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DESCR] PTI ON, W RELESS. BASE STATI ON AND PROGRAM STORAGE MEDI UM 5 Techni.cal
ﬁieIdiThg_pLesenLﬂbnveﬁtkon relates to a wirel ess base station that 71 !
wirel essly connects a ﬁlurality of nobile stations by spatial nultipleéxing

using an arra ‘mmm “\\m d to a program storage medium storing a program
readabl e by amumg al 10 processor provided in the wrel ess base

- Station. BackgrourdsAst I n recent DEESCRIPTDONeasi ng soci al denmand has been

energing to nake efficient use of frequency resources, along 15 with

i ncreasing wi despread of nobile stations such as PHS (personal handyphone
systen) handsets and nobil e tel ephones. One of the conmunication nethods

t hat responds hsad ; PAND2! i 8¥} 55@@& he spatia
mul ti pl exi ng nv%ﬁ% ?g g%?m’?u%%g??on 25%%@ ?gpﬁ%ﬁﬁl p ex?t:rjlfg

transm ssion and reception signals to and froma plurality of nobile
stations and achieving sinultaneous comruni cati on between the nobile
stations on a single frequency, by formng a different directivity pattern
for edch heehnécadatliighldith the use of an adaptive array 25 apparatus. 1
An adaptive array apparatus is equipped with a plurality of antennas, and
adj usts the anplhe¢ pdee sant phasntofonhelates toawireless base station

that wirelessly connects a plurality of mobile stations by
spatial multiplexing using an array antenna, and to a program
storage medium storing a program readable by a digital signal

10 processor provided in the wireless base station.

Background Art

In recent years, increasing social demand has been
emerginé to make efficient use of frequenéy resources, along
15 with increasing widespread of mobile stations suéh as PHS
(personal handyphone system) handsets and mobile telephones.
One of the communiéationlnethods that responds to this demand

is a spatial multiplexing method.
The spatial multiplexing method is a communication
20 meﬁhod for multiplexing transmission and reception signals
to and from a plurality of mobile stations and achieving
simultaneous communication between the mobile stations on
asingle frequency, by formingadifferentdirectivitypattern
for each mobile station with the use of an adaptive array

25 apparatus.
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transm ssion and reception signals of each antenna, to form a directivity
‘batte‘rn (an array antenna pattern) of the 5 antennas as a whole. A

Wi rel ess base station that wirelessly connects a plurality of nobile
stations by spatial multiplexing is constructed to use such an adaptive
array apparatus. To separate a reception signal intended for each nobile
.station 10 fromn helapt ivekbexed, apreptators wavesuipprswitked plomatlhg y
plurality of nobile stations, the wirel ess base station calculates, for

-« each nobide shaldmihs 2 wabdghdPeetsi aintampalisadeef ghaepHasasod "t ght
vector") that is used to adjust the arrpl i tude and phase of receptionwaves

(recepti N okp i glat t e I ted
by a DSPOEI‘E%%:H?EI%JS gngﬂ Pr oceﬁ{] |n t ggf g@ %\%\Fﬁgg&g%%@lag ttﬁjg fge%ﬁatl on

bel ow, the DSP a ust s val_yes y (adsll‘:% g) ) S
i ni m ze %ngéﬁe b .pg'% ?’He ytﬁ1 83 ﬁg% anstgg vaﬂeues of
"WL(t-1)" to "WI(t-I)" as 20 wei ght vectors "W (t) " to "Wl (t) " for a
symboP at2RBReNPRRI RF ANWROLCEquation e (t) =d (t) - (WL (t-1) *X1 (t) +V\2
(t-1) *X2 (t) +WB (t-1) *X3 (t 25 )+WA(t-1)*X4(t)) 2 Here, the legend "t"
represents a tifnwgredesmbdsanistatiohethederditdlesyly r@(plﬂ@@éﬁtss %ynbol
data in a known reference
plurality of mobile stations by spatial multiplexing 1is
constructed to use such an adaptive array apparatué. To
separate a reception signal intended for each mobile station

10 from the multiplexed reception waves transmitted from the
plurality of mobile stations, the,wireleés base station
calculates, for each mobile station, a weight coefficient
(also referred to as a “weight vector”) that is used to adjust
the amplitude and phase of receptionwaves (receptionsignals)

15 of each antenna. A weight vector can be calculated by a DSP
(Digital Signal Processor) in the following way. In the
equation below, the DSP adjusts values of “Wl(t-1)” to
“W4(t-1)"” so as to minimize an error range “e(t)”. The DSP
then sets the adjusted values of “W1l(t-1)” to “W4(t-1)" as

20 weight vectors “W1l(t)” to “W4(t)” for a symbol at the timing -
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Equation
e(t)=d(t)- (W1l (t-1)*XL(t)+W2(t-1)*X2(t)+W3(t-1)*X3(t

25 )+W4(t-1)*X4(t))



signal (or in a training signal) , the legends "X1 (t) " to "X4 (t) " 5
FepreSent reception signals of four antennas, and the legends "W(t-1)" to
"WI(t-1)" represent initial values for weight vectors of these four
antennas. It should be noted here that the initial values may be freely
chosen, but weight vectors of these four antennas cal cul ated for the

- precedi ng synbol 10 or in the preceding reception tinmeslot are generally
used as the initial values. In short, weight vectors are cal cul ated so as

-to mnimze aylfdereRceefehween” (@Dpfe SNt 8fa Yahiesy LAG MY AuRad Y
mul tiplying the reception wave (reception signal) of "each™15 of the four

antennastg¥ iits el ecto ) % e C. ' I reference
signal inc %&eesge\tl)}ﬁ s%;(oer/) syrréyoﬁggdg?gg S% sgﬁk(];l%\[?\nglnlbrl?ta 2@%@#&8; %rena esyrrbol
sequence) contained,in _a control, si | qQn a contyo| ggnqel Q "
Sommuni o4t} GRS @ifal b 2 AL BORA ZAEL o [HRRREPARr X BLS) 1 E4arle,
fixed bit 20 sequences, such as PR _(preanble) and UW (Uni que Word),
cont aPnedrspreeeeft roaeptdral signralssed Rurratearraencend fihargends
descri bed above, the wirel ess base station separates a reception signal
i nt ended ‘fiot (eath”mobi M@ 4sttatl oh fepmes2h tmilntiitpl &k eda t eeeptfoan weadves, by
calculating, for each of a 3 plurality of nobile stations that are to be
spati al | wedtbtspbExaths@ Rl Ghin taeh 95 . of T eagho @D e a sk Wel g g
the initial values may be freely chosen, but weight vectors
of these four antennas calculated for the preceding symbol
10 or in the preceding reception timeslot are generally used
as the initial values.
In short, weight vectors are calculated soas tominimize
a difference between (a) a sum of values each obtained by
multiplying the reception wave (reception signal) of each
15 of the four antennas by itsweight vector, and (b) the reference
signal. The reference signal includes bits (or symbol data)
of a known bit sequence (or a symbol sequence) contained in
a control signal ona control channel or a communication signal
on a communication channel. For PHS, for example, fixed bit
20 sequences, such as PR (preamble) and UW (Unique Word),
contained in reception signals are used as the reference
signal.
As described above, the wireless base station separates

a reception signal intended for each mobile station from

25 multiplexed reception waves, by calculating, for each of a



the multipl exed reception waves transmtted fromthe plurality of nobile
Statibns. At the tine of transnission, the wireless 5 base station forns a
directivity pattern by weighting transm ssion signals using the weight
vectors calculated at the time of reception. It should be noted here that
spatial multiplexing is also referred to as PDVA (Path Division Miltiple
-Access), mhdradidescoifbedobhldetatbtipnsbbhhé 18r€onmunibeat spr tusi ngy PDVA"
i n Shingaku G ho (Conmuni cation Studies) RCS 93-84 (1994-01), pp37-44. The

- cal cul at ial ef peixaitt, oid®ighandesepar alfl @ud arst@iabsaatewedghtifing
val ue of the above reference signal varies depending on each of the nobile

stati ons ¢flahans § feloabe LDDLShed Wid ekasshi fbe Spabhalndphtipe o In

the case of PHS, "however, the fixed bit sequences such

above- nent Loned PR _and . us the reference si gnal re ¢co nto
oy ot ST s i e A 20 PEnE i bR R P Bhn  Hfe i IR S

cannot. be cal cul ated, and accordingly 20 a signal cannot be separated

accur &t el525%0 D hdPB sPREMS c@ FhieRELINHIY pPeYdE Tec M i YR 1SS from
the plurality of nobile stations, if the center frequencies of signals
i nt ended t¥ansalisstisn wolgnal st ibasteenpe egbbyvaatons éﬁdqu]m‘fr@fg abof
synbols - the mninumunit of transm ssion and reception 25 data - for al
t he nmobi | ehstatmenst aonpéptéby .mallechshowliebe néteel glirevediaar Spaanindl  be
cal cul ated, and therefore a desired

multiplexing is also referred to as PDMA (Path Division

Multiple Access), and is described in detail in “Mobile

10 Communication using PDMA” in Shingaku Giho (Communication

Studies) RCS 93-84 (1994-01), pp37-44.

The calculation of weight vectors and separation of
signals are easy if a value of the above reference signal
varies depending on each of the mobile stations that are to

15 Dbe connectedwirelessly by spatialmultiplexing. In the case
of PHS, however, the fixed bit sequences such as the
above-mentioned PR and UW, used as the reference signal, are
common to every mobile station. In some cases, therefore,
correct weight vectors cannot be calculated, and accordingly

20 asignal cannot be separated accurately. Tobemore specific,
in the multiplexed reception signals from the .plurality of
mobile stations, if the center frequencies of signals intended
for all the mobile stations completely match, and timings

of symbols - the minimum unit of transmission and reception

25 data - for all the mobile stations completely match, correct



si gnal cannot be separated. However, each nobile station actually generates
an ihternal timng clock and a carrier wave frequency signal 5 on its
own, which inevitably creates an error range of several ppm Accordingly,
it is extrenmely unusual that the synbol timngs for all the nobile
stations conpletely match and at the same tine the center frequencies of

-carrier waweghinventleds €annaltl behea hobillaé est,atingh s heorgfl @t elay desticted 10 By

t aki ng advantage of this fact, it is considered possible for the wireless

base statddiink0 eansidtatise coepaehtaari ght vectors, by detecting a deviation
of the synmbol timng and a deviation of the carrier wave frequency for

each mobile  statdaye andebel] oathnget be el qet ed deviial | oo areecept i on

15 waves of each antenna. However, the above conventi o t echni que s the

foll bl h f fer f hannel
Ol ont oS PEEPLAT, ok e L8Rt o ALt LLOm 8 20rk ol o ROl =

station is perforned by s atlal 20 mul ti pl exing, a deviation of the synbol
timng arfPdtdefari %HlCBfl?ﬁElEépr%YeFrﬁ/é\F@sf ABgREREY TANYRL ISEVISEF &t at i on
are unknown to the wireless base station. Accordingly, the wirel ess base
station teRMa |decehdioglof, ddl cis s xhgenedestnusightthett bhe stobahe
nobi l e station. This nay even cause a failure in 25 establishing a

comuni catirmingbafioel al@ thiet mabd 1gpattiatliods completely match and at

the same time the center frequencies of carrier waves intended
for all the mobile stations completely match.

10 By taking advantage of this fact, it is considered
possible for the wireless base station to calculate correct
weight vectors, by detecting a deviation of the symbol timing
and a deviation of the carrier wave frequency for each mobile
station, and reflecting the detected deviations in reception

15 waves of each antenna.

However, the above conventional technique has the
following problem. At the time of transfer from a control
channel to a communication channel, i.e., when new wireless
connection to a mobile station is performed by spatial

20 multiplexing, a deviation of the symbol timing and a deviation
of the carrie:_: wave frequency of the mqbile station are unknown
to the wireless base station. Accordingly, the wireless base
station has a low chance of calculating correct weight vectors
for the mobile station. This may even cause a failure in

25 establishing a communication channel to initiate spatial



mul tiplexing of the nobile station. If such a failure occurs, the wreless
base Station has to retry establishing another conmmunication channel. For
exanpl e, nobile stations such as PHS handsets and 5 nobile tel ephones use
a control channel for a standby node to receive a call and a communi cation
channel for communication. Therefore, imediately after the transfer from
.a controlmuthapdexing afcomrmelddie sitadhiamel hfhatchsa f@lsjlectedcamspat i al
mul tiplexing at the tine of call-in or call-out, a deviation 10 of the
synbol tithagyandlasdebhatd anaafidméaartd efe ey e s faleljiiendy @aa cutamwwn.
This is no problemif the wireless base station could detect these

devi at i onsoimiBdicatelon adh §hnetihe transfer to the conmmuni cati on channel,

but actually, the wreless base station is not able to detect these

deviations 15 Uﬂ“&%'e%ﬁ@i%&iﬁ%@ﬁﬁ %'{aa!tiié‘ﬁgngjglggf% EH%t ﬁgyd%eﬁcos“%%cé ed

nobil e station usSing corre vectors. nmeans the wrel ess
base station, anno; u&%#ize a deviation qf the s ol timn nd a
devi ati orGF | Fle "EAPRIINSR VLS SqUBREY O (ARETSE bl SOKf Eor LEREDT ARdr
froma control channel to a 20 comuni cation channe|l, and accordingly,
cannot cat@gesed veagiGhkl ackdFeMEIUH ¢a ghoacharnsgl fior ¢Panust ceffd Above
problem the object of the present inventionis to provide a wireless base
station tHa¢reffprevesimmediinaey yofa Separ ahiengc mass fral fintrenaed ofndrr al
nobi | e station 25 when new wi rel ess connection to the nobile station is
performedchannel toa communication channel that is subjected to spatial
multiplexing at the time of call-in or call-out, a deviation
10 of the symbol timing and a deviation of the carrier wave
frequency are unknown. This is no problem if the wireiess
base station could detect these deviations immediately after
the transfer to the communication channel, but actually, the
wireless base station is not able to detect these deviations
15 until separating a signal intended for the newly connected
mobile station using correct weight vectors. This means that
the wireless base station cannot utilize a deviation of the
symbol timing and a deviation of the carrier wave frequency
immediately after the transfer from a control channel to a
20 communication.channel, and accordingly, cannot calculate
weight vectors with high accuracy.
In view of the above problem, the object of the present
invention is to provide a wireless base station that improves

accuracy of separating a signal intended for a mobile station

25 whennewwireless connectiontothemobile station is performed



6 by formng an antenna directivity, and that ensures establishnent of a
tommuhi cation channel. Disclosure of the Invention 5 To achi eve the above
object, the wireless base station of the present invention wirelessly
connects a plurality of nobile stations by spatial multiplexing using an
array antenna, and includes: a detection unit for detecting a deviation of
.a signal bhatfbamihgenaneceainathia ond araohiilve tst,at iaangd anbdat0 anseparsati on
unit for separating a signal intended for the nobile station from

-recepti ore st gPak shueintg d hea debpmied ceyvéat ERAnneen new wirel ess
connection to the nobile station is perfornmed by form ng an antenna
directivity. According to this construction, the separation unit can 15
correct reception signals using the deviation detected by the detection

uni t when, separating Si nai int%nded for the nobile station fromthe
receptiog3%igiﬁﬁgﬁglﬁgiéﬂgie—ﬁﬁﬁg—iéfbnaI i ntended for the mobile station

can be separated with highe} accuracy conpared with the case where the
devi afion 20 i%° @MHEe HWeRPIHR AWierbssthaselseaeisenbaret BEypriedent
invention transfers a plurality of nobile stations fromcontrol channels
t o communicdathenpcksemd] 4 nareh i orlvesse Yessdyecoantlrd s pl plalratlyi tof afbbi | e
stations by spatial nultiplexing using 25 an array antenna via the
comuni cakio®i lchanaelisnaPd spxd igeRultiplexingusinganarrayantenna,
and includes: a detection unit for detecting a deviation of
a signal that has been received from a mobile station; and
10 a separation unit for separating a signal intended for the
mobile station from reception signals using the detected
deviation, whennewwireless connection to themobile station
is performed by forming an antenna directivity.
According to this construction, the separation unit can
15 correct reception signals using the deviation detected by
the detection ﬁnit when separating a signal intended for the
mobile station from the reception signals. Therefore, the
signal intended for the mobile station can be separated with
higher accuracy compared with the case where the deviation
20 1s unknown.
Also, thewireless base station of the present invention
transfersapluralityofmobile stations fromcontrol channels
to communication channels and wirelessly connects the

plurality of mobile stations by spatial multiplexing using

25 anarrayantennavia the communication channels, and includes:



7 a detection unit for detecting a deviation of a signal that has been
Teceived froma nobile station via a control channel; and a separation
unit for separating a signal intended for the nobile station from

reception signals via a communication 5 channel using the detected

devi ati on, when new wireless connection to the nobile station is perf
.by form ng dte@ni eanandicr €olri Wity c tAGEOr4lidv 1 &t i Bhso€oaskh yakilorhdthe
separation unit can correct reception signals using the deviation det

10 the, JefeR6] keRURda f‘Q‘%%Patxﬁ&E§i@r§ﬁ£‘Q1&H ﬁ&%”HHHItC:%tl' efaghannel and

. by

form ng an array antenna pattern

ere ore, the signal intended for

or ned
ected

t he

nmobi | e stat on can_be se ar at.ed accur.ac ar ed MA the
# %%ela J ﬁ% Se% g ?u & S%%éaglls ﬁ% £ of

case where
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comuni cation 15 channel can be ensured. Here, the devi ati on may be at

| east ond-hf MEHL ke

which the signal was received fromthe nobile station in a periodica
recepbi orrhameel otusgfng héhwi rd¢ eestbdsedevaatonn,f rionen 2@ vwpedickiless ni ng
in the periodical reception tineslot being set as a reference, and (b) a
frequencymiriset ibhatoi piecabed 1 ea sdeati Bdm obs Qfe Bf & FRGUEDEY fofrmd rearam er

wave allocated to the nobile station, froma frequency of the signa

beeny{ecehyedifeemthec yobil e station.

has

10

15

20

25

According to this construction, the separation unit can
correct reception signals using the deviation detected by
the detection unit, when transferring to a communication
channel and forming an array antenna pattern. Therefore, the
signal intended for the mobile station.can.be separated with
higher accuracy compared with the case where the deviation
is unknown, and further, establishment of a communication
channel can be ensured.

Here, the deviation may be at least one of (a) a timing
offset that indicates a deviation of a timing at which the
signal was received from the mobile station in a periodical
reception timeslot of the wireless base station, from a
specific timing in the periodical reception timeslot being
set aséireference, and (b) a frequency offset that indicates
a deviation of a frequency of a carrier wave allocated to
the mobile station, from a frequency of the signal that has
been received from the mobile station.

Also, the detection unit may include: a first detection

SitA tgP 1 SR ECORRT 4 ORYSEATESL 3 Vdéy Rt PBRUBE C2 HLAR ng at

t hat



25 Also, the detection unit may include: a first detection 8 unit for
detecting a timng offset that indicates a deviation of a timng at which
the signal was received fromthe nobile station in a periodical reception
tinmeslot of the wireless base station, froma specific timng in the
periodical 5 reception tineslot being set as a reference; and a second
.detectionmnit tfdodedetecingg & itriequeddiseof thett ihdt datdsat dsviatdend ation
of a frequency of a carrier wave allocated to the nobile station, froma

'frequency pfa tthenisignal Wiledh hase HegRal ekl vedcti ord e o hihleemstatlicoon,
and the separation 10 unit may correct the reception signals using the

timng ofdsel;oAndnt bepLraquancy: ofLsehe iand separate dRecahapal uended

for the no e station"fromthe correc reception signa ccording to
this construction, .the separation unit, can, correct reception_signals using
the freqUAtS BERSAPRndt 11E = 18PEHIE of bk Odaredt ey Byt LHE 18etect | on
unit. Therefore, one or both of the frequency and the reception timng of
the PecedRFIMLIPHnHINBIPheLRANGhSEMiIaH 2hE8éCERNIRY sFiyRak Sieﬁpéwged
for the nobile station wth higher accuracy, in an early stage of form ng
an array datenhaopatn et f.or2deHerd indche fiagteneyactfont gmiat andirckéesecond
detection wunit nmay detect the timng offset and the frequency offset 1in a
recepti om tdeeshet oinn othi £hf Ae qoBwWY el | Dncehaneel wawgueslogassagedas
been received fromthe nobile station
the mobile station, from a frequency of the signal that has
been received from the mobile station, and the separation
10 unitmay correct the reception signals using the timing offset
and the frequency offset, and separate the signal intended
for the mobile station from the corrected reception signals;
According to this construction, the separation unit can
correct reception signals using the frequency offset and the
15 timing offset detected by the detectionunit. Therefore, one
or both of the frequency and the reception timing of the
reception signals can be matched with those of the signal
intended for the mobile station with higher accuracy, in an
early stage of forming an array antenna pattern.
20 Here, the first detection unit and the second detection
unit may detect the timing offset and the frequency offset
in a reception timeslot in which a communication channel
request message has been received from the mobile station

via a control channel, the communication channel request

25 message requesting to establish a communication channel, and



via a control channel, the comunication channel request 25 nessage
fequeSting to establish a communi cation channel, and 9 the separation unit
may correct, using the timng offset and the frequency offset, the
reception signals in a reception tineslot in which a synchronization
signal has been received fromthe nobile station via the conmunication
channel , the 5epynatriam zatitomasi goalrdist ngdirransiig tredh itrog foof § ot tared
comuni cati on channel request nmessage. According to this construction, a

l'ink chanpgle reslaidshPrnentsean tHet bl ie@fsugﬂ n¥henihhg %b@;ﬁtslscrbase
station is used as a base station. 1 Al so, e detection unit may

further ipg ‘é%%&by%%ﬁgc%té %yHEhEofn‘l &Hlsng]ﬂl%%W&%tee\ﬁege%reﬁJe@r the

nobile sta ormng array reception | e reception tinesl

it the worgi Chac e T8 TRl 152 EGos OPRUSLEAr APB. PR Cighal the

i ntended for the nDblle station _in the reception tineslot of_ the

synchfoni S30CHT A igaat ionActhbIdrhg ROLREI L eamsPitiEeidont ot Heo 5bpUr dthon

unit can further use the initial values of weight vectors, and therefore,

cal cul at i copmacoureclyioh weiaghte lvectgusshevessarge for 20 separating a

signal can be inproved, that is, values of the weight vectors can converge

in an earlier tagtdgdiRga reception ¢bnBSk@lction, a 1link channel
establishment can further be ensured when the wireless base
station is used as a PHS base station.

10 Also, the detection unit may further include a
calculationunit forcalculatingweight vectors for themobile
station, by performing array reception in the reception
timeslot of the communication channel request message, and
the separation unit may use the weight vectors as initial

15 values,toséparatethesignalintendedforthenwbilestation
in the reception timeslot of the synchronization signal.

Aécordingtxathisconstruction,theseparationunitcan
furtheruse theinitial values of weight vectors, and therefore,
calculation accuracy of weight vectors necessary for

20 separating a signal can be improved, that is, values of the
weight vectors can converge inanearlier timingina reception
timeslot.

The program storage medium of the present invention

stores a program readable by a digital signal processor

25 providedinawireless base station that forms anarray antenna

10



The program storage nedi um of the present invention stores a program
readable by a digital signal processor 25 provided in a wireless base
station that forns an array antenna 10 pattern, the programrealizing: a
detection unit for detecting a timng offset and a frequency offset of a
signal that has been received froma nobile station via a control channel
and a seppaatiam,ubhé froygcan rectl ingi ngcepdée bacsignabsi tfiorgdsteke idet ect ed
timng of fset andfrequency off set and separating a signal intended for

the mobil g siathegnofffredt kLo erQé*;cﬂSiené?C@.@E'b@'ﬁ sirgRaks gneher nawnad el ess
connection to thé nobile station is pertorned by form ng an antenna

directivi rai i m et, +i.ndi X I atjlen thi.m ng
10 ac wihi 2Repn R Wt R BT BTE L STER & d PhR e RanRe
periodi cal _reception tineslot of the mﬁregess base st.ation, froma

speci fic PP AGTRFTRE BB MOUF cHP T XDt T bn1Ei HESFBE + PePrghdets 45149
reference, and the frequency offset indicates . a deviation of a frequency

of a €arrFBe defrChefdddatiers of o2t AR TeeBEN ohse t e acPrEJlEdRT) of
the signal that has been received fromthe nobile station. Wen the

separ at i oa sihghailninkendeadc|fess thasamaiiaté atatkensufrog the poogearnest or ed
in the program storage nedium separates a signal intended for the nobile
station freaep@irecepyne =i ghahsnei/nei s€pasatd®in 88t otiatio aid fob itlke

reception signals using the deviation detected by the

station is performed by forming an antenna directivity,
wherein the timing offset indicates a deviation of a timing

10 at which the signal was received from the mobile station in
a periodical reception timeslot of the wireless base station,
from a specific timing in the periodical reception timeslot
being set as a reference, and the frequency offset indicates
a deviation of a frequency of a carrier wave allocated to

15 the mobile station, from a frequency of the signal that has
been received from the mobile station.

When the separation unit in the wireless base station
executing the program stored in the program storage medium
separates a signal intended for the mobile station from

20 reception signals, the separation unit can correct the
reception signals using the deviation detected by the
detectionunit. Therefore, thesignal intended for themobile

station can be separated with higher accuracy compared with

the case where the deviation is unknown.

25

11



detection unit. Therefore, the signal intended for the nobile station can
be separated with higher accuracy conpared with the case where the
deviation is unknown. 25 11 Brief Description of the Drawi ngs These and

ot her objects, advantages and features of the invention will becone
apparent fromthe follow ng description thereof taken in conjunction with
t he acconpahgifnfedreavipigsod bfiatthid |ustwibgsa speci fi ¢ enbodi nent of the
invention. In the drawings: FIG 1 is a block diagram show ng the
construction ofTh@s#ided ehdesd i dats pradvart dgest agabbsh fpEs0b £ three
present invention; 10 FIG 2 is a block diagram show ng the construction
of a si onabeREQEESTLNY BE:AnE%p ppd £en? %M cBle0Fl 1 doaaiay e ng {die
construction of a user processi g un|t 51la; 4 sho i nk annel
establlsh nt sequence; .and _15 vvchat shvm

processi ng ?0?0% ?3n§1ne%lnl Snéur?ocbtll s"fjati otnh‘? raocfﬁ%mgﬁﬂélrlglgggﬁgr‘i’ﬁ&gs(caﬂ)

to a traffic channel Best. Mbde for Carr Qut the Invention 20
[First Entod nge%{-]lsﬁr\ﬁltreelae§§e€ésfel%teﬂk?%ﬂlinﬁn P%r theehBIGHERY of the

the drawings:

FIG. 1 is a block diagram showing the construction of
a wireless base station in a first embodiment of the present
invention;_
10 FIG. 2 is a block diagram showing the construction of
a signal processing unit 50;
FIG. 3 is a block diagram showing the construction of
a user processing unit 51la;
FIG. 4 shows a 1link channel establishment sequence; and
15 FIG. 5 1is a flowchart showing the processing for
transferring a mobile station from a control channel (CCH)

to a traffic channel (TCH).

Best Mode for Carrying Out the Invention

20 [First Embodiment]
A wireless base station in a first embodiment of the
‘present invention wirelessly connects a plurality of mobile
stations using a plurality of antennas by weighting the
transmission and reception signals of each antenna to form

25 a directivity pattern (hereafter referred to as an “array
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present invention wirelessly connects a plurality of nobile stations using
a plutality of antennas by weighting the transm ssion and reception
signals of each antenna to form25 a directivity pattern (hereafter
referred to as an "array 12 antenna pattern") for each nobile station. The
w rel ess base station is installed as a PHS base station for connecting
PHS handsaitsenia aecotdance fbt kddremtbWA/elBRatidre. DTH s wdire 1MH 4 bplse
Access/ Time Division Duplex) method defined by the 5 PHS standard. In this

speci ficafd P ohr 2BSHINSH LM &8da st aCeid Wuachseved Y FOF NEHAndcting
directivity pattern (called an "array antenna pattern") are respectively

ol ofred gk And BLLEY; LT A0SLASKON (AN AU BAEELFRD 08 novBELSRS o

transm ssi on and T eception achreve ormn rectronal pé%tern
(al so called an. "omidirectional, pattern%% are res ectiv%Ly referred to
2" ormi - AP 581 ARCS SEAG M- F LrbpRi hP LK) sBS EROCoHERIR R A& s
referred to as a "CCH', and a traffic channel as a "TCH'. The wi reless
base 8t athton is¢adsiatd uct ebint & et esPeclist Headt aPneonstrantre@giamdy émikset
and a timng offset) of a signal that has been received froma nobile
stati on wWecepClbin andieperd biymfarmayrg ec ejtrieart irsi hy phetdenec¢ted led
devi ations when initiating new wireless connection to the nobile station
via a TG “20-f4yespténanphtdeldnen] are respectively referred to as
“array-transmission” and “array-reception”, whereas
transmission and reception achieved by forming a
10 nondirectional pattern (also called an “omnidirectional
pattern”)arerespectivelyreferred&x:as“omni—transmissioﬁ”
and “omni-reception”. Also, a control channel is referred
to as a “CCH”, and a traffic channel as a “TCH”.
The wireless base station is constructed to detect
15 deviations (a frequencyoffset anda timingoffset) of a signal
that has been received from a mobile station via a CCH, and
perform array-reception using the detected deviations when
initiating new wireless connection to the mobile station via
a TCH.
20 [Overall Construction]
FIG. 1 is a block diagram showing the construction of
the wireless base station in the first embodiment. 1In the
figure, the wireless base station includes a baseband unit

70, a modem unit 60, a signal processing unit 50, wireless

25 units 11, 21, 31, and 41, antennas 10 to 40, and a control

13



FIG 1 is a block diagramshow ng the construction of the wreless base
station in the first enbodinent. In the figure, the wireless base station
i ncl udes a baseband unit 70, a nodemunit 60, a signal processing unit 50,
wireless 25 units 11, 21, 31, and 41, antennas 10 to 40, and a control 13
unit 80. The baseband unit 70 is provided between a plurality of tel ephone
| i nes conmectefiOvi a a tel ephone exchange and the nodemunit 60, and
performs a TDMAN TDD process on each 5 of a plurality signals (baseband

si gnal s cont ai Mg s@eepAndofurtiat @0 t Ds berspaided Ibe twdéhpheyedralhey
TDVW TDD process is a process for nmultiplexing and separating the

plurality,s o{e§b%§%|nf% ??I £8nhle &t!erli ay 1DV T gfgﬁ‘fﬁet é’?&ﬁanghT% TDD

frame has peri secon and 1s divi o 10 e
tlmsslots form ngﬁfour t

our, %SIOQ tinesl %§¥hfié$ oLegeption

ti mesl ot stF A@8EH £ sai’b T FP RSN thé SFSPaPr’t f &t

tel ephone lines_to the nndenlunlt 60, the baseband unit 70 nultlplexes

four i graf 2 imteradh YTENMETTED f FRdechRarsr gilddalss (SRR FARNdPG SPGECh

mul tiplexing, and further, outputs a maxi num of four signals per

transm sstordatakstotbe ospauelnﬂmde'nmudittlplwxadcorﬂhﬂgTDMAéfi@tD Rlrocess

mul tiplexing. On the other hand, as to signals transmtted fromthe nodem

unit 60 tistdeppbueaki tyr afultel @pbebagl bnels sdpr dasepabdeupiliréQ irtegei ves

an i nput
of signals, soas to fit in a TDMA/TDD frame. Here, a TDMA/TDD
frame has a period of 5 milliseconds, and is divided into

10 eight timeslots, forming four transmission timeslots and four

reception timeslots.

In detail, as to signals transmitted from the plurality
of telephone lines to the modem unit 60, the baseband unit
70multiplexes four signals into each TDMA/TDD frame according

15 to timedivisionmultiplexing, and further, outputs a maximum
of four signals per transmission timeslot to the modem unit
60 according to spatial multiplexing. On the other hand, as
to signals transmitted from the modem unit 60 to the plurality
of telephone lines, the baseband unit 70 receives an input

20 of a maximum of four signals per reception timeslot from the
modem unit 60, and further, separates the time division
multiplexed signals and outputs the resulting signals to the
plurality of telephone lines.

The modem unit 60 modulates'signals that are inputted

25 from the baseband unit 70 and demodulates signals that are

14



20 of a maxi mum of four signals per reception tineslot fromthe nodem unit
60, ahd further, separates the tine division multiplexed signals and
outputs the resulting signals to the plurality of tel ephone lines. The
nodem unit 60 nodul ates signals that are inputted 25 fromthe baseband
unit 70 and denodul ates signals that are 14 inputted fromthe signal
processi ngnpatted0f rofhetRe/ 41ighiaflt prRSS gidacthis IGed Tros A Hd -sodud @t i on
and denodul ation. In a reception tinmeslot, the signal processing unit 50

cal cul at egpari gt \REt08 suyead rbar iy Mhdguaa talonYaradt @8nadul aatder n and
detects a timng offset and a frequency offset. In a transm ssion tineslot,

the signal procﬁzga'} rc%égg%léf? t]{:@ég%% t&ﬁgsgﬁﬁzlbquijo%%fiﬁgﬁgﬁ@ "

wei ght vectors ated in t reception fi
referred to,herein is a deviation of a timng.at which a_signal 10 is
Fecel ved TRORESHGS FE AR GETHES WarFoiPEar OFBLEH: P2t AIGSR TR  he
W rel ess base station, fromthe b_egjnningfrI tining of _the peri odi cal

et ands

receptsi orP2 FRBEPoRNEe ARG sdts & Mg & 2 efeAEpnSH odtfsqteferred
to herein is a deviation of a center frequency of a carrier wave allocated

15 to t helmpdi keastsationi ofir bimasdeartt erthieequgneyl gfrecesghalb urhdt 36
actually received fromthe nobile station. To be nore specific, the signal
pr ocessi nge Ught s50tfrahsimi et @6t ss BghaMbngusefihget tard acfintquerectddfset,
when a |ink
calculated in the reception timeslot. A “timing offset”
referred to herein is a deviation of a timing at which a signal
10 1is received from a mobile station in a periodical reception
timesldt in the wireless base station; frbm the beginning
timing of the periodical reception timeslot being set as a
reference. A “frequency offset” referred to herein is a
deviation of a center frequency of a carrier wave allocated
15 to the mobile station, from a center frequency of a signal
that is actually received from the mobile station.

To be more specific, the signal processing unit 50 first
detects a timing offset and a frequency offset, when a link
channel establishment request requesting allocation of a TCH

20 is received froma mobile station via a CCH, and then responds
to the request by transmitting a link channel allocation (a
carrier wave frequency number and a slot number)-via the CCH.
The signal processing unit 50 then calculates weight vectors

using the detected timing offset and frequency offset, when

25 receiving a first signal (a sync burst) via the allocated

15



channel establishnment request requesting allocation of a TCH 20 is received
froma nobile station via a CCH, and then responds to the request by
transmtting a link channel allocation (a «carrier wave frequency nunber
and a slot nunber) via the CCH  The signal processing unit 50 then

cal cul ates wei ght vectors wusing the detected timng offset and frequency
of fset, wWie. 25 receiving a first signal (a sync burst) via the allocated
15 TCH. At the time of array-transmi ssion, the wireless units 11, 21, 31,

and 41 convert pacthsigiae deighted-by anfenisd gheh, PhECRSEENEG sWiinits i nto
an RF signal and transmts the converted 5 signal via the antennas 10 to

40. At thlelt'Zrﬁa %fl %rr{cfiﬁalr 88?1%'1%”eatcjﬁes gn%le% %ﬁgéd%ly t%je s:ﬂ_:yn nd 41

convert a si'gnal” r'eceived via the antennas 10 to into a S|gnal i'n a

b band d ts th t [
ani ¢ 50, Beoerasi AR S B Sabp et AR ST L AR ST ek ot PRRV RS the
wreless unit _11 operates in this way, and the wreless unlts 21, 31 and
41 stép ofbjeg%ﬂ'ng‘”?hetE‘Snt POLEANas 80l §i vied the- si ghdl phicceddmy oM t

an instruction as to which one of array-transm ssion (or 15
array- r eceprapnyeared toron - tthengiirsdieds od tenbi , receptli-oapdisl conyert
performed in each tineslot. To be nore specific, the control unit 80
i nstruct satdegsb@nalequiocedsing thict htennas 10 to 40 into a signal
in a baseband region, and outputs the converted signal to
the signal processing unit 50. At the time of
10 omni-transmission and omni-reception, only the wireless unit
11 operates in this way, and the wireless units 21, 31, and

41 stop operating.

The control unit 80 gives the signal processing unit
50 an instruction as to which one of array-transmission (or
15 array-reception) and omni-transmission (or omni-reception)
is to be performed in each timeslot. To be more specific,
the control unit 80 instructs the signal processing unit 50
to perform principally, (a) array-reception for receiving
a control signal, and (b) omni-transmission for transmitting
20 a control signal, and (c) array—transmission. and
array-reception for transmitting and receiving a
communication signal via a TCH. It should be noted that a
signal can be received via a CCH either by array-reception

or omni-reception. 1In the case of array-reception, weight

25 . vectors are calculated and so can be utilized when a

16



to performprincipally, (a) array-reception for receiving a control

signal, and (b) omi-transm ssion for transmtting 20 a control signal, and
(c) array-transm ssion and array-reception for transmtting and receiving
a comunication signal via a TCH It should be noted that a signal can be
received via a CCH either by array-reception or omi-reception. In the
case of aromyanéceptiicon,sipnght i85 reestioresd avieacal AWt ed and so can be
utilized when a 16 a a communication signal is received via a TCH.

[ Transf er[Segnefee eqlfdlcE&l €& #cshows a sequence for transferring froma

CCHto a TCH (called a "link channel establishment sequence"). This 5
sequence i s cordf M4 qhies Pﬁ%lic;@é‘ﬁéédfoﬁnf’réﬂé&%fﬂi%d Sﬁf&# £xppingd in
detail in this specification. e, an explanation is only focused on a

"l'i nk chanpel. est ?Ii hnent_. request %; - r.equ t% " and a"sync burst.".
During t b TFFakGrar s om 5 EH AT Gt FA2 R es BRPRE SRANRBE Sodtabl T SHirent
request 10 (re-request)” is a signal that the wirel ess base station,
recei ves 38@¢¢YCOn ithEWHPIBNECa they ddlHus sandpsda sAinghatherRaPene s
wirel ess base station receives firstly on the TCH A "link channel
(hereaft erqt "expha)inest abhi slerfenitl feqidsits’ $specidasmttiay. fridere, mebil e
station to the wireless 15 base station when the transfer to a TCHis to
be perforgmsilanation is only focused on a “1link channel establishment
request (re-request)” anda “syncburst”. Duringthetransfer
from a CCH to a TCH, the “link channel establishment request
10 (re-request)” is a signal that the wireless base station
‘receives lastly on the CCH, and a “sync burst” is a signal
that the wireless base station receives firstly on the TCH.
A ™link channel (hereafter, "“L ch”) establishment
request” is transmitted from a mobile station to the wireless
15 _base station when the transfer to a TCH is to be performed,
for example, at the time of location registration, call-in,
call-out, handover, channel switch, etc. The L ch
establishment request is a message requesting allocation of
a TCH and a link. The L_ch establishment re-request is the
20 same message as the L ch establishment request and 1is
transmitted from the mobile station to the wireless base
station after the L ch establishment request, due to timeout
or the like. These messages are the last signals that the

wireless base station receives on the CCH, during the transfer

25 from the CCH to the TCH, and therefore, the frequency offset
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for exanple, at the tine of |ocation registration, call-in, call-out,
handover, channel switch, etc. The L ch establishnment request is a nessage
requesting allocation of a TCH and a link. The L ch establishnent
re-request is the 20 sane nessage as the L ch establishment .request and is
transmtted fromthe nobile station to the wireless base station after the
L_ch est abhd shimfhhgr edufesit Hhke t®l terEgubecor ddieett &ké. byhehe sEgARgEs are
the last signals that the wreless base station receives on the CCH,
during therdransfiely 25, f¢¥ onpthe CCH to the TCH and therefore, the
frequency of f set f? and timng offset have already been detected by the

signal = proces “gy'ﬂ'EJJB §9t"pi§§yr{.‘%e9§é%t rér? i ¥ER J?%T‘t!’l'ﬂéqg%tc%dcetc%a the

all ocated TCH sync roni zin
mnreless,f e statlo The mobi | sta re eatedl tr sny; t he nc
Ut St unt VT (et W VAP RESThZLB EBE DR D s RIS T BYOF (A rHG
sync burst). The sync burst is the flrst si gnal that the wrel ess base
stati 6n reteeyesSonoaRe TEHAtAM® + herBi®r glokhbef rekabhey ToPeRtsstland
timng offset are unknown until the sync burst is actually received.
However, then$megusertde ofyset banmbst tuntng dHeseviard ecenshaleeedtsitmidrar to
a frequency offset and a timng offset detected for the sane nobile
station orespbadSCido Ther b pr eranwlell teted vang yhike e purst, the
The sync burst is the first signal that the wireless
base station receives on the TCH, and therefore, the frequency
10 offset and timing offset are unknown until the sync burst
is actually received. However, the frequency offset and
timing offset are considered similar to a frequency offset
and a timing offset detected for the same mobile station on
the CCH. Therefore, when receiving the sync burst, the
15 wireless base station corrects the reception signals using
the frequency offset and timing offset detected by the signal
processing unit 50 on the CCH, and then calculates weight
vectors. By doing so, the weight vectors can be calculated
with high accuracy.
20 [Construction of the Signal Processing Unit 50]
FIG. 2 is a block diagram showing the construction of
the signal processing unit 50. The figure is a block diagram
showing functions realized by the DSP executing a program.

In the figure, the signal processing unit 50 includes

25 userprocéssingunits51at051d,adder5551t0554,andswitches

18



15 wirel ess base station corrects the reception signals using the
frequency offset and timng offset detected by the signal processing unit
50 on the CCH, and then cal cul ates weight vectors. By doing so, the weight
vectors can be calculated wth high accuracy. 20 [Construction of the
Signal Processing Unit 50] FIG 2 is a block diagram show ng the
construct3®h ofo t3fel si gnBheprogessheg ubiotl 5600 Thé4f i guidchs aeliiweskn

di agram showi ng functions realized by the DSP executing a program 1In the

figure, theassgnak OGRS MgcaptiodQ | Mekudagynahb pisete PEOBGSSINIG WU t S
51a to 51d, adders 551 to 554, and switches 18 561 to 564. The swi tches

561 to 560%?%&8@8%& W%g[?lhg r 3RS $S5 o, i d J@fﬁg%goptﬁghgnﬁis@@én or

processing unit cal ates wel ght vectors a wei ghts transm ssion or

recepti-on_signals_using the calculated ight, vectors, when.,5 hein

instructéﬂa?%p éPPoFﬁggﬁﬁény?éﬁ%ﬁ?§§fﬁﬁﬁ8?fa5?$ayg?88&p¥?859&f’tﬁg“%bntrol

unit 80. The user,process%;g units 5la to 51d are provided . in

corr eSporkRRehee wi tRSArREESF UM &P f oBe T8 si G RY ThrBBSTY SRR | y OF

mul tiplexed in each tineslot. In a reception 10 tineslot, each user

-processi rafr v@y t recerdcitan rlegepheoogitgrral sunysi 8§ -.a frequency offset and a

timng offset, and then calcul ates wei ght vectors. Using the cal cul ated

wei ght  vect or Stheag$e USpir opfe@ELiSSy N@n Ukt S¢antticnesl d exept poo vdidghl in
correspondence with a maximum of four user signals to be
spatially multiplexed in each timeslot. 1In a reception

10 timeslot, eachuserprocessingunit correctsreceptionsignals
using a frequency offset and a timing offset, and then
calculates weight wvectors. Using the calculated weight
vectors, each user processing unit combines reception signals
inputted from the wireless units 11 to 41 via the switch 561

15 to 564, to extract a user signal. Ina transmission timeslot,
each user processing unit weights a user signal using the
weight vectorscalculatedintheprecedingreceptiontimeslot,
and outputs the weighted user signal to the corresponding
wireless unit.

20 The adder 551 combihes weighted elements of each user
transmission signal outputted to the wireless unit 11. The
adders 552 and 554 are the same as the adder 551, with the
only difference being that the adders 552 and 554 correspond

to the wireless unit 21 to 41.

25 [Construction of the User Processing Unit]
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inputted fromthe wireless units 11 to 41 via the switch 561 15 to 564, to -
extratt a user signal. Ina transm ssion tinmeslot, each user processing
unit weights a user signal using the weight vectors calculated in the
precedi ng reception tinmeslot, and outputs the weighted user signal to the
corresponding wreless unit. 20 The adder 551 conbi nes wei ghted el enents
of each user (t(Tlheasusssipnosegsdngunputd &d a4 ad bd dMarred edlsl uwhd skEne,The
adders 552 and 554 are the sanme as the adder 551, with the only difference

bei ng thafithe taldense352, 208884 nePr 1BSROMBN a t BeliiRy WHEEIeSH M hs21at O
41. 25 [Construction of the User Processing Unit] 19 The user processing

units 51Sré§ré%gn%ra%iax}é é;ggméqge., with the user processing unit 5l1a being
a

descri bed a representative exanple. FIG 3 is a bl ock di agram show ng
t he constructi f ,5.the user processing.unit 5l1a. The user pr.ocessing
ini t Bla i ncl GHES® a3 vibt ghtOLar UM AECEA LMHO ST A S dar 5541 H ence
signal generation unit 55, a switch 56, a frequency estimation unit 57, a
timng estRPEiFOR RAPESSS INEIUN bt i2kd- 574he 01594, Prasgssind piiidr £ 581 to
584. 10 The wei ght calculation unit 53 calculates, in each synbol period
during a imngéddbista patitgrincpéouda ti iom unadepBi am aiddesd b, a weifghtenaxt or s,
so as to mnimze a sumof differences between

signal generationunit 55, a switch 56, a frequency estimation

unit 57, a timing estimation unit 58, multipliers 521 to 524,

and multipliers 581 to 584.

10 Theweight calculationunit 53 calculates, ineach symbol
periodduringa fixedbitpatternperiodinareceptiontimeslot,
weightvectors,soas1x3minimizeafmnnofdifferencesbetween
(a) each of the reception signals “S1R” to “S4R” from the
wireless units 11 to 41 and (b) a reference signal generated

15 Dby the reference signal generation unit 55. Here, the weight
calculation unit 53 corrects a frequency and a timing of
reception signals using a frequencyoffset anda timing offset .
detected in the preceding reception timeslot by the frequency
estimation unit 57 and the timing estimation unit 58, and

20 then calculates the weight vectors. Here, the “preceding
reception timeslot” with respect toa first reception timeslot
on a TCH to which the transfer is performed is a reception
timeslot of a signal lastly received on a CCH from which the

transfer is performed. The “preceding reception timeslot”

25 with respect to any reception timeslots following the first

20



(a) each of the reception signals "SIR' to "S4R' fromthe wireless units
11 to" 41 and (b) a reference signal generated 15 by the reference signal
generation unit 55. Here, the weight <calculation unit 53 corrects a
frequency and a timng of reception signals using a frequency offset and a
timng offset detected in the preceding reception tineslot by the
frequencyreesptimh dimesiob7 candhdeTCHMiIy Es¢ i patkicad g t r88epdancd20
then cal cul ates the weight vectors. Here, the "preceding reception
timesl ot"théh1bespeCta tHi @nirshatet i98chi ABTMRLL 1 PNracdGetia Whi ch the
transfer is performed is a reception tinmeslot of a signal lastly received
on a CCH from wh t i S: r Rk di : i on
Yﬁﬁ]% e épaéo @a};]];{c iReLAQ §'§9at B& b?l%‘%re LR %%&%?{ﬂr o

timeslot" 25 wi respect reception meslot's folldwng the

20 reception tinmeslot on. t TCH i s the_ precedi pg.recept,)on .lineslat, of a
s gnal 1A RALAEER HOPtaPRy oL ELseta L RE e mats (Epaat Fe T TEd
equation bel ow, the weight calculation unit 53 adjusts values of "W (t-1)
" to ®W Q2P to MENIBiIZE 2B SAFPHILANGR & Fol " r aHye St g the adingted s the
adj usted values of "W (t-1)" to "W(t-1)" as weight vectors "W(t)" to
WiI(t) . forvalegabolf AW lt(lte 1t)i'hity “W4 (tEGuEt iasn weliGyhet t yedt o)y s( WH(Lt (-£D)* X1
(t)+W(t-1)*X2" (t)+WB(t-1)*X3 ' (t)+W (t-1) *X4' (t) ) Here, the | egend
"t" represenwsg (a)tifdma i SymysboktuniHes , timing “t”.

10

(]
ct
il

d(t)-(W1l(t-1)*X1’ (t)+W2(t-1)*X2' (t)+W3(t-1)*X3

"(t)+W4 (t-1)*X4’ (t))

Here, the legend “t” represents a timing in symbol units,

the legend “d(t)” represents symbol data ineaknown.reference

15 signal (or in a training signal), and the legends “W1l(t-1)"

to “W4(t-1)"” represent weight vectors of the respective

antennas each calculated for the preceding symbol, or weight

vectors of the respective antennas each calculated in the
preceding reception timeslot.

20 Also, the 1legends “X1’' (t)” to “X4’ (t)” represent

reception signals correctéd by the weight calculation uﬁit

53, and can be expressed using complex numbers as follows.

X1’ (t)=X1(t+At)exp(jABOt)

25 X2' (t)=X2 (t+At)exp(jAOt)
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the legend "d (t) " represents synbol data in a known reference 15 signal
(or ih atraining signal), and the legends "W (t-1) " to "WH(t-1)"
represent wei ght vectors of the respective antennas each cal cul ated for

t he preceding synbol, or weight vectors of the respective antennas each
calculated in the preceding reception tineslot. 20 Al so, the | egends

"X (t)" to "X&Zt)t)eEpriesaht ) exgcep @ )si gnal s corrected by the weight
calculation unit 53, and can be expressed using conpl ex nunbers as

follows. X1' (53 gﬁ(?. gm@q)A@;@x(ﬂ j0A99tl-_) 25 X2' (t) =X2 (t+Qx) exp (j AO
t ) 21 X3 (t) =X3 (t+OQ)exp(jAet) ~ X4 8 t) =X4 (t+OQ)exp(jAet) Here, the
| egends "Xl (t)" to "X4 (t) " represent reception 5 signals of the
antennas 10 to 40, the legend "At" represents a tining offset detected by

e ema ne P L i
Ergqulenmcggo??tsl %l%?ggltjen teg8§‘dtshe ?r(%e] %?ﬁ(gs ITB.FI Bﬁe nlrf segcegt%%%

transfer from a CCHto a TCH, in a flrst reception tlneslot via the TCH,
10 thé | eybomalspef the antennpg Qvye 40, "the legengho VA téquapressents
represent values detected (calculated) in a reception ti m_ssl ot of a signal
recei ved a asimynygi affflse tCAe taheedebyhtheettiovigGires tidhasied fovl teddhy
synbol in the above-described way. Even if an error range "e (t) " is
| ar ge and the legend “A 08 ” represents a frequency offset detected

by the frequency estimation unit 57. At the transfer from

a CCH to a TCH, in a first reception timeslot via the TCH,

10 the legends “At”, “Af8”, and “W(t-1)” in the above equations
represent valuesdetected (calculated) inareceptiontimeslot
of a signal received lastly via the CCH.

The weight vectors are adjusted for each symbol in the
above-described way. Even if an error range “e(t)” is large

15 atthebeginningofareferencesignalperiodwithinareception

"

timeslot/ the error range “e(t) converges on the minimum
(or converges on zero) by the end of the reference signal
Iperiod.
Further,leareceptiontimeslot,theweightcalculation
20 unit 53 outputs the calculated weight vectors to the
multipliers 521 to 524, in a symbol period during which the
weight vectors are calculated and in the following symbol
periods.. Iria transmission timeslot, the weight calculation

unit 53 outputs weight vectors calculated in the corresponding

25 immediately preceding reception timeslot, to themultipliers

22



15 at the beginning of a reference signal period within a reception
tinmesltot, the error range "e(t)" converges on the m ninmum (or converges on
zero) by the end of the reference signal period. Further, in a reception
timeslot, the weight calculation 20 unit 53 outputs the cal cul ated wei ght
vectors to the multipliers 521 to 524, in a synbol period during which the
wei ght vexgdresocab@dcal cul ated and in the followi ng synbol periods. In a
transm ssion tineslot, the weight calculation wunit 53 outputs weight

vectors cal cul afgd ﬂé“f_éPé’nE@féngQ@dJ;QHe%%tiiFBT?%irﬁt@'SBB BLegrd NG yrfsePt i on
timeslot, to the nultipliers 22 581°to 584. The reference signal

. s _ . . I . it 53
general | R bl LoSPralh LS S ubeL o 081 Bt Bl 4! ORG al Subabian H 05
pattern éb%a fhégf synpol), in a reception ti The freqyency

0

,n%flgt.
estimati RYURTL dtRER S I fr BGEEREY OToPEEOd @l ko FHL Pagterg » of
a reception signal in a reception tineslot, that is, a deviation of a
~centeb freyubhigd siymirrhl | beated et ken walBetd@ha center frequency of
an 10 actually received signal, at the point where the weight vectors
cal cul at ed for ®eehf sygghehclyy etdtei met gbh caliculcat idestewt s aSBreqmesrqge, or
at the point where weight vectors for a synbol corresponding to | ast
symbol dajgryethivntgre=pef A eneesi gAlF” of 5 reception signal in a
reception timeslot, that is, a deviation of a center frequency
of an allocated carrier wave from a center frequency of an
10 actuallyreceivedsignal, at the point where theweight vectors
calculated for each symbol by the weight calculation unit
53 converge, or at the point where weight vectors for a symbol
corresponding to last symbol data within the reference signal
are calculated.
15 The detection of a frequency offset may be performed,
for example, in accordance with a method described in “Ido
Tuushin No Tameno Digital HenHukucho Gijyutsu (Digital
Modulation/Demodulation Techniques for Mobile Radio
Communications), White Series No. 105”, TRICEPS, March 14,
20 1990, P54.
The timing estimation unit 58 detects a timing offset
of areceptionsignal ina receptiontimeslot. Inotherwords,
the timing estimation unit 58 detects a time period from the

beginning of the reception timeslot to the beginning of the

25 reception signal (for example, to the beginning of SS (start

23



are calculated. 15 The detection of a frequency offset may be perforned,
for exanple, in accordance with a nethod described in "Ido Tuushin No
Tameno Digital HenHukucho G jyutsu (Digital Modul ation/Denodul ati on
Techni ques for Mbile Radio Communications), Wiite Series No. 105",

TRI CEPS, March 14, 20 1990, P54. The timng estimation unit 58 detects a
timng of$gebolofl) aaecepei bamgingnaiffiseta. reception tinmeslot. In other
words, the timng estimation unit 58 detects a tine period fromthe

begi nni ng of theo recapsronspereslies, tthd hel Mgy Ndf Bgetf ifshde%5edtﬁ£&m%0n
signal (for exanple, to the beginning of SS (start 23 synbol)), as the

timng offseiizlaghe ﬂ@ﬁfmi%@?@vﬁii%h tRe 4 HEdg g .S?tT}iléSUj\ﬁ%gfé %grnﬁ}’ol

utilizing a timng at which UWis received. The UWis a equence
stanaar d. o0 ur PoreleE HHHE L RER8 oy e AR IR S s b AR o Y or
SymboPs, ST TRES A nge| BESL | rAREF by addi ¢ Hes POMRPDLE FREREM it
period (5 m-lliseconds) to the timng at which the preceding UWis 10
recei ved.9omherailr BREsg Bedeatben oml]’lgége§oé’t dettiett 10 @i Blge begtim@ming
detecti on wi ndow t he beginning of UWis received. This judgnent is
per f or nedloatnphs odf UW drhagxampt respb8der t Beveral symbols, at the

timing location set by adding the TDMA/TDD frame time period

(S milliseconds) to the timing at which the preceding UW is

10 received. The wireless base station judges at which timing
in the detection window the beginning of UW is received. This
judgment is performed in units of, for example, 1/8 or 1/16
symbol time periods. Thewireless base station of the present
invention judges the reception timing of the beginning of

15 UW in a symbol sequence separated using weight vectors
calculated by the weight calculation unit 53. The timing
estimation unit 58 converts the reception timing of. the
beginning of UW into the beginning timing of SS, so as to
obtain the timing offset.

20 In a recéption timeslot, the multipliers 521 to 524,
and the adder 54 weight the reception signals “X1” to “X4”
frmnthewirelessunits11txJ41usingweiéhtvectorsoutputted
from the weight calculation unit 53, and combines the weighted

signals. The resulting combined signals are reception

25 symbols of a user “a”, extracted out of spatially multiplexed

-
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synbol time periods. The wirel ess base station of the present invention
fudges the reception timng of the beginning of 15 UWin a synbol sequence
separated using wei ght vectors calculated by the weight calculation unit
53. The timng estimation unit 58 converts the reception timng of the
begi nning of UWinto the beginning timng of S5 so as to obtain the
timng offeeept2on ignatepfpsn at imessiwem e fpun ipieess 821too BY4, and
t he adder 54 weight the reception signals "X1" to "X4" fromthe wreless
units 11 to 41 Isiang rweight s yEohot smestlput,t ethe faudmitdiel eves g 1 ctad G 4t i on
unit 53, and conbines the weighted signals. The resulting conbined signals

are recepké p§h 25t s¥nlalis Lo olg"ofexheagsed oyt 0§e§a&taltaall>y for

mul tipl exed “24 reception signals for a maxi num of folr users "a" to "d".
In atra S h t Y-l 5 Si on
synbol S or?%%eéﬁs%e}?é %f%gggsgrg?g:eé gr Seg%:ha&?igﬂe%e\rl\% gg% n?l{&;rnl

th d 5 f t ht t t
e wei G CRTCUR G H R LHEE (2F T YRR HARL P b HEa T G0 16 uila ofom

fl omchart showing a process for transferring a nobile station froma CCH
to a TCHYM Eheé3wirel ess base 10 station. The figure shows the processing
performed at the wireless base station side in the L ch establishnent '
sequence [TCH Transfer Process]

FIG. 5is a flowchart showing a process for transferring
a mobile station from a CCH to a TCH in the wireless base

10 station. The figure shows the processing perfqrmed at the
wireless base station side in the L_ch establishment sequence
shown in FIG. 4.

The control unit 80 has instructed the signal processing
unit 50 to perform array-reception in a reception timeslot

15 onaCCH. Therefore, control signals are constantly received
from a mobile station by array-reception, after the weight
vectors being calculated, the signals being weighted using
the weight vectors, and the weighted signals being combined,
by the signal processing unit 50 (step 70).

20 When a control signal received as a result of this
array-reception shows an L _ch establishment request (step
71), the frequencyestimationunit 57 andthe timingestimation
unit 58 respecti&ely detect a frequency offset and a timing
offset (steps 72and 73). Further, the control unit 80 selects

25. a candidate for a TCH using an available time division channel

25



shown in FIG 4. The control unit 80 has instructed the signal processing
tnit 50 to performarray-reception in a reception tineslot 15 on a CCH.
Therefore, control signals are constantly received froma nobile station by
array-reception, after the weight vectors being cal culated, the signals
bei ng wei ghted using the weight vectors, and the weighted signals being
conbi ned,or bgnt v asi hpal e pspedsisi hy upiutl t5e Yeteg zbpnnzd Wehhancdnie ol
signal received as a result of this array-reception shows an L_ch

est abl i shnewa /Teguetan(st eptepdl)i4,) .t he frequency estimation unit 57 and the
timng estimation unit 58 respectively detect a frequency offset and a

timng offset Wi$deNSe YRgANHa¥3IL toFYELRRL, ol BANGAMAIY f8Y ta &Epelard s 25
a candidate for a TCH using an available tine division channel 25 or an

avai |l abl e ial .qultd pl e npel, wi.thin t f.r.a (,step

74) . V\henc%g?%éiluhéﬁ% 8tdo&sne%§€f8ggcgﬁ igét%%qoﬁoqwf%? n@c?n{@ oltsc%mi t

80 instructs_the signal processing unit 50 to 5 perform ommi-transm ssion -
or arPay-RSGhSAlssPBRI AN AP F SACH tO%hin AL ERY af FBEST o 12T e @Y sted 77) .

When being able to select a candidate for a TCH the _control unit 80
i nstruct st¥a@esBignan groeesalhgcatiltorborepectr des®r Ah) L ch all ocation via
the CCH (step 76) , and receives 10 a sync burst (step 78) . Here, the
si gnal processiWiennbeibd able to select a candidate for a TCH, the

control unit 80 instructs the signal processing unit 50 to
transmitani_challocationviatheCCH(step76),andreceives
10 a sync burst (step 78). Here, the signal processing unit 50
corrects reception signals using the frequency offset and
the timing offset detected in steps 72 and 73, and calculates
weight vectors using the weight vectors calculated in step
70 as initial values. The following processing (step 79) is
15 the same as described in FIG. 4.
When the control signal received in step 70 shows an
L ch establishment re—request, too, the control unit 80
performs the above processing in steps 72 to 79.
As described above, the wireless base station in the
20 present embodiment utilizes, at the transfer from a CCH to
a TCH, a frequency offset, a timing offset, and weight vectors
froma signal received via the CCH. Therefore, weight vectors
can be calculated with high accuracy even immediately after
the transfer to the TCH.

25

26



corrects reception signals using the frequency offset and the timng

bf fset detected in steps 72 and 73, and cal cul ates weight vectors using

t he wei ght vectors calculated in step 70 as initial values. The follow ng
processing (step 79) is 15 the sane as described in FIG 4. Wen the
control signal received in step 70 shows an L ch establishnment re-request,
t 0o, the Ponlheol Mouiitf 8t pensdrns t he above processing in steps 72 to 79
As descri bed above, the wirel ess base station in the 20 present enbodi nment

utilizes, at theltransheughr @M dH3 V¢ cemBodChlent fdasitensy sotheetcase
timng offset, and weight vectors froma signal received via the CCH

Ther ef or g, 2L OQt T¥RCEQI Be Q?Tol&%t QY af ey 1 h 'QﬂiéﬁCEﬁf’i%}él%‘é?c%d
i medi ately after the transfer to the TCH 25 26 [Oher Modifications] (1)

Al t hough t he_above -enmbadi t.descri bes the c where a, TCH_t o be

al | ocat ed-to0° e%biﬁe % {nl%c]mllns%gg ‘eC ’ed@h‘ia negﬁeﬁsﬁ) %F a%]dl9§a§:ﬁdFF@y 5,
the TCH to be_allocated may 5 be sel ected in advance.  For exanple,the

wi rel 8ss HasELeCHI DAT FFEAHER t odi SREFRTHRYS o fed TER 88PRAT DA LAt s s,

and transmt an L ch allocation, imediately after receiving an L ch
al | ocat i aray pguastdi@yl dpiney SermiehECH remlsd @t 100 precaoh, ¢ard thensariftor med
before a timng offset is fluctuated drastically
an L ch allocation, immediately after receiving an L ch
allocation request. By doing so, the transfer to the TCH can
be performed before a timing offset is fluctuated drastically
10 by a change in a propagation environment due to movement of
the mobile station or the like. Therefore, weight vectors
can.be calculated with higher accuracy.
(2) Although the above embodiment describes the case
whereareceptionsignalisreceivedonaCCHbyarray—reception,
15 it may be received by omni-reception. 1In such a case, initial
values for weight vectors can be separately set in a first
reception timeslot on a TCH at the traﬁsfer. In this case,
too, a timing offset and a frequency offset obtained from
a receptioﬁ signal on a CCH are utilized at the transfer to
20 the TCH, and therefore, weight vectors can be calculated with
higher accuracy.
(3) Also, when a reception signal is received on a CCH
'by omni-reception, the timing estimation unit 58 may use a
rising timing and a falling timing of a reception field

25 intensity within a timeslot, to detect a timing at which the
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10 by a change in a propagation environnment due to novenent of the nobile
statibn or the |ike. Therefore, weight vectors can be calculated with

hi gher accuracy. (2) Although the above enbodi nent descri bes the case
where a reception signal is received on a CCH by array-reception, 15 it
may be received by Omi-reception. In such a case, initial values for

wei ght vesdgpisntAy beE SPparat eéyeseled.n a first reception tineslot on a
TCH at the transfer. In this case, too, atimng offset and a frequency

of fset obtained 4y oM + Roh§RERHOR I A mIBdRmEHH s &t ibheZednat dbhe
transfer to 20 the TCH, and therefore, weight vectors can be cal cul ated

wth hi %eérécé:u‘?fﬁ{in{;?’%f%'s%%" %e%[ %erx?faetpiéf?.r‘??g”@im&%gr g¢elyggon a
CCH by ommi-Teception, "the t1mi ng estimation unit 58 nay use a rising
timng anq}a faIJing t|n%P of a rec&p&%on field 25 . intensity within a
i mest ot - BRGHEE L3019 Fivhy 14t TRAECH SChe ™ 27 BegP RAPAgtoRE8a'y Hea8 ved.
(4) Although the above enbodi nent describes the case where a "tinmng
of f seb" ithabgernaiinghobfthe resend ian Whnes Lathee bagisati ag feSsrieace,
received in a reception tinmeslot, from5 the beginning of the reception
tinmesl ot ibeimyy d¢ asdavietépanod, a ittimimyg ke avidiesh athenbefianting rgf at
which the beginning of UWis received, or a deviation of a timng at which
anot her Bped fiLcsypbal by bheaeviadiN ¥t Aldheugh dbewrbereanother
specific symbol is received. Also, although the above
embodiment describes the case where the beginning of the
10 reception timeslot is set as a reference, a timing at which
a certain time period elapses from the beginning of the
reception timeslot may instead be set as a reference.
(5) Although four antennas and four wireless units are
shown in FIG. 1, more or less antennas and wireless units
15 may be provided.
(6) Although the above embodiment describes the case
wheretheWirelessbasestationisappliedtoaPHSbasestation,
it is applicable to any other communication systems, as long
as they are telephone systems that use a control channel and
20 a communication channel for different purposes, and initiate
communication after transferring from a control channel to
a communication channel.
(7) As described above, the essential components of the

present invention in the wireless base station are realized

25 by the signal processing unit 50 provided in the adaptive
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enbodi nent describes the case where the beginning of the 10 reception
tinesfot is set as a reference, a timng at which a certain time period

el apses fromthe beginning of the reception tineslot may instead be set as
a reference. (5) Although four antennas and four wireless units are shown
in FIG 1, nore or less antennas and wireless units 15 may be provided.

(6) Althaghaykereboveusntiod mebhedbisTy | des itdna tpsecewsare, ekecuitrigi®ess
base station is applied to a PHS base station, it is applicable to any

ot her commprHceAtdron SHsi €ModuSarh @iy basst beydal e at BREMhOBeo gy an@izm dat
use a control channel and 20 a communi cation channel for different

pur poses. r&idl bRl flho LAMMBLC BilaMT Sl LERRTANY N LEamna cop Tol
channel to a confuni cation channel. (7) As described above, the essenti al
conmponents_of th re inventi indhe wreless ba ation are
ear zod by iRRlE B e Sl UANE TSR SeE RE BhE KBRS s
arrayapparatus, .i.e., the digital signal processor, executin a program
Thi s prograf TRy BEdsPyr E§PiLR AL RO rﬁ@gr ﬁ%bﬁ”esore’éBeoHFggﬁ@ﬁ‘gFﬁf} an
EEPROM (el ectrically erasable and programmable ROM) , or a RAM The

ver si on- Uge oflovhéopdsy dne 5ansERERCM ek by RBYI dédiang ttheo RO &P raldsd, t he
program can be downl oaded to an EEPROM or a RAM via a program storage

medi um anaexdiwnf ka oretawdek epbone ltieleephone line.

Industrial Application

10 The present invention relates toawireless base station
that wirelessly connects a plurality of mobile stations by
spatial multiplexing using an array antenna. The wireless
base station is constructed to detect a deviation of a signal
receivedfrmnanmbilestation,andusesthedetecteddeyiation

15 to separate a signal intended for the mobile station from
reception signals when new wireless connection to the mobile
station is performed by forming an antenna directivity. The
wireless base station is suitable for use as a base station

for mobile communication systems.
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I ndustrial Application 10 The present invention relates to a wireless base
§tation that wirelessly connects a plurality of nobile stations by

spatial multiplexing using an array antenna. The wirel ess base station is
constructed to detect a deviation of a signal received froma nobile
station, and uses the detected deviation 15 to separate a signal intended
for the rlaimsstation from reception signals when new wirel ess connection
to the nobile station is perforned by form ng an antenna directivity. The

wirel ess base statd airislesstishke 5eatusm ahat haiste Béakl@ncohdle dmpid e
comuni cation systens. 29 Clains 1. A wireless base station that

Wi rel essl y 1GANNECt § S¢ RO 2L bt ¥ 9k 1 Rk gﬁ, %E}?{‘ﬂi% Y1 8981 bak nplilsliRleXi ng

using anarray antenna, conprising: 5 detection neans for detecting a
devi ati on %fg%é% ngh %hat Qﬁﬁnbgggikeqeived froma nobile station; and
separatioﬁ neans 1 or §8p5¥3ting %.S|gngr i ntended for the nobile station
fromreception signals using the detected deviation, when new wrel ess
conneébtion to tdeteobibes meanisoforlidetegpeifiorastebyataom od ansagmnenna
directivity. 2. Awreless base station that transfers a plurality of
nmobi | e sttdtdaonkadr bemegormeodiehdniiglon tao wehlai satitaron chandel s and

W rel essly connects th lurality of nobile . . .
y separatgog means %or separating a signal intended for

the mobile station from reception signals using the detected
deviation, when newwireless connection to themobile station

10 is performed by forming an antenna directivity.

2. A wireless base station that transfers a plurality
of mobile stations from control channels to communication
channels and wirelessly connects the plurality of mobile

15 stations by spatial multiplexing using an array antenna via
the communication channels, comprising:

detection ﬁeans for detecting a deviation of a signal
that has been received from a mobile station via a control
channel; and

20 separation means for separating a signal intended for
the mobile station fronlreception.signals via a communication
channel ﬁsing the detected deviation, when néw wireless
connection to the mobile station is performed by forming an
antenna directivity.

25
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15 stations by spatial nultiplexing using an array antenna via the

commuhi cati on channels, conprising: detection nmeans for detecting a
deviation of a signal that has been received froma nobile station via a
control channel; and 20 separation neans for separating a signal intended
for the nobile station fromreception signals. via a communication channel
usi ng the det ect edIdew até basswheaenewamiiogl efs oncomfeiliagms ol tared bbi | e
station is performed by formng an antenna directivity. 25 30 3. The

Wi rel ess haseedtmati on of one of Cains 1 and 2, wherein the deviation is
at least one of (a) a timng offset that indicates a deviation of a timng

5 at which the signal,1as ikeceived: figmtheJjwhife station in a periodica
reception tineslot of the wireless base station, froma specific timng in

t he periodical reception ti | o in S ref.erence nd.(h) a
frequency off se{a)t %g—tllﬁln%%(?a esse%tgg\% %&?%%EJ&%S Sﬁleilfartelq%%r?cf;a gflgngmcqar rier
wave allocated to the mpbile station, ,froma frequency of the signal that

has been REcERVER FPENTIORG INHIRT &atutToR, Tard the @%ééﬂ&t PR tigdhe D

corrects the reception signals
a periodical reception timeslot of the wireless base station,

from a specific timing in the periodical reception timeslot
being set as a reference, and
(b) a frequency offset that indicates a deviation of
10 a frequency of a carrier wave allocated to themobile station,
from a frequency of the signal that has been received from
the mobile station, and
the separation means corrects the reception signals
using the at least one of the timing offset and the frequency
15 offset, and separates the signal intended for the mobile

station from the corrected reception signals.

4. The wireless base station of one of Claims 1 and 2,
wherein
20 the detection means includes:
afirstdetectionunit fordetectingatimingoffset
that indicates a deviation of a timing at which.the signal
was received from themobile station in a periodical reception
timeslot of the wireless base station, from a specific timing

25 intheperiodicalreceptiontimeslotbeingsetaseareferenée;
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using the at | east one of the timng offset and the frequency 15 offset,
and séparates the signal intended for the nobile station fromthe
corrected reception signals. 4. The wireless base station of one of C ains
1 and 2, wherein 20 the detection neans includes: a first detection unit
for detecting a timng offset that indicates a deviation of a timng at

whi ch therdgnal was received fromthe nmobile station in a periodica
reception tineslot of the wirel ess base station, froma specific timng 25
in the periodical recepidond dagtsdioloheimyt SEbraseBetefiaeacereqdbnaid a
second detection unit for detecting a frequency offset that indicates a

devi at i on, of s@t feleauencyi @htasCardd®fat B¥eo Ald eI Ak A Oy tdie M irlfrﬁer
station, froma frequency of 5 the signal that has been Teceive romt he

nobi | e stat.ion t p t] .neans, corrects the reception si S
usi ng théﬁ%?%i%élggggégFgﬁg ?ﬁ% #?2&3%%5§t%? 83f,%éﬁﬁl§%p€§§?3§nc¥hgﬂgigna
i nt ended for the bile station fromthe corrected. 10 reception signals.
5. The wi'rEf e359Da e!tbtagrtﬁlt?ﬁ He s A raAlVeAe &R e MeREtedataétiodn unit
and the second detection unit detect the timng offset and the frequency
of fset i ®ilreception

the separation means corrects the reception signals
using the timingoffset and the frequencyoffset, and separates
the signal intended for the mobile station from the corrected

10 reception signals.

5. The wireless base station of Claim 4, wherein
the first detection unit and the second detection unit
detect thetimingoffsetandthe frequencyoffsetinareception
15 timeslot in which a communication channel request message
hasbeenreceivedfromthemobile stationviaacontrol channel,
the communication channel request message requesting to
establish a communication channel, and
the separation means corrects, using the timing offset
20 and the frequency offset, the reception signals in a reception
timeslot in which a synchroniéation signal has been received
from the mdbile station via the communication channel, the
synchronization' signal being transmitted to follow the
communication channel request message.

25
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15 tinmeslot in which a communi cati on channel request nessage has been
received fromthe nobile station via a control channel, the communication
channel request nessage requesting to establish a comunication channel,
and the separation neans corrects, using the timng offset 20 and the
frequency offset, the reception signals in a reception tinmeslot in which a
synchroni zati o .siTinal whas leesn baapei sedt ibnomft Hel arbbi be sthatrieim vi a t he
comuni cati on channel, the synchronization signal being transmtted to

follow the comReébeatect harnrels Fequesdr ARsSagkss 85c32c6.1 atiounaltess
base station of Cdaimb5, wherein the detection neans further includes a

cal cul ati pg, Ukt {01 CAlEUBLLAS WRIAN. ¥ eELOT PrLOk e dTobi Les shat kgn. by

perform ng array reception in“the reception tineslot

communi cat i op _channel_ request message d the separation ans t he
wei ght Vet bF8TRS HnPeiia? N Ues: OF o Sapaf At E- TR ST ghalrHtenddd F6r ¢ he
nobil e station in the reception tinmeslot of the synchronization signal. 10
7. A WirfRBUBASE tSion | R PR TRANI Tt sMESPRGRal iAR of nobile stations
fromcontrol channels to communication channels and w rel essly connects
the plurality d¢herekipagatsten imesndysyaitia wedlatitpvexitey ugisngnat iadr ay
antenna via the communi cati on channels, conpri sing:
values, to separate the signal intended for themobile station

in the reception timeslot of the synchronization signal.

10 7. A wireless base station that transfers a plurality
of mobile stations from control channels to communication
channels and wirelessiy connects the plurality of mobile
stations by spatial multiplexing using an array antenna via
the communication channels, comprising:

15 detection means for detecting a timing offset and a
frequency offset of a signal that has been received from a
mobile station via a control channel; and

separation means for, when new wireless connection to
the mobile station is performed by forming an antenna

20 directivity,

| (a) correcting reception signals using the detected
timing offset and frequency offset, and

(b) separating a signal intended for the mobile station
from the corrected reception signals)'

25 wherein the timing offset indicates a deviation of a
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15 detection neans for detecting a timng offset and a frequency offset of
a4 signal that has been received froma nobile station via a contro
channel ; and separation nmeans for, when new w rel ess connection to the
nobile station is perfornmed by form ng an antenna 20 directivity, (a)
correcting reception signals using the detected timng offset and

f requencytoffisetat anid (tbx heepbgnd L np arsicgnaled Arenddue frob it e s tratiilan
station fromthe corrected reception signals, 25 wherein the timng offset

i ndi cat esif adeytabdaraaf récepd itdnt Nge 8L ottt £ hhkhei 5&U8BE Bibse Beaiivad, from
the nobile station in a periodical reception tineslot of the wirel ess base

station eEpAT: 3 59EGIhico ki i chiae paridh 2l seception Ehfﬁ%%ll%tt

bei ng set as a reference frequ ncy set indicates 5 a deviation

of a frequen of acarrle wave allocat.e th t froma
frequencyfv)I %gh%egl %ﬁaﬁ‘ et " Hass’ bt bee‘rgi\ai%%%eﬁtr\?ee - SC% ?#gﬁgbﬁ% §PAS 8.
A program storage nmedium staring a programreadabl e a di %I taI SI gnal

pr ocessor 2 pREVitddd 9Th %fwiirél'f@@éle@éé\é Okt at FBR LRt “fao‘f% 2hrOSAr&F &t enna

pattern, the program realizin detection neans for detecting a timng
of f set antha mpbedgendy tofdrset TP a8 sixgp@bennat oliashpesngnadeithed tyagm a

been received from the mobile station.

8. A program storage medium storing a program readable

10 by a digital signal processor provided in a wireless base

station that forms an array antenna pattern, the program
realizing:

detection means for detecting a timing offset and a

frequency offset of a signal that has been received from a

15 mobile station via a control channel; and

separationmeans for correcting reception signals using
thedetectedtimingoffset and frequencyoffset andseparating
a signal intended for the mobile station from the corrected
reception signals, whennewwireless connection to themobile

20 station is pérformed by forming an antenna directivity,

wherein the timing offset indicates a deviation of a
timing at which the signal was received fromthemobile station
inaperiodical receptiontimeslot of thewirelessbasestation,
from a specific timing in the periodical reception timeslot

25 being set as a reference, and the frequency offset indicates
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15 nobi e station via a control channel; and Separati on neans for
toffeCting reception signals using the detected tinming offset and
frequency off set and separating a signal intended for the nobile station
fromthe corrected reception signals, when new w rel ess connection to the
nobile 20 station is perfornmed by formng an antenna directivity, wherein
the tim ng defvdett ianli cht @sfaedendnaty onf od aartiimimgrane whi thceltedsitgnal
was received fromthe nobile station in a periodical reception tinmeslot of
the wirel eke habe 18t attiadn.on f rorem specediuentiynbiigthe shegnpdr itbditcdlas
reception timeslot 25 being set as a reference, and the frequency offset

i ndi cat espedf gl @ldoRreh *Hd eeNcy Qkag icafrier wave allocated to

- the nobile station, froma frequency of the signal that has been received
. fromthe nobile station. 35
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