.; €3e0>044589Vv>6>T>-1 ADAPTI VE ANTENNA DI RECTI VI TY CONTROL METHOD AND SYSTEM
THEREFOR 13 June 2003 BACKGROUND OF THE | NVENTION Field of the Invention
The present invention relates generally to an adaptive antenna directivity
-control nmethod and a systemthereford in a nobile comunication system
applied a code division nultiple access (CDVA) system or sol3 dune2008br e
particularly, t i tion a t d jve antenna directivity
control nethod %&Pﬁ%ﬁﬁg‘;#ﬁ&%’&i‘ﬁ&%&ﬁ%%% MEE® and a phases of
transm ssion signals and reception signals of respective of a plurality of
antenna el enents are varied f ) | radi ati on pattern for a
particul ar orientation and céﬁ%ﬁﬁgbﬁ%gggﬂgﬂbnals for other orien L on
for formng a directivity. Description of the Related Art Conmmu\\mmmmﬂm
in radio conmmuni cation, when a plurality of comunication ter m

comuni cation sinultaneously particularly at the same or cl ose frseuehci es,
communi cation janmm ng due to nutual interference, such as internodul ation

or so forth, can be cau 1€ ntly. 2003 There

mul ti pl exed comruni cat i ?ﬁ‘%{?’é‘t Dp&f?/nw W@ e siml tanmmmﬁmmmm”"””””m
communi cation, such as known CDVA system A frequency di Vi sion mughhgd €
access (FDWVA) td diyvisian nultiple access (TDMA) have be enpl oyed.
Even in such réggiéiﬁﬁégﬁﬁ(xﬂY?ﬂni?q is still possible to cause nutual
interference by a | arge nunber of comunications in a limted frequency

band and wher ey 10 dgefi! 1198n £1bh U &NV PlackIZ aISAINENEY adah iy Of her

hand, it is also pPoOssSi e cause i erence to adyer e affect of a
Tl 1Pl exeth MANE PLARASAH & SHCEIMd S Hnd b TR e sdie e MY

in a mobile communication system appllied a code division

-

multiple access (CDMA) system or so forth. More particularly,
the invention relates to an adaptive antenna directivity
control method and a system therefore, in which amplitudes
and a phases of transmission signals and reception signals
of respective of a plurality of antenna elements are varied
to form a combined radiation pattern for a particular
orientation and to cancel output signals for other

orientation, for forming a directivity.

Description of the Related Art

Conventionally, in radio communication, when a plurality of
communication terminals perform communication

simultaneously particularly at the same or close frequencies,
communication jamming due to mutual interference, such as

intermodulation or so forth, can be caused frequently.



.reflecting bodies, such as buildings, are present. The CDVA system

di sti ngui shes each comruni cation term nal from others by assigning an

ort hogonal code which has high auto-correl,ation and | ow cross-correl atioin.
- Thus, all of the termi nals are perform ng“conmuni cati on using the sanme
frequency. Particularly, in a nobile conmunication system 18uthe2803n a

digital cell uThenafisine milddpdiexes, sommundicaidga iS3iF tammermekt sines can
be varied abruptly according to novenent of the nobile termnal. In such
wave propagat imd tdgrid ts ol temevecso raimntan icfa ttilen ,c coeclc saas BendwrolGOMA o
possi bly cause degradation of comrunication quality due to mnutual

interference Qiyst@mTUMN Qﬁ:teic@éncl}h@riﬁi%ﬂ@n i 1tth 9 16DMd cEH §PDMA) and a
transm ssi on power cont rol or nal nt al ni ng I nterference at respectl ve

term nal s uni fﬂ{n@ d%ﬁ'éi‘bﬁcnﬁﬁ%gg%% 337 41D qoﬁaﬁgrbéf%@#%é‘ﬁ%E%ﬁ a

plurality of multipath waves erent delay perio ath capture
and so forth accordiing t.q | S-95 standard of,sp o e perf d. I.n such

nobi | e comruni ts"luéjrk1 %ﬁgﬁé’m"é{%t}?éf’ﬁgif’ B't%‘é gi)l\f&js@tpec%s%%ﬁf”&?ngﬁflsgf an
adaptive antenna has been attracting attention for the purpose of

i nprovenent ofMEdihh ntATESTeRGR PYy b 9aYReR RE GO Igatiansdp of

the frequency. The adaptive antenna is constructed by regularly arraying a

plurality of anfldhdied Ereaueneybanst andgvherghy ity limltauseeffdslepcyat e
wei ghting of anplitude and phase conponents for reception signals of

di fferent anploff udhes fareduenayesOn htloe githeas hanid, v tahs emhso ghesseitils tion
reception. In transmssion, simlarly to reception, by appropriate

wei ghting of agalsé utieterfbidinte dUd i Advarsy kififetity off e aiultiplexed
characteristics (beam pattern and occasionally sinply referred to as

directivity) igadspaebagldedohpn itﬁiﬁitﬁt)iﬁﬂmeﬁ%oﬁorlﬁ.&@nt whéfe WAty

i
nobi | e conmuni cati on system to Wn?ch the CDVA systemis applied, by use of

the adaptive anle{dide sk m&@t:ﬁb@faé W@ ddd, HrdOhrdsoder M nal s at

the same frequency can be spatla separated to reduce

The CDMA system dlistingulishes each communication
terminal from others by assigning an orthogonal code which
has high auto-correlation and low cross-correlatioin. Thus,
all of the terminals are performing communication using the
same frequency. Particularly, in a mobile communication
system, such as in a digital cellular mobile telephone system,
propagation characteristics can be varied abruptly according
to movement of the mobile terminal. In such wave propagating
condition, orthogonality of the code can be broken to
possibly cause degradation of communication quality due to
mutual interference of communication. Therefore, in the CDMA
system, a transmission power control for maintaining

interference at respective terminals uniform, RAKE reception



.mutual interference . Thus ( use efficiency of the frequency can be

I nproved. In case of the cellular nobile communication system 4 13 June
2003 applied the CDVA system associathng wi th novenent of the nobile
.termnal ( occasionally referred to as“nobile station ) , swtching between
cell base stations ( occasionally referred to as base st ati18rune @083t abl i sh
radi o chanfieir esfirctdveryi yspenf plurdlitunefymuisipathewanaadbaring
performed. In the cellular nobile communication system perform ng handoff |,
i n parti culddf felrentedéLapperdaidss pathuapaireandyss dortdcacdonding t he
CDMA system all base stations and nobile stations perforns conmunication

by spread Redqls-9®H GIiahdarde 032D ohSJagRCipesfiotmertpective of up-link and
down-link. Thus, the nobile station can simultaneously comunicate with
both of the base station connected before handoff and the base station to

be newl y connectigd shishhadafit eehauaiche 1eabsletemahcedravngcesthBe base
station. Nanely, soft handoff can be performed. In the nobile comunication

syst em enpl-ayi ng;yt!_,h;ee dgﬂ#ﬁ W e i IO TR il Hedg! iHeancONt 1 Ol
set forth above, “in Hgn 0 H’ﬁ? thngﬁﬁh sysgenl direé?*&fty!io tIE base
station con teq1 ef n n%g&f can b t in§$ o] nd
satisfactoﬂq:lq: aT'::oj1 &Nvgt%o etnﬁ:g.o é’ﬁe%theo%ut%%g%r?otﬂ g%ﬁsrtaq’iegﬁén (?\ﬁever, sharp
directivity (the bea patterthaving small hal f value a lﬁ? to th% base
station to guatdtypandsimproeenent % ufe PIILcdensy 8ht ati on (
direction/ angle ) of the nobile station cannot be determ ned. 5 13 June
2003 Accor dihfyifreaency-i dheaddaptive antienpdy & consdructadhdyal |y predict
the orientation of the nobile station to finally establish sharp
directivitydgrlatiy rmobridydng & ipdvralildy oF iantennd |elsmenttisorfoor
explaining initial directivity control in the up-link in the base station
to forming a special filter by appropriate welghting of

amplitude and phase components for reception signals of

different amplitudes and phases through respective antenna

elements, in reception. In transmission, similarly to

reception, by appropriate weighting of amplitude and phase

components, arbitrary directivity characteristics (beam

pattern and occasionally simply referred to as directivity)

is established in antenna radiation.

As a result, in the mobile communication system, to
which the CDMA system 1s applied, by use of the adaptive
antenna, communication of a plurality of mobile terminals
at the same frequency can be spatially separated to reduce
mutual interference. Thus, use efficiency of the frequency

can be improved.

In case of the cellular mobile communication system



.be connected by handoff to the nobile station when the conventi onal
adaptive antenna is used. In Fig. 15, the nobile station 3 is initially

| ocated in a cell area 5 (service area), where only transm ssion wave of the
- base station 1 reaches, and thus est abl #shes radi o channel connection with
only base station 1. Thereafter, the nobile station 3 noves!3tna2808he base
station 2 tappdipdcthedCh¥Arsysten| assecbatirgvwithanmevgmenttdt thee
station 2. Then, soft handoff is initiated. Fig. 15 shows directivities of
respecti ve mpblilaksrafindle(basassdnal by rkfardeidieo haatolsibd 5eat2on) ,

I medi ately after initiation of soft handoff in the nobile station 3. The

up-link of thetbASRgBEtwedh Ledl bhSe RASH 1R i(%&cﬁ%&%ﬁ%&&?_ P&t OF Bedandorf f
appropriately follows to noving position of the nobile stafion and thus

establ | shes 3nakPpdkecEhyiby) (PEALPALILLR Aayd ”gﬁQHJl%i‘sé?@;??é@ién the

up-1ink of ase station es 1 ni I Fectvi area 9) for

retrieving all 13 Jupne 2Q03 of lentatjo or_on articul ar
orientati onifs%%’f%?]im%(}]h 5“?8@@%???@#‘83‘%%%%@2%%% IBntRe be
determ ned. Accordingly, the directivity (area 9) of the up-link of the
base statiofedlndarHeobble commndcationcaystanaenferming handets ainon 2.
Broad (beam pattern having wide -3dB gain position) of the directivity (
area 9 ) of pargigplarnkhef cefduBaremobidiieocommuhdgiad iionc syasempossi bility
of nmutual interference to receive a transm ssion wave of the up-link from
anot her nobiaceostidhgoho4thecchiekl sitsttdre, @1l bage eftathensr andtmdbibbe wher e
the nobile station is not present. Furthernore, as set forth above, from

the conditi gtatfionepeitfeehs edmnunecaita'val by apiiad/spast eanasdnigeehé Vi ty
control has been initiated to take a significant period for restoring the

nor mal st at gagfe déllcidd Un rfsgectd vEGHPCe 104 A a BEWAEEAnR . SHRES Vi sory
station, the base station and the nobile station in the case
the mobile station can simultaneously communicate with both
of the base station connected before handoff and the base
station to be newly connected by handoff before the mobile

station switches the base station. Namely, soft handoff can

be performed.

In the mobile communication system employing the
adaptive antenna which performs directivity control set
forth above, in handoff of the CDMA system, directivity to
the base station connected between handoff can be established
stably and satisfactorily follow to the movement of the
mobile station, however, sharp directivity (the beam pattern
having small half value angle) to the base station to be
connected cannot be established initially since orientation

(direction/ angle) of themobile station cannot be determined.



where the conventional adaptive antenna directivity control set forth
above. Fig. 16 shows a sequence including a supervisory station upon
initiating soft handoff of the m)bi#e station-3 fromthe base station 1 to
t he base station 2. The nobile statihon regularly notifies a received pil ot
channel strength. The notice fromthe nobile station is notlBfijuee20@3t he
super videgardinglyy, ahke gppEntakiennlyiretrtevedcatiaRe®nta. |n the

supervi sory station, judgnent is made whether the nobile station 3 can
handof fgradyaklpe prast ait dhieoordendatiloanofhthbasebilatstat lororkg he basi s of
the content of notice. ("H' in Fig. 16). Here, if there is no base station

to be afid] BElestabldmobharpn@icactiviee Wor thembbelotditivand, if there
is the base station to handoff (base station 2 in Fig. 15 ( "I" in Fig.

16), the supervisory station conmands for the base station 2 to assign

communi cat i aighargels faim 1ihBusbbateont fdrosxplaidingnifigial6). According
to the command fromthe supervisory station, the base station 2 assigns the

comuni gatd O FIEPEnt AGE {0 £108)] llkiS'-CiifolE' idekdiddse SEUMISLG [&SPONSE

i ndi cative of conpletion of channel assignnent to the supervisory station
("K" i i i t h S | O starts
transn‘in%és:i %nﬁ%%%%ﬁ%#ﬁﬁcggi ?)rﬁéclﬁgﬁjﬁ%% gFQ?lﬁgnd%%bl ?tﬁé and is
enabled to rec ivelCOérmjgi_cati OE throggh th& up-link fromthe nobile

st at i onCEVERWERT T ATARELVE oPRRSABBVE® WPCThis stage, the directivity of
the up-link is established for the predeterm ned w de area. On the ot her
hand, the superyj sory. station.receiying th espo om t he base station
2 recogni zedﬂgoﬁr{rif)?'et]?/so'n & B'roéapiaeatg;égltfg'g go%ﬁu’ﬁ??ﬁf?%#?ﬁ" ete‘?{i’it he base
station 2 and_the nobile station 3 So command initiation of soft handoff

bet w_eeni'N?ecel areq hd segyiceoprea) NRTS P4 YahhapARigsien Haye on 2 ( "L"
'n F g'gi?)i':he base station 1 reaches, and thus establishes radio

channel connection with only base station 1. Thereafter, the
mobile station 3 moves toward the base station 2 to be located
near a cell area 6 (service area) of the base station 2. Then,

soft handoff 1is initiated.

Fig. 15 shows directivities of respective up-links of
the base station 1 and the base station 2 immedlately after
initiation of soft handoff in the mobile station 3. The
up-link of the base station 1 as the base statlion connected
before handoff appropriately follows to moving position of
the mobile station and thus establishes sharp directivity

(beam pattern 7).

In contrast to this, the up-link of the base station 2

establishes initial directivity (area 9) for retrieving all



.The nobile station 3 receiving the command initiates reception of

comuni cation through the down-link fromthe base station 2. At the sane
time, conpletion of handoff is notified to the supervisory station via the
base station. Here ( at the stage op "K' in Fig . 16 , since the base
station 2 starts control fromthe state of the initial w dd3dure@dd%ity and
per f or noft oxdiend adflonise orpleinly PamtilonlAar joriegkatipmpdsantdwhger than a
period between "E' to "F" in Fig. 5 which will be discussed later to

rest or e sgienthepositdon ebbheaolilditanibhgannd be delteraiimed . wor ds
during this period, the base station receives comunication fromthe nobile
stati on p3dd¥dauilyt NehePal ekt 8Rdt¢odirdder) bECeRbi @p- Pink ¥ tthansm ssion
wave fromall orientation to cause nutual interference . Simlarly, even in
t he down-J | Qonfe0 t f.or andof.f (C i sfactorily
foll owmﬁ#(adéproﬁ e%sfltbgztsiq'gf\tt%wte!t h suf %Q%%e(:ﬁgl 3?153t ab 12' %%eactGi \Q/)i%t ;sy?ltev\her eas the
base station ttotggoc nect ed by handoff has to performtransm ssion to
entire &%~ %% r‘/vioﬁp‘ch is prelimnarily determ ned upon installation of

t he base station. Fig. 17 is an illustration for explaining an initial
directivity ntrol, . in the down-link of .the e station to b nnect ed by
nandof { whien SHRAESROBM PEREPER AYTod wids® 1 3850af1 S paL LRoE XV eCk Vi
control set forth above is used. Fig. 17 shows an exanple in which the

pi 1 ot cHatALERRE IHETC 4ARER 8 hiobrtlie SRTeA bk oF{ ERB DAY EEALED at
mutually different directivities . On the other hand, novenent of the

mobi | e & ANVHB Inpreage Regsibhlite rehmytual pinterferaneck® shown in
Fig. 15. An area 10 represents a directivity of a pilot channel in a

certai n meszaiore (a sormmisgiothevanshioe theitupnl Bk fyom hndher st ati on 1.
On the other hand, an area 11 represents a directivity of a pilot channel
in a cemichilesatiayion detdoatédrat vherpbsitishadforthe oriepkdtdam pattern 12
represents a directivity of the down-link established by the base station 1

for the ymdié enel Abbole B4 sOAHEprEBYht . Furthermore, as set
forth above, from the condition of omnidirectional retrieval,
adaptive antenna directivity control has been initiated to
take a significant period for restoring the normal state of

control.

Fig. 16 is a sequence chart between a supervisory
station, the base station and the mobile station in the case
where the conventional adaptive antenna directivity control

set forth above.

Fig. 16 shows a sequence including a supervisory station
upon initiating soft handoff of the mobile station 3 from
the base station 1 to the base station 2. The mobile station
regularly notifies a received pilot channel strength. The

notice from the mobile station is notified to the supervisory



.a beampattern 14 represents an initial directivity of the down-1link
establi shed by the base station 2 for the nobile station 3. The directivity
of the down-link of the base station,1 which is connected before handoff,
is established to satisfactorily follow the nobile station sinmlarly to the
case of the b link, and is sharply established. In contrad8Jusefd% the
di recti vPtgt ben kA ddith basecstpting badd $hg: FBReIViSORE BbAkteRed by

handoff is to performtransm ssion through the down-link for omidirection
( cell afjedgsentsimcwadhewbetbarathemobiieaestablion 3taanopagdoEfnot known,
or, inthe alternative, to performtransm ssion to only 10 13 June 2003

parti cul eithetherbaseastabion detiér whan tthe daskeostatibhe1besi ghef
i nformati on of the pilot channel of the base station 2, to which the nobile

station 65&@@'bEhEEeré@thﬁQaB@ehoﬁﬁaaeCR"ﬁ“ by ¥he.suRgrvisory station and
I n accordance with the command of the supervisory station. Therefore, when

the base station 2 perforns transm ssion through the down-link for the cel

area 6, nutualeirBteifeitpe® §8NnbepasEsstation! toObet AR HBYeLE §kation
other than the mobile station 3 located in the cell. On the other hand,

when thepBagg s ahd Uy dn PHIRIE, bh NGt Hed nhEOUZE ﬁf;&éﬂqbwn]th gnk to the

sector area t he nobi'l e station er t han t station 3

| ocat ed wi_ thin,t se e Lthetr nore,
simlar 88fhzte£§8no€°%@Eﬂ%@f%&ﬁﬁ”@%@% "Bt & fadied " for Hestor i ng
the nornmal state of control. It should be noted that the sequence of Fi
16 is apEPEcaﬁFS f &he; SUPeHNH sk station &P@@G?QFoﬁqﬁif?ebgaﬁﬁitted N
t he other hand, while discussion has been given for the case where the

- di recti veta&dons 2t ke gisisdanc isenrenigadione channelli flerathedmobddent, it is

possible to control the directivities at the same directivity in certain
system Bitgtlios 3s (4d"i Hnuftgat iLén .f Accexdingntagthai commaddr €xomyi ty
control in the down-link of the base station to

the supervisory station, the base station 2 assigns the

communication channel, and in conjunction therewith, sends

a response ilndicative of completion of channel assignment

to the supervisory station ("K" in Fig. 16).

Normally., at this stage, the\base station 2 starts
transmission through a communication channel of the
down-1link, and is enabled to receive communication through
the up-link from the mobile station 3. However, as set forth
above, at this stage, the directivity of the up-link 1is
established for the predetermined wide area. On the other
hand, the supervisory station receiving the response from
the base station 2 recognized completion of preparation of
communication between the base station 2 and the mobile

station 3 to command initiation of soft handoff between the



.be connected by handoff to the nobile station in the case 11 13 June 2003
where the conventional adaptive antenna directivity control is used. In
Fig. 18, the directivities of the pilot channel and the comunication
channel are controlled to the sanme dirfectivity. The beam pattern 15
represents the directivity of the pilot channel and the dovid-Jungie083

- certain sagdwild sestonfPraddanddsd siition 3 ) WP chid sfpriged. by the
base station 1 for the nobile station 3. The beam pattern 17 represents the
directivity of the pilot channel and the down-link of certain sector (
sector for the Twbdihebilatsoatfon Iredeiwlderibrd dymnidrel Haniet isdtadd on 2 for
the nobile station 3. It should be noted that a difference to Fig. 17 set

forth abovgetspODby dfadomhen féd€Ldn Hr AR tHd Qdun Ol10barvisin @l the

down-1ink of respective base stations 1 and 2 are the same, and others are

basi cal | nahy. ™ : qi
connect i oot R pr o 71 SR sBEETLIg, " SomdPeci PR BE MMAREL HEHTEEC 1
t, at ' f initiafi f t handof f i bj | tation,
[t er f er oG HRISRCt Bathe PURPHRLTOF B ATA (AR HP NIRRT S EHM Caused
both in up-link and down-1link. Furthernore, this problemis beconm ng nore

si gni fi gande¥®r atigheaftrar Phccadd Bidockhn sdnce shesbase Hakrfokn si nce

t he recent 12 13 June 2003 - nobile comrunication system such as the
cel l ul ar ndbstarte| ephtnelsfsomnthasstatendfntlyet bnhbtabvwide cel|l area
(service area) per the base station (formation of mcro cell), and in other
wor ds, chadbeéctapatyt gndspeeflores. t¥scing ocof atte afohblelcdfation 3 s ki nd)
there is Japanese Unexani ned Patent Publication No. Heisei 10-70502, for
"Directiviiy €arésoal pdrodcnsongdeVvikan -a lpetfivd vetwde@tE" to "F"

in Fig. 5 which will be discussed later to restore the normal

state control ("M" in Fig. 16). In other words, during this

period, the base station receives communication from the

mobile station 3 through the up-link and continues reception

of the transmission wave from all orientation to cause mutual

interference.

Similarly, even in the down-link, the base station
connected before handoff can satisfactorily follow the
mobile station with sufficiently stable directivity, whereas
the base station to be connected by handoff has to perform
transmission to entire sector area which is preliminarily

determined upon installation of the base station.

Fig. 17 is an illustration for explaining an initial
directivity control in the down-link of the base station to

be connected by handoff when the conventional adaptive



.the antenna is controlled adaptively with predicting orientation of the
nobil e station for permtting efficient use of the frequency and

transm ssion power. On the other hand, Japanese Unexam ned Patent

- Publication (PCT) No. Heisei 9- 510595,9 for "Phased Array Cel | ul ar Base
Station with Inproved Power Efficiency and Met hod Associ at €8 Jrnei2803"

- facilitat eantemnafdhneativitypbestrdohrsely fotrthnabbyei hsrassdng power

ef ficiency, reducing size of the cell area and by reducing radiation of
spurious signal causing internodulation in the base station. In such prior
art, the cell aFka.df7 tshewsaar etamiplen inhewhsch e pidddcedaandlfamguency of
occurrence of soft handoff is becom ng higher. Therefore, interference in

the base stRéi&smhenEatLoRNeMfthdly drandef bet 868Erb0188 saumecudipguent|y
in both of the up-link and the down-link at every occurrence of initiation

of soft haggpff i tq&yré%t£$¥E§§%eYﬁPBBgQ€Eﬁ§r§ﬁﬁf Ohovk eh%“ﬁof?beln such

conmuni cat1 on qu Initi I on O

Ther of or 6. BRUERC! t?ﬁggﬁﬁ Pl vh8 Ber bR oS Enbe e i

publlcatlons there has been still left a roomfor inprovenent. Thus, a
need exi st ENP8e FROWRAL, Figyadbi AN Afes 19 HPPESPPVFFyaM?%i‘ﬁ%’fYIOd and a

systemtherefor , which can reduce interference upon initiation of handoff
in an up-|PHla RddPErchanpeh-in akcextaimpsectorohsententian theanebileipon
initiation of handoff, and can permt quick restoration of normal state of
di rectivitgtabhonold) tim thsubaserstaickeandi.nOnofhe ehhead haadacahyar&VVARY OF
THE | NVENTI ON According to the first aspect of the present invention, an

adapti ve aplerépréséftsiaidirettividly 6t Hash M ichahn®lbiheaséadt£n and base
station to be connected with the nobile station in radio through an up-1ink

and a downgbb8krbes86t88VESINahePoB13EPSENEEON Y3 Bl & beBm pEEREEHI V2
transm ssion signal or reception signal of a plurality of antenna el enents

of the basEe?kéEbREsb&'d;lQe\e%&b%Pﬂ &ﬁ%‘ﬂ%‘ abwie1 A A fHe £ BYRERENY 1N 2
particular ofientation for estab ing a
base station 1 for the moblile station 3. On the other hand,
a beam pattern 14 represents an initial directivity of the
down-1ink established by the base station 2 for the mobile

station 3.

The directivity of the down-link of the base station
1 which 1s connected before handoff, is established to
satisfactorily follow the mobile station similarly to the
case of the up-link, and is sharply established. In contrast
to this, the directivity of the down-1link of the base station
2 to be connected by handoff is to perform transmission
through the down-1link for omnidirection (cell area 6) since
the orientation of the mobile station 3 is not known, or,

in the alternative, to perform transmission to only



directivity by a radiation pattern by conbi ning, conprises: 1~ 13 June
2003 step of initiating soft handoff in the nobile station; step of
obtaining an installation position information froma first base station
-which is connected before handoff and Hrectivity information of an up-link
of the first base station relative to the nobile station; 48dpneR003

predi cti ng partdlcudiraldedtolf driea Moby ¢dehalifyink’ ahed seetoid opathest ati on
by said second base station to be connected by handoff on the basis of the

di recti vi t yJd3fe05 FBil £k t £41F o¥Peid Pi10#"EnahARE1 Uf YREBAELIstAtAdN Ni ti al
directivity control paraneter of the up-link corresponding to obtai ned

orientation of,t I, tdLQn. I r VAR . UPsyl 0 be
initially g%ttﬁy t13928%5%3&%§§§Hﬁé5§3§$r§§¥4§9%§§ﬁ%<#4§§?ﬂﬁﬁ%é§§$n1ning a
directivity contr.ol raneter so that the directivity of the up-link is
nar r owner tm%qﬂ“?{gsyc@? sb‘rpeé:éfé-lSGFYa?Eﬁ'.ci%“(ﬂ%&f‘?@?‘f?/r%ﬂ‘bgﬁgttitbn of a

down-link of the first base station may be used in place of the directivity
i nf or mat i orthsf aqammand |9fhktheg supervisarpstatiqni on for predicting
orientation of the nobile station by the second base station for
determining initial directivity control paraneter for the down-link. The
second base st atThareksreletwhen dralibass jgfatlon 12 nerforms 2003 control
par anmet er of individual pilot channel for the nobile station together with
the initialtrxAnswissdaory Yough the adexrerlik tfer dohwe-¢ebhk. aqee @irectivity
control paraneter may be determ ned so that the directivity of the
down- i nk wiitodal $nteedenearetden bearubdibin aliladf dthd mabsbe tst astidigmal
initially is narrower than normal sector area.
other than the mobile station 3 located in the cell. On the
other hand, when the base statlion 2 performs transmission
through the down-1link to the sector area 14, all of the mobile
station other than the mobile station 3 located within the
sector may cause mutual interference. Furthermore, similar
to the case of the up-link, long period is required for
restoring the normal state of control. It should be noted
that the sequence of Fig. 16 1s applicable for the down-
link as is, discussion will be omitted. On the other hand,
while discussion has been given for the case where the
directivities of the pilot channel and the down-link are
different, 1t is possible to control the directivities at

the same directivity in certain system.

Fig. 18 is an illustration for explaining initial
directivity control in the down-link of the base station to

be connected by handoff to the moblle station in the case



.The initial directivity control paraneter may be determned in the first
base station upon initiation of soft handoff in the nobile station, by
notifying the installation positioP information of the first base station
and the directivity control parane kr to the second base station t hr ough
the supervisory station. A position information of the nobilBauseZ00dn

rel ati wheme the ¢onpvenkicnabadapyive antennadlireqtiov ey contirede station
via the supervisory station in place of the installation position

i nforndid arseaf. the first base station for determning the initial
directivity control paraneter in the second base station. The installation
position information of the first base station may be prelimnarily
notified to JpeFilighelal tizs aisteattiionis fes0mft hre spipbs vichannhe] anidon i n

repl ace of notifying to the second base station. 16 The orientation of

the nohine® ddmturicd@dord CHii X4 &lontdinat 1d e sdrond base station.
13 June 2003 According to the second aspect of the present invention, an

adapti v ARGV TRl bULh o FAUPH 5SYEHEARIREL it WS 1%&%%0“ and base

station to be connhected w nobi tatron in radi rou an up-link

and a d =lin in over ned a superwi sory. statio respective
t r ansmiEsi ol{né s‘lhgfn)o:'f ‘%?aq}%e?eﬁrf%%? g‘ﬁ%f)“‘o]ri@‘ pc?/%rca?]ﬁeilp%fs%%‘?%na el enent s
of the pase statiop being varied in litude and phase for conbining in a
part | ISR ERFathEMARL 8 EabLPE H hyhdcl 18 aziad, B, the bageat i on
pattern by conbi ning, conprises: the nobile station including neans for
i ni ti at94RtLYT tl Heemofhe :mebkle Ftmaton It ffherbeam patkswrrct®d by handof f
i ncluding means for predicting an orientation of the nobile station from
sai d seraprkgens sthe | dlregtivitbash sthd pilsdtaldhenroel pasd t€hoe | nf or mati on
froma first base station connected before handoff and a directivity
i nf or redowvai- bink lef wertialn sector (sector for the mobile station

3) which i1s formed by the base station 2 for the moblile station

3.

It should be noted that a difference to Fig. 17 set forth
above is only that the directivities of the pilot channel
and the down-link of respective base stations 1 and 2 are
the same, and others are basically the same. Accordingly,
even in Fig. 18, the problem discussed in connection with

Fig. 17 is encountered.

As set forth above, in the prior art, at every occasion
of initiation of soft handoff in any mobile station,
interference in the base station to be connected by handoff
can be caused both in up-link and down-1link. Furthermore,
this problem is becoming more sigp;fiqant for substantial

increase of occurrence of soft handoff since the recent



_of the first base station, and determining an initial directivity control
paraneter of the up-link and/or a down-Ilink. The base station may conprise
a wred circuit interface portion at |east processing interface with a
supervi sory 17 13 June 2003 stationl2a radio receiving portion, a radio
transmitting portion and a base station control and storagd3gune2e®3, and a
- directivi tyosdhé r cbmpan boat £on i ystemdosehi a& thet bellallap mebeli ng
portion and/or the down-link in the radio transmtting portion is

det er m ned¢ 8Ye§RGAEOLyBEEMCAAS 04 tERALAEP €6ahaPPoROBhEOLedNdadbar age
portion. The base st ¥|on control and storage portlon may be provided in or

t f th d t t
o Er DEScHP B ERPCHELA) BeR U hp B8R0 PaL 186 (BELAALLBRCHE] tBBaDCl L OO
fully f t he .det dd t [ h ft df th
e Conpany! SGLEY avARgs b OFREr FararF cRERTBY; HRRECOEY . hE- BPRRERE- nventi on.
whi ch, however, should not be taken to belimtative to the invention, but

B e PR ICBE SN0 8 PR A P8 ahed, 5

adaptive antenna dlrect|V|ty control met hod and a systemtherefore, in
accor danceVaprAmiRedpPatent PHbdieabhonpNg. Hetged BP5dRS 8PagEQF showi ng an
i nternal construction of a base station in Fig. 1; 18 13 June 2003 - Fig.
3 is a bl olRigpaglutyreonteobied Andenna Pendcelct Torthiis arparcaptind

nodul ating portion in a transmtting portion showm in Fig. 1, Fig. 4 is a
bl ock di agths ahbtenng ds icohérpdlled adaptively with predicting

orientation of the mobile station for permitting efficlent

use of the frequency and transmission power.

On the other hand, Japanese Unexamined Patent
Publication (PCT) No. Heisel 9-510595, for "Phased Array
Cellular Base Station with Improved Power Efficiency and
Method Associated Thereto", facilitates use of an active
phased array antenna by increasing power efficiency,
reducing size of the cell area and by reducing radiation of

spurious signal causing intermodulation in the base station.

In such prior art, the cell area of the base station
tends to be reduced and frequency of occurrence of soft
handoff is becoming higher. Therefore, interference in the
base station to be connected by handoff tends to be caused
frequently in both of the up-link and the down-link at every
occurrence of initiation of soft handoff in any of the

relevant mobile stations to lower communication quality at



_construction of a base band denodul ating portion in a receiving portion
showmn in Fig. 2; Fig. 5 is a sequence chart of processes between a nobile
station, a base station and a supervisory station in the shown enbodi nent;
-Fig. 6 is an enlarged illustration showing a part of Fig. 1 in the shown
enbodi ment; Fig. 7 is an illustration for explaining the sdS8cwe@Bddi nent

- of an adaptlve antenna directivity cont?ol method and a systemt herefore,

in accordance with the present invention; Fig. 8 is a block diagram show ng
the internal H’&ﬁé@ﬁ&evlﬁnhéf‘d%ffasé“sﬁ%h 6ASEhAVRTPRLEN PE Fedpphiom s a

bl ock di agram showi ng an internal construction of a base band nodul ating
portion in Fiqf ceaniglycapaciiy gan @leaste aprewn teedkexpherefions opveli rectivity
control of a down-link in the case where directivities of the down-Ilink and
a pilot chanrdl tRecPESRT raNy ddscdosed Imde abgvaridertified in the shown
enbodi nent; 13 June 2003 Fig. 11 is a sequence chart corresponding to the
oper ati on of rupdichtidnenpdhtineehas Peen sitAlls 18Kt p| Teen didon for

di scussing prediction of orientation of a nobile station in other base
stati on fromimoneyementti on position information of the base station and
directivity control information in the shown enbodi nent; Fig. 13 is a bl ock

di agram showi ng a npglis h @8éd &st9to pﬂaeld@%%dbﬁtm Mb@iﬂemlgod&lt@nmbmoahﬁd
transmtting portion in the shown enbodinent; Fig. 14 is a bl ock diagra

showi ng a nmod? Fystese thewefer , trichheanareduasdntesiesaae upemipitinsion; fhandoff fran up- link
recei ving por o4 4 gtf&tg-:ﬁlr)% Ec??@er@@ esth AR tcatn#:ﬂ glf]ah:l'g ub?rll ﬁﬂtlé’c o hra ¢Phnfi¥an

expl ai ning an initi ty contro Int ase
stati on to bepaorneuitlededtgratiam dbiibriealt dhate @f ph!@btl‘tlty cMrd}Ubnbmltsmampmag:ing of

channel capacity.

SUMMARY OF THE INVENTION

According to the first aspect of the present invention,
an adaptive antenna directivity control method where a mobile
station and base station to be connected with the mobile
station in radio through an up-link and a down-1link being
governed by a supervisory station, respective transmission
signal or reception signal of a plurality of antenna elements
of the base station being varied in amplitude and phase for
combining in a particular orientation for establishing a

directivity by a radiation pattern by combining, comprises:



in the prior art; Fig. 16 is a sequence chart between the supervisory
station, the base station and the nobile station in the prior art; Fig. 17
is an illustration for explaining the initial directivity control of the
.-down-link in the base station to be connected by handoff wth resBect to
the nobile station, 20 in the priqgp art: and 13 June 20033puge 2983is an
illustration for explaining the initial directivity control of the

— down-link in the base station to bhe connected h ff with respect to
Cheobi e ot atTtsib OF A b i pe s b SO O OBL S48 PREPBRAED
EMBCDI MENT The present invention wlll be discussed hereinafter in detail in
terms of the prafey pedniatthyBal ufleiia bR 1 BYSH hatibh T ef erence
g I'n the foll ow ng

to the acconpanyi ng draw ngs. escription, numerous

specific dpfallseal8r $3kef glgéévlmlqrﬁnwg{&?&st QOHGO%éﬁsg;&ng%%%%fgndEf standi ng

of the present 1nvention. e obvi ous, oSe skilled in

the art that, (g RLeSeRL JRUSLLOM MY aPGPhaRkl Sodnyl LRoW (Lhigse speci fic

details. In ot i NS cture are not shown in detail in

order to agﬁ%gﬂﬂpqgﬁgii?gytgb curity,8f sfhe Jyr.esent invention. The
0

preferred e I'ments of an adaptive antenna directivity control nethod and
a systemtherefor according to the present invention wlll be di scussed

hereinafter in gedpbE phielalct €h&RANE dntaltfEn FCORP ABBILDE HaWoRIS. |t
shoul d be noted that |like elenents to those showmn in Figs . 15 to 18 wlll

be identi f irgeh H¥ecohd BadettRIANHRalHEBS R $asd BEtith BFbS&ddBeteder ef or wil |l be
omtted in order to avoid 21 13 June 2003 redundant discussion to keep

the di scl opyrgarddi @ncRRYMad bCthé t @@ A1ty UNEES Shandinngsof the
present | nventi on.

the up-1link; and

step of determining an initial directivity control
parameter of the up-link corresponding to obtailned

orientation of the moblle station.

The directivity of the up-link to be initially set by
the second base station may be controlled by determining a
directivity control parameter so that the directivity of the

up-1link 1is narrower than a normal cell or sector area.

A directivity information of a down-1link of the first
base station may be used in place of the directivity
information of the up-link of the first base station for
predicting orientation of the mobille station by the second
base station for determining initial directivity control

parameter for the down-link.

The second base station may determine directivity



_Fig. 1 is an illustration show ng an overall construction in the first
enbodi nent of an adaptive antenna directivity control nethod and a system

t herefor according to the present inVﬁEtion. Fig. 1 shows cell areas around
- base stations 1 and 2 and cell areas t'Hereof associated with soft handoff
with a nobile station 3. Acell area 5 is a service area ofl3Jwe?882

- station 1 cortrold@aramedercofsindelduak pdilos chanhel (foye tbeandlbhle. A beam
pattern 7 represents an affective area of reception directivity established
by the basstathbtnotodethéerhwithethesinatiuhi dareobitviem tbateohil e station
3in an up-link. Simlarly, a beampattern 8 represents an effective area

of receptigarghéeeti ¥yEt ¥nesaswhlsNRR.by the base station 2 which receives
comuni cation fromthe nobile station 3 in an up-link. On the other hand,

in Fig. 1, the nobile station 3 is in notion in an orientation fromthe

base station 1 tReldierdwistrst@idoditrdl pattamé tePaidy deCaBULkneAea®®di atel y
after initiation of soft handoff between the base station 1 and the base

station 2..FLg. i | i cﬁ:gm’! I 3 ne 2003
constructi Bﬁagftl‘t%e asée%i?tcﬂ;cty?ggg{qénan .ﬂ%ﬁ%%ﬁfﬁgt Sgdbgéeeﬁs'f%%i ons 1
and 2, a transniLttin ortion 25 and .a receivi rtion, 26 for performng
comuni cat P8R° t?ua?r%b%%t ?‘btﬁrcﬁfgs"gu%ﬁn(fq ,na\.é\'r ggéggﬁé‘é‘?east%aﬁ’ﬁo‘?ﬁfer face
portion 24 of a wired circuit connected to a supervisory station HOST shown
in Fig. 1. tHAR PPIMLi BEFPRYTPBFERoN 25 has base band modul ating portions

27( 28 and 29, radio nodul ating portions 30, 31, 32 ... 33, transm ssion
anpl i fying port'ﬁgs 34 ant ennas 38 |, 40 .

5 36,.. ... 37 and 39
41. Also, in ea o%néﬁ%agagérSFEPV&HX f°3ﬁ5°3,p3r35953§tQFVoH°control
portion 42 and a stqrage portion 49 are provided. The receiving portion 26
has base béfterdipad ig the first base station upon initiation of soft
handoff in the mobile station, by notifying the installation
position information of the first base station and the
directivity control parameter to the second base station

through the supervisory station.

A position information of the moblle station relative
to the first station may be notified to the second base station
via the supervisory station 1in place of the installation
position information of the first base station for
determining the initial directivity control parameter in the

gsecond base station.

The installation position information of the first base
station may be preliminarily notified to peripheral base
stations from the supervisory station in replace of notifying

to the second base station.



_portions 44, 45, 46, radi o denodul ating portions 47, 48, 49 ...50,
reception anplifying portions 51, 52, 53 ... 54, and antennas 55, 56, 57
... 58. Fig. 3 is a block diagram showi ng an internal construction of each
-of the base band nodul ati ng portions 27, 28 and 29 shown in _Fig. 2. Each
base band modul ating portion 27 to 29 has a selecting portildnu332083 dat a

- generating portion 60, an encodi ng portion 61, a spreading portion 62, a

spread code genergtin ortion 63 directivit enerating portion 64 23
and a directivityQ%SngFg ntagion, RE gkhe gmo es§é6g°¢ﬁTﬁYAPq s a bl ock
" diagram show ng an.internal construction of each base band denodul ati ng

portion 44 t GPPEorAmahely LQenivedyiBoFhe gipoRdshasR FHREQR- 2. Each base
band denodul ating portion 44 to 46 has a decoding portion 76 , a

despreading por (1 48cdlasnd SURALAIUCARNG Y LAGLROLLLOTRIBM Rogoar o

portion 79, a directivity gener ng po n rrectivity control

portion 81 a’% Q%%&{ﬁ% éﬁ’#éxYnaC&’ﬁfJJtt‘iivi@gfc%ﬁ%%E,?:syggééh@%géza mNﬁi(;#e

di scussi on w given for opération odi'nmen t he

adaptive ant g eghi ¥AAY GORUER! ITRROd AN LRE. SR IR HSTE

accordi ng to tne present 1Tnvention. I'n F gs . and" Sr exanpl e

( voice data,_control data and so forth in.a cellul mohi. | el ephone
systen) from% aLce%:q'vc\’llnr% J(::ia(?%:cﬂinctq’rlor‘%l Ie‘r A goirn i%’r’fl'1 ﬁae!:OHHngéPgdg?%n$he
supervi sory station T 1S subject t rinar ul gtion in the base
band nmodul at i%°é"e;§8fefiil_%sa F7PPLY ,Waﬁgagég‘fufteﬁé?gg%ﬁ? gftanFﬂigf)*’%%d code
nodul ation (sec a n i on he_radi.q,nodul afion rtions 30 ..
35 Next o et ey e3eBHEY, Pl el o ERLF R XA Rk s BEROBES e
transm ssion iLfyi i . 7 S stransmtted to the
nobil e stati oérj\ésméeayn‘Ji 4sltEe %&%ﬁgh%sq[ig’é g?\fieéndngg %@’qii.t?ldﬁlg?n p&‘c?v?ﬁ £df
combining in a particular orientation for establishing a

directivity by a radiation pattern by combining, comprises:

the mobile station including means for initiating soft

handoff;

a second base station to be connected by handoff
including means for predicting an orientation of the mobile
station from said second base station on the basis of installation
position information from a first base station connected
before handoff and a directivity information of the up-1link
of the first base station, and determining an initial
directivity control parameter of the up-link and/or a

down-link.

The bage station may comprise a wired circuit interface

portion at least processing interface with a supervisory



- obj ective

.24 link. 13 June 2003 The receiving portion 26 receives transm ssion wave
fromthe nobile stations 3 and 4 by reception anplifying portions 51 ... 54
through antennas 55 ... 58. For the regeption signal, the radio
- denodul ating portions 47 to 50 perforns process for correlation j
(despreading) with a spread signal of a desired channel for'3eikie£803ng an

SRt PR nBdERdicoFeSedVang POrtAe A TadRe KIS0 P iding
denodul ati ng portions 44 to 46 perfornms denodul ation to transmt control
data and cPeFtdodaandmn (Rasmstiaddiosnyoniral farndnstieragshipostdoan.i end 3 and 4
" to the supervisory station HOST through the wired circuit interface portion
24. On t heaodirectiwilty idon thradepatrame ber dontheldowor-tliimk 48 thetaties a
reception directivity control for the up-link on the basis of position

i nformat i ofre@de 19WhgS PIritAdnS aHdEGr thehAoWnN3aRk RS theh rédio an _
installation position information of the base station fromthe supervisory

station 3 Vi d Is 1 L nnel .
S1at 1 on HOSE AR dPELEL DX 10 OB gRadly ERRCEOTIHALGALL U ShaTTE!
upervi sor PAEEa ARG RS RGd B G Aok SRR ar tfon 24) by the

sel ecting portion 59 and the data generating portion 60 and further

per  or ne_encodiig, Riedd'S E6R0L N AMAT U hedllolh, FALERSH Ybd e, 25 13

June 2003 perforne e Spreadi ng portion e spread code
generating portio 3. On the ot her nd, control for directjvity.is
e T or e BFEHIRY 1B.9T IS Ofehes RATD BOFELBAREAIRELohan e Eho 1
control portion 65. The base band denodul ating portions 44 to 46 of the
recei ving F&3ioteanstHAiting magfiongenerates directivity for the
denodul ati on signal fromthe radi o denodul ating portions 47 ... 50 by the

directivity control portion 80
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from
the detailed description given hereinafter and from the
accompanying drawings of the preferred embodiment of the
present invention, which, however, should not be taken to
be limitative to the invention, but are for explanation and

understanding only.
In the drawings:

Fig. 1 1s an illustration showing an overall
construction in the first embodiment of an adaptive antenna
directivity control method and a system therefore, in

accordance with the present invention;

Fig. 2 is a block diagram showing an internal

construction of a base station in Fig. 1;



.the directivity control portion 81 and the directivity coefficient control
portion 82 under control by the base station control portion 42.

Furt hernore, despreading is perforned t he despreading portion 77, the

- spread code generating portion 78 and e search portion 79 . Subsequently,
the decoded data ( communication data fromthe nobile stat13d4n®82003" fom

t he decodi ng po#tligon 3748 @ thilaekniditagram shiewiagpanyiladernalat i on HOST
(wired circuit interface portion 24). Fig. 5 is a sequence chart show ng
processes kenstaudiiomef | kisa ivand3 modid dtdseg ploattiens ih and 2 and the
supervisory station. The supervisory station HOST (not shown in Fig. 1) is
installed #rahdmlGaiiny pddfd e dhdwiPd Fage af; the base stations 1 and 2
and covers other base stations in addition to the base Stations 1 and 2 and
performs control therefor. 26 13 June 2003 The nobile station 3 regularly
nonitors the regaigied Aid A WK A1agra HHowvahg idnS intfer it | on

(information of the base station fromwhich the pilot signal arrives) to

notify the Jaatldads dIPUE O iihd St dBRAAALY pdillddg! 14 0Nl v base

station 1 is In conmmunication with t e statl erefore,

notificatiqn of, the received pilot channel strength fromthe nobile station
i's perforné:c?“‘fed'rvjtnrﬂapooars °§{;§}°&ﬂ‘ 1an %S't% rZZcei pt of notification of the

received pilot channel strength, the base station 1 makes judgnent whet her

the received pilot c nel renagt h,fromigh tation ot her an own
station is hi gheffi%hgflf%% %%%‘é?n D cél aﬁ&eﬂ%tpg"ro%%?\sgs&%t ﬁ%ggﬁgﬁag \%‘glbtt}gfe nanmel y
of the level sufficient for handoff_, t he basi f th tent of th
hotice. |1 RYALLQRy oRRSR PERTIARANG & SUDSTIAACEY FLRLLOMAR the SMGBshol d

val ue, the notice fromthe nobile station 3 is transmtted to the
super vi sor yeRodimantis is ( "A" in Fig. 5). Here, when the received pilot
channel strength of other base station (here, base station 2) is in excess

of the
Fig. 6 1s an enlarged illustration showing a part of

Fig. 1 in the shown embodiment;

Fig. 7 is an illustration for explaining the second
embodiment of an adaptive antenna directivity control method
and a system therefore, 1in accordance with the present

invention;

Fig. 8 1s a block diagram showing the internal

construction of abase station shown in Fig. 7;

Fig. 9 is a block diagram showing an internal

construction of a base band modulating portion in Fig. 8;

Fig. 10 is anillustration for explaining of directivity
control of a down-link in the case where directivities of

the down-1link and a pilot channel are controlled to the same



t hreshol d val ue, the base station 1 transmts the notice fromthe nobile
station 3 to the supervisory station with adding a directivity control
information of the up-link to the nobi]le station ("B" in Fig. 5). The
supervi sory station recogni zes that t h& mobi | e 27 13 June 2003 g tion 3
can handoff with the base station 2 by the notice fron1the1§a@8935 ?ion 1
("C" in Fi dirertiyityadsrithea shownaembodiimendnnel assi gnnent to the base
station 2 for establishing communication with the nobile station 3. At the
same tinme, the supervisory station, in turn, transmts installation

posi tion i nfor mitligon 1df issha Isesmegicat ichart moedrespoaidiag ito thhecont r ol
information of the up-link transmtted fromthe base station 1 to the base
station 2 Eperation @f The Th R embidmednt ;2 receiving the command for
channel assignnent, predicts orientation of the nobile station 3 fromthe
own station on the basis of the installation position information of the
base stationl frag.the dypanyiiddistiariionn farddlibeudisiagt priedy ctanhr ol
information of the up-link, to determne the initial directivity of the

up-link ( 'Jf oklleftatioh o RIRELLIERRIL10R £h JHHRIBhs8SHE A UBH Erof
response thereto is returned to the supervisory station. At this tine, the

directivitie 2 i h Kse i el ative
to the mobid Z‘ngﬁ:gfl ?’%ﬁ?%ha%‘gsgﬁjdé\nhl I'n %%é%$§5§egg%a¢%€€ﬁs%%%\% %P Ee beam
pattern 7 in Fig. 7.s the directivity in the up-link controlled follow ng
o hovemendgedtiy i deitiate e oimaddh 20 <t Arbint ShHsddnient, | o

station 3 have certain comunication period in time and thus can establish

stabl e and shar &idq.[]glg iivsit :bl%éy?ﬁ%ﬁﬁggl%g’énéhgg'tggif% No a&%, t he

beam pattern 8 i's di'tfectivi Sé station

by- predi ct g grientatyon of the bl e Stal kRl & Shtdi% A3 brion

in the shown embodiment;

Fig. 14 is a block diagram showing a modification of
the base band demodulating portion in the receiving portion

in the shown embodiment;

Fig. 15 is an illustration for explaining an initial
directivity control of the up-link in the base station to
be connected by handoff with respect to the mobile station,

in the prior art;

Fig. 16 is a sequence chart between the supervisory station,

the base station and the mobile station in the prior art;

Fig. 17 is an illustration for explaining the initial
directivity control of the down-link in the base station to

be connected by handoff with respect to the mobile station,



fromthe base station 1 through the supervisory station. In Fig. 5, the
base station 2 determning the initial directivity of the up-link fromthe
directivity control information and the installation position infornmation
-fromthe base station 1 is enabled t eceive the transm ssion wave from
the nobile station 3 at the same tine of channel assignnent'3t¥n8L8871i ze

t he directinvithe psdorolargraand |y (broken line from"E" to "F' in Fig. 5).
The supervisory station receiving the response of the channel assignnent
fromthe base station 2 recogni zes conpletion of preparation for performng
"~ communi cati on Fdgunedf Lhecamakklustiwratior fan epipd atsinge theatndtizglt o i ssue
a command for initiating handoff ( "G' in Fig.5). The nobile station 3
recei ved direcwiviny tontioltoéofttihyg dowmddfihksiartise timagectiatadadowo- | i nk of
t he base station 2, and transmits the response indicating that the nobile

station hae ebahbedelOby fetidc¥ oM rBkpBEtt H& Hias moviald 8Ratiba,t he
supervi sory station by way of respective base station, and then conpl etes

t he initiq&{rgheh%ﬂﬁgﬁ;. Aext, discussion will be shown in the case where
orientation (angle ofi%hé nobile station 3 is predicted from 29 13 June
2003 the directivity control information and the installation position

| nformation of thephaeR:satobrl Tk PREFIRREDS HBOY MBI 0. 6 1S an

enlarged illustration of a part of Fig. 1. In Fig. 6, conveni ence of
arithnmetic operation, a region of the cell area (service area) in

respect ive ba?@h’%t Pkbgaﬁtaiﬁvérbﬂ!% WALIG bel ®LsARSEES Mﬁéﬁ@d&eﬁw ve base
stations are installed are taken as a plane on one coordinate axis to

express th Gy dighen {a{éegﬂgg%ﬁ/@ehﬂé& Adtd OS2 1B, Prablafidase

stations. point An resents insta Ion position coordi nates
0 ) 5 Ve TR heRBubE R Bl oot =
the following description, numerous specific details are set
forth in order to provide a thorough understanding of the
present invention. It will be obvious, however, to those
skilled in the art that the present invention may be practiced
without these speciflic details. In other instance, well-
known structure are not shown in detaill in order to avoid

unnecessary obscurity of the present invention.

The preferred embodiments of an adaptive antenna
directivity control method and a system therefor according
to the present invention will be discussed hereinafter in

detaill with reference to the accompanying drawings.

It should be noted that like elements to those shown
inFilgs. 15to 18will be identified by 1ike reference numerals

and discussion therefor will be omitted in order to avoid



-direction toward the nobile station 3 in

~coordinates (XB, YB) of the base station as the base station to be
connected by handoff. In Figs . 1 and 6 , 8 Arepresents an angle directed
toward the nmobile station 3 in the installation coordinates

_(countercl ockwi se fromthe horizontal 2line) in the base station 1 derived
fromthe directivity control information of the up-link forl3#&egd098| e

. station 3 fedunddret kitsscudSidmrtol kded iy edlvsuree!dinpd Whodgh he base
station 1. 8 A and rA are for enabling the base station 2 to derive B B in

Fig. 6 on {h&da3i1tatle Ehéai‘%fﬂé}{dﬂ%%&jEﬁg%%%&éé@%ﬁﬁ{%ﬁl?&(w?geanw e

direction fromthe horizontal line of the installation coordi nates of the

base station 2 Fiq.hiﬁ £ Bank %iﬂ?s@f&@fﬁ@tét%wiﬁ?%ﬁ)m%réff_ mobi | e station
3 as viewed fromthe base station 2. The base station 2 derives a

coordi nate ' L. F : ' ' ' i of a
strai ght Ilé%lg;%%cgﬁidﬁ]&)ﬁagggsggf%e ep%l ﬁqﬂ%r{z};ng)ét hg %@%‘:’?}é‘%stsagﬁ%% and a
boundary of,the ce area 5 (o f the intersections_closer to the nobile
ovatton) . reeeEE by Habrod st abdSn AeStERCIRSReEst e dngnal ng

t hrough the point X as centered at the point B. Since a distance between
the poi nt Boate tPEesRRhtinventlor. det erni ned, the equation can be easily

| ead by deriving the circle with the radius thus derived. Then, finally,
the coordinates_of the point X is expressed by 8 B and utilizing the fact
that the point 5d9s brshous Gok} Arens ArPypd Rase tkatiqpsg dl and i%tly, the
point Xis different fromthe position of the nobile station 3. Therefore,

8 B thus dendeell@reamttherepfansispcdatedsvith apfh hardoff entth iaon of the
nobile station 3 as viewed fromthe base station 2. However, a region where

the cell amebilefsttdicdldiaSe Btcaliloargaahd s heséreibcetataap2thedds®p i s
quite narrow in conparison with the cell radius, nornmally, and since the
beam patt esBatBonfl and a cell area 6 1s a service area of the base
station 2. A beam pattern 7 represents an effective area of
reception directivity established by the base station 1 which
receives communication from the mobile station 3 in an
up-1link. Similarly, a beam pattern 8 represents an effective
area of reception directivity established by the base station

2 which receives communication from the moblile station 3 in

an up-link.

On the other hand, in Fig. 1, the mobile station 3 1is
in motion in an orientation from the base station 1 to the
base station 2. Fig. 1 shows a condition immediately after
initiation of soft handoff between the base station 1 and

the base station 2.

Fig. 2 is a block diagram showing an internal



.31 13 June 2003 the up-link has a certain width, the error is in the extent
substantially ignorable. As set forth above, in the first enbodi nent, since
the base station to be connected by h off can prelimnarily predict the
-orientation of the nobile station, it conmes possible to determ.ne
reception directivity of the up-link even of the transnissi'l8nWud@¢e%3 rom t he
mobi | e st atdams timhatdiong eifudihiey baseeistad itans dr @nsh Zappropri atel y
corresponded beam pattern. In other words, it becones possible to reduce
interface fromother nobile station to i nprove comruni cation quality of the
" up-link of the Hds&aghgoifokheo basec staddoasg Hy andndof A @p’énsmgﬁ:ttilagi on of
handoff to increase channel capacity accordingly. Furthernore, since the
base st ati @oittoide 20ramet tee d-dune ivdmdp fdomtaorprad iffomapertfommiany ct
orientation of the nobile station, it beconmes possible to establish the

beam pat t erdbnii 104 t e A t30 MoBINRN dite iloh d e aindl 14, 2lard cR&hk¥itky of the
up-link in the orientation of the nobile station at the sane tine of

channel asSIgMuIP Aot ad Borte6RPEA 0 h NPLILY i AR Inriloyidae rdD- | 1k

of the base station to nnected by ha can restored quickly.

Next, discussion 11 _be given f he secon 3 odi_nent . June 2003
In the secchd"BF50 Fr?eqtsea'fg “Fﬁ%"é?ﬁ%‘é’ﬁi@?% gc'o%t ?’gif)e oFaf‘ﬁg'iﬁ%iPPnk from
the nobile station_in the first enbodi t shown.in Figs ._1to 6, the
directivi t PO ASRARS RAR &'02{)@%%#9( BOTEARS FAk 3% RA R base

station. Fig. 7 is an illustration for discussing the second enbodi nent. In

the sanme cofRfiQ dirdilating panfiang A ali.o82 ... 33, transmission

amplifying portions 34, 35, 36 ... 37, and antennas 38, 39,
40 ... 41. Also, in each of the base stations 1 and 2, a base
station control portion 42 and a storage portion 49 are

provided.

The receiving portion 26 has base band demodulating
portions 44, 45, 46, radio demodulating portions 47, 48,
49 ...50, reception amplifying portions 51, 52, 53 ... 54,

and antennas 55, 56, 57 ... 58.

Fig. 3 is a block dlagram showing an internal
construction of each of the base band modulating portions

27, 28 and 29 shown in Fig. 2.

Each base band modulating portion 27 to 29 has a
selecting portion 59, a data generating portion 60, an
encoding portion 61, a spreading portion 62, a spread code

generating portion 63, a directivity generating portion 64



of handoff of the base station 1 and the base station 2), when the
down-link and the directivity of the pilot channel are controlled
individually (in the case where the pilot channel is common in all of the
mobil e station ) , Fig . 7 shows the cdhdition of the directivity control
in the down-link. The area 10 in Fig . 7 is an area where ﬂﬁéUBP%993channel
of certai n edtrdisect BFithadehtidel purtdeostesj on 3 is positioned) of the
base station |Ais effective. On the other hand, The area 1~ is an area
where the pilot channel of certain sector (sector where the nobile station
" 3 1s positioned)Fdf. theidasbSdck | Magram Ssidwhed | ae. idtermenm pattern 12
represents the effective area of the down-link fromthe base station |Ato

the mobile sirdtAicBiod "G REAA M de Tankd dARIRIGN fnd Porifdittda g area of

the down-link fromthe base station 2A to the nobile station 3. It should

be noted th C i j - ho. in Fig. 1. 33
13 June ZOO‘gtg %h@ﬂ?s?%é%{% %%?%&ﬁ?}%ﬁ%ﬁfh%@ﬁ %'r nxavln construction of
base station | A and 2A. The base stations | A and 2A are the sane as
receiving porti i s Fi faf‘fij iffecenf i poi nt
where respecti v?%%ﬁb‘g%%%én%b rr%%m%fl ng lg%fq(?%#\%/mg?% E@Ai?mlgaég of the
transmttin ortion 2 are_controlled t he se ation copntro] portion
42A and « helePSrthg hoRtlcR Tao 0 deBprogalbo,PRr RS o APLRONiARES he
internal construction of each of the base band nodul ating,  portions 27A to
29A in Fi g.g‘B‘.‘e%Ei‘B%sléWb%&RP n%ﬁjulaatﬁwcﬂbrﬂqrcﬁsm?f’@»t@ Hxestdwditm Fig. 9
are newly provided with directivity coefficient storage portion 83 for the
base band ngenerathagmantinm 897 adhpetividy condiradnbodtient8kiamdh in
Fig. 3. Together with the directivity coefficient storage portion 83, the
directivityacdhrectipbtyi coefSicientorenttdécpdytiom ®2se stati on control

portion 42A and the storage portion 49A. It should be noted that other

construction is the sane as that
Next, discussion will be given for operation of the

first embodiment of the adaptive antenna directivity control
method and the system therefor according to the present

invention.

In Figs. 1 and 2, data (for example, volice data, control
data and so forth in a cellular mobile telephone system) from
the wired circuit interface portion 24 connected to the
supervisory station HOST 1s subject to a primary modulation
in the base band modulating portions 27 to 29, and is further
subject to spread code modulation (secondary modulation) by
the radio modulation portions 30 ... 33. Next, the spread
code modulation signal is power amplified by the transmission
amplifying portions 34 ... 37 and 1s transmitted to the mobile

stations 3 and 4 through the antennas 38 ... 41 in down-



.shown in Fig. 3. Next, discussion will be given for operation of the second
enbodinent. In Fig. 7, the beampatterns 7 and 8 of the up-link in 34 13
June 2003 Fig, 1 are replaced with beam patterns 12 and 13 of down-link. On
the other hand, the directivity controdd information of the up-link in Fig.
7 is replaced with the directivity control information of déwhne2AR3

Furt her nor ginkkhe beam of the up-link in Fig. 6 is replaced as the beam of
the down-link. It should be noted that, in Fig. 7, the areas 10 and 11
showi ng the effective areas of respective pilot channels of the base

" stations are fi k@ aeeed Wiic boditd ohot26C atidedlvedhj@tinsmilision iwaviehe second
enbodi nent ( the orientation of the nobile station can be predicted by the

base stati Gidnd thie GRMIAE e4atidid®0fha AN b ith EGNSESTPN vwave

fromthe nobile station is not actually received for predicting the
posi tion of id.e statd,o | ec bl e t relimmnparily
determ ne t%oteﬂtq'rog“r%’ls)nfﬁlss'i'dntscﬁ ?:g%:{[oltu\#ﬁ fl O’&ﬁ}r%gssﬁ)%._ﬁ %fp't ?ﬁr&maet he beam
pattern appropriately corresponding thereto. By this, the interference in
the down- | (FREGRT I 51882 1of ERReTRALe LemORUIAT LNG PUERHRR &7 59 Alndof
upon initiation of handoff, can be reduced. Furthernore, since the base
station to RRrfIMfcpredesy fiomaerrelafioprdesnrrading hwdgha spread
orientation of the nobile station, the initial directivity in the down-I|ink
can be set signale off isertestiingd ofhannelndinn extrzadttingian|abdesduisies wit h
channel assignnent. Nanely, 35 13 June 2003 transm ssion directivity
control of primaiyvwmddullatdiorn heidigsle. Fwatthsrriorde thensadesbdnd handof f can
be restored quickly. Next ( discussion wlll be given for the third
enbodi ment gemodulating portions 44 to 46 performs demodulation to

transmit control data and communication (transmission) data

from the mobile stations 3 and 4 to the supervisory station

HOST through the wired circuit interface portion 24.

On the other hand, the base station control portion 42
executes a reception directivity control for the up-link on
the basis of position information of own station stored in
the storage portion 49, an installation position information
of the base statlion from the supervisory station HOST and

a directivity information of the communication channel.

The base band modulating portions 27 to 29 of the
transmitting portion 25 shown in Fig. 3 performs selection
for the communication data from the supervisory station HOST
(wired circuit interface portion 24) by the selecting portion
59 and the data generating portion 60 and further performs

encoding by the encoding portion 61. Then, spreading is



_While the pilot channel fromthe base station and the directivity of the
down-link are controlled individually in the second enbodi mrent shown in
Fig. 7, it becones possible to contéfl directivities of the pilot channe
and the down-link to the sane directivities. Fig.- 10 is an illustration
showi ng a condition of directivity control of the down-linK3iJneRB0Zase
- wher e t perfioraed byt the spreadiagnporitienafd epd gheosprradnepder e
controlled to the same directivity (when the nobile stations are

r espect igesieratrisigv ipdudlion |6@t. Gmarthel ©ther tHandamomord tfioan as t hose of
Fig. 7 (upon initiation of handoff in the base station 1 and the base

st ati on Arecti& gD PerFormbd by N diGdrasghiderifading/e area

(directivity) of the pilot channel and the down-link fromthe base station

1A to the Ry &4Stald Phed- a1t SARP AR 11 Gda G ey s ef fective area

of the pilot channel and the down-li1nk fromthe base station 2A to the
nobil e station 3. It should be noted that other construction is the sanme as

that shown i e age de?rlo?ﬁii%’?‘ﬂi folclt i 481 d O 1o dirth 36 13
June 2003 - enbodi nent. The fourth enpodi nent shown in Fig. 10 Is the sane

as the i i g FLQ, t t i l..and t he
down- | i %?%ﬁﬁ%??%&%& ?8 ?ﬁgwéaﬁécﬁdf éc{]%l}e&.%t%esxta?'rglggg&g%%n wlll be
given for t fifth embodinent. . In Fig. showi ng the first, enmbodi nent,

S ugmenteast Wit dambe b Gt Ao (e Gt SRR AL AR 111 ed from
the nobile station is perforned by the base station. In contrast to this,
in the fRIEH AN rent 59 Rygkbet dagieatiyityc copddodi POrtdRan®9- strength
information is performed by the supervisory station. Fig. 11 is a sequence
chart cothesbaaettiyity gentndbrparftidne §) fand ditedimectiviitie operation up

to the timng where the nobile station
coefficlient control portion 82 under control by the base

station control portion 42. Furthermore, despreading is
performed by the despreading portion 77, the spread code
generating portion 78 and the search portion 79. Subsequently,
the decoded data (communication data from the moblile stations
3, 4) from the decoding portion 76 1s transmitted to the
supervisory station HOST (wired circult interface portion

24).

Fig. 5 1s a sequence chart showing processes between
the moblle station 3, the base stations 1 and 2 and the

supervisory station.

The supervisory station HOST (not shown in Fig. 1) is
installed at a location different from those of the base
stations 1 and 2 and covers other base stations in addition

to the base stations 1 and 2 and performs control therefor.



3 notifies the received pilot channel strength information to the base
station 1 is the sane as that shown in Figs. 5 and 11. The base station 1
transmts the received pil ot channe& strength information received fromthe
nobile station 3 to the supervisory Qtation as is . The su grvis 6 station
checks if there is the pilot signal exceeding the thresholg \‘)‘é’l‘%g aalarmng

r ecei vedrhenfmobidte srtatioN' 3i nefugarly nonitérs hche necdiwedipidiotexceedi ng
the threshold value ( "O'" in Fig. 11 ) , the supervisory station nmakes

j udgnentchdmie handehhth andB7t 43 nFormarQdh oinfbemaehbh@StRéibasan t h ot her
base station ( base station 2 in this case) can be perfornmed to request

notificalion df frltin UHIRE lhk! B1568!1 gfgnwf&fmégp £ S&Tﬁgﬁg@t ation 1

in connection with the nobile Station ("P" in Fig. ase station

1 recei v#'_%g%%peof ﬁwféo%%@smt&é h@agér a#ﬂrgy control information to

t he nobi atio supervisory s on ("Q in Fig. 11). The
supervisory station receiving this notice transmts the conmand for channel

s Sha) APLERL, SSLRRRE VR 104 S5 oGty o
bae ot P mopLyaEtAtERE By itherirancy BphEELAREROR O BREHATHTd om the
base station 1 to the base station 2. The base station 2 which receives

command Phlotichannelasirgrgtht fpemdihe fobdilenghptdancts merfipimadk station

fromthe own station on the basis of the installation position information
and di r efervihe baset sskrtilphol ndipam nefcedipd bfsnotifilcahiontofirtha tted from
t he supervisory station and the installation position information of the
own st atreceived del kot clranhel | skremgthll) ridod ibade sfatoln df mdkesip-| i nk,
down link and the pilot channel ("S'" in Fig. 11). Upon conpletion of
channel §88gHeNENhe tREPOBE 1écd Brad UL dHihifeD &Y ity th Hxfdm ON.

the base station other than own station is higher than or

equal to a predetermined threshold value, namely of the level

sufficient for handoff, on the basis of the content of the

notice. If the recived pilot channel strength is less than

the threshold value, the notice from the mobile station 3

is transmitted to the supervisory station as is ("A" in Fig.

5).

Here, when the received pilot channel strength of other
base station (here, base station 2) is in excess of the
threshold value, the base station 1 transmits the notice from
the mobile station 3 to the supervisory station with adding
a directivity control information of the up-link to the

mobile station ("B" 1n Fig. 5).

The supervisory station recognizes that the mobile



.38 13 June 2003 The base station 2 determned the initial directivity based
on the directivity control information and the installation position
information fromthe base station i is enabled to receive the transni ssion
wave of the nobile station at the €dme time of channel assignnent. Then,
the directivity control is stabilized gradually (broken Iiﬁg 0% to
"T" in $tatian)3 carhdandiedfywithytke hdasm staddion 2gbyhthe explolee of channel
assignment fromthe base station 2 recognizes that the base station 2 is

pr epar efirborthno g sthtdon Vi { MChin Rdly | 8 ) St @ttiram shittoacesammensd i ni ti ati on
" of handoff to the nobile station 3 ( "U" in Fig. 11 ) . The base station 3

recei Vi pgridianieaBEdghbht A ehbasiy 5eAt2bnt NeodWBrdb ks {940 t he base
station 2 and transmts a response indicative of starting of reception to

t he sup Se gt o] o) l ete

it at ConaRE¥attBh Ao ok Hed O Sd rita 3 TaT 2hb Pt tfl}ﬁég‘ﬁem of the
receive il ot ch nnel th not fromthe S n is perforned
concentgpgaﬁPyeBV ?HEYsﬁBEE$8§0r§ns%3FP gFﬁEF@égDo#“ HQEE g ©Btation. In
general , the sup erV|sor¥ station has higher process performance than the
base st RPPdEioBninfREmatipR pinyhexhaprestathopnilcAnfudbment of the

recei ved pilot channel strength is perfornmed by the supervisory station in
t he conddmecthuiltiramdntfol ninfeunatierepfetbe, uphdinkf thans@otiéd June 2003
enbodi nent can be inplenmented easily. As a result, arithmetic processing

| oad upf@iromntheabase statiowlof fto thHehdasesstatdonor ¢&D"benretigiced. Next,
di scussion wlll be given for the sixth enbodinent. Fig. 12 is an

i '1ustrahi,orhéobag¥pkaaniid predcelivengother temnahiiofoef chhfngwbi | e station
3 to be perforned by the base station 2 on the basis of the installation

posi ti Oﬁsls.n-. ﬁﬁ\EﬁE' PredubtNerdbheat ¥hiok SR MY11E LAERSH AN Aémt he base
station 1. first, the base station 2 derives the coordi nate of
the own station on the basis of the installation position
information of the base stationl from the supervisory station
and the directivity control information of the up-link, to
determine the initial directivity of the up-link (“E" in Fig.

5).

After completion of channel assignment, a response
thereto 1s returned to the supervisory station. At this time,
the directivities of respective up-links of the base stations
1l and 2 relative to the mobile station 3 are shown in Fig.
1. As set forth above, the beam pattern 7 in Fig. 7 i1s the
directivity in the up-link controlled following to movement
of the mobile station 3. The base station 1 and the mobile
station 3 have certain communication period in time and thus

can establish stable and sharp directivity.



.the point Xin Fig. 12. The point X is an intersection between the straight
| i ne extendi ng across the point A and the nobile station 3 and the boundary
of the cell area 6 (the intersectiqns closer to the nobile station) . The

- point Xis located on the circle céfitered at the poi nt B and having a
radius of rB and can be expressed by a pol ar coordinates. 1ﬁu@93398%an be
derived. Heren thienpkheryhdrd {1 tbedssan phtiiegn & 14 hbepbirdctivistwtrictly
different fromthe position of the nobile station 3. Therefore, B B thus

der i vedggosemigéd Phe cilse lna g lstd tWohh 2t bg .pfé@i&aiﬁ%rbﬂeﬁﬁ”@ti@b! le station
3 as viewed fromthe base station 2. However, for the reason simlar to

that di Seusaeflostld LESREGh § On'le ndbis Ue1fEbORat fohbddBfageNt 40 13

June 20 e ignore t shou be not at the manner Tor deriving BB
shown ip_Figs. and 12 .are re ex Les therefor, in ich roxi mat ed
vai e ofran e et ebardoh DX aang shpBESaPorne Al heE - BN b Tn
principle to_ reduce arithnetic processi | oad upon establishing the

initiaIFHQreEtiGp?ypaﬁExFFaﬁﬁﬁPf?CQ?F6%HgPipﬂetEﬁbBBFﬁéﬁ%s will be

di scussed. Fig. 13 is a block diagranlshomjng a nodification of the base
band nndbraﬁt%gipﬁrPfoﬁbGZQR-ﬂanQﬁrgnoﬁheiﬁ Fegtivitgaepnttodlhe base band
nodul ating portions 27B to 29B in this nodification is provided with a

di recti ¥nfgrmatibdncardttisd dnataliattiionnp881itCBh 86foomatidordftamt he
supervisory station HOST via the wired circuit interface portion 24 , and

the stotngebaset seat8dn. 101L8e6naPIEd I 6t r@deide t fife SE@n Sk ddifowase band
nmodul ating portions 27A to 29A shown in Fig. 9.CPU 86 and the storage

pOrti ONy8veC¥EoM! e RGH £lé Wt HANIEIPAIItAE bambNE1R8SSE SéRdhpE coNtrol
portion 42A and the storage portion 49A shown in Fig. 8 Oher operation is

i: gi. | g'r abB815RRSAOko! BEaB2T 82020 He "RIHLAEL PRLPOLEAPPSL Zffad@a 2P ShOWN i
(broken line from "E" to "F" in Filg. 5). The supervisory
station receilving the response of the channel assignment £rom
the base station 2 recognizes completion of preparation for
performing communication between the base station 2 and the

mobile station 3 to issue a command for initlating handoff

( “6” in Fig.5).

The mobile station 3 received the command for initiating
handoff starts to receive down-link of the base station 2,
and transmits the response indicating that the moblile station
has started to receive down-link of the base station 2 to
the supervisory statlion by way of respective base station,

and then completes the initiating handoff.

Next, discussion will be shown in the case where

orientation (angle) of the mobile station 3 is predicted from



_When this nodification of the base band nodul ati ng 41 13 June 2003

portions 27B to 29B are applied to the transmtting portion 25A in Fig. 8)
it becones unnecessary to provide the base station control portion 42A and
the storage portion 49A. Fig. 14 is a bl @k diagram showi ng a nodification
for the base band denodul ating portions 44 to 46 (Fig. 4) i3 dune 2088ei ving

- portion 26 0ftﬁé@di§eé€&91t§)goﬁ@fbloinkﬁ§m96§8nbﬂﬁﬁ EﬁguhﬁﬁkﬁﬂlﬁQ&Bhons
44A, 45A and 46A of the nodification is constructed with an internal

upervi sory <PaptEEoRARAHANnEBE v 8Re aratsth PR Basklrtebions ana

recei ves the decoded data fromthe decoding portion 76, and a storage
portion 85. her construction is simlar to the base band denodul ati ng
portion 44 to 46 shown in Fig. 4. CPU 84 and the storage portion 95 are
perform operation rresponding to the_b statjion control portion 42 and
t he storage portioﬁggg ?bg§ea§t3??659€9n£i£PSBB?F£8ﬁ 95 8 Pt HRE ¥ 49 age
portion 49A) shown in Fig. 2 (Fig. 8 . Qher operation is simlar to those
of the base b&md denpdul ating portions 44 to 46 shown in Fig. 4. \Wen the
base band denodul ating portions 44 to 46 of the shown nodification are
applied to the receiving portion 26 of Fig. 2 (Fig. 8), the base station
control portion 421BnB18neb st Gonysnieice 9L Bﬁgéhﬁ‘P&iPoﬁPEEﬁFi’-BP' pdrtion
42A and the storage portion 49A) are not necessary to provide. 42 13 June
2003 _ It shouyegipe aft tbet pallwarea {Aervhoenaredddinenesbestbeenbase

di scussed with respect to only directivity control in the base station, it

i s appl i cabl estatibhe avbéi skown &y anrcleh Spacesbivhereorsrpecaivenbase t
portabl e by |oading on the vehicle, as ~.s. irectiviry control on the side

of the nobil esthtibas &1 undtha ledchtdathkdh bbbt planeén bneesdobLAindEe CaN
be clear fromthe di scussed gi ven hereabove, with
axls to express the coordinate of respective installation
position of the base stations. A point A in Fig. 6 represents
installation position coordinates (XA, YA) of the base
station 1 8not shown) as the base station connected before
handoff, and a point B represents installation position

coordinates (XB, YB) of the base station as the base station

to be connected by handoff.

InFigs. 1 and 6, 0 A represents an angle directed toward
the mobile station 3 in the installation coordinates
(counterclockwise from the horizontal line) in the base
station 1 derived from the directivity control information
of the up-1link for the mobile station 3 from the base station
1. rA represents a cell radius of the base station 1. 6 A and
rA are for enabling the base station 2 to derive 6B in Fig.

6 on the basis of the known information. 6B represents the



. the adaptive antenna directivity control nethod and the systemtherefor
according to the present invention, the nobile station in comrunication
with certain base station initiates soft handoff to simultaneously

- conmuni cate with other base station to3pernit prediction of orientation of
the nobile station fromthe base station to be connected by3HHRARIPP3 on t he
basi s of thehglstdidedtih pASdrdtHebIAld Gtdtion respecti ve base
stations and directivity control information of the base station connected

bef ore ha“%ﬁdntéf&ld@éﬁé& ¥178HN8n Rrbmathdi KEFI Z¥hEY1 CPNE QJf Rfe2 et er
to prelim nar|Iy establish the initial directivity. As a resul

interference in i nk d/or t n ini f handof f
can be red ]Olaretrfﬁ‘frb\?é’o €CaP Egﬁml?? k'iﬁ tpHi he base
station to e connect ed b han of f n initiation of hand off Al so,

: 2, 4 0 mebige stakian, f g Sdeed of

directivity
channel capaC| ty 43 13 June 2003 Although the present invention has been
i 11 ustrat edfZ0® thes RasRBtatirn &pect to exenpl ary enbodi ments thereof |,

it should be understood by those skilled in the art that the foregoing and
vari ous changes, em ssion and additions may be made therein and thereto,

wi t hout departi ngpe ke wtaddon 2 Qﬁﬁigeﬁpé epordlnatescpf 3 madmt &n.
Therefore, the present invention should not be understood as |linmted to the
speci fi ¢ entwdignsé .sEhe maidbBvis an indenscatdeomdf postralghteddod nent s
whi ch can be enbodied within a scope enconpassed and equi val ent thereof

W th respecéxtendireg feamtoge t3sd podint A tanel apeemobdl I8 atastion 44 ahd June
2003 WHAT IS CLAIMED I S: 1. An adaptive antenna directivity control method

wher € a _m)b& |b©_u$n'&iafriy0@f Hhe HSEE a_i‘batifx Qﬁnboobﬂzh%oﬂﬂeéfgdcﬂbﬁs HidgeFobi | e
station in radio through an up-link and a down-1ink
to the mobile station). The base station 2 considers an
equation of a circle extending through the point X as centered
at the point B. Since a distance between the point B and the
point X can be determined, the equation can be easily lead
by deriving the circle with the radius thus derived. Then,
finally, the coordinates of the point X is expressed by 0

B and utilizing the fact that the point X is on the circle,

6B can be derived. '

Here, strictly, the point X is different from the
position of the mobile station 3. Therefore, 0B thus derived
does not accurately consistent with the orientation of the
mobile station 3 as viewed from the base station 2. However,
a region where the cell areas of the base station 1 and the
base station 2 overlap is quite narrow in comparison with

the cell radius, normally, and since the beam pattern 18 of



. bei ng governed by a supervisory station, respective transm ssion signal or
reception signal of a plurality of antenna el enents of said base station
being varied in anplitude and phase for conbining in a particul ar
orientation for establishing a directidVity by a radi ation pattern b

conbi ning, conprising: step of initiating soft handoff in s&ﬁiﬂnﬁﬁﬁpge
station; stBR @h-DPOARINHNG aBrtashal]@th e drind iisniar emé it ddom a
first base station which is connected before handoff and directivity
infornatioguggtgﬂtygli?ng Rbrspid. first base station relative to said
nobil e station; step o p?edlcting an orientation of said nobile station
froma second base station by said second base station to be connected by

handof f on the Rasist %M@&FO%@HME% iﬂfﬂwahbgaiﬁgnkhesmeé?i% and

step of determning an initia irectivity control paraneter o up-1ink
corresponding. t ingd orientation. af id ile statjon 13 June
2003 "o %S sREbEh ke iR Seh e Pty BedER ok PR L0 5 1 71
claiml1, wherein the directivity of the up-ljnpk to be initially set by said
second basBr§FéFFoﬁthoﬁﬁﬁPF6F¥éﬂ o H@?éﬁ%? aFtatioRctviRECARRR 1 o]
paranmeter so that said directivity of the up-link is narrower than a normal
cell or seppgsibleatoFetgrmingmaceniiosn dd rectdadity of thatuRiliak hod as

set forth in claiml, wherein a directivity information of a down-1ink of
said first evascoEttdte transmiisegdionrwatedeoof theanohiletdatatlyon héarotat i on of
the up-link of said first base station for predicting orientation of the
nobi | e st akictnallysrece Besd g e aht Hpropf Dit &by eorireisponideidtheam
directivity control paraneter for the down-link. 4. An adaptive antenna
directivitya¢@ainel nmethod as set forth in claim3, wherein said second
base station determnes directivity control paraneter of individual pilot
channel
In other words, it becomes possible to reduce interface

from other mobile station to improve communication quality

of the up-link of the base station to be connected by handoff

upon initiation of handoff to increase channel capacity

accordingly.

Furthermore, since the base station to be connected by
handoff can preliminarily predict orientation of the mobile
station, it becomes possible to establish the beam pattern
appropriately corresponding to the initial directivity of
the up-1link in the orientation of the moblle station at the
same time of channel assignment. By this, reception
directivity control of the up-link of the base station to

be connected by handoff can be restored quickly.

Next, discussion will be given for the second



_for the nobile station together Wth the initial directivity control
paraneter of the down-I|ink. ~6 13 June 2003 5. An adaptive antenna
directivity control method as set forth in claim3, wherein the directivity
control paraneter is determned so ti3d8t the directivity of the down-link is
narrower than normal sector area. C. An adaptive antenna dil3dune 20@3
control ngkpedigenseet forth in claim1, wherein the initial directivity
control paraneter is determned in said first base station upon initiation
of soft handoff in said nobile station, by notifying the installation

posi tion infor gRt {RE Scsri Eridaindise roirathanaapdct 11 8y r&siivdiy control
paraneter to said second base station through said supervisory station. 7.

aheroih aoh RBnet Ak R thihoPidel SkaEbNa% Ao Fixatiifodthenf 2l §

first base statjop.,is notified to said second base _station via said

super vi soF§‘°§’PaJtrf gl‘rgﬁn lpiac%' gpesddflaeq YL} SeP4EodoSaR PEe¥eF W%t i on of
said first base station for determning said initial directivity control
par anet er eVensand thecdawnpidaksfgpmoshegbasn g§apirRe antenna directivity
control nethod as set forth in claim1, wherein the installation position
13 June 2003 information of said first base station is prelimnarily
notified to peFilfEhelalshaBelddyptsasiprpofrtaddssugsivgsshe se5PP6n in

repl ace of notifying to said second base station. 9. An adaptive antenna
di recti vi embodAmenlt . nEn Hde sameccoridition @scFhgml (upear thhtiakloni ent ati on
of said nobile station is approximately derived in said second base
station. bF handadfpbifvéhanbaseastiationi ¥i apdcbhérbaseystatioeme2l, a nobil e
station and base station to be connected with said nobile station in radio

t hrough amhiépr thakasuns- P io\Wird ith @eiegt eYEynesl the pisuvRechampey station,
respective transm ssion signal or reception signal of a plurality of

antenna elgProht2o138a0 1A31%13LANN9N (18! REeV 2RbedwhBraMRhe! Bdeotnd phase
for conbining in a particular orienfation
channel is common in all of the mobile station), Fig. 7 shows

the condition of the directivity control in the down-link.

The area 10 in Fig. 7 is an area where the pilot channel
of certaln sector (sector where the mobile station 3 is
positioned) of the base station 1A is effective. On the other
hand, The area 11 is an area where the pilot channel of certain
sector (sector where the mobile station 3 is positioned) of
the base station 2A is effective. The beam pattern 12
represents the effective area of the down-link from the base
station 1A to the mobile station 3. The beam pattern 13
represents the effective area of the down-1link from the base
station 2A to the mobile station 3. It should be noted that

other construction is the same as-that shown in Fig. 1.



for establishing a directivity by a radiation pattern by conbining,
conprising: said nobile station including neans for initiating soft handoff
; a second base station to be connected by handoff including neans for
predi cting an orientation of said mobid® station from said second station
on the basis of installation position information froma fil8siun®26@3 st ati on
connect ed 4a F3igldnd s2@0d lloeko kid alganado fshosrichaga tdier dottiexinial | nf or mat i on of
the up-link of said first base station, and determning an initial

di rectivi t ywon@tir@t ipa @ balse0ls tiatd onp-11a @adnd.or a down-1ink. 11. An
adaptive antenna directivity control systemas set forth in claim 10,
wherein said base station conprises awired circuit interface portion at

| east processi nghenbaskastatibhsalsuped V25 e YIS istime asr 2dt@ivengi vi ng
portion, a radio transmtting portion and a base station control and

storage poidiiflor?dd shothl SAFIY ! ¥ &Y oREY ATt LAGHIOYBILENK |1

said radioreceiving portion and/or the dowmn-Tink in the radio transmtting

POrLEon 15 HRLA! PLRAIBORE! 0 o8 PR T Alu BALEh DI I 99aC08pR0! and

storage portion. ive antenna dire y contro em as set

forth in claimjl., rein said e statiqgn c rol _and sto ortion is
brovi ded | A A% o TR Fradanstiaoe ReRy 00 Aok SERIPORtEaLaSRa R0
transmtting portion. .A .AL. A ANL. A% A. AL. A3. AYe. A?. Af . A Al F. Al r. AY9. A

A A AL Ae. bagestatlor cantxelpenbior 434 and whe gEoxage,porbipp A . AS
ACA AF2% A% AA. As. A

. As. BOPKkI . 148B-xr | f * ZTU] caU] caU] caU] cal] cal] cal] caU] cal] cal] cal] caU] cal] cal]
cal] ca] ca] ca] cal] ca] cal] ca] cRa] ca] c<a] caU] cal] cal] cal] ca] caCq #% R@WK} X

H wr mhc”"YU] ca] ca] ca] ca] ca] ca] ca] ceica] ca] cal] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc
a] ca] ca] ca] ca] cdiizad ck)a RJjecidagran Hgwing the internal

construction of each of the base band modulating portions

27A to 29A in Fig. 8.

The base band modulating portions 27A to 29A shown in
Fig. 9 are newly provided with directivity coefficient
storage portion 83 for the base band modulating portions 27
to 29 in the first embodiment shown in Fig. 3. Together with
the directivity coefficient storage portion 83, the
directivity control portion 65A is controlled by the base
station control portion 42A and the storage portion 49A. It
should be noted that other construction is the same as that

shown in Fig. 3.

Next, discussion will be given for operation of the

sacond embodiment.

In Fig. 7, the beam patterns 7 and 8 of the up-link in
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directivity control of the down-link in the case where the
directivities of the down-link and the pilot channel are
controlled to the same directivity (when the mobile stations
are respectively individual pilot channels) in the same
condition as those of Fig. 7 (upon initiation of handoff in

the base station 1 and the base station 2).

The beam pattern 15 in Fig. 10 represents effective area
(directivity) of the pilot channel and the down-link from
the base station 1A to the mobile station 3. The beam pattern
16 represents effective area of the pilot channel and the
down-1link from the base station 2A to the mobile station 3.
It should be noted that other construction is the same as

that shown in Fig. 3.

Next, discussion will be given for the fourth
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the mobile station 1s performed by the base station. In
contrast to this, in the fifth embodiment, judgment for the
received pllot channel strength information is performed by

the supervisory station.

Fig. 11 is a sequence chart corresponding to operation

of the filfth embodiment.

The operation up to the timing where the mobile station
3 notifies the received pilot channel strength information
to the base station 1 is the same as that shown in Figs. 5
and 11. The base station 1 transmits the received pilot
channel strength information received from the mobile
station 3 to the supervisory station as is. The supervisory
station checks 1f there is the pilot signal exceeding the
threshold value among received information ("N" in Fig. 11).
If there i1s the pilot exceeding the threshold value ("O" in

Fig. 11), the supervisory station makes judgment that handoff
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10%&' () ddrpctivity control information to the mobile station 3 to

the supervisory station ("Q" in Fig. 11). The supervisory
station receiving this notice transmits the command for
channel assignment in order to establish communication
between the base station 2 and the mobile station 3 ("R" in

Fig. 11).

At the same time, the supervisory station transmits the
installation position information of the base station 1 and
directivity control informatlion transmitted from the base
station 1 to the base station 2. The base station 2 which
receives command for channel assignment predicts orientation
of the mobile station from the own station on the basis of
the installation position information and directivity
control information of the base station 1 transmitted from
the supervisory station and the installation position
information of the own station, to determine the initial
directivity of one of the up-link, down link and the pilot
channel ("S"" in Fig. 11). Upon completion of channel

assignment, response is returned to the supervisory station.
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the response of channel assignment from the base station 2

recognizes that the base station 2 is prepared for

communication with the mobile station 3 to command initiation

of handoff to the mobile station 3 ("U" in Fig. 11). The base

station 3 receiving this command initiates reception of the

down-1link from the base station 2 and transmits a response

indicative of starting of reception to the supervisory

station through respective base stations to complete

initiation of handoff.

Thus, in the £fifth embodiment, judgment of the received
pllot channel strength notice from the mobile station is
performed concentrically by the supervisory station instead
of the base station. In general, the supervisory station has
higher process performance than the base station, and there
are many examples, in which judgment of the received pilot
channel strength is performed by the supervisory station in

the conventional handoff initiation sequence, the fifth
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Fig. 12 is an illustration for explaining prediction

of orientation of the mobile station 3 to be performed by
the base station 2 on the basis of the installation position
information and the directivity control information of the

base station 1.

At first, the base station 2 derives the coordinate of
the point X in Fig. 12. The point X is an intersection between
the straight line extending across the point A and the mobile
station 3 and the boundary of the cell area 6 (the
intersections closer to the mobile station). The point X is
located on the circle centered at the point B and having a
radius of rB and can be expressed by a polar coordinates.

Thus, 6B can be derived.

Here, similarly to the case of Fig. 6, the point X is
strictly different from the position of the mobile station
3. Therefore, 6B thus derived does not precisely match with
the orientation of the mobile station 3 as viewed from the
base station 2. However, for the reason similar to that

discussed with respect to Fig. 6, the error is in the extent
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directivity.

Next, modification of the embodiments will be

discussed.

Fig. 13 i1s a block diagram showing a modification of
the base band modulating portions 27A to 29A shown in Fig.

9.

Each of the base band modulating portions 27B to 29B
in this modification is provided with a directivity
coefficient storage portion 82, CPU 86 connected to the
supervisory station HOST via the wired circuilt interface
portion 24, and the storage portion 87. Other construction
1s the same as the base band modulating portions 27A to 29A
shown in Fig. 9.CPU 86 and the storage portion 87 executes
operation corresponding to the base station control portion
42A and the gstorage portion 49A shown in Fig. 8. Other
operation is similar to those of the base band modulating

portions 27A to 29A shown in Fig. 9.

When this modification of the base band modulating
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to the supervisory station HOST through the wired circuit
interface portion 24 and receives the decoded data from the
decoding portion 76, and a storage portion 85. Other
construction is similar to the base band demodulating portion
44 to 46 shown in Fig. 4. CPU 84 and the storage portion 95
are perform operation corresponding to the base station
control portion 42 and the storage portion 49 (base station
control portion 42A and the storage portion 49A) shown in
Fig. 2 (Fig. 8). Other operation is similar to those of the

base band demodulating portions 44 to 46 shown in Fig. 4.

When the base band demodulating portions 44 to 46 of
the shown modification are applied to the receiving portion
26 of Fig. 2 (Fig. 8), the base station control portion 42
and the storage portion 49 (base station control portion 42A

and the storage portion 49A) are not necessary to provide.
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XY 104'5%2é§h( hgrefor according to the present invention, the

mobile station in communication with certain base station
initiates soft handoff to simultaneously communicate with
other base station to permit prediction of orientation of
the mobile station from the base station to be connected by
handoff on the basis of the installation position information
from respective base stations and directivity control

information of the base station connected before handoff,
for determining the initial directivity control parameter

to preliminarily establish the initial directivity.

As a result, interference in the up-link and/or the
down-link upon initiation of handoff can be reduced to
improve communication quality of the up-link of the base
station to be connected by handoff, upon initiation of hand
off. Also, directivity control can be quickly restored to

result in increasing of channel capacity.
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present invention should not be understood as limited to the
speclific embodiment set out above but to include all possible
embodiments which can be embodied within a scope encompassed
and equivalent thereof with respect to the feature set out

in the appended claims.
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transmission signal or reception signal of a plurality of
antenna elements of sald base station being varied in

amplitude and phase for combining in a particular orientation
for establishing a directivity by a radiation pattern by

combining, comprising:
step of initiating soft handoff in said mobile station;

step of obtaining an installation position information
from a £first base station which is connected before handoff
and directivity information of an up-link of said first base

station relative to said mobile station;

step of predicting an orientation of said mobile station
from a second base station by said second base station to be connected
by handoff on the basis of the directivity information of

the up-1link; and

step of determining an initial directivity control
parameter of the up-link corresponding to obtained

orientation of said mobile station.
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3. An adaptive antenna directivity control method as set
forth in claim 1, wherein a directivity information of a
down-1link of sald first base station is used in place of the
directivity information of the up-link of said first base
station for predicting orientation of the mobile station by
sald second base station for determining initial directivity

control parameter for the down-link.

4. An adaptive antenna directivity control method as set
forth in claim 3, wherein said second base station determines
directivity control parameter of individual pilot channel
for the mobile station together with the initial directivity

control parameter of the down-link.
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parameter is determined in said first base station upon
initiation of soft handoff in said mobile station, by
notifying the installation position information of said
first base station and the directivity control parameter to

sald second base station through sailid supervisory station.

7. An adaptive antenna directivity control method as set
forth in claim 1, wherein a position information of said
moblle station relative to saild first base station is
notified to said second base station via sald supervisory
station in place of said installation position information
of sald first base station for determining said initial

directivity control parameter in said second base station.

8. An adaptive antenna directivity control method as set

forth in claim 1, wherein the installation position
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a mobile station and base station to be connected with said
mobile station in radio through an up-link and a down-1link
belng governed by a supervisory station, respective
transmigsion signal or reception signal of a plurality of
antenna elements of said base station being varied in
amplitude and phase for combining in a parficular orlientation
for establishing a directivity by a radiation pattern by

combining, comprising:

said mobile station including means for initiating soft

handoff;

a second base station to be connected by handoff
including means for predicting an orientation of said mobile
station from said second station on the basis of installation

position information from a first base station connected
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before handoff and a directivity information of the up-link
of saild first base station, and determining an initial

directivity control parameter of the up-link and/or a

down-link.

11. An adaptive antenna directivity control system as set
forth in claim 10, wherein said base station comprises a wired
circuit interface portion at least processing interface with
a supervisory station, a radio receiving portion, a radio
transmitting portion and a base station control and storage
portion, and a directivity control parameter in the down-link
in said radio receiving portion and/or the down-1link in the
radio transmitting portion is determined by control procesgs

of sald base station control and storage portion.

12. An adaptive antenna directivity control system as set
forth in claim 11, wherein said base station control and
storage portion is provided in or out of said radio receiving

portion and/or said radio transmitting portion.



