DESCRI PTI ON RADI O BASE STATI ON, CONTROL METHOD THEREFOR, AND PROGRAM

RECORDY NG MEDI UM 5 Techni cal Field The present inventio ates to a radio
base station that perforns radio comrunication with a ”ﬂmy nobi | e
stations according to spatial nultiplexing. 10 Backgrou anyi ng

increases in nobile stations such as PHS and portable tel epfvomes in recent

years, there is a heightened social demand for effective use of frequency

resources. One 15 nethod that responds to this demand isMMM”mmﬂl

according to the spatial multiphgytngpiebRod. The spati ’mmwmlng
method is a nmethod in which communication is performed by nyglt.ihpl exing

using a carrier wave of one frequency at one tinme, with use of an adaptive

array device 20 that is directional in both transm ssion and reception to
form a directional pattern towards _each of Iur ity of nmobile stations
that  are M (FAsBrE ThF Fobe | SO oo bty RERHER e PR Riposed of
a plurality of fixed antennas, and is characterlzed inthat it adjusts the
1 anplitude and phase of tran§ﬁp9§P6NGaM§mﬂéH%ptlon waves of each

5
Technical Field
The present invention relates to a radio base station that
performs radio communication with a plurality of mobile
stations according to spatial multiplexing.
10

Background Art

Accompanying increases in mobile stations such as PHS and
portable telephones in recent years, there is a heightened
social demand for effective use of frequency resources. One

15 method that responds to this demand is communication according
to the spatial multiplexing method.

The spatial multiplexing method is a method in which
communication is performed by multiplexing using a carrier wave
ofonéfrequencyatonetime,withuseofanadaptivearraydevice

20 that is directional in both transmission and reception to form
a directional pattern towards each of a plurality of mobile
stations that are in different directions.

The adaptive array device is composed of a plurality of

fixed antennas, and is characterized in that it adjusts the



i ndi vidual antenna to formdirectivity for the plurality of antennas
overald . A radio base station that connects with a plurality of 5 nobile
stations through spatial nultiplexing uses an adaptive array device. In
order to separate the signal of each individual nobile station froma
received signal in which the signals of the plurality of nobile stations
are nmultiplexed, the radio base station calculates a weight factor. The
wei ght 10 factor is the anmount that the anplitude and phase of the signal

recei ved hy. each_antenpa fo mh .4 t] j The radio
base st%ﬁ%“b‘%ﬁﬁgae% %ggi%%gﬁ%tg%a[ |slogb§ glanfe%l)g%é{ ﬁ%ﬁqgﬂaﬁf%é? ég?si gnal
recei ved by each antenna bg t?e wei.ght f,actorgfor heﬁjg?rti c.uclwar nt enna
and additg iiBialeantenta eh@nt I8 MFECHVEAY &Pkt Urgith £% ef erence
signal, and adjusts the weight factor so that the difference between the
two si gimdlennass averiagidhum Signal wave pattern data corresponding to a
known set bit pattern that is a part of a control channel signal or
communi cat i o charinebasiegrdlati ionusEthascahe s eridice Fiprdlit0 othe radio

base station perforns this adjustnment repeatedly, and by cal culating the

vei ght faetier skak ieashthasuehnapaniadganttipleathgnbes earstaatapdni vchat i s
being spatially nmultiplexed, and nultiplying each signal received by each

ant e““%f&‘iaéﬁ %Q@i?ﬁ@i.ghtIﬁa(Eﬂief ot d hgepatrhteul@ie agtighaa asd 2aaddi ng the
results together, separates the signal of each of

individual mobile station from a received signal in which the
signals of the plurality of mobile stations are multiplexed,
the radio base station calculates a weight factor. The weight
10 factor is the amount that the amplitude and phase of the signal
received by each antenna for each mobile station are adjusted.
The radio base station compares a signal that is obtained
By multiplying the signal received by each antenna by the weight
factor for the particular antenna and adding the result of each
15 multiplication together, with a reference signal, and adjusts
the weight factor so that the difference between the two signals
is aminimum. Signal wave pattern data corresponding to a known
set bit pattern that is a part of a control channel signal or
communication channel signal is used as the reference signal.
20 The radio base station performs this adjustment
repeatedly, and by calculating the weight factor for each
antenna in regard to eachmobile station that is being spatially
multiplexed, and multiplying each signal received by each

antenna with the weight factor for the particular antenna and



the plurality of nobile stations. In transm ssion, the radio base station
forms a directivity pattern towards each nobile station by transmtting a
signal fromeach antenna that is a 5 signal multiplied with the wei ght
factor that was calculated at reception. Note that spatial mnultiplexing
techni ques are described in "Path Division Miltiple Access (PDVA) Mobile
Comruni cation Systeni', The Technical Report of the Proceeding of the
Institute 10 of Electronics, Information, and Conmuni cati on Engi neers

RCS93- 8444934 tH4) reBR1t37td4ethbe M adbarhase hat s0Gnaudees cwaet ber a
nmobile station wth which it is already communicating and anot her nobile

stati onhL o Wl £he b hee Rt 01 base S{dtd on 1hag AN Jaea! vedelPags pequest

By

for allocation of a comruni cati on channel are a suitable conbination for
conmmuni cation_according to_spatial ., wmulti xing, in the follow ng way. The
oo bSEE CTEEF P CHPOF of cal bt PEApOnLeb e bR 5P EaEne e TRt T
stations, and calculates a correl ation_value 20 between the twy cal cul ated
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direction of the nobile station. The response vector correspondence val ue
is an shanahtorlehphiad Wbhhctbsevehehli F2eEPBHnEhat Yhe I HbBEEE
stations are. 3 Wien the cal cul ated correspondence val ue i s higher than

at reception.

Note that spatial multiplexing techniques are described
in “Path Division Multiple Access (PDMA) Mobile Communication
System”, The Technical Report of the Proceeding of the Institute

10 of Electronics, Information, anq Communication Engineers
RCS93-84(1994-01), pp. 37-44.

The radio base station judges whether a mobile station
with which it is already communicating and another mobile
station from which the radio base station has newly received

15 a request for allocatioﬁ of a communication channel are a
suitable combination for communication according to spatial
multiplexing, in the following way.

The radio base station calculates a response vector of
both the mobile stations, and calculates a correlation value_

20 between the two calculated response vectors. Here, the
response vector is information about the direction of the mobile
station. The response vector correspondence value is an

indicator showing how close the directions of the two mobile

stations are.



a threshold value, it is considered that it is inpossible to separate the
signals of both of the nobile stations by a difference in directivity
patterns because the two nobile 5 stations are in substantially the sanme
direction. In this case, the radio base station judges the nobile stations
to be an unsuitable conbination for spatial nultiplexing. Furthernore, the
radi o-base station neasures the field intensity of the signal fromeach of
the mobile stations, and 10 calculates a ratio of the two neasured field

intensities. |f t calcul ated field int ' ratji o i i a
t hreshol d val ?nﬁﬁm?§%%%ﬁ}§%e4ié%é%%éﬁéﬁggé#%na]éﬂ%éﬁng¥gﬂgé éﬁ??ably
separated even if_an opti nal ﬂirectigé%éeaattern, is formed , because the

i nt ensid yrhrasP At wol i ghat s i gheF thahS tHPYFHPH&LTY of the
adaptive array device. In_ this case, the radio base station judges the
nobi | e ssiparaores the Isdgalmsaft Ssitd cohbithat it ¥l §patiarsmiint i pl exi ng.
The radi o base station, which also uses a tine division nultiplex system
t 0 conrEcfamdricé heénpldiradtiyw iofy npbitkern20 atusmsthe udges mditet her
spatial nmultiplexing is suitable in each tine slot in regard to the tine

di vési i auldd Phes mwhedbsakhegalliligt Be camaidi catt oonchanehitsa@asaew nobil e
station and there is no space in atineslot in tinme division nultiplex

conmuniGal i,any; Jhe2 680500288 Staldan @hd ogabeset Beadicaamupi ¢at ign channel
according to spatial multiplexingin a

unsuitable combination for spatial multiplexing.
Furthermore, the radio base station measures the field
intensity of the signal from each of the mobile stations, and
10 calculates a ratio of the two measured field intensities.
If the calculated field intensity ratio is higher than
a threshold value, it is thought that the two signals cannot
be suitably separated evén if an optimal directivity pattern
is formed .because the intensity ratio of the two signals 1is
15 higher thén the gain ratio of the adaptive array device. In
this case, the radio base station judges the mobile stations
to be an unsuitable combination for spatial multiplexing.
The radio base station, which also uses a time division
multiplex system to connect with the plurality of mobile
20 stations, judges whether spatial multiplexing is suitable in
each time slot in regard to the time division multiplex when
allocating a communication channel to a new mobile station and
there is no space in a timeslot in time division multiplex

communication. The radio base station allocates the



timeslot that is not being used by the nobile station that was judged to
be unsuitable for spatial nmultiplexing wwth the new nobile station. 5 In

this way, the radio base station perforns spatial nultiplexing only

t hrough conbi nati ons of nobile stations that are suitable for spati al

mul ti pl exi ng conmuni cation. In addition, during spatial nultiplexing the

radi o-base station follows the direction of each nobile station with the

10 directivity pattern of the adaptive array device. Accordingly,
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technique, in allocating a_conmunicatijon_channel.to a. .new ile station
15 t hr oigRegpati Ghakul £ipP RS9 tuﬁ’g%r h@fi BB ¥ AT ST WG WHEEher
spatial multiplexing between a new nobi|le station and a nobile station
that isjafgeddyocoemumsehtablei Eos ERaAbIaEl Bl ddiaring Wi &&e 8%t i on

val ue of the response vectors of the two nobile stations and the ratio of
the fiehdbibeepsittyonf. the 20 signal received fromthe two nobile stations
with respective threshold values, to judge whether the two nobile stations

ares a suitabkg eanki Raly onther rapabi dhsauldtigd it neer Homeyespatthalt hi s
met hod there are cases in which, even when the two nobile stations are

j udged &1191{3}? 2 §Eﬂh¥0;a$’ﬂ1§yq9{ﬂ8 icenblian tSRald 8k oriild krhexions thakcul ation
of the weig P*Factdr falls and a
are suitable for spatial multiplexing communication. In
addition, during spatial multiplexing the radio base station
follows the direction of each mobile station with the
10 directivity pattern of the adaptive array devj..ce. Accordingly,

communication is performed preventing mixing of voices and

maintaining suitable communication quality.

In the above-described conventional technique, in
allocating a communication channel to a new mobile station

15 through spatial multiplexing, the raciio base station judges
whether spatial multiplexing between a new mobile station and

a mobile station that is already communicating is suitable by
comparing the correlation value of the response vectors of the

two mobile stations and the ratio of the field intensity of the

20 signal received from the two mobile stations with respective
threshold values, to judge whether the two mobile stations are

a suitable combination for spatial multiplexing. However, in
this method there are cases in which, even when the two mobile

stations are judged to be a suitable combination for spatial



correct directivity pattern cannot be fornmed. This failure occurs in the
following way. It is desirable for the reference signal to be different 5
for each nobile station in order for the weight factor to be calculated
correctly. This is because if the waveformof the reference signal is
conpletely the same for a plurality of nobile stations and the conpared
timng matches conpletely, the reference signals will no | onger be a basis
on which to 10 differentiate the nobile stations. In reality, since each

nobi l e station generates it.s ,omn operation.cloc the tim of .t he signal
recei vefﬂu?%ﬂiﬁiggéﬂg’nﬁﬁliceulsaftajt?%nofs{%llefVS%ght%, kf?c?ti o iéa]rlggea?%eati ni ng
conpletely matches. The radi o base station utilizes this to detect the 15
ti mng BPT¥REtsAdRECtiddd &R HHeFh SAARAoha X8 on, and cal cul ate the
wei ght factor by followi ng the detected timng and staggering the

conpar ati ve tThiagfalleaehosshitise ist Fheodoldevbinivay t he ref erence

signal. However, since occasionally timng of reception of 20 signals from
two nobil e statiinsessrsaiiist gotri ahé yrdferaare,sigaslesocobeudiffemdmich t he
wei ght factor of the nobile stations cannot be calculated correctly. Wth

recent fopProNENENdSiia stheiancunasydeof £or ctihé wbefentSadbet tomwse
nobi |l e stations, enploynent of techniques for frame synchroni zation
bet weencgy SuPhLEd! ddyrObt Pase Biad 118NpecdRLR) QRMBAESVAPeEbERUGE fiRehNOl OgY,
reference signal is completely the same for a plurality of
mobile stations and the compared timin.g matches completely, the
reference signals will no longer be a basis on which to
10 differentiate the mobile stations.

In reality, since each mobile station generates its own
operation clock, the timing of the signal received from each
mobile station is different, so it is rare the timing completely
matches. The radio base station utilizes this to detect the

15 timing of the signal feceived from each mobile station, and
calculate the weight factor by following the detected timing
and staggering the comparative timing of each mobile station
relative to the reference signal.

However, since occasionally timing of reception of

20 signals from two mobile stations is substantially the same,
cases occur in which the weight factor of the mobile stations
cannot be calculated correctly. With recent improvements in

the accuracy of circuit elements that compose mobile stations,

employment of techniques for frame synchronization between a



and so on, such cases are occurring nuch nore frequently. If the radi o base
station cannot calculate a weight factor correctly, an appropriate
directivity pattern cannot be formed 5 towards each nobile station.
Consequently, a problemarises that not only can a new nobile station not
begi n comuni cation, but nobile stations already comruni cati ng may
experience interruptions, and users cannot be assured appropriate

comuni cation quality. 10 Disclosure of the Invention In order to solve the

above- desgi-hbed yps pBlagss t 4 Beoneh) dete Diphdet Preseit ch My ericheie licsyyt,0
provide a radi o base station that inproves the accuracy of judgenents

about theslaosuit a%' 'dhbxeafgessp@%é%cgakﬂﬁbemea m8pd Fhabuassykes constant

connunlcatlon qual it etween the radi o baSe station and nobile™ stations.
The radio bas statlo of, t he sent weptlon, ation

t hat performs atcﬁeo 8@&%?%35%61 W ﬁag gl@uéra 4fa B%%fl%gﬁ%t% ations
according to spati al nultlpIeX|n%¥ characterlzed Eéb 8 q} connug,catlon
qual i t ySBFTBREL¥paR P APPIRRE IR IFgCHasEd BAtES %‘%5 h 8% APrge

di fference between a signal received froma first nobile station and a
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structure, communi cation quality when
that not only can a new mobile station not begin communication,

but mobile stations already communicating may experience
interruptions, and wusers cannot be assured appropriate
communication quality.
10
Discl f the Inventi
In order to solve the above-described problems, the
object of the present invention is to provide a radio base
station that improves the accuracy of judgements about the
15 suitability of spatial multiplexing, and that assurés constant
communication quality between the radio base station and mobile
stations.
The radio base station of the present invention is a radio
base station that performs radio communication with a plurality
20 of mobile stations according to spatial multiplexing,
characterized by: judging communication quality of the spatial
multiplexing, based on a reception timing difference between
a signal received from a first mobile station and a signal

received from a second mobile station.



two nobile stations are spatially nultiplexed can be predicted based on a
difference in timng of signals received fromthe nobile stations.
Therefore, if the radio base station, when 5 it receives a comruni cation
channel allocation request froma new nobile station, takes into
consideration the reception timng difference between a signal received
fromthe new nobile station and a signal received fromthe nobile station
al ready comunicating with the radio base station to judge whether 10

spatial nmultiplexing is appljcable, accuracy in the judgenent_ is inproved
conpared to tgécééﬁ&é‘ﬁt Fﬁn’gm% ST e of ‘i%&ﬂrﬁgca %réglugﬁlfyoﬁ'%?ﬁe
response vector correlation value and_the _field intensity ratio.

Furt her wpanolmbl @ Statorets @rec6ratArdali Bal BRI ekedean ke ersdiedern
spatial multiplexing 15 conmunication. The radi o base station of the
presentbhpge@ndbhon dsfheradie ibasémingt pénsipaelpereoeiwedadirom the
comuni cation with a plurality of nobile stations according to spati al

mul tipl gxhinge seghataskeri zrdrbyorpydgitnghehesfice bheespahicabnnulvhipl exi ng
is 20 applicable, based on a reception timng difference between a signal

recel Vef'%‘;%é’c,f%fvgy | |t d O fb Qe romuniLati ih reiduedtheroadho base

station a signal recelived froma nobile station that is newy

igg};atégg %gg&#%h%ﬁ%&%&ﬁﬁt&kﬁ%g 5 3950 oI BeHadlil - c 8 FHELBSENBRE, the

timing difference between a signal received from the new mobile
station and a signal received from the mobile station already
communicating with the radio base station to judge whether

10 spatial multiplexing is applicable, accuracy in the judgement
is improved compared to the conventional technique of judging
based only on the response vector correlation value and the
field intensity ratio. Furthermore, more favorable
communication quality can be ensured in spatial multiplexing

15 communication.

The radio base station of the present invention is a radio
basestationthatperformsradiocommunicationwitha;ﬂurélity
of mobile stations according to spatial multiplexing,
characterized by: judging whether the spatial multiplexing is

20 applicable, based on a reception timing difference between a
signal received from a mobile station already communicating

with the radio base station and a signal received from a mobile

station that is newly initiating communication with the radio

base station.



detection unit for detecting the reception timng difference between the
signal’received fromthe nobile station already comunicating wth the
radi o base station and the signal 5 received fromthe nobile station that
is newy initiating conmunication with the radi o base station; and a

mul tiplex judgenent unit for judging, by conparing the detected reception
timng difference with a threshold val ue, whether the nobile station that
is neWwy initiating communication with the radio 10 base station can be

 ncluded as a Ehel e NG aPALLAL o MHLLLP! 8K 0o AGRQ! diAO1LA! Nese
structures, theéradio Dase station can |udge whether communication
accordi to spati al, tiplexing 1is.applicable, based on .t reception
(i ng. QEHEGIRTe “Dotndat B SRS HHEar VEoP (o 1 S ke Tl o,
Therefore, when the ,recetiontirring£difference is small and it is '

possi bl detiwgen dilia f1E 3} reREpIVEY EARROT e MHAEd S Hifardd 182 %he
nobi | e stations, by refusing communi cation channel allocation according to
spati al lcpmmuintiiqaltexiongy 1 hx ddheayokaddcakkh ¢he sitiekd on2 Bt etheoisdahaland
favorabl e communi cation quality is ensured. Furthernore, the radi o base

st at3 on rigay ifredt hrom nehedenotal Ioal sthatoon tiitt for neal guliatiitigt(ia)g a

correl ation value between a response vector of the nobile station already
conmmuni ¢akinia 1Watth dohes 1l ehbagadiatiye adta 8i6epPONEeaV aeill®ipd ex
judgement unit for judging, by comparing the detected reception
timing difference with a threshold value, whether the mobile
station that is newly initiating communication with the radio
10 base station can be included as a member for the spatial
multiplexing.

According to these structures, the radio base station can
judge whether communication according to spatial multiplexing
is applicable, based on the reception timing difference between

15 the signals received from the two signals. Therefore, when the
reception timing difference is small and it is possible that
suitable directivity cannot be formed in regard to the mobile
stations, by refusing communication channel allocation
accordiﬁg to spatially multiplexing, mixed voices and the like

20 are avoided, and favorable communication quality is ensured.

Furthermore, the radio base station may further include
a calculation unit for calculating (a) a correlation value

between a response vector of the mobile station already

communicating with the radio base station and a response vector



of the nobile station that is newly initiating communication wth the
radi o base station, and (b) a ratio of a field intensity of the signal
received fromthe nobile station already conmunicating with the radio base
station to a field intensity 5 of the signal received fromthe nobile
station that is newly initiating conmunication with the radio base
station, wherein the nultiplex judgenent unit judges whether the nobile
station that is newy initiating conmunication with the radi o base

station be i.nc] ud S er f i al. ip Malop

conpar i%éa‘ir}h% I%%]?%? at e%@%%r?rgﬁg?i %ﬁ 13% %ga%%?éﬁ%ﬁl%%eé%gg%ﬁégleéct ors,
the calculated ratio of the fi.eld intensity and .t he .detected reception
Ui i g "Oh § SPEnER0L QAP BEAEIERV R PRHDSAI A UaPfed T Lart RBF BT oY ¢ he
radi o base station may. instruct an 15 identical tinme frane as a_period
for signal theansipssionreeeivefe FHORI &hg affiody 1& r 8ha% 1€8makTea¢Y ng with
the radio base station and the nobile station that is newy initiating.
conmuni ccainuomi o4 t tng el ttadihe lpasid csbasket,atthodn riecei fiagdthetess grgal from
both the nobile stations in the identical time franme, 20 wherein the

det BCt i HHY ts IEASUNREC Y édef fdmWhhe meb slgnatatisn reket ves dgwy each of
the nobile stations, using a starting point of the tinme franme as a basis,

and detsgeiss; £ fhd T @mBNGE cPeiyRan the Hd FRdab vAbehseaelos| andrd s recei ved
as the reception timng difference. 10
the multiplex judgement unit judges whether the mobile station
that is newly initiating communication with the radio base
station can be included as a member for spatial multiplexing,
10 Dby comparing the calculated correlation value between the
response vectors, the calculated ratio of the field intensity,
and the detected reception timing difference, with respective
threshold values.
Furthermore, the radio base station may. instruct an
15 identical time frame as a period for signal traﬁsmission, to
the mobile station already communicating with the radio base
station and the mobile station that is newly initiating
communication with the radio base station, and receiving the
signal fromboth themobile stations in the identical time frame,
20 wherein the detection unit measures a time at which a signal
is received from each of the mobile stations, using a starting

point of the time frame as a basis, and detects a difference

between the time at which each signal is received as the

reception timing difference.

10



According to these structures, comrunication quality when two nobile
stations are spatially nultiplexed can be predicted using a difference in
timng of signals received from the nobile stations, a correlation val ue
of the response vector, 5 and a ratio of the field intensity. Therefore,
accuracy in judging whether spatial nmultiplexing is applicable can be

i nproved, and conmuni cation according to spatial nultiplexing permtted
only for suitable conmbinations of nobile stations. A control nethod of the
present invention is a cont thod for a radio se statioq'that

| 10 b
per f or ns radi@CQQﬁﬁﬁRﬂcE?i%%eﬁQﬁ?igﬁﬁ T8 5 1 yCOPMBBCAE 28 atd i He cor di ng

to spatial nmultiplexing, including: a detection step of detectin t he
recept i ofen nivy BPPLdeeid W eRTEhEPSTGRHL Y JBet VR € ¥ 23 ntRRe Bfobi | e
station already comunicating with the radio 15 base station and the signal
recei vegrfedimtidie usibil ® ditfftsmncea hattisipewfy sianeilat Fege toednfiodat i on
with the radio base station; and a nultiplex judgenent step of judging, by

conpar i e hoei detatitahiLCeapidnre 14 oy veiliikes £te ne$ponsé veesloal,d val ue,
whet her the nobile station that is newy initiating 20 conmmuni cation with

the gadi@pase Stalion e PeeiackHdedsasy . a mraberokar bbeuspali ah
mul t1 pl exing. According to this structure, the radi o base station can

e P G SRRSO b T B S0cehbe
improved, and communication according to spatial multiplexing
permitted only for suitable combinations of mobile stations.

A control method of the present invention is a control

10 method for a radio base station that performs radio

communication with a plurality of mobile stations according to

spatial multiplexing, including: a detection step of detecting

the réception timing difference between the signal. received

from the mobile station already communicating with the radio

15 Dbase station and the signal received froﬁ the mobile station

that is newly initiating communication with the radio base

station; and amultiplex judgement step of judging, by comparing

the detected reception timing difference with a threshold value,

whether the mobile station that is newly initiating

20 communication with the radio base station can be included as
a member for the spatial multiplexing.

According to this structure, the radio base station can

judge whether communication according to spatial multiplexing

is applicable, based on the reception timing difference between

11



the signals received fromthe two signals. Therefore, when the reception
timng difference is small and it is possible that suitable directivity
cannot be formed in regard to the nobile stations, by refusing

conmmuni cation channel allocation 5 according to spatially nultiplexing,

m xed voices and the |like are avoided, and favorable comunication quality
is ensured. Furthernore, the control nethod may further include a

cal cul ati on step of calculating (a) a correlation value between a response

vect or t he I r mupLeat i i-L h i 0 base
Stat | on CBRc SAERy 6 BeR T B bl R 252% Eheipeptl ik, Lhe
initiating comuni ¢cation h the radlo ta and ratio of a
field iﬁﬁgﬁEFPQHOFlPﬁEgsgéﬁ%Frepéféﬂféng % %DBI|€O§Fé§?§ %gﬁ eady
comuni cating wth the radio base station to a. fleldlnten3|tépof t he

signal Feibpbda ALTeFbAViRE GBBRPE BeatPEReY Hah %QQHQM?? thPt PaPLhg

communi cation wth the radio base station, wherein, in the multiplex
j udgenmeatatioep, thg jmdggﬁema'|§QﬂﬂﬂRlQﬁﬁ#¢ﬂn ehrnpebi | @l5e@at s8Nt hat i s
newy initiating conmunication with the radi o base station can be included

as & neabesrd Ongspatsipalt iyt pudxtiipd exbtiyn20mé grpave hge$ leend &heul aked
correl ation val ue between the response vectors, the calculated ratio of

the fi eéﬂel&&@i@éay,a@dldféxk@raﬂﬁée@&@duﬁ@@smbﬁnqﬁammg diféeseree, with
respective threshold values. According to this structure, conmunication
qual ity when ﬂ@rthermore, the control method may further include a
calculation step of calculating (a) a correlation value between
a response vector of the mobile station already communicating
10 with the radio base station and a response vector of the mobile
station that is newly initiating communication with the radio
base station, and (b) a ratio of a field intensity of the signal
received from the mobile station already communicating with the
radio base station to a field intensity of the signal received
15 from the mobile station thét is newly initiating communication
with the radio base station, wherein, in themultiplex judgement
step, the judgement is about whether the mobile station that
is newly initiating communication with the radio base station
can be included as a member for spatial multiplexing, by
20 comparing the calculated correlation value between the response
vectors, the calculated ratio of the field intensity, and the
detected reception timing difference, with respective
threshold values.

According to this structure, communication quality when

12



T4 t nobil e stations are spatially multiplexed can be predicted using a
di fferfence in timng of signals received fromthe nobile stations, a
correlation val ue of the response vector, and a ratio of the field
intensity. Therefore, accuracy in judging 5 whether spatial nultiplexing is
applicabl e can be inproved, and comunication according to spati al

mul tiplexing permtted only for suitable conbinations of nobile stations.
A programrecordi ng medi um of the present invention is a programrecording

Ted UM (g £1e0aLdeq et ean. 8. b 091 9 10 £ 0L SONIPLE PPeaRdn0 base

station Y%g} er orns’ra nlcat on Wt ura 1ty of nob

stations accordj spatial .nultipl.e the a a

det ect | G RY é‘pdlggeﬂﬁ’fl‘éﬁt]rmﬁlfnﬁé‘gr %i@dﬁr{?&g‘:{ e %r e#gé%%reg)%é)?\%\ggn t he
signal received fromthe nobile statiaon alread connunlcatlng ‘wWi.th, the 15
radi o bsttiensi oh apBrehatipgnyrlvscaivddis v RIS SRR PO st aBfoR that is

newly initiating communication with the radio base station; and a
mul ti plmextjcdgendet fseed ohtpnddityy, E?ereémggnlﬁgcuﬁécﬁe@écl@@glégeptlon
timng difference with a threshold val ue, whether the nobile station that

i s newyhabhd Rishiadtiiangme DENHN e&ahigohs aipph itde readho HEasmpsbakidonasdn be
i ncluded as a nenber for the spatial nultiplexing. According to this

struct l&cﬁm&rbf‘cz{@%x@ 2RSSR kenssani 4 Lega tiatdiem Loarmnieaty em1accor di ng
to spatial nmultiplexing is applicable, based on the reception timng

di ffer%q)cxe Q?fﬂ?x?ﬂa combinations of mobile stations.

A program recording medium of _the present invention is
a program recording medium having recorded thereon a program
10 for controlling a radio base station that performs radio
communication with a plurality of mobile stations according to
spatial multiplexing, the program comprising: a detection step
of detecting the reception timing difference between the signal
received from the mobile station already communicating with the
15 radio base station and the signal received from thelmobile
station that is newly initiating communication with the radio
base station; and a multiplex judgement step of judging, by
comparing the detected reception timing difference with a
threshold value, whether the mobile station that is newly
20 initiating communication with the radio base station can be

included as a member for the spatial multiplexing.
According to this structure, the radio base station can
judge whether communication according to spatial multiplexing

is applicable, based on the reception timing difference between

13



13 Y the signals received fromthe two signals. Therefore, when the
reception timng difference is small and it is possible that suitable
directivity cannot be forned in regard to the nobile stations, by refusing
conmmuni cation channel allocation 5 according to spatially nultiplexing,

m xed. voices and the |like are avoided, and favorabl e comunication
quality is ensured. Note that the programmay further include a
calculation step of calculating (a) a correl ation val ue betmeen a response
vector of the nobile stati alre comunicating, with the radi o base
st at| on CRRCPLOFELHRGE VRS & OBt ChR e HrOBREE deat | SPCFRAPERS IGA oo
initiating conmunication with the radio base station, and (b) a ratio of a
field | REERSILEPNOL imAa dsdghdler snailfe §RAdImaRe Lo BS| BOSE4 ﬁ@ntgﬁFeady
communicating with the radio base station to a'field intensity, of the
signal sedehrbéde d5réectaviiy rebins beafévRedhin Hegarilp ithiet mabiag

comuni cation wth the radi o base station, wherein, in the nultiplex

j udgenestatsbep, tbg,iwmﬁﬂﬁﬂngisr@mmnNiQWEimmr ¢hennebi | elsbattoont hat s
newy initiating conmunication with the radi o base station can be included

as & MegRebrh9hgSEStdpt a1 e e ih 20 me ERarb NEe t en & alheul aked
correl ation val 0e between the response vectors, the calculated ratio of

the 1! ehfle! RLEDSLLY %ﬁ‘&dfAQSraﬁ%eEBﬁﬂuﬁEESE&bH“thﬂEQ difEgepeg, wth

respecti ve res
Note that the program may further include a calculation

step of calculating (a) a correlation value between a response
vector of the mobile station already communicating with the
10 radio base station and a response vector of the mobile station
that is newly initiating communication with the radio base
station, and (b) a ratio of a field intensity of the signal
received from the mobile station already communicating with the
radio base station to a field intensity. of the signal received
15 from the mobile station that is newly initiating communication
with the radio base station, wherein, in themultiplex judgement
step, the judgement is about whether the mobile station that
is newly initiating communicaticon with the radio base station
can be included as a member for.spatial multiplexing, by
20 comparing the calculated correlation value between the response
vectors, the calculated ratio of the field intensity, and the
detected reception timing difference, with respective

threshold values.

According to this structure, communication quality when

14



According to this structure, comunication quality when 14 .4 two nobile
statidns are spatially multiplexed can be predicted using a difference in
timng of signals received fromthe nobile stations, a correlation val ue
of the response vector, and a ratio of the field intensity. Therefore,
accuracy in judging 5 whether spatial nultiplexing is applicable can be

i nproved, and comruni cation according to spatial nmultiplexing permtted
only for suitable conbinations of nobile stations. Brief Description of

t he Dr aw i o i I 0 0 i tation
100; P 5rOgTeRPLE daciats Ard BBRLARITORN) K RICHECLa R 4ol SRR A P

one exanple shqw a quality. indicator value table. 300: 15 Fig. is a
f1 onchatt 8% ﬁé'}%rﬁnﬂ% tRamEt 8Bt T4h rﬁeceplr%ec%gﬁ%g;t]j%lengogrl&é 5is a
ftowchart show ng a nul ti_plex judgenent rocedure. 20 Best Mode for
Carryi n§t&hioRrRe Rn¥oRTEdR tHRE reH % v bR cFrBBSRSer X8F5°basél8t 3ti on 100
in one enbodinent. The radi o base station 100 connects wirelessly with one
or nor erPEEo nbithe stigidngangidinaf terafshi¢ e atayast dp yudging

5 whether spatial multiplexing is applicable can be improved, and

communication according to spatial multiplexing permitted only

for suitable combinations of mobile stations.

Brief [ Lot ¢ the T .

10 Fig. 1 is a function block diagram of a radio base station

100;

Fig. 2 is one example showing a threshold value table 200;

Fig. 3 is one example showing a quality indicator value

table 300;

15 Fig. 4 is a flowchart showing a 1ink channel establishment

procedure; and

Fig. 5 is a flowchart showing a multiplex judgement

procedure.

20 Best Mode for Carrving out the Invention

The following describes a radio base station 100 in one

embodiment.

The radio base station 100 connects wirelessly with one

or more PHS mobile stations (hereinafter “mobile station(s)”)

15



15 according to a TDMW TTD (Time Division Miultiple Access/ Tinme Division
Bupl eX) method prescribed by the PHS standard. In addition to TDVA/ TDD,
the radi o base station 100 cormmunicates wth the nobile station by further
performng spatial 5 nmultiplexing. 1 Structure of the radio base station
100 The radi o base station 100, as Fig. 1 shows, is conposed of antenna
units 11 to 14, radio units 21 to 24, a signal 10 processing unit 50, a
nodem unit 60, a baseband wunit 70, a control wunit 80, and an information

storage unit.90. (1) unit, 70 T e Unit 0.4 cted via
an | SDEGIHEY arP %Eﬁ§§§ZE$D13&# é EgggﬁggﬁlEﬁpﬁd#}%eﬁég%%%Fgac et data
via the ISDN line, extracts traffic info tign f the receiv packet
dat a, AHFSIDIAEPIENN REEGPSt ip5|’?s§rr&(p§éi;iq§’g tg}?‘d %ﬁg}?%ﬁmé%?ti ptex
processing to break down the extracted traffic information via a plurality
of chamdelistiion ¢ca TPMAAIOR y tée radipabapanditat Hralll e Ea™MUnNiGARRt s to the
nodem unit 60. Here, the TDMA nodul ati on processing is tine division

mul ti plwedding tfe f auarb idkanreedast iofn orkey TOMAtERDY f e orationws dismptial t he PHS
standard. One TDMA/ TDD franme is conposed of four transm ssion tineslots

ands f oy reGaREEQy i mesl ots. A set of 16

1 Structure of the radio base station 100
The radio base station 100, as Eig. 1l shows, is composed
of antenna units 11 to 14, radio qnits 21 to 24, a signal

10 processingunitSO,anmdemunitso,abasebandunit?O,acontrol
unit 80, and an information storage unit 90.

(1) Baseband unit 70
The baseband unit 70 is connected via an ISDN line to an
exchange. .

15 The baseband unit 70 receives packet data via the ISDN
line, extracts traffic information from the received packet
data, and performs TDMA modulation processing and spatial
multiplex processing to break down the extracted traffic
information via a plurality of channels into a plurality of

20 baseband signals that it outputs to the modem unit 60.

Here, the TDMA modulation procesSing is time division
multiplexing of four channels of one TDMA/TDD frame, according
to the PHS standard. One TDMA/TDD frame is composed of four

transmission timeslots and four reception timeslots. A set of

16



one transm ssion tineslot and one reception tineslot conposes one channel
i'n time division multiplexing. In addition, the spatial multiplexing
processing spatially multiplexes a maxi numof four channels in each
timesl ot set. Accordingly, 5 a maxi mum of 16 channels are nultiplexed in
one TDMW TDD frame according to TDMA nodul ati on processing and spati al

mul tipl exi ng processing. Furthernore, the baseband unit 70 receives a
plurality of baseband signals fromthe nodem 60 via the maxi nrumof 16 10

channel g jn.qng TOMATRD: f 1aak o+ ThRabasehand sy dn 14 rianes Blmiaeket data

fromthe recelveﬁ plurality of baseband signals, and outputs the generated

packet data yia the.lS line. . (.2 iJ: 60 T uni t

recei ve?nt?aé%lt?m gn &8s ;aolr‘r’ﬁ%leg o ?@q%lr%ﬁar%}zlpnrggbeggi %ﬁﬁtg}%o t’?%at have
been nodul ated according to n/4 shift, SK g&ya rat ure .Phase Shift

Keyi ng) SP@drddul 5‘61&'§1Ptl%é(31?§dmp§t°é:§55’ barfé 'fﬂ'allys fnbllé:é@'redieés b&seband
signals, and outputs the generated baseband signals to_the baseband unit
70. 20mRgrimvey r Eoughehapdehsudit SBChr &dERPdS HESEhandCERPFRANI 7 om t he
baseband unit 70, nodul ates the received baseband signals according to n/4
shi f3 QBSKaxamdmoof fift shenealsdaret BdltbpsekaadiniqneaTOMAY Tk frageal
processing unit 50. Note that the nodemunit 60 nodul ates (or denbdul at es)
17 according to TDMA modulation processing and spatial

multiplexing processing.
Furthermore, the baseband unit.70 receives a plurality
of baseband signals from the modem 60 via the maximum of 16
10 channels in one TDMA/TDD fram.e. The baseband unit 70 generates
packet data from the received plurality of baseband signals,
and outputs the generated packet data via the ISDN line.

(2) Modem unit 60

The modem unit 60 receives baseband signals from the

15 signél processing unit 50 that have been modulated according
to /4 shift QPSK (Quadrature Phase shift Keying), demodulates

the modulated baseband signals to generate baseband signals,

and outputs the generated baseband signals to the baseband unit

70.

20 Furthermore, the modem unit 60 receives baseband signals
from the baseband unit 70, modulates the received baseband
signals according to m/4 shift QPSK, and outputs the modulated

baseband signals to the signal processing unit 50.

Note that the modem unit 60 modulates (or demodulates)

17



in parallel a maxi num of four TDMA TDD franes spatially multiplexed in one
ti me division channel. (3) Information storage unit 90 The information
storage unit 90 has a threshold value 5 table 200 and a quality indicator
val ue tabl e 300. <Threshold value table 200> The threshol d val ue table
200, as shown in Fig. 2 as one exanple, pre-stores a correlation val ue
threshold value 211, a field intensity ratio threshold value 212, and a
reception 10 timng difference threshold value 213. Here, the correl ation

val ue threshol d vaJue 211 is a threshold val regarding a correlation

Val v boPudtral 19ks fongexiBeRorcr TaomopThir Lab! Sranes Sosdiedady

al l ocated. a communi cation channel and that is comunicating with the radio
15 basemgibipbaxedoianeng richig Cditbiionh ¢haBRneds newl y requested to be

al | ocated a comuni cation channel. The field intensity ratio threshold

value 212 is a3)thnéshokdival w&oregey dimige th® ratio of the field intensity
of a signal received froma nobile station that has already been 20

al l ocated a copEUDhEatingn ioharRrAraaye drhiad 96 K@sMANtEaésRE1aW ahukhe radi o
base station 100, and the field intensity of a nobile station that has

newlsy regyest 6ot onBeaakhiagated aqicEBicatioON: hpangho . The reception
timng difference threshold value 213 is 18
<Threshold value table 200>
The threshold value table 200, as shown in Fig. 2 as one
example, pre-stores a correlation va;ue threshold value 211,
a field intensity ratio threshold value 212, and a reception
10 timing difference threshold value 213.
Here, the correlation wvalue threshold value 211 is a
threshold value regarding a correlation value between a
response vector of a mobile station that is alreédy allécated
a communication channel and that is communicating with the radio
15 base station 100 and a mobile station that has newly requested
to be allocated a communication channel.
The field intensity ratio threshold wvalue 212 1is a
threshold value regarding the ratio of the field intensity of
a signal received from a mobile station that has already been
20 allocated a communication channel and that is communicating
with the radio base station 100, and the field intensity of a
mobile station that has newly requested to be allocated a
communication channel.

The reception timing difference threshold value 213 is

18



a threshold value regarding the difference in timng between reception
from the nobile station that has already been allocated a communication
channel and that is communicating wth the radi o base station 100 and
reception fromthe nobile 5 station that has newly requested to be

al l ocated a conmuni cation channel. <Quality indicator value table 300> The
qual ity indicator value table 300, as shown in Fig. 3 as one exanple, has
n areas, each of which stores a response 10 vector 303, a field intensity

304, a gf g 1P b& 89, 395ngf tRachi pfetbackoun ehanngl Bebeibrg

spati al tip exed In each tinme slot in a TDMAN TDD frame. Here,
n=(nunmber _of.typ ri e fraqygnc 4Q%gm%lﬂg ngskat in
frane)rﬂﬁ$a§lo%o%%éﬁlﬁﬁg @?%ﬁﬁ%netéxa ¥h?ﬁt |nem%§yvmose
timeslot._ nunber is "1" e nobi | statlon the connunl n
channe4a%&ﬂﬁﬁﬁ%ﬁaﬁn%?mﬁﬂﬁﬁgFtﬁgnlf SAs é“#égb ns un1c§f£n8 afield
intensity " 11", and a reception timng "Pl". In the sane tineslo the

mobi | e wtth itdre usidip ﬂ@é%él’ﬁm%tm@naﬁé ERSARELORNSEEMCRARBPP hifber i s
12" has a response vector "R211, a field intensity "12", and a reception
ti nbng &R ion Charim € aewdry chanaetedTahd ol loca trd ay@@mlb‘émh@atlls@él and
therefore their respective response vectors, field intensities, and
recept iciadndn ngs are "blank™. 19

<Quality indicator value table 300>
The quality indicator value table 300, as shown in Fig.
3 as one example, has n areas, each of which stores a response
10 vector 303, a field intensity 304, and -.a reception timing 305
of each of the four channels being spatially multiplexed in each
time slot in a TDMA/TDD frame.
Here, n=(number of types of carrier wave frequency) *

4 (number of timeslots in frame).

15 As shown in f‘ig. 3 as one example, in the timeslot whose
timeslot number is “1”, the mobile station using the
communication channel whose channel number is “1” has a response
vector "R1”, a field intensity “I1”, and a reception timing “P1”.
In the same timeslot, the mobile station using the communication

20 channel whose channel number is “2” has a response vector “R27,
a field intensity “I2”, and a reception timing “P2".
Communication channels 3 and 4 are not yet being used and
therefore their respective response vectors, field intensities,

and reception timings are “blank”.
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14 (4) Signal processing unit 50 The signal processing unit 50 is conposed
of a signal regulating unit 51, a response vector calculation unit 53, an
RSSI detection unit 54, and a reception timng detection unit 5 55.
Specifically, the signal processing unit 50 is inplenmented by a
programuabl e DSP (Digital Signal Processor). <Signal regulating unit 51>
The si-gnal regulating unit 51 receives signals fromthe radio units 21 to
24, and, in each of the four reception tinmeslots 10 in each TDW TDD

frame, calculﬁags éhe ighg fggtor forwgﬁﬁp nobil e station so that the
di fference betiden®tBB2paPt O5F3HéE'd Bht'em” of the received signal that is

known in advance and the reference signal is a mnimum Then, the signal
regul ati ng unithe 5198dLuSTL IGFS ampl R Lbled AndS pRaseos,dt RE §i §AaNsLr ecei ved
from15 the radio units 21 to 24 for each nobile station, according to the
cal cul areguwleitdgg findtopl, andresieensaevecfosterl ailpnlien unidc®3di agl y, the
signal for each nobile station is separated fromthe spatial nultipl exed
si gnal srescetigedcttiom tihet radlj candind rec2btio?4 imrdnd teeegepanatiadtsi gnal s
output to the nmodem 20 unit 60. Furthernore, the signal regulating unit 51

mul t3 pl 585  &8&di Pfcd hey sitgRaks ghagep ¥eck § & DY g e uRblefBnbYAt he
wei ght factor for each antenna, and outputs the results to the radio

O B8 EhoqEraehahive Sl agt Wigh Pt EuLol T S0 Lhal the

<Signal regulating unit 51>

The signal regulating unit 51 :r.jeceives signals from the

radiounits 21 to 24, and, in each of the four reception timeslots

10 in each TDMA/TDD frame, calculates the weight factor for-_each

mobile station so that the difference between the part of the

content of the received signal that is known in advance and the

reference signal isaminimum. Then, the signal regulatingunit

51 adjusts the amplitude and phase of the signals received from

15 thel radio units 21 to 24 for each mobile station, according to

the calculated weight factor, and adds the adjusted signals.

Accordingly, the signal for each mobile station is separated

from the spatial multiplexed signals received from the radio

units 21 to 24, and the separated signals output to the modem

20 unit 60. Furthermore, the signal regulating unit 51 multiplies

each of the signals received from the modem unit 60 by the weight

factor for each antenna, and outputs the results .to the radio

units 21 to 24. Accordingly, a directivity pattern is formed

so that the signal is transmitted only to the desired mobile

20



20 station. <RSSI detection unit 54> Each tinmeslot in each TDVA TDD frane,
the RSSI detection unit 54 detects the field intensity of the nobile
station from 5 which the radio units 21 to 24 received the signal in the
particular timeslot. For a nobile station that has already been allocated
a communi cation channel and is communicating, the RSSI detection unit 54
wites the detected field intensity in the area that is specified by the
particular timeslot and 10 channel nunber in the quality indicator val ue
table 3Q0.,4RQy, a nobile station that has newy requested to be allocated a
comuni cat1 on channel, the RSSI detection unit 54 outputs the detected

field intensit the control At . Note that the RSSI detection unit
54 perforns th%%st%s é;?%?ceﬁjé% i%ﬁgg 32 ection when there has been a

conmmuni cati on _ channel allog¢ation request froma ile station. <Response
vector cal cul %@ht&mets%lEa%ﬁcbi%@%%TD@ rfr«?&h%n% TBb 45 LEt 1 9he
response vector calculation unit 53 cal cul ates the response vectors that
20 i ncl wad tdbhedetentsntbenhiebd avoens ite afoliteengbal poptat han frem
communi cating with the radi o base station 100, based on the signals

receb vedrtfirdm e radio wmiitts 241t bo224anckdeieresi griad ssigdplstied tlye t he

signal regulating unit 51. The calculation is perforned in the follow ng
way. particular timeslot. For amobile station that has already been

allocated a communication channel and is communicating, the
RSSI detection unit 54 writes the detected field intensity in
the area that is specified by the particular timeslot and
10 channel number in the quality indicator value taple 300. For
a mobile station that has newly requested to be allocated a
communication channel, the RSSI detection unit 54 outputs the
detected field intensity to the control unit 80.
Note that the RSSI detection unit 54 performs the
15 aforementioned detection when.there has been a communication
channel allocation request from a mobile station.
<Response vector calculation unit 53>
Each timeslot in each TDMA/TDD frame, the response vector
calculation unit 53 calculates the response vectors that
20 include direction information about the mobile stations that
are communicating with the radio base station 100, based on the
signals received from the radio units 21 to 24 and the signals

adjusted by the signal regulating unit 51. The calculation is

performed in the following way.
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21 Signals Aa(t), Ab(t), Ac(t), and Ad(d) transmtted respectively from
nobi | e*stations a, b, ¢, and d reach the base station. Here, representing
the signals received by the radio wunits 21 to 24 by XI (t) , X2 (t), X3
(t) , and X4 (t) respectively, 5 and expressed as Xl (t) = hlaAa(t) +

hl bAb(t) + hlcAc(t) + hldAd(t) X2(t) = h2aAa(t) + h2bAb(t) + h2cAc(t) +
h2dAd(t) X3(t) = h3aAa(t) + h3bAb(t) + h3cAc(t) + h3dAd(t) X4(t) =
h4aAa(t) + h4bAb(t) + h4cAc(t) + h4dAd(t), 10 the response vector :

cal cul ati on ugi, ca tes, hl g, a, : : re, . is the
response vect§?58$§ﬁnb%%gk?été?| nfh.%fﬁgéﬂetggglﬁgf&%§ Fg%ﬁ%§4%%§§;
correlation between the signal X1(t) receiyved by t radio uynit 21 and the
s onal  aSPecELYeEY: FaRm Mo hle A S RobPr e siaid Grr aSCE it base of
signals fromother stations disappear and hla found. However, since it is
i mpossi BE@tLenknoWERE( tTeRFRT R hendiidl® SeUEHE SPgRAV SR Bntthreragsli | e
station, a signal Ua of the nobile station a separated by the signal

regul atungtanzt i 24 hys&Ed (&9 ,aXRlysti Kdt(& )t endi ¥d (20 heapesynpedti cal | y.
The correlation with each of the signals received by the radio units and
t he 5sepanat edpsegpall Ha of the nobile station a is also found for h2a,
h3a, and h4a. The response vectors Rb, Rc, and Rd for the nobile stations

b, ¢, and d age(€dl cuhabfd ity th@I1LAMR W% hlcAc(t) + hldad(t)

X2(t) = h2alda(t) + h2bAb(t) + h2cAc(t) + h2dad(t)
X3(t) = h3aRa(t) + h3bAb(t) + h3cAc(t) + h3dad(t)
X4(t) = h4aRa(t) + hd4bAb(t) + hdcAc(t) + h4dAad(t),

10 the response vector calculation unit 53 calculates Ra =

(hla, h2a, h3a, h4a). Here, Ra is the response vector of mobile
station a.
Theoretically, by taking the correlation between the
signal X1(t) received by the radio unit 21 and the signal Aa(t)
15 transmitted from themobile station a, the terms of signals from
other stations disappear and hla found. However, since it is
impossible to know Aa(t) over the whole of the signal from the
mobile station, a signal Ua of the mobile station a separated
by the signal regulating unit 51 is used as a substitute to find
20 hla asymptotically. The correlation with each of the signals
received by the radio units and the separated signal Ua of the
mobile station a is also found for h2a, h3a, and h4a.
The response vectors Rb, Rc, and Rd for the mobile

stations b, ¢, and d are calculated in the same way.
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22 For a nobile station that is has already been allocated a conmunication
channel and is communicating with the radio base station 100, the response
vector calculation unit 53 wites the calculated response vector in the
area that is specified by the 5 particular tineslot and channel nunber in
the quality indicator value table 300. For a nobile station that has newy
requested to be allocated a comruni cation channel, the response vector
calculation unit 53 outputs the cal cul ated response vector to the control

unit 80. 10 Nope INathihe Je5p0se e vecl Al (oAl e4lablignoUlh! a3ocheRfor s the

af orenenti oned ca at1on en there has been a nmuni cati on channel
all ocation request froma nohile . station. .<Recepti, %'nin Q§$9Cti°n unit
55> EachCPTRLEYGE THPTEGBA M TEME ToD T IBE L fatf Be e ohn S I i PRES
detection unit 55 obtains a signal separated for eacki nobile station from
the sigi@tieydiORi f§euRePPoRSeIfRF At F e latien FRatat3 WhideSatRRv si gnal
is received with reference to the starting point of the particular
ti nesl atgldwracad raamitse veciidnant hhae dxea diminli e stfang iied by theesl ot
inthe followng 20 way. Anmongst the series of signals that are
t raBsmgdwedh ¢l &r thiimeeslet andhehpané 1 imindsc hntthee Madigralndscanotuded i s
specified in the PHS standard. The reception timng detection wunit 55
st ores 8 d @e@Ald 900Si Rt avavefiQensebtiba M SHGRahewly requested
to be allocated a communication channel, the response vector
calculation unit 53 outputs the calculated response vector to
the control unit 80.

10 Note that the reéponse vector calculation unit 53
performs the aforementioned calculation when there has been a
communication channel allocation request froma mobile station.

<Reception timing detection unit 55>
Each timeslot in each TDMA/TDD frame, the reception

15 timing detection unit 55 obtains a signal separated for each
mobile station from the signal regulating unit 51, and measures
the time at which a UW signal is received with reference to the
starting point of the particular timeslot, for each mobile
station that is communicating in the timeslot, in the following

20 way.

Amongst the series of signals that are transmitted in a
timeslot, the part in which the UW signal is included is

specified in the PHS standard. The reception timing detection

unit 55 stores the reception signal waveform of the UW signal
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23 in advance. The reception timng detection unit 55 calculates the
correlation value between the signal waveformof the part in the reception
signal separated for each nobile station by the signal regulating unit 51
that corresponds to the UWsignal 5 and the signal waveform stored in
advance. Here, the calculated correlation value is an indicator expressing
the degree to which the two waveforns match. In addition to the cal cul ated
correl ation value, the reception timng detection unit 55 al so cal cul ates

several ; 10 _correlation values in the follow ng .. The reception timng
det ect | bR afifane®. ddihe Feree oy simias %aEEFHaPnd&}%tSé CRAERMAEBSOr
forward fromthe part that corresponds to the UW signal by a communi cation
time of tbeaeconrebybiah vyhbelketupen the kol arag@igen iadd theepaetepti on
timng detection unit 55 15 cal cul ates a correl ation val ue between the
signal navehorreoéptite thygel pepbedtied fhe eeckphbbhlei gnatisepayated for
each nobile station by the signal regulating unit 51 and the signal

vavef or fpstOrfh il #eadianGeg dRetPsI itdthi BovReeRone Bbahestuw §p4Agl ation
value is obtained is judged to be the real period 20 (timng) at which the

UW si gnal 4 yas £P§§é¥%ve¥%%g[§ﬁ8?&h%h é&@‘aﬂg qlet% %’e’%#‘é”%élca%éiéé‘t s the

starting p0|nt 0 erio at was | udge nal was

][g?ele\égcﬁ J':]b%S %é&g?;h 6.1% grﬁi) rpgilﬁgggftﬁ%hgxéf&%ir% thd déghleeé%%ew%la'? timng

the two waveforms match.

In addition to the calculated correlation value, the
reception timing detection unit 55 also calculates several
10 correlation values in the following way. The reception timing
detection unit 55 determines target periods that deviate
backward or forward from the part that corresponds to the UW
signal by a communication time of one to several symbols, and
for each target period the reception timing detection unit 55
15 calculates a correlation value between the signal waveform of
the target period in the reception signal separated for each
mobile station by the signal regulating unit 51 and the signal
waveform stored in advance. The period in which the highest
correlation value is obtained is judged to be the real period

20 (timing) at which the UW signal was received.
The reception timing detection unit 55 treats the
starting point of the period that was judged to be when the UW
signal was received based on the start point of the timeslot

as the reception timing for each mobile station. Note that the
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24 41 resolution is determ ned by the nunber of oversanples for one
wavef oY m cycle. For a nobile station that has already been allocated a
comuni cation channel and is communicating with the radio base 5 station
100, the reception timng detection unit 55 wites the neasured reception
timng in the area that is specified by the particular tinmeslot and
channel nunber in the quality indicator value table 300. For a nobile
station that has newy requested to be allocated a conmunication channel,

the reception.tino 1500, upi P 4 am?@f e, eggpti on
timng ?gsfagélt&g?n??’oéglﬁ%ﬁ&é%g Elgt gh%hg‘?m?%g (?fec%epétkleson |$jn§ng detection
unit 55 gerforns tgf af orenenti oned neasuring when there has been a
comuni ¥8VRERTENSHITEE al | ocati on request froma nobile station. 15 (6)

T O1 Opr 00655 0F P 2ARERP{-REad HOH-PVERGy - AHTECHTa PSSR BLIF S bt am i s
recorged (hereinafter "progrant), a RAM (Random Access Menory) that is
used foroupenatktion ahdnselonnd Hie cROMEEHQad]inghvi tBOt e Hiadiss base
functions by the m croprocessor executing the programrecorded in the ROM
The 5(:|0|ntsf:al:iUﬁi 1080 dontriealep ttien dperiatd desectibheunadi ™ whddesstaei on 100
e ﬁeasured reception timing in the area that is specified by the
particular timeslot and channel number in the quality indicator
value table 300. For a mobile station'that.has newly requested
to be allocated a communication channel, the reception timing
10 detection unit 55 outputs the measured reception timing to the
control unit 80.
Note that the reception timing detection unit 55 performs
the aforementioned measuring when there has been a
communication channel allocation request from a mobile station.
15 (6) Control unit 80
Specifically, the control unit 80 is composed of a
microprocessor, a ROM (Read Only Memory) in which a computer
program is recorded (hereinafter “program”), a RAM (Random
Access Memory) that is uséd for operations, and so on. The
20 control unit 80 achieves its functions by the microprocessor

executing the program recorded in the ROM.

The control unit 80 controls the operations of the radio

base station 100 overall.

<Link channel establishment processing>
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<Li nk channel establishment processing> 25 r The control unit 80 performs
the following |ink channel establishment processing when a |link channel
establishment request or a link channel re-establishnment request (a signal
requesti ng communi cation channel allocation or re-allocation) 5 is
received froma nobile station. The control unit 80 checks the tineslots in
the TDMW TDD frane successively, and if there is no other nobile station
comuni cating in the particular tineslot, allocates a comunication

channel in that tineslo | f a ther nDbll 10 ation i.s ¢o ni cating,
the control ufP€ gﬁnﬁéPhoPH%t RET I PIEX %HH éﬁéﬂWﬁﬂﬁ) SRERACHel ow,

and if it is judged according to the process that nultiplexing is

appl i capreablishoeatte PP MUY cabPBN acHdmtel chanrae parebédbamentnes| ot
according to spatial multiplexing. Wien. it. is judged that 15 nulti pl exing
i s not applesabbe, at hénkonhaophednre-86tnbpéatmentieregquegenent signat her
tinmeslots, and if it is judged in all tineslots that nmultiplexing is not
appl i cabbguesefiugesomaannuat ¢ahi Ofashannall aldwcat benre <ML bb8t exn) udgenent
process> 20 According to the nultiplex judgement process, the control unit

80 jsudges tacEheeholr-ew RO meay wheitharipatial multiplexing of a nobile
station that has newWy requested to be allocated
The control unit 80 checks the timeslots in the TDMA/TDD
frame successively, and if there is no other mobile station
communicating in the particular timeslot, allocates a
communication channel in that timeslot. If another mobile
10 station is communicating, the control unit 80 performs a
multiplex judgement process shown below, and if it is judged
according to the process that multiplexing is applicable,
allocates a communication channel in the particular timeslot
according to spatial multiplexing. When it is judged that
15 multiplexing is not applicable, the control unit 80 repeats the
judgement in other timeslots, and if it is Jjudged in all
timeslots that multiplexing i1is not applicable, refuses
communication channel allocation.
<Multiplex judgement process>
20 According to themultiplex judgement process, the control
unit 80 judges in the following way whether spatial multiplexing
of a mobile station that has newly reguested to be allocated

a communication channel and a mobile station that has already

been allocated a communication channel and is communicating is
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a conmuni cati on channel and a nobile station that has already been

al l ocated a communication channel and is comunicating is 26 possible or
not. The control unit 80 receives, fromthe response vector calcul ation
unit 53, the response vector Ra of the nobile station a that has newy
requested to be allocated a 5 comruni cati on channel, reads the response
vector Rx of the nobile station X that is al ready assigned a comuni cati on
channel and is comunicating with the radi o base station 100 fromthe area

in the |1 i ndi or value table 300 identified by the particul ar
tineslogggﬁ%ééF g%h%%ﬁannel nunber, 10 and cal cul ates the correl ati on val ue

Ja between the_ response. vector .Ra and the response vector RX. xt, the
control unit §Ber€§8F58§ FP&%]Pﬂerﬁ§§ﬁvggfeggp%htiﬁnfﬁsgfnﬁﬁéWég§Qf
intensity la of the nobile_station a that has newly requested tq _be

al | ocat ealgudaiion cdtitno3hahhel TSRRSASVERECTET &2d Gt BRSI PP Sf the
nobile station X that is already assigned a communi cation channel and is
communi eaetagnwi &h thet rkas o nesky stzaquAsled ffombtche addegated he quality
i ndicator value table 300 identified by the particular tinmeslot nunber

and schassghuntigbed onarthaealelyl atesda thel despoess tweatatr cRKaof2@haccor di ng

to Ka =1 20Logl (la/lx)l. Next, the control unit 80 receives the
recepti @pih Bl REation X that is already assigned a communication
channel and is communicating with the radio base station 100
from the area in the quality indicator value table 300
identified by the particular timeslot number and channel number,
10 and calculates the correlation value Ja between the response
vector Ra and the response vecfor RX.

Next, the control unit 80 receives from the RSSI detection
unit 54 the field intensity Ia of the mobile station a that has
newly requested to be allocated a communication channel, reads

15 the field intensity Ix of the mobile station X that is already
assigned a communication channel and is communicating with the
radio base station 100 from the area in the quality indicator

value table 300 identified by the particular timeslot number
and channel number, and calculates a field intensity ratio Ka
20 according to
Ka = | 20LoglO(Ia/Ix)]|.
Next, the control unit 80 receives the reception timing
Pa of the mobile station a that has newly requested to be

allocated a communication channel from the reception timing
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Pa of the nobile station a that has newy requested to be allocated a
communi cation channel fromthe reception timng 27 |IF detection unit 55,
reads the reception timng Px of the nobile station X that is already
assigned a comuni cati on channel and is comrunicating with the radi o base
station 100 fromthe area in the quality indicator value table 300
identified by the 5 particular timnmeslot nunber and channel nunber, and
calculates the reception timng difference La according to La =1 Pa-Px 1.
Next, the control unit 80 conpares the calculated correlation value Ja and
the corf@FaEtsan vitide thr 636150 tha GECEPGLITP tHALLT XYy &6 ROPRLE
threshol d value table 200. Furthernore, the control unit 80 conpares the
cal cul aseatiorlX thatehsialreadyiaskbgnad a kommuaigaititan siheypnedt ppd
threshold value Kt that 1is stored in the threshold value table 200.

Fur t her t®reymrtdrel cacmintg efi thitheB@addmphass & teet Lah AUl Gitfecbr ébeparea ti m ng
15 difference La and the reception timng difference threshold val ue that

is storggl tRethealhegshelad cealdie vabhe 28D1eVWsen JateHt iahiced<abKtthed La- Lt
, the control unit 80 judges that it is possible to spatially nmultiplex

thesmobil g ; SEALS Qn ddiato Das i ieeuashed honberal hegatstb@ates

comunication 20 channel and the nobile station that has already been

allocatgd, a communi calhon cRanRelAd S GUUIYY;GRF g W th the radio base
la = | Pa-Px |.

Next, the control unit 80 compares the calculated
correlation value Ja and the correlation value threshold value

10 Jtthat is stored in the threshold value table 200. Furthermore,
the control unit 80 compares the calculated field intensity
ratio Ka and the field intensity ratio threshold value Kt that
is stored in the threshold value table 200. Furthermore, the
control unit 80 compares the calculated reception.timing

15 difference La and the reception timing difference threshold
value that is stored in the threshold value table 200.

When Ja=Jt and Ka=<Kt and La=ZLt, the control unit 80
judges that it is possible to spatially multiplex the mobile
station that has newly requested to be allocated a communication

20 channel and the mobile station that has already been allocated
a communication channel and is communicating with the radio base
station 100 in the same timeslot. Inanyother case, the control
unit 80 judges multiplexing to not be possible.

Note that when a plurality of mobile stations (two to
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station 100 in the sane tineslot. In any other case, the control wunit 80
judge§'nu|tip|exing to not be possible. Note that when a plurality of
nobile stations (two to 28 4 three nobile stations) are al ready

conmuni cating in a timeslot according to spatial multiplexing, the
control unit 8 0 perforns the judgenent processing for each nobile
station, and when it is judged that spatial nultiplexing between all the
nobile 5 stations that are communi cating and the new nobile station is

7 that EFkaaor e 3l e Dt Al s Rk e Bt Bh Y otes THE™™' ' ©

foll owi ng describes the operations of the ﬁadio base sta%@on %po.
oper at i BR§CHGEPAGED iSPR tdfanREL teBLEFLrShnERE SR T YeLBAHtHRY BRTER T0Se of the
flowchart shown in Fig. 4. The . radio base station 100 receives a |ink
channel thé5jedgabenthpeacessdguastorreath mobile stagtion, EREPIBIBLL or the
radi o base station 100 receives a |link channel re -establishnent request
froma mebijuegesdattitat (spepisSl8R)ultipdexting respeamwe avictbe gebddleati on
unit 53 calculates the response vector (step S183), the reception timng
det ect i gRadAbhs5Bheal £Héat@mthec20ihgcepd i tite triaw ngpHisteptatd4n, iand t he
RSSI detection unit 54 neasures the field intensity (step S185).
possible, the control unit 80 judges that spatial multiplexing

is possible in that timeslot.

2 Operations of the radio base station 100

10 The following describes the operations of the radio base

station 100.

Operations during 1link channel establishment are
described with use of the flowéhart shown in Fig. 4.
The . radio base station 100 receives a link channel
15 establishment request from a mobile station (step S181), or the
radio base station 100 receives a link channel re-establishment
request from a mobile station (step S182). Then the response
vector calculation unit 53 calculates the response vector (step
S183), the reception timing detection unit 55 calculates the
20 reception timing (step S184), and the RSSI detection unit 54
measures the field intensity (step S185).
The control unit 80 selects one time slot at a time in
a TDMA/TDD frame (step S186), and judges whether there is

already a mobile station communicating in the particular
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The control unit 80 selects one tine slot at a tinme in a TDVA TDD frane
(step'%186), and judges whether there is already a nobile station

comuni cating in the particular 29 4 tinmeslot (step S187). If there is no
nobil e station already conmunicating in that tinmeslot, the control unit 80
al l ocates a communi cation channel to the nobile station that requested a
communi cati on channel (step S192). If there is already a 5 nobile station
comuni cating, the control unit 80 perforns the multiplex judgement

process 18 mul ex t 0 step
S$189), ﬁ‘( ecs’gltog% gg%%%gﬂl c)atl ofr;EJ Iq_'c aIlnene s a{lcocor ggﬁlge tsgc%gla Saisllbé | pl exi ng
to the nobile statjon kB that reques ed a onnun ion,ch |, (step S192).

If 10 mAYFHRSGIHG TS am&%@& SRS ésF‘BP rO@hlénb‘Fo@é?% trﬁ‘g‘speat ed
for another timeslot (step S190), and |f mul tiplexing is judged not to be
possi bl @ iaPmamp iidatesirotchare kg ridie mahl L tedriaie & hdmagauestiesh
channel allocation (step S191). Next, details of the nultiplex judgenent
process a rcatnem i dd: SI88chanhéak isbaph3ﬁ923hommfibhétg.i$ alleeddscr@ bed
using the flowhart in Fig. 5. The control unit 80 perforns the process
showh bynddig e Ekawebar éomfukigatinfort m@kidrsilatindr 8bgiert Somhy ey

comuni cating in the particular tineslot. 20 The control unit 80 receives
the respNss pie6t Qudden¥nt process (step 5188), and if multiplexing
is judged to be possible (step S189), allocates a communication
channelaccordingtx)spatialnmltiplexingtx)thenmbilestation
that requested a communication channel (step S192). If

10 multiplexing is judged not to be possible, the process 1is
repeated for another timeslot (step S190), and if multiplexing
is judged not to be possible in any timeslot, the control unit
80 refuses communicatidn channel allocation (step S191).

Next, details of the multiplex judgement process in step

15 $188 in the flowchart shown in Fig. 4 are described using the
flowchart in Fig. 5.

The control unit 80 performs the process shown by the
flowchart in Fig. S5 for mobile station that is already
communicating in the particular timeslot.

20 The control unit 80 receives the response vector Ra of
the mobile station a that has requested a communication channel
from the response vector calculation unit 53 (step $221). Then
the control unit 80 reads the response vector Rx of the mobile

station already communicating from the area in the quality
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the nobile station a that has requested a comuni cati on channel fromthe
rESpoﬁ%e vector calculation unit 53 (step S221) . Then the control unit 80
reads the response vector Rx of the nobile station already communicating
fromthe area in the quality 30 If indicator value table 300 identified by
the times | ot nunber that identifies the particular tinmeslot (step S222),
and calculates <correlation value Ja between the response vector Ra and
the response vector Rx (step S223). 5 Next, the control unit 80 receives

e AT TLESE kP TR 50 b st e el e

comuni cat ann omt tection unit 54 (step S
the control upjt 8Q reads.the field intensity | q% the .nobj | e tation X
al r eady %iﬁﬁﬁ&l%ﬁﬁiéﬁf PPSﬁﬁFﬁga&}gémFﬁ Fﬁe?%ﬁé#iﬁzg o FREIH %?l%gT%e tabl e
300 identified by the tineslot nunber that identifies the particular
ti mes| otcoqza kgt BpPsyaluadieabetvatds thend SSRANFS ifemi<d R /19 K (step
S226). Next, the control unit 80 receives the reception timng Pa of the
nmobi | e stextpamsa téatohaRxr ¢quept 6@238 Jcommuni cati on 15 channel, fromthe
reception timng detection unit 55 (step S227). Then the control unit 80
reads the recem:iton thgarigghtxobfutbe 8dolrdel sdatilon &lekbhdyn toomeily cat i ng
fromthe area in the quality indicator value table 300 identified by the
timeslotra ek hRBLE1edenbitfioasat BRapahisCréqied ts®@d wdmn(EiemtS2R8), and
channel from the RSSI detection unit 54 (step S224). Then the
control unit 80 reads the field intensity Ix of the mobile
station X already communicating from the area in the quality
10 indicator value table 300 identified by the timeslot number that
identifies the particular timeslot (step $225), and calculates
the field intensity ratio Ka (step S5226).
Next, the control unit 80 receives the reception timing
Pa of the mobile station a that has requested a communication
15 channel, fromthe reception timing detectionunit 55 (step $227).
Then the control unit 80 reads the reception timing Px of the
mobile station already communicating from the area in the
quality indicator value table 300 identified by the timeslot
number that identifies the particular timeslot (step $228), and
20 calculates the reception timing difference La (step S229).
Next, the control unit 80 compares the calculated
correlation value Ja and the correlation value threshold value

Jt stored in the threshold value table 200, compares the

calculated field intensity Ka and the field intensity threshold
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20 cal cul ates the reception timng difference La (step S229). Next, the
contrdl unit 80 conpares the calculated correlation value Ja and the
correlation value threshold value it stored in the threshold value table
200, conpares the calculated field intensity Ka and the field intensity
threshold 31 4 value Kt. stored in the threshold value table 200, and
conpares the calculated reception timng difference La and the reception
timng difference threshold value Lt stored in the threshold value table

200; and_if Jg: 1bJt (sSiep.S2 n - aD; 2 2 t Lt
(step Sgg;fé gﬁésg%ﬁ?$o+nﬁHF%%%%?%ﬁgégng%gFKE%%?%ﬁg?@k%ﬁ%ﬁ?&ﬁﬁgés%b|E

Il 1 pl kPHt G EBt o Bouer R el g B L g8 Hs FETPROF (L4 ST fddedepREL Lon

mul ti .

nultiglexing is possible with all 10 nobile stations al ready conmuni cati ng
in the pamtingutaf feinemsieotthrasiwlsbmalsle dhi storgdudgeshenahraghelgl exi ng
is possible in the particular tinmeslot. In other cases, the control unit
80 j udgesltubatami gy exhadi f Tamdbrt nessPEe30) 4@ Ka@Rt i iy sbogsl ot .

15 3 Sunmary | n comuni cation channel allocation according to spati al
mul tsi pl x&nG.a Bherabauesdesenbled fiadi eohase1stali©ned00udges that
multiplexing is possible (step S233). In any other case, the
control unit 80 judges that multiplexing is not possible (step
S234).
If it is judged that multiplexing is possible with all
10 mobile stations already communicating. in the particular
timeslot, the control unit 80 judges that multiplexing is
possible in the particular timeslot. In other cases, the
control unit 80 judges that multiplexing is not possible in the
particular timeslot.

15

3 Summary

In communication channel allocation according to spatial
multiplexing, the above-described radio base station 100
detects the reception timing difference between a signal

20 received from a mobile station that is already communicating
with the radio base station 100 in a timeslot and a signal
received from a mobile station that has newly requested to be
allocated a communication channel, and only when the detected

reception timing difference is equal to or higher than a
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detecg§ the reception timng difference between a signal 20 received froma
nobil e station that is already conmunicating wth the radio base station
100 in a tineslot and a signal received froma nobile station that has
newy requested to be allocated a comuni cation channel, and only when the
detected reception timng difference is equal to or higher than a 32
threshol d value, allocates a communi cation channel in the particular
timeslot to the nobile station that has made the request. \Wen the

receptipn, Lighng dihi@rencebsatover thannuheat hegskokdneal ug, the radio
base station 100 does not 5 allocate a communi cati on channel, since it is

th ht 1 hat b di Vi pat t di

Lo UnoPbonse Pt BivBR B thr scien b SO A A o0 P8 B Rat f one
f bi | tati t hat itable f tiLal | tiplexi j udged

i th nOFETAEEEr adlP Uha AT T0- LohvEHTFBRaT: CORSERHET | 5ES”SF neB=Epat | al

multiplexing is perfornmed suitably, stability of communication is
i ncreastlde thagshaver aptleeonirifi cad@ibn §A&E tSExEPhel88sHaE BOEX her
nodi fications 15 (1) In the above-described enbodi ment, the control unit
80 BPmedll ibvedye & |lcowatuesl ca tciormmaliazate bn charmdlt dscbhditghtt bhaspari al
multiplexing in atimeslot in which nultiplexing is judged to be possible
in the sadtiawl€xdjtslgerrenty ppocessn chlanevebe fhemeant radcaomdingOtony
determ ne the response vector
the construction of the present radio base station 100,
combinations of mobile stations that are suitable for spatial
multiplexing are Jjudged with more accuracy than with
10 conventional constructions. Since spatial multiplexing is

performed suitably, stability of communication is increased,

and favorable communication quality can be assured.

4 Other modifications

15. (1) In the above-described embodiment, the control unit
80 immediately allocates a communication channel according to
spatial multiplexing in a timeslot in which multiplexing is
judged to be possible in the multiplex judgement process.
However, the control unit 80 may determine the response vector

20 correlation value, the field intensity ratio and the reception
timing difference between a new mobile station and a mobile
station already communicating with the radio base station 100
in all timeslots, find the maximum response vector correlation

value, the minimum field intensity and the minimum reception
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20 correlation value, the field intensity ratio and the reception timng
dt fference between a new nobile station and a mobile station al r eady
comuni cating with the radio base station 100 in all tineslots, find the
maxi mum r esponse vector correlation value, the mnimumfield intensity and
the mninmumreception 33 timng difference for all timeslots , and allocate
a conmmuni cation channel in the tinmeslot which is judged fromthe found
val ues to have the best conmunication quality. (2) The threshold val ue

table 2 0 naé st thresholgpagigﬁggggiﬂg%fgégg bgﬁ&eeglﬁggbg ba%g

station FEINE a iof t ha srtronedin a

| ar ge C|ty where the influence of |nterferen ves,

condi t i BABMURSFCatigd RGanRSL AR ERRI BTG %&5@?6?@ %@%e‘%efoﬁf%‘b&thﬁor e
strict by setting a | ow correlation val ue threshold value, a 10 high field
i nt ensi fpundt ve lulesedimolhvel ke hadt aCHNEWN:e2EEPNoA L ng di fference
threshold value, to | essen the influence of interference. Furthernore, in
a radi o base sbatirhe thatedisoldlackdei balbe a2 @d mhgr etbhe ichikesdoedd of
interference waves is weak, the conditions for judging nultiplexing to be

poss bl §31%8sCaNE ber8aEask BYe SRIHAAND daltiegbt 0L bRk Al | PO \eddanep Ity ¢shol d
value, a lowfield intensity ratio threshold, and a | ow reception timng

di ffereQCPa&béAeéQQédsHﬂysntQhaecwaé@si@ﬁameﬂ 0 arigebiclie yskakirens t hat
can connect. ccordlng to this structure, the relationship between
conmuni Eﬁéiln fg n &yofrﬁ.dn{gffgygpgé waves i1s strong, the conditions
for judging that multiplexing is po_ssible can be made more
strict by setting a low correlation value threshold value, a
10 highfield intensity ratio threshold value, anda high reception
timing difference threshold value, to lessen the influence of
interference. Furthermore, in a radio base station that is
placed in an area where the influence of interference waves is
weak, the conditions for judging multiplexing to be possible,
15 can be eased by setting a high correlation value threshold value,
a low field intensity ratio threshold, and a low reception
timing difference threshold value to increase the number of
mobile stations that can connect. According to this structure,
the relationship between communication quality and the number
20 of mobile stations that can connect can be adjusted effectively

for each radio base station.

(3) The information storage unit 90 may be composed of

a plurality of threshold value tables 200 that store different

threshold values, and in the multiplex judgement process, the
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20 of nobile stations that can connect can be adjusted effectively for
ehich rfadi o base station. (3) The information storage unit 90 may be
conposed of a plurality of threshold value tables 200 that store different
threshol d values, and in the multiplex judgenent process, the 34 | control
unit 80 may use a threshold value in response to the nunber of nobile
stations that are being spatially nultiplexed. It is thought that the
effect of interference waves increases when the nunmber of nobile stations

that are being spatially_ 5 multipl i i q%%} i te.

Accor di FGR-T éﬁ‘ltth%O ﬁ@%éﬁ’seofa r?o%é%l%é{ sct%ﬁaaglﬁr} tj“r?lat a ec; s(ra%?\dgoog:p})laeti ally
multiplexed is _high, a threshold value table that. stpres-.a.l rrelation
val ue t RUESES afmgfuel,e §ERCGRTE é?"at PRSI BY %%a?%%%%f%m&lalﬁ&é’?\g’%%d a hi gh
reception timng difference value may be used to 10 reduce the effects of

i nterfelénte waveghbythaki e thiefedlorfti tindify fdre} RIGIAYE S RECTRGISESpl exi ng
is possible nore strict. Wien the nunber of npbile stations that are being
spati al kefuliteplmuess of avpbihe sondionsnshabyabe bgded. spAtdaddivng. to

this structure, the relationship between 15 comunication quality and the
nunber  gf,1¢Qpe6ted i BRLkBesSiRlda@ist erashetef f retbreliygag) usied the

response to the nunber of nobile stations that are being spatially
nul ti pl exede (4 Jde: COMH 1 JHY £h8Q gBY¥ whiek sthatikar ¢ halpapleakd he

is high, a threshold value table that stores a low correlation

value threshold value, a high field ir_1tensity threshold value,

and a high reception timing difference value may be used to

10 reduce the effects of interference waves by making the

conditions for judging that multiplexing 1is possible more

strict. When the number of mobile stations that are being

spatially multiplexed is low, the conditions may be eased.

According. to this structure, the relationship between

15 communica£ion quality and the number of connected mobile

stations can be effectively adjusted in response to the number

of mobile stations that are being spatially multiplexed.

(4) The control unit 80 may check whether the part of the

signal received from a new mobile station and the signal

20 received from a mobile station already communicating that is

compared with the reference signal are the same or not, and if

they are the same, perform the reception timing threshold value

comparison in the aforementioned judgement to determined

whether spatial multiplexing is possible, and not take
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signal received froma new nobile station and the signal 20 received from
a mobile station already communicating that is conpared with the reference
signal are the sanme or not, and if they are the sane, performthe
reception timng threshold value conparison in the aforenentioned
judgenent to determined whether spatial nultiplexing is possible, and not
take 35 reception timng into consideration if they are different. This is
because in nobile stations whose reference signal is different, the
signal s of the nobile stations can be separated even if th rece%tion
timng FSCEREIeAMEIMING)inke FeBSsddFadd i Ofatilon 90 #E§ F]ﬁglffaﬁﬁn a new
nobile station to transmt a signal of which the part that is conpared to
t he ref8héacéssbgnalisesidi mpbidat stetilvassivhese sefgreppel 61952t i6n

al redady comuni cating, and the new nobile station may transmt a signal in
accor dadtéferehtt, hahe i sistmalts icoh thE0maAbddeds hgtions ian der aeparetedi nce t he
portion of the signal that is conpared to the reference signal differs

bet weens (BRI ¢ tﬁteakia@@@n:ifdhertqdi&ldg‘lqge@ﬁlet@am@ke reception timing into
consideration in the aforenentioned judgenent to determ ne whether spatial

mul td pl exi ng k?&poﬁ’?é- @a%i%%a%_@dgﬁéﬁhéh w@mE@eiﬁggkgcleaé%e%ﬁﬁ&meof the

present inven n can be plied to a base station for comunicating with
nobi | e g{g{ions

ion“to transmit a signal of which the part that is compared
to the reference signal is different to the signal of a mobile
station already communicating, and the new mobile station may
transmit a signal in accordance with that instruction.
10 According to this structure, since the portion of the signal
that is compared to the reference signal differs between mobile
stations, there is no need to take reception timing into
consideration in the aforementioned judgement to determine
whether spatial multiplexing in possible.
15
Industrial Use
The radio base station of the present invention can be
applied to a base station for communicating withmobile stations
such as mobilé telephones, and the control method of the radio

20 base station of the present invention can be used in a radio

base station to assure steady communication quality.
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such as nobil e tel ephones, and the control nethod of the radio 20 base
station of the present invention can be used in a radio base station to
assure steady conmuni cation quality. 36 1. A radio base station that
perfornms radio communication with a plurality of nobile stations according
to spatial 5 nultiplexing, characterized by: judging comunication quality
of the spatial nultiplexing, based on a reception timng difference
between a signal received froma first nobile station and a signa
received froma second nobile station. 10 2. A radi o base station that
perforns radi &l fini cation with a plurality of nobile stations according
to spatial nmultiplexing, characterized by: judging whether the spati al
mul tiplexing is applicable, 15 based on a reception tinmng difference
between a signal received froma nobile station. already comunicating with
t he radila baseadsd Masensand ianst yablpanfoeinedafiioncempebl ¢t §oatydiMthat is
newly initiating communication with the radi o base station. 20 3. The
radi o base statd onepf Skai obileonptstingns deteoridongmeans fapatdetlecting
the reception timng difference between the signal received fromthe nobile
st at on p AlfieAdy GRIMUEM LALEPEr bR bhe radio base station and the signa
judging communication quality of the spatial
multiplexing, based on a reception timing difference between
a signal received from a first mobile station and a signal
received from a second mobile station.
10
2. A radio base station that performs radio communication with
a plurality of mobile stations according to spatial
multiplexing, characterized by:
judging whether the spatial multiplexing is applicable,
15 based on a reception timing difference between a signal received
from a mobile station already communicating with the radio base

station and a signal received from amobile station that is newly

initiating communication with the radio base station.

20 3. The radio base station of Claim 2, comprising:
detection means for detecting the reception timing
difference between the signal received from the mobile station
already communicating with the radio base station and the signal

received from the mobile station that is newly initiating
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received fromthe nobile station that is newWy initiating 37 conmunication
wtth t'he radi o base station; and multiplex judgenent neans for judging, by
conparing the detected reception timng difference with a threshold val ue,
whet her the nobile station that is newy initiating 5 conmunication with
the radi o base station can be included as a nenber for the spati al

mul tiplexing. 4. The radi o base station of Caim3, further conprising:

cal cul ation neans for calculating (a) a correlation value 10 between a
response vector of the nobile station already communicating with the radio
base st apmounasdtdonespdisdhredtastio dIasheshdbiPR safion that is newy
initiating conmmunication wth the radio base station, and (b) a ratio of a
field intensi myltdpblekejsigambnteseanedfdér anddiengoliiy eospatriioyy dheeady 15
conmmuni cating with 'the radi o base station to a field intensity of the

signal meeecved teespthenmebikiagstariferenkat wiishnawkyireshblidarange,
comuni cation with the radi o base station, wherein the nultiplex judgenent

means Jﬁufigﬁﬁe%e%ﬁ%r thH i DI Lea 8t 8hi ORpbRat s NeWYy i Nihi 8t hRYng

communi cation with the 20 radi o base station can be included as a nenber

f ial |Ltiplexir [ h .cul d - ' I
bt voon DB PLEpbACE VolPoPbe PRETE, PAsPLREATAEH SR oBnAP RN T TS, 1,

\ellgfjutegeadgg%gtegdfggc%gg g%att'ig]ln%uq'tfifpe_Lree:»chneg. with respective threshold

4. The radio base station of Claim 3, further comprising:
calculation means for calculating (a) a correlation value
10 Dbetween a response vector of the mobile station already
communicating with the radio base station and a response vector
of the mobile station that is newly initiating communication
with the radio base station, and (b) a ratio of a field intensity
of the signal received from the mobile station already
15 communicating with the radio base station to a field intensity
of the signal received from the mobile station that is newly

initiating communication with the radio base station,

wherein the multiplex judgement means judges whether the
mobile station that is newly initiating communication with the
20 radio base station can be included as a member for spatial
multiplexing, by comparing the calculated correlation value
between the response vectors, the calculated ratio of the field

intensity, and the detected reception timing difference, with

respective threshold values.
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38 5. The radi o base station of Caim4, instructing an identical tine
frame 'as a period for signal transmission, to the nobile station already
comunicating with the radio base station and 5 the nobile station that is
newy initiating communication with the radio base station, and receiving
the signal fromboth the nobile stations in the identical tine frane,
wherein the detection neans neasures a tinme at which a signal is received
fromeach of the nobile stations, using a 10 starting point of the tine
frame as a basis, and detects a difference between the tine at which each
signal is received as the reception timng difference. 6. A control nethod

for a radio base station that perfor radio, 15 co ni cation with a
plurali?y ofredidie SRSE %E%tégEo?ﬁicm}%g 'sb%ﬂﬁ?cﬂg%giaprf efiemg rea
conprising: a detection step of depectin%1the reception timng difference
bet weentihe Ergnalasexatamidrd rish tHeI Tbbi 1% 3t § DD alfdd\e 8eRHiF cating -
with the radi o base station and the signal 20 received fromthe nobile
st ati onstaaiohsaheahyyi odtinaningtiognwiubhchlé onedie bhase stadiierhase
station; and a nmultiplex judgenent step of judging, by conparing the
det ect eghé eaaptl OB Hatlidrg thiaff &5 emewel wiitrhi tai & thit e hokchuralazet i orwlvetther  t he
nobile station that is newly initiating 39 c
the radio base station, and receiving the signal from both the
mobile stations in the identical time frame,
wherein the detection means measures a time at which a
signal is received from each of the mobile stations, using a
10 starting point of the time frame as a basis, and detects a

difference between the time at which each signal is received

as the reception timing difference.

6. A control method for a radiobase station that performs radio
15 communication with a plurality of mobi-le stations according to
spatial multiplexing, comprising:

a detection step of detecting the reception timing
difference between the signal received from the mobile station
already communica'ting with the radio base station and the signal

20 received from the mobile station that is newly initiating
communication with the radio base station; and

a multiplex judgement step of judging, by comparing the
detected reception timing difference with a threshold value,

whether +the mobile station that 1s newly 1initiating
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commugi cation with the radi o base station can be included as a nenber for
the sPatial multiplexing. 7. The control nethod of aimé6, further
conprising: 5 a calculation step of calculating (a) a correlation val ue

bet ween a response vector of the nobile station already comunicating with
the radi o base station and a response vector of the nobile station that is
newly initiating communication wth the radio base station, and (b) a
ratio of a field intensity 10 of the signal received fromthe nobile

station_al read conmuni_cat i ng_wWi.t. he _radia.bhas tati field

i nt ensi ?Wﬁ?lgﬁélgpgﬁéltﬁr ébgi 538tlpr %%gtehgqrarg ?ﬁe%?a@%oggf%gggfisé%ew y
initiating conmunication with the radi g base station, wherein, in the

mul ti pl @xNeWagENERE §hepspraftd ludydidmLe® 9 s about whether the nobile
station that is newy initiating conmunication with the radio base station

can be included as a nenber for spatial nultiplexing, by conparing the

cal cul ated correlation value between the response vectors, the cal cul ated
rati o of.ted i@tk isl ensthyd andcihémdét echettheeceptmpon stiinmi:ng 20
difference, with respective threshold values. 8. A programrecordi ng nmedi um

havisng recor degahhenean cn Bregrafmeaflenleainol b ) rgcarradiae ibasea ki@t i on
that perforns radio conmunication with a plurality of nobile stations

accor ding. +o- 40 aspg%gagnggl tdod €34 NGs t HBe PHRMIAM CORAKISHNG:1 A £18f ecti on
step of detecting the reception timng
communicating with the radio base station and a response vector
of the mobile station that is newly ;_i.nitiating communication
with the radio base station, ahd (b) aratioof a field intensity
10 of the signal received from the mobile station already
communicating with the radio base station to a field intensity
of the signal received from the mobile station that is newly
initiating communication with the radio base station,
wherein, in the multiplex judgement step, the judgement
15 is about whether the rﬁobile station that is newly initiating
communication with the radio base station can be included as
a member for spatial multiplexing, by comparing the calculated
correlation value between the response vectors, the calculated

ratio of the field intensity, and the detected reception timing

20 difference, with respective threshold values.

8. Aprogramrecordingmediumhaving recorded thereon a program
for controlling a radio base station that performs radio

communication with a plurality of mobile stations according to
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di fference between the signal received fromthe nobile station already

commu® cat i ng wwth the radi o base station and the signal 5 received from
the nobile station that is newy initiating conmmunication with the radio
base station; and a nultiplex judgenent step of judging, by conparing the
detected reception timng difference with a threshold value, whether the
nobil e station that is newly initiating 10 conmunication with the radio

base station can be included as a nenber for the spatial nmultiplexing. 9.

The pro %’%g]l((%tat) 95% ?‘e fur{%hel{h 8rgp5qgél§gcoa cakgulation step of

cal cul a efween a r sponse vector of the
nobi |l e station aI read communi cagl wi th the hadl 0 basge. st at.i.on. riacpd a
tl

response vect 8r dee TP Pro 5P P FeHa Y st &Mffe?ﬁﬁ%?l r*fglml

communi cation wth the radi o base statiaon, and % aratioof afield

i nt ensi yffetenhe Regwaen eeeisianak mw%érp@ hameht e s&adhi o

comuni cating with the radio base station to a field intensity of the

signal neeehdgtdumom tdwt impivicstheimrdihheses e gn apdi thasilgpal

conmuni cation with the radi o base station, wherein, in the nmultiplex

j udgenepkcstopd e ugigenrvbi lies sbott omhehber jimenavmbj/I éngtaiitdma hat i s

newly initiating 41 $ communication with the radi o base station can be

i ncl udedo@sun@cHBIBES wieh Shal il ailiis extagiody apaparing the cal cul ated

a multiplex judgement step of judging, by comparing the

detected reception timing difference with a threshold value,
whether the mobile station that 1is newly initiating

10 communication with the radio base station can be included as

a member for the spatial multiplexing.

9. The program of Claim 8, further comprising:
a calculation step of calculating (a) a correlation value
15 between a response vector of the mobile statidn already
communicating with the radio base station and a response vector
of the mobile station that is newly initiating communication
with the radio base station, and (b) a ratio of a field intensity
of the signal received from the mobile station already
20 communicating with the radio base station to a fiéld intensity
of the signal received from the mobile station that is newly
initiating communication with the radio base station,
wherein, in the multiplex judgement step, the judgement

is about whether the mobile station that is newly initiating
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corregati on val ue between the response vectors, the calculated ratio of
the ffeld intensity, and the detected reception tining 5 difference, with

respective threshold val ues. 42

communication with the radio base station can be included as
a member for spatial multiplexing, by comparing the calculated
correlation value between the response'Qectors, the calculated
ratio of the field intensity, and the detected reception timing

5 difference, with respective threshold values.
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