, 5678e3e<h” " a, ddg6gT<hy RADI O RESOURCES ALLOCATI NG METHOD, . Bai
%LLCCATING APPARATUS, AND MOBI LE COVMUNI CATI ON SYSTEM BACK.'M
"INVENTION 5 Field of the Invention The present invention rel@s a radio
resources allocating nethod, a radio resources allocating appar éﬁ”ﬂ% and a
nobi | e communi cati on system and, nore particularly, to a radi o resources

al | ocating nethod in which a base station 10 capabl e of foalmmmwumm MI ity
of directional beans by applying a directional antenna cap

adaptively varying directivity, to a reception-reception antennagoa | ocat es
radi o resour céiTﬁ &FpITHFa INVENGE Offobi | e stations, a radio resources

all ocating apparatus for carrying out the nethod, 15 and a nobile

comuni cat i on systARAQoRBEPYRAES a AARCARIANG oMERHOR, t AR BESQURGES es

all ocating function. ' Related Background Art The conventi onal nobile

communi cat i onWéENSFSMPMHﬁaS%N@ MRBL &Ee COMMUELLASEOYnaK SBEMMs, as 20

transm ssi on-recepti on ant ennas of base stations, and thus each base

station perfoBAeE RO OFndHEf INVA §si on and reception w thout the need

for paying attention to detailed | ocation information of a destination

nobi | e >t at i ofliedda ofelthendnvensioBct or as long as it was known that the

destination 25 nobile station existed in the cell or the sector. On the

ot her hand, when a dPfePtrSRAEL éﬁf’éﬁﬁéonerﬁlatfs tanaaaéﬂﬂpvéeéPF’é?eéntenna

(Adapti ve Arra;_(L Ant enna = A@A plied as sm ssj on-reception

antenna of th&PL5e g PeR1ody aoéé‘ sW%%%VB‘F%% Fatetd aRPaReEERRa beam

wth sharp dll’eCtIVIt% E ach npbile stati.on exi tlngln the 5 cehl or the
&'p

sector. i nf&FF &r BR OWLF%W%El%%t% HrEhé: SSRAFFICRIBTIYrf the

perng di ?eifi“ L LSRR S Reb: LUk nol 1 U, £86LLogel hears

i1 oreht mobi] %%&ela“f T R R N oo

the applicatiqpafy16de odiki-i BR MW dd dHheXcQpab i EQLNGY 1 ¥ 5] 08 Juhbi PI ex.
directivity, to a reception-reception antenna, allocates
radio resources to a plurality of mobile stations, a radio
resources allocating apparatus for carrying out the method,

15 and a mobile communication system comprising a base station

with the radio resources allocating function.

Related Background Art

The conventional mobile communication systems used
antennas to radiate omnidirectional beams, as
20 fLransmission-reception antennas of base stations, and thus
each base station performed scheduling of transmission and
reception without the need for paying attention to detailed
location information of a destination mobile station in a
cellorinasectoras longas it was known that the destination

25 mobile station existed in the cell or the sector.

On the other hand, when a directional antenna, e.qg.,



However, if a plurality of directional beans interfere with each other with
the separate directional beans being 15 directed to a plurality of nobile
“stations, there will arise the need for application of code division

mul tiplex or frequency division nmultiplex or tinme division nultiplex to the
packet data. For this reason, in the field of the nobile comunication
systens adopting the directional antennas, 20 there were denmands for a
techni que of selecting destination nobile stations so as to prevent the
directional beans directed to the respective nobile stations from
interfering wehhaéaphiveharragnantdhozatidaptife riadiay rAssenmoess tAhdhe
nobi |l e stations selected. 25 An object of the present invention is to
provide a radis apmsbiedtes al toeashhes et tiorkert iaiag rregvuprdethaldamat i ng 2
apparatus, and a nobile comruni cati on system capabl e of selecting

desti nati on nmBbRE&oBi atl besczesafeaviplevendigbebcan endlenpeahsadivicted to
the respective nobile stations frominterfering with each other in
appl i cati on ofhehe §ideebtvibralo aptennekatl ¢leslort el ewbivleinanih afhtecat i ng
the radio resources to the nobile stations selected. SUMVARY OF THE

| NVENTPON | n 8e8éro¥ otk cxamliash fRelabevécsBPeet POWEY abie bl o2 derirwesn

al l ocating nmethod according to the present 10 invention is a radio
resources al |B@amﬁrﬁgrwmaé3,i f-9hi cf 4hBaReans aticopPaipably PImetg a
plurality of directional beans by applying a directional antenna capabl e of
adapti vel y vafyPRPIFR &&diavint V,ltgl‘ot%e tcilldﬁ%qﬁls%?%bﬁéé‘é&?éﬁga‘?&%%‘?d

all ocates radio resources to a plurality aof nobile stations, 15 wherein the

plurality of 8PrEReioIEReDel s &3S o+tnBepPUral FEFSHRLfobR | e

tati , based ti ity inf ti f h bi | tatjon,

Locati on' i nf oFRBLFBANDT O NS SEAPTOn: - SR G E BRETE SLTOR TREOFTE i o5 of
k to be .t it 20 .Th ti i.nf t] f h bi

Crati 03 hor of AoFE 3esUMEH TR oGS EnrOrHe N Abbar Thed: FEtRToh- b1

arrival of OnﬁiE@QE?oH@Y%e%m%“ @g%%ﬂgsﬁﬁ’é a@fg&%%i% &t %ro%'e <§Px9’i£i Ves

out of radio waves arrrving at’ the nobile stafion and 1 nformatTon about a

propagat i on di3h a86ec0l okhe LadbAcyane 3.0 RLOPAGRLLON di stances of the

radio waves, I1n addition to infornation about a relative |ocation of the

mobile station 3 jof@vihe iBas@18kaLHeR.of HilkschlSRadTusmRAihh&tréhe radio
resources include directional beans, and frequencies and codes as objects

of nultiplexi ggthnedahacti@nsi©sitoi st rditeedt renalcantenaamsape bega
smart antenna capable of 5 adaptively varying directivity, e.g., an

adapt iive arragdiastesda®b pherdlkiey oEamitenl ¢ enaltlipnst, heh¢eadiwd Irlesplsees
were all ocated based on the reception quality information of each nobile
station and thbet maesin Ssi cmppticaiiorsobdf cpdekatiyiadiarhow 1 tiilp =y i og
attention to the locations of the respective nobile stations, whereas in
the present i Aveavesayadpyisbon tmpldfidiereoti bhae¢ disairsl @y avdltlipdaretot o a
plurality of nobile stations, based on the three types of information

i ncl udi ng t hethedslrt dater nafebrihdfs sarroRDB Bhetfhglsho f tthe ngbiégept i on
quality information of each nobile station, the | ocation information of
each nobile sCREFYRICaEAAN: RYSERRASATSRFORIPFIEr PLFBSTOPPBACRBES RS he
transmitted; therefore, the destination nmgbile stations can be. selected so
15 006 event HPRECURRS ARPECRtOT & CRETPASHECT T VB MG 965 i AR ERE 1 1 om

interfering with.each other, and the , radi o resour.ces. are allocated to the
obi | & st ati oREB TR IR NS S 88 hPo e R U ettt S Bhesati Biabot "the

radio resour C%Slr%l?:%etdoté @@Jeegeegltaeé: J(.:\rrg%iso icife tsleggyggguér'om interfering
with each other, and allocating the radio resources to the
mobile stations selected.

25 An object of the present invention is toprovide a radio

resources allocating method, a radio resources allocating



I n*the present invention, the nethod is characterized, 25 so that, after
the plurality of directional beans are allocated to the plurality of nobile
“stations, packet data 4 is sinultaneously transmtted to and received by
the plurality of nobile stations. Nanely, the data transmi ssion to the
plurality of nobile stations is concurrently carried out. 5 In the present
invention, the method is characterized, so that on the occasion of

all ocating the radio resources used in transmssion with the plurality of
directional beans, the nobile stations allocated to the plurality of

di rectional beapsratesselaact ed ndirised anuture gadciapt | oysttpmal ¢agailDe of
informati on of each nobile station, the |ocation information of each nobile
station, and tsledectangnidesitamadriicar intdleisl eof spatkens so ke ttrarisrévertd.
Nanely, in the present invention, when a plurality of direttional beans are
al l ocat ed so adrectpreedriteanmdimeabeditntBrd epepestang miisn easphitahpty of
15 nobile stations exist in a direction of a certain beam a nobile station
al l ocated to threnbdarhesdieiacseficdt eerPasethen tihe amclematdronguaf i the

i nformati on of each nobile station, the |ocation informati on of each nobile
stati o, and digectinsmlsanbenpsiay desesibkdpakeRees and lad locandmiot thd. 20
In the present invention, the reception quality information of each nobile
station can bé&agieatriesoutcesr itvethponepits ﬁﬁ?gﬁpéﬁeﬁééeﬁ§ﬁér (CIR) , and a
rate of interference power due to a transmtted signal from another base
station in i nC&MPRRENOE FHke AINVENEIONt er f er ence power herein neans 25 a
power of an interference signal and thjs interference signal is assuned to
i ncl ude noi se as welPR OYE& il aFFPPbYSH akPfig OVea QR 0f2 t ARt Gt e of
the interference power due to the tra%lﬁ#ted si gnal from_,anot her base
Station in thd GG FSr cRLEORBWAPS e O oASFBFELPY o501 it MREERRE t he

ot her Egse station.,i.s_perfo connunlcalléflggggkﬁ%!%é@ rectlonﬁkcgean1

f
bei ng X r ect ed TSI Pett T TP 17 Gl L c® W3 1hOw

a base station capable of forming a plurality of directional

beams by applying a directional antenna capable of adaptively
varying directivity, to a transmission-reception antenna,
allocates radio resources to aplurality of mobile stations,

15 wherein the plurality of directional beams are allocated
to the plurality of mobile stations, based on reception
quality information of each mobile station, location
information of each mobile station, and transmission
priorities of packets to be transmitted.

20 The location information of eachmobile station herein
is assumed to include informationabout adirectionofarrival
of one radio wave or directions of arrival of plural radio
waves out of radio waves arriving at the mobile station and
information about a propagation distance of the radio wave

25 or propagation distances of the radio waves, in addition

to informationabout arelativelocationof themobilestation



the nobile station exists . For this reason, it is desirable to avoid
communi cation with any nobile station existing in the direction in which
the other base station presunably directs its directional beam in order to
prevent 10 interference with the communi cation of the other base station.
The above CIR may be replaced by a signal power to interference power ratio
(SIR), i.e., a value of any signal power to interference power, or a signal
power to noise power 15 ratio (SN ratio or SNR). The reception quality
informati on of each nobile station can be a reception %yalit at the nobile
station estinBfedhenbere c&s&imher el€oArunileat ResuRiech tRad rde ihRElC beam
is carried out, based on a reception quality at the 20 nobile station for a
predet er ni ned*FePBEEAEeIBFERAE EiBAShHi PR P ¢+ RN Baee BT s It e
predeterm ned reference signals (e. g., control signals sucth as pil ot

signal s or theofipRedS abdeqsaadf pulitand Srengd Mider corhrBpReetiohal Heans
fromthe base station, 25 and reception qualities in comunication with
such stationafyrBERHBNAL e 2ASERERA VC3I f PBr éntSHG0m #RBSRNR n CePARYSi &t i on 6
with directional beans. Therefore, when the reception qualities of signals
transndtted WRERPERECOMMVETYeBEi SREEHednsYsuCh9as tohe FHARIIVE FHATRY from
the base station are used as_reception qualities of the respective nobile 5
stations, it PBCABBBsSAr{heolébRvert theminto reception qualities expected
in the use of the directiopnal ffans. For gxecution of this co versiqy, it

i s necessary to gi vVECRBARFHRPAET BN Eoet FRIFACTEIPECLRUWRT ¢ P HIRFA Y of the

di [ | b i ff h bil [ 10 b f
Lorr] o 11 cr oREBSanBng. Apros oot Rty angPELSGEop! BFaf ARG abd 02

control over Ltansglssion, Ravel, aecolding. 8. the di st auce o Gach, qobi | e

station, dependrng upon t ocationa i on-bet n-eac e Station

and the base SLgLEAN. 48y L4 N REESEOLa L DYEL] Oltidl DECLOERLL0MIR] oL mat i on

of each nobil on can be infornmation about a direction of arrival of a

si gnal tran_sniskg%%krsomgﬁeggbiﬁeﬁé %ﬂé_géntorinlv%?ﬁtiio%nai\ﬁﬁiﬁfﬁrﬁi’ﬁ noef the
nobi | e station estimfed fromthe direction of arrival. en the Tocation
of the nobilegirectional beams are allocated to a plurality of mobile
stations, based on the three types of information including
the location information of each mobile station: the
15 reception quality information of each mobile station, the
location information of each mobile station, ' and the
transmission priorities of packets to be transmitted;
therefore, the destination mobile stations can be selected
so as to prevent the beams directed to the respective mobile
20 stations from interfering with each other, and the radio
resources are allocated to the mobile stations, whereby it
is feasibletoimproveefficiencyofuseof theradioresources
and to implement increase of throughput.
In the present invention, themethod is characterized,

25 so that, after the plurality of directional beams are

allocated to the plurality of mobile stations, packet data



20  station is estimated at the base station, the |ocation of the nobile
station can be expressed by the direction and di stance fromthe base
“station. A potential nethod of estimating the direction of the nobile
station anmong themis a nethod of estimating the direction from phase

di fferences 25 of signals received by respective antenna el enents
constituting an array. Radi o waves can arrive fromdifferent 7 directions
of plural paths because of reflection or: ground and objects or the like,
and in this case it is desirable to estinmate a direction of arrival for
each path. Onithesithktamecdsla potenmigtedettwdanll esécabtéedghiyhetdest ance
5 of the nobile station is a nethod in which, where a signal transm ssion
power of the pibrkéistaifi mobidelgtawdohy.siXaradlngthe ddte trkesmt sgion
reception power fromthe nobile station is neasured whereby the distance
fromthe basetst@ate @luwal g estmotatled statsons extcemcurt@ntig tecaiedn

i nformati on of each nobile station can be | ocation information acquired
based on neasorned | ocation information notified of by the nobile station
where the nobile station conprises |ocation neasuring neans (e.g., GPS

equi pmént or the |iKe)thelprénenhamresddnn,itivenetbnd tshehtrantarssedn
priority of a packet to be transmtted can be an index set based on a
perni ssi bl e delayhdét enniheddyasiorqli rdd ocartimei caei vaddoatresgunEeshe
packet (so called QoS (Quality of Services) ) , the maxi num nunber of
retransm ssi oised idesreapdnt gansnivwidinorheplypadilty odcdit ¢ ol epaal begns,
information of a destination nobile station, and a transm ssion waiting
time at the b&&e makitiontatbaspddriodadeciesy the $d uFe lditvent dbraptingpla
packet is one addressed to a nobile station having noved from anot her cel
by handover. PegBs|ngtr@entalegtefn tPrsed eSoht thfvekCICERI 18 cofBRhaEYon of
nobil e stations existing in directions of a plu aIitg 8. of directional
beans 1P el i mi ARTPFFaSLNGHE §ASPRIDNE §TBEEPR: Ehe IRfaion BEORBAE A oD | ¢
stations subjected fo si neous trag;g% sion and recepti.on

| t S #ﬂ# pacget
data with the°p GPERITTPHE di Tt T UndPobERRs " B T TH S 4 \iére
plurality of g%@k'e‘%.sséc%é‘%r}%nesﬁ%ttéd” aNgxhéfgt phtt h?é £ §§££%0e9kg§%t,' onal

beam a nobil € stati"on” corresponding to frec al " beam'can

sel ect ed_, bas%e?ln abgﬁ.grggi%y B?rd.?{eé@foﬂ?fe(péé.n?éq tl%éa"cfe(ar %t iagn of
each nobil e station and the

i
_ _ ransmssion priority o pé%_et 10 data to each
mobi | e statiopg %l?%gxt BADNEL 81 abave Al WRld bYaOin8RbA I §tatilgng £t hus

existing, the nobile station wth the highest reception quality may be

sel ectigd as thepioki k& a%tidhisoRxGaRr e8PANGH Rt Dot her di reGtdanalbelegma or
the nobile station with the highest transmi ssion priority 15 of packet data

may be sel ect edbdd et Beabhnl e13baktea torurspead ogntlve thel aitierr biagral
beam The nobile station nmay al so be selected on the basis of a -
conpr ehensi ve onutigeericept itdreqgbal ht ofi rifleermaddent o Hreaghahdlb V1 asdathen,
transm ssion priority of packet data.
’ the location information of each mobile station, and the
transmission priorities of packets to be transmitted.

20 In the present invention, the reception quality
information of each mobile station can be a ratio of carrier
power to interference power (CIR), and a rate of interference
power due to a transmitted signal from another base station
in interference power. The interference power herein means

25 apower of an interferencesignal andthis interference signal

is assumed to include noiseaswell. Particularly, bytaking



20°In the present invention, a conmbination of nobile stations existing in
directions in which a plurality of directional beans with a nutual
‘interference power ratio therebetween being not nore than a desired val ue
can be forned, can be selected as the nobile stations subjected to 25

si mul t aneous transm ssion and reception of packet data with the plurality
of directional beans. 9 In this case, where there exist a plurality of
conbi nati ons of the nobile stations that can be selection targets, the
conbi nati on of nobile stations may be selected in favor of a conbination of

nobi | e statiorgdi@M diMghhead X FUE nHEbere0EnaBbhbRe st ahbons €apabl e
of undergoi ng sinultaneous transm ssions the conbination of nobile stations

nmay be sel ect eddndnfiaeid 0fignednbirad i @hoeheddbbh e statdtons wikh whkch
reception states of the nobile stations in the conbination-becone

conpr ehensi velintdieE esice phretd tonky fabkoplef t ooy dign=sdaatiherscrayhbe
selected in favor of a conbination of nobile stations with which

transm ssi on poHyd these f gtapaeketi daper torhiey mebnenstations witi he
conbi nati on are conprehensively the highest. The conbi nati on of nobile
statioms may alisedrd oselledead beihfedilbedbiasd sirnftreorprebensinveénewalgat i on
on a conbination of two or nore out of the above three ways. ' Furthernore,
in the presentthennebi Lenstatiersekests on Rafr théscwddamt i bn oéepbibée
stations may be arranged to first select a single nobile station and then
sel ect as anottkerva@dnobindven s¢at ian widhhebiyl Bolsi ¢ i e teddrstekig tiimgain
direction of at |east one directional beamthat can be forned so that an
interference pdwedirsdtaon tim ahdichethiconiheebrsei séetadnt prehumabayl e
mobi | e station selected becomes not nore than a preset value . Nanely, the
si ngl e nobi | e &tr@dten iifsselddgread ipBadn bge@Mpasiis oPrdRE r EeepPreNesttat es
of the respective nobile stations or the transmission priorities of packet
data t® 10 Béaterferandedyibad thRe GAUNE GAtQTonC Exithei mfher t kase

station.

The above CIR may be replaced by a signal power to
interference power ratio (SIR), i.e., a value of any signal
power to interference power, or a signal power to noise power

15 ratio (SN ratio or SNR).

The reception quality information of each mobile
station can be a reception quality at the mobile staﬁion
estimated in the case where communication with a directional
beam is carried out, based on a reception quality at the

20 mobile station for a predetermined reference signal
transmitted from the base station.

Here predetermined reference signals (e.g., control
signals such as pilot signals or the like) are usually
transmittedwithomnidirectional beams fromthebasestation,

25 andreceptionqualities incommunicationwithsuchstationary

beams are normally different from those in communication



direction of at |east one directiona béamthat can be fornmed so that the
interference power ratio with the directional beamdirected to the single
"nobil e station becones not nore 5 than the preset value, is selected, as

t he nobil e stations subjected to sinultaneous transm ssion and reception of
packet data with the plurality of directional beans. Here, a nobile station
in a best reception state can be selected as the single nobile station; or
a nobile station 10 with the highest transm ssion priority of packet data
to be transmtted can be selected as the single nobile station. In the

present invenii@n, diede cAhIOCEHANA. SiTHeldfIrajhengen RN abdddpOionDbile
stations exist in a certain direction out of directions of the directional

beans formed. gha1lifibBi 6f Siidadl O radrheninaekeividat ahkoohhed praded bhy1 of
nobil e stations may be sinultaneously transmtted by code division

nul tiplex or beeadeBayhdiyishOpimdd idildeslmMreebyhkehpasemitianepusre
transm ssion of packet data to the plurality of nobile stations existing in

the sanme diregkie@n £an rleeecddibnpl @B ededy oFodendi \HeSipRur titvlet i bieX1 OF
frequency division nultiplex. There can also arise a situation where no
conbi n&t i on oktamhiohe,statienaeexksstsyi AodcorokiroONghen whtehracepuiahity of
directional beans with a nmutual interference power ratio 25 therebetween
bei ng not nor guizhdn iasdegdetked ahuehe asecbef fthenddrednidid s beatrgat i Bor it is
desirable to performtransm ssion 11 and reception of packet data to the
si ngl e nobi | e esteatuitapnwidth thies sicoglverdiivect iidnal s beareserrtyo frer §dren
transm ssion and reception of packet data to the plurality of nobile
stations by codasdideirsitérnmilct ifflexfact f thgtegeyndi vinsitdre Sugmulef pteg with
a single directional beamor with a plurality of directional beans. Nanely,
the transm ssidéweatdonadebernn afe phckierenit anmbhdhsempbidedstatidessingl e
nobi l e station with the single directional beam w thout performng the

. si nullttaneous becamsei o€i @Gh daiftfie neme eplamoalsi sprepdsoodi ivctdentl abahes. The
transm ssion and reception of pack data may al so be carried out to the
plurality of edbiPBirgalatpakks and control over transmission power

according to the distance to each mobile station, depending
upon the locational relation between each mobile station
and the base station.

15 In the present invention, the location information of
each mobile station can be information about a direction
of arrival of a signal transmitted from the mobile station,
or location information of the mobile station estimated from
the direction of arrival. When the location of the mobile

20 station is estimated at the base station, the location of
the mobile station can be expressed by the direction and
distance from the base station. A potential method of
estimating the direction of the mobile station among them
is amethodofestimatingthedirection fromphasedifferences

25 of signals received by respective antenna elements

constitutinganarray. Radiowavescanarrive fromdifferent



by code division nultiplex or frequency division nultiplex of packet data,
i . a. , by code division multiplex or frequency division nmultiplex with a
single directional beamor with 15 a plurality of directional beans.
Incidentally, the radio resources allocating nmethod according to the
present invention can al so be described as an aspect of the invention
associated with the radio resources allocating apparatus and as an aspect
of the 20 invention associated with the nobil e conmuni cati on system
Nanely, a radio resources allocating apparatus according to the present
invention i s diraditdonesofirglsal pacatsi hgcapparat us fille cd ilbasensgad od
capable of formng a plurality of directional beans by applying a
di rectional 2Bndntbnaatsapabtiee afileslamrid/elny thasycageditetsidesyrabbea
transm ssi on-reception antenna, the radi o resources 12 atl ocating
appar at us conpoi sshgmaakl ecat regt teanst faorriatd lodatd rgchheaphur abnt yhef
directional beans to the plurality of nobile stations, based on reception
qual ity i nfor pheanhefideag hpatodnt Ea b trettiberd wift Bswhinehihbetbaséistatcen 5 is
about to performtransm ssion and reception, |ocation information of each
mobi | e5st ati opf @hd moekisen s= Wompdisori netkodfipatkets wbelre arahgmait ed.
This allocating nmeans is desirably configured to determ ne the nunber and
di rections of tdensoiissaan Heswrso i 0headbd ooy traddl orbas &dovn sheligreepngon
quality information of each nobile station, the location information of
each nobil e sP&titbs, lake t fhet rafsSATLioNOROPEFofreTethofmpatket stabipe
transmtted. The radio resources allocating apparatus is desirably 15
confi gured tolfuRERBRTedripheRY ddt o tasfrmat Phg e Rasef sEadsern@eing a
| ocation of each nohile station, based on orientation information of the
directional aRfefR&1MaN&d 6CafPBR PHI6PRati on storing neans for storing the
Iocata n informati on, of _each. nobjle statjon %ggfi%gd BX estimation. 20 The
radi oPesour ces al | 6BGt FAG2EPPRI R IRt G almarh moblle station can
be location information acquired based on measured location
informationnotifiedofbythemobilestationwhere themobile
station comprises location measuring means (e.g., GPS
equipment or the like).
15 In the present invention, the transmission priority
of a packet to be transmitted can be an index set based on
a permissible delay determined by a required communication
quality of the packet (so called QoS (Quality of Services)),
themaximumnumberof retransmissions, adesiredtransmission
20 speed, receptionquality informationof a destinationmobile
station, and a transmissionwaiting time at the base station.
Consideration may also be given to whether a packet is one
addressed to amobile station having moved from another cell
by handover.
25 Incidentally, in the present invention, a combination

of mobile stations existing in directions of a plurality



configured to further conprise |ocation information receiving nmeans for
receiving the location informati on of each nobile station notified of by
"each nobile station; and location information storing neans for storing the
| ocation 25 information of each nobile station acquired by reception. The
radi o resources allocating apparatus is desirably 13 configured to
further conprise interference power ratio cal culating neans for cal cul ating
an interference power ratio of each beamw th the other beans, where it is
supposed that the base station forns a plurality of directional beans. 5
The radi o resefiescalibacathsgnappalahtisarslgesit ahlay scanfibgareddsd < urt her
conprise quality information receiving neans for receiving information
about a receptannbpuabélycaédeanh mabi lwoisilad | enaftdorns r etied esiced sitgnal
fromthe base station, fromeach nobile station; quality estimting neans
10 for estinmasingldankecepttiramsguialsiion atd eackpitln ef Padiaindahatwiecicase
where each nobile station is subjected to transm ssion and reception with a
di rectional behe ginect edy tof tdereobidea Stladamman, based on the information
about the reception quality at each nobile station obtained by 15
recept bon; and qual In yhiafcarseatwioer st pliumg Lotgrst fiob i $eatiatd onseexiesept i on
quality information of each nobile station acquired by estimtion. The
recepti on qualintaydiofecdsicin oblai ¢ersam doneheiehnliteaipsa mabliyeastEovem rati o
of carrier power to interference 20 power at each nobile station. The radio
resources al | ccaresgorppag atusheé slidesitiabky leean cgirlesl sted ettiethdrassshpri se
transm ssion priority calculating nmeans for calculating a transm ssion
priority of eabhbebbidre ssitthteowt bhsedeonraioneaselbhy dbrfereattiwemt on 25
quality information of each nobile station, requirenents froma
comuni cat i on©{GRINAEI6F sSpasken aRd &heoteaRimhdbi PR PO IGRPERRCKET a
transm ssion waiting tine of each packet data. Nanely, a nobile

[

comuhPcat i ond8yat ém RATH dMAGLEE (Hé PrEsentNFHent | 6ROPS alforRtere

comunicat | on, pYsLeTLCOMIISLN0 5, base St ion capsle o TaLmon AL

of adaptivelystation with the highest reception quality may be selected
as themobile station corresponding to the directional beam,
or themobile station with the highest transmission priority

15 of packet data may be selected as the mobile station
corresponding to the directional beam. The mobile station
may also be selected on the basis of a comprehensive judgment
on the both of the reception quality and the transmission
priority of packet data.

20 In the present invention, a combination of mobile
stations existing in directions in which a plurality of
directional beams with a mutual interference power ratio
therebetweenbeingnotmore thanadesiredvalue canbe formed,
can be selected as the mobile stations subjected to

25 simultaneous transmission and reception of packet data with

the plurality of directional beams.



varying directivity, to a transm ssion-reception antenna, and a plurality
of nobile stations locating in a cell of the base station, wherein the base
"station conprises: allocating neans for allocating the plurality of
directional 10 beans to the plurality of nobile stations, based on
reception quality information of each nobile station with which the base
station is about to performtransm ssion and reception, |ocation
information of each nobile station,and transm ssion priorities of packets
to be transmtted. 15 This allocating nmeans is desirably configured to

det ermi ne t he nunbefnartdhidi rezse onwhefredi tleet¢ orali sheanspllorbe 1tyr ned,
based on the reception quality information of each nobile station, the

| ocati on i nf orombinatobneaeh hipbinadstatstatiocasdthhe ceanseissiantion
priorities of packets 20 to be transmtted. The nobil e comunication system
accordi ng to thegpteserite cnwbnnadnonso fowibrddlsl ytebhbhgmaadbscselettaede base
station further conprises: location estimating neans for estimating a

| ocati on of eavhfawbr el st abimbanabasadodmasl Iy is¢attdainenpiaf bdiayi ore of t he
directional antenna; and location information storing nmeans for storing the
| ocati &n 15 mpALBEmanLBhesf odadieidls | atigisornr i ef DYNI/LIPERT on.
The nobil e comuni cation system according to the present invention is
desirably confiigulédnseushatrashbasionne i IcomSiagitéRNcofpr ikdtle

| ocati on neasuring neans for 5 measuring a |ocation of the nobile station;
and | ocati on FRRSEAREEITAY REt FEIeAEEAednSaVBF Hoki FYMMraheebadend®hifon of
the location informati on of the nobil e, station ac?uired by .measur enent; and

so that the b&§8t4PREIWHH UPLREr FeefDF SR SLATESPF oS RPBEAELT Mt ¥R vi ng
means for 10 recejvin he | ocation informatign of. the bil.e statjon
notified of bﬁntEéen6%WEé99ﬁﬂﬂque99ﬂfIQﬁﬂﬁqéh?qﬁﬁv {%hﬁléﬁ%ﬁin freans

for staring the |ocation ipformatio f. the_nobil e station.acquired by
Feception. ThE SREBEES e8I LA BEYoPe H S Thd 1 B8 5P EsRht
| nvention is des %%Q'n% gont L, “{negﬁ% EQQE-EBS hasg ah;"z‘i&h"@réﬁlﬂéﬁ?&%ion
conpri ses: i nfefParanes power ratio calcura 'ng nmeans for calculating an
interference - IO e i b ; e Lt 1S
supposed thatggﬁg&éggégsgggiE%EPSEWQQEQ%FQrgP?tﬁgggigi§g§§%%ﬁgliﬁeg%%. 20
The nobile coppupigatiel Suslemanaididik ivelhe tiesenighayentionrhs _
desirably configured so that at |east one nobile station conprises: quality
cal cul ati ng neangihakieal s8lmdkh N0 &HAGRAd AR vIHBEbIYe afelidta- BN €nst ati on
for a reference signal fromthe base station; and quality 25 information
noti f yisng neapasfier ofotbhyt8fechBevhaseastation @f d riabiakitadnabautwd he
reception quality acquired by 16 cal cul ation; and so that the base
station further compriostsofqithke tpovef dhreel eaysecei vi ng nmeans for
receiving the informati on about the reception quality fromthe nobile
station; quality esFumihengomeansn fidre presenti Fgvent kerptihensslgaalipny at
the nobile station in the case where the nobile station is subjected to
transm ssi on &fd thec spmbdnaliicn @ Idmobdtlicordiatherm arveOredrrangRe Kbl e
station, based on the information about the reception quality at the nobile
station acqui Féd S5eREpt SdRILEMPRIuLE FEFT 17 BPAEHICOT e <t o7 PRETHBENS for

storing the reception quality information of the nophile station acquired by
est i on. mobile statilon, a mobile statlon existing in a directlon

of at least one directional beam that can be formed so that
an interference power ratiowith a directional beam directed
to the single mobile station selected becomes not more than
apresetvalue. Namely, thesinglemobilestationisselected
25 on the basis of the reception states of the respective mobile

stations or the transmission priorities of packet data to

10



The reception quality of the nobile station herein is desirably a power
ratio of carrier power to interference power at the nobile station. 15 The
nobi | e conmmuni cati on system according to the present invention is desirably
configured so that' the base station further conprises: transm ssion
priority calculating neans for calculating a transm ssion priority of each
nobi |l e station, based on at |east one of the reception 20 quality
i nformati on of each nobile station, requirenments froma comrunication
qual ity of packet data to each nobile station, and a transm ssion waiting
time of each packetardatiatedBRl &fd DESCRhEDLEON G aEHENDRAWNGS d-i gn thies a
configuration diagramof the nobile 25 conmuni cation system according to an
enbodi ment of dikecitivendf an. 1ddst okiegii e dtsi@nalohtéagurtati oandicagpanmedf t he
base station. Fig. 3 is a diagram show ng the conponents associated with
t he present iswebhaantha theenbbriérecstmiven.raiigp withsthef Howehaibnal the
radi o resources allocating 5 processing. Fig. 5is a flowhart of the
subrouti ne abbetmadiuestedormn ahe singhgenddiiltchetrbteptharogemindtymore
i nformati on of each nobile station. Fig. 6 is a flowhart of the subroutine
about B0 det etienathenponés¢heralurtherisandlditedt i anshof mdbriéet sbaélioheans.
Fig. 7 is a flowhart of another subroutine about

subjected to simultaneous transmission and reception of

packet data with the plurality of directional beams.

Here, a mobile station in a best reception state can
be selected as the singlemobile station; or amobile station

10 with the highest transmission priority of packet data to
be transmitted can be selected as the single mobile station.

In the present invention, there can occur a situation
where a plurality of mobile stations exist in a certain
direction out of directions of the directional beams formed.

15 In this situation, the packet data to the plurality of mobile
stations may be simultaneously transmitted by code division
multiplex or frequency division multiplex, whereby the
simultaneous transmission of packet data to the plurality
of mobile stations existing in the same direction can be

20 implementedby code divisionmultiplex or frequencydivision
multiplex.

There can also arise a situation where no combination
of mobile stations exists in directions in which a plurality
of directional beams with a mutual interference power ratio

25 therebetweenbeingnotmore thanadesiredvalue canbe formed.

In this situation, it is desirable to perform transmission

11



determ nati on of the nunber and directions of directional beans. 15
'DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi nents of the present
invention will be described below with reference to the drawings . The
enbodi ments are directed toward fast packet transm ssion services of
downlinks. It is also assuned that pilot signals are 20 transmtted with
omi di rectional beans. [Configuration of Mbile Conmunication System Fig.
1 shows the configuration of nobile comrunication system 1l of the present
enbodi nent . As shown in this Fig . 1, the nobile comunication system1
conprises a base station 25 10, and a plurality of npbile stations 30

|l ocating in a28€ FegepflpReCharackatatdadid £ the sippde BoBkhbHsS B b ce
configuration exanple of the base station 10. As shown in Fig. 2, the base
station 10 isYdéhprheedngt egifamaiieongl B§2Bntdnha L ferd hartepiseierred to
as "array antennas" ) 11 as a directional antenna capable 5 of adaptively
varyi ng di r ecBP¢i BECeRTEPRNSH £ICHRL Seddt itoh Yl (P 3 bt pet § orophbe
transm ssion and reception of packet data, .and a radi o resources, allocating
part 10A for FEREIPRENGY et HedahTe &V edan Ay pregEsEFHgIHEse ¢ bed

| ater. The base . station 10 is arranged to, be gble to forma gLura{itg 10 of
di rect i lB%ép‘fﬂ P A S P uFAF POy 1 6P 2ary S5 &%t B BiuT el 4t

transm gg?l)n-r ception_antenna. Any other smart .antenna capabl e of
adapt i vel y vaPyi i BFFELETI { \PSE al solBE opt I | RSEBSAIGE oRe 2 ay
ant ennas.  The 8L eSO EeD. PLLOCS) PRl AR oo spmniL e dBol e
(1 ) of ottt eELLD Rl AELYELoBl, BeAch R NG 8P EpeLhons o
the simultaneous transmission with the plurality of
10 directional beams. The transmission andreceptionof packet
datamayalsobecarriedout tothepluralityofmobilestations
by code division multiplex or frequency division multiplex
of packet data, i.e., by codedivisionmultiplex or frequency
division multiplex with a single directional beam or with
15 a plurality of directional beams.
Incidentally, the radio resources allocatiﬁg method
according to the present invention can also be described
as an aspect of the invention associated with the radio
resources allocating apparatus and as an aspect of the
20 invention associated with the mobile communication system.
Namely, a radio resources allocating apparatus
according to the present invention is a radio resources
allocating apparatus in a base station capable of forming
a plurality of directional beams by applying a directional

25 antenna capable of adaptively varying directivity, to a

transmission-reception antenna, the radio resources

12



a propagation distance of the radi o wave or propagation 20 di stances of the
radio waves, in addition to the relative location thereof to the base
station 10); a location information storage nmenory 20 for storing the

| ocation information thus estimated; a reception quality estimator 22 for
estimating a reception quality with a directional 25 _ beamon the basis of
a reception quality of a pilot signal notified of by each nobile station; a
reception quality 19 i nformation storage nenory 23 for storing the
reception quality information thus estinmated; a transm ssion priority

cal cul ator 21 fgr determning a transm ssion pri rit of each nobi]e

station on the@lbaSPElRe ARSI EAFPERSYDEf i t tl&&ck’@?aﬂét a%s), a
nformmt: on of LEGERCHBE! 15t BLREAL LM drk eARASHS ?555% TR ahni t12d data
"0 or mat T on oPiREL} BEpAEUFYR NoLPFELLPRE| RETTS UeldieRiG o THel Hutber

each di rect| ORAFOBBART SRR SR Tar ChE & Poar Fo 0t Phapee g qgron |

estimating an, |nterfE gnce atlo bet ween glura beans; aitransn155|on
P9

vai ting buffeiS185P8F E8nBBrEPTRyt SHPRG packet URTSCSRr HoR 6 10SRET R} on

t t at et det ect 17.1 t th S f t
from the hoadiPBPAALRBL tat £0K CHECLHancHhSuicon APt ng BUrPEr a8 o

transm ssion M@I% 91% |ng grt %? E [ 0D nltorlng t he
transm ssi on Wai- |ne 0 eac% a%ke E %eFapsed tinme since arrival
20 at the transm ssynswanti, gtt_whf Hed) 18N 20-ab10CUHN SN oL e 13

for perform ng generation o antenna wei ghts error-correction

codes, modul abeaynehe. +A0ahSOrPERACKILBGLIBAL L OF | A0 80¢: Sont oLt

operations of the respective parts Iin the radio resources allocafing part

10A. 29 The t%%“%@‘§§kﬂ@dreEQQEHOBnp€ﬁE 12cBBE L oK M8y T PEESSh PGrh el 4di ng
super posi tion of transmtted signals, 20 separation of” received

signal s, anpl i bircabbANmebiteapsatibag and neestved shodAhStidNdoB0e88n The
base station 10 is assuned to include all the conponents necessary for

constitution ebbeldi feayidaserst ahkobr equnpsendn dricaddiitds0BrS5paekéhe
conponents shown in Fig. 2. Fig. 3 shows the conponents associated with the
present inventbobhei hrahemibbete station 30. As shown in Fig. 3, the nobile
station 30 is conprised of a |ocation neasuring part

The radio resources allocating apparatus is desirably

15 configured to further comprise location estimating means
for estimating a location of each mobile station, based on
orientation information of the directional antenna; and
location information storing means for storing the location
information of each mobile station acquired by estimation.

20 The radio resources allocating apparatus is desirably
configured to further comprise location information
receiving means for receiving the location information of
each mobile station notified of by each mobile station; and
location information storing means for storing the location

25 information of each mobile station acquired by reception.

The radio resources allocating apparatus is desirably

13



33 incorporating GPS equi pnent and configured to neasure 10 the | ocation of
‘the nobile station 30; a quality calculator 34 for calculating a reception
quality at the nobile station 30 of a pilot signal fromthe base station
10; and a transm ssion-reception part 32 equi pped with an antenna 31 and
configured to performtransm ssion and reception of 15 packet data and send
the location information of the nobile station 30 and the reception quality
information of the reference signal to the base station 10. [Radio
Resources Allocating Processing] The following will describe the radio
resources 20 cal i .0 [ [ ase.stat] 0, ration
of the presen?gé?}ggg%%gn?.o Eﬁlg%ih%gsr%vng}gs%l ?\%ﬁ%ﬁé%ﬁgﬁ%{ gleartge)i;&(;urces
al | ocating pr k0g. ... 4 I Vi :
comuni cat i onggﬁgrﬁ?Q?éahglgtghgg(?%%a%%ﬁ%%q %?%§%§6%%%h\éeg%§gers Ztion 25
10 first prel pm i cgui t ' LARkQr [ ile
station 30 anggggﬁégé%?ﬂégrgﬁg?F%Q%P%?g%%%ggbn f%e”?%ﬁﬁ?ﬁgkpggggygﬁé%
information stgra 1 89 h Ri-L e; st at kog; 30,1 [ W th

b H‘é‘ls@eg‘eéhggg)fg%m]gigﬁ% tﬁle &a%f & Qc’c?oﬁ‘glg PoSS |

the | ocation neasuring part nobi |l e station 30 may notify

the bage station 107Qf e J P&@édﬁqx?%‘%é BhalLRL Y AG0H & €ds 3 DY SPASH ement ,

as uplink control information. e other hand, 1f the nobile station 30

i's not equi pp@én‘fﬁ%hr@eﬁ%d ﬁ?@%ﬂ@f‘cgﬁ?ﬁéé%aﬂ% 3Fore 1 QeaLE Oy £54 | mat or
19 of the base stafion 10 nmay estimate the | ocafion information of the

nobi | e stati opedfsf FOM Bedll 1 @L{d O R rrdftiloralandnd 8 Feception Heyeftyd0 of a
signal transmtted fromthe nobile station 30 . The base station 10 1s

configured toaupdatie rdig l0e@kbit@Bni NépraTetitereat eeaLhn ADLIddn $hat boHe 30 in
an adequate period according to a noving speed of each nobile station 30 or

the |ike. NexbtatepnS4Prds ebehpesi DY énspraedessi aog Df t B et iatg nhSmédntls
storing the reception quality information of each nobile station 30 . In
thi s poocessi igr astshawingna Ftacers;ioneyurdbitye ast akichnm3bids atdbiget is
first set out of nobile stations 30 as destinations of all packets

(transm ssi onimaitthengcpaekwhsyei madhe nokankan stdbhonaiitsi neulsietteed ntehe 20
transm ssion waiting buffer 14 (S51), and it is determ ned whether the

mobi | e st at i oRr8DsBL sehentanrYeeced tinncohbiug ¢hr¢ohl ¢S5l bean di hechedi | e
station 30 of the target is in comunication, the base station acquires the
reception qualtPt FPEnReP#HEE | DFRHLAR nPaRfinm ¢AE dRIgrmakd orpBPPEE2ENSt at i on
30, e.g., aratio of carrier power to interference gower in a communi cating
channel (receF?@&péllR? ((]3.5%:5]; ¥ngtooeach mobile station obtained by

15 reception; and quality information storingmeans for storing
the reception quality information of each mobilé station
acquired by estimation.

The reception quality of each mobile station herein
is desirably a power ratio of carrier power to interference

20 power at each mobile station.

The radio resources allocating apparatus is desirably
configured to further comprise transmission priority
calculating means for calculating a transmission priority
of eachmobile station, based on at least one of the reception

25 quality information of each mobile station, requirements

from a communication quality of packet data to each mobile

14



the reception quality information acquired is stored in the reception
quality information storage nenory 23 (S57 ) . It is also possible to
“enploy a signal power to interference power ratio (SIR), i.e., a value of
any signal power to 5 interference power, or a signal power to noise power
ratio (SN ratio or SNR), instead of the above received CIR. On the other
hand, when the target nobile station 30 is not in communication, the base
station acquires the reception quality information of the pilot signal at
the 10 nobile station 30, e.g., received CIR of a pilot channel (S54), and
estimates a gatatwphhaaddi teehsohabibeamilieinggt die eftestth patketnislid e
station, based on the location information of the nobile station 30 (S55).
Then the recepti on Napedlyyaimoodrleat dronui scebrorsyet efhacadied igad hotSig S56) ,
and the reception quality information after the correction is stored in the
recepti on quapréyennfiovention istaoncyel ereomnyn 2@at 857 pysThes qumyuessing  of
S51 to S57 as described above is carried out for each nobile station 30 to
acquire and s&drase28taheon eeppbilenc fjfalrntiyg afduratliidyy of dastrighidle
station 30. Wien the processing is conpleted for all the nobile stations 30
as desbi nat i ohean$ biyrammsiiige adinartirgapaskerna ¢apahke odselaft iwalagat i ve
judgrment in S58), the processing of Fig. 5is termnated to return to step
$43 of Fig. 4vapBing st o ithe a&bogel ramaEnbasiontae¢omt haly alsuiite
configured to determ ne the comruni cation quality information on the 23
basi s of recefhédaPRIBRlthe %ﬁ|mﬂbgiﬁnﬁuat#%ﬁﬁukﬂ%%%#%ﬁ ithet g lleath
nobil e station is_in comunjcation. Throu the processing of Fig. 5, the
mobi | e stati oFl goqaﬁeco?ﬁﬁﬁﬂ%tl‘d}ﬁeﬁ%?eég’@s }?*ﬁ%erééélt\}éa CGRPHetirse a 5

d | d d | f, . while 30 with
i oot onal DEDWPESF WS BRFBECF EhLPER b RGNS W CRTLY B4 AT ifidases |
th 4 GR therel h t, th

ef fec §'fvﬁee5?ﬁla > G6urt GBYREETORY Git RaDt b AN oAl %%%égﬁg%%e%%%?t.es

10 among the gobile, SIAELans 30, Jh LS case. bouever i Leception
quality is not always goo M pr act i cal comini &a |o Dele % ¥iCei ved

CIR of the pi analy r.efaar gﬁﬂgg§ I4 %Qt
configured tobes??%ate gsgﬁggFﬂgg ﬁggeﬁﬁkﬁf r%%%?%hafb% n?ﬁ? its 15
own cell at e@ééaﬁ?@hhﬁfé&ﬁ%‘t%n%%éé&(ﬁhél@?lé@%ﬁ%lgh t&%ﬁi@f’éﬂﬁﬂis?ﬂm the
| ocation information of each nobile station 30, etc. if possible, and

subtract it tgr$ypPESEsane EOLREFS tECHPttpanguatiédes in practical
comuni cation environnents. 20 Returning to Fig. 4, next step S43 is a step

in whieh the transnTisss onlpbtatihy erlatid ator d22ieablyl alodst ianideansts SSi on
priority as an index indicating howto allocate the radio resources in
favor of whi cetebmniresthti oun3€r 4éwd éardcbiondeo froditecstiaiabrise&fs as
destinations of the
to be formed, based on the reception quality information
of each mobile station, the location information of each
mobile station, and the transmission priorities of packets
20 to be transmitted.

The mobile communication system according to the
present invention is desirably configured so that the base
station further comprises: location estimating means for
estimating a location of each mobile station, based on

25 orientation information of the directional antenna; and

location information storing means for storing the location

15



25 transm ssion waiting packets. In this step, the transm ssion priorities
are conprehensively determned in 24 consideration of requirenents from
QoS of the respective packets, the reception quality information of the
destination nobile stations 30, and the transm ssion waiting times. Next
step S44 is to perform sequencing (ranking) of the 5 transm ssion
priorities of all the nobile stations 30 under connection. In next step
S45, the antenna pattern and transmtted data determ ner executes
processi ng of determ ning the nunber and directions of directional beans
(Fig. 6). In thfsrh@tpoacessdanh mbbelbigisdit Sdreadomilreddbles a1 inea oAt | on
of a directional beamtoward the nobile station 30 wth the highest
transm ssi on prioriTyeamobridiengdronirhie atarda ngy obémi aedordiHbd4 +S6he It is
t hen determ ned whether, with this beamas a reference, there exists any
nobi | e stati oprdBenth Bnddndiswcid desimahiychorafi gutedfsy ehee poverasiati o
wth a new beamis within a range of not nore than a desired value (for
exanpl e, an angkendlsdhe tdte tdicrecbmpristst heoozf srenea siedmg seant f@ss t han
a reference angle A prelimnarily determ ned by experinent or the like (8

i s a méni num apgberahgwhi ¢hca®ivheoffutbeal moht bef etehten pomed becanisn not
nore than a desired value)) (S62). If there exists such nobile station 30,
a directional ihéamisiaddedt i byamg nteeasnbbic| mokt fyinn 36 Whesestatieni on
difference fromthe reference beam becomes mninum( S 63 ) . Then the

det er mi nat i onofnt!s: B> dat fapaiim foameitagnoaf 25 msibid & kEahénhyaerideted
directional beam as a new reference, and the steps S62 and S63 are

repeat ed. ThebPpudtpRgirate’s apdetdrer thati Shfoshrbre St Fiomm 'éuﬁ*l'—fﬁ%éti onal
beamis nmade as follows: the interference power ratio estimator

esti mat es theCPﬁPéﬁﬁéﬁencéoﬁéﬁéPnraﬂPSOBWagéEH bESAFSHiPHe %%%%%ptf%ﬁ t hat

t he dlrectlonal beamis forned nd it
10 rece$v1ng tLe locat?on 1nformatlon of the mobile station

notified of by the mobile station; and location information
storing means for storing the location information of the

mobile station acquired by reception.
The mobile communication system according to the
15 present invention is desirably configured so that the base
station further comprises: interference power ratio
calculatingmeans forcalculatinganinterferencepowerratio
of each beam with the other beams, where it is supposed that
the base station forms a plurality of directional beams.
20 The mobile communication system according to the
present invention is desirably configured so that at least
one mobile station comprises: quality calculating means for
calculating a reception quality at the mobile station for
a reference signal from the base station; and quality
25 information notifying means for notifying the base station

of information about the reception quality acquired by
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5 determ ned that the beam can be formed when the resultant interference
power ratio is lower than a desired value. Wien S62 ends in determ ning
that there exists no appropriate nobile station 30, i.e., determ ning that
it is inpossible to forma directional beam (in the case of 10 a negative
judgment in S62), the processing of Fig. 6 is termnated to return to step
S46 of Fig. 9. At this stage, the nunber and directions of directional
beans capabl e of keeping the nutual interference anong the directional
beans not nore than the desired val ue have been determ ned. 15 Returning to
Fig. 4, next stepubdbibs;tandled ehaitnchabagkts fdeddrt fuet heser@up i &e€or dance
with the nunber of nobile stations 30 existing in a specified direction,
and the nargi gaadf tiyheinfadina tiesour eesi slod asanedefgreseowreas inyr arisen Ssi on
power, frequencies, etc., for each of the directional beans 20 thus

determ ned, abdfstmptS4x¥ Bbotd ahkocatepthenmohile tgt dtricansh3D nabebeh
directional beam according to the user nultiplexity for each directional
beam Thi s pestiatsonppheiantyatd oimaofirsy mebdhafecuss t frmansin g aiscadt packet
data to aplurality of nobile stations 30 by code division nultiplex 25 or
frequehcy di vogsrontgubtitplemobfilpasketidatn tthe ktesgl whaket fhefmalpblé e
stations 30 even if the plurality of 26 nobil e stations 30 exist in a
certain direcstehionnishsukserted Itocdtriepismiesepn géhderecepeiahlwtbhian of
nobil e stations 30 to each directional bean) , where there exist a
plurality of dawbrhapheasbedimmbbidatest 410 ¢he BObihat sbataanbebaeedcon on
targets, a conbination of nobile stations 30 maybe selected in favor of a
conbi nati on ofhpobRfersahiPorAPLSH Wiltth IRIFEPR 10ReIRakbEY of WoBimestations
30 capabl e of undergoi ng sinultaneous transm ssion beconmes nmaxi num or a
conbi nati on oftABBPPRe a1BHress B0 Fegebel Rl eéhed dUd fidorinbopragion
conbination of nobile stations 30 with which reception states of the nobile

stati &fs 30 i ALPRATEIMBANALLES BRI LRSI IR aPp Ly Prbpymation
combi nati on offgggile gtitioﬂstBO na¥ al so bg selected.in favor of a
conbi nation of Pl BOBEAE| BhEt BB WP ERUWAT AHPY r GREHTREICR  priorities for
ket 15 data to t bil e .stat] 0.4 t i t . :
Eg(r:rp(raehensi 3e?y ?he?ﬁfeg%ecls p&%&?hhgrﬂrﬁﬁggeo,f ghggﬁn%lgﬁgb:sonaeooor}lng%%%é stations

30 may also bgg ?EEEﬁgﬂgbés%??bkgkﬁg %¥0c9%%?%gf$gwér°§%tg§¥89?¥Pe£Pée?

ways and conprehénsiv aluating the co ons. er conpletion

of the determ,gaki-oq+oknal hobhesnUphet ,and directions of directional beans
to be forned?ban% t he nobilg stgtions %0 to which packet data is to be

transgistted with Fh@héeﬁﬁﬁﬁHbVQdﬂﬂﬁﬂHdéﬁﬁﬁnt%ﬁg@e& hecofding e PREket
data to be transmtted) as described above, S48 is carried out 25 to

per f or m gener giregBn®f iARELHNEN W& dlks raddgi £o60Dighred ray ¢RIy ebki oaseodes,
nodul ation, etc. and transmt the 27 packet data. The radi o resources
wer e al | ocat edthefione omfuthiebasi sompribest eceptavnsmisaiohy | ptbomation of
each nobile station 30 and the transm ssion priorities of packets, w thout
payi ng 5 atteptilonledinkgenkanatfon afl ®EdEt imybial Ershamienidf, pwherédy t he
present invention enploys the above radi o resources allocating processing
to all ocate tRE gach @bbiyesftadiiogothaped obealis epotiane pldt regeptiabbil e

stations 30, based on the three types of information including the |ocation
20 quality information of each mobile station, requirements

from a communication quality of packet data to each mobile
station, and a transmissionwaiting time of each packet data.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a configuraticn diagram of the mobile
25 communication system according to an embodiment of the

invention.
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10 informati on of each nobile station 30 : the reception quality
informati on of each nobile station 30, the location information of each
nobil e station 30, and the transm ssion priorities of the packets to be
transmtted; therefore, the destination nobile stations 30 can be sel ected
so as to prevent 15 the beans directed to the respective nobile stations 30
frominterfering wwth each other, and the radio resources are allocated to
the nobile stations 30, whereby it is feasible to inprove the efficiency of
use of the radio resources and achi eve the increase of throughput. 20 In
the present enbodi nenj. 2ai€enbbnad §@Raof oneliae ast af itbrsh39e etagtiord i n
directions of plural directional beans prelimnarily set on a stationary
basis may be sel ectreiy ag {8e gRbykensdiedw NG t3Q Stlpecéets e ddig ated

si mul t aneous transm ssion and reception of packet data with the plurality
25 of directiwhgh tieanpreddnt hisvaasion whertha nbd Bd idbatafornobi I e stations
30 28 exist in a direction of a certain directional beam a nobile
station 30 correspdidi ng inathewdhazetts dDrak hedin easobecselaqirtt ibased on
both or either of the reception quality information of each nobile station
30 andst he transemession. 5 priority of packet data to each nobile station
30. Nanely, anong the plurality of nobile stations 30 thus existing, the
nobil e station 30 viiid. t Be highestlpeciptritonofjudlhe ysuayobeisel edicadt as t he
nobil e station 30 corresponding to the directional beam or the nobile
station 30 wabathel highest s rtagnshitds oacgri brn tyadf tpacifetrmadtimmy be
sel ected as the nobile station 30 corresponding to the directional beam
The nobi |l e stafiexcBonehylal staborel ect ed based on a conprehensive
judgnment on the both of the reception quality and the transm ssion priority
of packet data. 15 Fi®nottheisPraocé&dsiabaEkandf e tatsousuiDep el ki@ atabwitof
Nunmber and Directions of Directional Beans] Incidentally, the processing of
det er #Pni ng t R RERDRAL AP Qff 4G PURSEST 2BFr BEF PBRAPN B e IdiRf Siengck i ng

t he destination nobile stations 30 may be perfornmed by the nethod 20 of
first det ermw?f&sthe nunber and directions of directional beans and then

selecting the destipation pobil e, stations ,..as.in above Fi.g. 6, but it
may al so be perfor chjac?o?ﬁi ﬁg%tl8wf: 8%hr %23{5’#‘025}}%’: fﬁkﬁbﬁou&é‘%@r rﬁk?ﬁurlicg a
single nmobile i on_30 and dir i_Qn b I e,.mbil.e station
and then 25 d%%%‘?%rﬁn%#%gl% hoe]F atéller @%ﬁ%&%a?’h egﬁeé%@%ghéef drrlD eﬁtelos *tions

30 on the basis.,pf the first determ ned directional beam 29 as a
ref erence, as sia"lovvn in Fig. 7. This procedure will be described al ong Fig.

7 . Figst, thepgoRtbersliabl ofusOpit FERADS PUBHSBUELFANSM Ssion priority is
set as a target according to the ranking obtained Tnm S44 5 of Fig. 4 (S71),

and formation of oremslbdpeéhONal EAPYESent inventionwill be described

below with reference to the drawings. The embodiments ére

directed toward fast packet transmission services of

downlinks. It is also assumed that pilot signals are

20 transmitted with omnidirectional beams.
[Configuration of Mobile Communication System]

Fig. 1 shows the configuration of mobile communication

system 1 of the present embodiment. As shown in this Fig.

1, themobile communication system 1l comprises a base station

25 10, and a plurality of mobile stations 30 locating in a cell

2 of the base station 10.
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determined in a direction toward the nobile station 30 (S72) . It is noted
that S71 is not limted to the use of the transm ssion priority as a
reference, but the nobile station to be selected may be the nobile station
30 with the highest 10 reception quality, or the nobile station 30 cl osest
to the sector boundary. It is then determ ned whether it is possible to add
a new directional beamin a direction toward the nobile station 30 with the
next highest priority under the condition that 15 the interference between
the directional beans is controlled at or below a desired value (S73) . If
it is possible, thepgdyrecthonadla feaed soaddedrsnien Gixkhaglliconr toMasgsd he
nobi |l e station 30 (S74). Thereafter, the processing of steps S73 and S74 is

20 executed fegraeaeh ab.thgsnmehblg Shatrigns 2i,n tokdes sfr Rdthieoobd | es
station 30 with the highest transm ssion priority. Wen the processing is

conpl eted for cahpriBedn®bidetiatd angadtrdferdiraigehsréinathercastepied
negative judgnment in S75) , the processing of Fig. 7 .is termnated. 25
This processing 9§ "Hray/ 2688nah§0) PIOREr hydidei@rinme hhecAuabespapte
directions of directional beans capable of 30 keeping the interference
bet weers di r ecbifeirlp thesmsy abdrpindpaivwctheidesia ethvatiesidh-tscapt eent hat
the processing of steps S73 and S74 may al so be executed in order fromthe
nobi l e stati opal3@ 1 tiort ber hbghesd trecaptiisen oguahdtnecdptAordescpadbedt above,
t he present invention has successfully acconplished the follow ng: while

t he radi o r esdategsnks eadlbasatced deef ot oo drisiedy par t heArfecept + Sorgimyi ty
informati on of each nobile station and the packet transm ssion priorities,
wi t hout payi ngadiverssorrdes théotdt iogatriome sefl ngatds ewiii¢ @ lstatri.onThé he
present invention realized the allocation of the plurality of directional
beans to the pegeabteyioh hPbid ergteadesnso baslora Fermheceleypeitvf
information including the |ocation informtion of_ each nobile station: the
receptifon qualiftdi feaffioranal bpams byadp s nepbPlerat 4EY o annay pBEGRNBA

i nformation of each nobile station, and the transm ssion priorities of
packets to beltr &Rs@ (P SMUFSLOPGEECEPRd OB SPERRTPoN MoBi PERET afTBRE can

be selected so as to prevent the beans directed to,.the respective bile
stations fromaf’%faé‘fnﬁegf‘ﬂ@bgft GRERTREY, VIBY HNd HETH 3?5‘?%?3‘8)9 are

al l ocated to the bile stations, whereby it iLs. feasible to inprove the
efficiency ofgﬁsgggptFﬁelpgéfggr Soﬁﬁge§¥5ﬁg SEEF%@%Sthe i ncrease of

throughput . 31 Wiahel saglaiimdloied cahdcadiferssourioss 1l Logating et hod

in which a base stafion capab 0 or m ng C |onaP beans

by applsyi ng a @ Leetlopalbnant enpa: SAPeP! & ofe Adaldive! ¥nd YBEXLD8n of

direct|V|ty3 to a transm ssion-reception antenna, allpcates radi o resources
to a plurality.eh pebihe §E§E&8H330“@ﬁi@!rlﬁ*#id@ﬂﬂ&ﬂdgtﬁ af rdickeehi gpal

beans are allocated to the plurality of nobile stations, based on
arrival of a radio wave or directions of arrival of radio
waves out of those arriving at the mobile station 30, and
a propagation distance of the radio wave or propagation
20 distances of the radio waves, in addition to the relative
location thereof to the base station 10); a location
information storage memory 20 for storing the location
information thus estimated; a reception quality estimator
22 for estimating a reception dquality with a directional

25 . beam on the basis of a reception quality of a pilot signal

notified of by each mobile station; a reception quality
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reception quality information of each nobile station, 10 | ocation
informati on of each nobile station,and transm ssion priorities of packets
"to be transmitted. 2. The radio resources allocating nethod according to
Claim1l1, wherein, after the plurality of directional beans are allocated to
the plurality of nobile stations, packet 15 data is sinultaneously
transmtted to and received by the plurality of nobile stations. ' 3. The
radi o resources allocating nethod according to Caim2, wherein on the
occasion of allocating the radio resources used in transm ssion with the
plurality of 20fdrmetiownatobegespehbeyndBi ferstsabirdng alHeoaatcatb timrt he
plurality of directional beans are sel ected, based on the reception quality
i nformati on ofjueathynmfidrmastiani dn;s ekéimatatl; on tirahemimastion pofi eaichy nobi | e
station, and the transm ssion priorities of packets to be transmtted. 25
4. The radi o cetouiaesrall ofat i-det et ihroth@crorimguiss @raippibhrvherei n t he
reception quality information of 32 each nobile station is a reception
quality at theaobhidod 1st sitatoivreshitiat leds i o offhieh € asemwhé e tdonmyurd Iciatyt on
with a directional beamis carried out, based on a reception quality at the
nmobi | e5st at i onffpackeprasdet elQuisned ar ékenentesspgnebibihgansme taededatom t he
base station. 5. The radio resources allocating nmethod according to Caim
1, wherein théatacandrihenferention gfakibch imslvdre tsifcat pdneash Irogwitieon

i nformation acquired based on neasured | ocation information notified of by
t he nobil e stathbhonhareanpenhe pegidra spdttimansgwiigrddds thotadidomimasur i ng
nmeans. 6. The radio resources allocating nmethod according to Claiml,
wherein the t#tans $SiEdnapingr PR toranshaidea! Po ipe itdigssane tlearasiam i ndex
set based on a perm ssible delay determ ned by a required conmuni cation
qual ity of theénisrpatkel of fEenhRFRAAT AUATRIL ke SdEtdrss §3i S i kRsi r ed

transm ssion speed, receptiqn quality information of a
10 the number and directions of directional beams, and packet

data to be transmitted with each directional beam; an
interference power ratio estimator 15 for estimating an
interferencepower ratiobetweenpluralbeams; atransmission
waiting buffer 14 for temporarily saving packet data in a
15 transmission waiting state; a packet QoS detector 17 for
detecting the QoS information from the header of packet data
inthe transmissionwaitingbuffer 14; atransmissionwaiting
time monitoring part 18 for monitoring the transmission
waiting time of each packet data (elapsed time since arrival
20 at the transmission waiting buffer 14); and an allocation
controller 13 for performing generation of antenna weights,
addition of error-correction codes, modulation, etc. and
also performing monitoring and control of operations of the
respective parts in the radio resources allocating part 10A,
25 The transmission-reception part 12 performs

processing including superposition of transmitted signals,
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destination nobile station, and a transm ssion waiting tinme at the base
station. 7. The radio resources allocating nmethod according 20 to O aim 3,
"wherein a conbination of nobile stations existing in directions of a
plurality of directional beans prelimnarily set on a stationary basis is
selected as the nobile stations subjected to sinultaneous transm ssion and
reception of packet data with the plurality of directional 25 beans. 8. The
radi o resources allocating nmethod accordi ng 33 to Claim?7, wherein, where
a plurality of nobile stations exist in a direction of a certain

directional beaphratiBRidrerséaidNseghaespangingitatt be i fecidwnetedeamis
sel ected, based on both or either of the reception quality information 5 of

each nobil e shati eacandetihgighansm a8H0BoPBHOT i The Aafackett dat a ¢ oi £ach
nobile station. 9. The radio resources allocating nmethod according to Caim

3, wherein a gepbiBati ey ahdmkid eastat tioas @iineddd s Nndtegshirgnstdmn which
a plurality of directional beans with 10 a nutual interference power ratio

t her ebet ween behBginatiBRIE éhamar desiskesk valdieeganpkent prifesidisisel ect ed
as the nobile stations subjected to sinultaneous transm ssion and reception

of packet dataowthh tbepphunaki towh dhredtionpal beans. 15 10. The radio
resources allocating nethod according to Claim9, wherein, where there
exist a plurality ofigontihats ohs cofmplone s § oSt Atd RS th tale wees drec
selection targets, the conbination of nobile stations is selected in favor
of a conbi nat iomeotinnhinl ehetadbbdhe graoviah 3@ .t Hes ZBomaxi mANNwWBhethof
nobi | e stations capabl e of undergoing sinultaneous transmssion. 11. The
radi o resour cagbalkosadiion B hodcempoiskaPt o I M@ nehengiing whet e
there exist a plurality of conbinations of the nobile stations that can be
sel ecti on 33 incorporating GPS equipment and configured to measure
10 the location of the mobile station 30; a quality calculator
34 for calculating a reception quality at the mobile station
30 of a pilot signal from the base station 10; and a
transmission-reception part 32 equipped with an antenna 31
and configured to perform transmission and reception of
15 packet data and send the location information of the mobile
station 30 and the reception quality information of the
reference signal to the base staticn 10.
[Radio Resources Allocating Processingl
The following will describe the radio resources
20 allocatingprocessinginthebasestation10, as theoperation
of the present embodiment. Fig. 4 shows a flowchart of the
radio resources allocating processing.
In step S41 of Fig. 4, when receiving a communication
start request from a mobile station 30, the base station

25 10 first preliminarily acquires the location information

of the mobile station 30 and stores the location information
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25 targets, the conbination of nobile stations is selected in favor of a

conbi nation of nobile stations with which reception 34

states of the

nobil e stations in the conbinati on beconme conprehensively the best. 12. The
radi o resources allocating nethod according to Caim9, wherein, where
there exist a plurality of 5 conbinations of the nobile stations that can

be selection targets, the conbination of nobile stations

is selected in

favor of a conbination of nobile stations with which transm ssion

priorities for packet data to the nobile stations in the

conbi nation are

conpr ehensi veliy the hbghesbn 18rd3mafhenr adbeagespunses abl ocating net hod
according to Claim3, wherein the nobile stations subjected to sinultaneous

transm ssion and retémlonobtlpacietidaba W ehutibeepl wi@l ikhy Phcdt 168t i1 onal

beans are selected as follows a single nobile station is

firrst sel ected

based on 15 reeepuronggizttes3ods Fhg. respaetioe: T@Rithe ishald QRS 96tify

transm ssion priorities of packet data to be transmtted,

and "t hen anot her

nobi | e stationhesbaskestediohheoanot biee 1oOaLEoSt BhFOPNEXISE Sakfubred
direction of at |east one directional beamthat can be forned sO that an

i nterférence 29 mEamIramaity whtupldnk ¢ectionahrbeamtdbnect &g the shgesi ngl e
nobi |l e station sel ected becones not nore than a preset value . 14. The
radi o resour cesndl liddatd mgb k¢ BodtaonG0disngo t eqCiabsy i tWielEl dica W&k €
there exist a plurality of nobile stations in a certain direction out of
directions of mepgursndi pecti 8Aal theahscd biomdespankedr dbe aof othdeppsaral ity

of

stationlOmayestimate the location informationof themobile

station 30 from a direction of arrival and a reception power

10 of a signal transmitted from the mobile station 30. The base

station 10 is configured to update the location information

of each mobile station 30 in an adequate period according

to a moving speed of each mobile station 30 or the like.

Next step S42 is to perform processing of acquiring

15 and storing the reception quality information of each mobile

station30. Inthisprocessing, asshowninFig.

5,ohemobile

station 30 as a target is first set out of mobile stations

30 as destinations of all packets (transmission waiting

packets) in the transmission waiting state in the

20 transmission waiting buffer 14 (S51), and it is determined

whether themobile station30of the target is in communication

(S52). If the mobile station 30 of the target is in

communication, the base station acquires the reception

quality information during communication at the mobile

25 station 30, e.qg., a ratio of carrier power to interference

power in a communicating channel (received CIR) (S53), and
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nobile stations is sinultaneously transmtted by code 35 di vi si on

mul tiplex or frequency division nmultiplex. 15. The radi o resources

al l ocating method according to Claim3, wherein, where there exists no
conbi nation of nobile stations in directions in which a plurality of 5
directional beans with a nutual interference power ratio therebetween being
not nore than a desired value can be forned, transm ssion and reception of
packet data to a single nobile station is carried out with a single

di rectional beam or transm ssion and reception of packet data to a
plurality 10 ehenmdude: idratansti/SircRyimLad Uk day igedei distbsieani miHd pl ex
or frequency division multiplex with a single directional beamor with a
plurality of decestionadudentp inkormAtiadi stoesoumeasn i bocadsny. appar at us
in a base station capable of formng a plurality of directtonal beans 15 by
applying a di fecilovabossiienna cappllosy af sagapli pewyr vied Wimegrdawaideity,
to a transm ssion-reception antenna, the radi o resources allocating

appar at us conpowsrngatabl asari ngineans af ek lalel edatdnyg dikeanl wonldr yrof
directional beans to the plurality of nobile stations, based 20 on

recept bon quaihtygrfetensatporenf ceaehsiobal epstat itonnetth pdweh dadtel dase
station is about to performtransm ssion and reception, |ocation

i nformati on offSEachAtiobolkeSsSRaj i bnstaand ¢f ablsen ssova pecaivdd e5IRf packets
to be transmtted. 17. The radi o resources allocating apparatus 25
according to C ai mQ@8, tHertther benpy i wheny:thodarigst asbi mat $ tngt hemn3O f or
estimating a | ocation 36 of each nobile station, based on orientation
information 1s not in communication, the base station acquires the

reception quality information of the pilot signal at the

10 mobile station 30, e.g., received CIR of a pilot channel

(S54), and estimates a gain with a directional beam being

directed to the mobile station, based on the location

information of the mobile station 30 (S55). Then the

reception quality information is corrected for the gain

15 (S56), and the reception quality information after the

correction is stored in the reception quality information
storage memory 23 (857).

The processing of S51 to S57 as described above is

carried out for each mobile station 30 to acquire and store

20 the reception quality information of each mobile station

30. When the processing is completed for all the mobile

stations 30 as destinations of transmission waiting packets

(in the case of a negative judgment in S58), the processing

of Fig. 5 is terminated to return to step S43 of Fig. 4.

25 Instead of the above, the base stationmay also be configured

to determine the communication quality information on the
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of the directional antenna; and |ocation information storing neans for
storing the location information of each nobile station acquired by 5
estimation. 18. The radi o resources allocating apparatus according to Caim
16, further conprising: location information receiving nmeans for receiving
the location informati on of each nobile station notified of by 10 each
nobi |l e station; and | ocation information storing nmeans for storing the

| ocation information of each nobile station acquired by reception. 19. The
radi o resources allocating apparatus 15 according to C aim 16, further
conprising interferen [ iQcC [als) f C ul atipg
aninterferen§5g68m8? %§%$g$§? é§%h8£e§%§3$?%5€h%f§$%§? {é%ﬁé%fﬁ%grégit i's
supposed tha a tati f .a_plyrali f_dj ional beans . 20.
The radio reggégggg §§F§c§§?%gea§%§?é us£§0§%c%%?§P%g&%gf%#ain116, further
conprising: quality,jnf I r YA s for.,recejvi I tion
about a reception %ﬁ%ﬁ?§§m§%égggﬁﬁﬁﬁgﬁﬁgggggﬁgbﬁafgpeaﬁ§é¥%$g%%%%§$gﬁal
fromthe basgqstatigfvud{ O £a5hIMAL & Sidld 9cedYAUBLLL Y ESLLBIL NG
nmeans for estimating a reception quality at each mobile sfa ronrn the case
wher e sach Mablkerdfna1Shabholsl 8ioUbLeEq! d 1esLiRNSIhesL ofh Anfog eeept i on
with a directional beamdirected to the nobilé stafion, based on the

i nf or mat | on byt ohey fEAGPLICOR: HBL L bita Bt AR dTR herstabhomobiabned by

reception; and 5 quality information storing nmeans for storing

reception quahbkyr AR D0 ) SACRABBE kR eHAld QR SERY £8E-OYore, _
estimation. 21. The radio resources allocating apparatus according to C aim

16, further ¢oRPHSEOHsIK@NTTERpECAEO PP €8k Addg rMRABSiHhgr
calculating a transm ssion priority of each nobile station, based on at

| east one of do Ceeeption gWakkbyol BhanAeli anietaeasy sppbleusiateson,
requi rements froma comruni cation quality of packet data to each nobile

st atilan, andaachiganas ssbHbevatatgnsi 3. ofinlThdackapackrbwdata, BRe. A
nobi | e communi cati on system conprising a base station capable of formng a
plurality of rdiceptticonakubéany by sappbyi nglaagsr egpbbdnalinanpeanticapabl e of
adaptively varying directivity, to a transm ssion-reception antenna,
communication even if the received CIR of the pilot signal
is good. Therefore, the base station can be configured to
estimate the interference with the directional beam of its
15 own cell at each mobile station 30 from the shape of the
currentbeam,thelocationinformationofeachnmbiléstation

30, etc. if possible, and subtract it to suppose and compare

reception qualities in practical communication
environments.
20 Returning to Fig. 4, next step S43 is a step in which

the transmission priority calculator 21 calculates a
transmission priority as an index indicating how to allocate
the radio resources in favor of which mobile station 30,
for each of the mobile stations 30 as destinations of the
25 transmission waiting packets. In this step, the

transmission priorities are comprehensively determined in
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20 and a plurality of nobile stations locating in a cell of the base
station, wherein the base station conprises: allocating neans for
allocating the plurality of directional beans to the plurality of nobile
stations, based 25 on reception quality information of each nobile station
wi th which the base station is about to performtransm ssion and 38
reception, location information of each nobile station, and transm ssion
priorities of packets to be transmtted. 23. The nobile comrunication
system according to C aim 22, wherein the base station further conprises: 5
| ocati on esti oahshger@absonfor esduimdnagta fromatgeh of tgachavpdrdeiwt ation,
based on orientation information of the directional antenna: and |ocation
i nformati on spackeaysmars doaptstoordurd itthel b beata oion of aheatd sani roft ieach
nobil e station acquired by 10 estimation. 24. The nobil e conmuni cation
syst em accor dnolgile sChainna230,Wed ehe tatansedsts ionevanidhir et Shasi orlNext
conprises: location neasuring neans for neasuring a |ocation of the nobile
station; and d4bepocad4 oris ntor ned i formotsidfgpieng imeangréokingt i foyf ngcde base
station of the location information of the nobile station acquired by
measur énent ; anansmheseon drhiedidsessoatdldn thernde: L e eripitiises: 30 oratéon
information receiving neans for receiving the 20 | ocation information of
t he nobil e stathoachbonfi ed of by the nobile station; and | ocation
information storing nmeans for storing the |ocation information of the
mobi | e station acquinredxdystep S45, the antenna pattern and transmitted
datadeterminer executesprocessingofdetermining the number
and directions of directional beams (Fig. 6). In this
10 processing, the first step is to determine formation of a
directional beamtowardthemobilestation30withthe highest
transmission priority according to the ranking cbtained in
544 (561). It is then determined whether, with this beam
as a reference, there exists any mobile station 30 in a
15 direction in which an interference power ratio with a new
beam is within a range of not more than a desired value (for
example, an angle from the direction of the reference beam
isnot less than a reference angle 6 preliminarily determined
by experiment or the like (© is a minimum angle at which
20 the mutual interference power becomes not more than a desired
value)) (S62). If there exists such mobile station 30, a
directional beam is added toward the mobile station 30 whose
directiondifference fromthe reference beambecomes minimum
(S63). Then the determination in S62 is again carried out
25 using the newly added directional beam as a new reference,

and the steps S62 and S63 are repeated. The judgment on
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reception. 25 25. The nobil e conmuni cati on system according to C aim 22,
wherein the base station further conprises: 39 interference power ratio
cal cul ating neans for calculating an interference power ratio of each beam
with the other beans, where it is supposed that the base station forns a
plurality of directional beans. 5 26. The nobile conmunication system’
according to Claim22, wherein at | east one nobile station conprises:
qual ity cal culating means for calculating a reception quality at the nobile
station for a reference signal fromthe base station; and 10 quality
i nformati on nehétyénd treansdseriviet ity ifbgmnt Bedbaset 6@t l dreah infiardmt i on
about the reception quality acquired by cal cul ation; and wherein the base
station furthes colfoiwses:thgualntyrfefencat powereceitimgeseansatbor 15
receiving the 15 infornmati on about the reception quality fromthe nobile
station; qual esyiestenethiendntreafe feorceepbwanttaigi @ afeeephi baaguah itthe at t he
nobil e station in the case where the nobile station is subjected to
transm ssi on assumecipt itdratwitihe ali2@atiiceetli brah beafodne@ctadd tiot tiee
nobil e station, based on the information about the reception quality at the
nmobi | e5st at i odebegumined thatr edepthieam candbquadrngdiwhen neté orestldramy neans
for storing the reception quality information of the nobile station
acquired interference power ratio is lower than a desired value.
When S62 ends in determining that there exists no

appropriate mobile station 30, i.e., determining that it

is impossible to form a directional beam (in the case of

10 a neéative judgment in S62), the processing of Fig. 6 1is
terminated to return to step S46 of Fig. 4. At this stage,
the number and directions of directional beams capable of
keeping the mutual interference among the directional beams
not more than the desired value have been determined.

15 Returning to Fig. 4, next step S46 is to determine a
multiplexity of users in accordance with the number of mobile
stations 30 existinginaspecifieddirection, and themargins
of the radio resources such as code resources, transmission
power, frequencies, etc., for each of the directional beams

20 thus determined, and step S47 is to allocate the mobile
stations 30 to each directional beam, according to the user
multiplexity for each directional beam. This permits
implementation of simultaneous transmission of packet data
toapluralityofmobilestations30bycodedivisionmultiplex

25 or frequency division multiplex of packet data to the

plurality of mobile stations 30 even 1f the plurality of
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25 by estimation. 27. The nobile comuni cation system according to 40
Claim 22, wherein the base station further conprises: transm ssion priority
cal culating neans for calculating a transm ssion priority of each nobile
station, based on at |east one of the reception quality information 5 of
each nobile station, requirenments froma comruni cation quality of packet
data to each nobile station, and a transm ssion waiting tinme of each packet
data. 41 .A33.Ar.AA
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attention to the location of each mobile station 30, whereas
the present invention employs the above radio resources
allocating processing to allocate the plurality of
directional beams to the plurality of mobile stations 30,
basedonthe three typesof information includingthe location
infofmathn1ofeachnmbilestathn130:thereceptionquality
information of each mobile station 30, the location
information of each mobile station 30, and the transmission
priorities of the packets to be transmitted; therefore, the
destinationmobile stations 30 canbe selected soas toprevent
the beams directed to the respective mobile stations 30 from
interfering with each other, and the radio rescurces are
allocated to the mobile stations 30, whereby it is feasible
to improve the efficiency of use of the radio resources and
achieve the increase of throughput.

In the present embodiment, a combination of mobile
stations 30 existing in directions of plural directional
beams preliminarily set on a stationarybasis maybe selected
as the mobile stations 30 subjected to the simultaneous
transmission and reception of packet data with the plurality
of directional beams.

In this case, where a plurality of mobile stations 30
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among the plurality of mobile stations 30 thus existing,
the mobile station 30 with the highest reception quality
may be selected as the mobile station 30 corresponding to
thedirectional beam, or themobile station30with thehighest
10 transmission priority of packet data may be selected as the
mobile station 30 corresponding to the directional beam.
The mobile station 30 may also be selected based on a
comprehensive judgment on the both of the reception quality
and the transmission priority of packet data.
15 [Another Processing Example about Determination of Number
and Directions of Directional Beams]

Incidentally, theprocessingof determining the number
and directions of directional beams and selecting the
destinationmobile stations 30 may be performed by the method

20 of first determining the number anddirectionsof directional
beams and then selecting the destination mobile stations
30, as in above Fig. 6, but it may also be performed according
to the procedure of first determining a singlemobile station
30 and a directional beam toward the mobile station and then

25 determiningotherdirectional beamsandothermobilestations

30 on the basis of the first determined directional beam
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"Z10%& () - P@AOAGAJAKALAVADYNC 10!'! 10G 10G 10G= 109%&' () - 9109k () -
7T#109%6G8& () - L, Snl0%C&h{ 3 vIDTLOUBE ) I MAGBRRCEABEYNCong Fig. 7. First,
101 1T h#10% | & () -99GL0%| & () - 9#10%}| & ()-9GL0%| & () -!'2f #10% | & () - 9GLO%!
& () - DDD! EYEEbRe¥¥¥Gle station 30 with the highest transmission priority
10! ' HLOGLO%4| 4| & ()-!q,, #10%4| 4| & () -LL*GLO%t| & ()-LI (GLO%| & ()-!#10% | & (
) - 9#10% &' () - gSFRRECEIGaCGabged MY (- ti4arlfi4]lg obtained in S44
104| S>10%| & () - 9F10%}| & () - 7#10%| & () - 3F10%!| & () - GGH=Hr HHI dBnmbC
10! ' HSF10%ZZ&E( Fi§310%&K 1)) - RV rinet@H0 ¥E&O (1 - F108@8RL ¢hal beam is
Y109%Z&' () -1zl 11:JudJd}[<nbC 10! &l (Z109%Z&' () -!{"#109%&' ()-!"#10%ZZ& () -
109Z& () - Y10%d&tEymt g&A L& diret ISk atEahble mobile station 30 (S72) .
10! 93ml0%Z&' () - 91GL0% & () - &0Z10%&Z&' () - . #10%Z&' () - &, , 310%Z& () - &L*Z10%Z&' ()
-LLLLLLLMM\ =It is noted that S71 is not limited to the use of the
transmission priority as a reference, but the mobile station
to be selected may be the mobile station 30 with the highest
10 reception quality, or the mobile station 30 closest to the
sector boundary.
It 1s then determined whether it is possible to add
anewdirectionalbeaminadirectiontowardthemobile station
30 with the next highest priority under the condition that
15 the interference between the directional beams is controlled
at or below a desired value (S73). If it is possible, the
directional beam is added in a direction toward the mobile
station 30 (sS74).
Thereafter, the processing of steps S73 and S74 is
20 executed for each of the mobile stations in order from the
mobile station 30 with the highest transmission priority.
When the processing is completed for all the mobile stations
30 of targets (in the case of a negative judgment in S75),
the processing of Fig. 7 .is terminated.

25 This processing of Fig. 7 can also properly determine

the number and directions of directional beams capable of
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10Z>10%Z& () -99Z10%Z&' () - 7#10%Z&' () - STTUUWWW "< = 10! c[ @ #109%& () -
CH10%&' ()-! hCHLO%&R' () - Y/ 10%r& () -#10%& () -y! g#L0%&' () - yYWDX3X4AX5X6XXVY5Z{Y
7 10! h#10% <\ &&c)in@ @Re#L0UstetpnL@bELNEs&d{YectDondOnbeans at or
10m =10%r&' () -! @#109&' ()- 5Z [>[d\\]]zX6{Y7 10! f/#10%<x<& () -
H{f/ #10%0<0<&b)low $HE0FESRYEH- Va1l $S10%t< is&no)ed that the proceSSJ.ng
"109%<& () -!cH#10EWE ()-@]]]] 7" _bC
10! f/, - #10%&off) sBEPYNB § )arfcl 0T84 ¥ -2 a8’ éxectlOsd1ls order from the
mobile station 30 with the highest reception quality.

5 As described above, the present invention has
successfully accomplished the following: while the radio
resources were allocated before based on the reception
quality information of each mobile station and the packet
transmission priorities, without paying attention to the

10 location of each mobile station, the present invention
realized theallocationof thepluralityofdirectional beams
to the plurality of mobile stations, based on the three types
of information including the location information of each
mobile station: the reception quality information of each

15 mobile station, the location information of each mobile
station, and the transmission priorities of packets to be
transmitted; therefore, the destinationmobile stations can
be selected so as to prevent the beams directed to the
respectivemobile stations frominterferingwith each other,

20 and the radio resources are allocated to themobile stations,

whereby it is feasible to improve the efficiency of use of

the radio resources and achieve the increase of throughput.
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allocates radioc resources to aplurality of mobile stations,

wherein the plurality of directional beams are

allocated to the plurality of mobile stations, based on

reception quality information of each mobile station,

10 locationinformationofeachmobilestation, andtransmission
priorities of packets to be transmitted.

2. The radio resources allocating method according
toClaiml, wherein, after the pluralityof directional beams
are allocated to the plurality of mobile stations, packet

15 data is simultaneously transmitted to and received by the
plurality of mobile stations.

3. The radio resources allocating method according
to Claim 2, wherein on the occasion of allocating the radio
resources used in transmission with the plurality of

20 directional beams, the mobile stations allocated to the
plurality of directional beams are selected, based on the
reception quality information of each mobile station, the
location information of each mobile station, and the
transmission priorities of packets to be transmitted.

25 4. The radio resources allocating method according

to Claim 1, wherein the reception quality information of
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directional beam is carried out, based on a reception quality
at the mobile station for a predetermined reference signal
transmitted from the base station.

5. The radio resources allocating method according
to Claim 1, wherein the location information of each mobile
station is location information acquired based on measured
location information notified of by the mobile station where
the Iﬁobile station comprises location measuring means.

6. The radio resources allocating method according
to Claim 1, wherein the transmission priority of a packet
to be transmitted is an index set based on a permissible
delay determined by a required communication quality of the
packet, the maximum number of retransmissions, a desired
transmission speed, reception quality informat’ion of a
destination mobile station, and a transmission waiting time
at the base station.

7. The radio resources allocating method according
toClaim 3, wherein a combination ocf mobile stations existing
in directions of a plurality of directional beams
preliminarily set on a stationary basis is selected as the
mobile stations subjected to simultaneous transmission and
reception of packet data with the plurality of directional
beams.

8. The radio resources allocating method according
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5 of eachmobile stationandthe transmissionpriorityofpacket
data to each mobile station.

9. The radio resources allocating method according
to Claim 3, wherein a combination of mobile stations existing
in directions in which a plurality of directional beams with

10 a mutual interference power ratio therebetween being not
more than a desired value can be formed, is selected as the
mobile stations subjected to simultaneous transmission and
reception of packet data with the plurality of directional
beams.

15 10. The radio resources allocating method according
to Claim 9, wherein, where there exist a plur'ality of
combinations of the mobile stations that can be selection
targets, the combination of mobile stations is selected in
favor of a combination of mobile stations providing the

20 maximum number of mobile stations capable of undergoing
simultaneous transmission.

11. The radio resources allocating method according
to Claim 9, wherein, where there exist a plurality of
combinations of the mobile stations that can be selection

25 targets, the combination of mobile stations is selected in

favorof acombinationofmobile stationswithwhichreception
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12. The radio resources allocatingmethod according
to Claim 9, wherein, where there exist a plurality of
5 combinations of the mobile stations that can be selection
targets, the combination of mobile stations is selected in
favor of a combination of mobile stations with which
transmission priorities for packet data to the mobile
stations in the combination are comprehensively the highest.
10 13. The radio resocurces allocating method according
to Claim 3, wherein the mobile stations subjected to
simultaneous transmission and reception of packet data with
the plurality of directional beams are selected as follows:
a single mobile station is first selected based on
15 reception states of the respective mobile stations or
transmission priorities of packet data to be transmitted,
and then another mobile station is selected; the another
mobile station exists in a direction of at least one
directional beam that can be formed so that an interference
20 power ratio with a directional beam directed to the single
mobile station selected becomes not more than a preset value.
14, The radio resources allocating method according
to Claim 3, wherein, where there exist a plurality of mobile
stations in a certain direction out of directions of the

25 directional beams formed, packet data to the plurality of

mobile stations 1s simultaneously transmitted by code
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15. Theradioresourcesallocatingmethogaccording
to Claim 3, wherein, where there exists no combination of
mobile stations in directions in which a plurality of

5 directional beams with a mutual interference power ratio
therebetweenbeingnot more thanadesiredvalue canbe formed,
transmission and reception of packet data to a single mobile
station is carried out with a single directional beam, or
transmission and reception of packet data to a plurality

10 of mébile stations is carried out by code division multiplex
or frequency division multiplex with a single directional
beam or with a plurality of directional beams.
16. A radio resources allocating apparatus in a base
station capable of forming a plurality of directional beams
15 by applying a directional antenna capable of adaptively
varying directivity, to a transmission—reception'antenna,
the radio resources allocating apparatus comprising:
allocating means for allocating the plurality of
directional beams to the plurality of mobile stations, based
20 on reception quality information of each mobile stationwith
which the base station is about to perform transmission and
reception, location information of each mobile station, and
transmission priorities of packets to be transmitted.
17. The radio resources allocating apparatus

25 according to Claim 16, further comprising:

location estimating means for estimating a location

36



107 10Z 10Zs=109%Z& () - 9&9Z109%Z& () - F7T#109%&& () - 2W-dEbC 10!
104Y109& () - YI09%& ()- F109%& ()- 109%& ()-, 109%& ()-L310% () - >xZdBbC 10!

104! vOSH109& () - Y" Y109 ()-y YL109& ()- F109%& ()-s109%& ()-"10% ()- QudEbC 10!
104! 1 7109 () -/ 109%& () - - #10%& () - +10%& ()-)10%& ()-' Y109 ()-/jbC 10! 104!3
1092& ()- @ 109%& ()- L 109%&& ()- 10 10 10s=109%& ()-L910% ()-j 8vdEbC 10!
104! 3109@Z& () - F1092Z& () - 109@& ()-s109@Z& () -, #1092Z& () - &3109Z& () - CaBbC 10!
104- #1092&' () - &+3109%&&' () -) YI09%Z& () -! v$#10%& () - Y109%2Z& () - #10%& () - L9dEb
C 10!

() 90>2ubC 61 TORCHBOR) S ETON: (7o 2o 51?%%8%%?19{%%“&%‘%%510‘“&

102 =10%& () o4 QBPG11AL+184510% & bhna; and

location information storing means for storing the

location information of each mobile station acquired by
5 estimation.

18. The radio resources allocating apparatus
according to Claim 16, further comprising:

location information receivingmeans for receiving the
location information of each mobile station notified of by

10 each mobile station; and
location information storing means for storing the

location information of each mobile station acquired by

reception.
19. The radio resources allocating apparatus
15 according toClaim 16, further comprising interference power

ratiocalculatingmeansforcalculatinganinterferéncepower
ratio of each beamwith the other beams, where it is supposed
that the base station forms a pluralityof directional beams.
20. The radio resources allocating apparatus
20 according to Claim 16, further comprising:
quality information receiving means for receiving
information about a reception quality at eachmobile station
forareference signal fromthe base station, fromeachmobile
station;
25 quality estimating means for estimating a reception

quality at each mobile station in the case where each mobile
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station obtained by reception; and
5 quality information storing means for storing the
receptionqualityinformationofeachmobilestationacquired
by estimation.
21. The radio resources allocating apparatus
according to Claim 16, further comprising transmission
10 priority calculating means for calculating a transmission
priority of each mobile station, based on at least one of
the reception quality information of each mobile station,
requirements from a communication quality of packet data
to each mobile station, and a transmission waiting time of

15 each packet data.

22. Amnmobile communication system comprising a base
station capable of forming a plurality of directional beams
by applying a directional antenna capable of adaptively
varying directivity, to a transmission-reception antenna,

20 and a plurality of mobile stations locating in a cell of
the base station,
wherein the base station comprises:
allocating means for allocating the plurality of
directional beams to the plurality of mobile stations, based
25 on reception quality information of eachmobile stationwith

which the base station is about to perform transmission and
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23. The mobile communication system according to
Claim 22, wherein the base station further comprises:

5 location estimating means for estimating a location
of each mobile station, based on orientation information
of the directional antenna; and

location information storing means for storing the
location information of each mobile station acquired by
10 estimation.
24, The mobile communication system according to
Claim 22, wherein at least one mobile station comprises:
location measuring means for measuring a location of
the mobile station; and
15 locationinformationnotifyingmeans for notifying the
base stationof the location information of themobile station
acquired by measurement; and
wherein the base station further comprises:
locationinformationreceivingmeans for receiving the
20 location information of the mobile station notified of by
the mobile station; and
location information storing means for storing the
location information of the mobile station acquired by
reception.
25 25. The mobile communication system according to

Claim 22, wherein the base station further comprises:
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5 26. The mobile communication system according to
Claim 22, wherein at least one mobile station comprises:
quality calculating means for calculating a reception
quality at the mobile station for a reference signal from
the base station; and
10 quality information notifying means for notifying the
base station of information about the reception quality
acquired by calculation; and
wherein the base station further comprises:
quality information receiving means for receiving the
15 information about the reception quality from the mobile
station;
gquality estimating means for estimating a reception
quality at the mobile station in the case where the mobile
station is subjected to transmission and reception with a
20 directional beam directed to the mobile station, based on
the information about the reception quality at the mobile
station acquired by reception; and
quality information storing means for storing the
receptionquality information of themobile stationacquired

25 by estimation.

27. The mobile communication system according to
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Claim 22, wherein the base station further comprises:
transmission priority calculating means for
calculating a transmission priority of each mobile station,
based on at least one of the reception quality information
of each mobile station, requirements from a communication
quality of packet data to each mobile station, and a

transmission waiting time of each packet data.
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