; €3ed6>TV-1 TI TLE OF THE | NVENTI ON MOBI LE COMMUNI CATI ON SYSTEMS BACKGROUND
OF+ THE INVENTION 5 1. Field of the Invention The present invention
generally relates to a nobile conmunication system and nore particularly,
to a nobil e comunication systemthat is capable of switching the duplex
modes of an uplink or downlink depending anthe 10 transm ssion vol unme

communi cat ed between a base station and a nobile station. scription of
the Related Art Duplexing carried out in the current nobil mw mmml mon
and

systemis generatidploas skl edvitonld frequency divi sion
time division dupfex (TDD) .~ Fig. i 1llustrates a conventional *ie®is
structure in FDD comuni c¥PBoRE GPMMEIGATION| PYSTH4t es t he basic concept of

conventional FDD comrunication. As shown in Fig. 20 1, base, w 1 1,
112, and 113 are located in the respective cells 400, 500, m mwmmwm’w
b@oof2d

connected to nobBAGKGRGMNDORE PHA INVENTISN 213, respectively, \ig,radio
channels. InFDD, different f [oF fl are allocated to the

upl i nk, whi ck? is direct edrlf‘ro%r?%gcgnon%g@lee IﬁgggF%ﬁ on to the base station,
and the downlink, which i £hei peesett firomantthenbgseestldtyi ealéted e robI | €
station. The radig frequencies fl and f2 occupy the associated |inks all
the time, as shdWpPiif BOGRB CHH AU o, ERG PR SoF Fagiettis Pl Sand f2
are used equal | ymoi Jal kothenteht sord3st30 508t BhdkapRBle Fbf). sWdddhingt r at es

a conventional F bile co ni cation_system  Thi.s system i ncl udes a
base station 11150 HG0IPRo (3 | h SPHTRTHE SHL kel PR T8 oF 5iRas 4
signal processi ngrankntis8Q ca0nsBEhe hdrtuinhieabag kbonenebWoake (SLatkionmobi | e
comuni cation network), a_transmtter 81, a receiver 82, a band pass filter
(BPF) 83 with a ¥htemMoPidGuehdy Yt f1, a band pass filter (BPF) 84 5 with
a center frequency of f2) andpagteipesoBar 8leCrRENSEEA 0 the recei ver 82
and the transmtter 81,-respectively. The nobile station 211 has an i nput
unit 70 (e. g., m crophon®updaxbrg KAHIdREdoRBbIn e GUERARtUMPRLIAL (e. g.,
10 display 71a of,gReakekibhblysfent GNAenREQEEFSENG MREEY 720t transmitter
73, a receiver 74, a band pass filter (BPF) 75 with a center frequency of
ft, a band p&ss frequanqyBREYisigs dirliexa (EBRL e2nd rdggeféyidionr Hurdmd
antennas 77, 78 ggpect ed to the transmitter 73 and the receiver 74, 15
respectively.

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,, 1l1,, and 1ll3 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, different 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 £, occupy the associated links all
the time, as shown in Fig. 2. In addition, the radio
frequencies f, 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,



I n operation of the nobile station 211, digital signals supplied fromthe
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
transmtter 73, which then pass through the band pass filter 75. Radio

si gnal components of center frequency fl are extracted by the band pass

filter 75, and the signals are transmtted“fromthe antenna 77 to the base
station 111 at a frequency fl. 25 The radio signals transmtted fromthe

nmobi | e station re.r iye t he antepna of t.he base . station 111,
and supplied to e%r %CL :R\g/grBBCgce\?Qllsamtgngnﬁén%é]p%%lgjeﬁtle{jego 8%.‘6 ﬂ?&%%%i ved
radi o signal s armetamker(ted. t ondiaslebandman fjoat son ardwbhle) paseband signal s

are then 30 converted .to digital signals t he signal processi nit 80.
The digital si gn‘éﬁas“s&}let%ﬁ‘ag m‘“i‘t%%"getlaetrhgyba%ﬁ%ﬁgPﬁéﬁmgjrk‘fersdgﬁb"gséé
mobi | e conmuni cakian anekeweek. £ fxqpidiyoblier, handandnpiéde mawaki nkprdigy t al
-3 signals received by the base station 111 fromthe backbone network are

converted t o bastbdhd SPHREFsITRAUTEYsPdndt. FrDEESEFAES Uit 80, and then

converted to radééhriddRal $obynd heeddidRsneht £id 8dhe thanbandepass filter 84
extracts only 5 those signal conmponents with a center frequency of r2 which

are then transni¥3REAGVERE  mobi | e station_ 211. The radio signals

transmtted fromthe basengtati e abg becgiyved, by dhe ant enna 78 of the
mobi |l e station 211, and suEpI ied to the receiver 74 &pﬁél t he banda(fO%péss

filter 76. The reikrepdiogaalda are kyhpardedObnt ;rdiogitrak wiighalls (ehgough t he
recei ver 74.and %. i o§§§é§! it : i .he~gut put
unit 71. |n1§w,é#r5§°dl?‘8’92§%%i at'l oerr%gi@Bz:ér%izselogq%gt Egggé%f%cgtatgp%g é?fferent
frequencies fl and-dansimatthe Upl inkeet®ifgerom t ke bapli bessthitlitenr 2BRFio the
base station 111 t he i fr e: base tio nobi | e
station 211. Fi gas5 %i}dt‘;l ,FI F%g rate eengg]n(g:gp’?l’of'§l %%%@eénats%o%%t%wﬁ)
comuni cati on. |76 cdrbhent cemadr TRaqueheysafief s, adnd 20tdmmegué@icy78 s used on

h i nk d the d Li nk, . like F As_ il dingFig, 4, b
tst St iugn!sn12?122%6%6%@682;?eﬁﬁjﬁ[]nértaﬁ}?mr?g%ﬁ]écﬁ \Féjuctéﬁﬁql‘aetsle‘?ﬁ%f%l%l’n th?gecel I

structure, asmhidspestratveon. 221, which is under nmanagenment of the base

station 121, is connected_to a nohile station 25 222, which is _ under
managenment of the base stéf‘i%?lerlafzm&& Bhe Worile S2ar 0 ﬁl' 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 £,
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



means of TDD communi cation. In TDD, three or nore frequencies (fl-f3) are
al focated alternately and repeatedly to the cells (#1-#3). This arrangenent
is required to guarantee a sufficient spatial distance 30 between those
cells that use the sane radio frequency in order to preclude interference
from the nei ghborhood cells. Each frequency allocated to one of the cells
#1-#3 is used for the uplink and the downlink alternately each at an -4
equal tinme interval. The tine period allocated to the alternate links is
called a tine sl Lg i S ional i

conmuni cati on sysggg%EETﬁlegeir‘}E%D&j?%tﬂelrgn k|)%S(‘:§:u \égtrltghbgglef Qgt%%gﬁ%ﬁin%nd a
nmobi | e stati on 2BEwWoTKeabaseorstegttiedntd 2dadmmmal siignals pryocksssagnahit 120

connected to th net k (e.0 mobil e _co ni cat.ion.network), a
transnitter 122%%%%%2?‘5&%1%0 ’a(ag\(}vi e n(%"ef%ﬁ, %%%ﬁi%éégn?r?tbé%
(BPF) 125 with aheentenshieguerdly ahefbandnhsk0 fantant®nrextia6t§osnly
transmtting_and.receiving, radio si gnal S.. The nobi Ig station %2 has an
input unit 110, TSR 23987 FEIRSAES 11DF &t SEKETboRTH P FIb L afe out put
unit 111, such amiahdaspl ayerd kkanehidtepenkahel hbdbila statsiognal, processi ng
unit 112, a transmtter 114, aC;_ecei,ver 115, a s,vyitchﬁéSV\) 116, a band pass
filter (BpF) 117 with a ceRt er2FCe§aERtys ofr F1smizngdabr dhteRnR24%8 f or
transmitting andda@eehVing aradicecsi @idlss, the apesatd o ofF the saille
station 221 in the 20 TDD system digital signals supplied fromthe input
unit 110 are corfVérteH o basebarePkiffhdlcs thy Faeeigndl pidcessitiguni t
112. The baggbangd sl gnatsr &fe. GoRVehied 4 Adl ar8l ghlsy-day the transmitter
114, which then pass through the switch ( 116 and the band pass filter
(BPF) 25 117. 96 T3l gpynalnpbrenol die cransdverr éguriibyehef stonak e
extracted, and NS for 0 h t; 118t ation 121
at a frequency ?JI’I%C%YE]%E? d]"lgr})ﬂsjﬁgzria?}siat%% snl‘i%ﬁ]gg %g%m(gﬁﬁg%ngg?ﬁeﬂst ation
221 are received by the abhteriin Y26iof comeurbasaig®o &% atdnied2out apil
supplied to the r L i h S i r- (BPE),. 1 t he
al?.885¥§£ ;&afdélérr%a\}to?glg)%g%&%% £ 1dde fhtgg %hg é?é?ﬁgl

switch (SW 124. The receive nal s are”conve

signals by ithe ridgeemvehe IR idmrd sttheéisn gdial tpr boesshassy sgakiod20L;) TAed |, -5
digital signals . are . then.tra itted to the hackbone ne rk...On the other
hand, in the doﬁ%lei ﬁéwggﬁg}%tgl Si téﬁ%l éasfeecseﬁa\%éana??lt ﬁ:g %ﬁ%em% At9 on 121

fromthe backbomea%inetbrk are converted to radio signals by the signal
processing unit 120 and the trgnsm.tter_122. The radi o signals ss_t.hrough
the switch (SW 124 and t)‘!r::Jegso'aﬁA‘(j—%pétsLiu?Héfztéer %Pﬁ?ni%%rj quc\%%'ﬁ%o?ﬂ‘ t hose
si gnal conponentT®Dwebiman Cettien .f [equencantaionkll ape, exia aemedradhe radi o 10
si gnal s of %eq ncy fl are tr nsm’%ted fr.0 ”‘8 ﬁte nallz to£ e nobile
station 22140 Thé *FFUFB S 4l €% PRNENT (1R ¥ 6FFt ARS FALE 414t i O 1L are
recei ved by the rapt eapai 18 tfatede inobid e 4t akisens22diorsuppl+¥x, taxd he
receiver 115 viag the hanpd 15 pass filter (BPF) 11 nd the.switch (SW 116.
The radi o signal CQFEQCBHV & EFSPREL YR g‘?etliis )gloaﬁg}g' Ay (’}E‘Qﬁ F‘Fljefr ecei ver
115 and the sigralupteeessd Mpoinit std2iomrrd,; $uppl dred st aniibe uHadnetnmi t

111. The switching controllers 121 and 113 of the 20 base station 121 and
the mobile stati%n™91P25esHétirRel ¢t d§pEPPBEELEDMT 61 PSPyt =35 °Fhe
downl i nk copwunizeatf i@ dRahadse ddtalgehiBatbaserisd ddsenst2diand 24,heynobi | e
station 221 synchronize with each other. The switching controllers 121 and
113 switch the &fePehes TR igatios 116 TDPespRESS VA OrBased on t he

control signal supglbgdids OfR,the SiraNallpsNeRsSIRGrHALELL200f the base
station. Wth this arrangenent, during uplink communication, the signal
o

processi ng unit TePE2BRAthethdde SeALF ol IT#B) st BP3S sUPANPCAG S Yhal s to the
transmtter 122...30; AcqOrdli RlirantbBe, t5ansmiher sg22i Of dilkeahase station
121 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



and the receiver 115 of the nobile station 221 suspend operations. On the
ot her hand, during the downlink conmmunication, the signal processing unit
112 of the -6 nobile station 221 stops supplying signals to the
transmtter 114. Accordingly, the transmtter 114 of the nobile station 221
and the receiver 123 of the nobile station 121 suspend operations. 5 In
recent years, the volune of data transmi tte€d in nobile radio conmmunication
has increased greatly. Unlike voice comruni cati on on tel ephone |Iines, data

comuni cation is _likely. to .produc tric situations_in the volunme of
data between the®@pf rﬁéﬁ§h&nﬁﬁévﬁgmﬁﬁ%%gﬁmfopﬁﬁlf)rﬁ%%9695?$ 2R Biowser
phones, which areleethatearliphenes @4l rgtike wsefs to access honepages

upl oaded in servers on the Internet or use electronic mail, have
rapi dl y~spread, digital cdnenfs isUSrEatent # CeimRteaned TR Mobideser ver s

set by providersecofigurdi &85t syEB@nﬁaﬂkﬁslﬁ'DﬁanE‘Eerﬁ riaRsOhksed wud he
downlink is Ilkelg to be larger than that on the uplink. In the
X

convent i onal UupPEXCHR Hod 3¢l hepbFDD Hatiop) 22ev dfe Pashesulti@radBunt on
the downlink is puch, |argen Hhapeddaty of itthﬁzb'péérm%&%eaeéeuﬁé SERIIRLT | C

20 transm ssion volune, an equal radio frequency or a tinme slot has to be

al l ocated to then@pFoTik @nd.theckibleldamkunteation iateasbh, 2he radio

resources, such ?§aﬁsrﬁ£{%‘ex5'ﬁg,°{, ?eJJiQ%lfe@§¥ band,; 35e Wapt £ty %eg%iaﬂﬁsz
since the radi o frequency band allocated to mbbile radi o conmunication is
25 limted, the paanshilssiroriBEBpaldd widgh kheesyst dinaaseatygoof et r and ed.

accordingly, 4t Lg A lmonbank [ edul IGIent Lo, ghimnate yasts of radio
resources so as fo faximze det@Fioration of ot fie tTansm sei oh Capacity of
the system 30 i nsidmmlsmited radi o frequency band. Fromthis viewpoint, the

hvesti gat es. technol ogi cal S SHASFHS F PRT23056° Frad Bono8td Byt i c
dupl ex as illustsatlechd .2 microphone 110a or a keyboard 110b, an output
unit 111, such as a display llla or a speaker 11llb, 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 f;, and an antenna 118 for
transmitting and receiving radio signals.
In operaticn 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 to digital signals by

the receiver 123 and the signal processing unit 120. The



Fig. 7. In this nethod, a series of frames (F#1l, F#2,... F#n), each
consisting of a plurality of tine slots (for exanple, four in the exanple
of Fig. 7), are provided. The 5 nunbers of tine slots allocated to the
uplink and the downlink are set asymmetric in order to cope with asymetric
data volume on the uplink and the downlink.c However, this asymetric
duplexing is unsuitable to a | arge-capacity nobile conmuni cati on system
because 10 data are transmtted in the sanme radi o frequency band in both
the uplink and t gdownld; n fQr 'Eféﬁi ul i nge of
frequency bands Jriirﬁgst be S&%ﬁ?éﬁt%@%@eﬁ? c%ftgﬁﬁtg%e Y, t!t%hletﬂgl %5\%%%%% radi o
frequency bands agewaskercrowded, and it is difficult to obtain a 15
continuing w de range of e ncy,. bands.. Anot her probl.emarises.if TDD is
appl i ed to WCDVA syst ens, foéngﬂ:éfo‘%/rheer Eh‘aatnéj’vépuﬂé% d|[?°r‘i’ ﬁ@%p‘fhr 4nd t he
downl i nk becone asymaiet meceilrad asty miet bace TEERt e 13CEHMAM aBe t e @nene of
t he conmuni cation_data increases, 20 high-speed processi is required in
gener ati ng c%ockn??’é?ﬁ(eﬁ&eego?‘é?fqaré tt?agégéﬁdsls‘? | é{nag n&li ng the
baseband si gnal pfocegdAdigousignelo afi $heausessmitaest npet ures @liiboth the
nmobile term nal and the base station to be conplicated. 25 SUVWARY COF THE
| NVENTI ON Ther ef 9t@21% PRSSaRREM B ™61 SFRECHr 638Nt 2440 8BA L Hkh Fe5pPasT de a
nobi | e conmuni cati DeSYSbem Lhal GaHiedl baey athfd isthRAl &s®Rkntbe radio
frequency 30 resources w thout conplicating the structure, even if the data
volune is asynmetttt 3 Feparhl FerauansysRifs§i G SrtERetepl iThe &Adie he

downl i nk. Taqoachs gy the f0R&&ken &}‘ QNEr&SPRGHsmek thAr rom Ghel ANEBLALN. @
mobi | e comuni cation systemincludes a base station, and a nobile station
configured to coluricdbe Whhle HEafdea 2€ation using a radi o frequency.

Thi's nmobil e comuni cationpgystemhas g hisr %E%Ig%dcﬂmnt@%’sea 5 second

communi cati on node, a third communi cation no a node switcher that
switches the firstatinmodgh and r¢cednadnby atticopnadeai hl facdorttianmebidia h dat a

Lranster vol umessOit e oup: Ilcanda! s AMd A ok 1916, 1 gk Sofnuni cat ! on

node, a first radio frequency I's use or an upl1nk and a second radio
frequency i $3userkdorfid tdowiBPik.1 U7 ankle theconid-adorSihi thé i dihenwddiot he

first radio freque [ S t | j ng. . e adi
frequency is shg%&e%%if t% ﬁg g%?‘{eg{teéﬁngn# ﬁehg%%‘ﬁ %ﬁggg%gtﬁgpﬁ%ﬁ ghg

comuni cati on nodegeitvee $@6omt rdd ¢ibneduencsedssingbunsedl¥or anbde downl i nk,
and the first rasgdo fir %qgen IS sh%r ed.?ylH'ue uplink and the downlink. If
t he conmuni cati on pvaJ1 aes°on ?hoeutt?b]l i iRMEfrom the nobile station to the
base station) and the downhénswidatdmgt kenbasklatsatlianahd 11 dfokihke

station) arg.20 symmetric, t first, node is selecte If_the ca ni cation
Vol unms. on e JITITE BRACRHELaBRRI IR TBEARe SRS TRRL A, TEHR HodB LY
swi tched to the sesomdser coferd hisgidnedsnuni tiad idownimder, commusiicaliient her t he

first or second radiq frequency .is,used for. bidirectional 25,conmunication
o Sn, o ot i L PP e P AR B RS L st B TR LR W it 'S

nobi | e communi cadtaiosy SREMyncadbni feSOIIC @aichequhéed T sivadeling
comuni cation is all ociit ed efficiently to both symetric ﬁnd )?i%ﬁmg%crl' c

conmuni cation . BIYRIAREEher! &Pkt 3ofYE RER i et oA

comuni cati g8 systemMrelpbcEaie83SidakeB0Bs thd Nedntebeasegmil thwppdata
transfer volunme on the uplink is provided. This nohile communi catgon system

s .

i ncl udes a base St%%t "0 aheNa- ProgesgdBr| enkt dtdloricEht it dtes+on

comuni cate with the baseystRtidy 3dnbbmb@s, addihgt ugomRINI cation node, a
second comuni cation node, and a node swi tcher that swtches the first and

. ) . : f
second comuni caAIPRHEEESOR n i SlgaRéePHPEFSSing 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



5 data transfer volumes on the uplink and the downlink. In the first

communi cation node, a first radio frequency is used for an uplink and a
second radio frequency is used for a downlink. In the second comrunicati on
node, the first radio frequency is used for the uplink, and the 10 second
radio frequency is shared by the uplink and_the dowlink. If the data
transfer volunme on the uplink increases, the conmunication node is swtched
to the second node, in which the up channel comrunication and the 15 down
channel comuni GR{jiQR 8Lt s tohedrdpls a gl exg MBS At ot pge sane second
frequency. Since the node sw tching causés the downlink frequency (e. g.,

t he second frequeReyFritbehel ifsedccrradinghy exthratrensnitiemsdé ednthol
operation is si i:fLe j t i : u r . .hase 20
station and theqﬁ%ﬁ%%egg?ggéggg%og@ggggﬁﬁ%ggé?%%.f%%C%fFBF %ﬁ%'ﬁ%r aspect
of the inventiomtadimmblle scsprndi cperadniospst em that can easily cope with

i ncrease of the data transfer volume_aon the downlink._i rqovided. This
nobi | e conmmuni cati on syst§%1¥?ﬁﬁnﬁd¥§a55bdgga2§%@W§tPgﬁigﬁﬁ%ﬁaﬁﬁﬁfFE?%taIion
configured to cammmebdhéeradid domauhaset sérathaen insragsad radhaal{ r equency,
and it has a finﬁé.gonnunication rmdgi i n which g first radio frequency is
used for an uplink*&RdVaSeSHTYAGR0 ??éﬁhéﬁgfp 88 st ¥%or @ @ownl i nk, and
a second 30 conmasfinQALt&bidOds, likeDhi €6 phrigeCasgmhiathia siequensys i s used
for the downlink and the first_radio frequency is._shared by the up]ink and
the downlink. TH& §8§t At otheetsa H%E‘ée%“tb&wé??l&%f%%rt)éa dgrbiten the

first and segondn pai0i&@ramNiaabirolsEPASords aGaQEHAEL AMltih1data transfer
vol unes on the uplink and the downlink. In yet another aspect of the

i nvention, a baf@oseat foOEOHE ither BECFD T AARTISEabemRaTesa URoBRERY tigt i nal

5 in a prescribed geegraphialintaraeevédatse Theckass: StralilonngeeMUNI cat es
with the nobile termnal using at least two of a first comrunication node
in which a firstrapagis FRERAfENEYILE2LseRNFIYEsadsupFemierdniy doseterdted adi o
frequency is usedchOtnad Somplidile+anseronm LOBTURLCALIARI) EROCLL, whi ch
the first radio frequency iIs useg for the uplink, and the second radio
frequency i $3shamednbytrirsnigitesk cantghe ndowiovimki aR; 18Rl va tohbedlarger
comuni cati on [l e.bhegk radio frequency is shared by the
uplink and the o%ﬁl?nﬁpé%QT%ﬁéugéco%d radio frequency is used 15 for the
downl i nk. The base st ati obn cdvprcosesnaigiaghalupdescesthary (gnithezo®P? arred to

produce a contr sl 0L, 1f deshapaling, ane, obyLhaoGommunicapion modes,
and a switching controlT'er configured to recéive the control signal and
change t he commirirgeti tmmodethasedhemphienR®ecente obf sisymakbtr BRI RF

e Pt SUEaETL I e B oEhrn LARLW B Pirogt pggs of the
descri pti on wherslegadas ntedy widbicened td thee uapdcokpanyithg deemigs, in
which Fig. 1 illﬂg§tEﬁ£§Srégégﬂj t%gr%géfg(%éggu&%%s, 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



conventional FDD system Fig. 2 illustrates the concept of conventional 30

FDD; Fig. 3 illustrates the structure of a conventional FDD nobile

comuni cation 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 nobile
communi cation system Fig. 7 further illustrates the concept of
conventional TDD comrunication; Fig. 8 illustrates an exanple of the cel
structure of a nmpf | e comunication systemaccording to an 10 enbodi ment of
the present invention; Figs. 9A-9C illustrate three types of comunication

nodes used in the nobile éanfks dertilon spseenteecdh dirages o (Rl emfgdi-ment  of
the invention; Fig, 1Q.0} géﬁé%ﬁ%%%gn%géﬁf%g%ﬁa?foft be,obi g 13,

comuni cati on system according to i nen the i nvention; Fi g. 11
illustrates the e, offoof tmethwhidampdeonntint tat i70n systmmvidetiheTEOD

node, i n whic¢h the.data vol unes t he,downl i.nk and the.uplin re al npst
equal ; 20 Fi é 1%%%5‘5& afcérget%lgoncospeaﬁéfnlc%he%ft? h enBBfe'f‘@Pc%ﬁﬁl}ﬁiecati on
systemin the FRDRIwDRnK xed seotdeadymmetrwbi ¢h diderabcacypéd wmecron t he

downlink is greater than that on the uplipk; Fig. 13 .il]ustrates the

oper ati on of theamﬁtél%gé%)%ﬁﬁﬁ% i ntgﬁs‘f%Jng?}h aflﬁetll‘—?)tﬁﬁef”ﬁﬂlﬁﬂ‘xed node
B, in which the data vol ugewetet hecHipl aBkminst8f €alpylekhag idhainsen thBee
downlink; and Fig. 14 illustrates an_exanple of the base station used in

the nobile conmuff GatliPSASSFaPaM At CWPdil Rg TR 13T CBNBYIF SRR MSCaRsy. 15

il ustrates 13 mogh dd Gatdl Qﬂaﬁémi@@é@@%etﬁéaé&@é\?ra{ai%- £16qibdnaistyaaiesnanot her
nodi fi cati on of the a, -12 base station;

and Fig. 17 illustrates another
exanpl e of the cRAIh Sheysphiek Ang ﬁélerrﬁlﬁwpéi’élémﬁﬂﬁgéa?F%?P%‘%/staem accor di ng
to the inventic"bontinuipg wide range of frequency bands must be
guarantééd. Unfortunately, the allocated radio frequency
bands are overcrowded, and it is difficult to obtain a
15 centinuing 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 1s 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 1in parallel transmissions on the
uplink and the downlink.

To achieve the object, in one aspect of the



5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The details of the
preferred enbodi nent of the invention will now be described wth reference
to the attached drawings. 10 Fig. 8 illustrates an exanple of the cel
structure of the nobile comruni cati on system according to an enbodi nent.
The nobil e comunication system conprises hase stations (BS1-BS3) 101-103
positioned in cells 100, 200, 300, respectively, and nobile stations

(MB1- Ms3) 201 15 203 connected to the associ ated base stations |101-103 via
radi o communi cat | Qfed0 AChLeME Y b ClERNTERL€8L | QP+ RORLEL ERIONE base
comuni cation, and other types of conmunication. 1n this system radio
frequency fl is ss@diah BRe aphehpidd romtine aebfimizedatpopeROLc208 to t he
base 20 stations, 3, f enc [ n nk
fromthe base sta%génégaST%%O§E?gL$nLLﬁb ¥a%£ f%%gﬁggig2d§n%% ggghé
frequencies fl aﬂdmmzuamelequayeyamﬁe¢ bnfatitt@@mmehbatlﬁmgmxkﬂAaQC

illustrate three tyvpes of nlcalon de ed i.n the nobjle

communi cati o sy%?ée(‘%%‘%sr?"é“ﬁ““é“ ong °% tgﬁér‘ixcaoﬁﬁu@lcﬁﬁeorbfm%d:’?e fhfee
modes i s sel ect ed mependiinghen t}hmtmmwmesath@nf:miwmasw@h tdr rgpl i nk and
t he downlink. These three .nbdes.include t 5Be FDD raio)le (C Ai) t he FDD/ TDD
m xed node A (Fi PBH 6B BnE°thet FBSCPEE*AF X et THo #8 T8 ?f:?lbs GO If the
data vol une on thelups v cheompliek ki kaeS&&khDIhK. ozhheh@aﬁﬂs&t ation) is
al nost the same as that on the ovvnllnk frorn_th base station tao the

mobile s rati on)CO“mE‘HeLCI*—aISBOﬁD’H% ¢s adiEStedadin TIREUEPEY nbYe ST hFo5an

exanpl e, freaguengyl fik ishdusedessd Uusddie] ¥rkatiehbe 1PlisRl, for-d3daRd ink.
frequency fz is used exclusively for the downlin This node is simlar to

the conventi onal LFDE'S &eFANGUECTIYN }IRE @R BOYDI (RS S TEReT @Sl i nk becones
greater than that,Qn,dhe YRl h8ka #die dRdeph SneW dihedet QeoddraERD TDD

m xed node A, in which fhe uplink frequency fl is shared between the uplink
and the downl i nkfrsmiansyt e dbarrd Ak fihequeheyk fand shet dpynkiged drckbsi vel y

for the downl i nkey iy QIhGANRL LR, tidowaL ] ok shanneh sapddliphiynk share

the uplink frequency fl 1n alternate time 10 slots, as in .
techni que. 1® t hesekdmy ahshdownlinig @ndgshetﬁiersﬁ radgpofsequancar val s) for

the uplink and t ]_d%/v@] cal lelt equal , and the data
capacity’ ratio%fa xpllnk%otn ?o ecnoneslt03(1 3) ." 15 If
the data vol ume on the dowdl £h& @@m@m@a§mnl‘e¢lumonhahedmltm upkemk,

the FODI TOD m xeg, e, ./ 556l aptagoyknoLbi S midery 06 upld nl Ly egyency 1

i s used excl usi or ‘the uplink requency fz 1s shared

bet ween the upli nf<rqarnd:htehbaslevmﬂ:atrnlon rtoalthernwb;ele2®tla|turen)slames as in TDD.

In this case, t he co |C;Q_1}l Plrsaglo of .t he C,Clerg( E? he downlink is 3 to
he

1 (3:1). By swi t A thése thiee noé’éjse (J:ksa ?a% i hg on Situation, the

system can deal mrmﬂumlmetasynvr@lumefs roaxdrtbecmpiu,rrk Gad (ahe @&wrHiigk 10
illustrates the m)bl | e com‘rugl cati Ot%n er_%%tem accori}t an errbo nment ,

whi ch i ncl udes a&FoBIS &SPREFbHRC 2 8 hAsE 1A oﬁolfﬁe A€ obf | e
station 201 has e ithind ganbuilcatsisehmasea MMOEEtBéﬁ dte &ikeyboard
31b, an output unit rt}z agch as_a displ aé 3% . b30 a sgeak r 32b, a signal
processing unit FE°TE FRAERhTRETEBHN 6151 8P345 ora SEYVFEFTY rall el
converter (35P) Gmmavidaziparalel, tﬂmrsebi:nl ttc@mpamner a(lcﬂ’/ﬂ')e 3wwnThek)obil e
station 201 al so, hasdit‘%a\ft ransmtt h 3%*1 recei vers nd 40,
Tvio Sui't chos. ( SV Eh@IBNe BICiHy 1 thaEhas il e AR RREet T SYSLBRY) 43
with a center fregienegsourddsofediired Fecongdimndrpasascitidreris( BPF) 44
with a center frequency of f2, and two gntennas 45 and §6 Each antenna IS

used for both tr AN G A §HCH FOn§OFR AT BT W4l €nd asymmetric

communicatiocn.

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



The base station 101 has a signal processing 5 unit 50 connected to the
backbone network (e. g., nobile conmunication network), two transmtters 51
and 52, a parallel to serial converter (P/S) 54, a serial to parallel
converter (S/P) 55, and two receivers 56 and 57. The base station 101 al so
has two switches (SW and SW2) 10 58 and 59, a first band pass filter (BPF)
60 with a center frequency of fl, a second band pass filter (BPF) 61 with a
center frequency of f2, and antennas 62, 63, each antenna used for both
transmtting an Gel wi-ng; Ladi q Sto | BoRET kLN, 4 Qi si gnal

i nput fromthe %%gﬁnl%lu;éltggiltgﬁﬁ&% I}%hrrg i'?% stéLt%lralé:% ‘%%1 ?dggc%%\%grted to a
baseband si gnal #%etiee,skgfalt pratesfiingtupdnmBg,cadidndiadaled isptondwo

| i nes of baseband_ sj lLs. serial to rall el converter 35, These
baseband si gnal sg%@é&g%ﬁéé?%{e%gfed Fadi 0 é?%%gﬁwsltﬁéetrhghﬁ r Y Sha S sEeDnd 20
transmtters 37 fiwbkt38&ndThecomdli aorsiugiaksiam encglgzplinedctarddreef wish and
second band pass filters (BPS) 43 and 44 via the first, and second sw tches
(S and Sve 4 T IR FEE plRl TV §1 B 1 OR BAA hace RIieE 1
extracts the sigred faerposemuticddieauasey, fd fiand trheisebenthehandipass 25
filter 44 extracts the si gnal conmponent of frequency f2. These radio
signals of frequeiRd &€ PRaRRLFF &7 £o5B8CRT adifdhicr £8P The SpHE8 st at i on

101 via the antephias 4owaldnkb, 14 agRecbEY¥Rl YeorkfiRicadhon Shatral shkransmtted
fromthe nobile 30 station 201 at frequencies fl and fz are received by the

associ at ed ant enfhigSteXagha BReTuMFYsdpprfed i the priirk arfddsEE8nd

recei vers 5 pands@iond 898861 F¥&Yendy Qsté‘ﬁaﬁééqg ghedybaiick Rasschil ters 60
and 61, and the associ ated -15 switches 58 and 59. e radio signals are

converted to bas@ddHdrsi-gnal s by the receivers 56 and 57, and synthesi zed
by the parallel to serial rgopyerdar, RLokraf vJhfmeC QRPLRE: i nageband si gnal
I petet i . .

is converted to a digital 5 signal by the signal processing unit 50, and
transmtted to tirRcusaskbonthactawikicanionaneitawilsi siviteed digithal si gnal

suppl i ed f1om the, hackhane nelvared Srcopyeltathdio anhaseband shanaln by the

signal processing unit aseban signal is divided into two |ines
of basebandlsi gnddwe byanhel seerivalinicatpanatielswidiohedt &n 4 Sup)leB5mammelr t hen

converted to radj i_g pated.transmt : 2. These
two radi o si gnalés@pt}sesg?hgo%%éﬁe&%ﬁ%%?\ét gsdlr{s% fcglﬁeégéi\ﬁiﬂlé:%gggg\z) 58 and
59, and the 15 assceisattbd OBawml pdsEreghercy (BRFS) t86 secbrell fréeency)st
band pass filter_6Q extracts on t he_signal .conponent of fr |, and
t he second band %%g)se HFfer™ 61 e%lreéicfngno%]fy thhee §|g8n8?nb%o&pgﬁgggg%?£
frequency f2. Thesesimpdidisdgnal thoarte chnainsg tHeedtiractieesmalsi tbesbase on 201
fromthe 20_.associat.ed antennas 62 .and, 63, The radio signals,transmtted
fromthe ba& st%‘iaiatd‘r?nlﬁfda FIr'et éﬁc?&%g*?n and qez cﬁ?‘gig%%eeidVed by the
associ ated antennas 45 andn4étpll tdmethebi depsiatdfonh20invandosuppl ied to
the receivers 39 and 40 via the associated 25 band gasE fil terst43 and 44,
and the switched"{BWE SRETEIET2HP ARy Tth&ert §8PyTY 1HES 448 signal s
are then convertgathd-@skasebansl &@nalkanbyet heo lneeeiovietse 3Hwawldn#Ois The two
| i nes of baseband si,%%gl s are s%/n,t hesi zed bé/?t,he parallel to ser

i al
converter (Pl S) BRSVIHRE - o Shbderan 180 COMGAT Ca s BoRySEEBG 1T USSs! i PaFe

signal by the signaliopr a6assimgoiun st38ioRnebrofiighedt 8o t bwmuipateuni t 32.
The switching controller 53 of the base station 101 and the s 'tchgng
control l er 34 of%tHe thspPprEestERtigR using a radio frequency, and 1t ha

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



-16 201 superpose control signals on the downlink to allow the base station
101 and'the nobile station 201 to synchroni ze with each other. Under the
synchroni zation, the switching controllers 53 and 34 switch the

comuni cati on node of the 5 system based on the control signal supplied
fromthe signal processing unit 50 of the hase station 101. The sw tching
controllers 53 and 34, and the signal processing unit 50 constitute a nobde
switcher. In other words, based on the control signal from 10 the signal

Pr 0cessi g Uni t 5miR WichChbags CONtIKaES-53, And déﬂareaéﬂai & operations
of the first switches (SW) 58 and 41, the second sw tches % 59 and 42,
the serial to pavalwegs m@erepkn(ksmyi 5headewiBbinkand t he par allel to
serial converters (P/S) 5 3 fferent rs |IIustrated
in Figs. 11-13. Wth the atggt ﬁ%%“%ﬂ ﬁggép%fn aﬁ#gsE@? e sane Wi t h
that on the domnStmtionruenﬁmburedc@nnmmunaucanesyeﬁearmpb:k&enenm1nehe FDD
node, as |IIQ§trate i.n F'Qﬁ Aan ﬁ ngD 3? radi Q. .
frequency fl 7's used Do Ekcrasi %%(f%/ lfrp?mﬁ% d T rse:aﬁeﬂ%y fz

i s used excl usi vebymirgrcathea dommltnﬁgmabaleltusmimﬁkumsungFag léﬁb%.tﬁbe
control signal geperated by the signal praqcessi ni t .50 of e base

Stati on 100 cont &b EorEURTRICT G TPRRG R U & TRFT Lo S 58
and 41, the secofgeqfersy ighesed W) 259 uphiink2and he ssebhal rddigparal | el
converters (S/P)_55 and 35, and the parallel to serial converters %P/S) 54
and 36, so that tRETHRIEY éSsPa??dﬁnﬁéﬂdPW8ﬁ§ﬁ¥t§iéFCPPQq%QWWRPan 4RB

recei ves at ffor equedeyid ZhiaRdehdati dde raase staddoy esehyes @fr khequency
fl and 30 transmits at frequency f2. To be nore precise, in the nobile

station 201, theUPiimt, Sfct che (SRAONUFapdocERe@ianey (6 ehered dvsiieter A
(37), and the Se§§TEhE“MnBCQhésyganfg%H S ap@npeet 84y (Rmhhificaribh Meaei yer B

(40), as illustrated in/Fig serial to parallel conversionis
carried out by SfP.&brivier férsBsradim faegueney sty ridiagefr byn B USiLRA
processing unit 33 ane shphied 4o the Leagsai L. fgar  Arbddne Sl LgEly, no
parallel 5 to serial conversion Is carrie P/'S converter 36, and all
the signal s iPecefordha domalivkeiThrer ste4eya‘ar@ suam@hrileelsm stweaé‘,r gnal
processing unit e n ta e rst
switch (SW) is %%%%ee%mlg’ Fga?héeo% |r\7§r t%ﬁ%‘g%wﬂ% r%‘?dfé%u tch
(SW2) is connectdﬁbanaﬂuagtpaﬂsmﬁttha’CImmEQ}camszewdab t@m®awallel

i gnal processi ng i Ho 5P say RRE BheRd o MicBie P Rgot oM TR

Simlarly, no pasz@ﬂaﬂ anol skenge thé conmen$caniors moder baseduin heP/ S

converter 54!-Zt a.nglon he srgnals received at the receiver A (56) are
supplied ~o the srgna prgeessrng unit 50. If the data volune on the

downl i nk becones greater than that on the uplink, the node is changed to 20
t he FDD/ TDD mi xeg . gs. 12A and 12B. In this

nmode, radio freqgte ¢ Ed by the up channel and the
down channel in the trne dmhesrﬁwgéhnﬂ efeh T} s nemeeadvastaddusifr ahed in

Filg. 12a The control. sl.onal agnerat ed By, Lhe, sl 0nAlL,PLOSeRS g, 4y

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
conventional FDD mecbile communication system;

Fig. 4 illustrates a cell structure of the



25 50 of the base station 101 contains.confrol conmrands for regulating the
first swtches (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 101 30 transmts and
the nobile station 201 receives at frequengy f2, and that the uplink
frequency fl is used alternately by the base station 201 and the nobile
station 101 to transfer data between them -18 To be nore precise, in the
nmobi | e station 1@dnvédie JHanStrpsW§Shen(SWM) 41 is switched alternately
between the transmtter A (37) and the receiver A (39), and the second
switch (SW2) 42 is connectfed -t thiise@dioreih ¢amjepts ods cpnyersiiosedd in
Fig. 12B. No seripgp.to parallel conversion is carried out by S/ P converter
35, and all the signals fromthe signal processing unit 33 are supplied to
the transmtter A (37). Parall el itbuswatsls cbaversiomresofazried out by P/'S
converter 36 SO - ihg j ceiver A (39) to the
receiver B (450) %gg%%%g%f%tlo@gb(@%%g ]ﬁ%ﬁ]ﬂpﬂg']%%{s% %‘P/\ét%fe%lh 101, the first
switch (SWL) 58 is switchédgal ¥ efmatledry ilétwceate¢hectreeconvept A 56) and the
transmtter A (SI%nVan%“Ot gg §880ncg swi.tch.(SW2) 59 is 15 connected to the
transmtter B (5‘2 VEEHAR 0 pa?awlg\lcégﬁvgrsion is carried out by S/P
converter 55 so that the $iignaB ihtustrafteshent easnsgiid bé€r the (&)1 to
transmtter B (52% becones .1 to 2, (1;{__?. No garallel to serial. conversion
is carried out by BIEEsh&r PeFOBY S HITFRECATICRCHITE P GRA S Fr & Bhe
receiver A (136) afifosimpplt ed the thesdr@nahvpnocessing unit 50. If the data
vol une on the uplink becongs greater than that on the downlink, the node is
changed to the FDD/ TDD ni fé&srmg%'%c USETREE SR TSR d9PPR BFgs. 13A and 25

13B. I'n this nodeemfultei dewshi fkads agernay tReimosiiar edmliniderivp channel
and the down channel infthe tine division duplex (TDD) nanner, as

illustrated i n FPYSTIBRCCPRELRDNE? A7 SFHREFTGRhat®d BYVERe iignal
processing unit 50 of theghase;gtail Qrh@LsCont ad i ZQREr 8F GmRRdsef or 30
regul ating the first switches (SW) 58 and 41, the second switches (SW) 59
and 42, the leri @M iFRtaPRePY SRV @acOrsing/ T Jb sgwadamentmt the paral | el
to serial converigrsh{iRnS) 54 and 36, so that the base station 101  -19
transmts and the nobile station 201 receives at frequency fl, and that the
downlink frequency f2 is dsed b} tekhmtalfepy thheodsrasionaef o20Pband t he
mobi| e station 10dn 0, ldaashes, dak helueetpd eMRe S 1FouRecimg, pLegl se. in
the nobile station 101, tﬁe TSt swtch (SW) 41 'is connected to the
transmtter A (3%9lumasd onhéheecdorind i eod tSWplinkswirechbupl earadt el v
bet ween the jtyransni tter Bg38), and f1lie Lecel Vel BdAonaseidldisbbated in
Fig. 13B. Serial to 10 paralél'e} conv%?tsiaon S caér?brel(re Sﬁt JE)y S/ P converter
35 so that the stgmainicatiionofystrm tinanbei FPRATDRD (@ Fpdt vode ahsint wbiclB (38)
beconmes 2 to 1 (2:.1) I I o] i i rried qut by
P/'S converter 36@%&?1{%%’82&@%%‘3 éh?eg?liglﬁagﬂ?%m ﬁa ragggi ?/%ar?ﬁéh(aiofgare
supplied 15 to ttee siggrak;processing unit 33. In the base station 101, the
first swwtch (SW) 58 is connected to.the receiver A _(56) %‘g .second
switch (SVB) 59 i switohéddal f%r%aueﬁtfabgf 5 Herari88) 0s M BITE 0 ¢ he
transmtter 2B (5&rumuidd caedbal syoce?0 iparcakl BDD LD erisednmode @&yt rinedhoath by
S/ P converter 55, and _ all the si | s fromthe signal ocessi.ng unit 50
are supplied to P?‘lee C%jﬁt@ngﬁi&]tllf‘%rorg%)uplﬁ’g]r{aﬁ egfre'tgdg‘eé:eEfli“?ﬂrl1 %oaﬁvgpsfg%% is
carried out by Ridwddmkerted 54 so that the signal ratio of the receiver A
(39) to the receiver B (49§g?51??fff32 r%tgg %h(éﬁggple 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



In this manner, the nobile communicatipn system according to the enbodi ment
changes 't he communi cati on node dependi ng on the data vol unes on the uplink
and the downlink. Wth the substantially equal data volunes 30 between the
uplink and the downlink, radio frequencies fl and fz are used exclusively
for the uplink and the downlink, respectivaloy. Wth the uplink data vol une
i ncreased over the downlink data volune, the downlink frequency f2 is - 20
shared between the uplink and the downlink in the TDD nanner. Wth the
downl i nk data vobiwe Jagrieasedn@ver the uplink data volune, then the uplink
frequency fl is shared between the uplink and the downlink in the TDD
manner, so 5 that the up EBdnnél tb¥HAIFRESST BROBIRE SHEMESMCE Haeneke 1l
conmuni cati on ar i.ed. eu I : ' 1 i 4 ok radi o
resources are ap%?lg‘gﬁdét%eﬁg g??or{écg{lre%t ?Ig%?ﬁ}eﬂ%%li&s}{ i%xgé%@organcgn\%i ?ﬁ t he
data vol unes on the imengkoand the downlink. As a result, the radio 10
resources arg utilized efficiently. The node sw tcher, which conprises the
signal processing unit 50 of the base station 101 and the f swi tching
controll ers 53 aPRIZZ4EDaDESCRBOPTI@N DIt MEEt PREFERRIAD AMBORIMENTS rati o bet ween
the uplink and the downlipk, 15 1n th anpl e-sho in Fig. 9B, e tine
slots of the uplink frequgﬁce:y&ﬁalarirse ngl I%)oéce:a E%f?roret eemgf)?luﬁintar?é %CES

downl i nk al t er natetentdiont helsamew st idescibbed erict Mefeathecatd aher at e may
be adjusted in accor ance with the data transfer volumes in the uplink and
downl i nk. For 20°% eCTEHE"¥¥ e slots may be allocated to the uplink and
the downlinkpat a ratio ofid tog2,;sdthakebheanp Shapiel ysescd equancy fl
one of every three tine slaofs, In this case, the signal processing unit 50
generates a cont§oluToRRard HEt TPRYUF af FE e AR c R §eM t HE GRSt er s,
25 the receiver san t &tbdd imerNV erHeensobidrd ddﬁﬁuﬁﬁeaﬁﬁdsWﬁsyﬁea} S&bnﬁ:f&:ifs@ﬁ
operate at an appropriate tim and.ratio. t hough t expl anati as
been nade usi ngpé)lansegx%%%trleonlsn |lc%%t3l)1e ltol’wlee3 c%orﬁ%gtﬁf’gﬁ i oft r%eggg g‘r%g'used,
only two of them2lfhy 3¢ ugedpefoivekanpng, mokélEDEapidas30MandMEhe FRB TDD
m xed mode Asar epdisedoandebie chadha CRUBMALESLT BsIBY-ba Y Ligedo Pehieen
these two nodes 1 the downlink generally has a heavy traffic.
Alternatively, t¥RIFDFIHHSiZAGIORe LPDBCTREY R XedChoEeWBIH @ 98d "Prrhe
-21 uplink traffigdphogenesahhyideavy., Bextoridie tiRde s ddiuRgdchegbnl que
wi |l be explained in nore det%b.v:s bel gw. The node change descri bed gbove may
be i npl emented in cooper atFo Wit FYEY Tond 26105 ERTUE0Thi hat T dn BFt F8
means descri bed tied owplirdy) Reomt ehdbmicboiéengtE€ondnsl P@y-20; to the base

20 stations 10,-103, and radic frequency f; is used on the

downlink from the base stations 10,-10; 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 is 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,



Fig. 14 illustrates a nodification of the base station 101, which carries
out node switching. The signal processing unit 50 includes a renote
nonitoring controller 10 (RMC) 50a and a control signal generator (CSQ
50b. The renote nonitoring controller 50a receives via the backbone network
a nonitoring control signal from for exanpke, a r nonitoring station that
nonitors the data transfer volunmes on the uplink and the downlink. The
renote nonitoring 15 control | er 50a sel ects an appropriate node fromthe
FDD node, FDD/' T 3 rat iLn
Figs. 11-13, bas[,a(:a?1 on %Zcél %/% ﬁ%dr?%x-c%r??ﬁ%éﬁg ﬂq}d%ﬁgeaé"gﬁc %%6‘ eis
suppl i ed to the reasi rlél SQ’Olé@@n’feﬂ tyenepavert 5ol FRE terhrisiuesi gnal

generator 50b generates argontddl gsicgnalehasedoan m@ sBlREL mﬁ@ f&%%me;fhe
control signal is supplied to the svmtchlsmg controller 53, i C

switches the firdteadRd $88Bnd el PEhEES(BREiBhd W) sE ditd sagtcaﬁa to

control s thesopettal iFopyTOD Mbged/n 25 ppoawe&h@&h%@ﬂ@ltlhﬁ SEEqsONMerd, er
55, in an appropri at mar;ner Thi %Pcont ied to_the

su
swi t chi ng cont r ot eFP3EHPEHESRD Feugﬁé{”ﬁoﬁ %0516“?1 ?%Pldé\ﬁ"nl i Leandie t
causes the sw t cliwng ie@ntfirelqbencid4 £t o ieonttial tUsedc @xadakivasy ofot hehe
swtches (SW a K41 and th per S/P converter
35 and the P/'S g%ry\?l\eﬁrg%‘ : %ﬁngogﬁnaggﬁeﬁ?a%f)@?o%a&p %H
illustrates anotutérlnﬁm@ffaltsat tb«ﬁ gblihk freppebage fst ani @ritmmata’h@lme

swi tching ceptralls®s 53shas, acHd M chedy] enkabl (t-ﬁéT)ex%?ﬂﬁlel QhEQhSm
nodi fication, the svm tchl ng contraller 53 functions also as_ a

managenent cont rioid-ePB - FERE ek B0 tthe TRBAF YT Ind o&t éFFo‘FPl::I%kaI@é’él the

statistics of th®vwnliBkvatkyimgn tad@onol wres eatt hequyl | nkarand thie daeal i nk,
and nmakes up a tine

hedul e of _a day ar. a week for ange in_advance,
based on the stactaipﬁcrlgg FE50P 1 OF THE t‘irﬁemgcﬁgd&r‘% ijgwr]?fﬁ‘r g’&cgf“sa }ng?he
switcr.ing contrdl(led)53. The switching controller 53 10 controls the

connectionsqgf the swi tchtgﬁe(@% ansml&%sagg\l 5%‘0 ﬁomﬁ erat. 8§§ of

the P/'S converter 54 and convert not Iustra ed in
Fig. 15, a r coriwedpendithgnt et sethedhs aliing, tbetFW%éémeé naBeed is

al so i ncor por at gg lsréltee%eévv' 6 s GRI Olchhar uéﬂlﬂt H&;ul:%cgvb{ lig skagion

201. Thus, the co ni.cation node of the nobi|e conmmunicati stem | S

aut omat i cal | y SWHCHEAVERY atlbr P Wit 3 ﬁrht?sérof"’ﬁéﬂnlfl ﬁ’é ufe. (3)
Communi cat i on Chzertratrednb&ondgroldher ubilgnk 1énd | thestdpahesnistin lalarehhes

nodi ficati 09,20 t%net hsel bc%se sta 11103 1301 Thc%lssl g‘pal proges |n@[%nlr5 tClgg has
a control signal genera 50BPand™a CoRmUAT Cat i BT obRer VAt on

control l er 50c. I‘Bﬁeocgﬁn‘nhﬁi omlll@ﬁﬁ Gbséh@aﬂ@‘mh@dﬁntmoﬂl@r 1508:ilhel udes a

conmmuni cation vol une mn']’é?éxﬁ'ﬂt&ﬁ%‘@ dhRisk %Qgeé%ocf@sa%gde'?ﬁlhaeon the
comuni cati on vol unes on the u k and the downlink, "and a’ conparat or

50e for conpari rig A& ARastRenExRE 5D ¥ hedtpt | k- and' t?esYéIB\ﬁfFlrllﬁkra‘#h%
conpari son resuldomnsnsuppléed to the control signal generator (CSG 50b,
whi ch generagtes a control g i C ler 53 to
appropri at e?y 30 switch tﬂgécgﬁjneégpgﬁgg?é%]g%ﬂegﬁoﬁﬁgé é’B ﬁ%ﬁ?_%@é and SW2)
58 and 59 and t IssGper at¢ording tohenPésoedimant, ewhSdhaJnctltuIdQSSﬁmenlﬁerter
55. Al though not lust x at e Y pphied to
the switching cor?tatto#ﬁ 261 %91 35‘119? %'ﬁetlr?glbll é tg{r%t En%%ﬂg% seaﬁ:lgﬂt 221

swi tches 41 and h&3, ahhenISA‘P wuﬂwélitesue)s asar&jnuheoﬁl&&:(ﬁi\aelorea 36 are
appropriately c al | Wth this e contragl c ralizes
in each of the g{a éog 8t‘?’%)bns fuf&%% 1?159 ’8) ucgggg lSpcia SS?& &l
results obt abnec abether bdze st atigoal ﬁfm:ermdmgsmitmb,p@r a’wu@nlslmmy be

carried out independe t he estatlos 101-103 r

al ternatively, c%f 5?%?])'[5%{“) %éleéﬁﬁg DR IHSE sf%?‘feorr];csefldgr/rgg/ Zhange the
comuni cation nateél BnpayAChyboriczakir@al wediveaasr aPhgr jn ahdemobbdlerevent

interference in carrier (Erogggtmn In the |atter ga E{1etransmtters

51, 52 r and t h&tPELRPVETse 170 HEBEREER5E £ ari%l Ayt he

receivers 39, 4QGeandvihe 39 aisimalt erso 39witddherdf (Bhe ambidwe)l181sandion, 201

synchroni ze_wi th each other. In add| tion, |if _
35 a first band pass filter (BPF) 43 with a center frequency



the FDD/ TDD m xed node A or B is selected, the up channel comunication and
t he down channel communi cation nmay be sw tched using the sane frequency
after the base stations of all of or sonme nei ghborhood cells are

synchroni zed with 20 each other. The node swi tcher of the nobile

communi cation systemis not limted to the,ahove-described exanples. For
exanpl e, a system nmanager that nonitors and manages the nobile

comuni cati on systemnmay nanually switch the 25 comruni cati on node of the
system Fig. 17 éflgist pateSordNWaher paxanpl ecf (@) cel St UCldhgar I N this
frame structure, adjacent cells use different conbinations of radio
frequenci es. For @i, céeft. P00 GyesapEeandbesnt| 4andach, ankennalj acent
cel | 200 30 uses; { pfuienelepole afthdric-a0d 20URL 30haCell; £¢:15,390, uses
frequencies f2 are t4. This arrangenent can effectively”prevent
interference, which may ofterbase tdimtcien] 18t rhast @r e igh@mpriareBisgng8, in
whi ch the sa - 24 L d.f d i 1 the cells. Wth
t he cell strlrjggt ul'rlréiztoff’folr:i %Hg§8°?$ {ie&%ov?ﬁfgﬁﬁég%ﬁe}w\% ugé'%‘e’cénr?%é}l&eater
t han the uplink detrainiglagien aedvdharefrore trapdmitkeimseflemny 52, ias used in
t he TDD manner, tahrea, etlh% SSbralsel star}Vi Qn ma)r( rg)ceg ve radio requency fl
fromthe adjacenteTaINSt WRi ER° LALSEE TRG8SI 1 abt e 14t &r PEFEMEE By

al l ocating diffepetdl felegueneiresr t (5 Ahe 58() acgntwceleksivass i9d wskr aved in
Fig. 17, signal jnterference.can be prevented effectively in the ngobile
comuni cation sy G‘e%as’fo SPREHRY ;btﬁy?gfﬂeh%%tt"f?nisﬁét@?ﬁ ng(séﬁqﬁ ?Hg %éj)tches
41, 42, 58, 199 ofs tdiel NI berstat iuhdl@hsandilfer basye) statuDih 20kenagd the
signal ratio defined by the serial to parallel converters 35, 55 and the

paral lel to seriZTS®ERR Pér s 36, SEFOBF P BHSEd T MbFRF £ {R&)y 5L THIE B5
arrangenent al | oa&lﬁép_f&)éap@ﬁ@%ooﬁa:\geranaogﬁt&!ueascqmt,I pgencd @s dnftehhg
asymmetric data conmuni tati on between the uplink and the downlink, and
consequent |y, t HSIRIGE 8Tht Py Gringr pnei eersivdas pedfurtis@alenproved.
Basi cal Iy, the nobile compynbgationsyst aqg%gaﬂessigﬂa@egnp@ttmnﬁ%ﬁ@dl ment
operates in _the FDD manner, and uses the TDD method as required depending
on the datalfr ansHeit VoiEmds oh e MopLilek s hakl ath&Od ol dawertedseuent |y,

the nobile communicaldon$ystemAagss RAbnhaid& 8 Cheek JAat grand the
nodul ation rate to be 25 extremely I ncréased, unlike”in the conventional

asymmetric TDD s¥istiglgd andot keo shigtesmodt pageard sSigokddilpy tite ssirgadl
processi ng unit r g]?‘;g regeLyer f e t.ation and the
nobi |l e station, S%ﬁ %ﬁgf%p?l I e%quﬁshoggﬁgghiaﬁ%r?\?éﬁt Fo%éfllasz Eilgen

descri bed usi ng S0wsydedf e exdnplsignatlsebpr Bseriidstvendi rcarsl not |imted

to those ex I £ ugdes S ti i Q n i ..Qn
W t hout depgg}t)i ﬁgrafr}r%:[)%ttt%ggsggpaermg;%t'hgggn\%geﬁﬁ osrr}%n (%rgj gg%ngpquﬁagﬁt f‘]%ugh in
t he enbodi ment ttredirst25ndomantic dandnpavs ekl dreersudBHES) t4d aofd #Aevea nodes

(for exanple, t F d n he, EDDLT L xed d t DD node
and the FDD/ Tmh%exﬁr%dgnﬁ)g%%n%g%gggsﬁéﬁhiagll&cggé ﬁeanrmég’svw t cher
sw tches the systeipegpeérveliyonTlhe bEinsgepahtepsed efitledrt d® ewodestsThhs pat ent

application is based.on_and cl H‘@;%he benefit of .the earli i

fili d
el PeBier i\ So0diatets Pl hayores D001 PiHe

of Japanese pat ent? applrcation
entire contents Dflten éd akerderemha sagnpdradrgobreyitr of ef espenci0fy. - 26

Station and & MBI SEAPORNEHS Ol S4B RO Core 8 AFTHTH base
station, charactefdrzedtitBd 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

associlated band pass filters 60 and 61, and the associated



a first comunication node, in which a first radio frequency is used for an

uptink and a second radio frequency is used for a downlink; a second

comuni cati on node, in which the first 10 radio frequency is used for the

uplink, and the second radio frequency is shared by the uplink and the

downlink; a third communi cati on node, in whisch the second radi o frequency

is used for the downlink, and the first radio frequency is shared by the

uplink and the downlink; 15 and a node switcher configured to switch the

first through thiwitcteamesi eadli 9. Mresato asigiddaneeeWwebdivaladeal thansf er

vol unes on the | i nk d.the daownlink. 20 2. A nobile_comunpi cation system
?F‘(S‘?F%o%o ?i

n
i ncl udi ng a bas %ﬁ%ﬂﬁ”@nséﬁaa%ﬁ ithe <5 2gGr 24 t¥%Comuni cat e

with the base stajitisicbar Beted z80-ad1Ne1atdi st QOFBHRE LR} O /gpdes . i N
which a first 25 radio frequency is used for an uplink and a second radio
frequency is useth§ GIOTROgOWAI PhkeLHIk SdgRAL chIMAMIVEAPEntap&ligitfanhi ch t he

first radio frequency iy WAEAs{Hatt heouRLL DKy @Nd: the $860NndHAd Qe

frequency is shared by the uplink and the downlink; 30 and a node switcher
configured to swa cHet lpackbere ngfvaskcond conmuni cati on nodes in accordance

wi th data transfer vol unes_o WPl 51K - : ] -27 3. A
nobi | e conmuni cati on syst§ﬁ1?%%Pﬁj|ndn§’bg§% %{éa?%%@ghggg.ﬂ%ﬁ%ﬁgastation
configured to cofmamith@t baBkipphd rtdtsvorés és statventedciaractarsbzad in: a
first conmunicatj.on , L0 wWhic first.radio.frequ V. iS d for an
uplink and a sec%lr%lag:tgsot ?e%h%rhagy%%rgcﬁgéﬁn ol‘lrm:;tC ég\i\nﬁ%k]?asaebéégond
conmuni cat i af nosliegnaln ishdéhiddd isewondollinadliat basghendysigalsedyf or the

downlink, and the first radip freque i s _shared e. uplink_and the
Gownl i k. and a it wFPTHEY ThAIAEY FoTEe T (R 179 Srerind 88cond
communi cat i on nogesrdrtedceor gdadiae siigraldaba dibe tasansteted olzumemionet he
uplink and the downlinks 4. The nobil e conmrunication system according to
any one of cl ai f”tdhé'augﬂh%?evwé’r SERIPhEL TR PRSI B%r%‘é‘ip d"%?o si gnal
processing unit £¥digueadsi OtdReL] (W1aah@NBW® BBNiahar 69y aentthel si gnal

supplied froma backbone network to which the base station is caonnected,
and the nodé swidTIReLaswft BARS RIS ddvaRs c BEEGH #9de8dnéksed6nithdtrennt e

moni toring cont rdncSic@R8l 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
assoclated antennas 45 and 46 of the mobile station 20,
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 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



25 5. The nobil e comuni cati on system according to any one of clains 1

t hrough '3, wherein the node switcher stores a tine schedule for swtching

t he conmuni cation 30 nodes and switches the communication nodes
automatically based on the time schedul e. -28 6. The nobil e comuni cation
system according to any one of clains 1 thrloigh 3, wherein the base station
has a signal processing unit configured to neasure and conpare the data
transfer volunmes of the uplink and the downlink, 5 and the node swtcher
swi t ches the conilnisweEirprsaodestivdsedgoals hen crpalosbdink esulallod. thae

mobi | e communi cahl,on sySLEIH a6C ol Ng.! RA01 ! ALI0, Yhere! 1, Lhe. sl anal
processing unit has a commini cation vol une neasuring dnit confrgured o
measur e the dat awithnsder otblernebnder tthe wyhchkoatrhtile , domal swikchdnd a

conpar at or configured conpare ,t measur i results. 15 8. The ile
communi cat i on syg?réﬁ?%}cjgeorrsdi 9%f'd gﬁfwﬁg%oitggl SPPRICE CPRESA GRS %F‘Si n
either the figstsgstéheomechnd theqgwsli sighal eshgplikhefughitde and the
downlink 20 at a Eredeternined al | ocatj on rakio of tine slots, and the base
station has a si GhaPehrRFAEESSAGIUPRT hPEgiPEdPRY® kit he -alP8cat i on
ratio of the tinmpuwstéisng ZonrolDEryMY l&dCOIMUALE AlHORIENSE BFPREEQNHLNY tO

any one of clainms 1 through 8, further conprising a plurality of cells,
each cell includPRYt>DFRSSEELFBR RS SVATER®T node swit cher switches the

comuni cation node after afty least fyydeighlar bRothdase-shat i ARt 1aE om
synchroni zed with 30 each other. 10. The nobil e conmmuni cation system

accordi ng t ottnythe.otonie poPcepal®e UnitthPughh®, siichies eonpidldiong a
plurality of celks, gachy cold,1bpe! yding ;38258 shatdQu. w%& wrélw'ly.k
communi cati on and downl i nk communi cati on are swmtched at either the first
or the second fréfuardytlat the second switches (SW2) 59 and 42, the serial

to paraflel 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 f; is used
exclusively for the downlink, as illustrated in Fig. 11lA.
The contreol 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 f;, and
that the base station receives at frequency f; and

30 transmits at frequency £,.

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

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



5 predetermned time interval after at |east two nei ghborhood base stations
are synchroni zed with each other. 11. A base station configured to
communicate with a 10 nobile termnal in a prescribed geographical area
using at |east two nodes of: a first conmunication node in which a first
radio frequency is used for an uplink and-a7second radio frequency is used
for a downlink; 15 a second conmunication node in which the first radio
frequency is used for the uplink, and the second radio frequency is shared
by the uplink anted¢dieredoBnl(tk; asuihiwshtadedonﬂunbcauanrmnd&ﬁialwhbch t he

first 20 radio fre y is shared theullnk he downlink_and the
second radio fre%?fgazﬁf SOULBES Yt lt%(?ac?&}vﬁ i kS b[yhg ag%n‘é‘?ratteiroﬁs’
conprising: a sigi@lalr Q&@SSL@@amlﬁroﬁplﬁhbgﬂj’.@dﬂI @ ridcedycry aarﬁ.QnBBOJaréi gnal

for designating one of the comunication 25 rm es; .and a_switchin
control | er confi 3R %D PeERE VEFINTEICSREr BI (31 gnéllméﬂmar%%ari&épﬁﬁéllel

conmmuni cati o noge dased %Bn@@.@sf&mﬂso'ca%%@'ou@@aylg/s-r&‘@mﬁ@ﬁc%rs@:@t' on
according to claim 11, wherein the signal processing unit havi ng a renote

moni tori ng cont rand allc Ghei gueeal g greceizgdr ek il rRCROWRE OB i () ceRer ol
signal representj data hr gﬂéfggn\éq_l ?%geggllgg?%rﬁ@ khgk and the downl i nk

fromthe backbone network; and a cont enerator configured to
produce 5 the control si g@al tb@ts@th&mhtam rmm‘mﬁ ibagecopa Fodn slilgnathe

suppl i ed from the, remt.a.mni el ng caatLalLerso 1. Te.bose ptak on

according to clai ereln i'gnal processing unit aV|n a
comuni cat i G voammethmmet:ondngdmul't (swﬁm gerezhriieg tedasor ehalat a transf er

vol unes on the ugl 'ﬁ‘s‘?nl q:d tﬁeéﬁﬂm'do”‘é andaé% (1&0 E(it)ljh‘%ugsq% t 9 conpare

the data 15 transter vo anes e up and a control
si gnal generator camn:feoglmluedbyosfleammweraetoﬁ@arambtalliesmétsjfgrramst fieom

conpar at or and pr.oduce fhe control nal .pased on e.com |son resul t.
20 14. A base st &t oir nga?%%SW gﬁ%uﬁ?c%{eewp 159D T terminal in a

prescri bed geogrepim$dlttatren ¢52)ng Amilagsy, tn® pdesedf 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 control 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.



a first communication node in which a first 25 radio frequency is used for
an'uplink and a second radio frequency is used for a dowlink; a second
comuni cation node in which the first radio frequency is used for the
uplink, and the second radio frequency is shared by the uplink and the
downlink; 30 and a third communi cati on nodggi-n which the first radio
frequency is shared by the uplink and the downlink and the second radio
frequency is used for the downlink, -31 the base station conprising: a

switching controller having e timdi $thedsbe imbiie madicat stg:iant 108 based
sui tabl e conmuni cati on npde,. and config%red t o change _t he communi cati on node

according 5 to tHe® thiifsTsEntert o D 18 SLSRENSH e LERF A TRlY B8AVEYred to

communi cate W thee RasesaietéPm i (379 BLESERE hedHeayr apioal saneanysi ng at
10 | east two nodes of: a first comunication node in which a first radio
frequency is usetPFW SHiGEMI A AndZa iSe€ORBCERA G rEguEResivey Bsddor a

downl i nk; a secopd ammunhead i on spde1pp Wl dluthe thrsi dfdiadio frequency

is used for the uplink, and the second radio frequency I's shared by the
uplink and the devienskonahsl eanmiadd cesnhun atdoowerdee 3 wmdchlihehdirst

radi o frequency | r y. upl_iyn : Al . cond
radi o frequency %%mﬁggd? 8@ %%%qﬁgﬁﬁﬁiﬁﬁsg%%%ﬂﬁ%ggﬁg ?gbﬁﬁgéﬁgg%%%gigfng: a
swi t chi ng contr ofieertreoshigteed t37) ecBaval kelcomt selkisl graivedesbgnasi ng a

sul al o communleaban 180 {9/ UNgyRERe: e a0, A YR A Bre,
configured L0 cosinghec@beciwdh 2a (323etst ahe areddiverpBessd) betogesgt aphi cal
area using at qulﬁgéﬁ.tmo nodes of :
' In the base station 10;, the first switch (SW1)
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 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 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,



a first comuni cation node in which a first radio frequency is used for an
upl'ink and a second radio frequency is used for a downli nk; -32 a second
comuni cation node 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 5 a third comuni cati on node.qigL which the first radio
frequency is shared by the uplink and the downlink and the second radio
frequency is used for the downlink, the nobile term nal conprising: a

swi t ching controkkgfsrhiaed ragldathérmoﬁﬂmecéttlacléa p@blrackneld£aid Fdeduency
ti me- based suitabl e conmuni cati on node and change the comuni cati on node

according to thefti #@9sERabutes tdmind infsfrequency fr is used alternately
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S109%& ()-rlLa];-"F 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
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manner. With the downlink data volume increased over the
uplink data volume, then the uplink frequency f; 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 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



U& ()- 10B 10B 10B8109B& ()- 71098& ()-1Ka?bCl!310% U U& ()-!3109%& () -
& ()-fm0% U& ()- L10% U& ()-10% U& ()- (5l z[ <bC Y+10% U& ()-1 ):10%
U& ()-!YOHO0omU& ()-!1X ~10%U U& ()-1 "10% & ()-!3109%Q% ()-@j _@
109 ()- 10 U 10 U 10 UY Y710%

_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 10;, 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
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 (SW1 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

10%
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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 (SW1l 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
correspéﬁding 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 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 SWZ2)
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
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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 10,-10;3, 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'}eceivers 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 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 f; and f,, the adjacent cell 200

30 uses frequencies f, and f;, and another 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
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becomes greater than the uplink data volume, and therefore,
uplink frequency f; is used in the TDD manner, then, the
base station may receive radio frequency f; 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.
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
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
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 modulaticn rate to be
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
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
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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



& ()-S aabccdwxerS1 1!''E 10%s& ()-Z1 109%&' ()-Z1!~ 10%e& ()-Z1!
10%8s& ()-Z1! @ 1099 H H&' () - Z1! 109 EXE& ()-ZldebffffffgloPl 1 '10%& ()-
, 109&' ()- 10x/x/ 10x/x/ 10x/x/'E 10%/x/ & ()-Z1!'~ 10%e& ()-Z1!~
10%e& ()-Z1gJdgghhij}~?0P1 1 ' @10%& ()- @O ()-S!'S@10%& ()-S!' @
109 ()-S MIO%:' ()-S 10%& ()-jmj k2l mi6eRk-1 010%& ()-S! ~, *
I0RRE ()-@,* 10%& ()-@p@ 10%D& ()-S'~@ 10%RI R & ()-S'D
@O0%&' ()-Smlmmmmmm~ = 11110%/)/& ()-31,10% & ()- 10 10 10 y8 109 ()-!
f5109%& ()-S, 310%YBHAT - IﬁuﬂﬁﬂﬂMEDmiB~ =
1'110%0& ()-31'1109%&' ()-31!110%/s/ & ()-31'110%s& ()-31!!10%& () - 31!
110%s& ()-3irtttttt{uurPl 1 10% U& ()-!D ,10% U U& ()- @0%

1. A mobile communication system including a base

station and a mobile station configured to communicate
5 with the base station, characterized in:

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 mode, in which the first

10 radio frequency is used for the uplink, and the second
radio frequency is shared by the uplink and the downlink;

a third communication mode, in which the second
radio ffequency is used for the downlink, and the first
radio frequency is shared by the uplink and the downlink;

15 and

a mode switcher configured to switch the first

through third communication modes in accordance with data

transfer volumes on the uplink and the downlink.

20
2. A mobile communication system including a base
station and a mobile station configured to communicate
with the base station, characterized in:

a first communication mode, in which a first

25 radio frequency is used for an uplink and a second radio
frequency is used for a downlink;

a second communication 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;

30 and

a mode switcher configured to switch the first

and second communication modes in accordance with data

transfer volumes on the uplink and the downlink.
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3. A mobile communication system including a base
station and a mobile station configured to communicate
5 with the base station, characterized in:

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 mode, in which the second

10 radio frequency is used for the downlink, and the first
radio frequency is shared by the uplink and the downlink;
and

a mode switcher configured to switch the first
and second communication modes in accordance with data

15 transfer volumes on the uplink and the downlink.

4. The mobile communication system according to any
one of claims 1 through 3, wherein the base station has a

20 signal processing unit configured to receive a remote
monitoring control signal supplied from a backbone network
to which the base station is connected, and the mode
switcher switches the communication modes based on the
remote monitoring control signal.

25

5. The mobile communication system according to any
one of claims 1 through 3, wherein the mode switcher
stores a time schedule for switching the communication

30 modes and switches the communication modes automatically

based on the time schedule.
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7. The mobile communication system according to

10 claim 6, wherein the signal processing unit has a

communication volume measuring unit configured to measure

the data transfer volumes on the uplink and the downlink,

and a cdﬁparator configured to compare the measuring

results.
15

8. The mobile communication system according to any
one of claims 1 through 3, wherein either the first or the
second frequency is shared by the uplink and the downlink
20 at a predetermined allocation ratio of time slots, and the
base station has a signal processing unit configured to

adjust the allocation ratio of the time slots.

25 9. The mobile communication system according to any
one of claims 1 through 8, further comprising a plurality
of cells, each cell including a base station, wherein the
mode switcher switches the communication mode after at
least two neighborhood base stations are synchronized with

30 each other.

10. The mobile communication system according to any
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uplink communication and downlink communication are
switched at either the first or the second frequency at a
predetermined time interval after at least two
neighborhood base stations are synchronized with each

other.

11. A base station configured to communicate with a
mobile terminal in a prescribed geographical area using at
least two modes of:

a first communication mode in which a first
radio ffequency is used for an uplink and a second radio
frequency is used for a downlink;

a second communication 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 used for the downlink,
the base station comprising:

a signal preocessing 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 communication mode based on

the control signal.

12. The base station according to claim 11, wherein
the signal processing unit having:

a remote monitoring controller configured to

10 10 10

@@
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receive a monitoring control signal representing data

transfer volumes on the uplink and the downlink from the
backbone network; and
a control signal generator configured to produce
5 the control signal based on the monitoring control signal

supplied from the remote monitoring controller.

13. The base station according to claim 11, wherein
10 the signal processing unit having:

a communication volume monitoring unit
configured to measure data transfer volumes on the uplink
and the'aownlink;

a comparator configured to compare the data

15 transfer volumes of the uplink and the downlink; and

a control signal generator configured to receive

a comparison result from the comparator and produce the

control signal based on the comparison result.

20
14, A base station configured to communicate with a
mobile terminal in a prescribed geographical area using at
least two modes of:

a first communication mode in which a first

25 radio frequency is used for an uplink and a second radio
frequency is used for a downlink;

a second communication 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;

30 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 used for the downlink,
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5 to the time schedule table.

15. A mobile terminal configured to communicate with
a base station in a prescribed geographical area using at
10 least two modes of:

a first communication mode in which a first
radio frequency is used for an uplink and a second radio
frequenéy is used for a downlink;

a second communication mode in which the first

15 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

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

a switching controller configured to receive a
control signal designating a suitable communication mode
from the base station and change the communication mode

25 Dbased on the control signal.

l6. A mobile terminal configured to communicate with
a base station in a prescribed geographical area using at
30 least two modes 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;
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and
5 a third communication mode 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:
a switching centroller having a time schedule
10 table indicating a time-based suitable communication mode

and change the communication mode according to the time

schedule table.
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