0 3 AUG 2005 TITLE OF THE | NVENTI ON RADI O RESOURCES ALLOCATI NG METHOD,
RADI O RESOURCES ALLOCATI NG APPARATUS, AND MOBI LE CCNNUNICATICN3§M§&@W
BACKGROUND OF THE INVENTION 5 Field of the Invention The present | tion
relates to a radio resources allocating nethod, a radi o resources

al | ocati ng apparatus, and a nobile comuni cation system and, nore
particularly, to a radio resources allocating nmethod in which a base
station 10 capable of forming a plurality of directional beans by applying
a directional antenna capable of adaptively varying directivity, to a

reception-receg%ign gnﬁgnnil allocates radio resources to a plurality of
nobi | e stati ,L FgE all ocating apparatus for carrying out
the nethod, 15 and_a nobile co ni_cation _system.conprising a_base station
W th the radic r BOBrbett o PRt | g L Ch, VReraseq Hatky: BERAORFESThe
conventional nobile connuniggéion S%ﬁtens %sed antennas to radiate

f¥ans

onnidirection%}LBQ%ﬂENGaépp Esmgﬁ-P@cQBFMHHIQﬁ?éﬁﬁagYégEyase
stations, and thus_each bas tation performed scheduling of transm ssion
and receptio%5QKéEBHE—LBE_ﬁﬂidfﬁﬁﬁggigﬁng attention to detailed |ocation
i nformation oé.a ges%igstign nDElIe station in a cell or in a sector as
long as it = € nation 25 nobile station existed in the
cell or the sector._On the other hand, when_ a _directional  antenna, e.g., 1
The present inventlon relates to a radic resoukces
allocating method, a radio resources allocating apparatus,
and a mobile communicaticn system and, more particularly,
toaradioresources allocatingmethod inwhich a base staticn
10 capable cf forming a plurality of directicnal beams by
applyingadirectional antenna capable of adaptivelyvarying
directivity, tco a reception-reception antenna, allocates
radic resources to a plurality of mobile stations, a radio
resources allocating apparatus for carrying out the method,
15 and a mebile communicaticon system comprising a base staticn

with the radio resources allccating function.

Related Background Art

The conventional meobile communication systems used
antennas to radiate cmnidirectional beams, as
20 transmission~reception antennas cf base stations, and thus
each base station performed scheduling ¢f 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 thedestination

25 . mobille station existed in the cell or the sector.

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



Q 3 AUG 1005 an adaptive array antenna (Adaptive Array Antenna = AAA) s
applied as a transm ssion-reception antenna of the base station, it bhecones

feasible to direct an antenna beamwith sharp directivity to dgchl |l e
station existing in the 5 cell or the sector. If interference power ratios
between beans are small, i.e., if the beans are spatially separated from

each other, with the directional beans being directed to the respective
nobil e stations, it becones feasible to inplenent sinultaneous transm ssion
and reception of packet 10 data to different nobile stations with the
respective directional beans, w thout the application of code division

mul tipl ex or BPe§dERCy VG FrEiEdn SREFETS dxI2RowWEFefr TRy &T315VE it yror)
directional beans interfere wth each other with the separate directiona
beans being 15 @PPQ%?@daﬁéi5rﬁPﬁPéFFﬂ9n6Feﬁ§BFP8ns?EFFB & CtHete BA39 arise
t he need for a%pllcation of code divlgion mul tiplex or frequency division
mul tipl ex or ErRE28Fvi SFAFGANTT prERiLde tRS TeKetdab henRarot Ml < ridhson,
inthe field of the nobile ,connunica%ion s{stens adopti ng the directional
antennas, 20 EREr8 fer&cdeiands "Pofaght BCRRIGué T61 681 &&tiSig Tdesth dtS on

nobi |l e _stations ZOQ?SFﬁg grevent tthe directional beans directed to the
a n

respecti ve nmobF ST B i Mtfe eSS TG T SIS PEXET daters "9 cat i ng
the radio respurces to th mpbile s ions selected. 25 obj ect of the
present i nvenPFERSi ¢ Ht i&eea'rh%%%“3£§§8ﬁr%ﬁ% %HQQkﬁifau? 3G a
radi o resour C%%o%' mlegglgtétqger,z with the directional beams being directed
to the respective mobile stations, it becomes feasible to
implement simultaneous transmission and reception of packet
10 data to different mobile stations with the respective
directional beams, without the application of code division
multiplex or frequency division multiplex.
However, if apluralitycf directional beams interfere
with each cther with the separate directional beams being
15 directed to a plurality of mobile stations, there will arise
the need for application of code division multiplex or
frequency divisicon multiplex cr time division multiplex to
the packet data. For this reason, in the field of the mobile
communication systems adopting the directional antennas,
20 there were demands for a technigue of selecting destination
mobile stations s0 a5 to prevent the directicnal beams
directed to the respective mobile stations from interfering
with each other, and allocating the radic resources to the
mcbile stations selected.

25 An cobject of the present invention is toprovide a radio

resources allocating method, a radio resources allocating



0 3 AUG 2Q?" apparatus, and a nobil e conmuni cati on system capabl e %f )
sel ecting destination nobile stations so as to prevent di rect i onall JpAbhd"
directed to the respective nobile stations frominterfering with each other
in application of the 5 directional antenna as descri bed above, and
allocating the radio resources to the nobile stations selected. SUMVARY OF
THE I NVENTION I n order to acconplish the above object, a radio resources

al l ocating method according to the present 10 invention is a radio
resources allocating nethod in which a base station capable of formng a
plurality of directional _beans .applying a djrectional anten capabl e of
Dapti vely  vAPTRRG P eabt i yioh bra U HIGH SO ot r SUSHEFon BAPQRAT

al |l ocates radio re?ource t.0 atglurali e stations, 15 wherein the

ty, of il
ol urality of BRLECERORa e Sl APBLLS ea TR e i (il oy DGR Eb | e
tati , based . i i i.nf ti f, bi | tation,
Tocation' 1 nfBLRELEOROOE HERUIF HOBEFELQtR FONE SSn L r AaN Ro] BT Sgiogr ¢ es
of packets to_be transmtted. 20.The |ocation infornmatjon of eac? Egg;Ie
station herei if°fs “&4&G, &Hﬂ?|Wﬂﬁ%d8aFﬂf8Fgﬁfldﬁla%%%ll%ﬁﬁ%Q%cP 0

[ f L di ti .Of ival of  pl | _.r.adi
Ut of °r adi o MGUBE APPFYI WL BE T HE MSBTTa SEEar Po cantC I oy Ty bh fout 2
ti di_st f th di 2 ti i St f th
a0 waves, FRUSHAFERSRECES. Caf SF Ralt B L2nGat 40T o1 TTARE Toati on of the

mobile statiofgapy oF THE INVENTION

In order to accomplish the above cobject, a radio

resources allccating method according to the present

10 invention is a radio rescurces allocating method in which
a base station capable of forming a plurality cf directional
beams by applying adirectional antenna careble of adaptively
varying directivity, to a transmission-reception antenna,
allocates radio resources to aplurality cf mokile 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
informaticn of each mobile station, and transmission
priorities of packets to be transmitted.

20 The location informationof eachmobile station herein
is assumed to inciude informationabout adirecticnofarrival
of one radio wave or directions of arrival of plural radio
waves out of radic waves arriving at the mcbile station and
information about a propagation distance of the radio wave

25 or propagation distances of the radic waves, in addition

to informationaboutarelativelocationef themobilestation



0 3 AUG 2005 to the base station. It is also assuned that the radio
resources include directional beans, and frequencies and codes as objects
of multiplexing in data transm ssion. The directional antenna can be a
smart antenna capabl e of 5 adaptively varying directivity, e.g.03amGaggptive
array antenna or the like. Conventionally, the radio resources were

all ocated based on the reception quality information of each nobile

station and the transm ssion priorities of packets, w thout 10 payi ng
attention to the locations of the respective nobile stations, whereas in
the present invention a plurality of directional beans are allocated to a

plurality of nobile .stations,. based on,the three t s of informatj.on
i ncl udi ng théolmﬁﬁiQﬁFqrﬁ?ﬁ?ﬁﬁ?ond%? %%c%lﬁ%b?FéuéggtF AT F&@ 15 %€tepti on

quality information of each npbi.e station, .the location information. of
each nobil e st‘fe?tsiob]ﬁ”,cea'snd“tcﬁéldet A&rfﬁﬁtslﬁ“c?ﬁ prSe8irt P8 I SFREREHE T FTige
transmtted; therefore,.the destipation pobile stations can pbe selected so
as to prevent SPRESHRS ZH?FEbPEme CHRECF B8P ect PEE2 o P DY At i O f r om
interfering with each other, and the r%ggo resources_are aIIocaEed to the
mobi | e st ati ofdX SHer8hy i3 T$E % eS8 DIRF tD FHPFOVERTTTE efeyePGs€of the
radi o resources and to inplenent jncrease of throughput. In.the present

i nvent Pon, t h&REFHIE s "Aardd ef12eat 1V DEY oS that , 28f CEPPEHE SpIAF Y ty of

ir i onal r I h | urali f il i on k
gatgct4o a b%%%%n%aeorat%%c%gi%_to the plurality of nobile stations, packet

Conventionally, the radio resources were allocated
based on the reception gquality information of each mobile
station and the transmission priorities of packets, without

10 paying attention to the locations of the respective mobile
stations, whereas in the present invention a plurality of
directional beams are allccated to a pilurality of mobile
stations, based on the three types of information including
the locaticn information of each mobile station: the

15 recepticon quality information of each mobile station, the
location information of each mobile station, and the
transmission pricorities 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 feasibletoimproveefficiencycfuseof theradicresources
and to implement increase of throughput.

In the present invention, themethod is characterized,

25 so that, after the plurality of directicnal beams are

allocated to the plurality of mobile stations, packet data



0 3 AUG 2005 is simultaneously transmtted to and received by the

plurality of nobile stations. Nanely, the data transm ssion to the
plurality of rmpbile stations is concurrently carried out. 5 Inl{W&6pHesent
invention, the nethod is characterized, so that on the occasion of
allocating the radio resources wused in transmssion with the plurality of
directional beans, the nobile stations allocated to the plurality of
directional beans are selected, based on the reception quality 10

i nformation of each nobile station, the l|ocation information of each nobile
station, and the tranﬁn155|on prlorltles o cketg to be tr

m t
Nanely, in thelsprééng LaReaRcildn, T aRER: B pRur of LR FEEE o%é’l %@ﬁms are

al l ocated so as rev nt t mutual interference and mhen a plurality of
15 nobile staﬁ%ﬂﬁ? %P Fﬁgglﬁ?é%??%ﬁsofﬁgmﬁﬁﬁafhe %Fn bife°Station

allocated to the beam can be sel ected based. on .the rece qual
i nformation of-%&ER %??%lEYéF%@ﬁE ?Fh%t?E%%T§&ﬁ FﬁFSPﬁg ' ﬁyb?aﬁﬁb%dnnblle

station, and the transm ssion priorities of packets to be transmtted. 20
In the presenﬁ“ﬁhventlon the reception quality information of each nobi | e
statlon can be a ratio_of carrier ower to interference power % and a
rate of? interferencd™ poR&i CRE bngerfll:h%mtihtee‘ﬂeg?%‘ﬁ&ls TP ¥R AN Shase
station in interference power. The |nter£ﬁrence g %ﬁr herein neans 25 a

n

power of an i erféritenle tEEGRGFEERA™ AT HPERF &F esTOMaP FFECRESTRed to

i ncl noi 1. Particul arl :
clude no Sedgégfntran%mhggiéawfﬁh%%eﬁauréﬁltyofdlrectlonalbeams,

themoblile staticns allocated to thepluralityofdirectional
beams are selected, based on the reception guality

10 informaticncf eachmobile station, the location information
of each mobile station, and the transmission pricrities of
packe'é:s tobetransmitted. Namely, inthepresent invention,
when a plurality of directional beams are allocated so as
to prevent the mutual interference and when a plurality of

15 mobile stations exist in a directicn of a certain beam, a
mobile station allocated to the beam can be selected based
on the reception quality information of eachmobile station,
the location information of each mobile staticn, and the
transmission pricrities of packets to be transmitted.

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

25 apower cf aninterferencesignal andthis interferencesignal

is assumed to include noise aswell. Particularly, by taking



0 3 AUG 2005 account of the rate of the interference power due to the
transmtted signal from another base station in the interference power, it
is feasible to estinmate whether the other base station is perfoﬂﬁlthmM
communi cation with a 5 directional beambeing directed in the direction in
which 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 comuni cation of the other base station.

The above CIR na re b al, powe interference power ratio
(SIR), i.e., C\%HE& &rfoaﬁgﬁ adywﬁansﬁg\ﬁe ptc?'ﬁﬂre‘%”rceeré%?é“’@fpéwe% trthe si gnal
power to noise power. 15 ratio (SN.ratio or..SNR). The reception quality

i nformation o r@&@ﬁﬁ%ﬁﬁqulgpé |0ﬁ“¥5ﬂﬁﬂ?%ﬁﬁ%c |onSEGBEPFy 3 ﬁﬂé mobi | e

station estlnated n the case where ation with a directio beam
is carried out®? t?&g@df%lr?eappé’@'épt?érﬁ C‘lft LPhRS M AbBi T Sk 8 i G for a

predeterm ned r ce Si transnltted fromthe base station, Here
D1 edot o m ned oF ST e oF Sﬁal@(elsg PeESREFGNT. o GREIS Uk as “piPota
Sranal s of o e.kike) aus youal Ly, Lianer Led w Lh ol diset gpal beore
stationary bears, af flé‘osrt lloyn differentplromthose.ln samunsatign 6
to avoid communication with any mobile station existing in
the direction in which the other base station presumably
directs its directional beam, in order to prevent
10 interference with the communicaticn of the other base
station.

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

15 ratio (SN ratio or SNR).

The recepticon quality information of each mobile
station can be a reception quality at the mobile station
estimated in the case where communicaticn 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 c¢r the like) are usually
transmittedwithomnidirecticonal beams fromthebase station,

25 andreceptionqualitiesincommunicationwithsuchstationary

beams are normally different from those in communication



03 AUR005 wth directional beans. Therefore, when the reception qualities
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of

on, it is necessary to give consideration to the fact that

use of the directional beans are different anong the nob
ecause of GD difference anong spreads of incident angles
and._ ( contr ol r transm ssi on power according tao the
R h gt 4 St b =aeipendt M pbh t RO TooSkT orfdl

and t he base st In t.he sent

bil t at t 5
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afethe? Had& 6P, Pé‘n qFﬂél OEat | ¢ the"Mbbi1 e s can be
the direction, and dlstanc% fron1th se station. potentlal
?lﬁﬁﬁ?ﬁa tﬁg aFrBEFﬁéﬁa5ﬁ ﬁecﬁ§&qr dﬁ‘gnﬁﬁ§QR%ﬁﬁ is a

i ma t he directi.on di f.f erences iﬁ?of sig
HERL L o6 SRS dronenrot Bortd SofFrg AR A aaRS rad s
on1d| ferent, 7 . .

xecuticn of this conversion, it is necessary to give
consideration to the fact that gains in the use cf the
directional beams are different among the mobile stations

because of (U difference among spreads of incident angles

of plural paths and @ contrcl over transmission power

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

In the present invention, the location information of
each mobille station can ke information about a direction
of arrival of a signal transmitted from the mebile staticn,
or location information of the mobile station estimated from
the directicn ¢f arrival. When the location of the mobile
station is estimated at the hase station, the location of
the mobile staticn can be expressed by the direction and
distance from the base station. A potential method of
estimating the direction c¢f the mobile station among them
isamethodofestimatingthedirection fromphasedifferences
0of signals received by respective antenna elements

constitutinganarray. Radiowavescanarrive fromdifferent

waves



0 3 AUG 2005 directions of plural paths because of reflection on ground
and objects or the like, and in this case it is desirable to est)
R i

direction of arrival for each path. On the other hand, a potent’
of estimating the distance 5 of the nobile station is a nethod in which,
where a signal transm ssion power of the nobile station is known by
signaling or the like, the reception power fromthe nobile station is
measur ed whereby the distance fromthe base station can be estinmated to
sonme extent. 10 The location information of each nobile station can be

| ocation inforpation acquireg based on neasured |ocation .information
notified of by tHETSEIT &LsPatifgn RAePe 191 Hohidle T e &G R i BRpY T Qigrd

| ocation neasuring nmeans (e.g., GPS equipnent or the Ilke%. 5 1n the
present i nventd gh RS &5 &ismiSsildrfepr ABA L) TBFSaCPABKEE t® BeStTansHi tted
can be an index set based on. a perm ssible delay determ ned by a required
communi cat i on “ERGIHRE 6T & Fe TFAcKen Cdoacarvad éﬁg EBGH Peylof Gerbites) )

, the maxi mum nunber of retransm ssions, a desired transnission 20 speed,
recepti on qualdtifs et 6At6P 42 e§?Fh89i8§ #obi PRt 1RE atf ot Sl e
transm ssion waiting tine at the base station, . Copnsideration may. al so be

gi ven to whet & téepgebgﬁei§tﬁﬁéonaﬂﬁr%§%ﬁﬁKF%l WBBF%@ YPEfFoR He¥hHYy noved

fromanother cell by handover. 25 Incidentally, in the present invention, a
Conbl nat 1 on JE B SCaRTORS S TAGTh SREAEr ohe RSy AT 19 §

or the like, the reception power from the mobile station

is measured whereby the distance from the base station can

be estimated to some extent.

10 The location information cof each mobile station can
be location information acquired based on measured location
informaticonnotifiedofbythemobilestationwhere themcbile
staticn comprises location measuring means (e.g., GPS
equirment or the like).

15 In the present invention, the transmission priority
cf 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 cf Services)),
themaximumnumber of retransmissions, adesiredtransmission

20 speed, receptionguality informationof adestinationmobile
station, and a transmissionwaiting time at the base station.
Consideration may alsc be given to whether a packet is one
addressed tc amcbile 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



0 3 AUG 2005 of directional beans prelimnarily set on a stationary basis
can be selected as the nobile stations subjected to sinultaneoua AUG 2005
transm ssion and reception of packet data with the plurality of éirecplonal
beans. 5 In this case, where a plurality of nobile stations exist in a
direction of a certain directional beam a nobile station corresponding to
the directional beam can be sel ected, based on both or either of the
reception quality informati on of each nobile station and the transm ssion
priority of packet 10 data to each nobile station. Nanely, anong the above
plurality of nmobile stations thus existing, the nobile station wth the

hi ghest receptifo F@alieya hef 45e BEFecTedrAYIrd #bBLi Peasiappsn Pasis
corresponding to the directional beam or the nobile station with the

hi ghest transfiEdsi 88 FrElGGI8F 1550f thac kst iddt aSiaf 158 Ssefekieatad tife
nobil e station corresponding to the directional beam The nobile station
may al so be séllEElEANGREHEL BASTSSE1 OB A ohprERBAIPRECT dGHET 426 MHE bot h
of the reception quality and the transm ssion priority of packet data. 20
In the presenthienweniign tYa cdofbinfattiliomasf hfsHid-e stations existing in
directions in which a plurality of directional beans with a nutual,
interfeérence power RFAtHTGS ¢REFeMEEKESHP ber Ayl ABC IFfrel thakakiaBsived val ue
can be forned, can be selected as the nobile stations subjected to 25

si mul t aneous tPEhSHF§ST 6RD &2 (CECeFHiNoh T bhcket PGafa PRI LERE Pl ity

of directional beans. 9
corresponding to the directional beam can be selected, based

on both cr either of the reception quality information of
ceach mobile station and the transmission priocrity of packet
1C data to each mokile station. Namely, among the akove
piurality of mobile staticons thus existing, *the mobile
station with the highest reception quality may be selected
as the mobile station corresponding to the directional beam,
or themobile stationwith the highest transmissionpriocrity

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 gquality and the transmission
priority of packet data.

20 In the present inventicn, a combination ¢of mcbile
stations existing in directions in which a plurality of
directional beams with a mutual Iinterference power ratic
therebetweenbeingnotmorethanadesiredvalue canbe formed,
can be selected as the mcbile stations subjected to

25 simultaneous transmission and reception of packet data with

the plurality of directioconal heams.



0 3 AUG 2005 In this case, where there exist a plurality of conbia%tions of
the nobile stations that can be selection targets, the conbinati ofJohUG 2005
nobil e stations may be selected in favor of a conbination of nobile
stations providing the 5 maxi rum nunber of nobile stations capabl e of
undergoi ng sinultaneous transm ssion; the conbination of nobile stations
may be selected in favor of a conbination of nobile stations with which
reception states of the nobile stations in the conbination becone
conprehensively the best; the 10 conbination of nobile stations may be

| ted i f onbi ti f il tati i th whi
ST o asi on ool or iy autpro AR SN SOl B O A BBy o

CUati ons. nay GPEG BB ST Barba bR THE 18 BSF4°0T HompreNoret v el Ut on on
The.present | AOGHELOn, CERG SUTBE' G 0T ™ CHEL Eov o] DHCSr i 1 STt i ons
anot her 20 OB 6<2phel e SEHOUI 0t A BroeA ST R PRE B Lol at
ratio Wih a BEFSREToRarChdan o Vot 6 LB LNBSSPHALE Robl BrOdaS

sel ect ed becones. not _nore tE n preset val % e singl ile
station i soralpaq-sBRss ¢+ hoopellEtifrthe  Tacentrotrat bfae O mRERe

rlgsloec“ ve moQile; FEahL9%% Qbithe by ADFILRY 8B PLighlithes o8l o Pasksh data to
stations with which reception states of the mobile stations
in the combination become comprehensively the best; the

10 combination of mobile stations may be selected in faveor of
a combinaticn of mobile stations with which transmission
priorities for packet data to the mobile stations in the
combination are ccmprehensively the Thicghest. The
combination of mobile staticns may also be selected on the

15 basis of comprehensive evaluation on a combination ¢f two
or more out of the above three ways.

Furthermore, in the present invention, the selecticn
of the combination of mobile stations may be arranged to
firstselectasinglemobilestationandthenselect asanother

20 mobile station, a mobile station existing in a direction
of at least cone directional beam that can be fcrmed so that
an interference power ratiowith a directionzal beamdirected
to the single mebile station selected kbecomes not more than
apresetvalue. Namely, thesinglemobilestationisselected

25 on the basis of the reception states of the respective mobile

stations or the transmission pricrities of packet data to

10



0 3 AUG 2005 be transmtted, and the nobile station existing in the
direction of at |east one directional beamthat can be forned sg that the
interference power ratio with the directional bean1directed1x)&%éu@mﬂble
nobi |l e station becomes not nore 5 than the preset value, is selected, as the
nobi l 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

(0, 0e ranem LLed sgn e ocl eolg Ryl iessngl e mpbile station inape
sLations o sl 1R SLR, 9L EECHlon, out of Sineeld 0ng; ol he fcgel fona
bS5t gns By Do IULLaREOuaLY: LLaDSTALL 0. b, e B2l O
(ransm ssion oboRRRKeLodaioyt auhe, ol L) Of- 0L Btk LopR, Grl oy 70 I
[reauency O vighan, IULLLOLEX TIer o 30, Ala0 2 Lae R Ly oL ety o

of di rectonal,, beags W Uh, & gl inter  eLguge ouer (LAl .0 28 Lher & bet veen

bei ng not nore an a desired value can or e situation, it
desirable to B%E&%%”BEE%P§HH§§%%% p%%rality of directional beams.

Here, a moblle station in a best reception state can

be selected as the singlemobile station; or a mcbile 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 cut of directions of the directional beams formed.

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

20 implementedby codedivisionmultiplex 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



0 3 AUG 2005 and reception of packet data to the single nobile station wth
the single directional beam or to performtransm ssion and recggth§gqﬂf
packet data to the plurality of nobile stations by code division nultiplex
or frequency division 5 nultiplex with a single directional beamor with a
plurality of directional beans. Nanely, the transm ssion and reception of
packet data maybe perfornmed to the single nobile station with the single
directional beam w thout perform ng the sinultaneous transm ssion with the
plurality of 10 directional beanms. The transm ssion and reception of packet
data may also be carried out to the plurality of nobile stations by code

di vi si on nul t igglex egrerfilsguendcyadikeitsfanhantibt FpEexingte paekete datatl¢ne. , by
code divi sion nultiglex_or frequency division multiplex with a single
directional bédrmbER@iTINGUSdATprialanpl e dPred PERAP ricrashes dent al |y,
the radio resources allocating nmethod according to the present invention
can al so be déﬁé%Hﬁé&pﬁﬁpﬁupgsﬁé@keﬁfd@hé tAVERE o Wagdadivatald Twhie he

radio resources allocating apparatus and as an aspect of the 20 invention
associ at ed wi tSFatienfoBiy €C86nAuNi EAPRORIEYEPEAY ONafet JuenCy adi®l e¥bur ces
al l ocating apparatus according to the present_ invention is a radio
resour Ges al MyddtimEappaiat G3NPAE bR st 1 Hifsdapaiiicop F oM ety a
plurality of directional beans by applying a directional 25 antenna capable
of adaptivel y Qfar ¢itagcdiipreeti vPEgrst o aNefiednsmi §5Font Fae®pt FohoantEitha, the
radio resources 12 ) _
recepticnofpacket data may be performed to the single mobile
stationwith the single directional beam, without performing
the simultaneous transmission with the plurality of
10 directional beams. The transmissionandreceptioncf packet
datamayalsobecarriedouttothepluralityofmobilestations
by code division multiplex ¢r frequency division multiplex
of packet data, i.e., bycode divisionmultiplex or frequency
division multiplex with a single directional beam or with
15 a plurality of directicnal beams.
Incidentally, the radio rescurces allocating methed
according to the present invention can also be described
as an aspect of the Inventicn associated with the radio
resources allocating apparatus and as an aspect of the
20 invention associated with the mobkile communication system.
Namely, a radio resources allocating apparatus
according to the present invention is a radio rescurces
allocating apparatus in a base station capable of forming
a pluraiity of directional beams by applying a directional

25 antenna capable of adaptively varying directivity, to a

transmission-reception antenna, the radio resources

12



0 3 AUG 2005 allocating apparatus conprising: allocating neans for
allocating the plurality of directional beans to the plurality 83 beile
stations, based on reception quality information of each nobil eVYst i 188
with which the base station 5 is about to performtransm ssion and
reception, location information of each nobile station, and transm ssion
priorities of packets to be transmtted. This allocating neans is desirably
configured to determ ne the nunber and directions of directional beans 10
to be fornmed, based on the reception quality information of each nobile
station, the location informati on of each nobile station, and the
transm ssi on prlilerdattiess obppackets dambeisiansmaltledatihe radeasr eBour ces
al l ocating apparatus is desirably 15 configured to further conprise
| ocati on esti nAtiong tiegnsthéorplestda naty ngfa dbcattommal éachmsrohibl etls¢ati on,
based on orientation information of the directional antenna; and |ocation
i nformation stdnirmg ingand frafbisiteord g tdves | deatdadron irdformatdrongod 1 eagh
nobil e station acquired by estimation. 20 The radi o resources allocating
apparatus i s dediorallty cnoohteghmeditle: §uet hen wéahpitiise tloe dtisens taf osmat | on
receiving neans for receiving the location information of each nobile
stati o noti f iied abfoully teack mohin & rstratn iorg i @andind ocstdpdni amf oraved § oom
storing neans for storing the location 25 infornmation of each nobile station
acqui red by recdptrimaritionThefr aghoh r egdurices salkitdoat i ngndpparatasi ssion
desirably 13

priorities of packets to be transmitted.

This allocating means i1s desirably configured to
determine the number and directions of directicnal beanms
10 to be formed, kased on the reception quality information
of each mobile staticon, the location informaticn of each
mobile staticen, and the transmission priorities of packets

to be transmitted.
The radio resources allocating apparatus is desirably
15 configured to further comprise location estimating means
for estimating a location of each mobile staticn, based on
corientation information of the directional antenna; and
location information storing means for storing the locaticn
infermation of each mobile station acquired by estimation.
20 The radlo resources allcocating apparatus is desirably
configured to further comprise location information
receiving means for receiving the lccaticn information of
each mobile station notified of by each mobile station; and
locatiocon information storing means for storing the location
25 information of each mobile station acquired by reception.

The radio resources allocating apparatus is desirably

13



0 3 AUG 2005 configured to further conprise 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 statioﬂﬁfgugmn
plurality of directional beans. 5 The radi o resources allocating apparatus
is desirably configured to further conprise quality information receiving
means for receiving information about a reception quality at each nobile
station for a reference signal fromthe base station, fromeach nobile
station; quality estimating neans 10 for estinmating a reception quality at
each nobile station in the case where each nobile station is subjected to
transm ssion and reception with a directional beamdirected to the nobile
station, basedBH HRE §hfe? nAET BhcAbBaTPEREe AatepticdriralRIWE At L 2akh
nobi l e station obtained by 15 reception; and quality information storing
nmeans for storGaigulaie Tedept$ 687 Ul iRt hhbr 68 T6F 8PS Tet st at i on
acquired by estimation. The reception quality of each nobile station herein
is desirably ®peaek padme¢ich EhereerepdiensovWnaterierienssrr2eegonest at
each nobile station. The radi o resources allocating apparatus is desirably
confi gured to Hasr e comgriSe hGtarsm I3l wim pridorak ylketeital needeans for
calculating a transm ssion priority of_each nobile station, based on at

| east onhe of the redEftidRl25 FEALASF #hi OF AR TS FIGTE ek rSie B 51t Y on,

requi renents froma comruni cation quality of_ packet data to each npbile 14
configuredto further comprise quality informationreceiving

means for receiving information about a reception quality
at sach mobile station for a reference signal from the base
station, from each mobile station; quality estimating means

10 for estimating a reception quality at each mobile station
in the case where each mobile station is subjected to
transmissicn and reception with a directional beam directed
to the mobile station, based on the information abcut the
reception quality at each mobile station obtained by

15 recepifion; andquality information steringmeans for storing
the reception quality information of each mobile station
acquired by estimaticn.

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

20 power at each mobile station.

The radio resources zllcocating 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



0 3 AUG 2005 station, and a transmi ssion waiting tine of each packet data.
Nanmel y, a mobile comunication systemaccording to the present inJENAUPMN S
a nobi |l e communi cation system conprising a base station capable of form ng
a plurality of directional 5 beans by applying a directional antenna capabl e
of adaptively wvarying 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 u i nfornation. of st at.i on W th.which the

base Stotion ieEsE ?%dseh%?w%%%wg.t&ﬁ@ TS QLT OR 2 CHESER TN

i nformation of each blh station, an dt ransm ssi an . rioriti E gggkets to
be transmtted. 15 Srroackis AUCTRILES Bhselh o%ff%%r 4o
determ ne t he nunber and dlrec tiLons ,of, directi ona% beans

based on the ngéﬁﬁ } % Fﬁﬁﬁ@ﬁﬁ?%ﬁmm%?lgﬁ hoﬂgglqg ?%ﬂ@ *Fl?%e

| ocation infor |Ie t ati.on, e.tra ssi.on

f d t
o T esof ABtREM °at£6°?arf8 =BEB R aEP iy ARl ki BB Ozt e
according Lo ¢he. PLESEOl )k AYeIL) ocLs. feslally confloured so.thal. the base

1 on eS|rrat|n nmean

L ocation of eagh yighy e station, based an. 25,01l ents %é@%&f&ﬁri@éé%"f the

di rectional anteénna;” an I"ocat Ion storing ans for orlng t he
location 15 and a plurality of mobile stations locating in a cell of

the base station, wherein the base station comprises:
allocatingmeans for allocating thepluralityofdirectional

10 beams to the pluralityof mobile stations, based on recepticn
guality information of each mobile station with which the
base station is about to perform transmission and recepticn,
locationinformationofeachmobilestation, andtransmissicn
priorities of packets to be transmitted.

15 This allocating means 1is desirably configured to
determine the number and directions of directional beams
to be formed, based cn the reception quality information
of each mobile station, the location information of each
mobile station, and the transmission pricrities of packets

20 to be Cransmitted.

The mcbile communication system accerding to the
present invention is desirably cenfigured so that the base
station further comprises: lccaticn estimating means for
estimating a locaticn of each mchile station, based on

25 orientation information c¢f the directional antenna; and

location information storing means for storing the location

15



0 3 AUG 2005 information of each nobile station acquired by estimation. The
mobi | e communi cation system according to the present invention if ga§Mm9bly
configured so that at | east one nobile station conprises: |ocation
measuring nmeans for 5 neasuring a |location of the nobile station; and

| ocation information notifying nmeans for notifying the base station of the
| ocation information of the nobile station acquired by neasurenent; and so
that the base station further conprises: |location infornmation receiving
means for 10 receiving the location information of the nobile station
notified of by the nohile station; and | ocation information storing neans
for storing thETPESEREIOR PhAT SR ARG I6F StRE 1oRpBFREBIEE AP BE Sacgif ried by
reception. The nobil e conmuni cati on system according to the 15 present
invention is desiraBl§ dbititur earEE T fatlehe PESE™ s2REP ORI RUr LRerthe
conprises: interference power ratio calculatingnmeans for calculating an
interference PEREEICALNBENGECBach HRBM LN e SearBatvihereast i s
supposed that the base station fornms a plurality of directional beans. 20
The nobil e cofRENTeaLLBNS sy st @ FIEBT Ty t6CtReé CTpReEERE INAVERART DS
desirably configured so that at |east _one nohile station conprises: quality
cal cul & i ng nBERSFIFPI GalNcatiny o rdcefioien qirdattyP et ate Lot 1 st ati on
for a reference signal fromthe base station; and quality 25 information
notifyi ng meardiPerehdtrs PPng tYREIVARRAS LA, oR T 18 1 6P fetd O SHFOUOT he

reception quality acquired b 6
P g of ghe f%catf%n)&ngbrmation of the mobile staticn acguired

by measurement; and so that the base station further
comprises: lccation information receiving means for
10 receiving the location information of the mobile station
notified of by the mobile staticn; and location informaticon
storing means for storing the location information of the

mobile station acguired 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 forcalculatingan interferencepowerratio
of each beam with the other beams, where it is supposed that
the base station forms a plurality of directional beams.
20 The moblile communication system according te the
present invention is desirably configured so that at least
one mobile station comprises: quality calculating means for
calculating a reception guality 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

16
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quality
receptio

2005 calculation; and so that the base station further conprises:
information receiving neans for receiving the infornmation_about the

n quality fromthe nobile station; quality estimating

melhh \Ub 3605

estimating a reception 5 quality at the nobile station in the case where the

nobi | e
directio
about th

i nf or mat
quality

power to
conmmuni ¢
confi gur
priority
nobile s
i nf or mat
qual ity

time of

configér

10
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20

25

station is subjected to transm ssion and reception with a

nal beamdirected to the nobile station, based on the information
e reception quality at the nobile station acquired by reception;
and quality information 10 storing neans for storing the reception quality
ion of the nobile station acquired by estimation. The reception

of the nobile station hereinis desirably a_power ratio of carrier
| nt erFereied L PowBroAC R ot PSSt o1Ph 157 THE rioBIT e =5
ation systemaccarding.to the present invention is desirab]
ot 5t st

ed so4 ‘hetBaSemestati orf ur'tHer CoRpFi

cal cul ating neans for calcul ati a transm ssion priorit
TR h FRet Baptien 367U 13

tati o™ G #tPTastRonkeofP

di1

tFafs'&si on"©

of each
<]

ion of each nnbilf.gtation re%yirene ts from a conmuni cati on
% n

of padicétt (fat'atd’ LhEF OB
each packet, data BRI EF. DE | PTI ON THE W NGS

SEARTon O T AR T HNS A ST Oh Wl t i ng

Fig. 1. 1]
at | on BAgramee! LERENObHF & - B8 ComturEat F6R BYSFEmEe i IR to an

enbodi ment Ofs%g.ichp%%n%h géc%éd Lo transmission and recepticn with a

directional beam directed to the mobile staticn, based on

the information about the reception quality at the mobile

station acgquired by reception; and gquality information

storing means for storing the reception quality information

of the mobile station acquired by estimation.

The reception quality of the mecbhile station herein is

desirably a power ratio of carrier power to interference

power at the mobile station.

The mobile communication system according to the

present invention is desirably configured so that the base

station further comprises: transmissicon pricrity

calculating means for calculating a transmission priority

of eachmobile station, basedcn at least one of the reception

gquality information of each mobile station, requirements

from a communication gquality of packet data to each mobile

station, and a transmissionwaiting time of each packet data.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a configuration diagram of the mobile

communication system according to an embodiment of the

invention.
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0 3 AUG 2005 Fig. 2 is a configuration diagramof the base station. Fig.
3 is a diagram show ng the conponents associated with the present invention
inthe mobile station. Fig. 4 is a flowhart of the radio resour desAUk 2005
allocating 5 processing. Fig. 5is a flowhart of the subroutine about

acqui sition and storage of the reception quality information of each nobile
station. Fig. 6 is a flowhart of the subroutine about 10 determ nation of
t he nunber and directions of directional beans. Fig. 7 is a flowhart of
anot her subroutine about determ nation of the nunber and directions of
directional beans. 15 DESCRI PTION OF THE PREFERRED EMBODI MENTS Enbodi nment s

f th t t hed b to th

dr avi ngo.  The ehﬂﬁﬁ?ﬁ'@ﬁt Vl“&r%coaﬁfd SR e ondr AP AL pabRer=Ts A 1205 on
services of downli . | so ass ned th pilot signals are
Cransmitted with o ?8|r G Bridd > e B ?éar%%%% el ated

Co i ti S sh h f bi |

Sommn cati o olBs Eak, pr Fepﬁel‘é?%g BB drrpr e S his Fg 1
th bi | t 1 1 at 2

SRR ML ML CH e e ot O S B G R Vbt

10. 18 .
5 processing.

Fig. 5 1is a flowchart of the subroutine =zbout
acquisition and storage ¢of the receptionquality information
of each mobile station.

Fig. 6 1s a flowchart of the subreoutine zbout

10 determination of the number and directions of directional
beams.

Fig. 7 is a flowchart of ancther subroutine about
determination of the number and directions cf directiocnal
beams.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present inventionwill be described
below with reference to the drawings. The embodiments are
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 ocf mobile communication
system 1 of the present embodiment. As shown in this Fig.
1, themobile communication systeml 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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0 3 AUG 2005 Fig. 2 shows a device configuration exanple of the base
station 10. As shown in Fig. 2, the base station 10 is conprisedg?f 00
adaptive array antennas (hereinafter referred to as "array antennagu¥ QE as
a directional antenna capable 5 of adaptively varying directivity, a

transm ssion-reception part 12 for performng transm ssion and reception of
packet data, and a radio resources allocating part 10A for performng
radi o resources allocating processing described |ater. The base station 10
is arranged to be able to forma plurality 10 of directional beans by -
applying a plurality of array antennas 11 to a transm ssion-reception
antenna. Any ot her EBhwurt2 shoverndecapalbbea foguaddprinvet ymyhe yifnghdioeect i vity
may al so be adopted instead of the array antennas. The radi o resources

al l ocating pastat0Ani 4Cconpei sedwnlsrofFig .| coatlilon 2a3teémateritg fidr is
estimating the |location of each nobile station 30 (Fig. 1) (including a
direction of campkvakdofi a&degdiioanaveagrani et ol wofi rey it azalr edfe nraedi o
waves out of those arriving at the nobile station 30, and a propagation

di stance of the aadiagnavenoenprepagal icona20i dést avces aftarres cadizd waves,
in addition to the relative |ocation thereof to the base station 10) a

| ocati bn i nf of retEivan vtior agey hegoriy €20 1ot vstokiragsnhest ovatteoeption
information thus estimated; a reception quality estimator 22 for estimating
a reception goarttd2 wictrhpar 8 Feel ¢ onzan 6L seiam enct hecepbisnaff pacdéedpt i on
quality of a pilot signal notified of by each nobile station; a reception
quality 19 data, andaradioresourcesallocatingpart 10A for performing

radioc resources allocating processing described later., The
base station 10 is arranged to be able to form a plurality
10 ofdirectional beamsbyaprlyingapluralityefarrayantennas
11 to a transmission-reception antenna. Any other smart
antenna capable of adeptively varying directivity may also
be adopted instead of the array antennas.
The radio resources allocating part 10A is comprised
15 of a location estimator 19 for estimating the lccation of
each mobile station 30 (Fig. 1) (including a direction of
arrival of a radio wave or directions of arrival of radio
waves out of those arriving at the mobile station 30, and
& propagation distance of the radio wave or propagation
20 distances of the radio waves, in addition to the relative
location thereof to the base staticn 10); a locatieon
information storage memory 20 for storing the location
information thus estimated; a reception quality estimator
22 for estimating a reception quality with a directional
25 .. beam on the basis of a reception quality of a pilot signal

notified of by each mcobile station; a reception quality

19



0 3 AUG 2005 information storage nenory 23 for storing the reception
quality information thus estimated; a transm ssion priority calgqlﬂw?mg?l
for-determning a transm ssion priority of each nobile station on the basis
of the communication quality 5 of packet data (QS), a transm ssion waiting
time of each data, and the reception quality information of each nobile
station; an antenna pattern and transmtted data determ ner 16 for

eval uating the transm ssion priorities and location information of the
respective nobile stations to determne 10 the nunber and directions of

di rectional beans, and packet data to be transmitted with each directional
beam an intérfereptecponbpredei oeesttivnatiorids fovresti thei ngcaption
interference power ratio between plural beans; atransm ssion waiting buffer
14 for tenporavilytgavifimyypdcket tHateae dtnins WSl pansan sl onl Wabtilng istvat e; a
packet QoS detector 17 for detecting the QoS information fromthe header of
packet data ¢althéatpandhi §siodetimirningnbukf éradsmastianspirssivan ywaitt i ng
time nonitoring part 18 for nonitoring the transm ssion waiting tine of
each packet datah feldgsesitsihen sinntlee desiivabt 20 eatontmen T canism geizdn twai ti ng
buffer 14); and an allocation controller 13 for perform ng generation of
ant enna wei ght§, raaidet tdare ofCatrora dorarestiiser wodes, timaddliate od, eetcd. and
al so performng nonitoring and control of operations of the respective
parts in the datko aeddlrcescablocat tnglpayt indArm@bidheof each mobile

transm ssion-reception part 12 perforns processing including superposition
of transnitte@tgtgggrgglaQ@enna_pattern.and‘transmitted.datakdeterminer

16 for evaluating the transmission priorities and location
information of the respective mcbile stations to determine
10 the number and directions of directicnal beams, and.packét
data to be transmitted with each directional beam; an
interference power ratio estimator 15 for estimating an
interferencepowerratiobetweenplural beams; atransmissicn
waiting buffer 14 for temporarily saving packet data in a
15 transmission walting 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 meonitoring the transmission
waiting time ¢of each packet data (elapsed ftime 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
alsco performing monitoring and control of operations of the
respective parts in the radio resources allocating part 10A.
25 The transmission-reception vart 12 performs

processing including superposition of transmitted signals,

20



0 3 AUG 2005 separation of received signals, anplification of transmtted
and received signals, and so on. The base station 10 is assuned t03igl e
all the conponents necessary for constitution of ordinary base station
equi pnment, in addition 5 to the conponents shown in Fig. 2. Fig. 3 shows

t he conponents associated with the present invention in the nobile station
30. As shown in Fig. 3, the nobile station 30 is conprised of a |ocation
measuring part 33 incorporating GPS equi pnent and configured to neasure 10
the location of the nobile station 30; a quality calculator 34 for
calculating a reception quality at the nobile station 30 of a pilot signal
from t he baseSsPatrpéACie L afgcaV et it $si oM kiekbept | bin parir a3=mddiigshed
with an antenna 31 and configured to performtransm ssion and reception of
15 packet dat én§n§e§@ﬁéfe@héllgé@étﬁrorﬁﬂcgf5& it i oADEf Pelfe wobitien dtCatlison 30
and the reception quality information of the reference signal to the base
station 10. [R&§HBEResbar cesdddcatling tPEoceSBPAGE N The ToT¢D%W Ny AT
descri be the radi o resources 20 allocating processing in the base station
10, as the op@patsﬂ:éﬁutépnt%%ﬁé@éﬁﬁf%agﬁéh@n I P shohl agldiitdwehar t  of
the radio resources allocating processing. In step S41 of Fig. 4, when
recei vieng a céfmiffc &EreRTN eSS £0%Gudst i%m?a nobile station 30, the base
station 25 10 first prelimnarily acquires the location information of the
nobi | e station 30 aRd9stiofeeWE RES FERITH T hESFRALFORC Wuth the present

invention in the mobile staticn 20. As shown in Fig. 3, the
mobile station 30 is comprised of a location measuring part
33 incorporating GPS equipment and cconfigured fo measure
10 the location cf the mobile station 30; a quality calculator
34 for calculating a reception quality at the mobile station
30 cf a pilot signal from the base station 10; and =&
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 infermation of the
reference signal to the base station 10.
[Radio Resources Allccating Processing]
The following wilil describe the radio rescurces
20 allocatingprocessing in thebase station 10, as the cperation
of the present embodiment. Fig. 4 sheows a flowchart of the
radic resources allocating processing.
In step 541 of Fig. 4, when receiving a communication
start request from a mobile station 30, the base station
25 10 first preliminarily acquires the location informatiocn

of themobile station 30 and stores the location information
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0 3 AUG 2005 in the location information storage nenory 20. If the nobile
station 30 is equipped with the location neasuring part 33 of Fh%'Ale’ZUﬁShe
nobile station 30 may notify the base station 10 of the locatio

information acquired 5 by nmeasurenment, as uplink control information. On the
other hand, if the nobile station 30 is not equipped with the |ocation
measuring part 33, the location estimator 19 of the base station 10 nay
estimate the location information of the nobile station 30 froma direction
of arrival and a reception power 10 of a signal transmtted fromthe nobile
station 30. The base_ station 10 is configured to update the |ocation
informati on éf é&c¢h lpstsitliens tiarfiaem a3 i S Tadsy U erd ©d according to a
novi ng speed of each nobile station 30 or the Iike. Next step S42 is to
per f orm processi ng of Heqaidkiing S15TARE Xt oFi v ihecd eddp: Fon g iign
informati on of each nobile station 30. In this processing, as shown in Fig.
5, onenpbi |l e MeEFULGHIIV2AE BB PArget- Ps Flig Bebsée pratsen BE matfons 30
as destinations of all packets (transm ssion waiting packets) in the
transmi ssi on Waet Pag esedrd liom tie 20 thead$ifassiosh Wt ig Isut fagauig €551)
and it is determned whether the nobile station 30 of the target is in
comuniPcat i onbY(ISERJUr et he afpbi | B0k CERtER 130N bP riakl ¢lar g&in FBejqther
comuni cation, the base station acquires the reception quality information
during communiP@ad drf B IRE1AEEIISE 125 3¢ AP e SO IPefi wikh Fhei oGt it ri er
power to interference power in a_communicating channel (received CIR)

(S53), and 2peasuring part 33, the location estimator 15 of the base
stationlOmayestimate the locationinformationof themobile
station 30 from a direction ¢of arrival and a reception power

10 of a signal transmitted fromthemobile station 30. The hase
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 542 is to perform processing of acguiring

15 and storing the reception quality information ¢f each mobile
staticn30. Inthisprocessing, asshowninFig. 5, onemobile
station 30 as a target is first set out ¢f mchile stations
30 as destinations of all packets (transmission waliting
packets) 1in the transmissicon walting state in the

20 transmission waiting buffer 14 {(5851), and it is determined
whether themobilestation30cfthetargetisincommunication
(8527 . If the mobile staticon 30 of the target is in
communicaticn, the base station acquires the reception
guality informaticn during communication at the mebile

25 station 30, e.g., a ratio ¢f carrier power to interference

power in a communicating channel (received CIR) {$53), and
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0 3 AUG 2005 the reception quality information acquired is stored in the
reception quality information storage nmenory 23 (S57). It is al sd pagsii e
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

ot her 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 gain with a directional beambeing directed to the nobile
station, basedhenrenertocatdion 1infiodeariadn oof 2cheinedile ssvaricdohn 3y S55) .
Then the reception quality information is corrected for the gain 15 (S56) |,
and the receptieserdqialn gizilator mafeonabiverstidieaoedraeati 88 ($°8tored in the
reception quality informati on storage nmenory 23 (S57). The processing of
S51 to S57 as idesdsichedsabbve ts copieied dDunibro@ach Mobinte rdteatdrore 30 to
acquire and store 20 the reception quality information of each nobile

stati on 30. Weewetrhe giriscesSihly i 5- eonphevedutopfakinyt Isé cmeBi pewest dtd ons 30
as destinations of transm ssion waiting packets (in the case of a negative
j udgnei®t in SE8)enfled gmcscpovenyg Cofa Figngl Powedr ficnae ede tarwat yrat it step
S43 of Fig. 4. 25 Instead of the above, the base station may al so be
configured tdSfetetdonen FFdonmisitead of i iaBpyafrasdtiesh Wkt he 23

On the other hand, when the target mobile station 30
is not in communication, the base station acguires the
reception quality information of the pilot signal at the

10 mobile station 30, e.g., received CIR of a pilot channel
(554}, and estimates a gain with a directional beam being
directed to the mobile station, based on the lccation
information of the mobile station 30 (S855). Then the
recepticn gquality information is corrected for the gain

15 (856}, and the reception quality information after the
correcticon is steored in the reception guality information
storage memory 23 (S57).

The processing of S51 to 357 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 358), the processing
of Fig. 5 is terminated to return to step S43 of Fig. 4.

25 Instead of the above, the base station may also be configured

to determine the communication guality information on the

23



0 3 AUG 2005 Dbasis of received CIR of the pilot signal, regardless of

whet her each nobile station is in conmunication. Through the processing of
Fig. 5 the nobile station 30 in comruni cation decreases the r ec8idvilh 1R,
because a 5 directional beamis directed to itself, while the nobile
station 30 with no directional beam being directed thereto (not in

communi cation) increases the received R therefore, the processing is
expected to present the effect of keeping down deviation of radi o channel
al l ocating opportunities 10 anong the nobile stations 30. In this case,
however, the reception quality is not always good in practical

Ther ef or o, RE HE06 SEATar SCart e ConfiGUred L o LH1 neiITHE T 611 er ence
with the di r%%%ig%ré? erlgigc mnl%]é)&.iltes s}thgatl%v\oﬂ%ci.es! #natqogﬁﬁgqimagti%fnsa“ on 30 from
the shape of cur _ m- t ocationin I each nobile
sLation 30 o1 khehossl ble-o and suplrack JAi; te suppose ond omate |
cal cul'at o 27 eATcOPBIEE ! 52 T PRneRTE8FBR P T 6r 1 15 L an® | RUGK T T e | ng how
cach of he POBECE CPRtT BRete0 g A Pat o S i ne s rARe e O
gﬁ;;igﬂeﬁgfbgﬁét&énegﬁg%%%ﬁ?ﬁjd@%%cf&%@ﬁﬁhk%%&pgeEﬁgqﬁi}égéeglfﬁereto
(not incommunication) increases the receivedCIR; therefore,
the processing 1s expected To present the effect of keeping
down deviation of radio channel allocating opportunities
10 among the mobile stations 30. In this case, however, the
reception gquality 1s not always good in practical
communication even i1f 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 staticon 30 from the shape of the

currentbeam,thelocationinformationofeachnmbilestation

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

reception gqualities in practical communication
environments.
20 Returning to Flg. 4, next step 543 is & step in which

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

transmission priorities are comprehensively determined in
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0 3 AUG 2005 consideration of requirenents from QoS of the respective
packets, thereception quality information of the destination nof§g!mi 2009
stations 30, and the transmi ssion waiting tinmes. Next step S44 is to
perform sequenci ng (ranking) of the 5 transmission priorities of all the
nmobi |l e stations 30 under connection. In next step 545, the antenna pattern
and transmtted data determ ner executes processing of determning the
nunber and directions of directional beanms (Fig. 6) . In this 10
processing, the first step is to determine formation of a directional beam
toward the nobile station 30 with the highest transm ssion priority
accordi ng to thesiaekiangoabted meduiirensad s( &GO JotS o tithen réetperat inexd
whether, with this beam as a reference, there exists any nobile station 30
in a 15 direcbraoneits, Wieche aspt ivenhiel ¢hge nfowers triatn of whehiea tiew t ileam i s
within a range of not nore than a desired value (for exanple, an angle from
t he directionmobithke rafienrense, beamhea sraotml esscohhan td nigef anence Nangl e e
prelimnarily determ ned by experinment or the like (6 is a m ninum angle at
whi ch 20 the putpal Séat erd erenceepdwen beegqueschaty norenk hag) a desithed
value) ) (S62). If there exists such nobile station 30, a directional beam
i s added t owardahbheimshoherstatibhe8@iWaddethaimodctlicontdif brsenht airfdeam t he
ref erence beam beconmes mnimum (S63) Then the determ nation in S62 is again
carried out 2bcusengithe newl y added directional beam as a new reference,
and the steps S62 and S63 are repeated. The judgnment on 25

In next step 5845, the antenna pattern and transmitted
datadeterminer executesprocessingofdeterminingthenumber
and directions of directicnal beams (Fig. 6). In this

10 processing, the first step is to determine formation of a
directional beamtowardthemobilestaticn 30with the highest
transmission priority according to the ranking obfained in
$44 (S61). It is then determined whether, with this kean
as a reference, there exists any mobile station 30 in a

15 direction in which an interference power ratio with a2 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 8 preliminarily determined
by experiment or the like (6 1s a minimum angle at which

20 the mutual interference power beccmes not more than a desired
value)) (562). If there exists such mobile station 30, a
directional beam is added toward the mobile station 30 wheose
directiondifference fromthe reference beambecomes minimum
{863). Then the determination in S62 is again carried ocut

25 using the newly added directional beam as a new reference,

and the steps 562 and S63 are repeated. The judgment on

25



0 3 AUG 2005 whether it is possible to forma directional beamis nade as
follows: the interference power ratio estimator 15 estinates the
interference power ratio of each beamon the assunption that thdél 3 AUG 2005
directional beamis formed, and it is 5 determ ned that the beam can be
formed when the resultant interference power ratio is |lower than a desired
val ue. Wen S62 ends in determning that there exists no appropriate nobile
station 30, i.e., determining that it is inpossible to forma directional
beam (in the case of 10 a negative judgnment in S62), the processing of Fig.
6 is termnated to return to step S46 of Fig. 4. At this stage, the nunber
and directions_of directjonal beans capabl e of . keeping the nutual

i nterference HABAGSThetdiF eetFHRAL She@msC I Thdt Tidis tiPar Y medesi s &R/l ue
have been determ ned. 15 Returning to Fig. 4, next step S46 is to determ ne
a nultiplexi@y dOUSESS i i 8o EIGF SHTh PREShufsdr Sof S RbbIFECstlat i ons
30 existing in a specified direction, and the margins of the radio

resour ces sucRSad™esE Fetodticesl CIFARR MYE oA 2 poner, CRFR R U thdt ¢ |
for each of the directional beans 20 thus determ ned, and step S47 is to

all ocate the ABBITBT18FatPdhst3® Hbreabhol?t eetinal KR actot ditng %o the
user nultiplexity for each directional beam_This permt i npl enment ati on
of si mil t aneoG§ EFAMBRASSEBR of S paBRBt CRfatRE qq;@fqﬂWﬂ%%iﬁif &F SaiEne-
stations 30 by code divisionnmultiplex 25 qQr frequency djvision multiplex of
packet data {67CREZCHPUFEI POYCST RO &St FonS S0 &y ERSiE S ehd pifial ity of

26 When 562 ends in determining that there exists no
appropriate mcbile station 30, i.e., determining that it
is impossible to form a directional beam {in the case of

10 a negative judgment in S62), the processing of Fig. 6 is
terminated to return to step 346 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 wvalue have been determined.

15 Returning to Fig. 4, next step 546 is to determine a
multiplexity of users in accordance with the number of mokile
stations 30 existinginaspecifieddirection, andthemargins
of the radio resources such as code rescurces, transmission
power, frequencies, etc., for each of the directicnal beams

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

25 or frequency division multiplex o¢f packet data to the

plurality of mobile stations 30 even if the plurality of

26



0 3 AUG 2005 nobile stations 30 exist in a certain direction. I@ th@[}ﬂtﬁﬁer
allocation herein (i.e., the allocation of nobile stations 30 t Sed )
directional beam) , where there exist a plurality of conbinations of nobile
stations 30 that 5 can be selection targets, a conbination of nobile
stations 30 may be selected in favor of a conbination of nobile stations

30 with which the nunber of nobile stations 30 capable of undergoing

si mul t aneous transm ssi on becones maxi nrum or a conbination of nobile
stations 30 may be selected in favor 10 of a conbination of nobile stations
30 with which reception states of the nobile stations 30 in the conbination
becone conpredehsevetygtihesbésdt exAstonbi nateotadh nbbiclcd ishati ons 30 may
al so be selected in favor of a combination of nobile stations 30 with which
transm ssion priorifieshg orspacketcdd idat aare itrhel insbi, | éhst aflilongt30ni n t he
conbi nati on becone conprehensively the highest. Furthernore, a conbination
of nobile stafirgisl 130sayiahsodbéosedented ey icoredi heay) t woeor there out of
t he above three ways and conprehensively evaluating the conbinations. 20
After conpl et éphsbfa pherdeét&ynd havirbn neft lahls ¢ henainirestaandndi3®ethidns of
directional beans to be forned, and the nobile stations 30 to which packet
data i 8 to becandrmsmaltcat 1ok Chrigied s, espeeitth viea di erctf owdli seamstiones. , the
packet data to be transmtted) as described above, S48 is carried out 25 to
per f or m gener 38 ivey lof sahtehnd wefghts o faddbrbonadbf onerfrovl the sEetionscodes,
nodul ation, etc. and transmt the 27

30 with which the number of mobile stations 30 capable of
undergoing simultanecus transmission becomes maximum, oOr
a combination of mobile staticns 30 may be selected in favor

10 of a combination of mebile stations 30 with which reception
states of the mobile stations 30 in the combination become
comprehensively the best. A combination of mcbile stations
30 may also be selected in favor of a combination of mobile
stations 30 with which transmission priorities for packet

15 data to the mobile staticns 30 in the combination become
comprehensively the highest. Furthermcre, a combinationof
mobile staticns 30 may also be selected by combining two
or more out of the above three ways and comprehensively
evaluating the combinaticns.

20 After completionof the determinationof all the number
and directicons of directional beams to be formed, and the
mobile stations 30 to which packet data is to be transmitted
with the respective directional beams {i.e., the packet data
to be transmitted) as described above, 548 is carried out

25 to perform generaticn of antenna weights, addition of

error-correction codes, medulation, etc. and transmit the
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0 3 AUG 2005 packet data. The radio resources were allocated before on the
basis of the reception quality information of each nobile Stat”??AU@?@ﬂnd
e

the transmi ssion priorities of packets, wi thout paying 5 attention to
| ocation of each nobile station 30, whereas the present invention enploys
t he above radio resources allocating processing to allocate the plurality
of directional beans to the plurality of nobile stations 30, based on the
three types of information including the |ocation 10 informati on of each
nobil e station 30: the reception quality information of each nobile station
30, the location information of each nobile station 30, and the
transm ssi on ppeketi tieea.of the packets to be transmtted; therefore, the
destination nobile stations 30 canbe selected so as to prevent 15 the beans
directed to the respeetrave mmpbsberstatiearesadloteor haferd e tige Wiatsh seach
other, and the radio resources are allocated to the nobile stations 30,
whereby it isofedsd bleeepttd onnuaviet ¢ hien feffriaci iency foé avus enddfi tde tradion
resources and achieve the increase of throughput. 20 In the present
enbodi nent, a3oaenai niat teaneiissbicherr istmitt s o B@aekicttd ,Ngi thodt pagtinans of
plural directional beans prelimnarily set on a stationary basis maybe
sel ect8d as theenbbohe stael bnsaBlors vlfj estlechcia tchetskduhtaheohereas
transm ssion and reception of packet data with the plurality 25 of
di rectional beassprksethi sSnoaseioshemeloyd urtat | dyood mebibe retsatirars 30 28
allocating processing to allocate the plurality of
directional beams te the plurality of mobile stations 30,
basedon the three typesof infermation including the location

10 information of each mobile station 30: the reception quality
informaticn of each mobkbile staticn 30, the location
information of each mobile station 30, and the transmission
priorities of the packets to be transmitted; therefore, the
destinationmobile stations 30canbeselectedsoas toprevent

15 the beams directed to the respective mobile stations 30 from
interfering with each cother, and the radio resources 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.

Z0 In the present embodiment, a combinaticon of mobile
stations 30 existing in directions of plural directional
beams preliminarily set cna staltionary basismaybe selected
as the mobile staticns 30 subjected to the simultaneous
transmission and reception of packet data with the plurality

25 of directional beams.

In this case, where a plurality of mobile staticns 30

28



03 AUG2005 &exist in a direction of a certain directional

beam a npbile

station 30 corresponding to the directional beam can be selected, based on
both or either of the reception quality information of each m)bi[]yamgm& on
30 and the transm ssion 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 with the highest reception quality nay be selected as the

nobil e station 30 corresponding to the directional beam

ort henobil e

station 30 with the highest 10 transmi ssion priority of packet data may be

selected as the nobile station 30 corresponding to the di

recti onal beam

The nobile station 30 may al so be sel ected based on a conprehensive
judgnent on t BE1B6thn of dEReCEéeaprf encetafipydl g Y4t t PaRsm sSidn i ority
of packet data. 15 [Another Processing Exanple about Determ nation of Nunber
and Directiongtefipir et iordle Beas]nd it demt afliyecthenptobessi sgrofoe
determ ning the nunber and directions of directional beans and sel ecting
the destinatB6rcrBEIA ebafati on B0 wayBé thert of nelde bye aaiet irast d: 120- 1of

first determ ning the nunber and directions of directional

beans and then

sel ecti ng t held&strmaitront fobi¢le wibtlicossat3aon &8 apnddbovdrRingiGsisut |t
may al so be perforned according to the procedure of first determning a
si ngl eSnobi | ePELariSH ©BPathtta Cditree? il Mo®dma 6RaFdchhe’ nobiare lst-at i on
and then 25 determ ning other directional beans and ot hernobile stations
on the basis 8MoRHe ther gl ugélerni Rédmabrect iséRall Beaml 2gus existing,

the mobile station 30 with the highest recepticn quality

may be selected as the mobile staticn 30 corresponding to

thedirectionalbeam, or themobilestation30with thehighest

10 transmission pricrity of packet data may be selected as the

mobile station 30 corresponding to the directional beam.

The mobile staticn 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 [Ancther Processing Example about Determination of Number

and Directicns of Directional Beams]

Incidentally, theprocessingofdetermining 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 mcbile 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 directicnal beam toward the mobile station and then

25 deterniningotherdirectional beamsandothermobilestations

30 on the basis of the first determined directional beam

29
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0 3 AUG 2005 as a reference, as shown in Fig. 7. This procedure will be
described along Fig. 7. First, the nobile station 30 with the hugﬁigﬁ 0
transm ssion priority is set as a target according to the ranking o g]%ed
in S44 5 of Fig. 4 (S71), and formation of one directional beamis
determined in a direction toward the nobile station 30 (S72) . It is noted
that S71 is not limted to the use of the transmssion 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 directi 88aP BEAMIERCE diafe&iom tiowdrid «t He nobile station 30 with the
next highest priority under the condition that 15 the interference between

t he directional bea@élissPWﬂ“?‘é)W @d 1 ldte desbElbRca besy Féd -val udi(Sr3) . I f
it is possible, the directional beamis added in a direction toward the
mobi | e st ati She3Braptatiemedf tdrth the hjobessst hgnen1is6eps ISIPEhdY S74 i s
20 executed for each of the nobile stations in order fromthe nobile
station 30 wi £k §8E &% gh&st etanSAPSIIBE Pritde rpnkiwgenbtheénprotessithg is
completed for all the nobile stations 30 of targets (in the case of a
negati ve judgfénfipn &75571) ¢ helproeessthgn off M Aiectimhdigall ¥5 This
processing of Fig. 7 can,also‘properl¥ determ ne the nunber and directions
of- directi Onaple[§@§pﬁgn@éip3arb|aéjjorfect3{pn oward themobile station 30 (S72).

It is noted that 3571 is not limited to the use of the
transmissicon pricrity as a reference, but themobile station
t0o 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 is then determined whether it is possible tc add
anewdirecticnalbeaminadirectiontowardthemobilestation
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 (373). If it is possible, the
directional beam is added in a direction toward the mobile
station 30 (574).
Thereafter, the processing of steps S73 and S74 is
20 executed for each of the mechile 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 directicnal beams capable of

30



0 3 AUG 2005 keeping the interference between directional beans at or
bel ow the desired value. It is noted that the processing of steps S73 and
S74 may al so be executed in order fromthe nobile station 30 wifih AiBai0s

hi ghest reception quality. 5 As descri bed above, the present invention has
successfully acconplished the followng: while the radio resources were

all ocated before based on the reception quality information of each nobile
station and the packet transm ssion priorities, wthout paying attention to
the 10 | ocation of each nobile station, the present invention realized the
all ocation of the plurality of directional beans to the plurality of nobile
stations, bas&@eBAlhéhehiad erfsasncst Haitmaratdior dticingdi g atte d%ocHt i on
information of each nobile station: the reception quality information of
each 15 nobi | @e3PHt itBR, IERETPECHELBA - | n$br#15atﬁ@%€@)ftq‘@afctf%mqoélessﬁlétq on,
and the transm ssion priorities of packets to be transmtted; therefore,
the destinati 83 FBBPFeS &% aNORd 4cBAY bbsadieEreF ¥edadnt or peverr™ tHe beans
directed to the respective nobile stations frominterfering with each

ot her, 20 and®fhélradité tieSodlc#d tar &ha INndearsd (L6 asmd 1vsbidle isttat 4 ons,
whereby it is feasible to inprove the efficiency of use of the radio
resourées and achi e®é t A85FhéPRASse2BPVEhr otlghputtesednt o 1 vaws 1005 Dafhat i s
claimed is: 1. A radio_resources allocating nethod in which a_base station
capabl e of foPFHFR§SE IPldraricCy™Bl 1ghrscttitendlol lowing: 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
i0 location of each mobile station, the present invention
realized the allocationof thepluralityofdirectional beams
to the plurality of mobile stations, based on the three types
of informaticn including the location information of each
mobile station: the reception quality infcrmation 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 s¢ as to prevent the beams directed to the
respectivemcbile stations from interferingwith each other,
20 and the radio resources are allocated to themebile stations,
whereby it is feasible tc improve the efficiency of use of

the radic resocurces and achieve the increase of throughput.
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beans by applying a directional antenna capable of adaptively varying
directivity, to a transm ssion-reception antenna, allocates radid%}éﬁbﬂﬂ&es
to a plurality of nobile station, wherein the plurality of directional
beans and respective associated directions with a nutual interference

power ratio therebetween being not nore than a desired value are

deternineﬁh?pa§gdcggi&§8e9ggon quality information of each nobile station,

| ocati on each nobile station, and transmission priorities of
packets to beltranBnitadich zegabricpbexdllowdtirer setdhodet En nmividdhi ma

accor danc ' r adj QU C he 1nmhiyl4 tati ocat ed
to each o?a?%L%Q %Eggt?%ﬁgﬁh%iéﬁg ?ﬁrggﬁgrgaﬁgg\M%ﬁ?ﬁné¥d§¥€?§§%%%éi

mul ti pl exbegmef dxersapplyihe radi diesturaresl al eotathag metdsdd eaccof di ng

to Caim h D, t | yr.al.i.ty of djr | . hee . al | ocat ed
to the p|éﬁéﬁ??§8%? ﬁ%%&ﬁ@géggfggﬁgﬁht éc&é%q%a %%#%ﬂg%%h$ﬁg%%%€é€§gﬁ

transm tt edtepnandaléoeinted vaylichegsiowraleist yroofa mpbital statdébmeobBle The
radi o rengggﬁﬁnallocating nmet hod according to Claim?2, wherein on the
occasion of allTotating the radio resources used in transnmission with the
plurality of wherethondlhébeapiprahetyobidfe sdatréonsonhl ocdtesthst 0 ahe

plural i ty, of di[eeLi gnal. beamn are.seliegted hased,qn 1he; oL eeppti oo, aual ity
i nformati on Bf ~6ach Aobi (e station, the -locationh Infornation of each nobil e
station, apdetheratio therebetween being not more than a desired

value are determined, based on reception quality

information of each mobile station, location information of

each mobile station, and transmission priorities of packets

to be transmitted,

a multiplexity of users is determined in accordance
with the radio resources, and

the mobile stations are allocated to each of the
directional ©beams 1in accordance with the determined
multiplexity of users.

2. The radio resources allocating method according
to Claim 1, wherein, after the plurality of directional
beamg are allocated to the plurality of mobile stations,
packet 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 1in transmission with the plurality of
directional beams, the mobile stations allocated to the
plurality of directional beams are selected, based on the
reception gquality information of each mobile station, the
location information of each mobile station, and the
transmission priorities of packets to be transmitted.

4. The radio resources allocating method according

to Claim 1, wherein the reception quality information of
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transm ssion priorities of packets to be transmtted. 4. The radio resources
all ocating nethod according to Claiml, wherein the reception qua &q ¥
information of 32 03 AUG zoos each nobile station is a receptlon qua P@
at the nobile station estimated in the case where communication with a
directional beamis carried out, based on a reception quality at the nobile
station for a predetermned reference signal 5 transmtted fromthe base
station. 5. The radi o resources allocating nethod according to Caima1l,
wherein the | ocation information of each nobile station is |ocation

| nfor at 1 on_Beal! Led, pased en reasued. dogsatbon Lataumat apngrified of by

t he nDbiIe S I"on Re mobil & °st es Iocatlon measuri ng
|1 d 1,
s, 'S, hegEsthogterautass ol Lopatiy b s o QAR L

set based onya, gerdlasity eatnhgs'@avrﬂetaegmn%% By & Leig &&9@%&&6@@ i on

quality of t e maxi num nunb rans Ssi o sired

{ransm ssi on, shogd receptign ayaki LY. I QLIBLLON Of A e destdnatignobi | e

station, and a ransnlsS|on wai ti ng ase statlon e radio

resou%ces alk?gggﬁggtg8t§9gmagﬁgrg ng s%gtEB Claim 3, wherein a conbination

of nobile stations exrI st Fections of "a plurality of directiona

bearms  prel i mnari |y sahoD a8t ALLODALYS BASIS.d S SPLEGHRR: 28cb0a; HIpbi | e

stations subjected simul t aneous fransm ssi
to Claim 1, wherein the location information of each meobhile

station ié location information acquired based on measured
location informaticon notified of by the mobile station where
10 the mcbile 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 1s an index set based on a permissible
delay determined by & required communicaticn quality of the
15 packet, the maximum number of retransmissions, a desired
transmissicn speed, reception quality information of a
destination mobile station, and a transmission waiting time
at the base station.
7. The radio resources allocating method according
20 toClaim 3, wherein a combinaticnofmebile 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
receptiocn of packet data with the plurality of directional
25 beams.

8. The radio resources allocating method according
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reception of packet data with the plurality of directional

radi o resources allocating nethod according 33 0 3 AUG 2005

25 beans

to cﬂéuwﬁ'a%

wherein, where a plurality of nobile stations exist in a direction of a
certain directional beam a nmobile station corresponding to the directional
beamis selected, based on both or either of the reception quality
information 5 of eachnobile station and the transm ssion priority of packet
data to each nobile station. 9. The radi o resources allocating nethod
according to Claim3, wherein a conbination of nobile stations existing in

of, di recti.ona
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9, wherein, where there, exist,a Bk%&’i‘ohty of

9. The radio resources allocating method according

toClaim 3, wherein a combination cf 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 zs the

mobile stations subjected to simultaneocus transmission and

reception of packet data with tThe plurality of directicnal

beams.

15 10, 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

targets, the combination of mobile stations is selected in

faver of a combination cf mobile stations providing the

20 maximum number of mobile stations capable of undergoing

simultanecus transmission.

11. The radioc resources allocating method according

to Claim 9, wherein, where there exist a plurality of

combinations of the mobile stations that can be selecticn

25 targets, the combination of mobile staticons is selected in

faverofacombinaticnofmebile stationswithwhichreception
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conmbi nations of the nobile stations that can be selection 25 targets, the
conbi nati on of nobile stations is selected in favor of a conbination of
mobi | e stations with which reception 34 0 3 AUG 2005 states of th& AhiEe
stations in the conbinati on becone conprehensively the best. 12. The radio
resources allocating nethod according to Claim$9, 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 conbination are conprehensively

the hi ghest.sdd:d3. ofhenktadic@ inesouw:6esral |ocati fgeopb hegt asg0pdbBfle tO
Claim 3, wherein the nobile stations subjected to sinultaneous transm ssion

and recepti aiofrHacketvdayarMet Besthe plurality of directional beams are
selected as follows: a single nobile station is first selected based on 15

reception states of;xherThespesis ve soRRice $186t20SNOMe tHARNSALESHONG _
priorities of packet data to be transmtted, and then another nobilé station

i s sel ected;cd heianat her npbiig, stakiren @l sekise di reciioniof at | east
one directional beamthat can be fornmed so that an interference 20 power

rati oswi th adidiecdd onad deamdingotied ste tikessichalte cahDbE! e skatign
sel ected beconmes not nore than a preset value. 14. The radi o resources

al | ocating neihed aceordicagntiea@iainm 8, ndhEer i dxa et € itheee cexiest ia
plurality of nobile

favor of a combination of mobile stations with which

transmission pricorities for packet data to the mobile

stations in the combination are comprehensively the highest.

10 13. The radioc resources allocating method according

tQ Claim 3, wherein the mobile stations subjected to

simultanecous transmission and reception of packet data with

the plurality of directional beams are selected as folliows:

a single mobile station is first selected based on

15 reception states of the respective mobile stations or

transmission pricrities 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 fcrmed so that an interference

20 power ratio with a directional beam directed to the single

mobile staticon selected becomes not more than a preset value.

14. The radio resources allocatingmethod 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 is simultanecusly transmitted by code
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stations in a certain direction out of directions of the 25 directional
beans forned, packet data to the plurality of nobile stations is (03 AUG 2005
sinmul taneously transmtted by code 35 0 3 AUG 2005 division multiplex or
frequency division nmultiplex. 15. The radio resources allocating nethod
according to Claim3, wherein, where there exists no conbination of nobile

stations igavdisheat ndNe il eWhibeh raelidhald BY vekicd mealkiigaalk beams with a
mutual interference power ratio therebétween being not nore than a desired
val ue can be f&rnedhiet redRdHe s FeFRERES erbperohind medhad dafgcrginagd singl e

mobi | e st bl @ disn CRf I vadredh, Witk 2 StRGEEe ediBbeE NaAoRSARE Xn of
transm ssi on and reception of packet data to a_plurality_of nobile stations
i s carriefiobdtepystabdengi vigi odlrertiprex Bt Mdgiendy @ilvwrsildfymuPEi pl ex

with a sipgghecdiibagti opddmbeqnedr M bieaAl UfALetYePincdi RGId ONBLE Psans.
16. A radi o resources aIIocat%g% apparatus in a base station capable of
a

form ng atpegedrtvgesf krivgt Nokal mpeamihapy applafirgca wakteet iwal bant enna
capabl e ofead@nt i vel¥ns¥at¥iog %\I‘ic?(:tr!e\@et@biotrp BEL rBASRLESI 4 eggpt jon

antenna, the radio resources allocating apparatus conprising: allocating
means for Sd@géeni FoRg lithe Pragtent yisf carréedi o®alt bednsl and r espatei ve

associ at eﬁi@e%%%h%‘is H&&Erﬂ, Bgmttx%%lsrd'@s%fof er eNge rRoWRE 1Lt | tesEEQEt ween
being not nore than a desired value, based on reception qualit
i nformati datef teach mabivad idtvatobnmobddat isdrtiieiesr nagi eargfied out by

code division multiplex or frequency division multiplex
with a single directional beam or with a plurality of
directicnal beams.

16. A radio resourcesg allocating apparatus in 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,
the radio rescurces allocating apparatus comprising:

allocating means for determining the plurality of
directional beamg and respective associated directions with
a mutual interference power ratio therebetween being not
more than a desired wvalue, based on reception quality
information of each mobile station, location information of
each mobile station, and transmission priorities of packets
to be transmitted,

determining a multiplexity of users in accordance with
the radic resources, and

allocating the mobile stations to each of the
directional beams in accordance with the determined
multiplexity of users.

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

location estimating means for estimating a location
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each nobile station, and transm ssion priorities of packets to be
transmtted, determning a nultiplexity of users in accordance mﬁg@ MEQHE
radi o resources, and allocating the nobile stations to each of the
directional beans in accordance with the determned nultiplexity of users.
17. The radio resources allocating apparatus according to Caim 16, further
conprising: location estinmating neans for estimating a |location 36 0 3 AUG
2005 of each nobile station, based on orientation information of the
directional antenna; and |ocation information storing neans for storing the
| ocation information of each nobile station acquired hy 5 estinmation. 18.
The radio reS6uPBes BPPoLSt Phgtappar RAG8Y 28cOrdERG 4T ARrPEaatignh her
conprising: location information receiving neans for receiving the 1|ocation
i nformation 8f eaBn HBBFfdO8Rat PBRSRAEIf PE& of by 10 each nobile station;
and location information storing nmeans for storing the |ocation information
of each nobile statPohtaequinteBIBtiPBcEBpPFoRTI THERFhéOFadieTiéSod Ces

al | ocati ng afparatus 15 according to daim16, further conprisin

X g
i nt er f er encelpodet Ol r ARFBTEAdGPatiing a3 F bre caF 2l a8 i AGIYALRAL &% er ence

pomer5 estimation.
18. The radic resocurces allocating apparatus
according to Claim 16, further comprising:
locaticn informationreceivingmeans for receiving the
location information of each mobile station notified of by
10 each mobile station; and
locaticon information storing means for storing the
location information of each mobile station acguired by
reception.
19. The radio resources allocating eapparatus
15 according toClaiml1lé6, further comprising interference power
raticcalculatingmeans forcalculatinganinterferencepower
ratic of each beam with the other beams, where it 15 supposed
that the base station forms a pluralityof directional beams.
20. The radic resources allccating apparatus
20 according to Claim 16, further comprising:
quality information receiving means for receiving
information about a reception quality at each mobile station
forareference signal fromthe base station, fromeachmobile
station;
25 quality estimating means for estimating a reception

quality at each mobile staticn in the case where each mobile
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ratio.of each beamw th the other beans, where it is supposed that the base
station forns a plurality of directional beans. 20. The radio resouldeaUs 005
al l ocating apparatus 20 according to Claim 16, further conprising: quality
i nformation receiving nmeans for receiving information about a reception
quality at each nobile station for a reference signal fron1the base
station, from,eachnobi allty est i t|n neans

estimatin§ & rFEfepts oﬁugﬁ%(é{:?{i %5& te%acr% TE sTab ﬁ’ttlﬁ)él C%Jsteh wher e

each nobi k8 redfiBnd1AY:A0031i r8taLhoRd S 1bhEst ed tsQattrl@i‘lsml%?é&[‘ 8nd
reception with a directional beamdirected to the nobile station, based on

t he i nf or mhki amfazbowtt itdre alspept foa qaabptyoatqaathﬁﬂaﬂeeashamobmlebtalned
by reception; and quality information storing nmeans for storing the
receptlonsﬁﬁéﬁPPyOPﬁﬁépﬁgtP@hrﬁFe@ééﬁnﬂDBPﬁe station ach|red by

estimifon. 2Lo,Jhe.(adkcenauiags aLLOGAL! NA.aRBar aLlS Rogordl ngpLo O aim

16, further coﬁpr|5| ransm-ssion “prior uIa i'ng~neans It or

cal cul ati Rgcapthdns M@/ 0ty pri@f@fma@ioﬁaCBfm@alc@l stdpPNe basgdign at
| east one of the reception quality informati on of each nobile station,

requi r eneatsufiremh dycesmimatatinon qual ity of packet data to each nDblle
station, and a transmssion waiting tinme of each packet data. 22. A nobile
comuni cation €yst edP€onpriadiRy a 5§§@urces allocating  apparatus

according to Claim 16, further comprising 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.

22. A mobile 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,
and a plurality of mobile stations locating in a cell of
the base station,

wherein the base station comprises:

allocating means for determining the plurality of
directional beams and respective associated directions with
a mutual interference power ratio therebetween being not
more than a desired wvalue, based on reception quality
information of each mobile station with which the base
station 1is about to perform transmission and reception,
location information of each mobile station, and
transmission priorities of packets to be transmitted,

determining a multiplexity of users in accordance with

the radio resourceg, and
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station capable of formng a plurality of directional beans by applying a
di.rectional antenna capable of adaptively varying directivity, to f

transm ssion-reception antenna, and a plurality of nobile stations ?JﬁﬁgWﬁg
in a cell of the base station, wherein the base station conprises:

al l ocating means for determning the plurality of directional beans and
respective associated directions with a nmutual interference power ratio

t her ebet ween being not nore than a desired val ue, based on reception

quality inforpgatibeRt@hgeadthdbinbgi skat @R tWidn Wi gh thenbaser stgtion is
about to performtransm ssion and reception, |location information of each
nobi | e stdtirertiandl trlamns ssion mEdarrddres of wpabkettshd o Beterannaitt ed,
determ ni ng a,nulttglexity of users in accordance with the radi o resources,
and 38 0 FUALEP2685tYaPEod&ETRg t he nobile stations to each of the

directional begis | Rpaccgrdance widhy bhe. deler maed i Liplexity ofjusers.
23. The nobil e”Coémminicat I on-system accor di'ng to? Ul m %, erei n-The base

station fenbher 200Mhksesn thecabisen seatimat FNgtheanSchprigsld.mting a
| ocati on of each nobile station, based on orientation information of the
di rectional anflemaaiocanesitocattiiony imefaorsmeiarore sttiond mighgreansotatistooEng t he
| ocation information of each nobile station acquired by
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.
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
location information notifying means for notifying the
base station of the 1location information of the mobile
station acqguired by measurement; and
wherein the base station further comprises:
location information receiving means for receiving the
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 acguired by
reception.

25. The mobile communication system according to

Claim 22, wherein the base station further comprises:
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estimation. 24. The nobile communi cation system according to C aim 22,
wherein at | east one nobile station conprises: |ocation neasuring fgapsh ey
measuring a |location of the nobile station; and |ocation information
notifying nmeans for notifying the base station of the |location information
of the nobile station acquired by neasurenent; and wherein the base station
further conprises: location information receiving neans for receiving the

| ocation information of the nobile station notified of by the nobile
station; and |location information storing nmeans for storing the |ocation
informati on of the nobile station acquired by reception. 25. The nobile
communi cati on syst erilgEEorediFiF e o PA@IEdi mr2ZionhereicRlefiénpaseeanat i bur
further conprises: 39 0 3 AUG 2005 interference power ratio calculating
means for cal cifladyiiy drY iaft erfi@TerfdepeneCYeat ité Lol @dchabBahtait Wit he

ot her beams, where it is supposed that the base station fornms a plurality
of directionalthreamsersbegnsThehendilte iIcofnbAPeati oie sydterraecoidi hgiit o
Claim 22, wherein at |east one nobile station conprises: quality

cal cul ati ng mengN g or rlalcul BT it adieeeptdonl quad®mey at the nobile station

for a reference signal from the base station; and .
5 26. The mobille communication system according to

Claim 22, wherein at least one mobile station comprises:
quality calculatingmeans for calculating a reception
quality at the mobile station for a reference signal from
the base station; and
10 quality information notifyingmeans for notifying the
base station of information about the reception quality
acquired by calculation; and
wherein the base staticn further comprises:
gquality information receiving means for receiving the
15 information about the recepticn quality from the mchbile
staticn:
quality estimating means for estimating a reception
quality at the mokile station in the case where the mobile
station is subjected to transmission and recepticn with a
20 directional beam directed to the mobile station, based on
the information abcut the reception quality at the mobile
station acquired by reception; and
quality information storing means for storing the
receptiongquality information of themobile stationacquired
25 by estimation.

27. The mobile communication system according to
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10 quality information notifying neans for notifying the base station of

i nformati on about the reception quality acquired by cal cul ation; aha AUG 2005
wherein the base station further conprises: quality information receiving
means for receiving the 15 information about the reception quality fromthe
nobile station; quality estimating neans for estimating a reception

quality at the nobile station in the case where the nobile station is

subj ected to transm ssion and reception with a 20 directional beam directed
to the nobile station, based on the information about the reception quality
at the nmobile station acquired by reception; and _quality information
storing neans @%@l§t%?in@h?ﬁélnregépPﬁéﬁ aEQ#FPP L HEOFREL FORPSE SEFe nobi | e
station acquired 25 by estimation. 27. The nobil e conmmuni cation system
according to 40 0 3t BHOSL O ailth Y2 Liher &1 THE e sERETGh T GPther
conprises: transm ssion priority calculating neans for_ calculating a
transm ssion pfRofitytoRd EachaRebiPE 18tary vt - t hedeB26R APy nst abr@Tof t he
reception quality information 5 of each nobile station, requirenments froma
comuni cat i on PyEET %Y 5 LfackePRBath T S&AFIIOIHN dustativonnfarBagion

transm ssion waiting tine of each packet data. 41 , .
5 ol ea mokbile staticn, requilrements from a communication

guality of packet data to each mobile station, and =z

transmission walting time of each packet data.
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