and the doWmisskect Fentiterdesieest §2i apd 1the ttganhelvedi 188 . station
211. Figs. 4-7 ifééﬁgéﬁ¥5%l§he concept of conventional TDD comunication. In
conventional TDD, the sanme radio 20 frequency is used on the uplink and the
downl i nk, unlike FDD. AfhelhostlatswhtiionFRi hds dasemsttattndons/A206k.3214 are

located in the rﬁ?%%%ﬂﬁd%% 985|§rﬂgg&£%éd %&b}hh§1%%k£ut unit 71 (e.g.,

10 display 7la or speaker 71b), a signal processing unit 72,
a transmitter 73, a receiver 74, a band pass filter (BPF)
75 with 2 center frequency of f;, a band pass filter (BPF)
76 with a center frequency of f;, and antennas 77, 78
connected to the transmitter 73 and the receiver 74,

15 respectively.

In operation of the mobile station 21;, 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 f;
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 f;.

25 The radio signals transmitted from the mobile
station 21; are received by the antenna 85 of the base
station 11;, 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



structure, a nobile station 221r which is under nmanagenent of the base
station 121r is connected to a nobile station 25 222, Wh@EMBERIWST
managenent of the base station 122 by means of TDD comuni cation. In TDD,
three or nore frequencies (fl-f3) are allocated alternately and repeatedly
to the cells (#1-#3). This arrangenent is required to guarantee a
sufficient spatial distance 30 between theSe cells that use the sane radio
frequency in order to preclude interference fromthe nei ghborhood cells.
Each frequency allocated to one of the cells #1-#3 is used for the uplink
and the downl i nksEmadrenaeeryveddy dihcahage NOVENBER 12005 om4 tieg) U ckbiome
interval. The ti i a : lin is.called a tine
slot. Fig. 6 illﬂg?gg%ggqg %%ﬁ@%%%%%%glB%ﬁi?%%%ﬁ%gﬂgggﬁﬁﬁﬁ?ﬁ%%ﬁ%ﬁagystem
Thi s TDD syst emproiasdesgaubaseS®, sinat ichan 1@dnandteal mobrddicstsdbnans22¢. The

base station 121, has a si.gpnal processing.unit conpected to the,backbone
network (e.g., h%ﬁ?%§a€5Wﬁgg?€§€Yon ﬁebﬁg?k ?&%%%gﬁﬁﬁs 1482 %ﬁ,oﬁlYeceiver
123, a switcll ( SWosk?24igaabasshpqassst vitera (BRfterl2bemhddrya oFemt er

frequency of fl, and 10 an antenna 126 for transm tting and receiving radio
signal s. The nobfHeEfsEEei 6AS2 29T et npit HimiePt16, St 4<1a ni cr ophone

110a or a keyboard 110b, aRcOHidH sidnblslddansucheasraodia aysklla or a
speaker |I1b, a 15 signal processing unit 112, a transmtter 114, a receiver

115, a switch (SWathpg, la: barfd 15assvee |ertheBPRFenny 1§ oF thecedrire
frequency of f',s@HEid%”zﬁﬁﬁ%ﬂﬁ?séégliéﬁ 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.

g In FDD, radio communication 1s carried out by
allocating different frequencies f; and f; to the uplink

15 (from the mobile station 21; to the base station 11;) and
the downlink (from the base station 11; to the mobile
station 21;.

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 12,-12;4 are
located in the respective cells 700-713. In this cell
structure, a mobile station 22;, which is under management
of the base station 12,, is connected to a mobile station

25 22,, which is under management of the base station 12; by
means of TDD communication. In TDD, three or more
frequencies (fi~f3;) are allocated alternately and
repeatedly to the cells (#1-#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



transmtting and receiving radio signals. In operation of the nobile station
221 in the 20 TDD system digital signals supplied fr@émaveMBEpRBOSUNIt 110
are converted to baseband signals by the signal processing unit 112. The
baseband signals are converted to radio signals by the transmtter 114,

whi ch then pass through the switch (SW 116 and the band pass filter (BPF)
25 117. Radi o signal conponents of center fg4-equency of flare extracted, and
are transmtted fromthe antenna 118 to the base station 121 at a frequency
fl. The radio signals transmtted fromthe nobile station 221 are received
by the antenna 12Guef the haser36l stetd arimd2perbod Supphied t® dHe recei ver
123 via the band ass filter (BPF ;65 and.the switch (SW 124. The

recei ved radio stE%f%?Eﬁe%l 5ﬁvé?t 39‘&|§FP§IS§'bnals by the receiver 123

and the signal processing rurj.t 6120.1uERe 28 NQYEMBER1208Ra1 STb ¢Hdahesi gnal s
are then transmtted to the backbone network. On the other hand, in the
downl i nk, di gi t aFOMBRRHERS OReSEF VRIY: Ak itshdDBasES s¥atineAudes 4 rnaa he

backbone 5 nefwotk,ars, converd edqbg: fadio, signabs byt hessi prgcessi ng
unit 120 and the t?ansnltter 12 2m The ra %? d% Q na sepa§§ t rouéﬁlgge switch

(SW 124 and thehbamd %mﬂnﬁl pFP@%ﬁsxﬂﬁDﬁrl£2520|¢pmmﬂqﬂedonbytméuﬁgykbpgﬁal
conmponents with_ a ce e&egrequQf QLﬁL%ron1F§e aﬁg&ggk The radio 10

si gnal s of frequency t'rans enna’ ' 126 to the nobile
station 221. Thetram$noltsiegnal8, t & arstditvteed 12Bona the doasésW) 124, a band

pass filter (BPF) 125 with a center freguency of f;, and
10 an antenna 126 for transmitting and receiving radio
signals.

The mobile station 22; has an input unit 110,
such as'a microphone 110a or a keyboard 110b, an output
unit 111, such as a display 1llla or a speaker 1llb, 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 fi;, and an antenna 118 for
transmitting and receiving radio signals.

In operation of the mobile station 22; 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 f; are
extracted, and are transmitted from the antenna 118 to the
base station 12; at a frequency f;.

The radio signals transmitted from the mobile
station 22; are received by the antenna 126 of the base

30 station 12;, and supplied to the receiver 123 via the band
pass filter (BPF) 125 and the switch (SW) 124. The
received radio signals are converted te digital signals by

the receiver 123 and the signal processing unit 120. The



station 121 are received by the antenna 118 of the nobile station 221r
supplied to the receiver 115 via the band 15 pass filteNoVBREBERLIbGs and t he
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 nobile station 221r re$pectively, superpose control
signals on the downlink comrunication signals so that the base station 121
and the nobile station 221 synchronize with each other. The sw tching
control | ers 121 & "BI3Sddneth 34fe RNt CRessTSWSd 124 thndoaslrns,
respectively, based,qq the control signal supplied fromthe signal
processing unit 120 of the base station. Wth this arrangenent, during
upl i nk communi cati on, theOsiQMQkﬁpﬁnnessdngim”ﬁhe T2Onoink hedigasel station

121 stops supplyi gna s;{o the tra smtter .122 0 Accordin t he
transmtter 122 olfgq}ahe atalhconthfz SRR Yhe Feddi &P 115 g’f&%héhﬁobi | e
station 221 susp&ndmmapeﬁatt@muhrﬁam ttherafihers ikaad s dyrtm&léﬂ@aadownlink

comruni cati on, the si nal ocessing unit 112 of. the 8 NOVEMBER 2005 -6
nobi | e station 22°EH ﬁEgsgﬁb t yviaYg 23Fg AR ST IHE T afremi Ticeradia.

Accordingly, thestgransnbbtertidshpf thBeswiehi | @nst abkomn@2handnlihsagecei ver
123 of the nobile station 121 suspend operations. 5 In recent years, the

vol ume of data t¥arisH t{BEH 1%15@51' M8 1ERAPRLE GRSRI E4PTdh IIPOPRBERased
greatly. Unlike,M9i Ge eRRBMN CREIOR0Brt £] gRROBR-LiNes;. d8baradio

10 signals of frequency f; are transmitted from the antenna
126 to the mobile staticon 22;.

The radio signals transmitted from the base
station'121 are received by the antenna 118 of the mobile
station 22,, 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 12; and the mobile station 22;, respectively,
superpose control signals on the downlink communication
signals so that the base station 12; and the mobile
station 22, 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 12; stops supplying signals to the transmitter 122.

30 Accordingly, the transmitter 122 of the base station 12,
and the receiver 115 of the mobile station 22; suspend
operations. On the other hand, during the downlink

communication, the signal processing unit 112 of the



comuni cation is likely to produce asymetric situations in the volune of
data between the uplink and the downlink. 10 In parti gNOMEMERR fwoowWser
phones, which are cellular phones allow ng the users to access honepages
upl oaded in servers on the Internet or use electronic mail, have rapidly
spread, digital contents is frequently downl oaded fromthe servers set by
providers. As a result, the data 15 amount5transnmtted on the downlink is
likely to be larger than that on the uplink. In the conventional duplex

met hod (either FDD or TDD), even if the data amount on the downlink is nuch
| arger than that™ft¥hetapiPikibesanre DIPRIAIATREAPE2DD & &Asni ssion vol une,

an equal radio fregueney.eriastif®o siahihas o herakkecat ed 4 gt hgouplink
and the downlink. For this reason, the radi o resources, such as a tine sl ot

or a frequency bagilleasganasnedl: Badi des, reiqicert hé3readithe fuobglency band
all ocated to nobjle .radi.g c iccation is 25 limted, the transm ssion
capacity of the %@éﬁ%ﬁ%ilglaqggggpeg%?F%¥%ﬂ¥LAccordingly, it Iis an inportant
requi renent t5o el im natelInastecnf yeadisQ resouses ©d dstd ocxEsmiiczed
deterioration of.thehyransnission capacitg of the system30 in the limted
radi o frequency BamPPIEFoRPTH? SCUFBRGGRALOT B3 BT eaRer&SaTYPar t ner ship
Project (3GPP), whiigde v$ids cemr@iiliczadtibanot hedldgheest igaées daeehnol ogi cal
standards of | MI-200Q, has proposed asymetric duplex as illustrated in 16
TS ff3' q_MDM LAWEFYRLFatEfn +?leﬁ§LMAfﬁnﬂF@?U%€ %§¥PWé§rkﬁ %HEEF@EQP% i
Lr*4Ll. Lr+$'L, .in dfn)oluachr consi shihgeffcipe RInaki Lyq ofnd idBnshsks Ci

10 In particular, as browser phones, which are cellular
phones allowing the users to access homepages uplcoaded in
servers on the Internet or use electronic mail, have
rapidly:épread, 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 3 Generation Partnership Project (3GPP), which is an
organization that investigates technological standards of

IMT-2000, has proposed asymmetric duplex as illustrated in



exanple, four 1rL tie czt wic v7 i . 77~ ; give iv3iuCU The 5 nunbers of
time sluts allo~ate~. tot e ut,i2LT.k downlink are selNaSMVEIH 10851 N or der
to cope with asynmetric data vo uttie rzn the ugLrr. k aru tzt However,

this a yTTtletlil duYLe niy is "uTiS uitauie to a |arge-capacity nobile
communi cati on system because 10 data are transmtted in to sanme ra~'Tie fhe
ectt.:~ ailLt both the uplin' and the dowdlHink, and thereioic, a

continuing w de range of frequency bands must be guarant eed.
Unfortunatel ~js |, the ail xate' ~ar.'T~~ freqaenc' bands are overcrowded,
and it |s di ffi ctd4d- to obtain a L5 conti nuing WI de range of frequency bands

Another 'oroQeiimarisesthi +Jiyl dScndd Nal sefles df F4RSOMASYSems, and if
the data volumes in the uplink and theée Ji\slej s?so 1 rn ﬁ hennr'oe a’slvmmetrs

c_ I n asymmetri cEF#TDD- wpé Aonmmn%svft hepVofahEcoloft hemeos ¥dtscdTrircat i ni

data i Ti G eases g £equir ed L D gener at| ng, cl ock
the a band si ftcaa%n é‘r?d ri}ﬁ%gufatl ng g(h Egaglzb% 7%| gn o d gh

siL]lnal. Thi $ causesrtshef simnecdlotes aaﬂobathdtrtte mbubelm}eranmaheand t he
base 25 JUT14.d ]an;k"LIrAZSTQee for r{%l in order t%ncgb% ect of the present
~rrt rorn (S 49T ™ £5F SStaTRET R vOTeET P ulucd L uui
can realize an eddynmedtic' Us€a 0fo IueNani tﬁerJ;ﬂ:ldm enaVei3d desaUnges Wit hout
n~>>~ | r_ati n' the structure,. even if the ratcam |"~ ~ ..,.. v nlllme Y
vnthe However, this asymmetric duplexing is unsuitable
to a large-capacity mobile communication system because
10 data are transmitted in the same radio frequency band in
both the uplink and the downlink, and therefore, a
continuing wide range of frequency bands must be
guarantéed. Unfortunately, the allocated radio frequency
bands are overcrowded, and it is difficult to obtain a
15 continuing wide range of frequency bands.
Another problem arises if TDD is applied to W-
CDMA systems, and if the data volumes in the uplink and
the downlink become asymmetric. In asymmetric TDD-type A-
CDMA, as the volume of the communication data increases,
20 high-speed processing is required in generating clock
frequencies for the baseband signal and modulating the
baseband signal to a radio signal. This causes the
structures of both the mobile terminal and the base
station to be complicated.
25
SUMMARY OF THE INVENTION

Therefore, it is an object of the present
invention to provide a mobile communication system that
can realize an efficient use of the radio frequency

30 resources without complicating the structure, even if the
data volume is asymmetric in parallel transmissions on the
uplink and the downlink.

To achieve the object, in one aspect of the



uplink and the d~"wrliiiiillt. To achieve the ..~.T: e o.,r ect of the 8
NOVEMBER 2005 -8 invention, a nobile conmunication sys8®OVEMBERI®SS a base
station, and a nobile station configured to comunicate wth the base
station using a radio frequency. This nobile comunication systemhas a
first conmunication node, a 5 second conmuni cation node, a third

comuni cation node, and a node switcher ti¥at switches the first through
third comunication node in accordance with data transfer volunmes on the
uplink and the dowlink. In the first comunication npde, a first radio
frequency is used TN 16 BRPLAR GRTPL1SEELTR AT fPEqHTR\? PéSGsed f or

a downlink. In the:sacongacanpupl tatdQniBRdeonthaiddd b kadh o ifd-equency is
used for the uplink, and the second radio frequency is shared by the uplink
and the downl i nkvith e beker dtebherunisdagi anradie, fasweseg onthisadiogile
frequency is 15 Hﬁﬁg*f I-it.he [ a e first | requency is
shared by the upfln éﬁ%tﬁ%e ag§%$$n ) ﬁf@gﬁé@6g%¥%%P€%??%ﬁI%%ehnés on the
uplink (fromS t heeowisl |mstuat cenicem nidve ,basehst@tdaomunandtidre mbaanl enk

(fromthe base station to.t bile station), are 2 metric, the first
mode i s sel ect ed” T?é%|ﬁ§lt€§§ﬁ3g?%Eu%%ﬁ$chFu%%% dﬁ*%h%xﬁﬁ??hwﬁﬁﬁﬁ t he
downl i nk  becomecaayumeiation hbée MrdeadcoravhtehedH alathetseeizd or the

third conmunication node, in which either the first or second radio
frequency is usef’t8r¢DHid FBSt?Eﬁ%ﬂk:ﬁ?dcéﬁﬁuéﬁYﬁﬁﬁ €8. §7¢ ¥ "ot h the

uplink and the deymhifiklatibh RodaplLexs irarnesdiWitedubhsy MbideLearunhcation

system 10 uplink and a second radio frequency 1is used for a downlink.
In the second communication mode, the first radio
frequency is used for the uplink, and the second radio
frequenéy 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 oz
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



radi o.resources required for radio conmunication is allocated efficiently
to both symmetric and asymmetric comruni cation. 30 | ngaopdphaicrespect of the
invention, a nmobile comrunication systemthat can easily cope with increase
of the data transfer volunme on the uplink is provided. This nobile

communi cati on systemincludes a base station and a 8 NOVEMBER 2005 -9 nobil e
station configured to communicate with theSsase station, and it has a first
comuni cati on node, a second conmunication node, and a node sw tcher that
switches the first and second comuni cati on nodes in accordance with 5 data
transfer vol unmesmopl tshe tgplionk canthl qureddsentdmkunigatet keéthitist bessnuni cati on

rode, a first radio fJeduency i s, used for an.upllnk and g secqnd radio
frequency is use or ‘a “downli nk> Tn the Second €omruni cati on o e, the
first radi o frequenoynicetisedmboe, tdrel uphbak, swantctHdre tht secionthesadhe

frequency is shared byr%ge uglink and .the. downlink. If th; data .transfer
vol ume on the upfihk 9HcrE588S, CYHEEGATEATR BT Th ModecPEianris éhéd to the
second node, 3 n whigLhAdherep cbanned CORAUNLEELAORMRNELEN@ownlS rdowanchannel
comuni cation are switched in a dupl ex manner _at the sane second frequency.

Since the node sW¢chitfy CaUERE1EHe HoMARAR nk? f§Fotfiferefip el Fpquanky $&cond

frequency) to bgsased,d RnaugupheXadBANGEcohder AMAe caaLLl, GRerakkon s
sinplified, without causing the structures of the base” 20 'station and the

mobi | e station té&be cowpllickt edn the seicbhd apotrhericaspentmaeste t R8s nventi on,

a 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
increasés, 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 1s
used for the downlink and the first radio frequency is
shared by the uplink and the downlink. The system alsoc has

a mode switcher configured to switch the first and second



nobi | e conmmuni cati on systemthat can easily cope with increase of the data
transfer volume on the downlink is provided. This nobisiNovEMBRR2008t | On
system i ncludes a base 25 station and a nobile station configured to
communicate wth the base station using a radio frequency, and it has a
first conmmunication node, in which a first radio frequency is used for an
uplink and a second radio frequency is usédfor a downlink, and a second 30
comuni cati on node, in which the second radio frequency is used for the
downlink and the first radio frequency is shared by the uplink and the
downl i nk. The sySPBRA %G RAsMOASHrole 3SRCEERRES coFtl garedt¥ansifint ch the
first and secondvglﬁgygwﬁﬁghgogglgﬁpéﬁgqugigg&ﬁﬂ?wnndes in accordance with
data transfer volunes on the uplink and the downlink iii yc 2iiiv~i12i ~S
~ "I tiff :ZP 'y T ?. ~rU®pystadiohsoripgared! tdieconmanteeat e anvibielsea nobi |l e
termnal 5in a crihb i C .S:provided. T se station coccn
nocatoe Rotth. tREroHA g TR er o R e e g e PP Pt
comuni cati orb node & rpadscchibadf gesirarhdical isesprencgd. sThseashdeorstaniopl i nk
and a second radio frequency.i sed for a_downlink, .a second conmuni cation
10 mde. i n whi chE oM T ARE T, KarD HFedukacs FEUgEE F5:RERES ARRnR Pand  he
second radi o fregoencyidss shanedidytidremodpl inkeaing theigdowntddils;, and a
third conmuni cation node in which the first radio frequency is shared by
the uplink and FRETERIVY iAKUERY tHe 2SetBhENF RAD 5 PEGRRACEAFS u-sei 15 for

the downlink. The base St aki 08-40MY i-SeswalSheNal sRbAGesShH iRt on
configured to produce a control signal for
10  mode in which the first radio frequency is used for the
uplink, and the second radio fregquency is shared by the
uplink and the downlink; and a third communication mode in
which tﬁe first radio frequency is shared by the uplink
and the downlink and the second radio frequency is used
15 for the downlink. The base station comprises a signal
processing unit configured to produce a control signal for
designating one of the communication modes, and a
switching controller configured to receive the control

signal and change the communicatiocn mode based on the

20 control signal.

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. 1 illustrates a cell structure of the
conventional FDD system;
Fig. 2 illustrates the concept of conventional
30 FDD;
Fig. 3 illustrates the structure of a
conventicnal FDD mobile communication system;

Fig. 4 illustrates a cell structure of the



designating one of ther -(-mlli i t tl i itts'u~o, u switching controller
configured to receive the control [/~ signal and changeNOVEMBERM00$ cati on
node based on the 20 contr v i s i yna . BRI RF DESCRI PTI ON OF THE DRAW NGS
O her objects., features, and advantages of the invention will beconme nore
appar ent fron1the follomnng 25 detail ed description when read in

conjunction wWith the acconpanying drawingsilin which Fig. | illustrates a
cell structure of the system conventional —D Fig. 2 illustrates the
concept of conventional 3D FDD, IFig. Jiii'uth ~t ?L~~. is of a

conventional FD, BORBBR FEPRedmbRi 848 TSR system Fig. 4 illustrates a cel

structure of the -11 conventj onak ) TRD- systeMheFbgncsod UfU%EB@é@@ch&q concept
of conventional TDD;, Fig. 6 illustrates the structure of a 5 conventi onal

TDD nobi | e comuAPBat i on system iy. S T,f NL of conventlonal TDD
comuni cation; Fig. 8 |II4§_ a%e§éfgsgé§ggl%h§f ﬁg ofSkructure of a
0°

nmobi | e comuni cati on systemaccording to an nent of the present
i nvention; Figs. ceﬂwémllddadsﬂbatBObi&&HEdmmpe$c@tmmcaﬁmmamcat|on nodes used

in the nDblle Connunlcatl%Qg. 7 further illustrates the concept 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 éccording to an embodiment of the invention;

Fig. 10 illustrates the structure of the mobile

15 communication system according to an embodiment of the
invention;

Fig. 11 illustrates the operation of the mobile
communication system in the FDD mode, in which the data
volumes on the downlink and the uplink are almost equal;

20 Fig. 12 illustrates the operation of the mobile
communication system in the FDD/TDD mixed mode A, in which
the data volume on the downlink is greater than that on
the uplink;

Fig. 13 illustrates the operation of the mobile

25 communication system in the FDD/TDD mixed mode B, in which
the data volume on the uplink is greater than that on the
downlink; and

Fig. 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;

Fig. 16 illustrates another modification of the



system according to an enbodi rent of the invention; rig. Ui uslur-dt-E-'S
1L. Ct 3-Lnr uzLULC Oi Life 1tt~}u * 15 conmuni cati os N&WEVBERIO®r di Ng t o
an enbodi ment of the invention; EL g 1 ~~ 1,ICVYate t:-bp- r~r~Rrati~zn_
of the nmobile comrunication systemin the FDD node, in which the data

vol umes on the downlink and the uplink are al nost equal; 20 Fiq. 12
illustrates the operation of the nobile céAmunication systemin the FDD/ TDD
m xed node A, in which the data volune on the aowni.inx is greater
tnanJtnal -cm the uplink; Fig. 13 illustrates the operation of the nobile
25 CO S5~1or 1i catd3%n SERSER™ YA ; R Fil, W nl mLyRd mr3..R a-, L1)_

whi ch- the data vol une onptge uplinksisagsealeirHdranxthate oF the ~downlink;
and Fiq. 14 illustrates an_exanple of the base station used in the nobile
communi cati on syst@taseorli Wiy WPide chENERdilvansYsSFg.acteriihasteates a
modi fi cation of.&ﬂ;ig@§gt$$§tion; TL. ivof t:-hi -12 5 10 base stati on;
and Fig. if iii'uStiat s fnei Q-F-*"TNe. ~.,f t~. e CelLL' structure of the
nobi | e conmuhfi cati on system according to the i! e! tL 'n_ DETAI LED DESCRf g'

3F ' THE OFEFERFS,aThepIpt &bl BF PLET S SE PR (BeNRE the

The details of the preferred embodiment of the

invention will now be described with reference to the
attached drawings.

10 Fig. 8 1illustrates an example of the «cell
structure of the mobile communication system according to
an embodiment. The mobile communication system comprises
pase stations (BS1-BS3) 10,-10; positioned in cells 100,
200, 300, respectively, and mobile stations (MS1-MS3) 20—

15 203 connected to the associated base stations 10,-10; via
radioc communication to achieve voice communication, non-
telephone communication, and other types of communication.

In this system, radio frequency f; is used on
the uplink from the mobile stations 20;-203 to the base

20 stations 10;-103, and radic frequency f; 1s used on the
downlink from the base stations 10:-103 to the mobile
stations 20:;-203. These frequencies f; and f; are equally
used in all the cells.

Figs. 9A-9C illustrate three types of

25 communication modes used in the mobile communication
system in an embodiment. In this example, one of the three
modes 1is selected depending on the communication volumes
on the uplink and the downlink. These three modes include
the FDD mode (Fig. 9A), the FDD/TDD mixed mode A (Fig.

30 9B), and the FDD/TDD mixed mode B (Fig. 9C)

If the data volume on the uplink (from the
mobile station to the base station) is almost the same as
that on the downlink (from the base station to the mobile
station), the FDD mode is selected. In the FDD mode, for

35 example, frequency £f; is used exclusively for the uplink,
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t he FDD node (Fi L3A) t~~c L ' <i' % % and the
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the downlink frc”Bflﬂ% qg%5x§t%ﬁlO%p&?nkh%rggggkgy f; 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 1 to
3 (123);

15 If the data wvolume on the downlink becomes
smaller than that on the uplink, the FDD/TDD mixed mode B
is selected. In this mode, the uplink frequency f; is used
exclusively for the uplink, and the downlink frequency £,
is shared between the uplink and the downlink in alternate

20 time slots, as in TDD. In this case, the communication
ratio of the uplink to the downlink is 3 to 1 (3:1).

By switching these three modes depending on the
situation, the system can deal with the asymmetric radio

communication.
25 Fig. 10 illustrates the mobile communication

system according to an embodiment, which includes a mobile
station 20, and a base station 10;. The mobile station 20,
has an input unit 31, such as a microphone 3la or a
keybecard 31b, an output unit 32, such as a display 32a or
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 (P/S) 36. The mobile
station 20; also has two transmitters 37 and 38, two
receivers 39 and 40, two switches (SW1 and SW2) 41 and 42,
35 a first band pass filter (BPF) 43 with a center freguency



station; , the FnL .n?Dde is se?ecter~. In the FDD nflde, for 35 eca Nie,
fre~~e ~c~~ ,, i s used axc'Lusively for the uplink, 8s8NOVEMBER 2005 -13 and
frequency f2 is used exclusively for the downlink. This nobde is simlar to
t he conventional FDD technique. If the data volune on the downlink becones
greater than that on the uplink, the node is switched to 5 the FDD TDD

m xed mode A, in which the uplink frequency}%1 is shared between the uplink
and the downlink, while the downlink frequency f2 is still used exclusively

for the downlink, In other %Prds t he downl i nk_channel and the uplink
share the uplink°f requént§ceid iSRS PeFfat &l t5meBED) stbteithag FRANERE TDD

technique. In the-examheshewn ang tFblan®Bindhest hAe &4 ot ki Rhesyal s) for
the uplink and the downlink comunication are set equal, and the data

capacity, ratio & uIRrs dpki BRCR O FANSTAGWARE RN SESPAY 117 t BRd D GLg8yls. 15 | f

the data volume on the dowpli gk b Sp&gg%[nn Iﬂsa%r tgggn%p%tr Iﬁ%tj]??upl i nk,

the FDD%DD m xed node B Is se modé equency t1l
is used exclousiwvelty 5‘Oorconhect|¢1ﬂ|trd< thaendat:hbom@wrdmnhikf Keq;uenamobﬁZe is
shared between the U,_P' J nléla N %qv\nl inK_in ai ttte- ﬂ] t| me slots, as
ThTDD, in this CoEPs BB LGP sE R rRaE Ehe R Ak L ot he
downlinK is Ti tparalllByL i Eehiang ctdm&atblaree/svoms adeprmil Itl’oy in 4 L~Tf--

situation, the s an deal win t' ne 5ynm r.u~~ nication.
ri-g. "1v iii u~~‘i¥ conppLier (SHF ’\5’ L TR, Tiwor rfef:ﬁﬁvers 56 and 57

The base station 10, also has two switches (SW1l and SW2)
10 58 and 59, a first band pass filter (BPF) 60 with a center
frequency of f;, a second band pass filter (BPF) 61 with a
center ﬁrequency of £, and antennas 62, 63, each antenna
used fo£>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 (SW1 and SW2) 41 and 42,
respectively. The first band pass filter 43 extracts the
signal component of frequency f;, and the second band pass
25 filter 44 extracts the signal component of frequency f,.
These radio signals of frequencies f; and f; are to be
transmitted to the base station 10; via the antennas 45
and 46, respectively.
The radio signals transmitted from the mobile
30 station 20; at frequencies f; and f; are received by the
associated antennas 62 and 63, and supplied to the first
and second receivers 56 and 57, respectively, via the

assoclated band pass filters 60 and 61, and the associated



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 m cropnones&ovaMBRR00keyboard
31b, an output unit 32, such as a display Tla 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 nobile
station 20, also has two transmitters 37 aAd@738, two receivers 39 and 40,
two switches (SW and SW2) 41 and 42, 35 fL rst b.cd_gass filter (BPF) 43

with a center frequenc NO ER. 2005 -14 of f1, a seCoriti “L)a'rli pass
ik$' v) ifz 1v =¥ s ugmmﬁ? 2,79 Ipgio $19RG)SapFecoyverdedaitP vy .

TLS :, u ~ na igadddemdlsighbididy Kbk kEbelfefs .56 and*57) and; 7 f1 Y, c c i
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y. , 122C~~?i |aSYreegilzari Py thie/ nagadlglviofsqyial conyergpr3R/Bita¢~G S 7
anx 52 -, a par I ~L 2=z Uz, sobs L artl; P 5 -1 : paralLeL
c~n.aP ate r.~/ ~r%§e5§f&pgﬁgf?u?%e]%%@eiségﬁasi 5{6S ?r?él%%%eéTﬁg.ar tdgLéflkg‘l tat i
n_n. i f1,, aLJseigralt Wy shetehesnl SnbcanslBY\)nitl405Amhdra®@mitasdiz_r at

band pass filter E ] nter frarn~i F?ncw of f, , a second band
pass filter (BPFSé gdfle)wbggk}é%%e%tg%rfkfequency of f,, and antennas 62, 63,

each antenna used for boCh thansmrtltinkg amel dieteiali aggnadismppilgadl s. In
operation, @ dIoLal SLanal ot LLomrhe Ao a4l Sl the mbile
33, and dividedsigHa0 bwothé nesgfl Rasebasithgignal sobyridesebkal to
paral | el COQ%ertgﬁgggi'ilhgfsuggfﬁggggtgggifﬂéz %&ebaseband signals by
the serial to parallel converter (S/P) 55, and then
converted to radio signals by the associated transmitters
51 and éé. These two radio signals pass through the
associated switches (SW1 and SW2) 58 and 59, and the
15 associated band pass filtexrs (BPFs) 60 and 61. The first
band pass filter 60 extracts only the signal component of
frequency £f;, and the second band pass filter 61 extracts
only the signal component of frequency f,. 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 10; at frequencies f; and f; are received by the
associated antennas 45 and 46 of the mobile station 20;,
and supplied to the receivers 39 and 40 via the associated
25 Dband pass filters 43 and 44, and the switches (SWl and
SW2) 41 and 42, respectively. The radio signals are then
converted to baseband signals by the receivers 39 and 40.
The two lines of baseband signals are synthesized by the
parallel to serial converter (P/S) 36. The composite
30 signal is converted to a digital signal by the signal
processing unit 33, and output to the output unit 32.
The switching controller 53 of the base station

10, and the switching controller 34 of the mobile station



converted to radio signals by the first and second 20 transmtters 37 and
38. The radio signals are supplied to the first and sesONEdMBERGDOPASS
filters (BPS) 43 and 44 via the first and second switches (SW and SW2) 41
and 42, respectively. The first band pass filter 43 extracts the signal
conponent of frequency fl, and the second l;@nd pass 25 filter 44 extracts

t he signal conponent of frequency f2. Thesé€ radio signals of frequencies f1

and f2 are to '"be transmtted to the base station 101 via the antennas 4-o0
and 46, respectiyely. The radio signal.s transm tted -i-junt L ~irC

Il 2 - 30 st AP} SHOSBECRE ‘?rétqrd’gn 8213 Oanntt'the- %@waw o gty thet
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Siyn,ui r,~ the &iagalmy cobtacessitnduantd 30, dike thasebamel IGrosiegrahgls,

d.LvLdQd_ into té\gl{ ;gr\]tgsct %fst%ﬁgg@qrt%%gngﬁc}p . the serial to parallel

converter (S/P) €n~ “conver o radio signals by the associ ated
transmtters r In other words, based on the contrel signal from

10 the signal processing unit 50, the switching controllers
53 and 34 regulate operations of the first switches (SWi)
58 and 41, the second switches (SW2) 59 and 42, the serial
to parafiel converters (S/P) 55 and 35, and the parallel
to serial converters (P/S) 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 f; is used

20 exclusively for the uplink, and radio frequency £, 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 10; contains commands for
regulating the first switches (SW1l) 58 and 41, the second

25 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 mobile station 20;
transmits at frequency f£; and receives at frequency £, and
that the base station receives at frequency f; and

30 transmits at frequency f,.

To be more precise, in the mobile station 20,
the first switch (SW1) 41 is connected to the transmitter

A (37), and the second switch (SW2) 42 is connected to the



51 and 52. These two radi o signals pass through the associated sw tches
(SW and SW2) 58 and 59, and the 15 associ ated band pasSOVEMBER20{BPFs) 60
and 61. The first band pass filter 60 extracts only the signal conponent of
frequency fl, and the second band pass filter 61 extracts only the signal
conponent of frequency f2. These radio gﬂal s are transmtted to the

nobil e station 20, fromthe 20 associ ated antennas 62 and 63. The radio
signals transmtted fromthe base station 102 at frequencies f1 and f2 are

received by the associ ntenna 45 and 46 of .the nobi] e statj on 201r
and suppllgd t o T3FE ?’(?Ea% g‘% '3§‘Saﬁ U9 A 1 HE Gd9oct - e&lozgef)%ﬁ

filters 43 and 4hraandit benssvdichess( SMr sad ouSVB) 4/p thtﬂw%ZteEe§$),eCt| Vel y.
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10 and the second switch (SWZ2) is connected to the
transmitter B (52). No serial to parallel conversion is
carried out by S/P converter 55, and all the signals from
the siggél processing unit 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 downlink becomes
greater than that on the uplink, the mode is changed to

20 the FDD/TDD mixed mode A, as illustrated in Figs. 12A and
12B. In this mode, radio frequency f; 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 10, contains centrol commands for
regulating the first switches (SWl) 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
f,, and that the uplink frequency f; is used alternately by
the base station 20; and the mobile station 10; to transfer

data between them.



unit 50 constitute a node switcher. in other words, based on the control
signal from 10 the signal processing unit 50, the sw § gbvpsBeanRbéol | ers 53
and 34 regul ate operations of the first switches (SW) 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 (PI'S) 54 and 36 in three

different 15 manners illustrated in Figs” 1971-13. Wth the data vol ume on
the uplink alnmost the same with that on the downlink, the nobile
comuni cati on system operates in the FDD node, as |IIustrat ed in Fig 11

A and 11B. In the FDD node® 35195 PEGGECY 1 THE fﬂ%kéﬂdleztfté%&Pﬁs}Qﬁel y for

the uplink, anddradirerbtesipenty GR1) saused swaxehdsi ¥elsr ek 1l hedawn] i nk, as
illustrated in Fig. 11A.  The control signal generated by t he signal

processi ng unit Y50 tERNERE- RIS S B4l | dfF IUE E6REAVRS & oPandang ohe
regul ating the féerc%hds%l@c!}?sﬁs@é\f\l)l25§s bk hhg Sg60 Cgel%e%%t?b@s (svel
) 55 an e

59 and 42, the serial to parall cor.v rters and t
paral lel to Serissl ilépnpnvataceris (FP/JS)12E54 Nende86al stoo theatzlthé nobil e station

20, trap. .tts ency fL_an rec at fre guen f2, .a hat the
hal e station recglthves g(? Plr% c&é:rrlgygf? ancY %gptram%r rG%)ét ?n%é‘ﬂ 5 f err
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illustrated in lHagridd BoudNoyserisaboti@erfar alsl eb €@ edlrsi @Aghsl caddiiced out by
S/ P converter 35, and all the signals fromthe, signal proceSS| ng unit 33
are 0 of the receiver A (39) to the receiver B (40) becomes 1 to
2 (1:2).
' In the base station 10;, the first switch (SW1l)
58 is swltched 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 £2 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 10, contains control commands for
30 regulating the first switches (SWl) 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,



supplied to the transmtter A (37). Simlarly, no parallel 5 to serial
conveYsttn 1-s Zai -e ist i;y T-SS a,T al 1 the e 1 y$NOVEMBER2805 Lvf:i a
t t -bp- receiver B (40) are supplied to the signal processing unit 33. On
t he other hand, in the base station 10;, the first switch (SW) is

connected to the receiver A (56) , 10 and the second switch (SW2) is
connected to the transmitter B (52). No serli%al to parallel conversion is
carried out '-'Y -& i ui~ Sl ynaLa fine, the sLnnai r,rnr-p SSLncx tut-Lt

50 are supplied to the transmtter B (52). Simlarly, no parallel to serial
15 conversion i stEMTIEF 08 BYyS PrPidenvérteen 5401 AREeHNdS thefrsugrnds

received at the pecehuernd: (98 RLA1SHRPEI&D IR Ehe Signal ; Processihng unit
50_ If the data vol ume on the downl i nx' Decéla}?ru}esy L?.lctui, b i%FE} nTi
n bl LC (" j7, byathe-@as® atgtidn la andvilie mebilp statfipnPl0g te SI'. A 20
t he EDQ TDD m xe s.illustrated in Figs. 12A and 12B. in this
node, radio frqultﬁaégr’:;gs;jfe Idgﬁgtkﬁ%hﬂepﬁr} n eI%S shared by the up channel and the
down channel Sin the tinme Tdi beshore diplcéxe( TDD) themmaeh le astddiomstioat ed in

Fig. 12A. The control signal generat by the signal processing unit 25 50
of the base statFdn ﬁoll_r-sﬁlgﬁféﬁ?‘?ngsmzi%ﬂx# cenn {P- 7= thangiiitetiny tho
fL-~st syr.?tr.=4?(37S GoW 58 asub Al swhhensesond i sSwivt ehass (SW2) 59 and 42,

the serial to parallel converters %2/ P) 55 and 35, and the parallel to
serial convert e?S-(IREFLIBAPAHIETE, TS0 LEARETt Heeth&s d 38t a?FDrilE0, 30

transmts and the.smhidrepsiapj o 20,1118¢85VES Bl HileaWeRACYserial 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 éonversion 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 10;, the first switch (SW1l)
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 *o
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 1is 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 f;
and f, are used exclusively for the uplink and the downlink,
respectively. With the uplink data volume increased over

the downlink data volume, the downlink frequency f; is



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 asgiNOeRMBER 203VEVBER
2005 -18 To be nore precise, in the nobile station 101, the first switch
(SW) 41 is switched alternately between the transmtter 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. “#%B. No serial to paral | el
conversion is carried out by S/P converter 35, and all the signals fromthe
si gnal processin un| are pI i.ed . to e transmitter Par al | el
to serial conver ?e%wﬁ?rlg oty Bre E%%\féorwpzﬁn 1%th%§"th he si gnal
ratio 10 of the mmmewléh( 893 dawrtliekr Géth@dSldBle( 40y rbecaiesiek the 2
(1:2). In the base station 101, the first switch (SW) 58 is swtched
alternately bet wehith&arackPiigre A (56) tARdUP ek (FFEALRREY o AS(313%%hnd t he

second switch (SV2)u&aY, ikhelipLonmnasiedntoqbhel ixansmiht efpd 2@k, Sepial to
paral lel conversion is carried out by S/P converter 55 so that the signal

ratio of the XraRa tther UR £BaYNglo qoraRSATEEEIN BN 5293 Gegormesnteto 2 (1:2).
No parallel to sgg mcg%xﬁrﬁf@%a&l%ar %gd%%%m@ee Sv@P{H’F{{ Ligr 54, and

the all 20 the signals tfromthe receiver are supplied tothe signal
processi ng unit &frardenehs, data magigneegnutbes upld labpbepnmase]g'r eater t han

that on the dovvnl e i hanged to the F T e B, as
is illustrated i® {gdate 1§X ghe fﬂﬁi g accordance wi %ﬁ%’g umes

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 10; and the
switchiﬁé 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 £f; 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 f; 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



25 13B. In this node, the dowlink frequency f2 is shared by the up channel
and the down channel in the tine division duplex (TDD3NGMYMBER R85
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 swtches (SW) 58 and 41, the second sw tches (SW2) 59
and 42, the serial to parallel converters'2(157 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 {L)r nsmtf?f bj: e . station 201 receives at frequency
f1, and that the“Howh rlgqugn%?/n?rza Y §s84Yalternately by the base

station 201 and the nobil elesttat ithe Adde t@qltﬁcamﬁ@efeaail@ulaewwerbé hem 5 To
be nore precise, in the nmobile station 101, the first switch S\M?b 41 is
connected to theSkPRmsHRG tidr MORS(3FFallhheloHe ToedivfisireREe (dABrilsd

swi tched alternabsly r@a%w%eam%m@méﬁ@&ﬁrﬂnt &8b &&é@n %@ht Be, dgeejver B
(40), as illustrated inFig. 1 Serial to 18 paral | converS|on i's

carried out by SAPYceriyimadios508othe hmantShéegi:gri%ﬁd rt@tlpes-of the transmtter
A (37) to transr(q_ tlggmcﬁte(gé}lbpgg%g%sc&grg%%£2 No parallel to serial

conversion is carried out verter and the all the si gnals from
the receiver B (40) are Slfppﬂ i é¢d ilbusordatdes si rgvraiflp:raxaessoﬁgtmmikxas% I n
t he base stati on_

_ hleo first hsvgatrch gS\/\l . S)Wl%onnectf}cgl
receiver A (56), n%li? decond " st tcﬁ ) q&% (S svvljtc%e Al Fe? ant ely
bet ween t he reclsrcveéssar(g{iﬁ)uanﬂotheclucmmsm téestdB r(dnd ko rNog sesrtab 1t er
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
monitorfhg 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 (SW1l 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 20; 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



20 parallel conversion is carried out by S/P converter 55 and all the
signals fromthe signal processing unit 50 are suppligdotemiBRA bmdsansm tter
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 nopbile conmunication system
according to the enbodi nent changes the coMfuNi cati on node dependi ng on the
data volumes on the uplink and the downlink. Wth the substantially equal

data vol unmes 30 bet t.h | d.the d i nk io. f i fi
and f\2/ alrJe Esed %@?%%Aeéﬁg\)tellogl mi"l %@agﬁf’? k rﬁ?\&nﬁgoa%\ﬁ%ﬁﬁl,ageggggg%fisve: y.

Wth the uplink gatedwiel waBlencrensestoven thhe rwdilcakisat aneol ume, the
downl i nk frequency f2 is 8 NOVEMBER 2005 -20 shared between the uplink and

the downlink in SHECHBIDY FRAREP LIS t19 (CHECHOWT i e daBa2 VBt i ncreased
over the upl | nkmgﬁg@era&'tu'?f%ntwﬂbﬁ.h%o%pgkgrka%ié,eoeﬁ%nﬁxnié%fi anedon

between the uplink and the downlink in the manner, so 5 that the up
channel conmini catkem srdishecsdowh Clrannep-venmmmideari valares car thed out

alternately. Wt i r g t. .1h i our ce ropi ately
all ocated to t he&f% n }§ alngl gg%o‘rg%rpnlclenktvﬁ tgﬁafrﬂélge at%;o \L‘}ofggﬁ%g&cﬁ%ﬁ egﬁp?i nk
and t he downl i nkdasoma a esgkt fot heodeadihend® ieswivates, apesait idn zéd

oLl STty TN, IOl AW SGLy  WOhED OSSR, LRl P oGSy g U
controls the tinehe dudtccalihgcabhorbllatd e3betheesideibgl csrec@ndetrhes
downl i nk. 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 convgrter 55. Although not illustrated in Fig. 15, a
correspénding time schedule (i.e., a time schedule table)
is also incorporated in the switching controller 34 of the
15 mobile station 20;. 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 10;. 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 meonitoring
(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 (SWl 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



15 In the exanple showmn in Fig. 9B, the tine slots of the wuplink frequency
f1 are allocated to the uplink and the downlink altergsmdoekMBER 2003 Sane
ratio. However, this allocation rate may be adjusted in accordance with the
data transfer volunes in the uplink and downlink. For 20 exanple, the tine
slots may be allocated to the uplink and the dowlink at a ratio of 1 to 2,
so that the up channel uses frequency f176ré of every three tine slots. In
this case, the signal processing unit 50 generates a control conmand that

regul ates the swtcher the.transm.tters, 25 the receivers, the P/S
converters, andvﬁﬁeoqg/t éc%‘?lglleir et s?rglgg %@1 t 3n8p§g%t%ma C\{lgﬁ %bp?rb‘?)f{?ate
timng and rati ozhe Al/thaughether e36pl andt tion vas oeesromdesdqisirag an exanpl e
in which the three comm%ati on nodes are used, only two of them may be

used. For exanpl¥®PRKEEED ot 285 15Ad The? FEDSTBE A1 rodBASar e used

and the radi o comRH.qatbRRraBY- e isWehehesk hatavegnet bese 4o 1pndes if  the
downlink generally has a heavy traffic. Alternatively, the FDD nbde and the

FDDY TDD mi xed@ nmotfet®B & e WseeH ifha FeaguNOVENBER 1Zgosbt@imegbaitnkherzdss c i s
general |y heavy.g.Next,,, the node switching technique will be explained in
nore detail below The node change descri bed above may be inplenented in
cooperation with any one &he3nedsy seiditbhnapsoatiohst hey nearrsrdésdr obed bel ow.

(1) Femte b L GERLLPIL ST e Al LLURERL R0 000 fhcati on of e
unit 50 incl udesalaxerennteehpnidldr iofigoeostm®d|ledrghborhood base stations
10 may change the communication mede 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 10;, and the
receivers 39, 40 and the transmitters 37, 38 of the mobile
15 station 20; 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 neighborhocd 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 freguencies f; and f;, the adjacent cell 200

30 uses frequencies f, and f;, and ancther adjacent cell 300
uses frequencies f; are f;. This arrangement can
effectively prevent interference, which may occur in the

cell structure shown in Fig. 8, in which the same



10 (RMC) 50a and a control signal generator (CSG 50b. The renote

nmoni toring controller 50a receives via the backbone naiwRfNigRRBREI tOri ng
control signal from for exanple, a nonitoring station that nonitors the
data transfer volunes on the uplink and the downlink. The renote nonitoring
15 controller 50a selects an appropriate r;rggg fromthe FDD node, FDD/ TDD

m xed node A, and FDD/ TDD m xed node B ilfustrated in Figs. 11-13, based on
the received nonitoring signal. The selected node is supplied to the

control 20 signal_generator 50b. -The contr.ol _si |, _gener at qr. .50
generates a cont]?%?cg‘]selngcﬁg E]asag% §h tive USEFedb et rr?)t S, C?Eéscﬁﬁftt?lol%hgi gnal is
supplied to the sl chirngtaeatsdIRiey. 33, if whhehidwréankwidcheslithe first and

second sw tches (SW and SV\Z% 8 and 59, .and control.s the o(gerati ons of the
P/'S 25 convert er°&#"5d FhHetS F’t-}badh\/:g]ret EPL5BK G313 Y OdpPFopp it € e nRaRAEY .
Thi's control sigpalidks reepRbhed #,0ikhess 1 RihBgTDS GRddrRld eknadd, ofnd he

nobil e station 201 on the downlink, and it causes the swtching controller
34 to control thRESTEIRELPNOMY dieaHEespEthelsr ™AncEntr Swep 31 and 42 and

30 the operationgyofcdhte st P catmeer (Blis32 @NeLdNepPLS; conventer 36z, (2) Tine

Managenent Controller Fig. 15 il Tustrates anot her nodification of the 8
NOVEMBER 2005 - 22llyesdisgadibferedk. fThausndiehitrg tbonddddemt 581has astime

schedul e table (J[S1)s23@xq! Ny tAY @Qi EE@% 0N, L grregg\é tccﬁr%i ng cont roller 53

i
functions also as 'a tine rranage(%?fent controller: exanple, the nonitoring
station prevented effectively in the mobile communication system.

10 Preferably, the switching timing of the switches
41, 42, 58, 59 of the mobile station 10; and the base
station 20;, and the signal ratio defined by the serial to
parallef(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



5 takes statistics of the tinme-varying data volunes on the uplink and the
downl i nk, and nmakes up a tinme schedule of a day or a sweslwEMBERTOs change
in advance, based on the statistics result. The tine schedule is
incorporated in the switching controller 53. The switching controller 53 10
controls the connections of the swtches (_52\@1_ and SW2) 58 and 59 and the
operations of the P/S converter 54 and the “s/P converter 55. Al though not
illustrated in Fig. 15, a corresponding tinme schedule (i.e., atine
schedule table) is arllso tii%%orﬁgggt ed in the_sw t§hcihn ecog(tiégl £r 34 of the
15 nobi | e stati ofiPZBT T FAHUST F'REE ottt “EaYi 6F° nbde- 5Tt K8 Frobid%e

conmmuni cati on sSyskenpls, atitcomabi eadd yarsWtheheoD ) TDD adceridaode AV tdr the

prescribed time schedul e. n%‘?;) Communi cation Cbservation Controller Fig. 16
i1lustrates stilFOAMBR¥erWodlfi 631 O TE0f "PHe HadeYsPat¥3¥if 161 The

signal processingnugidaR0 Ras ma8ds08L{hes gnatcgenemat ar s {LSQpakiand a
communi cation observation controller 50c. The conmuni cati on observation
control | er 50t i ReFiRRYs Q@iSc SRIBAFRAL 7 MPREMe nonitoring (CVM unit 50d
for measuring the communi GaliisOR.YohHNBS101a28nt he wildanknangy the sdawnl i nk,
and a conparator 50e for conparing the neasurenents of the uplink and the
downl i nk. The cohparérstiitt eSukheisaskippl féding d4iee edntrpénsigpaltent
generator (CSQ . whi.c ne 'S nt.r. i | f c i :

swi t chi ng contro%gg%l%%&togl g%pr%géfa]t%%/\s%ﬁlg%\ndts%%p%é gg%’ec |eo%glst§g§es of
the swi tches (SWoateht SAR) wh8chnalrdheamntbyt hecopsraticonby of e fdrerneeS
converter 54 and the S/ P converter 55. Although not illustrated in Fig. 16,
t he control QQnaI is supplied to the switching controller 8 NOVEMBER 2005



-23 34 of the nobile station 201, and the switches 41 and 42, the S/P
converter 35, and the P/S converter 36 are appropri atssNGVENMBER 2105ed. Wt h
this arrangenent, node control centralizes in each of the base stations
101-103 5 (Fig. 8), using the nmeasuring results obtained at the base
station. The node switch operations may be carried out independently anong
the base stations 101-103, or alternatively, all of or some nei ghborhood
base stations 10 may change the conmmuni ¢4tion node in synchroni zation with
each other in order to prevent interference in carrier propagation. In the
latter CHHATIhEIAINHEMISters 51, 52 and the receivers 56, 57 of the base
station 101, and the receivers 39, 40 and the transmtters 37, 38 of the
nobil e 15 station 201 synchronize with each other. In addition, if the

FDDY TDD i xed jrode AxGfoiBid SnS@heckesh syisher HRIEHAN DS ur-160 YR Ci 8 (B)d the

down channel comrunication may be swtched using the sane frequency after
t he basendtahdlhsstatodn G0) coffigred oneomenghberindod besd dtshar, esisgnchr oni zed
with 20 each other. The node switcher of the npbile conmmunication, system

is not |inited f5! EPRIRBHPECR &R TBRELBIRAMPRYD bRGTeen aicabAsk st2hgn 8¢ them
manager _t ha ni.tor Rd ages bi Mnj:iﬁgti on em may
manual | )?mls%\}metég%cinhgj %&ﬁcéloa ﬂfagig f&%&l&% & %er(a[fﬁlg sy% emandFal Sge.%&islairﬁ 9 ustrates
anot her ﬁ%ﬁ@é@dﬁs%ec{ R CRbnlink! EMEERHTSted SR d i RerfUs@Ee Structure, adjacent
cells use” different conbinations of radio frequenci'es. For exanple, cell
100 uses frequesccoed corhmandati?n nidie fadpeanenhicetbh b2 ken the base station and the
mobile station, in which the first radio frequency is used for the uplink and the second radio
frequency is used for the downlink and one of the first communication frequency and the
second communication frequency is shared by the uplink and the downlink; and

a tnode switcher (34, 53) configured to switch the base station and the mobile station
between first and second communication modes in accordance with data transfer volumes on
the uplink and the downlink, while keeping the base station in synchronisation with an

adjacent base station so as to prevent interference between the base station and the adjacent

base station.

2. A mobile corhmumcation systern according to claim 1, and comprising 2
" second communication mode, in which the first radio frequency is used for the uplink, and the
second radio frequency is shared by the uph'ilk and the downlink; and" .
i) a third communication mode, in which the second radio frequency is used for the
downlink, and the first radio frequency 1s shared by the uplink and the downlink; and a mode
switcher configured to switch the first through third communication modes in accordance with

data transfer volumes on the uphnk and the downlink.

3. A mobile communication system according to claim 1, wherein in the
second communication mode, the fizst radio frequency is used for the uplink, and the second

radio frequency is shared by the uplink and the downlink.

4, A mobile communication system according to claim 1, wherein in the
second communication mode, the second radio frequency is used for the downlink, and the

frst radio frequency is shered by the vplink 2nd the downlink.



30 uses frequencies f2 and f3, and anot her adjacent cell 300 uses
frequencies f2 are f4. This arrangenent can effecti vaNOYEMEERE00S
interference, which nmay occur in the cell structure shown in Fig. 8, in
whi ch the same 8 NOVEMBER 2005 -24 frequencies f1 and f2 are used in al
cells. Wth the cell structure of Fig. 8, |f t he downl i nk data vol une
becomes greater than the uplink data volune “and therefore, uplink
frequency f1 is used in the TDD nanner, %’hen, the 5 base station may receive
radio frequency f1 fromthe adjacent ceII mhich causes undesirabl e

i nterference. By aIEbcauhﬁgcdt@ﬁ@ﬁ@ﬁ@nﬁvsqmﬁn@bﬂﬁngmuthemadﬁahénﬁ1dbkmgh as

illustrated t r f ted effect I

e, mobi e BHRIE EAFI oSy S BB r.@?és?&%im‘inOFﬁ@nﬁm I RgeeF RGOS e
h -4

SW t ches ﬁ% rifZ co s%?mﬁ&g%ﬂ?d % c?c’fo@ﬁé {?Mgliltoax@ﬂmgr{ﬁ Pfssc"star%%' on

201r and 't signa I ne e seri al converters 35,

55 and tderpatea) il thE Soze rswachhercsemcﬁe:t ﬁk&oﬁﬁmuﬁéatﬁfn&n%sﬂﬁts&ﬂoﬂﬂfc&eﬁﬂo&ﬁ' y.
This 15 arrangenment allows the systemto cover possible contingencies in
t he asynmenitpenglaeraradergmedni cati on between the uplink and the downlink, and
consequently, the resource utilization efficiency can be further |nproved
Basically, the nobile connunlcatlon system 20 described in the enbodi nent

operates in the FDD A Il
on the data transfer vo Eﬁgg on‘#ﬁ%ﬁﬁ%F?M gg%ﬁagﬁbmﬁfﬁg%f ﬁ%%hggﬁﬁgn ly,
t he nobi4 evEasimthe mb@m@y@tmdmaﬁamhedmew sixetdhlig 18k @61&1nﬁ&ﬁ(ﬁa.‘n@ﬂdndch:§

modul ation rate to be
and sw1tches the cornmunication modes automatically based on the time schedule.

t he

7. The mobile communication system according to any one of claims 1 through
4, wherein the base station has a signal processing unit (50) configured to measure and
comapare the dat transfer volumes of the uplink and the downlink, and the mode switcher

switches the communication modes based on the comparison result,

g. The mobile communication system according to claim 7, wherein the signal
processing unit has a communication volume measuring unit (50d) configured to measure the
data transfer volumes on the uplink and the downlink, and a comparator (50e) configured to

compare the measuring results.

L k 9. The mobile commuuication system according to any one of claims 1 through
4, wherein either the first or the second frequency is shared by the uplink and the downlink at
a predetermined allocation ratio of time slots, and the base station has a signal processing unit

(50) configured to adjust the ailoca‘don ratio of the time slots.

10. The mobile communication system according to any one of the clairps 1
through 9, each of the plurality of base stations being configured to communicate with a
mobile station located in a signal cell (100, 200, 300) and each cell including a base station,
wherein said mode switcher switches the communication mode of 2 least two base stations

serving cells in the same neyghbourhood synchronously with each other.



25 extrenely increased, unlike in the conventi onal net ri TDD system
and the system structure, including the signal proc %?Wﬁﬁ}‘tzgosand t he
transmtters/receivers of the base station and the nobile station, can be
sinmplified. Although the invention has been described using 30 speci fic
exanpl es, the present invention.is not limted to those exanples, but

i ncl udes many substitutions and nodifications wi thout departing fromthe
scope of the invention. For exanple, a&hough in the enbodi ment three 8
NOVEMBER 2005 -25 comuni cati on nodes are used, two of these nodes (for
exanpl e, the FDD rmdécam:bilemm%ﬁ)ﬁ)/ﬁmmyxem aodehidg tooinyt dres ofDRndderoagd t he
FDDY TDD m xed node e used. In this case, the node swtcher swtches
t he syst @ﬁ%eéﬂmléw ity h%b%ﬁééﬁmpﬁé baag é@@%@ﬂﬁ%&p @ﬁs@@wcm@ﬂpamwe station
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NOVEMBER 2005 29 a renpote nonitoring controller (50 con |gure to receive
a moni tfst ogtheonton fregiepopbt & prdesenined gntaingert2abs ieleastalvd base stidhe
uplink and the downlink fromthe backbone network; and a control signal

gener at SFVIREGHYS Boeisgmeasibboptead senadrarshtvioh eadi et based on t he

12 A base station (10) configured to communicate with a mobile terminal (20)
in a prescribed geographical area (100, 200, 300) and characterised by using at least two
s modes of:

a first communication mode for communication between the base station and the
mobile station, in which.a first radio frequency 1s 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 station, in which the first radio frequency 1s used for the uplink, and the second radio
frequency is shared by the uplink and the downlink; and

2 third cornmunication mode for communication between the base station and the
mobile station, in which the ﬁrsf radio frequency is shared by the uplink and the downlink and
the‘ second radio frequency is used for the downlink, the base station corprising;

a switching controller (53) édnﬁguréd to .c.:hange the communication mode, while
:q } keeping the base station in syhchronisation with an adjacent base station so as to prevent

mterference between the base station and the adjacent base station.

13. The base station according to claim 12, and comprising a signal processing
unit (50) configured to produce a control signal for designating one of the communication
modes; and .

wherein the switching controller is configured to received the control signal and

change the communication mode based on the control signal.

14. The base station according to claim 13, wherein the signal processing unit

having:



nonitoring control signal supplied from the renote nonitoring controller.
15. The base station according to claim 13, wherein tIBNGYEMBRERRPIISCESSI Ng
unit having: a comunication vol unme neasuring unit (50d) configured to
nmeasure data transfer volunmes on the uplink and the downlink; a conparator
(50e) configured to conpare the data transfer volunmes of the uplink and the
downl.i nk; and a control signal generator.(50b) configured to receive a
conparison result fromthe conparator d produce the control signal based
on the conparison result. 16. The base station according to claim 12,

conpri sing: tRECHMT BRAMKY RPN OLERE RATTHEEE S orrec S ¥he BT iaB I, Hdi cat i ng

R R A e S e R T S

t er m nahetp2R); 4@nfi gured to communicate with a base :station (10) in a
prescribed geographical area (100, 200, 300) and characterised by using a
lea:;t two npdeenirefsigesl BEPTeics 6HiRFPEAEHER DS UF Dthecontahs Eealiberrdsat theen
the base station and the il.e termnal .in ich a first radio frequency
i's used“’f%’r‘“’é‘ﬁbﬁ%ﬁlF%k“%‘r?&s‘g%g‘ecgga‘n°d”@§ ic%““‘?%%% 2 Se8g for a downl i nk:
a second conmuni cati on node for conmuni cati on between the base station and
The nobile termnal in which the first radio frequency is used for the
upl i nk, and tHé. secoid heaelblation eepoediog t¢ slaghap euherpin the sigkl priecersdstume
domnlin%'.and a third comunication node for communicati on between the base
station"8HB88the nobile termnal in which the first radio frequency is

shared by t he aupkirfl;adfbnt igude Wtak itk g @it (F008 cSETRRE (afERutd AL eBCYNer S
used for the downlink, the nobile termnal conprising: 8 NOVEMBER 2005 30 a

swi t chi mgluwostonghe epliigd)d berorglinkd t o change the communi cation node, while
keeping the transm ttin d_receivin art f the pobile termnal. in.
synchr oni sat | GrORFEHTE CoF TRt PG RRS e QBTG AP St Heikind
stat | ONthe 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 least two modes
of: 4

a first communicaion mode for communication between the base station and the
mobils 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 stat:on 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 m which the first radio frequency is shared by the uplink and the Jownlnk

and the second radio frequency is used for the downlink, the mobile terminal comprising:



18. The nobile termnal according to claim 17, conprising the swtching:
controller being configured to receive a control signaNOUEMBERANISNg a
sui tabl e conmmuni cati on node from the base station and change. the

comuni cati on node based on the control signal. 19. The nobile term na
according to claim17, conprising: the switching controller having a tine
schedul e table indicating a tune-based ﬁuitable comuni cati on node and
changi ng the comuni cati on node accor di B to the tinme schedule table. 1

a switching controller (34) configured to change the communication mode, while
keeping the transmitting and receiving parts of the mobile terminal in synchronisetion with the

ransmitting 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 time-based suitable
comununication mode and changing the communication mode according to the time schedule

table.



