2 5 JAN 2005 | MOBI LE COMMUNI CATI ON- BASE STATI ON EQUI PMENT BACK
THE I NVENTION 5 The present invention relates to a base stationeﬁﬁh&#ﬁﬁﬁzof
a nobile conmunication systemwhich is intended to enable a conmmunicati on
with a nobile station with a narrow angle directivity (narrow angl e bean
antenna in order to reduce the quantity of interferences. 10 An adaptive
array antenna in a conventional nobile communication base station equi pnent
is constructed by providing a pluralityjof receivers for each conmunication
channel , adjusting an antenna weight to control the direction of a

princi pal beamin the antenna directivity response, extracting an opti nmal
recei ved signal, and enpl oMOBILE AJHONi ch is used for the
optimal signal in 15 controlling the direc%hﬁﬂaﬁﬁﬂ@ rinci pal beamin the
directivity response of a 'Bﬂéﬁgﬁﬂﬂ%THbeE \ nger, this practice
requires a plurality of transmtters/receivers for each channel for both
the transm ssion and the reception, disadvantageously increasing the scale

of the ' jzopp}jtd Js problem there is proposed a

t echni q%@e%ypﬁ%@ra ed nglgf.rlemhere a beam switcher 12 selectively
conndcts a transnitter 13 to one of a plurality of antennas 11-1 to 11-4
having nar r ow Irsanmaighinveriis telatesas a3bask statidf-efuipment ofikipobilef er ent
directions through respective duplexers 36-1 to 36-4 while a beam sw tcher
14 sel egonvehinicatiniesystem warehisinteh8ed doemabbs a commpnisatad Wi

m nim zing the nunber of transm ssion/ re,cepté_lon 25 netlv\ﬁég%ﬁat t{ls. Aﬁ_‘cordi ng
to thi s meblaistateon matheasarsowengle @irestiyity, @agey angle AR Y gnal
strength fromrespective natrow.b ar}: antenna 11-1 to 11-4 to allow a beam
sel ect | ®identR reAucs ?Wﬂt&@'&ﬂ EFASCY- control the beam

10 An adaptive array antenna in a conventional mobile communication base

station equipment is constructed by providing a plurality of receivers for each
communication channel, adjus't'n;g an antenna weight to control the direction of a
principal beam in the antenna directivity response, extracting an optimal received
signal, and employing the antenna weight which is used for the optimal signal in

15 controlling the direction of a principal beam in the directivity response of a
transmitting antenna. However, this practice requires a plurality of
transmitters/receivers for each channel for both the transmission and the
reception, disadvantageously increasing the scale of the equipment.

To accommodate for this problem, there is proposed a technique as

120  illustrated in Fig. 1 where a beam switcher 12 selectively connects a transmitter
13 to one of a plurality of antennas 11-1 to 11-4 having narrow beam angle
directivities 35-1 10 35-4 in mutually different directions through respective
duplexers 36-1 to 36-4 while a beam switcher 14 selectively connects a receiver
15 to one of the antennas, thus minimizing the number of transmission/reception

25 network paths. According to this technique, receivers 16-1 to 16-4 are used to
measure the signal strength from respective narrow beam antenna 11-1to11-4 to
allow a beam selection control circuit 17 to switchably control the beam

switchers 12, 14 so that transmitter 13 and the receiver 15 may be connected to




switchers 12, 14 so that transmtter 13 and the receiver 15 may be connected
to 2 5 JAN 2005 one of the antennas having the nmaxi mumreceived signal
power. Wth this technique, to scan the arriving direction of a Egc.hbiNvmﬁ
radi onave, a nunber of direction finder receivers 16-1 to 16-4 are
necessary which is equal to the nunber of antenna branches, which is four
in Fig. 1. Wien the technique is applied to 5 the nobile comuni cati on,

whi ch represents a nmulti-path environnepnt, a difficulty is encountered in
establishing an accurate beam sw tchi ng-because of a variation in the
signal strength which occurs independently on each antenna branch. (See

signal strength occurs i y ¢ T i o
per 1 or bR 9 r et hat i R e R b e ' 10, Mobi | ¢
Qonmuni Gl RReERY LN RMTIVink BifecTioRrof a réCeividiraditbyal a nurpbebof 1997) . )

A highr Fon & gnal proceSsing technique such as MJSIC is known. in the

art to Qﬁfé'bdiﬁir?ﬁhﬂér asdeivérad 61l ectt6-draremeaessany ovbich ismaaal t9 tae AHBPESt
Arrival), but requires a conplex treatnment ingcluding the. calcul ati of a 15
cor r el atgfamtenta branchesywhicly is four m&@ddou‘%e@n@mee ’cqqf-‘elsa@ﬂhl‘?g unmber

e e it wiehopants AR B hmebpcgt o and |
T o e S eh ekt SHSh U TEE a8 Bl e RSP R 4 a
oot autigt Y ebatRsghefhaikirbra sansepandry vdlcahaniennn of erent s
SePar at Gloin kRO EITTRER! MRsudLerSelsi Nishioks and Dafidy]. Hoddon his

16-1 t 0 Yeéledtion Pepfirinaicerinalysis of prdwitched Multibeam Asifenna »yeteBridi ng to
mobl0e. SWiabilerCommuniaationsirenmeni.l TEGE heBeamiow ok i Mo (ER 15
1997).) -
A high resolution signal processing technique such as MUSIC is known
in the art to estimate the arriving direction of a radiowave (DOA; Direction of
Arrival), but requires a complex treatment including the calculation of a
15  correlation matrix, resulting in a tremendous length of time as the number of
antennas increases. (See R.0. Schmidt, “Multiple Emitter Location and Signal
Parameter Estimation,” JEEE Trans. AP. Vol-34, No. 3 (Mar. 1686).) The
treatment of this technique is even more complicated when plural antenna having
different directivities are used. For this reason, it necessitates the provision of
20  an array antenna including antenna elements 13-1 to 18-4 having a common
directivity for direction finding purpose, separately from communication
antennas, as shown in Fig. 2. Received signals from the antenna elements 18-1
to 18-4 are fed to the receivers 16-1 to 16-4, outputs of which are processed in a
circuit 19 according to the MUSIC procedure to determine the direction on which
25  the transmitting mobile station is located, thus controlling the beam switchers 12

and 14.
In the actual operation of the mobile communication, there are users




In the actual operation of the nobile conmmunication, there are users 2 5
JASI 2Q45 3 (nobile stations) who nove rapidly durlng t he connugégﬁﬂm
intervals and who frequently change the channels on one hand €re are
many users who conplete the conmunications w thout substantial novenents on
the other hand. Because the nobile comunication base station equi pnent
prem ses that every 5 user (nobile station) be serviced during a rapid
novenent thereof, it uses antenna which exhibit a comon w de angle
directivity response for a plurality of frequency channels and tine slots.
Thus, when connencing a conmmunication with a particular user (nobile

statl on) the iat | Og.goqgeulisa@ﬂ@gi dufif tﬁt? c8himenication iweesls andiwleet i ons

of its are 10 exanpl e, other than the

di rect | qq{;égwo ﬁarﬁéﬁl’rﬁsﬁﬂaﬁ{ﬁ’éé %ﬁaér?éjhaﬁfﬂldaﬁmt}ﬁre @pe esaTy vsers whet ef ul

power di be seen that the use of antennaﬁ V\g@ﬂfg

exhi bi t OO ?BéhﬁnﬂhirdaﬁbmIWNhO&SwiIBsmtﬁairmevemenm equba@fhenBanél and
time slot probl ematic fromthe standpoints of ,radio wave entg1 f]onma t and
pover s@emSeThermobﬂemnmanmmmbasmﬁaaﬁnmp@ﬁnaﬁwl%% Ah&YY

produce 15 a narrow beam angl e, d| rectivit on r each
f r egfienaser (uokele station) besesyisedBIringa répwfmﬁmna@ egéatﬁnhbegegl way's
directed to a user

h k I
when vi antenna behibswBibi e aBIgTt widh abels BLERTIRY seBRINeRg 4 phawiey | ent
[ ncreasecl.iar eae%r%}sé]agﬁ% r%ﬁldqﬁﬁ asg tSI nsfﬁ\ug thapcgfnrﬁgﬁ@@@a@ and the

equi pmerﬂ I'tion, 0 conpl ex signal progcessing

systemi Iﬁ t@f oh stbeéiaaeusmaﬁmq@qpmcnﬁ S
%,gﬁ&g]%%géau@]recel dlﬁealaraisreareﬁﬁjm stafioh,

shown in I ng antenna 111 and a transmitting /recei Vk

antenna jd %&’di%&ﬁl?fddiﬂt\ﬁ@lveﬂn dirccriomsioflits servicn aserl Shety 8s éi Sreéé‘?r Fepylor
responses | ndi ca

12000wi dxanfjle, ot &%&%E@&szﬁﬁbw & AT @%‘F@ {1 sdpreths e ©
and d Star \Iv%lél%eof[ll %gwméhrl (51281532%01’1. It will thus be seen that the use of antennas which
exhibit a common angle directivity response for every frequency channel and
time slot is problematic from the standpoints of radio wave environment and
power saving. There is then a proposal which uses an array antenna to produce
15 anarrow beam angle directivity response separately for each frequency channel
and time slot so that a narrow angle beam be always directed to a user, thus
tracking it. The proposed technique is excellent when viewed from above
standpoints, but presents problems in that an increased area must be provided for
installation of antennas and the equipment must be scaled up. In addition, a
20 complex signal processing system is needed.
A conventional arrangement of base station equipment is shown in Fig. 3.
A receiving antenna 111 and a transmitting /receiving antenna 112 are oriented in
a common direction and have directivity responses indicated by principal beams
161 and 162, respectively, which are 120° wide. The receiving antenna 111 is
25  directly connected to a combiner and distributor 26 while the
transmitting/receiving antenna 112 is connected thereto through a duplexer 36.

Each transmitter 13 of transmitter/receiver assemblies 115-1 to 115-L for




transm tting/receiving antenna 112 is connected thereto through a dupl exer
36. Each transmtter 13 of transmtter/receiver assenblies 115-1H§0 1 15-L
for 2 5 JAN 2005 4 frequency channels fls to fl L inclusive of cdnt #2005
channel s and comruni cation channels is connected to the transmt port of
the conbiner and distributor 26 while receivers 15-1 and 15-2 are connected
to the respective receive port of the conbiner and distributor 26 for the
antennas 111 and 112, thus allowing the,5 transm ssion and the reception of
the control channel and the conmuni cati bn channel. Conmuni cation channel
transmtter/receiver assenblies 121-1 to 121- M for frequency channels f21

to f2M ?%eklg%&gﬁnag g@@mﬂ fricld&R ewt ential clannetscarsticommueicaH RS ni t

port of I'ner and distributor 26 and al so_each |nclude r ivers 123
nebAtstabusT 46,

and 124 mga 35 @ opRRDReT Rithedramemitqrqre of ithe coBtuNeRAnb IS AU e
conbi ner an gi stributor 26 for the antennpas 111 and,.112 t-hgs ih?\ﬂ'}@g t he
transni sshidereeiversel 5-dcapd 162 ote corneBafinitBa e UNEIRETY e RALRY 67 t he

receivers 15-1 and 15-2 is adapted to, diversit Phi Q! { h of the
ool verenianenandsbairimtas 2610r shsantginasa L #pd S 8T BRI wirE 8RS
transmtter/receiver assenbl |.es - t 3 hewonldationg. 4A and
tined sl sranspHseienggnd alq Wczegal%kpﬁ ﬁlg C’Iqﬁ}té%ls%q#gr?f{?gggi@\?gr aigtﬂanli?:l i 23&121- 1
to 121-Mare shown in Fig,,: b Eeiviee assdmeblies ehta sed in
each tr& éﬁpggi oﬁn@uglg‘}tbqﬂjﬁ%&@t iietretelvera

O, and this nmeans that a copmmon beamis

used fo s %ﬂﬁﬁé}fg{}ﬁ! thdteincuide a trarsmsibtestl22 WhIADbI r ol | er
126 all M%Z?%&% arine i%?}w}a?% by either 20

one of . th
transm tdophebaePio/ tHe Basemi pes of the rombingsandadmrl%?imlﬁ@ 8n§ﬂ§%a%r ing a
particular time slot. As discussed, .the arrangepen i
di r ect i anchidediecgivdrs lmwgé”hmm@rp%cgemﬂﬁ%gﬁ@%tﬁ%?%;ﬁ# gﬂused
in swtching a transmt/recejve m, s uf f C y16¥1
di r b@t | @fdberqombiner dlééfi‘?‘éwé?%g%m tﬁﬁ@ﬁﬁé@]# PI 5HE 1995 i e
the transmission and the reception of the communication channels. Each of the

receivers 15-1 and 15-2 is adapted to diversity reception as is each of the

receivers 123 and 124, ‘
Time slots which are utilized by the transmitter/receiver assemblies 115-

15 1 1to 115-L are shown in Fig. 4A and time slots which are utilized by the
transmitter/receiver assemblies 121-1 to 121-M are shown in Fig. 4B. The
beam 162 of the antenna which is used in each transmission has a width of 120°,
and this means that a common beam is used for every frequency channel and time

, slot. A base station controller 126 allocates a channel which is used by either

70 one of the transmitter/receiver assemblies 115-1 to 115-L and 121-1 to 121-M

during a particular time slot.
As discussed, the arrangement which employs the direction finding of

the mobile station and a result of such scan is used in switching a transmit/receive

beam suffers from the accuracy of directional finding, the scale of equipment and

25 the quantity of calculations.
It will also be seen that because a wide angle beam antenna 1S fixedly

assigned to every channel in a conventional base station equioment, this means




25 the quantity of calculations. It will also be seen that because a w de
angl e beam antenna is fixedly assigned to every channel in a cogzﬁqmmqmﬁl
base station equionent, this neans 2 5 JAN 2005 5 that the equip t

di ssi pates a wasteful radiation power in directions inits service area
(such as a sector, for exanple) other than the direction on which a desired
nobile station is |ocated, contributing to increasing the quantity of
interferences with other base stations. It is an object of the invention to
provide 5 a nobile comruni cati on base sPation equi pment whi ch enabl es a
communi cation wth a nobile station with a narrow angl e beam by perform ng

a directjon,findi.n f,.an riVvi .03 e 3 ACY With a
i i o BERhE SIUE R SPAe e YRR TR LRI Ry %ﬁ?@%‘aﬁ%’éﬁ ons. 11
anot her ghj.act ' | | in thecdireetivmr eniwhic base
station® gﬁsg%ﬁ%‘ (\%ﬁﬁhgéﬁr&g@pg‘%@eﬁrﬁm&?%ﬁ%@%@merferences caused by

radi at e RRMAMbBilREstE86H G tocited armaribdtingttb inbeeasingthequantecel ding to a
first aspect OIP the present invention, there are provided a . pair of ﬁ/j%d_e
ring

angl e beafarfereanss witlo ottercbaseasations. e alins enthjecbel tepuveRtion 10,Proy,
e o ot o o e e BT b e Ry iddion
o8’ i reishicomOt 14 HIBROPGYI FehaTTehLaglF diceity kY e SRR ELh ERE oh frARC o
the basiaf BT aiTRLtasis VPl RO R LR oM & A Sl e e "
functiogq%@%%tgw g?]i%ﬁmr?%ﬁﬁhéw&l:amﬁaﬁens.erved by one of the

plurality are used to form the narrow angl e beans
According to alsesanettagtgectasf thednpertiento iproeidd amobile cRMHRENKABONded a
single w de angl e beam antenna and a plurality of. naryrow angle_b ant ennas
10 base station equipment which allows fhe quantity off interferences catsed By’
radiated power to be reduced as compared with the prior art.
According to a first aspect of the present invention, there are provided a
pair of wide angle beam antennas located close to each other for substantially
covering a service area which is covered by an entire assembly including a
15 plurality of narrow angle beams. One of the antennas of the pair is connected to
a communication receiver while the other antenna is connected to a direction
finder receiver. The direction on which a mobile station transmitting a
particular received radio wave is located is determined on the basis of phases of
received signals from the both receivers. The function of the wide angle beam
20 antenna may be served by one of the plurality of antennas which are used to form
the narrow angle beams.
According to a second aspect of the present invention, there are provided
a single wide angle beam antenna and a plurality of narrow angle beam antennas
which collectively cover a service area of the wide angle beam antenna. A
25  traveling speed of a mobile station and the direction of a narrow angle beam on
which the mobile station is located are detected. On the basis of such

information, when the traveling speed is high, one of communication channel




whi ch coll ectively cover a service area of the wi de angle beam antenna. A 25
traveling speed of a nobile station and the direction of a narrow an Iemgean1
on which the nobile station is located are detected. On the basizIdfNdlBn

i nformati on, when the traveling speed is high, one of conmunication channel
2 5 JAN 2005 6 transmtters/receivers capable of feeding transmtting power
Is allocated to the w de angle beam antenna whil e when the traveling speed
is low, one of the conmunication channel transmtters/receivers capable of
feeding transmtting power is allocatedl to the narrow angl e beam ant enna
corresponding to the 5 direction on which the nobile station is |ocated.

BRI EF DESCRI PTI ON_ OF.THE i ' iagr th
convent immlﬁﬁgﬁy¥e§e&%’fﬁ§mfi\§ff{é§gggJtrs@%]ﬁgﬁﬁ %E’{k}?’%ﬁgﬁtﬁ@ﬁ?gejf ’s a bl ock
di agr am_of r Wﬂ{ iy | d & kewpome oathon base
stati 02\’@ 5’% I%fb;eaﬁ?gl%bﬁ?g’t’%ﬂ% ocC tl ag?gm 0 Sge?urt her exanpl e of
convent i.gAdMIBRSR] oS EIRALIRY tRMHENRITRAS reddivers chpabielof Eeedingdranpnaiténg

r

illustrating relationships between tine slots and antenna bea in a
convent ipgyvaer isaskcated totheemarrpweangle s am gnlama GOIEER ngitadl@m of an
enbodi ment according to a first aspect ~ of the present invention; Fig. 5B
gr aphi caitectiomoos vehichithe npekile stasianuisdecatedhase difference and an angle of

an arrivyi ' o | i agram of a specific exanple of
a di recbﬁﬁﬁﬁtmm@mmmg 5A; Fig. 6 is a block diagram

i llustrating t Eﬁg{gﬁE%ét%ﬁéwgﬁ%ﬁéfgfﬁr%?ﬂ)eﬂﬁ%al SUMiME EombhgnicBioh bage

plurality of c
station equipment;

Fig. 2 is a block diagram of another example of conventional mobile
10 communication base station equipment;
Fig. 3 is a block diagram of a further example of conventional base
station equipment;
Figs. 4A and 4B are diagrams illustrating relationships between time
slots and antenna beams in a conventional base station equipment;
15 Fig. 5A is a block diagram of an embodiment according to a first aspect
of the present invention;
Fig. 5B graphically shows a relationship between a phase difference and
an angle of an arriving radio wave;
Fig. 5C is a block diagram of a specific example of a direction
20 measuring unit shown in Fig. 5A;
Fig. 6 is a block diagram illustrating the application of the embodiment
shown in Fig. 5A to a plurality of communication channels;
Fig. 7A is a block diagram of an embodiment according to the first
aspect of the present invention when a narrow angle beam and a wide angle beam
25 use an antenna in common;
Fig. 7B illustrates a relationship between the plurality of narrow angle

beams and the wide angle beam shown in Fig. 7A;



Fig. 7A is a block diagram of an enbodi nent according to the first aspect
of the present invention when a narrow angle beam and a w de ang{li ﬁﬁﬁm,ﬁ%
use an antenna in conmmon; Fig. 7B illustrates a relationship bet 53
plurality of narrow angle beans and the w de angle beam shown in Fig. 7A; 2
5 JAN 2005 7 Fig. 8 is a block diagramof an exanple in which the enbodi nent
showmn in Fig. 7Ais applied to a plurality of comunication channels; Figs.
9A, B and C are illustrations of the principle of operation for obtaining a
reliable neasured direction; 5 Fig. 10 {s a schematic view show ng a
functional arrangenment of a direction neasuring unit 23 which is based on

the principle Lllustr | n: Fi Ei ' I diroéntath
exerrBI ary Br ocg%iuibg %&jgcg%g}agrg%lcgt;%ﬁlﬁg‘gm%étlﬁy}gfihr}gﬁﬁb?lll usl:tl r atoe\fjni n

Fig. 9;;Fegs. 7424 it B$cbathanicaforactadrinels;pri nci pl e of

oper at i bﬁ?@ﬂﬂ‘%ﬁj 4 tlgpﬁo%ﬁgﬁggp{ggl e neasured direction; Fig. f;L3, is a
schematic vi e‘“’F%@‘@N,@IB@HdJ@CﬂrEdHabtraﬁonﬂgémhe]prmm;de ofi oparetien IReasuri ng
unit 23 which 1s"based on the principle illustrated in Fig. 12, Fig. 14 is
a flow ebasihimd aaeliebknmeasyrao dicestsomg procedure according to the

principle illustrated in Fig. 12; 15 Figs. 1 B and | rations of
a futher prinFEigl boma@pbe@@tlﬁrwﬁmsh%gt%ﬁ %?ﬁ’aﬂé"r}f‘gﬂéﬁ&ﬂé‘g{sﬁféd
directiop; Fig. 16 is a sc t,i-Cq Vil W i i © NGy
ar r angefHSCNION TREAFVRABE| Pﬁ%ﬁ]ﬂé%&ﬁ?&%%ﬁw (@?ﬁ? ?Tﬂggé t%%@?&ipri nci pl e
illustrated ingFigyq15; Fi ' i® edermhacordin
processi ng progé%‘u}psaé dicﬁgrt @f)aﬂtl %%‘EE{ ilﬁxg %{?CFISII fl%sl?'rmact ed in Fig. %5;

to the principle illustrated in Fig. 9;

Figs. 12A, B and C are illustrations of another principle of operation for
10 obtaining a reliable measured direction;
Fig. 13 is a schematic view showing a functional arrangement of a
direction measuring unit 23 which is based on the principle illustrated in Fig. 12;
Fig. 14 is a flow chart of an exemplary processing procedure according
to the principle illustrated in Fig. 12;
15 Figs. 15A, B and C are illustrations of a further principle of operation for
obtaining a reliable measured direction;
Fig. 16 is a schematic view showing an exemplary functional
arrangement of a direction measuring unit 23 which is based on the principle
: illustrated in Fig. 15;
20 Fig. 17 is a flow chart of an exemplary processing procedure according
to the principle illustrated in Fig. 13;
Fig. 18 is a schematic view showing a functional arrangement of a
direction measuring unit 23 according to a further embodiment of obtaining a
reliable measured direction;

25 Fig. 19 is a flow chart of an exemplary processing procedure used by the

direction measuring unit 23 shown in Fig. 18;
Fig. 20 is a schematic view showing a general functional arrangement of




Fig. 18 is a schematic view showi ng a functional arrangenent of a direction
measuring unit 23 according to a further enbodi nent of obtaining a reliable
measured direction; 25 Fig. 19 is a flow chart of an exenplary prbEdaRilng
procedure used by the direction nmeasuring unit 23 shown in Fig. 18; Fig. 20
Is a schematic view showi ng a general functional arrangenent of 2 5 JAN 7005
8 a direction neasuring unit 23 for obtaining a reliable neasured direction;
Fig. 21 graphically shows a result of experinents determ ning an

i nstant aneous direction; Fig. 22 graphitally shows a result of experinents
In which instantaneous 5 directions neasured are averaged to determne a

mean di LeftlQin Fldheu?icdiRDRCREIGbIARNE areliabld incaburedbdireatom;s | n whi ch

the rel @ -on etermned to be the direction bejng nmeasured,
Fig. 24is a bk:?%.kzﬂiﬁi!%slﬁﬁhgﬁz shoverpeeiuteof eapednentydelerminingsednd  aspect
of the present imiventih on; 10" Fig. 25A shows exanples of tine slots of
control jgidnteiBmRidisédtion, channel transmtters/receivers and prevailing
antenna directivity responses which [

] ocgur .in the enbodi t. i i g.
24; Fig. 25B aliigC22 igwaphisellychopes result PREXREHMERS 1%8‘mi1‘i§%ﬁ‘eggganne|
transm-tters/receivers and prevailing antenn i i Vi:ty. responses which
15 o cuditestions MRBSHCHEHE %@%PC' i &%emaa? %ﬁﬂaig‘ﬁ?yﬁ\ép@ﬁan illustration of
a procedure of detgrmn ni et i : hieh ke irelgatiiet ch of
DR ! LR N sTOspE e by ettt o
exenpl ary, J L OO0 gonddigatheairaddt h (1 ayer) and
Cransmi td%f%e&?igmr(?&ghﬂﬂ@d VS BB tRE dirdk g. !
Fig. 24 is a block diagram of an embodiment according to the second
~ aspect of the present invention;
10 Fig. 25A shows examples of time slots of contro] and communication
channel transmitters/receivers and prevailing antenna directivity responses which
occur in the embodiment shown in Fig. 24;
Fig. 25B and C show two examples of time slots of communication
channe) transmitters/receivers and prevailing antenna directivity responses which
15 occur in the embodiment shown in Fig. 24;
Fig. 26A is an illustration of a procedure of determining the traveling
speed caused by a fading pitch of a mobile station and selecting a particular
beam;
Fig. 26B illustrates an exemplary relationship between an antenna beam

20 width (layer) and transmitted power;

Fig. 27 is a schematic view of another embodiment according to the
second aspect of the present invention in which a narrow angle beam
communication channel transmitter/receiver is connected to a narrow angle beam
antenna during a time slot which is assigned depending on the direction of a

25 mobile station;
Fig. 28A is a schematic view showing an exemplary relationship

between time slots for control and communication channel transmitters/receivers




Fig. 27 is a schematic view of another enbodi mrent according to the second
aspect of the present invention in which a narrow angl e beam coqunbgg@'on
channel transmitter/receiver is connected to a narrow angl e beam

during a time slot which is assigned depending on the direction of a 25
nobile station; Fig. 28A is a schematic view show ng an exenpl ary
relationship between tine slots for control and conmuni cati on channel
transmtters/receivers 2 5 JAN 7005 9 and prevailing antenna beans which
occur in the enbodi nent shown in Fig. I Fig. 28Bis a schematic

il lustration of another relationship between tinme slots of communi cation

channel transmtters/r i\ i dnfenbelaownvihilth. 2¢rur in
the enbBBd HﬁYa@Wﬁeﬁﬁéibﬁg’%@%@Swﬁ il}g: e:jlfwgghernat ic view shgvvi_ ng

anot her speci fg% Wéﬁ LhemiRaMusaetiont oaotheorelationshigebetsvasn imet 154
shown in Fig. > "and Fig. 30 Is a schematic view of an enjodi ment whi ch
resul t s ficdenmbny&dtion Fhinmettransmittarsiroveivers and PRYEHBBANEHI2 shown in

Fig. 24. DETAILED DESCRI PTI ON CF_ENBCDINENTSI;O Ehg. 5A shows an enbodi nent
accor di bgains whieh ocsir asthecembodimentshewnin Ligvédti on, and correspondi ng

arts to those shown_ in Fjg. 1 ar.e designated | ters
gs Used in FigFig, 29 is asr gmé‘ﬁﬁe‘ﬁ?t"’og??‘gma?%‘?’éﬁéhgﬁpéﬁéﬁﬁggg%?g??gﬁ to
fol | ow, si.m l.ar. conventjon s f t v ; iment, there are
provi deéglzﬁc Qinrmg‘fm'ﬁﬂpeﬂrf!fgeg?f EHE*LS)WQ%PC%%%PE?Q a wide angle 15

directivity re {91 W AB i @it whithwedeltanghen theam
antennas 21-1 gﬁ%ngq}éﬂisgﬁgg%gg\ghg? Qgﬁjgjse{%nt I al Ig covering a service area

which g é%ith'%hicﬁ%&»ﬁs%mﬁﬂ fromthie embadiinenbshowaninehiga2411-1 to 11-4.
It is to be nder stood that the both antenna?,ﬁél-l and 21-2 are | ocated

cl ose t DREMLBDDHESCRIBTIONOFEMBRR r of one-half the wavel ength

(A 20 of radio \Ilgéiié/.eSS AI snl';/oovlvg gg’embodiment according to the first aspect of the present

invention, and corresponding parts to those shown in Fig. 1 are designated by like
reference characters as used in Fig, 1, it being understood that throughout the
description to follow, a similar convention is followed. In this embodiment,
there are provided a pair of antennas 21-1 and 21-2 which exhibit a wide angle

15  directivity response (or wide angle beam). Each of the wide angle beam
antennas 21-1 and 21-2 is capable of substantially covering a service area which
is collectively covered by narrow angle beam antennas 11-1to 11-4. Itistobe
understood that the both antennas 21-1 and 21-2 are located close to each other so
as to be within the order of one-half the wavelength (1) of radio waves involved,

20 and have wide angle beams 20-1 and 20-2 having central axes which are parallel
to each other.

A direction finder receiver 22 is connected to one of the wide angle
beam antennas, 21-1, while a communication receiver 15 is connected to the
other wide angle beam antenna 21-2. A received signal form the

25  communication receiver 15 and a received signal from the direction finder

receiver 22 are input to a direction measuring unit 23, which determines the

direction of a mobile station transmitting the radio wave of the received signal on




20 and have wi de angle beans 20-1 and 20-2 having central axes which are
parallel to each other. A direction finder receiver 22 is connected to one
of the wide angle beam antennas, 21-1, while a comunication regghyﬂyvﬂﬁ i's
connected to the other w de angle beam antenna 21-2. A received signal form
the 25 comunication receiver 15 and a received signal fromthe direction
finder receiver 22 are input to a direction neasuring unit 23, which

determ nes the direction of a nobile station transmtting the radi o wave of
the received signal on 2 5 JAN 2005 10lfhe basis of a phase difference

bet ween the both received signals. Aresult of the nmeasurenment is input to
a beam sel ectio
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recei ve comuhi cation receiver 15 is recei ve% ungegl the_ﬁznje er ns
and congifiORfteAnat 14 - Hito adt# daving tee direcipnof aobeam ik EVPRES iy ’aﬂltgl e
beam antennas 21-1 and 21-2 are |located . close to each other, 10 it follows
t hat5 t hg) wl{it:hlia@li(gmeﬂewwvhdhetd@éerﬁéﬁ@ime%tﬂ%al s fromthe wide angle beam

antennas” 21-1 and 21-2 s close to 1. Accordk ] ' t he phase

di fference bet (whannehan t@béw@émﬂ]ﬁﬂtéﬁ[’rgI%ﬁgﬁsﬁ%gﬁtﬁfﬁgaphase so that
t hese signals cancel ch_other., ' iRafopirgbehvaertld ise of
opposi t &Sty m%mag%ﬁo@gf%‘glieg%@(?lbng?g@té%lgﬂ%é@?viﬁ gi rect i_onré) t he
basis of the gph LEfenang $iomgeistthe diructi noer MOoREn-4-he
si gnal Sr@%elggﬁgﬁlzi:?{ﬂghsy equgﬁgdgﬁile?ﬁlh 2. i ninal anmpl iciude di f fergnce. By
way of e(afDlise Tgae:dg%yitgeaﬁm&nnas@.I-B@ndtzdez arederaled cdositq eadbRihe of

‘t"ﬂsp(glefgi ES&;}S \Ah’aththdmormulfagic;l éﬁ&%ﬁ tﬁgﬁ%ﬁéﬁgﬁ%‘@é@q Elfngg'gi]tygﬁpfde%{éwt of
" beam antennas 21-1 and 21-2 is close to 1. Accordingly, by detecting the phase

difference between the both received signals and adjusting the phase so that these
signals cancel each other, namely choosing these signals to be of opposite phases,
it is possible to estimate the arriving direction on the basis of the phase difference

15 alone since the correlation between the signals is substantially equal to 1 with a
minimal amplitude difference. By way of example, as illustrated in Fig. 5C, the
received signal from one of the receivers, 15, is fed to a variable phase shifter
201, the output of which is added with the output signal from the other receiver

! 27 in a combiner circuit 202. A phase shift which occurs in the variable phase

50  shifter 201 is controlled in accordance with an output from the combiner circuit
702 so that the combiner circuit 202 delivers a zero output. It is to be
understood that the both inputs to the combiner circuit 202 are pre-processed to
an equal amplitude. Accordingly, when the both inputs to the combiner circuit
202 are of opposite phases to each other, it provides an output of zero, and a

25  phase shift which prevails in the variable phase shifter 201 represents a phase
difference 0 between the both received signals, which is then delivered to the

beam selection control circuit 24.




22 in a conbiner circuit 202. A.phase shift which occurs in the variable
phase 20 shifter 201 is controlled in accordance with an out put QGQﬂWFmﬁ
conmbiner circuit 202 so that the conbiner circuit 202 delivers a zero
output. It is to be wunderstood that the both inputs to the conmbiner circuit
202 are pre-processed to an equal anplitude. Accordingly, when the.both

I nputs to the conbiner circuit 202 are of opposite phases to each other, it
provi des an output of zero, and a 25 pg?se shift which prevails in the

vari abl e phase shifter 201 represents phase difference O between the both
received signals, which is then delivered to the beam selection contro

circuit 24. 2 g@eﬁg nohiRgaes thearspasisy] deand 4 -2 aee egudnnas
21-1 and 21-2 gpéég?ﬁua egtgle-’ggg‘%ggor | ess, the eE)hase di fference (or phase

shift) ¢ oft 188 the@phase differease ¢oriphase shift) 6@ bapecmato-ORE arrivi ng _
angle, as shown in Fi 8 5B. When the phase |fferenceg$$r. Egﬁse\gﬁlft) Ois
equal t eoirespbhderce wrintespecteiot theraroiving angle, 28 howay &1 £e8miPan XRfle of 0
with respect to a perpendicul ar or bi sect.ar of,a |.ine_ [0inj:

ant ennathe@phaseadifferenze (o phase ﬁﬁ@é i $9aldRdE tpS@@Hf%bﬁjgetlgﬁaés@ﬁg hift) O
becomes less than. it, the arring ng.dir ' | : @fathe
per pendf@dioavave ﬁn@érﬁ’/”e@@?xpf?sw?%eﬁﬁgéfe&nd? ij P gé%rﬁiééﬁl(aglﬁgd?ﬁgggg p()jpaase
shift) ;.0 beco r n e amd W ier di€feremces foif adyusiedt he

ri ght f;IBﬁJPHg%h%eaﬁ‘gé@é?gchgr#ﬁ(,ibxggg?'di ‘r?(gél ﬁge%%ebeam SW tg%erdalZ is

operate {fg)eg t fe @O B{Hn £ Stheldriving lireutionnsta fis toithadeftdomhe
narr ow g#é?%gge m gosef:?ﬁav%silgﬁfp cor‘frt’esponds t% the arrivi ng. dir cgi on V\Irﬂach
has beerhepkipardiduby, she cphuemselylas the phese ddfersaredpea M&%‘gp A SN, 1 n
this manner, the transmtting beam,35 j. of. thei_g?tgse tatio[rh&?lu{ nment can be
nmade t o6t bexkmes greatenthann, Bre aTRY RS KILTEEI015S P eggg}}t avels. It

Sorth cpermruiiuby s ABFRERY. D SRS AL L Pt oatemeene
shi ft) LLRAW L 8%0¢d (HeOuAERRA 116 FAERRItherReRss ianglebdanr 35 ivehich mat ri x
corresponds to the arriving direction which has been estimated by the phase
difference (or adjusted phase shift) 6. In this manner, the transmitting beam 35-
i of the base station equipment can be made to track the direction of the mobile
15  station as it travels. It should be noted that the arriving direction of the radio
wave can be detected merely by determining the phase difference (or adjusting
the phase shift) without resort to adaptive signal processing and/or inverse matrix
calculation.
Where there exist a plurality of communication channels, an arrangement
20  as shown in Fig. 6 is used where parts corresponding to those shown in Fig. 5A
are designated by like reference characters as used before. What differs from
the arrangement of Fig. 5A is only the addition of a plurality of
transmitters/receivers 25-1 to 25-L each including a beam switcher 12, 2
transmitter 13 and a receiver 15, a combiner and distributor 26 and a switch
25  assembly 203. Outputs corresponding to respective narrow angle beams of the
beam switchers 12 of the transmitters/receivers 25-1 to 25-L are combined

together in the combiner and distributor 26 to be fed to corresponding ones of the



cal cul ation. Where there exist a plurality of comunication channels, an
arrangenent 20 as shown in Fig. 6 is used where parts corresponding to
those shown in Fig. 5A are designated by Iike reference charact gfsjislilised
before. What differs from the arrangenment of Fig. 5A is only the addition
of a plurality of transmtters/receivers 25-1 to 25-L each including a beam
switcher 12, a transmtter 13 and a receiver 15, a conbiner and distributor
26 and a switch 25 assenbly 203. Qutputs corresponding to respective narrow
angl e beans of the beamswitchers 12 42 the transnitters/receivers 25-1 to
25-L are conbined together in the conmbiner and distributor 26 to be fed to
correspondi ng ones, of, the 2.5 2005 ifesmanvedeasglkl- 1 to

11- 4. ANAE ﬁgaﬁ'éji @H&Pn??ir]n'ﬁ@lwt}e&)'angﬂﬁged%%(gﬁi@%gl-za s di str'lgbut ed by

t he combi per I_Si:r4 drfd diseseot idéetocherfedhi@at i on
receive Bpei-gla?fj—gﬁig lgfarﬁﬁsﬁrﬁgﬁlt%ﬁs}geﬁce(?g%lgﬁs 25-1 to 25-L. The chanré%l

al | ocat k?geb Vel ABERMIEAESN e aivehhng tlse transusBersiseceiners 2504 feddikre

rs

transm receivers 25-1 to 25-L for purpose of com‘runl(ﬁ:gtgltgn IS

cont rol e dharmebaslocatiohiwhictodeteninines Whech ehannsds are Hat Gntroller 126
repeats sequentially establishing the c | which is ed-10:0ne of
the 5t r apspéctivertsanemslarsfreceiyers £o-bip Egm%@’hgumqs&qfi %ﬁ%gglégégi ver
22, and each_ tine the channel i st ghld s | [ [ g he
recei vegostghied by érhatsﬁétﬁt@O‘%SﬂﬂfWﬁ@éﬁ?gn P@g%l{)\g/% gﬂfg ngéoéﬁgd lil)%ﬁ‘eltig:
transmtters/receivers.. 25; . | tRislachehel ohasfleen
al | ocat EEPERIS éSﬂP?%tll?lﬁ}ﬁSg‘Ea#éfS&l/\n&gyke g@é%nmm%&l@tagl be f edot o the djrection
measur| glgafl%?ﬂlrt %s’f ecelDErSTEAN &£2 S48 ithedireedon dindenirecdaer 2acRnd68cBut put
parts 53- ot'g' T a manner corresponding to the _respectivg_
transmi i 8E $he CRahNEN s afablishedthereinait denives Bie TesariadeFiaRel Bem e

i 5

direction on 15 which a nobile station with which, each of e
T ATe Commimicaiomyeceiten L5 fama of the FingBiaTTEanven 7ol 1925, for

stored iv?hitcrllleth(i)su channd o Shoan A1158aRa By c&MofifM the switch assembly 203 to
be fed to the direction measuring unit 23.. The beam selection control circuit 24
includes output parts 53-1 to 53-L in a manner corresponding to the respective
transmitters/receivers 25-1 to 25-L. A result of measurement of the direction on
15 which a mobile station with which each of the transmitters/receivers 25-1 to 25-L
is in communication is located is stored in the output parts 53-1 to 53-L, and the
measured direction which is stored in the output parts 53-1 to 53-L is fed to the
beam switcher 12 of the respective transmitter/receiver 25-1 10 25-L.
The direction finder receiver 22 is arranged to operate in arbitrary
20 channel in a time division manner, and the phase difference 6 of its received
signal with respect 1o the corresponding receiver 15 in one of the
transmitters/receivers 25-1 to 25-L is determined in the direction measuring unit
23, thus estimating the arriving direction of the received radio wave. The beam
selection control circuit 24 controls the beam switcher 12 in one of the
25  transmitters/receivers 25-1 to 25-L for which the channel has been established,
thus selecting the narrow angle beam for purpose of transmission. In this

manner, as a mobile station which is in communication with one of the




measured direction which is stored in the output parts 53-1 to 53-L is fed
to the beamswitcher 12 of the respective transmtter/receiver 25-1@0
25-L. The direction finder receiver 22 is arranged to operate in 4dbl rwf‘y
20 channel in a tinme division manner, and the phase difference 8 of its
received signal with respect to the corresponding receiver 15 in one of the
transmtters/reéeceivers 25-1 to 25-L is determned in the direction nmeasuring
unit 23, thus estimating the arriving direction of the received radi o wave.
The beam selection control circuit 24}2ontrols the beam switcher 12 in one
of the 25 transmitters/receivers 25-1 to 25-L for which the channel has been

est abl i shed, ..thys sel ecty X I Purmagodeomade to
transmi g@?émlttpﬁv{%eéverﬁ?éggrt?t%sﬁg&%sﬁyst? %I?Siqg{r?é\}hpib%h is ?n conmuni cati on

wi th ong .l thiiifdialOF #0R Tndile senrf { UBhe knetamdivesrsts Bhowt in PREsL 5¢k avel s,

the tra eam may be nmade to track the direction of that rrgﬁile
st at i on,, Theregpedimnhgaspeent in Wigeh thenamodv englkparicanas dd-hite ddgrent
in whi ch the Harrow angl e antennas 11-1 to 11-4 fog&%tha Barr%\évq%@l e beam
f or m ngfehehemazssedigle Besmafaimting anternaagiesnbly 0k aRddae Ky f t he

w de angl e beam form ng antennas 26. An exanple_ jn_ whi part of antennas
whi ¢h f antemrmsiR k2afrnythef wice %&]2'3 Wéoﬁggﬁ%a%*%aé es as a w de angle

a1 beam areaRRTDS: P arhatcbg! Slehnfy ARLA Rl o bgeateunac:
ang e beaBIEPEERaAIS) SERRAS Bt wlat ndle Bedl dfichida HHIMA 0 iwdesizibadl ch nay

conpri sén rexanp antenna elenents 31-1 to_31-4 are

s BRI 10 OTR PIE o B o anoe (a5
i ndi cat ag 4¥ap antehmenylscloding wide shghnbeamisnirena clmeats %itg?ﬁ'?ﬁ_ oS
mul ti-beam antenna 33 has a _plurality of rrow angl e.15 d R
r esHbns end(@beamfamgrs hedieh may eompris BUyes g}@tﬂge fog ?)é%;ﬁﬁget-i nTI'1¥
anterma elements 31-1 to 31-4 are arrayed at a spacing on the order of one-half
the wavelength (1) of the radio wave involved and each exhibit a wide angle
directivity response (as indicated by a wide angle beam) 34 shown in broken
lines in Fig. 7A. The multi-beam antenna 33 has a plurality of narrow angle
15  directivity responses (narrow angle beams) 35-1 to 35-4 which are directed in
mutually different directions. As shown in Fig. 7B, the service area of the wide
angle beam 34 can be substantially covered by the narrow angle beams 35-1to
35-4 collectively.
A switched output from the beam switcher 12 can be fed through
20  duplexers 36-1 to 36-4, respectively, to any one of the four ports of the beam
former 32. For example, when the four ports of the beam former 32 are fed
from the duplexers 36-1 to 36-4, each input forms a transmitted wave as
represented by one of the narrow angle beams 35-1 to 35-4. In this manner, the
output from the duplexer 36-1 forms the transmitted wave corresponding to the
25  narrow angle beam 35-1, for example.

A received output from the multi-beam antenna 33 (corresponding to a

signal from the input port during the transmission) is fed through the duplexers




mutual ly different directions. As shown in Fig. 7B, the service area of the
wi de angle beam 34 can be substantially covered by the narrow angl e beans
35-1 to 35-4 collectively. A switched output fromthe beam sw t gRheiAN18(5can
be fed through 20 duplexers 36-1 to 36-4, respectively, to any one of the
four ports of the beam former 32. For exanple, when the four ports of the
beam fornmer 32 are fed fromthe duplexers 36-1 to 36-4, each input forns a
transmtted wave as represented by og& of the narrow angle beans 35-1 to
35-4. In this manner, the output fro fihe dupl exer 36-1 fornms the
transmtted wave corresponding to the 25 narrow angl e beam 35-1, for

_ _ 35-1, for
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, to be converted back to ttfl éegei ved ﬁL?g%?l
accor di ?@Sj&l ST e eidd ahdle beaes patmaotlemantaiddel 2RI Kelth SRR
el enent s 1-f and 31-2, for exanple, or carresponding.t g-Eﬁaw de angle
beam 34co%g©ﬁdiﬂ§tdﬂfreewéﬁ:iasglgﬂwb*t@n@‘joor&é‘@p‘bﬁ 'er{ﬁcgld"eghé afitenna el ement s
31-1 and 31-2 is fed to the co ni cat i [ [ ' fnsugichgoni s
fed 50 tcherespoadiigto thenarienpa ?W’@P?SZ%?& fm&?%t' %?%géék%\@eéde? hat a A "
coordination is_m sp that ch | .+.L0: ﬁﬁ.}ﬂ' deiven? 2 at o to be

i nf or natre@ﬂ\’sﬁdﬁo\f*’ggﬁéﬁﬁ&?ﬁ%rs]tsi%@tql%(}%leirgr%?%r mt?gge%i ch is received by the

conmuni cat i recei vey: ' Lv@nae] trhforthiatien, synchroniaatieRcei ver
22 10 urﬂ%?g&%t %ﬁ%&{lgéﬁghzﬁ?iﬁ%%ng?%ns. A spaci ng between the antenna

el ement ﬁPﬁ‘i}’%’éﬁ‘@M Fﬁ}]j@r diSarie] teReinsanitet informatienhathic sreBINEdNINE or | ess,

and acc e arriving direction of the radi.o wave ¢ i mat ed
by et oQlrheniicabbnsecsivef 8 BanaisbmaRbert biidns NI OBN T RERNEIZ byt he
direction neasuring unit 23, genetally in the simlar
10 under the same terms and conditions.
A spacing between the antenna elements 31-1 and 31-2 is on the order of
one-half the wavelength or less, and accordingly, the arriving direction of the

radio wave can be estimated by detecting the phase difference between the both

received signals by the direction measuring unit 23, generally in the similar
15 manner as described above in connection with Fig. SA. Thus, an output from
the transmitter 13 can be fed to the narrow angle beam which is oriented in this
direction.
Where there are a plurality of communication channels, a resulting
arrangement will be as shown in Fig. 8, and what differs from Fig. 7A is the

20 addition of a plurality of transmitters/receivers 25-1 to 25-L each including a

beam switcher 12, a transmitter 13 and a receiver 15, a combiner and distributor

26. a distributor 26a and a switch assembly 203. Corresponding outputs from
mbined in the combiner and distributor 26

the respective beam switchers 12 are co
Outputs from the

to be fed to corresponding ones of the duplexers 36-1 to 36-4.
75 beam former 37 which are to be fed to the communication receivers 15 are

distributed by the distributor 26a to the communication receivers 15 of the

respective transmitters/receivers 25-1to 25-L.




15 manner as descri bed above in connection wth Fig. 5A. Thus, an out put
from the transmtter 13 can be fed to the narrow angle beamwhich Jjs
oriented in this direction. Wiere there are a plurality of com‘ruﬂigcé‘w 1N
channel s, a resulting arrangement will be as shown in Fig. 8, and what
differs fromFig. 7Ais the 20 addition of a plurality of
transmtters/receivers 25-1 to 25-L each including a beamsw tcher 12, a
transmitter 13 and a receiver 15, a cophiner and distributor 26, a

di stributor 26a and a switch assenbly 3. Corresponding outputs from the
respecti ve beamswitchers 12 are conbined in the conbiner and distributor 26

to be fed to caty ! ese@fiven22 duptrexged t8@pErate iBEMAIbOEERUt s from
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used for_the.. ngni s si wlgieanfolinera pairwhitk hhiscomsmanpeation t h
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multi-beam antenna 33 comprises a narrow angle beam forming antenna
assembly 205 while the combination of the multi-beam antenna 33 and the beam
former 37 forms the wide angle beam forming antenna assembly 206.
Preferred examples of the direction measuring unit 23 shown in Figs. 5
15 to 8 will now be described. The principle of operation for one example is
shown in Fig. 9. A received signal which is input to the direction measuring
unit 23 has a received power which undergoes a variation due to a fading effect
or the like, as indicated by a curve 41 in Fig. 94, for example. The
determination of an i-th reliable measured direction ®i will be described. An
20 instantaneous received power is measured a plurality of times (which are chosen
to be N=five times in Fig. 9) at a time interval of T to determine values ail to
aiM. A typical value is obtained as a mean power Ai of ail to aiM (Fig. 9A).
At the same time, an instantaneous phase difference between the both received
signals is measured to obtain an instantaneous measured direction ¢il to $iM,
25  and a typical value is obtained as a mean measured direction @i of il to ¢ iM
(Fig. 9B). In this manner, a mean power and a mean measured direction are

obtained as Al, A2, -~ ®1, ®2,... atthe time interval of T. A plurality of




Preferred exanples of the direction neasuring unit 23 shown in Figs. 5 15
to 8 will now be described. The principle of operation for one ex | gy |
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unit 23 has a received power which undergoes a variation due to a fading
effect or the like, as indicated by a curve 41 in Fig. 9A, for exanple. The
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power rection 4)1 at _tinme tl are djscarded whil n
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2041 015t desbichoanoobtayacd anenuare 9T A Ene Cha e IERd e o Tam fame
accord %’4 ts‘?ortegeinq 2C11r1iegleoqyaalrg%r()irﬁ}%"egi?ltga‘fﬁgtleach other again, thus
determining a new reliable direction according to the described algorithm (it will
be seen that in Fig. 9, the reliable direction is determined to be ®2). The time
interval T and the number of data N which is used in determining the maximum
15  are chosen such that the correlation between the mean powers is minimized.
The fading structure which occurs is determined from the plurality of mean
powers (which is N=3 in the present example) which are compared against .each
other, and a choice is made so that a mean direction which lies in a depression
: caused by the fading effect is not selected. By choosing the parameters Tand N
20 suitably, the selection of a measured direction which occurs during a depression
in the received power where a large error is likely to occur as the reliable
direction is avoided. In the example shown in Fig. 9, @5 is not selected as the
reliable direction because the received mean power A3 islow. Foreach
measurement which takes place at the time interval of T, a decision is rendered
25 whether or not the reliable direction is to be updated on the basis of the mean
powers obtajned during past several measurements, (which is N=3 in Fig. 9).

Fig. 9B shows the mean measured direction and Fig. 9C shows the reliable



be seen that in Fig. 9, the reliable direction is determned to be 02). The
time interval T and the nunber of data N which is used in determning the
maxi mum 15 are chosen such that the correlation between the nean @ﬁﬁfﬁf!@f
m nimzed. The fading structure which occurs is determ ned from

plurality of mean powers (which is N=3 in the present exanple) which are
conpared agai nst each other, and a choice is nmade so that a nean direction
which lies in a depression caused by the fading effect is not sel ected. By
choosing the paraneters T and N 20 suil@bly, the selection of a neasured
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powers which are used in detecting the maximum mean power is preferably
chosen to avoid a depression zone in the received power and to enable the fading
structure to be recognized from the mean powers being compared. For these

15 reasons, the number of mean powers is chosen in a range from 3 to 10. The

mean powers are measured a plurality of times (M-times) at the time interval of T

in order to reduce the influence of noises, and should be made a plurality of times
as close to each other as possible. The number M of measurements may be on
the order of 10 to 20, for example.

20 An exemplary functional arrangement which is used to determine the
reliable direction is shown in Fig. 10. Both received signals which are input to a
direction measuring unit 23 are applied to a pair of terminals 42 and 43 of an
instantaneous direction measuring unit 44 where an instantaneous phase
difference between the both received signals is measured a plurality of times (or

25 M-times) to determine an instantaneous direction on the basis of the
instantaneous phase difference. M values of the instantaneous measured

direction are averaged in a direction averager 4, and a resulting mean direction 15



powers which are used in detecting the maxi nrum nmean power is preferably
chosen to avoid a depression zone in the received power and to enable the
fading structure to be recognized fromthe nmean powers being conpfsqg ?ﬁﬂr
t hese 15 reasons, the nunber of mean powers is chosen in a range f on1§ 0
10. The nean powers are neasured a plurality of tinmes (Mtines) at the tinme
interval of T in order to reduce the influence of noises, and should be
made a plurality of tines as close to §ach ot her as possible. The nunber M
of measurenments may be on the order of810 to 20, for exanple. 20 An

exenpl ary functional arrangement which is used to determne the reliable
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mean direction is 2 5 JAN 7005 18 stored in a. di i 0 FEry 46. The
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measur e NP ntaneous power” are averaged in a

S power averager 48, an ' Y&t td thesteermnéntls 4 2aapdWés OFI FO
menory ﬁ?p#ggﬁﬂgfén&@%ﬁgwgdpﬂgﬁgﬁﬁ eous power nay take pl %ce W th

respect .t &me{ pie withifeepe@aei & eamsoon atearappliuedhereft heA conmalier® 42 and
43, or & ta B pl ace vvitﬁ respect to a sum or, g rreaggval ue tthere%f. A
cont r ol loperdtes theénstaasardoasi distciruameagsrigredt #8ANEASIPPRG AN T 44 and

t he i nstantaneous 10 power _neasuring.unit .47.at _t ' ' of T, and
t hel But pwaelfmmasuriagpunit 47 at the timé interval of ’f, anc??né bﬂﬁ:dt?tf%ﬁﬁhe
the direction FIFO

direction averager-45 and the power averager 48 are stored in
memory 46 and the power FIFO memory 49, respectively. The time of
measurement when a maximum one of the mean powers which are stored in the
power FIFO memory 49 is obtained is detected by a maximum power time

15 detector 52, and the mean direction which prevails at this point in time is read out
from the direction FIFO memory 46 to be delivered as the reliable direction from
an output part 53, and as an output representing the measured direction
determined by the direction measuring unit 23.

Fig. 11 shows a processing procedure which takes place in the

20 arrangement of Fig. 10. Initially, the instantaneous direction and the
instantaneous power are measured (S1). The measurement is repeated until the
measurement takes place a given number of times M (S2). After the given
number of measurements, a mean direction from M values of the instantaneous
measured direction is calculated to be stored in the direction FIFO memory 46

25 (S3). A mean power of M values of the instantaneous measured power is
calculated to be stored in the power FIFO memory 49 (54). A point in time

when a maximum one of M values of the mean power which are stored in the



direction averager-45 and the power averager 48 are stored in the direction
FIFO nenory 46 and the power FIFO nenory 49, respectively. The tine of
measur enent when a maxi mum one of the nean powers which are st orlet JAW i0he
power FIFO nmenory 49 is obtained is detected by a maxi mum power tinme 15
detector 52, and the mean direction which prevails at this point intimeis
read out fromthe direction FIFO nenory 46 to be delivered as the reliable
direction from an output part 53, and as an output representing the
measured direction determned by the dBrection measuring unit 23. Fig. 11
shows a processing procedure which takes place in the 20 arrangenent of
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JAN 200%eflfnpoyes stelpFel BFpry 49 is retrieved (S5), and the nean direction
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as a mean power Ai of ail to aiM (Fig. 12A). At the same time, an
instantaneous measured direction ¢il to $iM is measured from the phase
difference between the both received signals, and a typical value is obtained as a
mean measured direction @i of ¢il to ¢iM (Fig. 12). The mean value and the
15 mean measured direction are obtained at the time interval of T in this manner.
Assume that a mean power M3 is obtained at time t3, and if A3 is greater than a
threshold value Th,, the mean measured direction @3 which prevails at time t3 is
determined to be a reliable measured direction and is used to update an output
measured direction, while if A3 is less than the threshold value Th,, the
20 measured direction is not updated. When the time interval T and the threshold
value Th, are suitably chosen, a measured direction which occurs during a
depression in the received power where a large error in the measured direction is
likely to occur cannot be selected as the reliable measured direction. By way of
example, in Fig. 12, the mean received power A5 which prevails at time t5 is less
25  than the threshold value Th,, and thus, the mean measured direction ®5 cannot
be adopted as the reliable measured direction. Instead, the direction measuring

unit 23 delivers an output of @4 at time t4, and does not deliver an output or



10 the tine interval of T to obtain values ail to aiM and a typical value
Is obtained as a nean power Al of ai 1 to aiM(Fig. 12A). At the sane tine,
an instantaneous measured direction G| to 4iMis measured from$RhepRtiame
di fference between the both received signals, and a typical value Is
obtained as a nean neasured direction (D of coil to 4iM(Fig. 12). The
mean val ue and the .15 nean neasured direction are obtained at the tine
interval of T in this nmanner. Assune that a nmean power M3 is obtained at
time t3, and if A3 is greater than a 2Z8Breshold value ThA the nean neasured
direction 03 which prevails at tinme t3 is determned to be a reliable
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nis calculated by a direction averager 45 . The neous
against a threshold value Thy fed from a thresho] presetter 36 g dofspaatc

55. Ifitis equal to or greater than the threshold value Th,, the mean direction
delivered from the direction averager 45 is used to update the measured direction

which is retained in an output part 53, whereby it is delivered as a reliable

15 measured direction. Ifitis found in the comparator 55 that the mean power 15

less than the threshold value Th,, the measured direction retained in the output

part 53 is not updated.

An exemplary processing procedure which is used for the arrangement

shown in Fig. 13 is shown in Fig. 14. The instantaneous direction and the

L] . . d
20  instantaneous power are measured a given number of times (M times) (S1 an

S2). A mean direction for M values of the instantaneous direction and a mean

power for M values of the instantaneous power are calculated (83 and S4). An

examination is made to see if the mean power is'equal to or greater than the

threshold value Th, (S5), and if the mean power is equal to or greater than Th,,

25  the output measured direction is updated (S6) while if the mean power is less

than Th,, the output measured direction is not updated, thus waiting for the time

interval T to pass, whereupon the operation returns to step S1 (S7).




power is neasured Mtines by an instantaneous power neasuring unit 47, and a
10 nean power is calculated in a power averager 48. The nean power i

s
conpared against a threshold value ThA fed froma threshol d prqggtéﬁrgEG in
a conparator 55. If it is equal to or greater than the threshol 9 J ThA,
the nean direction delivered fromthe direction averager 45 is used to
update the neasured direction which is retained in an output part 53,
whereby it is delivered as a reliable 15 measured direction. If it is found
in the conparator 55 that the mean powel is I|ess than the threshold val ue
ThA, the neasured direction retained in the output part 53 is not updated.

An exenpl ary processing procedyre which.is .used r_.g: nt shown
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I nst ant aneous neasured direction i asure | whix Rififereg@eal to
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~iM and a typical val ue is _obtai : RAS ditogeat ima (DI of 4
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less than a threshold value Th¢, the mean measured direction ®3 which-1s now -
obtained, is determined to be a reliable measured direction. The memory 18
sequentially updated in a first-in and first-out manner. For example, at time t4,
the mean measured direction @2 obtained at time t2 is discarded from a memory

15 while a new mean measured direction @4 is stored. At time 14, the difference

between the two mean measured directions @3 and ®4 in the memory is obtained,
and the difference | A® | is compared against the threshold value Th¢. Inthis
example | A | < Tho, and accordingly the output measured direction is updated

to @4 (Fig. 15C). By suitably choosing the time interval T and the threshold

20  value Tho for the difference of the mean measured direction, a mean measured
direction which occurs during a depression in the received power where a large
error in the measured direction is likely to occur cannot be adopted as a reliable

measured direction. In the present example, the mean measured direction ®5

obtained at time t5 occurs for a Jow received level A5, and a difference over the

75  mean measured direction ®4 increases to cause | A® | to exceed the threshold

value Tho, whereby it cannot be adopted as the reliable measure direction, as
, .

indicated in Fig. 15C.




measured direction 03 is obtained and is stored in a nenory. A difference
bet ween 13 and a nean neasured direction 12 for two values stored in a 10

menory or I A(DI ~ (D - (D - 11 is then calculated. If the dizfgﬂhez@fl
L4 1 is less than a threshold value Th4; the nean neasured directlon

whi ch-is now obtained, is determned to be a reliable neasured direction.
The nmenory is sequentially updated in a first-in and first-out manner. For
exanple, at tine t4, the nmean neasured direction 02 obtained at tine t2 is
di scarded froma nenory 15 while a newdean neasured direction 04 is stored.
At ‘time t4, the difference between the two nean neasured directions 03 and

14 in the nenory is obtained, nd the diffear | red

agai nst the thHdsrelke K)@Weaetﬂ%w?{enllhetrﬁgél\;@xéér}gﬁre%s @8@(251 Ilﬁe?n hg,hand
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over the 25 nean neasured direction 04 increases to to exceed
t he t hr elebigihted dydek a heferemas ehinFarters ah Hé?gg’@?%ptégqggtabﬁ%ﬁ%&e % abl e

measure direction, as indicated.in Fi.g {ded s to be
not ed t lreckioanisiINEAPWES; f?@ﬁl aﬁesdlwgge Ré%ﬁe%rﬁgllseggg% 1i‘%f%gfr1 een(;e |

i ncreases or, the nea as i : ' $t 44 M tirges bt a efime hpterva
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parts cmgpiﬁ%ﬁ lrlgng%vlf\%ggglghovm in Fig. 10 are desjgnat edl%)éblli ke

r ef gpencs, shaLastaktoAse sered bebnRIFO\memeraAbancbis difference
between the two mean measured directions contained in the FIFO memory 46 is
calculated by a difference circuit 58, and the difference| A®| is compared
against the threshold value Th¢ supplied from a threshold presetter 6lina |
comparator 59. If | A® | < Thé holds, the mean measured direction ®i whicl"f 1s
15 then stored in the memory 46 is used to update the measured direction which 1s
retained by an output part 53.  On the contrary, if] A®@| > Tho, the output part
53 is not updated.
An exemplary processing procedure which is used with the arrangement
shown in Fig. 16 is shown in Fig. 17.  An instantaneous direction is measured
20 on the basis of a phase difference between both received signals a given number
of times (M times) (S1 and $2). M values of the instantaneous measured
direction are averaged to be stored in a memory (S3). A difference | AQ

between the current and the previous mean measured value is calculated (S4),

and an examination is made to see if | A@ is equal to or less than the threshold

25 value Th¢ (S5). If | A®| < Tho, the measured direction from the output part 53
is updated by the latest mean measured direction. If | A®| < Thé does not hold,

the measured direction retained in the output part 53 is not updated, but the



direction is neasured fromthe phase difference between the both received
signal s by an instantaneous direction neasuring unit 44 Mtines at a tine
interval of T. Resulting Mvalues of the instantaneous measuredz iJﬁqe_ﬁﬁuiﬁon
is averaged in 10 an averager 45 to be stored in an FI FO nenory 46. e
difference | A(D between the two nean neasured directions contained in the
FI FO nenory 46 is calculated by a difference circuit 58, and the difference
| MD I is conpared against the threshold value Th4 supplied froma
threshold presetter 61 in a conparato2359. I|f 14(D 1:5 Thy hol ds, the mean
measured direction (DI which is 15 then stored in the nenory 46 is used to
update the neasured di.recti whi ch i | rfaafis@3. On the
cont r ar ¢lapse of thg tims 1¢myafﬁésmlg?ﬂ f%ﬁ}?érggﬂ?lgﬁ%‘? pgﬁg%%d. An exenpl ary
processi ng {?gg_ﬁlure which is used with the arrangement shown in Fig. 16 is
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current "and the previ ous nean neasured val ye ,is cal cul.ated %%4# and an
exand natheRshéndBiietd thoseshdwi iEIg, k6 erpudesigpaigd by el & threshol d
25 value Th4 (S5).” If | & < Th4, the maasure&. di rect-é Wsppéplm ]gylt part
53 is ohdedotershas ndeal beforet EMMINFEARARENGIFECH PR A < LFE4 does not

hol d, the neasured direction retained in4he:out: Andsviedluepdat ed,
but thead IBSTANARODE @geﬁl%éﬁeﬁﬂlr{%‘l’?‘i‘% é}ﬁ%@#\}gﬁqgflgw\gi ted for,

wher eupon, | he operation re : n AR Addhgérodtito benct i onal

ar ranger?gﬁ%ef1’8$t%flff’életﬂﬁursé@??%hgﬁe&alg%%tﬁr{g&tﬁ\gergégdc\%i ch obtgai ns a reliable

measur ed, diragt RPE LSRN 19, FiTbusl o REFE mantory 3 stores; fadiagstt o t hose
1 esig

shown i T*F. ar & ated by Iike reference hus storing a
10  mean measured directions ®i+1, @i, ®i-1 and ®i-2, for example, thus storing

time sequence of four latest values of the mean measured direction.

Differences between each pair of adjacent mean measured directions in
the time sequence are calculated by difference circuits 58,, 58, and 58;. A
minimum one of these differences | Ad)}i = (®i+1)- oil, | A®D,) = @i (Pi - 1)|
15 and| A®J= (®i-1)-(Pi- 2)| is detected by a minimum value detector 63.
One of the two mean measured directions which are used in forming the
difference having the minimum value is chosen as a reliable measured direction,
and thus is read out from the FIFO memory 46 to be delivered to an output part
f 53. For example, if the output difference | A®, from the difference circuit 58,
20 is a minimum value, one of the mean measured directions @i and @i-1 which are
used in deriving the difference, preferably the latest one @i, is read out from the

memory 46 to be delivered to the output part 53.  Alternatively @i-1 may also

be delivered. |
An exemplary processing procedure which is used with the arrangement
25  shown in Fig. 18 is shown in Fig. 19. The instantaneous measured direction 1s

measured M times (S1 and S2), and M values of the instantaneous direction 1s

averaged to be stored in the FIFO memory 46 (S3). Differences (absolute



characters as used before. The instantaneous direction is nmeasured Mtines
by an instantaneous direction neasuring unit 44 at time interval of T, and
M val ues of the instantaneous neasured direction are averaged in an
averager 45 to be stored in a FIFO nemory 46. Thus, the FI FO merboJAN 25
stores four |latest 10 nean neasured directions (D +1, (D, (D -1 and V-2,
for exanple, thus storing a tinme sequence of four |atest values of the nean
nmeasured direction. Differences between each pair of adjacent nean neasured
directions in the tine sequence are cadfcul at ed by difference circuits 58,,
582 and 583. A mninumone of these differences | AO11 = ((D + 1) - (D |

, | AMRl A (Di D - 1) |.15.a e ddd; | {1 the)timei
det ect el abiﬂ(sg bﬁ(ﬂ(’ﬁeﬁﬂrﬁa\?glﬁ?ér ag?@%ggpﬁ‘g%an]r&%gé%ﬁedﬁ geq[t\{/\(ér@ rrlelgn 3nlaa: qu ed
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the FIFQ : kaer ed Tngearoneudpof thatwo rBgan Faeasti&fpl e, i f
t he outr? Eﬁg“{pleﬁ%ﬁ?geg%o%%at?fomthe di fference cirguit 58?& 0 i-s-r%blg%ni mum

val ue, mﬁc?ifofgfsf@i ARdADIE asHictda usedt inoreachig theadidisrence Rl dae ZrERy | n

deriving e difference, preferably the Iﬁksst one éDi isT\]}re %HB fromthe

menosy 464 ddeliebiodasd mansuhed dinegtiond&0)- sSULAP Plaeive Sl@j"( Ny

al so be delivered. An exenp] ary.processin r [ is used with the

ar r angenmenfrns6 st¢pind aﬁﬁewgltlm&f&st%ﬁ%ﬁ 1%%6%&?18?({%;& s\ggg??nst ant aneous

nmeasured directiqQn i.s ., neasur ed;-M 1| and S2), and M val ues of the

i nst ant a‘hk@ﬂh’fitweﬁﬁcfmohmas}’ gg@gpg&&ﬁ?@“&g gs6t'ored in the FI FO menory 46

(S3). Differences a : dialenes,) theelivendrorennclaSPEng of

adj acent mean 59&02%8#%§8t€?g%é%58?ﬁ2nﬁ0m sequence Stprf«dg ieibat he, FI FO
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whi ¢ argaHsRAnkAnteseisdirediomidasnsngast SAHBeRTHF g Mstantancous
" phase difference between both received signals to determine an instantaneous
direction on the basis of such phase difference, the measurement of the
instantaneous direction is preferably repeated a plurality of times and a mean
value of the plurality of instantaneous directions is obtained in a direction
15 averager 45. Alternatively, the instantaneous phase difference is measured a |
| plurality of times and a mean value over these instantaneous phase differences 1s
determined, and a mean direction may be determined on the basis of the mean
phase difference. Ina reliability presence/absence decision unit 65, the
} presence or absence of the reliability in the mean direction is determined |
20 according to one of the techniques illustrated in Figs. 9 to 19, and the direction
which has been determined to be reliable is delivered to an output part 53 as a

measured direction. In the embodiments shown in Figs. 9 and 12, the

instantaneous power of recejved signals has been measured, but alternatively, the

instantaneous amplitude of the received signals may be measured.
25 As an example, Fig. 21 shows a result of experiments which determined

a measured direction by the instantaneous direction measuring unit 44. In Fig.

21, the abscissa represents time in terms of the number of symbols, and the



5 value is delivered as a neasured direction (S6). Subsequently, the
operation returns to step S| after waiting for the tine intervzb T tﬁ pass
(S7). Alternatively, (Di-1 may be delivered at step S6. As disc Y WHove
for various enbodi nents, the direction neasuring unit 23 is designed to be
controlled by a controller 51, as shown in Fig. 20, such 10 that an

I nst ant aneous direction neasuring unit 44 neasures an instantaneous phase

di fference between both received signals to determ ne an instantaneous
direction on the basis of such phase d2$ference, the neasurenent of the

I nstant aneous direction is preferably repeated a plurality of tines and a

mean value of the plurality of ins ne [ hlershoven,aheaichad in a
directi ordmateamrawtﬁﬁ@ "ﬁlatséllr?fippf?gﬂ§ﬁ' t ﬁgstll’lgg?%ﬁg%lneous phase difference

i B Exepmene o ol e
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deci si o#‘a}ﬁ'}’? r%%%ﬁt%ggxl’%@@]tgéhgr@hgbsence of Fﬁe reliabili &/bi &Htigqhgean
directi Qf?riiaﬁ dehe @rﬂeﬁﬁed&ﬁﬁmiﬁmg ttds bebeyed that g FhPRGesPT trated in
Figs. 910 8 and the direction, which hags bergcge dew”]‘?%éjvéﬂa{?ﬁnhﬁhkﬁble
i s deliyesadréd duecivhiesnnod rensin gonatan ~"Tn"the
del i yes Akt WP TEPP S

enbodi nents shown in Figs. 9 and 12, the ins tn@hebgsei ved
si gnal s thasnfieencarefisenesver BOISCH tépﬁéﬁﬁféﬁ? ﬁ'l%ﬁ@?%i'?%ﬁ%‘ﬁe%us anpl i t ude

of the received signals be 2 ederEre averagedin eidelis a
resul t aﬁewédim@wgi% aEt gE@ﬁée‘ggyﬁhégﬁ e(t:I1 di regt i on %%/ t he

i nst ant aneous _di r.ect.| ' Ni Jn fds indlafte.a rezblt ehexpaTsBERalor
r epr esed® SUPPRES etlgmggge%tﬂded?%?ﬁbe}rn of ;yrrbol s, and the 2 5

5 25
or di nat Shé?‘ﬂé ﬁ%ﬁukwd%éﬁéhﬂ ierqaapupfrom the Hiresi@MAVET 3BT %I?rﬁtg'%act ual

ﬁ‘r)[ IPéI _ntrl%‘elléirvtee%esliggaﬁl wigfeh %ﬂ%&a&é%&ﬂﬁ%ﬁ%@%@ﬁ 'ig a8 ngh(k)x}fxq gle
sttt CI?ir,c];t. 29. It will be seen from the results shown in Fig. 22 that a variation in the
measured direction can be reduced by averaging values of the Instantaneous
measured direction. However, Fig. 22 shows that there still remains a large
variation which cannot be suppressed even after the averaging operation. Itis
15  believed that this is due to a substantial reduction in the received power, namely
during a deep depression in the received power or due to a depression caused by
a fading effect when the arriving radio wave has an extended spatial reach.
By contrast, when the techniques illustrated in Figs. 11, 14,17 and 19
are used to determine and deliver a reliable measured direction, experiments
20 conducted for received signals of the same conditions indicate a result as shown‘
in Fig. 23 for each of these techniques where there is no rapid variation (l)r there 1s
no large error, and the actual arriving direction of 45° is obtained in a fairly

stabilized manner. The experiments have been conducted with M=10 and N=8.

It is seen from such result that the techniques illustrated in Figs. 11, 14, 17 and 19

75 * allow a stabilized measured direction to be obtained while reducing the

probability that a mean measured direction which 1s obtained during a substantial

, . : o o
depression in a received power 1S determined to be reliable, thus providing nois



variation in the neasured direction. It is believed that this is partly
because the 5 neasured direction cannot remain constant, but undergoes a

| arge variation under the influence of receiver noises. For th?gdmﬁqmﬁg,
val ues of the instantaneous neasured direction which are obtai ned by 10
repetitions are averaged in order to suppress the influence of noises. In
this instance, a result of experinents for the nean neasured direction or
the output fromthe direction averager 45 for the 10 received signals which
are under the same conditions as for F2§g. 21 is as shown in Fig. 22. It
will be seen fromthe results shown in Fig. 22 that a variation in the

nmeasured direction can be rfeduced e% averagi ng val ues of the instantaneous
measur erbsiitapce aswelHaser TeTenee TS 18A6%s t hat there still remains a | arge

vari ation which cannot be suppre he whidtewi retpinpdrinthen. |t
is 15 bel i evedlrtﬁlﬁa %Y%Spgcrﬁgtéorf,gtﬁg lggﬁqrgﬁﬁgelc&duﬁi on in afiﬁela{}‘é%tei ved
power, nanely i a n?e%@, | DA ithedacaki vEOWRIE; ToRe 0 a
depressPBFP‘Ea{Q?é‘gggtf&gdlée&g%an epﬁzl%tﬁ\%gn 1t @ arriving radio ve has an

le:i(; ghdi%t%fl)rﬁggi{begﬁgﬂgegﬁi%@id@ﬁit,hevvdilﬁput partt ELHnfRuRA1IGN MRt Phted in

are used to determ ne and | ivar i
reasy efl i 0t At bl enivBcantiobatauad st sy oy et g ph Bt
sane conditions Indicate a result as showmn in Fig. 23 for each of these
t echni q@ﬁgnwher@tpbepmiﬁéi.no rapid variation or there is no large error,

and the actual arriving djrectiop_of .45 j ' i thereyeiverabbl i zed
manner. The emeferrmggaﬁh&@%éegBem@a&\%btﬁE%gﬁgﬁ%ﬁ EI\II;S. | t iﬁéseen

fromsuch result that .the techni ' v pelarity, invéerten £3and 19
25 ' al land 22.Soasrample, FFleé‘tG‘?re%ﬂ ?‘?‘e‘g%’}%ﬁq? belgglt ai ged whi | e Fng cing the

probabi | i t.y .t hat ,a r ' b Bomtrot which owastibeceppl
substan@iséﬁdqugf)‘?é%gﬁeﬁﬁgg’rgge%ggﬁgom? i s_det ermined t.o_he ¥2b| Qge,
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thupgPr Qi (il phase ehifér 30Ncafi e Rduced: s (Ghecdiraetiqp measuring WPt &r i
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rest st ance. e above description, the.nmeasured di i L fBrdrite
r et ai neqidt@rrhiite the arriving angle on the basis of an ou putdlegef 64 phA e e

between those received signals which is detected by an an

It is necessary to invert the polarity of one of the both
g. 5B in this

alog phase difference

detection circuit. .
received signals in order to achieve the response as shown in Fi

A phase difference between both received signals can be determined
d determining

15 instance.

by converting each received signal into a complex digital signal an

the phase of each received signal to derive a difference therebetween. Itis to be

note that the relationship between the phase difference and the arriving angle

need not be as illustrated by the relationship shown in Fig. 5B. In other words,

20  aphase difference between both received signals can be determined without

inverting the polarity of one of the both received signals. In this instance, the

phase difference 6 is equal to 0 for the arriving angle of 0° in a direction of the

perpendicular. | f
It is to be understood that despite the above description, the number 0

25  nparrow angle beams is not limited to four, but any desired number of beams may

be used. The function of the direction measuring unit 23 can be served by

causing a computer to execute a program.




out put part 53 of direction neasuring unit 23 is updated. However, rather
than retaining the neasured direction in the output part 53, information
may be 5 retained in the beam selection control circuit 24 and rfeyJie2005
updated by an output fromthe output part 53. Referring back to Fig. 5B,
when the output fromone of the receivers 15 and 22, for exanple, receiver
22, is inverted in polarity in a polarity inverter 231, as indicated in
broken |ines, the amount of control which nust be applied to the 10 vari able
phase shifter 201 can be reduced. The 2ffrecti’on neasuring unit 23 may
determ ne the arriving angle on the basis of an output |evel of a phase

difference between those received signals I.Gh i Ry irvengioal og
phase diff er enAe disatssediabove aeeRrding {o hge ﬁgﬁgggg?ggfg}ffﬁﬁﬁﬁ the polarity

of one of the both receiyv Si gnal s 4 . dar earhH s ferbroase as
shown i en€&od res@ved Sﬂ%ﬁl%lsigomépaﬁcoeﬁ%ﬁ&p\)%gs\g}% rbgce bet ween both

recei ved signal s .can he. de ] ; %taidjge(gﬁnhﬁmdeeirmmiven.gnﬁy into
a conpl %Qn’@il‘@]i”tcéﬁlo?ir&ﬁg}vezswgée?@?%ﬂrﬁ*r%g%?he phase of each received signal

to derive a diff theeRBen Isigrials fioreheseotesei vens, Hieea M8 onshi p
bet weengfaY Iﬁlgsﬁ)gla%fegﬁgﬁlgeg@gnd the arti vi ng angl e ed nqt be as
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i nstance, the phase difference 0 is equal to i fof 0
| n°a i namovoangle bramspthasaaonaiitiag bever of beredecdfaft i WHEh e ST
e s e RS P RO Tpeta e by et
s e S e e
of {fe RhESRNLF BBNRBkeMphase difference. Because the transmiting narrow angl
beam is switched in accordance with a change in the arriving direction of a
received signal from a mobile station, it is possible to allow the transmitting
narrow angle beam to substantially track the direction of the mobile station. A
single direction finder receiver is used for purpose of finding the arriving |
15 direction of a received radio wave while utilizing other communication receIvers
for the purpose of finding the direction. As a consequence, the entire |
arrangement is greatly simplified as compared with the prior art shown in Fig. 2.

In particular, as shown in Figs. 6 and 8, a single direction finder receiver can be

used with transmitters/receivers for a plurality of communication channels.
20 When a reliable measured direction is determined, it is possible to direct
a transmitting narrow angle beam always accurately without failure.

Fig. 24 shows an embodiment according to a second aspect of the present
invention. In this instance, a pair of 60° beam (narrow angle beam) forming
antenna assemblies 205 cover a 120°sector service area and a 120°beam (wide

25 angle beam) antenna 21-2 covers the 120° sector service area while a |
combination of antennas 31-1 and 31-2 of the narrow angle beam forming

antennas assembly 205 and the antennas 71-2 enables a diversity reception. The




one of received signals froma pair of received wide angle beans is fed to a
comruni cation receiver while the other is fed to a direction finder

receiver. By nmeasuring a phase difference between signals frgr’g iﬂﬁ@ﬁ%
receivers, the arriving 5 direction of the received radi o wav ct ed.

By controlling a beamswitcher so that an output froma transmtter is fed
to one of a plurality of transmtting narrow angle beans, the transmtting
power can be reduced (due to a high gain of the antenna) and the

i nterference can be reduced (due to thé8narrow angle beam). In addition,
the arriving direction of the radio wave can be detected by sinple 10 neans

of detecting a phase djfference. B e 134 b i angl e beam
i s switahtanrias ﬁc&cﬁf&gaiez mque&ﬁgg@‘e‘i%%yg@%ﬁf&dg egii?;(l)vg Orfn a
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V\Athstheal-i@fiPJIbéffthéhQMd B34 vghere it i eonRaatee 4 e dUR'eR in“Frgs. 6 and
8, a single direction finder receiver c dr Wi ined

transni treepedtivedyj eachs of dhe Bl‘lpﬁlliﬁﬁl\&eta?“% S—télgprﬂ%?{%c%ﬁfgﬁe gﬁglrmg?s. 20 Wen a

reliable neasured direction js deterqm o hidi ssiddite the ldftramd to the
t r ansni tdireggivisy fw%ﬁél}@sﬁe@ﬁqﬁlmgmrﬁl%ﬁe ?\Aﬂt hout failure. Fig. 24

shows an._enpbodi nent accos e L0t &nSe speeideoingladepne2Bnd haviigeat i on.
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e
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of 60° beams (narrow angle beams) 35-1 and 35-2.

Each of transmitters/receivers 137-1 to 137-L for channels f11 to fiL

inclusive of control and communication channels includes a transmitter 138

15 which can feed transmitting power directly to the 120° beam (wide angle beam)

antenna 21-2 through the combiner and distributor 26 and the duplexer 36-3,
receivers 139 and 141, each of which can be fed with a received signal from each

60° beam port of the hybrid 134 through the combiner and distributor 26 and the

duplexers 36-2 or 36-1, and a receiver 142 which can be fed with a received
20 signal from the 120° beam antenna 21-2 through the combiner and distributor 26
and the duplexer 36-3.

Each of the communication channel {ransmitters/receivers 143-1 to 143-

L for channels 21 to 2M includes a receiver 144 which can feed a transmitting

power to the 60° beam port 134a of the hybrid 134 through the combiner and

25  distributor 26 and the duplexer 36-1, 2 receiver 145 which can be fed W1jch a
received signal from the both 60° beam ports 134a and 134b of the hybrid 134
through the hybrid 147, the combiner and distributor 26 and the duplexers 36-1 or




antennas 31-1 and 31-2 are connected through a hybrid 134 and through

dupl exers 36-1 and 36-2 to a conbiner and distributor 26 while h£ 120 beam
antennas 21-2 is connected through a dupl exer 36-3 to the conbi §JéMdW5
distributor 26. As viewed toward the antennas 31-1 and 31-2 from ports 134a
5 and 134b of the hybrid 134 where it is connected to the dupl exers 36-1 and
36-2, respectively, each of the principle beans 35-1 and 35-2 of the
conbined directivity response has a beamw dth of 60 and are directed to
the left and to the right, respectively, while the antenna 21-2 has a wide
angl e beam 20-2 having a beamw dth of 120, substantially covering the

narrow angl e beans 35-1_and 35,10 2. | | fesipi thet IHF of the
ant enna36-2 -ahdameELVor éﬂg W}Fn’é?hkﬁf’&rzl?%wdlyjﬂg%nsél teg%ieSE h;ﬂ;latrirogxgn I6g beam
form ng assenbly 2 i ch fio : N “f tlog D66 g Febbeans

35-1 a%bew@teéﬁéﬁﬁdﬁqh%ﬂﬁ%ér@ﬁxm fnd @lsubbl “ fo ,

recelivers 137-1 to 137-L for channels fli
1tofl i ncl usi ve of control and conmuni cati on channels includes a

transm £ter 138 15 which can feed transmtting power .di ref,&%ﬁ fo %$|_M120
beam (wi de angtﬁcggﬁff?omﬁfmrﬁ@ﬂ@oriﬂ;hénmdrtmr@mttteéS/éWﬂjVﬁ@r d @ 5t¥7But or 26
=3,

and the dupl exer receivers 139 and 141, each of ' ; ed with
a rece Y&dcﬁ'rg{bi& £5 1 a5 {8 lincladebadranssaitesf] %%‘@%Plng?la%i%‘g&aﬁ?@lﬂgﬁ‘é he

contil ner "an Istributor 26 and th dypl ex - < #hd ecei ver
142 whi pbvearohbef6f beam port éééb\ﬁ&&hﬁgﬁgﬁﬁﬁd‘ i&%&n%ﬁ%h%%%mggﬁn ant enna

21-2 through the conbjner and diskrd hutor: g plecfedrwilB-8. Each of
the comdistribatonAo angnihe d‘%lﬂﬁ?ﬁ%‘fr%’t%%slﬁegg%:\ge?vleﬁg% E@?E toel43- L for

channels f21 to.f2Mjinclu & iV Vi BMbaﬁthehgleidt}%ﬁmoﬂl@hng
power t &e¢HE él%gflnferFﬂﬁgﬁgooPg?@eﬁ%}g?ﬁg 134 through the combiner 5%Ind 25
di stri byt or 26?%?? ah igﬁgélﬁbﬁaé%dltheadm;ﬁemmaﬁ-1145BM&P AACBRVFEL fi th a
receive EiCGHh‘ omthe both 60 beam ports 1342 gtgd 134%@}1 tﬂg hybrid 134
thrg@gh \gﬂgh%’gﬁ{ ird fad Avithhereceimedsgnahfrom ¢ | Ot SFaBARI R e aupl exers
36- JAN 2005 A

> through the combiner and distributor 26 and the duplexer 36-3.

Another wide angle beam antenna 21-1 which covers the service area in

the similar manner as the wide angle beam antenna 21-2 is disposed close thereto

within a distance of one-half the wavelength and is directed in the same beam
15 direction. A received signal from the antenna 21-1 is received by a receiver 22.

A received output from a control channel receiver 142 is fed to a beam

selection information detection system 154, which obtains direction information

@ as both received signals from the receiver 142 and the receiver 22 are fedtoa
direction measuring unit 23 which is responsive thereto to determine whether the
20 direction on which a mobile station, which provided the received signals, 1s
located in the direction of the 60° beam 15-1 or in the direction of the 60° beam
35-2, and also obtains information Tf representing the traveling speed of the.
mobile station which is derived by a traveling speed detector 211 on the basis of

s variation in the reception level of the receiver 142 or fading pitch Tf. Itisto
its mentioned above can

As described

25  be noted that any one of various direction measuring un
be used for the direction measuring unit 23 of this embodiment.

above in connéction with the embodiment of Fig. 6, a base station controller 126




29 36-2, and a receiver 146 which can be fed with a received signal fromthe
120 beam antenna 21-2 through the conbi ner and distributor 26 and the

dupl exer 36 3. Each of conmuni cation channel transmitters/recei véds/ANA801 t o
148-M 5 for channels f31 to f3Mincludes a transmtter 149 which can feed
transmtting power to the 60 beam port 134b of the hybrid 134 through the
conbi ner and distributor 26 and the dupl exer 36-2, a receiver 151 which can
be fed with a received signhal fromeither 60 beam port 134a or 134b of the
hybrid 134 through the conbiner and d3®tributor 26 and the dupl exer 36-1 or
36-2, and a receiver 152 10 which can be fed with a received signal fromthe

dupl oxecorBels, s swshassamiY SNg1 0 B Ta eusidad s ol ralemet e ervi ce
area in .the simlar manner, as.: ol bpafe&nd enndirdttidni s di sposed
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recei ve i 5% 8¢ thlRhReaANnEdItRetdinn i nf or mati on detection system 154,
whi ch Ot?c;eﬁ%f |2rt§ctsf on information CD as both recai ved Sij gﬁt}i?nfromthe
mr‘rﬁg n

recejver 142 aqfettbealrtiaeiskets cftharl@0deam cantigl 2L BN g unit 23

whi ch is responsive thereto to deferm et her Ordi i whi ch a

nobi | e shahneintranfithens/reoeETs mé-mi‘?@-ﬁﬂ ary %Q{,{?zﬁsb@%ﬁ tiedc}n?rﬁ@f he

direction of the 60 beam 35.1 | N LT | O, &8mbeam 35-2, and

al so obbaamy 3 hiZe aFEhP¥H ’I?F}“gegsedé'enmgt%:ﬁ%#sa% |en%GP§Beed of t r&e §bi | e

station which is deriyed . Wl M3gtect 43-MEteassigne of

a vari aCPBHNPRIG3IOR 8%%%%&&5%%@%&&%%2@%;@ ver 142 or_fadin Esintfh Tt .

It is to. :@ b&% n‘?gh&%hhﬂﬁ RBeaRE3 92 uashous nm]F:g;tZS&whéE‘sUmqéo Pts

ment i on&BHBGVE" cah be u%ed for” the direction neasuri nﬂ‘}%gltné‘?%'ﬁ {.é;i S

enbpgli MeRg 60ADees eohhedniaiimrechanned trasnIgErsFeIFIVHS Bifbdd et of Tig. 6,
b tati troll 126 : ;

" e ZS(:iglnzzl t(z)otr};erlgft bearn (narrow angle beam) 35-1 as shown in Fig. 25C. The

operation will now be described.
The base station controiler 126 interrogates the beam selection

information detection system 154 for the traveling speed information (fading

15 pitch Tf) and beam (direction) information & when it assig
In response to the response

ns a communication

channel as during a call request or termination.
information Tf and @, the base station controller 126 ope
in Fig. 26A. 1f Tf is greater than a given value, it is dete
station is in the course of rapidly traveling and thus one of the

20  transmitters/receivers 137-1 to 137-L having a communication channel in the
mmunication (S2).

rates in a manner shown

rmined that a mobile

120° beam (wide angle beam) is assigned for the intended co

On the other hand, if it is found at step S1 that Tf is less than the given value, it1s

determined that the mobile station remains statjonary or is moving slowly, and a
reference is made to the direction information @ (S3) and on

25  transmittersireceivers 143-1 to 143-Mor 148-1 to 148-N having a
) which includes the

e from either the

communication channel in the 60° beam (narrow angle beam

referred direction in its service area is assigned (S4). Because the




2 5 JAN 2005 30 controls a switch assenbly 203 so that the received signal
fromthe receiver 142 of one of the transmtters/receivers 137-1 to 137-L

be fed to the direction neasuring unit 23 and the traveling speed detector

211, and al so controls the receiver 22 to establish a channel tedA #0055 |
The total time slots of the 120 beam control and comuni cation channel |
transmtters/receivers 137-1 to 137-L are in the 120 beam (w de angle beam
20-2, as shown in Fig. 25A. The tine slots of the 60 beam comunication

channel transmitters/receivers 143-1 to 343-M are assi gned to the right

beam (narrow angl e bean) 35-2 as shown in Fig. 25B while tinme slots of 10

t he 60 b ' y S 1S | < 48-N are

assi gned fﬁﬂsﬁﬁﬂé‘r‘%?@%ggl% f{%ﬂpﬁwlg%g &]H@l%ﬁig N%‘f%a&éﬁ@fx%dgﬁgal 25C. The
oper at i O%cmhhnn@aﬁ&wﬂﬁ 8'Th8Bile sﬂtﬁ)rb%e vihighithe teardlind $seedldbdetermined

i nterrogates the beam selection inf ormation detection system 154 for the

travel i ngodeesidw, theprababitity fthai ® ghadhelpswitthilig opertioneocdurts duririgthe
information t when it assi gns a conmmuni cati on channel as during a call

request commumicatioromwith thig espbile station iseloves pdeerdingly, the beamselegiipm,

t he base.s atlon c ntroJIer 126 f)§)$rates in a nne shown . in Fig. 26A. |If
Tf i s> gr ai@m estipasysiemel 04 is net penngeiedda the AransTHHETY/ECCEIVERSi on | s

L1 ann { HA%ET £ cle‘fﬁﬁ%l i‘lé'? T4 #&\ﬁ‘%vge?”gaﬁw&afeéﬁmotsﬁmgﬁ Py the

120 bea d :
on i he ot 9@ B R L e e R R G
val ue, i toithe tHispiifiefsfeddivérst 310 1433%8411@1148151% n48Nabithaery or is
nmoving slowy, and a reference is nade to the direction information (S3)
and one fsmbseqxneriteto theeco2fipletiomsof theesteps SQeand: b4, thiBofetatiimaly! retuti® 1 t o

148-N having a conmunicati on channel in the 60 beam gnarrow angl e beam
whi chOi nsteriSd where the traveling speed may be detected to switch between a wide

angle beam transmitter/receiver and a narrow angle beam transmitter/receiver in
an adaptive manner.
It is possible to suppress the beam division loss to the lowest possible

limit by adaptively choosing the relative proportions of the numbers of the

15 transmitters/receivers 137-1 to 137-L, 143-1 to 143-M and 148-1 to 148-N
depending on the traffic and the distribution of the traveling speeds. In the
present embodiment, the transmitting beam comprises a 120° beam and a pair of
60° beams, but it is also possible to use a 120° beam and a pair of 60° beams for
the recetving beam in the similar manner as for the transmitting beam. It will be

20 noted that in Fig. 24, the hybrids 147 and 153 are used to form a 120° beam for
reception. The transmitters/receivers 143-1 to 143-M and 148-1 to 148-N which
use 60° beam are capable of transmitting with a high gain antenna, and
accordingly use a transmitting power which is 3 dB lower than the transmitting
power used with the 120° beam transmitters/receivers 137-1to 137-L.  As

25 shown in Fig. 26B, the transmitting power can be reduced by increasing the
layers used such as a coverage of the service area by the 120° beam (layer 1), a

coverage of the service area by the pair of 60° beams and a coverage of the



referred direction in its service area is assigned (S4). Because the 2 5 JAN
2005 31 transmitters/receivers 143-1 to 143-Mor 148-1 to 148-N gre | gned
to a conmunication with a nobile station, for which the traveliﬁé@ﬁfig@ S
determned to be slow, the probability that a channel sw tching operation
occurs during the comrmunication with this nobile station is |ow
Accordingly, the beam selection 5 information detection system 154 i s not
connected to the transmtters/receivers _143-1 to 143-Mor 148-1 to 148-N.
However, as indicated by broken |ines A Fi g. 26A, the beam sel ection

I nformati on detection system 154 nmay be connected to the

t itters/ ' - - 330 lhah b t

Lo the SBRUEEEreh ymarenel beafe hsGpr s tedns HATEFAEY Foturn to 10

step S éﬂ}ge%éﬂe?ﬁF@{EjSH‘,Qh%RPﬂﬁlﬂﬁMnQ@o@@émhFd:hMSs\ﬂd Hobéhewaeral .wi de
e

angle b ansm receiver and a narrow angle beamtransmtter/receiver

in an agquimleﬂggla[eu}%{r:z ahd L6 dB® 1 thiedayer Suppress the beam division | oss to

t he | owest possi imt by adapti .\:’el y choosing the relative proportions
of the numbers Ax ahladtethativarang of 6P coBYBINRLIONPLNMNNE, 137- 1, 143-1 to

143-M and 148-1 to 148-N _dependi the traffd . ' i ' of

t he $r avedrismoitpeEaecIVERS mwngnﬁ%n??emmn@ﬁttﬁ?ﬁ §§§ﬁ1 ?Hen‘g“ %%21
conprises a 120 beam an jr_of . shdtid hfgelpossi bl e to use
a 120 beénd mranﬁamerof‘*%@?@é%ﬁ%mﬂ}ﬁggt enar?t)eng{eﬂﬁ\}]ll%%u%lzg?n in the sinilar

manner as_for..ih 0Shd §lk T 1 ] betragsmittiad pdwer tontie 60° 24,
t he hybrFq}?r&ﬁ&rgﬁéé%&%ﬂagggB}sggg??g]l}/ﬂo@%waﬂe%go tgeam folrgprecept i Qn.@(')l'he

transmit fi%ﬁ'ﬁgfo?fsei?/@é 5nd434b iroa bédtcMednmandd- 1 $uch 28-arangespentiSe 60 beam
are capable of transmtting with a hllgh gai n ant.enna, and ac t(r?\c,i@?géo,b use a
transmi tdhgven peWip. DM cEdch BanBnittarct44 Fam berVISIARHOPPRY e% used
with the 120 beamtransmtters/receiver ol 1 - 1. ; din Fig.
26B) 0t hebaamponis 1 34he apeuets oygﬁ,ae%ﬁgﬁﬁ& ™ trh]ergéfglr?&h E@%g%?m%?%

distributor 26.
The total time slots of 120° beam control and communication channel

transmitters/receivers 137-1 to 137-L are in the 120° beam 20-2, as shown in Fig.

28 A while the time slots of the 60° communication channel transmitters/receivers
15  143-1 to 143-M are assigned to the left beam 35-1 for the first three slots and

assigned to the right beam 35-2 for the second three slots, as shown in Fig. 28B.

Its operation will be described below.

A base station controller 126 interrogates a beam selection information

detection system 154 for the traveling speed information (fading pitch Tf) and the
20  direction information @ when assigning a communication channel as during a

call request or termination. Inresponse to such information, if Tf is greater than

the given value, the base station controller 126 determines that a mobile station 18

rapidly traveling, and accordingly, assigns one of the transmitters/receivers 137-1

to 137-L having a communication channel in the 120° beam. On the other hand,
25  if Tfis less than the given value, the controller determines that the mobile station
remains stationary or slowly traveling, and thus assigns one of the

transmitters/receivers 143-1 to 143-M having a 60° beam communication channel.




| ayers used such as a coverage of the service area by the 120 beam (| ayer
1), a coverage of the service area by the pair of 60 beans and a coverage
of the 2 5 JAN 2005 32 service area by narrower beans such as fopf AR HEans
(layer 3). In the arrangenent of Fig. 26B, the transmtting power nay
choose O dB for the layer 1, -3 dB for the layer 2 and -6 dB for the |ayer
3. As an alternative, one of 60 conmunication channel 5
transmtters/receivers shown in Fig. 24, nanely, 148-1 to 148-N, nay be
omitted and the transmitter 144 of thd3remsi ni ng 60 communi cati on channel
transmtters/receivers 143-1 to 143-M may feed a transmtting power to the

60 beam ports, 134a and,,134b j.r ' e stdeh 19focuteangemrent i s
shown i AWIIBRE the Precss, meaﬁgﬁ#{‘]?rzpﬁﬁhfgggﬁleﬁﬁs%ﬂetschabl;/ connected to the 60

10_beam por {8134, A d 360 i 0uBlTeferid bettyeRbiroaoivachsiguals fom nbi ner

and di time slots of 120 beam control. and
conmuni Gagi; {4 aBaRAh D et sindastleetioniafeithetheareht BeamIp-ehe 120
(fg&él%r GR2UM thel it 3
beam 20-2; as shown in Fig. 28A while the tinme s|ots, of .t he 60.
n , L‘ c@ tion, and a
communi tthene &hwane3 5t T andeiertmned i eecawiance viASUENY HEAFIY AT gned

to the left beam 35-1 for the first three slots.and assi t right
beans 35-crfesponding tonmal ot hs é@SIngééé‘?t quﬁ&ﬁ?@ ?g%%letsgatg%gration

wi || be described bel pw, A hase statio g | Qe dse a beam
sel ect i wontrallarmkdd switches @3%‘5'135‘?10 9@%‘@%\ g\gﬂaﬁ grs t neé)tg?gi\;g%l??hg s peescvi\,ﬂl i
i nformat.i on (fadi,n itch 2 | {Hheotrah fimdtt et ieca ver -
assi gni rhfaéln Wﬁmﬁ%&mmﬁ giug-heﬁgﬂwtagslggurlgr?ghg%cal I zraequest or term natti&on.
, the

In respon i ' ' h indliile stagiomawhich has beendetgrineddp
base sta f%%hgolﬁf% +§e§§£¥2£gbg teor!rinfrr}lesl thaa£gl a npbi | stationgfiF S%r-a\{}@ﬁi dly
|

travel i ngayafh 36aPE 08 speedsticgpesstbiditythatacha nSYHEhDE QR s 137-1

to 137-L having a conmuni cation _chanpel in,the 0. he ot her hand,
10 occurs d?lring the communication ?s Pow, and tthus,]’t%e be%%?gélegioh

information detection system 154 is not connected to the-transmitters/receivers

143-1 to 143-M. |
Any one of the arrangements described above with reference to Figs. 5B

and 9 to 20 may be used as the direction measuring unit 23 used within the beam

15 selection information detection system 154 shown in Fig. 24.
In the embodiments shown in Figs. 24 and 27, the antenna 21-1 and the

receiver 22 may be omitted, and a level comparator 213 shown in Fig. 29 may be

used in place of the direction measuring unit 23 in the beam selection information

detection system 154, thus determining the narrow angle beam which is directed

20 on the direction on which a mobile station transmitting the received radio wave 1s

located. Received signals from the receivers 139, 141 and 142 in the 120° beam

control and communication channel transmitters/receivers 137-1 to 137-L are fed

to the beam selection information detection system 154 including a switch
receivers 139, 141 and 142 of

re selected. Received signals

assembly 203 where the received signal from the

25  one of the transmitters/receivers 137-1t0 137-L a

from the receivers 139 and 141 are fed to the level comparator 213 where the

levels of the both received signals are compared against each other. Ifthe




25 if Tf is less than the given value, the controller determnes that the
nobil e station renains stationary or slowy traveling, and thus_assigns one
of the transmitters/receivers 143-1 to 143-M having a 60 beam &8rdMiniiBat i on
channel. 2 5 JAN 2005 33 During the process, the direction on which the
nobile station is located is detected on the basis of a phase difference
bet ween received signals fromthe receiver 142 and the antenna 21-1, and a
selection of either the right beam 35-2 or the left beam 35-1 is determ ned
in accordance with such (D information34and a 5 corresponding time slot.is
assigned to this comruni cation. The base station controller 126 switches a

beam changi.ng swt 158 jn synchroni ] ' igvenltiewelng of
P ST R R e ekt
assigned only to a nohi4,e:siatl i hetildatgoninéocdtedhn ther avel i ng
with a gﬁ%tgﬁésﬁ?wﬁﬁg4do§t:]itsgc¥e1t%iﬁ&€g{hagﬂzehannel SWi tcrii.n operation 10
occurs ?N,%Qg a%@fp?mah% iaﬁglei 1§edrﬁ\/35-and Ohube ct)htrab_seaﬁlt @ reed1y

on det e

i nforma ction system 154 is not connected to the-

transm E%g%f%’léﬁélefrbﬁﬁ $he fekivert D 1L ishighesnit isdetesminge that hisganbiles
descri bed” above with reference to Figs. 5B and 9 t& 20 gs_y beB%'%ﬁ_g as the
di rest i emtimaildoaged in the Sernviesiandat o the RITRWARS!E Heam th onDAIOr mat i on

detection system 154 shown,ip Fig. 24. In the ' HhRg Fi gs. 24

and 27, (dhecﬁnn}mﬁ)matlorhmdﬂl‘@ﬁé’?g the BRyOW ggg%g@é)ag%q@% ta fed, aﬁgr}% | evel

conpar ator, 213, shown, i n Fi 29 ' 10ACSE Qe bdild gteionon

neasur i ﬁ@lh}’ﬁif?d‘zﬁpﬁh? ﬁé(eng}ﬁ g@@@?%ﬁe‘?ﬁ ordnrgita?lon dg{ee(_:t on syst em 154,

thus determ n%%ﬁgg@ea gﬁfern 18R%iHe Bamtiibs tonsrodler dQbeaksinHone o&therection
I sta

on whi cACH4Y 1on transmtting the received radio waye js |ocated.

Recel vegomaniliealion thafifel gaRémittershaseivisd inaludinga cAmMMENICA PBeam
control ‘and communi cati on channel transnitters/ receist¥lers 13\;-%@%8 %éﬁl L are
f ed10t 0 cHaenket amnsatittet ivdrichfeedsatransnustiBs HoYFTPLPERTERY | A ng a

switen which has been determined by tlre level comparator 213. When this technique is

applied to the embodiment shown in Fig. 24, if the beam information indicated
by the beam selection information detection system 154 indicates the narrow
angle beam 35-1, one of the communication transmitters/receivers 143-1 to 143-

15 M is assigned, and if the beam information indicates the narrow angle beam 35-2,
one of the communication transmitters 148-1 10 148-N is assigned. When the
beam selection information detection system 154 shown in Fig. 29 is used in the
embodiment of Fig. 27, the base station controller 126 assigns one of the

) communication channel transmitters/receivers 143-1 to 143-M if the traveling

20 speed is equal to or less than a given value, and assigns a time slot to the
communication which is chosen in accordance with the relationship between the
time slot and the narrow angle beam shown in Fig. 28B depending on the beam
information from the level comparator 213, namely, whether it indicates the right
beam 35-2 or the left beam 35-1.

25 One embodiment which uses the beam selection information detection
system 154 shown in Fig. 29, but in which the diversity arrangement is removed

from the arrangement shown in Fig. 24 is shown in Fig. 30 where corresponding




assenbly 203 where the received signal fromthe receivers 139, 141 and 142
of 25 one of the transmtters/receivers 137-1 to 137-L are sel e?gﬂw 2005
Received signals fromthe receivers 139 and 141 are fed to the e
conparator 213 where the Ilevels of the both received signals are conpared
agai nst each other. If the 2 5 JAN 2005 34 received signal |evel of the
receiver 139 is greater than the received signal level fromthe receiver
141, it is determned that the nobile station is |located in the service
area of the narrow angle beam 35-2. On3fhe contrary, if the received signal
| evel fromthe receiver 141 is higher, it is determned that the nobile 5

station is located . in the,service_ ar |chapgaars35- 1. Beam
(di r ect pamy @ ﬁh@)ﬁﬂﬁgﬂb‘?%ﬁ?ﬁ%ﬁaﬁ%%%n%‘é?&r Eg/lg% egwtsg]gﬁ]?ﬁus deternmined is
Coat | onSPpetitbally; s6 BN ohiBdlheyE thed 20 aRam ahtnmat i21n1 aind Bl dyhe | e

’ 'V

st at i on>PFE en val ue, the tt:;%:le]sfvsé ation _&og&r&y A 126

assi gns ;qQn 1 {}T@‘ﬂai irgn2channéd6 nkxd areoryIiiieg erMdrslti ncl udi ng a
communi gﬁ?f%%frfgﬁghaarﬁﬁe trcg?lusd%gtter \_/\/hi ch feeds ﬁ g%ansm' ttin wer to the
narr ow aﬂ%ge ofhic R4haEadetradsmeten Hean Bye 148° P&FE) C%WBE?‘E‘? or 213.
Wien thi's technique is applied to the enbodj t, s ' [ G , if the
bears i ntenirathrationchansl trm;smllﬁ@l’ﬂé%ﬁﬁlg‘é‘lswgﬁoi mﬁa@ﬁ%é%t% gct i on
system 154 indi cates the narrow angl a - f fYRe cat i on
transni feediggratensmigingROWer &0 1&%9’?@" Bﬁi ? egg}%ﬁgﬁggs%nﬁ? B?ﬁe Dgggm
information, j ndi cates .t he nar q pee anfl dibeitnd i cation
transm lhb’giﬂéi 1341 qullﬂgwlqnliP%’%%ﬁﬁgﬁgﬁéfﬁ?b@ea% sel eciﬂeg{lz(g,

i nf or mat i det eGt. St £ édinki tgan2Nitting ysvdel i mbodi nent
of Fig. aﬁa,rkhffrf%upg‘éis‘ggs%?i%@%%’?@F?@? 112% assi gns %ne 0 thedﬁgmm | cation
channel b pFidé 8hgle Beay enteritiastetmbly 3.V i ether tvorss IMGIRPL e i s
equal to or l[ess than a given val ue, and. assei&%nscf Al nEﬁ%I ﬁ{ éﬁh}!]agt of
conpgni gaéding whhsiiftmgpowen to fand EefeaaALLe) tyf ﬁgnp P c)ns Ip & Ween
the tine slot and_the narrow ggglﬁi gogﬁjrpaﬁﬂp\é@n'aﬂ'oa gng?fﬁge;ggr@ﬂgm on the

beam  narrow anhgle beams 35-1 an .
31-1 and 31-2 may be used to perform the transmission and the reception through

a single wide angle beam.
In the arrangement shown in Fig. 27 also, the 120° beam antenna 21-1
15 and 21-2 may be omitted, and the beam selection information detection system
154 shown in Fig. 29 may be used to cause the pair of 60° beam antenna 31-1
and 31-2 to serve as the 120° beam antennas, in the similar manner as shown in
Fig. 30.
i The wide angle beam is not limited to 120° as described above, but may
20 cover 360°, for example. Instead of covering a service area which is covered by
a wide angle beam by a pair of narrow angle beams, three or more narrow angle
beams may be used to cover the service area of the wide angle beam.
According to the second aspect of the present invention as described
above, a narrow angle beam can be assigned to a mobile station which is
25  traveling slowly, without irradiating unnecessary radio waves in directions other
than the direction on which a desired mobile station is located. The transmitting

power from the base station equipment can be reduced in a corresponding manner,




information fromthe | evel conparator 213, nanely, whether it indicates the
right beam 35-2 or the left beam 35-1. 25 One enbodi nent mhicqggjﬁ§@®?e
beam sel ection informati on detection system 154 shown in Fig. ; in
which the diversity arrangenent is renoved fromthe arrangenent shown in
Fig. 24 is shown in Fig. 30 where corresponding 2 5 JAN 2005 35 parts to
those descri bed before are designated by |ike reference characters.
Specifically, in this enbodi nent, the 1200 beam antennas 21-1 and 21-2, the
dupl exer 36-3 and the receivers 22, 1436 146 and 152 are onitted fromthe
arrangenment of Fig. 24. Each transmitter 38 in the 120 beam control and 5
communi cati pn.chapnel transm.tt i 743 148 6f kadi® wapedbkan of

f eedi ngaB ﬂB%h%W?ﬁ?Fﬂﬁe$8ﬂ%nggﬁ%ﬁ%hg%?ﬁﬁg%ﬁgéEEQ%gﬁﬁg 134a and 134b of the
hybrid 134 thro H a hybrid 156, and through the conbiner and distributor 26
and the HGﬂPEQ%ﬁg 36-1 and 36-2, thus feeding transmtting power to the 120
beam (W de angl e beam) antenna assenbly 215. In other words, in addition to
10 feeding transmtting power to (and receiving received signals fron) a
plurality of narrow angle beans 35-1 and 35-2, a plurality of narrow angle
beam antennas 31-1 and 31-2 nmay be used to performthe transm ssion and the
reception through a single wide angle beam In the arrangenent shown in
Fig. 27 also, the 120 beam antenna 21-1 15 and 21-2 may be omtted, and the
beam sel ection information detection system 154 shown in Fig. 29 nay be
used to cause the pair of 60 beam antenna 31-1 and 31-2 to serve as the 120
beam antennas, in the simlar manner as shown in Fig. 30. The w de angle
beamis not limted to 120 as descri bed above, but nmay 20 cover 360, for
exanpl e. Instead of covering a service area which is covered by a w de
angl e beam by a pair of narrow angle beans, three or nore narrow angle




beans may be used to cover the service area of the wi de angl e beam
According to the second aspect of the present invention as described above,
a narrow angl e beam can be assigned to a nobile station which is 2(2{53JAN 2005
traveling slowy, without irradiating unnecessary radio waves in directions
other than the direction on which a desired nobile station is |ocated. The
transmtting power fromthe base staBi/on equi pment can be reduced in a
correspondi ng manner, 2 5 JAN 2005 36 and the interferences can al so be
reduced because a di spersion of radi o waves can be suppressed. 2 5 JAN 2005
37 WHAT WEATAMEDABYIED IR nobi | e conmuni cation base station equi pment

conprising a wi de angle beam formn nt enn ' a pair of
wi de angl e beans A scabidd C@m@ni@tﬁgbﬁaﬁﬁﬂﬁﬁoﬁﬁéﬁw égp’ggﬁ{bﬁ{%ﬁ%ﬁmn 5
direction; a narrow angl e beam for,m ng, ant enna f ' a
plurality of narwode angleebm%rﬁavgﬁglt%mﬂe%ﬁsrema@%fs%o@gfé’ss %lﬁighwar e

directed in different directions and col L ecti wel. i i de angl e
beam awtderengiecheims locatad mleseto ea ‘athffééﬂl\és(ik}[ chﬁé?ﬁ ggl%) rﬁel@‘tﬁ)eﬂtljm bet ween t he

communi cation transmtter and the narrow angl e beam antenna assenbly for
sel e& i véirgctiesdi ng transmitting power fromthe comunication transmtter

to the plurality of narrow angl e beans; a communiGatd | yer connect ed
to the wide angl natresanglabeam fm%@ﬁmmtﬁygﬂg??]éﬁﬁ%%{h a recei ved

signal fromone of the pair of wide .angle bheans for . w de angl e
begm f or phurgligno€ nasrowe gagte beams having %1rect1vﬁy respoﬁTsEeg WHidh e J

directed in different directions and collectively covering the wide angle beam;

a communication transmitter;

10 a beam switcher connected between the communication transmitter
and the narrow angle beam antenna assembly for selectively feeding

transmitting power from the communication transmitter to the plurality of

narrow angle beams;

a communication receiver connected to the wide angle beam forming
15 antenna assembly and fed with a received signal from one of the pair of wide
angle beams formed by the wide angle beam forming antenna assembly;

a direction finder receiver connected to the wide angle beam forming
antenna assembly and fed with a received signal from the other wide angle
beam of the pair from the wide angle beam forming assembly;

20 a direction measuring unit for measuring a direction on which a
mobile station transmitting the received signal is located from a phase
difference between the both received signals from the communication

receiver and the direction finder receiver;

and a beam selection control circuit connected to the direction
25 measuring unit and the beam switcher for controlling the beam switcher by
feeding an output from the transmitter 1o one of the plurality of narrow angle

beams in accordance with the measured direction.




a direction finder receiver connected to the wi de angle beam form ng
antenna assenbly and fed with a received signal fromthe other w gf gn@b@%
beam of the pair fromthe w de angle beam form ng assenbly; 20 a 5 é [
measuring unit for measuring a direction on which a nobile station
transmtting the received signal is |ocated froma phase difference between
the both received signals fromthe comygmnication receiver and the direction
finder receiver, and a beam sel ection control circuit connected to the
direction 25 neasuring unit and the beam sw tcher for controlling the beam
switcher by fegdiAngabileocsmumurication base siatnn eqePReNtAEORANEY pl ural ity
of narrow angle beans in accordance with the neasured.direction. 2 5 JAN
2605 38 Z]aAnMPhi Whickthere aratpronideak ssta(wharedlispreHitegeed@idg Yo aaim
1 in which there are provided N sets (where N is an integer .equal ,to or
greater ”:%E‘é@te?):héﬁ 23 off dahbbeamwwittleer, saisl cDOOMNIARIEER TERMSTH EANfter and

said co nication receivers, further conprising 5 a conbiner and

di stri butsgid EemmeeRRationdreceivers, Sutthemcoheprigibgnuni cation transnitters which
are fed fromsaid N beamswitchers in a manner corresgrondiﬁg to each of the

narr oy angl e beangabiherandddistrithutor fogcontningcevtpads §ogaahe which are to
be fed fromthe wde angle beamform ng antenna assenbly to.t

he.

communi C%bh%u&ﬁ@ﬁi&?tﬁnﬁiﬁﬂ@rwhibh\hmfmbﬂmw@idmdwaﬂéé@«lﬂﬁéﬁ? Rd a
switch assenbly for feeding the received signals from saifj N,, cqnmuni cati on
r ecei ver sphgnéheoRbimaiding torashrofitheurarrowrangle bramgi ands ISFFE‘?HHP% sai d
beam sel ection control circuit being operative to controJ one.of . 15 the
beam swi tRBgESe el Bohals Whizhnaertowe fedt frerc trmviie angisnbeapdoyErng

antenna assembly to the communication receivers among said N

10 communication receivers;
and a switch assembly for feeding the received signals from sald N
communication receivers to the direction measuring unit in a time division

manner;

said beam selection control circuit being operative to control one of
15  the beam switchers which forms a pair with the communication receiver

which is used to determine the measured direction.
3. A mobile communication base station equipment according to
; Claim 1 or 2 in which the narrow angle beam forming antenna assembly
comprises a plurality of narrow angle beam antennae each forming a narrow
20 angle bezlam, and the wide angle beam forming antenna assembly comprises a
pair of wide angle beam antenna each forming said wide angle beam.
4. A mobile communication base station equipment according to
Claim 1 or 2 in which the narrow angle beam forming antenna assembly
comprises a multi-beam antenna including an array antenna having a spacing
95 on the order of one-half the wavelength and a beam former to define the
plurality of narrow angle beams, and the wide angle beam forming antenna

assembly comprises the multi-beam antenna, and a beam demultiplexer which



which is used to determ ne the neasured direction. 3. A nobile comrunication
base station equi pnment according to Claiml or 2 in which the n ow angl e
beam form ng antenna assenbly conprises a plurality of narrow a%i AN diin
antennae each formng a narrow 20 angle beam and the w de angl e beam

form ng antenna assenbly conprises a pair of w de angle beam antenna each
formng said wide angle beam 4. A nobgge comunication base station

equi pnent according to Caiml or 2 in which the narrow angl e beam form ng
antenna assenbly conprises a nulti-beam antenna includin 61133 ar,ray antenna
havi ng a depagtipleds #8idr receleed oy theembiti fbeahe ankeydReAGDA HERIEY B am
former to define the plurality of narrow angle beans, and the w de angle

beam forrﬁiaﬁggvarahgm@eaﬁl%siﬁlt@kWOQ'eU@EMedeségnﬁﬂe, each pf pdueh #3sdhea, and a beam
demul ti pl exer which 2 5 JAN 70 05 39 denultiplexes a signal received by the

nul ti - be gy spbnkbefRachalfitso elements inwhaagiay 278emRA nto two recei ved
signal s, each of which has the directivity response of each of two el enents
in the array antemgobide conpimicationbasei stationeqbipoent 2¢6HIRE IR prent
accordingto 5 Caim1l in which the direction neasuring unjt conprises a

di recti oA W WiticBIheditectionr meassing nmibcqmpsises afdEG@IEE bet ween t he
both recelved signals to neasure a direction, a reliability

pres ence/rﬁéégﬁ‘j}ﬁ%] desedmbB forumebsiring deptease diffegendecbetveasaribis othabsence of a
t

reliability 1n e neasured direction, and an output part for deljvering

the ”Bas%S@hv‘éws‘i‘%@m&ovmbﬁéuﬂeaﬁdﬂ:ecﬁen,ra seli #vility edesepcpeabsenee SEEISKN t he

reliability presence/ absence decision unit. 6. A nobile comunicatjon base

station qgui poEabteARERTl NE presefitabmbséncen & neliskilitein thy meagure
presence/ absence deci sion unit conprises a nagnitude nmeasuri nlgliclll’l |§S for
measur i NGk dEReHd a8 outputpart das telivering theeeasured direction W
10  been determined to be reliable by the reliability presence/absence decision
unit.
6. A mobile communication base station equipment according to
Claim 5 in which the reliability presence/absence decision unit comprises a
magnitude measuring unit for measuring the magnitude of at least one of the
15  both received signals, a memory for storing the measured direction and the
measured magnitude, and a maximum value detector for detecting a
maximum one of a plurality of latest values of the measured magnitude to
. determine that the measured direction which is obtained when the detected
maximum magnitude is measured as reliable.
20 7. A mobile communication base station equipment according to
Claim 5 in which the reliability presence/absence decision unit comprises a
magnitude measuring unit for measuring the magnitude of at least one of the
received signals, and a comparator for determining whether or not the
measured magnitude exceeds a threshold value and in the event the measured
25 magnitude is determined to have exceeded the threshold value, determining
the measured direction as reliable.

8. A mobile communication base station equipment according to



15 both received signals, a nmenory for storing the neasured direction and
the nmeasured magnitude, and a nmaxi num val ue detector for detectind & JAN 2005
maxi mnum one of a plurality of |atest values of the neasured magnitude to
determ ne that the neasured direction which is obtai ned when the detected
maxi mum magni tude is neasured as reliable. 20 7. A nobile communi cation base
station equi pnent according to Caimggin which the reliability

presence/ absence deci sion unit conprises a nagnitude nmeasuring unit for
measuring the magnitude of at |east one of the received _ signals, and a
conpar at @@laher 5 detveiishnthegelibbilitgpresenust abienceatesisien UniyPPpiSeiAceeds a
threshold value and in the event the neasured 25 nagnitude is detgermned to

have excefiffedetidecirbursoelddteratining deliferémienbetwaen areueREMEESHED i on as
reliable. 8 A nobile comuni cation base station equi pnment_according to 2 5

JAN 2005 dife@ict Bhd d previbedintcasured] dabitionyamt eceompdrat@eldte deci sion unit
conprises a difference circuit for determning a difference between a

current fﬂ%%éﬂﬁﬁﬁng,dbheﬂidr@ir randhe differsrmweshasemsneeddd i theeshald valwe apd

conparator tfor determ ni ng whether or not the difference has exceeded a

t hr esgol dpvakesean§t isdéterhtecttanthé differeteeds eqnebita balessiibaaite er ence is
equal to or less than the threshold value, determ ning the current neasured

directi O’Ih?és}f%ﬂi\?a%@-d&enﬁimgithe cverantnheamsured directiost ag Tediabdeiui pnent
according to aimb5 in which the reliability presence/ absence deci sion

circuit conprises & mBBilEdni@unidaiombaddstatioasaquepment accorshngdodi f f er ence
circuit for 10 determning a difference between adj acent neasured directions

in a timC)S8RAYeAGEhith tRANABIi i preséncelabsdrmeadidisionh@reHEOPINPrEES isi ve of

a latest neasured direction, and ‘a m ni num val ue detector for detecting a
moni num e @l fheteiihbahetaesured direceion, aidiffeperceotireié fomo measur ed

o e(l::)I Onc'lsetennining a difference between adjacent measured directions in a time
sequence of measured directions stored in the memory inclusive of a latest
measured direction, and a minimum value detector for detecting a minimum
one of the differences and determining one of the two measured directions
which are used in detecting the minimum difference as reliable.

15 10. A mobile communication base station equipment according to
any one of Claims 5-9 in which the direction measuring unit comprises a
measuring unit for measuring an instantaneous phase difference between both

| concurrent received signals a plurality of times, and an averager for
determining a mean measured direction'corresponding to the plurality of

20  values of the instantaneous phase difference and providing it as the measured
direction.

11. A mobile communication base station equipment according to
Claim 6 or 7 in which the magnitude measuring unit comprises an
instantaneous magnitude measuring unit for measuring an instantaneous

25 magnitude of concurrent received signals a plurality of times, and an averager

for averaging the plurality of values of the instantaneous magnitude to

provide the measured magnitude.




whi ch are used in detecting the mninumdifference as reliable. 15 ]JR @5
nobi | e conmuni cati on base station equi pnent according to any onel 9 HJI ne
5-9 in which the direction neasuring unit conprises a nmeasuring unit for
measuring an instantaneous phase difference between both concurrent
received signals a plurality of tinmes, and an averager for determning a
mean nmeasured direction corresponding 4p the plurality of 20 val ues of the

I nst ant aneous phase difference and providing it as the neasured direction.
11. A nobil e comuni cation base station equi prent according to. .Claim®6 or 7
in which the maqni tAgetitasomnmnicationdwsprstaieen 8aUIPASRLERHRESIRS nagni t ude
measuring unit for measuring an instantaneous 25 nagni %ude. of concurrent
recei ved si gnal g widd anglei bean formimes antempazassedin der I0FRINEY &18Gi ng t he
plurality of values of the instantaneous magnitude to provide the neasured
magni tudgng]?e BedAN 2005 41 12. A nobile communication base station equi pment
conprising- a w de angle beam form ng ant enna assenbl ffor f.ormng a w de
angl e beam a narigroargigletizam fmnﬁnmamnﬂﬂ@és%mbbhé’ry AT ANMing a 5
plurality of narrow angle beans having directivity responses, which are

di recged ']ﬁréilitpf@ﬂﬁﬂt;-odj agleitwasnahaving dieectivigy yePORSES ICR&TGi de angl e
beam a p?lural ty of w de angle beam comuni cati on channel| .
transni t t@afehs @4Ridi Sesernadiabitions afdedileatively auvesingidiee Vi ANl M
antenna assenbly; 10 a plurality of narrow angl e beam communi cati on channel
transmi tters/regephgalitycapalite anple beatnrtgpmanmlﬂ&ﬁifmwhaﬁ@?]e beam of the
narrow angl e beam formng antenna assenbly;

transmitters/receivers capable of feeding %e wide angle beam forming
antenna assembly;

10 a plurality of narrow angle beam communication channel
transmitters/receivers capable of feeding each narrow angle beam of the
narrow angle beam forming antenna assembly;

a beam selection information detection system for detecting a
traveling speed of a mobile station and for detecting which one of the narrow

15 angle beams represents a direction on which the mobile station is located;

and a base station controller for selectively assigning one from the
wide angle beam communication channel transmitters/receivers or the narrow
angle beam communication transmitters/receivers for a communication with
the mobile station on the basis of the detected traveling speed and the detected

20  direction of the mobile station.

13. A mobile communication bage station equipment according to
Claim 12 in which the base station equipment is of a time division multiple
access communication system, the base station controller including a switch
assembly which switches the narrow angle beam of the narrow angle beam

75 communication channel transmitters/receivers in accordance with a time slot

of the time division communication system, the base station controller

assigning a time slot which corresponds to the direction of the mobile station




a beam sel ection information detection systemfor detecting a traveling
speed of a nobile station and for detecting which one of the nargqw 1?
angl e beans represents a direction on which the nobile station i & IU%bﬂ@H;
and a base station controller for selectively assigning one fromthe wde
angl e beam conmuni cati on channel transmtters/receivers or the narrow angle
beam conmuni cation transmtters/receivgps for a communication with the
nobil e station on the basis of the detected traveling speed and the detected
20 direction of the nobile station. 13. A nobile conqﬁgica ionlbase station
equi pmn@@&pggggﬁmé ene Gf ghematrow anglecheame BRERINEAH Y RT brent is of a
p

time division nul'tiple access comrunication system the base station

control | faspcittedé/Pecelvem t ch  assenbly which switches the narrow angle beam
of the narrow angl e beam 25 conmmuni cati on channel transmitter /re@ei vers in

accor dance wi t h)a_ tA mRolsil@tomatunivatipnrmsei skaien RABGHER RGATB & st em  t he
base station controller assigning a tinme slot which corresponds to the

di reC“Oftll%ﬁ { {12 0P OB, IfertheALbmpPrsitg JAN 2005 42 when assigni ng one of the
narrow angl e beam cormmuni cati on channel transmtters/recei verfﬁh 1§. A

mobi | g communi ¢t dipacHias findes thtenmenforfoemingecwidn ARBlECAm I SZEE 13,
further conprising 5 a direction finder antenna for form n% a w de an%]le
beam of {146 Ao fRUEAY neemidonedrode eaglarbeamaRsOnE g BB and
oriented 1n e sane Irection and | ocated close thereto; and a direction
fi nder r%%(}-{%nﬁﬂﬂr}%ﬁt@ﬁ d18sé tirerdio;ecti on finder antenna; 10 the beam

sel ection’informati on detection system conprising a traveli n?. sdoeed det ect or
which is fed w tfpa Brtvadisd enedceivarroannecigdied the direction Tinaer

antenna,

10 the beam selection information detection system comprising a
traveling speed detector which is fed with a received signal from the wide
angle beam for detecting information representing a traveling speed of a
mobile station which is transmitting the received signal, and a direction
measuring unit which is fed with a received signal from the wide angle beam

15 and a received signal from the direction finder receiver to measure the
direction on which the mobile station is located from a phase difference
between the both received signals.

15. A mobile communication base station equipment according to
Claim 14 in which the direction measuring unit comprises a reliability

20 presence/absence decision unit for determining the presence or absence ofa .
reliability in the measured direction and for delivering the measured direction
which is determined to be reliable.

16. A mobile communication base station equipment according to

Claim 12 or 14 in which the beam selection information detection system

25  comprises a traveling speed detector which is fed with a received signal from

the wide angle beam for detecting information representing a traveling speed

of a mobile station which is transmitting the received signal, and a level




angl e beam for detecting information representing a traveling speed of a
nobi l e station which is transmtting the received signal, and a dédr zdngn
measuring unit which is fed with a received signal fromthe w dd r@f eam
15 and a received signal fromthe direction finder receiver to neasure the
direction on which the nobile station is |located froma phase difference

bet ween the both received signals. 15.43A nobile comunicati on base station
equi pnent according to Caim114 in which the direction neasuring unit
conprises a reliability 20 presence/ absence deci sjon . unit f d rm ni ng

t he pres€8ﬁ'§‘pa?£to§‘liﬁﬁft¢ﬁisqfedavithebba'bbdistg(nalﬁ frove t d’éH’f%Hydﬁ{%ﬁ%n and for
delivering the neasured direction which is det g;ym ngeﬁj to.\%f rﬁ]lﬂli ble. 16. A
mobi | e Cgﬂg%é‘é}ﬁk%r Besansihiig anlirgtioprindicaied SWANSHH FIEPAP or 14 in
whi ch the Beam sel ection information detection system qu on%i ses a

travel i ng 5Reed g?é BeArwitdleprodudeddh miaphimainn EeEIRIEAN Vg‘fi&fs Fom the wide
angl e beam for 8 tecting information representing a traveling speed of a
nobi | e Sﬁgxgcﬂ%n%ﬁ%ihﬁ the anebilé siapni isdocatedi ved signal, and a level 2 5
JAN 2005 conparator which is fed with received sjgnal s frog)thﬁ) plurality
of nairow angl 7beagR iRy cogingumicatioy basdistattan eGUIIBEREACHTBINE ire
directivity of the narrow angle beam which produced a maxi mum reception

| evel as(%ﬁn_ﬁrﬁ?ﬂ{eg%d?ﬁ'pﬁ’éﬁin%h the nobile station is located. 5 17. A

nobile ¢ ni'cdation base station equipnent according to_ Caim 121(1;ll further
€

conprising a coghifiabide for iy theeplurakitd of pagbwianglebeas 2108 s into

the w de angl e beam whereby the narrow angl e beam form n antenn%b?ssenbl y

al S0 ser s As, 11ha i ewheskisy ranarkonning)eDeasnferTabABIcRNa assen

also serves as the wide angle beam forming antenna assembly.



