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;e3edLH, 6bTPr r , s ' RADI O COVWMUNI CATI ON APPARATUS AND TRANSM SSI ON
‘ANTENNA CHANG NG METHOD 5 Technical Field The present invention relates to

a radi o conmmuni cation apparatus in a radi o comuni cation system that
perforns radio transm ssion using 10 selective diversity, and relates to a

transm ssi on antenna changi ng nethod. Background Art In rec

t here has been adopted space 15 diversity in which a pIuralﬁmmmmm mﬁmmm&a
branches (hereinafter sinply referQ%%éRIﬁEBr&tenna") S provigll G a
base station apparatus to reserve plurality of paths. As one of Space

diversity, there is selective diversity that selects an optinmal 20 antenna
I n accordance with a propagation state. A nethod, which uses sel ective

diversity apfiieo! I ARATUBN PEAT 5y | & PPARNIG SCT 2l el RANSMAS S TON

transm ssion"sel éctive diversity. ansm ssion selective diversity in a

radi o comupi N¥h 26 aowerdigismaireB (Ti me Division Dupl ex) system has
been already disclosed in the docunent "Transm ssion Characteristics of

Next Gengration WCDMAY TDD system (Report, SSE97-41, RCS97-36 2
(1997-06), the Institute of Electronics, Informati on and Communi cati on
Engi neer s) " pywhthhecdiiker 1 Ehige nmethod is one in which correlation values 5

of the respective branches of a reverse link are
The present 1invention relates to a radio
communication apparatus in a radio communication
system that performs radlo transmission wusing

10 selective diversity, and relates to a transmission

antenna changing method.

Background Art
In recent years, there has been adopted space
15 diversity in which a plurality of antenna branches
(hereinafter simply referred to as "antenna”) is
provided in a base station apparatus to reserve a
plurality of paths. As one of space diversity,
there 1s selective diversity that selects an optimal
20 antenna in accordance with a propagation state. A
method, which uses selective diversity at the
transmission side, 1s hereinafter referred to as
transmission selective diversity. Transmission
selective diversity in a radio communication
25 apparatus of TDD (Time Division Duplex) system has
been already dlsclosed in the document
“Transmisslion Characteristics of Next Generation

W-CDMA/TDD system (Report, SSE97-41, RCS97-36
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aver aged over one previous slot ( O . 625 ns ) to obtain reception power
for a communi-cati on channel, and an antenna havi ng hi gher reception power
is selected to carry out transm ssion for slot (0.625n8) in a 10 forward

| ink. Thus, in the case of the radi o comuni cation apparatus of TDD system
whi ch uses the sanme frequency in both rewerse and forward links, a
transm ssi on antenna can be sel ected based on 15 reception power of the

reverse link Wiile, ip the se of the radio conmuncati of
FDD( Fr equen&}lﬂ%kiooéh pl ex)gzﬁfsterr)f%ﬂ: atﬁggs a Q% feréh e\‘%&gﬁégt&gs i n
each of the_reverse and forward, |inks i.nc h 1 SSION na
cannot be s@F‘echEEH‘ab%£8@ o"’?'nr\{vaeg:e%rﬁngﬁi ﬂp%\'7\1/rejl:rj"3((’)#l ﬁ%&?g}gg% i négd:nr%dﬁghe
transnissiogéagéenna of a base station is selected based on recepti on power
of one previ 8§l ot control signal in a term nal apparatus. 25 Regarding

transm ssi on sel egtive 4 Etyol Bot | b3 COAMRIGRE KON
appar at us of FE[)g;@&%ﬁ?éﬁﬁg§?o¥Fo&fﬁgqbf?Fﬁggg%g??kvgfﬂg'case of CDVA

system 5  3eFiffle +BSPa8G 1Y 8t HANa ARNAS 8 USE t BANSEWleSr SeCaNL H®!  &r@nal
of spreading code A from antenna A, and a control signal of spreading code

H from ant egRas Ba g8 va f e i eFAPEG St B JEASOL. 62 5 arePt tonob tpanar of
spreadi ng code A and that of spreading code B, respectively, and reports

spreadi ng CeQfs 8p\H 1@nhp@ies rl €6ePld @ommear i chltal onschant aera, ramiieant o
the base station apparatus. The base station apparatus selects an antenna
for transm i h@naed ah a6 £ ngt el gaend nab cappadatnspoased drs tHe lreepbed from
the term nal apparatus. Here, in a comunication system such as CDVA, which
has hi gh reza utaarw bt espeaisind s delnyf aaves Loere0i. $ 25w&e 1R whi ch
RAKE conbi ng, which 15 conbines received signals each having a different
arrivalldi nforwagadrildonkut to i nprove performance of reception. Wen the
nunber of reception paths is large, the reception characteristic on,the
recei ving side i sTh¥§l.e $Rptdadchf ¢ hef2otRRakREdQ SFPRMINRGE L 1on
conmbining even if the transm ssion antenna i s ¢changed on theaﬁ{ansnitting

side. MreodRPamatié t Rhsnf 8 oS Bfitt&Ma | ¥chGHRged S Eception PBRSG of
an interference signal is largely changed in the other term ppar at us ,
25 so that rfeeefMORCIuarit yb%&:ﬁma’ée K88 Tﬁélrdeftgr] Fwi%@ogéiagsg‘ti ¢h of
e ont ey ok il S0 SHECH o0 la CRER "84 1S ATBELET B B0
15 reception power of the reverse link
While, in the case of the radio communication
apparatusofFDD(FrequencyDivisionDuplex)system,
which uses a different frequency 1in each of the
reverse and forward links, since the transmission
20 antenna cannot be selected based on reception power
of the reverse link, and the transmission antenna
of a base station 1s selected based on reception
power of one previous slot control signal in a
terminal apparatus.
25 Regarding transmission selective diversity in
the conventional radio communication apparatus of

FDD system, the following will exemplify the case

of CDMA system.



4 However, the transm ssion selective diversity of the conventional radio
communi cati on apparatus of FDD system has a problemin which the change of
antenna i s executed even when the reception 5 characteristic of the
receiving side is little inproved, that is, the change of antenna is
unnecessary. Disclosure of Invention 10 B first object of the present

I nvention is to provide a radi o comruni cati on apparatus of FDD system

whi ch executes an operation faor changigﬂ a transm ssion_aptenna ﬁn4¥ when

a

reception qualityFi%Stpr &R BYSEhagP hd QM@ PRAERLILT ohTAft &R ahd 15

to provide a transm ssjion antenna changj ng net hod. A The aboye .obj ci an be
achi eved byCaddstiPing 88 ahin®Er sé’frf)ﬁgi?sggf c? ‘f? nR Frotta®se %{}%par oflle of

i ved si | d det I ni t t th ' f '
Lhe.ant ennciPdl ExBEM T 030 AR TR & R TEASH N FOBRE b opnFh codr; "
the_ant enna 8! BxEE £ 20 HaL8 _ | “Br o
of ‘a bhse <Pal B odbparar te “AEEbAY (PBET 8L HH, SRR R PR FrgRi pA g, O
of & base shatGA . . ent 71 ¢
apparat 0o, BBIVF riE B BAG R ATE PR WA Engl O g e

del ay profihe qaeopdidpihe Eyhod@MteboFte shigauihguehnie nawving
processi ng of a determning Circuit according to Enbodi nent 1;
higher reception power, that is, antenna number to
the baée station apparatus. The base station
apparatus selects an antenna for transmitting data
10 to the terminal apparatus based on the report from
the terminal apparatus.

Here, in a communication system such as CDMA,
which has high resolution with respect to a delay
wave, there 1s a case in which RAKE combing, which

15 combines received signals each having a different
arrival time, is carried out to improve performance
of reception. When the number of reception paths 1is
large, the reception characteristic on the
receiving side is little improved by the

20 characteristic of RAKE combining even 1f the
transmission antenna 1s changed on the transmitting
side. Moreover, 1f the transmission antenna 1is
changed, reception power of an interference signal
is largely changed in the other terminal apparatus,

25 so that reception quality becomes worse. Therefore,
in consideration of the entirety of system,

execution of changing the transmission antenna is

desirably constrained to a minimum.



5 FIG 5 is a block diagramshow ng a configuration of a base station
'apparatus according to Enbodi ment 2 of the present invention; FIG 6 is a
bl ock di agram showi ng a configuration of a term nal apparatus according to
10 Enbodinent 2; FIG 7 is a block diagram showi ng a configuration of a
base station apparatus according to Enboddnent 3 of the present invention;
FIG 8 is a block diagram show ng a 15 configuration of a term nal

ConTi gur at ron of HOESHERS BhSntd 48 SHEBAdND £6 BbA ALY KT
ccor di ng t @EnbB HERR Y S BAh Rae 1A Coa P I BT TAET rBRATAC 22
eforence t6 4 nEOR B RO PAdhc PRSI (ERoBAneh: The raBat 48nps " 1
change of aRhRRIFs S| el YT StdnG; (Whbp CHRR SEREEFHIBAS |

RAKE conbi “gﬁ&%%%ggﬁstw.n dhe ngefe‘gei%&\‘}ﬁéi ops R hg d s ﬂ?fgq-e Mor e

5 specifica ment 1 is a specific formwnhereln a term na

appar atus Meagees, Lhe NUERGE Of 16eCepthen RAtBndd o r aorkvathal g to

determ ne whet her or not a change of antenna is needed based on the
measured nunPeh e e BatdSy .and transnits 10 information, which shows a

determ nation result, to a base station apparatus, and the base station
apparatus sel ects whether or not the change of antenna is executed based on
the determnation result received the termnal apparatus. 15 FIG 1 is a
bl ock di agr 1 slkkavé 8@ 1t de odNi bgtsAatiian of the base station apparatus
according to Enbodi nent 1 of the present invention. In the base station
apparat us of FIG AL, f amrsaht ebiee diiplosfketh®03P re sesetl dmohe nifdionhd ssadme 20
antenna is enployed in both transm ssion and
provide a radio communication apparatus of FDD
system, which executes an operation for changing a
transmlission antenna only when reception gquality is
improved by changling the transmission antenna, and
15 to provide a transmission antenna changing method.
The above object can be achieved by measuring
the number of paths of a link from a delay profile
of received signal and determining whether or not
the operation for changing the antenna is executed

20 based on the measured number of paths.

Brief Description of Drawings
FIG. 1 is a block diagram showing a
configuration of a base station apparatus according
25 to Embodiment 1 of the present invention;
FIG. 2 is a block dlagram showing a
configuration of a terminal apparatus according to

Embodiment 1;



reception. The antenna dupl exer 103 outputs a signal radio received by an
antenna 101 t'o a reception RF section 105, and outputs a transm ssion
signal output froma transm ssion RF section 121 to 25 the antenna 101.
Simlarly, an antenna dupl exer 104 outputs a signal radio received by an
antenna 102 to a reception RF section 1065 and outputs a transm ssion
signal output froma transm ssion RF 1t 7 section 122 to the antenna
102. The reception RF sections 105 and 106 _anplify receivid si gnal s, | nput
fromthe antenna 8JF exér s10R afd a¥4 e ¥PeGuehdF Toftvéte Late gfﬁﬂﬁs*b‘@d
signals 5 to internedi ate or, baseband frequencies, and output the
frequency- cRRPESM BEgrnkP s BMP &I 8 % itéers 107 and 108, respectively.

Th hed fil 07 ,and_108 f d ' b LRy h
Ut put Si gnal s of PiiStepts OrF RE ST SRE DS SRu HoR B by { e o S

di de, D ti.pli t ] . i yelyy, Then,
he mat ched 49 T BAPLL RO dnfr 05, EERSTALIRPA® [ End AREBAKCH; T

measuring circuit 9, 140, d a,RAKE 16PERI Ni B b+ et Thlowi
. . . 1 .
respectlgely. 15 %Hégdelaé prgglleaneagurlng CIFC& s 109 and %igg%eaébre

del ay profi 'ceén‘.éfibgfxgi-%tﬁiéinglaaﬂ % BladBishad { 6ht 8P dP 4t d88ording

respectively to o Inarrival tine of signals of the respective paths and

power at eagh, aEniy8h im&Rt apdoqut Prle th #e LEnitnfDh el oM oaf ; r ecei ved
paths to the RAKE conmbining circuit 111, respectively. The RAKE conbi ni ng

circuit 111 synchrongzes i neigf the redpeeki veddiggmehs eathowavndg a
different arrival tine output fromthe matched 25 filters 107 and 108,
based on ti reohifing aetd ©Doef o Eceptieam pats appputatuemadeoded Apgprtafi | e
measuring circuits 109 and 110 , and conbi nes these signals , and outputs
the resubt arBmbe digenodulgting r
FIG. 7 is a block diagram showing a
configuration of a base station apparatus according
to Embodiment 3 of the present invention;
FIG. 8 is a block diagram showing a
15 configuration of a terminal apparatus according to
Embodiment 3:
FIG. 9 is a block diagram showiling a
configuration of a terminal apparatus according to
Embodiment 4; and

20 FIG. 10 is a flowchart showing processing of

a determining circuit according to Embodiment 4.

Best Mode for Carrying out the Invention
Embodiments of the present invention will be
25 specifically explailned with reference to the
drawings attached thereto.
(Embodiment 1)

Embodiment 1 focuses on the point in which



circuit 112. The denodulating circuit 112 denodul ates the output signal of
RAKE combining circuit 111, and outputs the denpdul ated signal to a
separating circuit 113. 5 The separating circuit 113 separates a control
signal fromthe output signal of denodulating circuit 112 to extract
reception data, and picks up a change necgssary/unnecessary signal, which
shows whet her or not an operation for changing an antenna 10 i s needed, and
an ant enna selectlve signal, which shows a transm ssion antenna nunber, and

out puts t heQAasFSant Yt & Bf et enifd tAfingkScHREHET nh¥seRt CRHPRRIL The
t h trol| t 114 1 th h
necessar y/ uRts 08553%%” AIT SR RE DEHH A TRE T LY PLERC traR PR o
wh h ti f t t h t
Change cont 11 PRI EaE B RARIERETA ST bR ASERSE, Yinphs SR
ant enna, that |§e t he Zp Ch%%%wﬁ%iaﬁ‘ﬁa e %ﬁr 5118 {_g trargslnbg t he l\&%gnal
ve s

fromthe anfédhaswhi his § enna selecti gnal put

from the, sepuabing ghnoyt 1%%[1@&(1%9@43%“ 19 94 S b3 PL edidles gEhmary

nodul ation secondary nodul ation, 25 whi li"es
control si gg@le Aeh %rteél%ﬂlgnﬁ(idﬁpﬁpak%ﬁ@gt:'h%'as'iix%aé t“neaﬂﬂnpdiéi?%% the

resultant to an adder 119. A nodul ating circuit 116 provides primry

modul ation siideat FSK prRLBECORURA Ya rdcdbal sAynWl & e telin £he

control signal B by spreading code B, to control signal B, and outputs the

resul tant tgmeta@deroi2Gof aoduiaﬁlgmg cfrantedh® prgvn@e@daﬂj e yed
nodul ati on such as PSK and 5 secondary nodul ation, which nultiplies
transm ssi on rattth &y meaeadred cadmbe it oot apsnt Bsi,on aded a,t rad sowi pyt s
the resultant to the selector 118. The selector 118 outputs the output
signal ¥ 10 rnfHermatiiain ngwhilrichishoé¥s teo des t Gem i he tadoler r 8531 bt ,t he
adder 120 by control of the antenna change controlling circuit 114. The
adder 119 om 1RP@ sl t$ pledxkent ha pipdue tyl gnal @ nadnd tdre plrasehesid t 1 plnexed
signal to transm ssion RF section 121 15 or 122, respectively. The

transni ssi oR IRFag&tnsn $2U 9E&A dé’sh%?h@e%sﬁ@ Juek athguacdrangee of
nodul ati on, frequency conversion nplification, and the like to the out put
si gnal of ad'db?ellf‘aa hfd %é@f%‘ﬂ*ﬁr@q adl s 8@ t Pahs ke oheftroniRe BhPdnna

101 through the antenna dggl exer 103 Simlar]y, the transm ssion RF
section 122 pﬁ’%V sTHrveeds §§’E]ﬁ8rad]raﬁlt?r%aﬁﬁ‘§tﬂﬁt'l on, frequency

120 - aHi pertor mE Gdi o ¥ r ot ssmti‘é. thkfpg% "6 B B3Pl FHL
m“enmadume%ﬁffghration of the base station apparatus
according to Embodiment 1 of the present invention.

In the base station apparatus of FIG. 1, an

antenna duplexer 103 1is used such that the same

20 antenna 1s employed in both transmission and
reception. The antenna duplexer 103 outputs a

signal radio received by an antenna 101 to a
reception RF section 105, and outputs a transmission

signal output from a transmission RF section 121 to

25 the antenna 101. Similarly, an antenna duplexer 104
outputs a signal radio received by an antenna 102

to a reception RF section 106, and outputs a

transmission signal output from a transmission RF



» FIG 2 is a block diagram show ng the configuration of the term nal
‘appar at us accordi ng 10 to Enbodinent 1. In the term nal apparatus of FIG
2 , ‘an antenna dupl exer 202 is used such that the sane antenna is enpl oyed
in both transm ssion and reception. The 5 antenna dupl exer 202 outputs a
signal radio received by an antenna 201 tD a reception RF section 203 , and
outputs a transm ssion signal output froma transm ssion RF section 216 to
the antenna 201. The reception RF section 203 anplifies a received signal
10 input fremahéodnt éRfa BEplher e aqddhty converts the anplified
Sgnal Lo Lo el e or deRean L ST 808 LB P sonem
T e on ke a L e g S5 LR oR o i HhPRALS, PSR ThR R o
S0 decpr oot Bt Bl 28 e b BRI SR e SRR B 8 o
by spreasdi ngocqqxetgrn{’lggiate or baseband frequencies, and output

the frequency-converted signals to matched filters
107 and 108, respectively. The matched filters 107
and 108 perform despreading by multiplying the
output signals of reception RF sections 105 and 106

10 by the same spreading code D multiplied by the
terminal apparatus, respectively. Then, the matched
filters 107 and 108 send the resultant to a delay
profile measurling circuits 109, 110, and a RAKE
combining circuit 111, respectively.

15 The delay profile measuring circuits 109 and
110 measure delay profilles of output signals of
matched £filters 107 and 108, respectively to obtain
arrival time of signals of the respective paths and
power at each arrival time, and output time

20 information of received paths to the RAKE combining
circuit 111, respectively.

The RAKE combining cilrcuilt 111 synchronizes
time of the respective signals, each having a
different arrival time output from the matched

25 filters 107 and 108, based on time information of
reception paths output £rom the delay profile

measuring circuilts 109 and 110, and combines these

signals, and outputs the resultant to a demodulating



., outputs the resultant to a power neasuring circuit 211. The matched filter
206 perforns despreading by 25 nultiplying the output signal of reception
RF section 203 by spreading code C, and outputs the resultant to a del ay
profile nmeasuring circuit 207 and a RAKE conbining circuit 208. 11 The
delay profile neasuring circuit 207 neasu8es a delay profile of an out put
signal of the matched filter 206 to obtain arrival tinme of the respective
pat hs and power at each arrival tinme, and 5 outputs tinme information_of
reception padred gt RAKEldonbi nTh@ ci réame dogatntng detekRifniing citédit
213. In the case of transmtting data in a burst manner, profil
measur ement Gesmpd bakes wither RPpESU E o 3 h8NEht P &p&ﬁgl .c?ﬂ%[irﬁléné‘ase,
the profile 10 neasurenent is performed based on th ut.put of, the t ched
1Tt or 204" GrLBEEL Tho IHAKER BATA WERG CF 1 LA D08 CphERRA 8L ST RS 56 t he
respective signals, each havi a different arrival tinme output fromthe
mat ched 15 failfgrpdzﬁé%(“bgsecdfgﬁu[fhe 1i(:ih$0rn1ati on of reception path out put

f t he_del il [ [ ' 7 ' : ' ls. A
demodul a8  ng- ¢ Fodt® 208 BehB g S Tt B8 BT s SREY LFR S ARt RN 0
circuit 208 tp extyact geeived dal@pudD A POWEl1 MEGEUT W ShMGU £ 121
nmeasures an ou?p)u%t power of tﬁe mat c 3 filter 204, and outputs the

measur ement .éf%.léllsz&ola LAPAE k30 6t HdeptZ oR a4, Yan® ROVEL s up

measuring circuit 1 nmeasures an output power of the matched filter
and 25 out py Scﬁﬁ%dﬁaﬁér&f@ﬂhff?wdné@eté@awg%@l ¢iwadidh 2dRowlde

conparison circuit 2 conpares power neasured by the power neasuring
circuit 210 whbh ores rmeastr i by d ha tRowar feRAsili Ah® Thycuin antenna
10 is needed, and an antenna selective signal, which
shows a transmission antenna number, and outputs the
resuitant to an antenna change controlling section

114.

The antenna change controlling section 114
15 reads the change necessary/unnecessary signal from
the separating circuilt 113. Then, in a case where
the operation for changing an antenna is necessary,
the antenna change controlling section 114 performs
the operation for changing an antenna, that is, the
20 change of a selector 118 to transmit the signal from
the antenna, which 1s shown by the antenna selective

signal output from the separating circuit 113.
A modulating circuit 115 provides primary
modulation such as PSK and secondary modulation,
25 which multiplies control signal A by spreading code
A, to control signal A, and outputs the resultant

to an adder 119. A modulating circuit 116 provides

primary modulation such as PSK and secondary



» 12 211, generates an antenna sel ective signal, which shows |arger spreading
‘code, that is, an antenna, nunber of the base station apparatus, and
outputs the resultant to a nultiplexing circuit 214. 5 The determ ni ng
circuit 213 neasures the nunber of paths fromtine information of reception
pat h, generates a change necessary/unnece8sary signal, which shows whet her
or not an operation for changing an antenna is needed, that is, reception

10 quality is |nproved by changing%the anienna) and outputs the_resultant
to the nuit MRLRLRE LrMcui Wivhdh WRIGAR LS8k A FOS t S3ER A t]F pPdxes

th h / i I t put he 15 det 1 ni
e change NSESERAYAUIICR SRR Y £, 9naly BULAY, [E 1 1E 15 deLeunplng
i it 212 ,.nt i i i f f t t put.s th
LIS 212 L LERRLN O S bR ATE 9 Rilay 08 PP ARS
o v e o ESY AU SR 20 HERASES 204 RO TRAL By of

D Lo the oWdubaygpyl of theJWibldiey! no Ol rayilerld, anf, Puuppts e

resultant to a transnission section 216. The transm ssi on sectl on

216 provi des 4 AGGSSERA SHCD aawar%fturs?%%w n, J68@Uengy,  to
conversion, anplification, and the |like to the output signal of the

nodul ati ng aiFgHistm24% 1 8Adda tld, PehlOBt padi® thang@Hel @mh £ 0tbt B8 e
antenna 201 through the antenna dupl exer 202. Next, a specific explanation

is given of gkel aytpo ef il e8nmeasurement processing in the delay profile 5
measuring circuits 109, 110 of FIG 1 and the delay profile neasuring
circuit 207 of FIl@he& wietlhe céfcar eh@8 toouaipdrtasv hipe [dustprati 8d gmaexapl e
of delay profile of FIG 3. In FIG 3, a horizontal axis
10 the modulating circuit 117 to either the adder 119
or the adder 120 by control of the antenna change
controlling circuit 114. The adder 119 or 120
multiplexes the 1lnput signal, and outputs the
multiplexed signal to transmission RF section 121
15 or 122, respectively.

The transmission RF section 121 provides
processing such as quardrature modulation,
frequency conversion, amplification, and the like
to the output signal of adder 119, and performs radio

20 transmission from the antenna 101 through the
antenna duplexer 103. Similarly, the transmission
RF section 122 provides processing such as
quardrature modulation, frequency conversion,
amplification, and the like to the output signal of

25 adder 120, and performs radio transmission from the
antenna 102 through the antenna duplexer 104.

FIG. 2 is a block diagram showing the

configuration of the terminal apparatus according



. denotes tine and a vertical axis denotes power. 10 In radi o conmuni cations

.

, there is a‘delay wave in which the transmtted signal arrives at the
receiving side after being reflected on a nountain, a building, and the
like in addition to a direct wave in which the transmtted signal directly
arrives at 15 the receiving side. FIG 3 ®hows that a direct wave signal of
power pO arrives at tine tO , and delay wave signals of pl, p2, p3 arrive
at tinme tl, t2, t3, respectively. The delay profile nmeasuring circuits 109
and 20 110 &% Emd @dlmenitofl e measuring circuit 207 neasure the del ay
profile as showmn in FIG 3 so as to obtain the nunber of_paths, in which
power is higher t&dhthereseminpdsfRRara s 98d¥dG i var *Pn@ndfeREéh

th. In th f FIG_3, si 25 of ived s;j t tige to
o timo 1 G hEGTRF B Lo NTE BORH Gy BRE  ERE 1B O pAIRE 1€ set

to 2'PEXt’éHbi@%éHmffan%§i¥%%€Lm‘%E&@d“%h@’rec%%tion. The

5 antenna duplexer 202 outputs a signal radio received
by an antenna 201 to a reception RF section 203, and
outputs a transmission signal output from a
transmission RF section 216 to the antenna 201. The
receptlion RF section 203 amplifies a recelved signal

10 input from the antenna duplexer 202, frequency
converts the amplified signal to intermediate or
baseband frequency, and outputs the frequency-
converted signal to matched filters 204, 205, and
206.

15 The matched filter 204 performs despreading by
multiplying the output signal of reception RF
section 203 by spreading code A, and outputs the
resultant to a power measuring circuit 210.
Similarly, the matched filter 205 performs

20 despreading by multiplying the output signal of
reception RF section 203 by spreading code B, and
outputs the resultant to a power measuring circult
211.

The matched filter 206 performs despreading by

25 multiplying the output signal of reception RF
section 203 by spreading code C, and outputs the
resultant to a delay profile measurling circuit 207

and a RAKE combining circuit 208.



processing of determning circuit 213 of Exanple 1 with reference to the
flowchart of . FIG 4. First, the determning circuit 213 determ nes whet her
or not the nunber of paths input fromthe 5 delay profile neasuring circuit
207 is smaller than the preset threshold value ( ST11 ) . If the nunber of
paths is smaller than the preset thresholld value, the determning circuit
213 generates the change necessary/unnecessary signal having information to
10 the effect that t he qperation for changlng an antenna i s necessarx (
ST12 ) . Moreover P18 t A& h@¥berP 5P pht Rs iR Pér‘b’é?“@r eﬁ&éﬂc't‘ﬁé:n/t% e

reset threshold value t.he determn cuit t es t he_change
Ir[:ecessar y/ UMRREYLES & r?a]raXSPﬁaR/Eflla'g% r it |°6’n Pg %FFelctoﬁhgsetghe

chse uhere. %CE%?%P%tﬁtg“ﬁB?abisat‘g“eCef?‘%"" yra.ﬂ%%lﬁiv&efa;‘ia?%?! . Ehtn i n
FIG 3 2

nunber IofS g%ta%{)e ge mﬁ’u Etlasyf"%r@(};eéfgren?%'ﬁél%lg%gf?;Z‘igl t%'q%e t%ﬁl chis
sraller ghai d PRl cehpled Pt dEm t1o1}hecfffx°é8e§@fo‘i‘1h§%[%“tBQaCM\Y(‘ﬁt

213 gener at ange nécessary/ unnecessary si gnal ving rnformation to

25 the effegomf'e\_tnm@ e&eféhu% s aﬁhanald@t@rhﬁmhqrm@ & SrRacesspLy,, and
outputs it to the multiplexing circuit 214. Next, an explanation wll be

given of thaflewe cddeob ft@réhwitttfiﬂbedhey@rﬁﬁ hi B2 &tt e i @diro
conmmruni cation system of Enbodi ment 1. The nultiplexing circuit 214

mul ti pl exes gihg raieddfe AGAEE 8ae/m tNDECH BTN ¢ riegal 1 BAdr el @Bttenvathe
sel ective signal into transm ssion data fromthe term nal apparatus in the

frame for mtcoamnddbe nedymaing circui tt 16 prowiskes prihery poduf atlieon
such as PSK and secondary nodul ati on, which nultiplies the output signal of
mul ti pl BXi ngnel@scir emietn Bl #isby espf oatn eag bacee @, ono tihe outtput t so §néh eof
the multiplexing circuit 214. The transm ssion RF section 216 provides
processi ng suehcde quEdt feuwr e2@ddub t idA5 .f requency conversi on,
anplification, and the like to the output signal of 15 the nodul ating
circuit 215, and FdreoRAKEadrembrbnd MG s ¢Bdr t RO BnESFHMAREPIN L Bedugh

t he antenna dupl exer_202. .
ime of the respective signals, each having a

different arrival time output from the matched
15 filter 206, based on tilme information of reception
path output from the delay profile measuring circuilt
207, and combines these slgnals. A demodulating
circuit 209 demodulates the output signal of RAKE
combining circuit 208 to extract received data.
20 A power measuring circuit 210 measures an
output power of the matched filter 204, and outputs
the measurement result to a comparison circuit 212.
Similarly, a power measuring circuit 211 measures
an output power of the matched filter 205, and
25 outputs the measurement result to the comparison
circuit 212. The comparison circuit 212 compares
power measured by thé power measuring circuit 210

with power measured by the power measuring circuit



The, signals radio transmtted fromthe antenna 201 of the term nal
apparatus are received by the 20 antennas 101 and 102 of the base station
apparatus . The signal received by the antenna 101 is input to the
reception RF circuit 105 through the antenna dupl exer 103, and the input
signal is anplified and frequency convertkd to internedi ate or baseband 25
frequency by the reception RF circuit 105. The output signal of reception
RF circuit 105 is despread by the matched filter 107 using despreadi ng code
D, and the @dsbre&PBPFRTFeSs DUt piteBheSe Ler HANSY %F&f‘*ﬁ‘é'n@%ﬁﬁ%ng
circuit 109 and RAKE combining circuit 111. The del ay profil e negsuring
circuit 100 ShQ¥§ ebamkesr FPreafipge 085Ut §%ﬂ£l%ﬂ'mﬁ%h8&??PP&=lo7

to obtain arrival time 5 of each receg%Lon pat h and power _at.each arriva

d
time, and oRPAPEE | AE TR Er MR T Bn St 2 FdDt PBR PRAF HD " t A RaRE WBRishi ng
i it 111. Simlarly, th j | i b 1 i,S | tt
Che'recepti SRR S FEKE 2000 fir AughOad §Rd Bt b SRE BE8r AbAT and the
Lo pesehLm i f ¥ . :
baseband® 1 requenci by A6 Foca FANTRYe ERRFI 102 Py, THEFELAS Dhne

reception Rﬁl&jgfg%}t% %g téfehgesf%ad D hgn@a £hed {bht ¢ 19%;@;‘5 £9 ok

despreadi ng ¢co0 espread signal 1s output to the delay profile

Measuri ng Cig gyt 110 RAKE CObi Bhith b7 CHlidtc ddba AP iph 8% &% 9hid e

measuring circuit 110 nmeasures the profile of the output signal of matched

filter 108 toy ghti N 4P PERI ¥Wow s hef t RaGh JLGEPti ah RAS Sranth pavero Bt
each arrival tinme, and outputs tine information of reception path to the

RAKE combi nidagid £Higt dAlanfhenBAKEL gomsegend | ctiad 1l sconberasp thon
respective signals each having a different arrival 25 tinme, and the
denodul abi ngyeanclty 1118 denmpdwes s e chombigreds sitdgrel antensa heand
separating circuit 113 separates the change necessary/unnecessary signal
and the ant ema& petscttilve giegnall tsonés te thier aewl t iglescended i dgudt t

214.
The multiplexing circuit 214 multiplexes the
change necessary/unnecessary signal output from the
15 determining circuit 213 and the antenna selective
slignal output from the comparison circuit 212 into
transmission data in a frame format, and outputs the
resultant to the modulating circuit 215. The
modulating circuit 215 provides primary modulation
20 such as PSK and secondary modulation, which
multiplies the output signal of multiplexing
circuit 214 by spreading code D, to the output signal
of the multiplexing circuilt 214, and outputs the
resultant to a transmission RF section 216. The
25 transmission RF section 216 provides processing
such as gquardrature modulation, frequency
conversion, amplification, and the like to the

output signal of the modulating circult 215, and



+ The separ at ed necessary/unnecessary signal and the antenna sel ective signal
‘are output to the antenna change controlling circuit 114. The antenna 5
change controlling circuit 114 determni nes whether or not the change of
antenna i s executed based on the necessary/unnecessary signal. Then, if the
change of antenna is executed, the selectid 118 is changed based on the
antenna selective signal. 10 Next , an explanation wll be given of the
signal flow of the forward link in the radi o conmmuni cati on system of

Embodi ment PeESATBE of A0 ALTAMEMLS 24 ot ofTHR BAR 8P41$BA Gapprat us
135" hor ot EoBEBnah G ARILE AN b SRLBEETg 202 Spr oad pr oCossi ng USi ng
Sader 119, “Simi | aNSR o AR gy eRbLASRIERH s LeRnehatlant on
ol reurt 116 RENErEb e wb R eI L RAEER R T calEpe A Yl BAP LI 1 1O
out put o1 A AREEr B Br CHLLR L0y CK oS Ot Blia Y B, R ARy 1

transm tted f¥9MitNE basea shatiPg aBRaFaLYS: | S264b) @ edr i@ Prijmry;tn
processi ng such as PSK by the 8 nodulating circuit 117. Moreover,

secondary ngdblkatd OR cf OEES S rmrafxvmgeadlpﬁ@q%&aga%smg SRA8A 89 ogode C
is provided thereto, and the resultant is output to the adder 119 or 120

through 5 thee salyediws £1l8e aAdF Tont 0] ISi gNEES 8 ,a8dnhB ey 2o 4 1 phexed.
The transm ssion RF section 121 provi des processing such as quardrature

nmodul ati on) derguemsy tchmeersn dn,a awveld 1 catl oax ianddteheo tielee BB wieort he
out put signal of adder 119, and perforns radio transm ssion fromthe

ant ennal@01 t hr oudm tihe dane enommiuplieet 10035 , Thbetrantai asderl &F seacte on
122 provides processing such as quardrature nodul ati on, frequency
meemﬁon,kmmWhﬂ@hidﬂe transmitted signal arrives at the

recelving side after being reflected on a mountain,
a bullding, and the like in addition to a direct wave
in which the transmitted signal directly arrives at
15 the recelving silde. FIG. 3 shows that a direct wave
signal of power p0 arrives at time t0, and delay wave
signals of pl, p2, p3 arrive at time t1, t2, t3,
respectively.
The delay profile measurlng circuits 109 and
20 110 and the delay profile measurlng circuit 207
measure the delay proflle as shown in FIG. 3 so as
to obtain the number of paths, in which power 1is
higher than a preset threshold value, and arrival
time of each path. In the case of FIG. 3, since power
25 of received signal at time t0 and time t1 is higher
than the threshold value, the number of paths is set
to 2.

Next, an explanation is given of determination



15 and the

transm ssion-fromthe antenna 102 through the antenna dupl exer

| i ke to the output signal of adder 120, and perfornms radio

104. The

signals radio transmtted fromthe antennas 101 and 102 of the base station
apparatus 20 are received by the antenna 201 of the term nal apparatus.
signal received by the antenna 201 is inpdt to the reception RF circuit 203

via the ant

frequency converted to internediate frequency or baseband frequency,

enna dupl exer 202. The input signal is anplified, and 25

and

The

the frequenpyrconssitad sHndp tisrmgningo clecdiendd 3 iak dfxapple 305 |

and 206.

19 The matched filter 206 provi des despread_processing to the
si gnal i npui®Rr aofedinycepreadithec cﬂe°Y’:Fhaﬁ'lﬂtOlR€

the delay profil e _measuri

circuit 207

ufsL F he 4r'esu| tant to
circuit 208.

n nd KE 5 comnbi
The del ay profil eFdga8 i r%‘%iii@d:i?r?éﬁﬂﬁgsﬁ’r Clet gghﬁy%%?ﬂ“bl%?st he
out put signal of matched filter. 206 to obta%g arr% %I:%ine of _each
, 0

reception p#eERE HoRdr WP teddhCaiBBL L |
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determ nf ng
respective
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10

15

20

25

. BAhERFo HRPRK STFOR the
o R S A (e
grggﬂ%gi GAEh el 0dpd, ol LAt e VR) 134 ItRe AUMBEE of
paths 1s smaller than the preset threshold value,
the determining circuit 213 generates the change
necessary/unnecessary signal having information to
the effect that the operation for changing an
antenna is necessary (ST12). Moreover, 1if the number
of paths 1s larger or equal than/to the preset
threshold value, the determining c¢lrcuilt 213
generates the change necessary/unnecessary signal
having information to the effect that the operatlon
for changing antenna is unnecessary (ST13).

For example, 1n a case where the preset
threshold value 1s "3" and the delay profile shown
in FIG. 3 is measured by the delay profile measuring
circuit 207, the number of paths to be input to the
determining circuit 213 1s "2", which 1s smaller
than the threshold value "3." Therefore, the
determining circuit 213 generates the change
necessary/unnecessary signal having information to
the effect that the operation for changing an
antenna 1is necessary, and outputs 1t to the
multiplexing circuit 214.

Next, an explanation will be given of the flow



t he. conbi ned signals to extract received data. The determning circuit 213
hreasures the nunber of paths fromtine information of the reception path
and generates the change 20 necessary/unnecessary signal based on the
measur ed nunber of paths, and outputs the resultant to the multiplexing
circuit 214. The matched filter 204 provildes despread processing to the
signal input thereto using 25 spreading code A Then, the power neasuring
circuit 210 nmeasures power, and the result of neasurenent is_output_to the
conpari son ©iff ctite 2121 ggiad | &% y thee navedcter il L8k 268 pr&A dELYE8pr ead

processi ng 20 to the signal input thereto, usi spreadi ng code B. Then,
the power mERRUIGLeRAPR BYS MR uPEs %Bﬁ%%?fgﬁHPYh result of

. 3 BuPés BBREH BRI h of
2125 conpares poRdre nBAdkS SHIRRIRG pORES hds i1 Ag™ T EGRTSES bt poner
d by th ' ' it 211 t t
el cot e SUMAR BMAAC SRARE P GaP Sd sy EhARY Fint 8R4 R e pan,.
nmb th tation 10 t th
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smal |, the pcreopﬁg_aﬁggn %ﬁg}j’@ﬁﬂ eqtedihQ ¥eCihe P68 iR ge 2 gantarna,

and this makes It poSsi to 1nprove reception quality. Wile, in the

case where Rk%dgggea_nog Patha i€ bqrsgeprdsetiraéisvsrzsirwﬁfnmaulmzaﬂ s

caused by I ni ng, can be obtained. As a result, control is

performed tqpegvent st heo gRt enfadf r o BeinWa eanard.dwend ttiv 8 , 20 wkken it
possible to prevent a sudden change in interference power to the other

term nal appagatusp L 1@e beitngk cavsadp iy t heighanie off anmeringi pdreiktiag
suppress deterioration in reception quality of the other term nal
appar at us. 251 tenbpdi et b3) spbedidniemy Qoide d specithe dotpuheregnatlhe
term nal apparatus neasures the nunber of reception paths fromthe received
signal, transfrithe Riltiplexing circuit 214. The transmission
RF section 216 provides processing such as
quardrature modulation, frequency conversion,
amplification, and the like to the output signal of
15 the modulating circuit 215, and performs radio
transmission from the antenna 201 through the
antenna duplexer 202.
The signals radio transmitted from the antenna
201 of the terminal apparatus are received by the
20 antennas 101 and 102 of the base station apparatus.
The signal recelved by the antenna 101 1s input
to the reception RF circuit 105 through the antenna
duplexer 103, and the input signal is amplified and
frequency converted to intermediate or baseband
25 frequency by the reception RF circuit 105. The
output signal of reception RF circuit 105 is

despread by the matched filter 107 using despreading

code D, and the despread signal 1is output to the



~information, which shows the nunber of paths ) to a base station, and the
‘base station determ nes whether or not the change of antenna is needed
based on the nunber of paths received fromthe term nal 5 apparatus, and
sel ects whether or not the change of antenna is executed based on the
determnation result. FIG 5 is a block diéagram show ng the configuration
of the base station apparatus 10 according to Enbodi nent 2 of the present

i nvention. The_base station apparatus of FIG 5 adogts the configuration in

whi ch a det &8iRithg BFhd £ e30Meesiidad d o ThEVLE s ond@sharRREE of

FIG 1. In the se station a tus of . FI thes 15 referer,lce
e ol s ns GaBoe ot @ LF APRRLIaM: Thnend e am Gk AFLde TP BUHEL A ch

operat i on, dn ;° et Expt B P ?f@p?#"i En Tﬁ'a%sfe%a'reglt i e L
separat e 41,3 b0 97 LRSI i SRR T %a"f' "
recept | 0?. Pajp aad Q‘%@Qg% 2%5‘?:% h‘ﬁed  gpalr Bftog‘a?}f aGOP1 A1 §

| rec

out puts tine Tnfornmation fion tothe2 ermnlng CII‘CUIt

301, and outpyis 61?%?%{%6”%‘1:{%8' @%f&‘f:nﬁdﬂﬁ!@' t&ftEE‘eéabWé‘nC*baé‘Bﬁ 59

controlling circuit 114. The determning circuit 301 neasures

nunber of pathe fRARE | S8 AANRS | A éunaceptilon path out put fromthe
separating circuit 113, generates the necessary/unnecessary signal based on

t he nunber of patisimddaeatypyt 8hiehe I 6aEl 1 ané cledt Peldn® Nt RANA ICH8AGEA
controlling circuit 114. The antenna change controlling circuit 114 reads

t he change necesdiar Wnpnecess arlye st grea p ddioutR I roincichel del ererivi nguet cui t
301. Then, in a case where the operation for changing the antenna 10 is
necessailg, tthkeammhbeawhargep texenl [1idW, sadqtd ohhil 4l perd br 8 gihe 1chiasnge
of a selector 118 to transmt the signal fromthe antenna, which is shown
by the ant ermapdel 8dt€ideasiqribr e@n pocy roanvrer $eghroi dptermediat3e 15
FIG 6 is a block diagramshow ng the confi ation of the term nal

appar at us ace®r #idgebd Efh&di ag e PCFf Qﬁetg‘*%sléﬁthmt'é@m ORF Trker e&ying nal

appar at us of FI G 6 adopts the configuration in which the deternlnln%
circuit 213106. The output signal of reception RF cilrcuit 106

is despread by the matched filter 108 wusing

15 despreading code D, and the despread signal is
output to the delay profile measuring circuit 110
and RAKE combining circuit 111. The delay profile
measuring circuit 110 measures the profile of the
output signal of matched filter 108 to obtain

20 arrival time of each reception path and power at each
arrival time, and outputs time informatilion of
reception path to the RAKE combining circuit 111.
The RAKE combing cilircult 111 combines the
reépective slignals each having a di1fferent arrival

25 time, and the demodulating circuit 112 demodulates
the combined signals, and the separating circuit 113
separates the change necessary/unnecessary signal

and the antenna selective signal so as to extract



20 is deleted fromthe term nal apparatus of FIG 2. In the base station
‘apparatus of ‘FIG 6, the same reference nunerals as those of FIG 2 are
added to the configuration portions, which are conmon to the base station
apparatus of FIG 2 in connection with 25 the operation, and the
explanation is omtted. The delay profil@7reasuring circuit 207 measures
the delay profile of the output signal of matched filter 206 so as to
obtain arrival tinme of 23 each path and power at each arrival tinme. Then,
the del ay pre¢pdviedsWahg circuit 207 outputs time information of
reception path to the RAKE conbinjng circuit 20? and nmultiplexing circuit
214. 5 The mul ti pId& ngs ePTLRE A 4 MALE $F BFE/ PAREL PREGHRYI off ‘AR 2

ti th, which has b t the_del i '
Crouit 50r Anathe antamEcaShBAk kRt Snah ArBod HeER b but B om
th [ [ it. 212, into t ) [ 10 tq .l t f t,
bnd out put s AMESAULEI ¢hATYS R tERAE A R4y Pod & L5 TR ERTRARGIE
tati t det ' '

execut ot baclit By ¢ e SR ER B o f e batrict nEBXEER AR OB e,
apparatus . Thi o@k@ﬁdnt(t:ﬂg,?fggl £ %h fal NesSed ol JWr fWH Ea0bnl NE

t er m nal appar at us or that o oftvvare, an to | Nprove m ni aturi zati on of
the term na'tﬁgpaﬁ@té@s%%?émfé%s&s&ancsfweéigmsynptir%n 20 { Enbegigrent

3) Enbodi nent focuses on e point that the delay
change of antenna 1s executed, the selector 118 is
changed based on the antenna selective signal.

10 Next, an explanation will be given of the signal
flow of the forward link in the radio communication
system of Embodiment 1.

Control signal A transmitted from the base
station apparatus is subjected to primary

15 processing such as PSK by the modulating circuit 115.
Moreover, secondary modulatlon processing of spread
processing using spreading code A 1s provided
thereto, and the resultant 1s output to the adder
119. Similarly, control signal B transmitted from

20 the base statlion apparatus is subjected to primary
processing such as PSK by the modulating circuit 116.
Moreover, secondary modulation processing of spread
processing using spreading code B 1is provided
thereto, and the resultant is output to the adder

25 119,

Transmission data of the forward link
transmitted from the base station apparatus 1is

subjected to primary processing such as PSK by the



- profile of the term nal apparatus and that of the base station apparatus
‘are substantially the sane as each other. Mre specifically, Enbodi nent
is 25 a specific formwherein the base station apparatus nmeasures the
nunber of reception paths fromthe received signal, determ nes whether o
not the change of antenna is needed basedi®n the neasured 24 nunber of
paths , and sel ects whether or not the change of antenna is executed bas
on the determination result. FTG 7 is a bl ock diagram showing the 5
configurati drRogutaé ijage sediRidpparlat is acMOXR AY €. Enbseiamemd az vf
the present invention . The base station apparatus of FIG 7 adopts the
confi gurati JRPFR WAtdP RhP FREETS hlvey eifr cRPTremd B ag@es 18 % hesBase

station apparatus Qf FIG 1. 10 |In the base station apparatus of FIG 7,
the sane ref%PErﬁ:%gljrﬁ’n%r F94% hode® ofPFPGiéegret&ng&tt‘b'th%nd the

conti gur at oncROLE LTSy 1A Rl AEE o RHNEC oI £ 8t 0 CAREBL,
The del ay pr€f1|el € %s(y#br}g f%"acu'éﬁglocgo%%olfosﬁﬁ%&est e dr\e/%?é %;rggg

of the outpuf signals of matched filters and respec

to obtain t r lo of the signal of each path and power at each
arrival tingﬁugﬁ%i Sfﬁ%%ﬁﬁine 20 information of reception path to RAKE

combi ning Gicui t g ande A6l TERAnCl G Lo 8Q% 1 PESPCE L Vel o Tl o

determning circuit 401 neasures the nunber of paths fromt

of receptionp2? Pakl.ingi ch Niasnbeer Hut pyh 4 ¥ @Wddigrde! ampafid€10n,
measuring circuits 109 and 110 , generates the change necessary/unnecess

sihgnal basedf g ¢ e nepsbioatl 8uEEs nQf Paphs. £ 8ed ©OUbRUL Sahlie vesuhtiand
the 10 to the output signal of adder 119, and performs radio
transmission from the antenna 101 through the
antenna duplexer 103. The transmission RF section
122 provilides processing such as quardrature
modulation, frequency conversion, amplification,
15 and the like to the output signal of adder 120, and
performs radio transmission from the antenna 102

through the antenna duplexer 104.

The signals radio transmitted from the
antennas 101 and 102 of the base station apparatus

20 are recelved by the antenna 201 of the terminal
apparatus.

The signal receilved by the antenna 201 is input
to the reception RF cilrcuilt 203 via the antenna
duplexer 202. The input signal 1s amplified, and

25 frequency converted to intermediate frequency or
baseband frequency, and the frequency converted
signal is input to the matched filters 204, 205, and

206.
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26 antenna change controlling circuit 114. The antenna change controlling
circuit 114 reads the necessary/unnecessary signal output fromthe
determning circuit 401. Then, if the operation 5 for changi ng the antenna
i s needed, the antenna change controlling circuit 114 perforns the change
of selector 118 to transmt the signal fr@mthe antenna, which is shown by
t he antenna sel ective signal output fromthe separating circuit 113. 10
FIG 8 is a block diagram showi ng the configuration of the term nal

appar at us accordi fiheo masbdhesht Bldftehe Bil&enpriaRtA®ison. AT8L X AM nal
apparatus of FIG 8 adopts the configuration in which the determ ning
circuit 213pocegalaed Feomthme t S49RaL apbBPRttus bhemetor. Ysipge
base station apparatus of FIG _8, the sane reference nuneral s as thgge of

FIG 2 are &REGADINGL ¢BAM Jur afPSh PIEPYNS, TRF Fhe 8l EBRfort @ ot Pife
base station apparatus of FIG 2 in connection with _20._t operati nd
t he expl anatQ%E%iYs oPrFﬂ%{:l.leThé“ﬁ@ISébrSP@fi I%Eﬁé:al%lt]?:i n&(gfrcgintdazoggKEa
measur es_t he deiﬁy rofili of E e Uéput signal of matched filter 206 so as
to obtaif ar9?® If?ﬁr;g of *&th B:at% nd power at each arrival time, and

outputs 25 tinme inf.ormtji r i p t K 4Nl Ng5Gi4 CUi t
208. The multi pl e%l’r"la cidrggiatcg 21§%§8’H'|8%1 e%gat%é&gﬁ}tgﬁngiglg?géﬁ vezgi{;nal ,
which has b f t I SON G & CA , gli

transm ssi oﬁ‘?%g%??%%t h{elgg]r gr?efggr %gﬁ&@g'ﬂgé oﬁ?p&?isétﬁ{elttrpze%ﬁl tsaln &?% tohfe

modul ating GhreWiedl 1 ThUS (28d ePbi @bt &1RAI Aren vhe RoiRe J@tehlth 5
delay profile of the term nal apparatus and that of the base station

apparat us argegist aRdd ap bt hendapowe reacth ohleal .afhavallhe iwee atnad i on
apparatus neasures the nunber of reception paths and
10 outputs time information of the reception path to
the RAKE combining c¢ircuit 208 and determining
circuit 213.
The RAKE combining clrcuit 208 combines the
respective signals each having a different arrival
15 time, and the demodulating circuit 209 demodulates
the combined signals to extract recelved data.
The determining circuit 213 measures the
number of paths from time 1nformation of the
reception path and generates the change
20 necessary/unnecessary signal based on the measured
number of paths, and outputs the resultant to the
multiplexing circuit 214.
The matched filter 204 provides despread
processing to the signal input thereto using
25 spreading code A. Then, the power measuring circuit
210 measures power, and the result of measurement

is output to the comparison circuit 212. Similarly,

the matched filter 205 provides despread processing



determ nes whether or not the change of antenna is 10 executed. This nakes
It possible to reduce the scale of hardware of the term nal apparatus or
that of software, and to inprove mniaturization of the term nal apparatus
and a decrease in power consunption. 15 (Enbodi nent 4) Enbodi nment 4 focuses
on the point that effect of transmi ssion 2fi versity is small since the

| ength of tine at which the received signal continuously drops is short
when the Doppl er frequency is higr. 20 More specifically, Enbodinment 4 is a
specific fortR vikBPeiSH IRE L rPHA tHHpPALH AU FddUrER TR hlh &GO e B .
reception paths and_t he Doppl er fregpency fromithe received signal and
transmts i ntbfRat C&E BAVEF DEARUEHR AUHbEL b tpat hsM87F LRE DB *F - 25
frequency, to the_base_statiqgn apparatus, and the base statiogn par at us
det er mi nes HERhel By ﬁ&ts‘fh cﬂ%ng@e(ﬁsgﬁteé%ﬁar%i slﬁeeaélat%'éged%gn %ﬁ@
nunber of path nd. I r NC¥+1.[.ECEI th 7, Legnina
appar at us, %%ﬁg% esz:%rsg)ehy\/nl%e)?%ec'r%j(iEt %gtuff hgh&a('ﬁ%é%%fg%%{gennntgilrg%eix%c%?gd
based m%th%gﬁygﬂégub%héﬁa%gasured by the power measuring

circuit 210 with power measured by the power
measuring c¢ircuit 211, generates the antenna
selective signal, which shows larger spreading code,
that 1s, the antenna number of the base station

10 apparatus, and outputs the resultant to the
multiplexing circuit 214.

Thus, in the case where the number of paths is
small, the propagation path 1s selected to execute
the change of antenna, and this makes 1t possible

15 to i1mprove reception quality. While, in the case
where the number of paths 1s large, path diversity
effect, which 1s caused by RAKE combining, can be
obtained. As a result, control 1is performed to
prevent the antenna from being changed, and this

20 makes 1t possible to prevent a sudden change 1in
interference power to the other terminal apparatus
from being caused by the change of antenna, and to
suppress deterioration in reception quality of the
other terminal apparatus.

25 (Embodiment 2)

Embodiment 2 1s a specific form wherein the
terminal apparatus measures the number of reception

paths from the received signal, transmits



- FIG 9 is a block diagramshowing the 5 configuration of the term nal
.apparatus according to Embodi nent 4 of the present invention. The termn nal
apparatus of FIG 9 adopts the configuration in which a Doppler frequency
measuring circuit 501 is added to the termnal 10 apparatus of Fig. 2. In
the base station apparatus of FIG 9, the2sane reference nunerals as those
of FIG 2 are added to the configuration portions, which are common to the
base station apparatus of FIG 2 in connection with the operation, and the
15 expl anati bREarggtiea . aleh chBews | the 205Mp&T R fsP@ddspFeadihg@ by
mul tiplying the output signal of reception RF section 203 by spreadi ng code
C, and out puPdSithe $ESR1 QR t *RAe J&y BREG | & TREIAR ngd eitrcTnd By |

20 RAKE combining circuit 208, and Doppler frequency npasuring circuit_501.
The Doppl et YR&GRAG OfeddFi hh L OMRAhB SOF ARk emdia he Posen PASRRncy

f the output_signal of matched fjl 206, and qutputs t |t ,of 25
measur enent £8 (HiCagBPRER rhcclthie 280 et v eflo OB tHiped Th0

. | 213, .
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information pf J4¢¢eption path, which has been output fromthe delay profile
measuring circuit 207, generates the change necessary/unnecessary signal

based on the nunbepr1@f, paths ggd the PanpbRr fd edansn MeagBRECth Y thge 10
Doppl er frequency neasuring circuit 501, and outputs the resultant to the

mul ti pl exi ngeeid £¥gtu2d41dhe fofl owmg Wibhs@ vesaia explianakigiaefa ke
determ nati on processing of determning circuit 213 15 of Enbodinment 1 with
referenqa® toatheo fldawcdato Bimtdd &inlédn tFer sif, tihe pleearemfi A weheWdn 213
det erm nes whet her or not the nunber of paths input fromthe delay profile
measuring ci Ttue t b20¥ei ss tadli@en tdpparatus of FIG. 5 adopts the
configuration in which a determining circult 301 is
added to the base station apparatus of FIG. 1. In
the base station apparatus of FIG. 5, the same
15 reference numerals as those of FIG. 1 are added to
the configuration portions, which are common to the
base station apparatus of FIG. 1 in connectlon with
the operation, and the explanation is omitted.
The separating circuit 113 separates the
20 control signal from the output signal of
demodulatling circuit 112 to extract received data,
picks up time information of reception path and the
antenna selectilive signal from the control signal,
outputs time information of reception path to thé
25 determining clrcuit 301, and outputs the antenna
selective signal to the antenna change controlling

circuit 114.

The determining circult 301 measures the



20 the preset threshold value 1 ( ST21 ) . If the nunber of paths is
‘smal | er than-the threshold value, 1 , the determning circuit 213

det erm nes whet her or not the Doppler frequency input fromthe Doppl er
frequency neasuring circuit 501 is smaller than the 25 preset threshold
value 2 ( ST22 ) . If the Doppler frequer2@y is smaller than the preset
threshold value 2 , the determning circuit 213 generates t he change
necessary/ unnecessary signal to the effect that the eration for

changi ng t hawmbemm® fspadeessEnPpsiime q-f‘ftorTe‘“PrGrilb%P B%Dﬂfa?ﬁgg P& ger

or equal than/to the threshold value 1 and the pler 5 freq cy.
larger or e@ffbt h&Rt8%he prédet Fﬁreesl‘ﬁ)?aa\féq?gg t R Tfe gq-‘m it #’13

t 213 tes the ch [ fect
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s~large or reque Cy O is large, path

di versity effect, wpjch hfc %edchM@EE S8 PbRA. 1 £3" Be rabhaknedl As a

result, control is perfor o prevent the antenna from bei ng changed, and
this makes if.pessibked 0 BhaMeHE 2 Helddes £R§N0enhe 28sigi £f erenga agover

to the other ternlnal appar at us
output from the determining circuit 301. Then, in
a case where the operation for changing the antenna

10 is necessary. the antenna change controlling
section 114 performs the change of a selector 118
to transmit the signal from the antenna, which is
shown by the antenna selective signal output from
the separating circuilt 113.

15 FIG. 6 1s a block diagram showing the
configuration of the terminal apparatus according
to Embodiment 2 of the present invention. The
terminal apparatus of FIG. 6 adopts the
configuration in which the determining circuit 213

20 is deleted from the terminal apparatus of FIG. 2.
In the base station apparatus of FIG. 6, the same
reference numerals as those of FIG. 2 are added to
the configuration portions, which are common to the
base station apparatus of FIG. 2 in connection with

25 the operation, and the explanation 1s omitted.

The delay profile measuring circuit 207

measures the delay profile of the output signal of

matched filter 206 so as to obtain arrival time of



" from bei ng caused by the change of antenna, and to suppress deterioration
'in reception quality of the other term nal apparatus. The configuration and
operation of the base 25 station apparatus of Enbodinent 4 are the sane as
those of FIG 1, and the explanation is omtted. Moreover, Enbodi nent 4 can
be combi ned with Enbodi nent 2 or Enbodinezg 3. Nanely, the follow ng

30 conbi nations can be executed. Specifically, the term nal apparatus
nmeasures the nunber of paths and the Doppl er frequency, and the base
stati on app&@afls bkt Br AN P HEher top ath a ks ichahgt lofe s Fineemnathse
needed. The baie station apparatus neasures the nunber of paths and the
Doppl er fre@Rh@Y BEP HELE MPBES WRdMRr Crr @B & hd 0dhanyd DR tentbhme i s

needed. The Iegninaltﬁggara us neasures the nunber of gaths , and the base
station 10 appalfHTRe Buf EsTEIRE Popp? BrP ftdhy deh b 8n8 Ak F afkekn At her

t th h ' d.. The t i,nal t th
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10 data in the frame format, and outputs the resultant

to the demodulating circuit 215.

Thus, the base station apparatus determines
whether or not the change of antenna is executed
based on the number of reception paths measured by

15 the terminal apparatus. This.makes it possible to
reduce the scale of hardware of the terminal
apparatus or that of software, and to improve
miniaturization of the terminal apparatus and a
decrease 1in power consumption.

20 (Embodiment 3)

Embodiment 3 focuses on the point that the delay
profile of the terminal apparatus and that of the
base station apparatus are substantially the same
as each other. More specifically, Embodiment 3 is

25 a specific form wherein the base station apparatus
measures the number of reception paths from the
received signal, determines whether or not the

change of antenna is needed based on the measured



31 Novenber 18, 1998, entire content of which is expressly incorporated by
‘ref erence herein. 32 CLAIMS 1. A radi o comuni cation apparat us
conprising: first path neasuring nmeans for neasuring the nunber of paths of
a forward link; 5 first determ ning neans for determ ning whether or not an
operation for changing an antenna is nee@ed based on the nunber of paths;
and first multiplexing neans for nultiplexing a first control signal, which
puts a determ nation 10 result of said first determ ning neans thereon,
into transnisyhbemafs. Patihe.r ANE cOHRHMAFT ESt iBReddparates Reb5rdthE to
claim1l1, wherein said first deterninin% means determ nes that executjon of
the operati 6haBgels efang®RyaMBaantkfina § % AedRE wihdserkk nBRpertBP
paths of the forward link is smaller than a first threshold value. 3. The
radi o commuiicherdhl Bgfat aPuL @88drlding to claim 1, further conprising
first Doppler 20 frequen asuring ans for .nmeasuring Doppl er
frequency of a rege'q‘%q/ed g’lygn 5 wher °§jﬁ d fAg T gl erﬁﬁrﬂ%:ggﬂeanghe
determ nes whet her_or not the operatian fgor. changj ant ' eded
based on§t h& M 6 ral fs o?et he{:#’grmafg&ﬁ?nkgslapngt efboppa}eéggffra;a{t}%ncy.

according to Embodiment 3 of the present invention.

The base station apparatus of FIG. 7 adopts the

configuration in which the determining circuit 401

is added to the base station apparatus of FIG. 1.

10 In the base station apparatus of FIG. 7, the same
reference numerals as those of FIG. 1 are added to
the configuration portions, which are common to the
base station apparatus of FIG. 1 1in connection with
the operation, and the explanation 1s omitted.

15 The delay profile measuring circuits 109 and
110 measure the delay profiles of the output signals
of matched filters 107 and 108, respectively, so as
to obtain the arrival time of the signal of each path
and power at each arrival time, and output time

20 information of reception path to RAKE combining
clrcuit 111 and determining cilrcult 401,
respectively.

The determining clrcuit 401 measures the
number of paths from time information of reception

25 path, which has been output from the delay profile
measuring circuits 109 and 110, generates the change

necessary/unnecessary signal based on the measured

number of paths, and outputs the resultant to the



4. .The radi o comrmuni cati on apparatus according to claim3, wherein said
‘first determ ning nmeans determ nes that execution of the operation for 33
changing the antenna i s needed when the nunber of paths of the forward |ink
is smaller than the first threshold value and the Doppler frequency is

smal l er than a second threshold value, wbch is present. 5 5. Aradio

conmmuni cati on apparatus conprising: first path nunber neasuring neans for
measuring the nunber of paths of a forward link; and second multi pl exi ng
means for nentenssa ngharngeomP &M BL 1N GnsLT GH dh pdtk i nformation 10

show ng the nunber of paths of the forward |ink thereon, into transmn ssion
dat a. g The radi@%m%tfh?@é‘tq%n Chanef uémd%?f&r%‘ffe\&nt% (ﬁgf%lggfﬁaer

ising first Doppler f i f i ¢ 15
o ey o eatEctla e rmas A LR i Bae e als EINR Hipd Bl PG PBkeT

mul ti pl exes sai d second,control ,signal, | chyput s i pgoryati ' t he
nunber of p&R %‘F%terﬁmﬁ'é’ﬂv\%?dclii (gu?ﬁer"\ég(;in,' %R;éhrffdfff:o% rolo%;?gn%% \%hich
puts informtion show ng the ppl er. regue €eo LNt Qnt

transmi ski of Yat f.sha}.ngAJQ% m*r%ﬁ?‘ca ﬁgrfg‘?relfram %gl r&gégtgr%?ﬂs?tﬁavi ng a radio

conmuni cat i oqlgggaelrogl%ﬁﬁttpgﬁ_qﬂrhgsgiiq_.é?girto 1COMMY RIrCAS LAy aPRAr dtSnge

conprising:cflrs neasuri ng nmeans nmeasuring the 25 nunber of paths
of a for“’ar%éi Rk 1 bibhsd rdet EEM b NG FRART L @ €Rber &l gyl whet ber ehenot

an operation for changing an antenna is needed based on the nunber of
paths; and sp3fenna, which is shown by the antenna selective
signal output from the separating circuit 113.

10 FIG. 8 is a block diagram showing the
configuration of the terminal apparatus according
to Embodiment 3 of the present invention. The
terminal apparatus of FIG. 8 adopts the
configuration in which the determining circuit 213

15 is deleted from the terminal apparatus of FIG. 2.
In the base station apparatus of FIG. 8, the same
reference numerals as those of FIG. 2 are added to
the configuration portions, which are common to the
base station apparatus of FIG. 2 in connection with

20 the operation, and the explanation is omltted.

The delay profile measuring clrcuit 207
measures the delay profile of the output signal of
matched flilter 206 so as to obtain arrival time of
each path and power at each arrival time, and outputs

25 time information of reception path to the RAKE
combining circuit 208.

The multiplexing circuit 214 multiplexes the

antenna selective signal, which has been output from



<« first nmultiplexing means for nultiplexing a first control signal, which
'puts a determnation result of said first determ ning neans thereon, into
transm ssion data. 5 8. A radi o conmunication apparatus conprising: first
separating nmeans for separating a first control signal froma received
signal; and first change controlling nean2 for determ ni ng whet her or not
an operation for changing a 10 transm ssion antenna i s executed based on

said first control signal. 9. A radio conmunication apparatus conprising:
second separtdt €n§oORRAT ¥ HP Ns Spla¥ allilily AldecdrRit CofthdN s REL IR ohi4 2

recei ved signal; 15 second deternining means for deterninzgg whet her or not
an oper ati on-Rot hhahdidfeak GnPeina #8 %xRBEPIHE Baddtl of & 4 taRbnd © :

control signal; and_.seco change controlling nmeans for determ ning whet her
or not an opert i“b‘?\df"‘g'raggré‘r%i ﬁg%‘lg‘i réh@n’i ssion antenna i s execut ed

based d ' ' I id d 1 ni : . 1h
adio conmuni cat ok Barat GO REAERh b PR LA abR & b BnBPARCasne LobbE 25

det et m 1L JERAY, 8L 81 18SOENA, £XeGU PRAG' AiBa00RE AL 44 A nsRAN N0

t he ant ehna d "when "t hé nunber 0 a forwar I's snal |l er

than a firstfQreshgld ¥%la@igw1i§{98iascﬁ'g:ﬁgssgt arv%?’éu]tﬂsty?ﬁiéqilo% the

conmuni cati on apparatus accordi ng erein sald secon

separating "PARS APV HERS0R PELONI NN I PheSbapé 0 ta i 48 pePPhkYU s
signal froma received signal, and said 5 second determ ni ng neans

det er ni nes whghRAairels NoOtHdie PRAIBEION bE Chawe P idnantganad s aeaded
based on said second control signal and third control signal. 12. The radio

communi cat i ale &pPEm aNUsSs 1@ hacehedi ngrt Aodl ai elth ahgrecidf sand sgaend s
determ ni ng neans determ nes that execution of the operation for changing
t he ant eona é 2ermaetied WEmishmakerbet top opad hd 1 teo fme darak [t mk s sadmal | er
than the first threshold value, which is preset, and '
of hardware of the terminal apparatus or that of
software, and to improve miniaturization of the
terminal apparatus and a decrease in power
consumption.
15 (Embodiment 4)

Embodiment 4 focuses on the point that effect
of transmission diversity is small since the length
of time at which the received signal continuously
drops 1s short when the Doppler frequency is high.

20 More speclfically, Embodiment 4 is a specific form
wherein the terminal apparatus measures the number
of receptlion paths and the Doppler frequency from
the received signal and transmits 1information,
which shows the number of paths and the Doppler

25 frequency, to the base station apparatus, and the
base station apparatus determines whether or not the

change of antenna 1s needed based on the number of

paths and the Doppler frequency received from the



15 .Doppl er frequency is smaller than a second threshold value, which is
‘preset. 13. A radi o communication apparatus conprising: second path nunber
measuring neans for 20 neasuring the nunber of paths of a reverse link;
third determ ning nmeans for determ ning whether or not a change of antenna
i s needed based on the nunber of paths oR7the reverse link; and third
change controlling neans for determ ning 25 whether or not an operation for
changing a transm ssion antenna i s executed based on a detern na resul t

tio
of said thi E@nfeladd naRPaeatdls . 30USeTREE S8 LbRAMITht POT dpp&r at us

according to claim 13, wherein said third deterg%néng neanggdeterni es that
execution ofht&RI8per@fi orPREEHhaANgiT) t BFAAUTHA | PHEESed Wen he

nunber of paths of the reverse Iigéiis smaller than a third threshold
val ue, whi cReepmedsRat 1480 HRSPAdi v conmuni cation apparatus according to

claim13, further c g&£isi38e§§§ond D%HR&S& fgﬁgggﬁg¥nn&E§Hg&Eg§g?apﬁefor

measuring a 10 Dopp fre of areceive erern dthird
det erm nj ng _nmeaps detern nes e r t e a 1 eeded
based o$ t hé’%ﬁﬁ@ruﬁiat;)ga$ﬁfs o\(l)ﬁ] %ﬂ% rtgégglgen%?nfﬁaﬁga&%ﬁ%?%ﬁgagency.
15 16. The radi g ¢RI, Gal{ Oy ARPAr at ue agrok diddr t 01 Akaldt 13n Wher Rien

said third 5é}ern1n|ng nmeans determ nes that the change of antenna is

needed when .t r of Lhs, phsthe gevergsadink bs sradbpr d hanthlee
third thresﬁ5$§m 8ﬂ%gluefu§§ich is preset, and the Doppler frequency is

smal | er than &nEqQudBatthf 8shol dnval ken1 i chal s Diespllerd?. Frbgssestation
appar atus, having a radi o conmuni cati on apparatus thereon, said radio 25

communi cat i gk ABRAF BhéS edNPE udthg:5 0 1ir st ssepddatd ng oreanisef ot esephnatli ng a
first control signal froma received signal; and first change controlling
neans fps defgpairiBds of Fig. 2. In the base station apparatus
of FIG. 9, the same reference numerals as those of
FIG. 2 are added to the configuration portions,
which are common to the base station apparatus of
FIG. 2 in connection with the operation, and the
15 explanation is omitted.

The matched filter 206 performs despreading by
multiplying the output signal of reception RF
section 203 by spreading code C, and outputs the
resultant to the delay profile measuring circuit 207,

20 RAKE combining circuit 208, and Doppler frequency
measuring circuit 501.

The Doppler frequency measuring circuit 501
measures the Doppler frequency of the output signal
of matched filter 206, and outputs the result of

25 measurement to the determining circuit 213. It
should be noted that the measuring method of Doppler

frequency is already proposed 1in the Document

“"Basics of Mobile Communications” (Issued on



37 mwhether or not an operation for changing a transm ssion antenna is
‘'execut ed based on said first control signal. 18. A transm ssion antenna
changi ng nethod 5 conprising the steps of: neasuring the nunber of paths of
a link; determ ning whether or not an operation for changing an antenna is
needed based on the neasured nunber of paBhs; and 10 perform ng
change-control to determ ne whether or not an operation for changing a
transm ssi on antenna of forward transm ssion data is xecgted based on a

determinati @F¥@B@X of - sal 8Fet ertB Ai nfNStleht U 1P £ THE L BSHERPSST 8n

ant enna changi ng net hod according to claim18 erein it is determned in
said deter n‘iIrﬂ#lgréft%Bi%t a&fgcf}%%“&i?ﬁé%ﬁb’érg}} Bh %7 T EHand My ﬂ%g
antenna i s needed when the nunber of paths of the link is smaller than a 20
first thres EGVaIue, which is preset. 20. The transm ssion antenna

changi ng net hod ag,(r‘ho# di 8%1}8rﬁllj,raﬂg}13;g’ éf&%ﬁﬂtcowﬁsi Hg.aasﬁﬁri%% of tne

nmeasuri ng a Doppl requency o cetved signal, wherein sa

det er m nj ng Y #R Pt SEMLAASH Bhetlign e4nf® DAl 518 aWLE Al baN o O6 SHIRRGING

~the antenna’i's needed e number of pat ~the link and the
Doppl er fr eg,tgf)ﬁy- v c\mqla_@am AS bt REF BN A WE N A PO ro 881 e
c

according t ai'm 20, erein it 1s determned in said determning step

that execut i @fy g Ppecald@a1fior elangi ngéhe watenna ithaeedatanwhen the
nunber of paths of the link is smaller than the 5 first threshold val ue,

which is presete sad riyheu Ponpt 8k 4 £qUeAQYn &3 Barl é @rohhaheanaacbedt of
threshol d val ue, which is present.
paths and the Doppler frequency measured by the
10 Doppler frequency measuring circult 501, and
outputs the resultant to the multiplexing circuit
214.

The following will give an explanation of the

determination processing of determining circuit 213
15 of Embodiment 1 with reference to the flowchart of
FIG. 10.

First, the determining clrcuit 213 determines
whether or not the number of paths input from the
delay profile measuring cilrcuit 207 1s smaller than

20 the preset threshold value 1 (ST21). If the number
of paths 1s smaller than the threshold value 1, the
determining circult 213 determines whether or not
the Doppler frequency input from the Doppler
frequency measuring circuit 501 is smaller than the

25 preset threshold value 2 (8T22). If the Doppler
frequency'issmallerthantﬂm:presetthresholdvalue

2, the determining circuit 213 generates the change

necessary/unnecessary signal to the effect that the
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15 is 1large or frequency offset 1is large, path
diversity effect, which is caused by RAKE combining,
can be obtained. As a result, control is performed
to prevent the antenna from being changed, and this
makes 1t possible to prevent a sudden change 4in
20 interference power to the other terminal apparatus
from being caused by the change of antenna, and to
suppress deterioration in reception quality of the
other terminal apparatus.
The configuration and operation of the base
25 station apparatus of Embodiment 4 are the same as
those of FIG. 1, and the explanation 1s omitted.

Moreover, Embodiment 4 can be combined with

Embodiment 2 or Embodiment 3. Namely, the following
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the Doppler frequency, and the base station
apparatus determines whether or not the change of
5 antenna 1s needed. The base station apparatus
measures the number of paths and the Doppler
frequency, and determines whether or not the change
of antenna 1s needed. The terminal apparatus
measures the number of paths, and the base station
10 apparatus measures the Doppler frequency and
determines whether or not the change of antenna is
needed. The terminal apparatus measures the Doppler
frequency, and the base station apparatus measures
the number of paths and determines whether or not
156 the change of antenna is needed.

As explalned above, according to the radio
communication apparatus and the radio communication
method of the present 1invention, the change of
antenna can be performed at the time, serving as a

20 starting point, when reception quality becomes
worse. Moreover, in a case where effect of improving
reception performance, which is caused by the change
of antenna, 1s small, the operation for changing the
antenna 1s stopped so that the change in an amount

25 of interference to the other terminal apparatus can
be eliminated.

This application is based on the Japanese

Patent Application No. HEI 10-328293 £filed on
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1s needed based on the number of paths; and

first multiplexing means for multiplexing a
first control signal, which puts a determination

10 resultof’saidfirstdeterminingmeansthereon,into
transmission data.

2. The radio communication apparatus according
to claim 1, wherein sald first determining means
determines that execution of the operation for

15 changing the antenna is needed when the number of
paths of the forward link is smaller than a first

threshold value.
3. The radio communication apparatus according
to c¢laim 1, further comprising first Doppler
20 frequency measuring means for measuring a Doppler
frequency of a received slgnal, wherein said first
determining means determines whether or not the
operatilon for changling the antenna 1s needed based
on the number of paths of the forward 1link and
25 Doppler frequency.
4. The radio communication apparatus according
to claim 3, wherein said first determining means

determines that execution of the operation for
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& ()- 100 measuring the number of paths of a forward 1link; and

second multiplexing means for multiplexing a

second control signal, which puts information

10 showing the number of paths of the forward 1link
thereon, into transmission data.

6. The radio communication apparatus according
to c¢claim 5, further comprising first Doppler
frequency measuring means for meaéuring Doppler

15 frequency of a received signal, wherein saild second
multiplexing means multiplexes sailid second control
signal, which puts information showing the number
of paths of the forward 1ink thereon, a third control
signal, which puts information showing the Doppler

20 fregquency thereon, into transmission data.

7. A communication terminal apparatus, having
a radio communication apparatus thereon, said radio
communication apparatus comprising:

first path measuring means for measuring the

25 number of paths of a forward link;

first determining means for determining

whether or not an operation for changing an antenna

is needed based on the number of paths; and
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first separating means for separating a first
control signal from a received slgnal; and
first change controlling means for determining
whether or not an operation for changing a

10 transmission antenna is executed based on said first
control signal.

9. Aradilio communication apparatus comprislng:
second separating means for separating a
second control signal from a received signal;

15 second determining means for determining
whether or not an operation for changing an antenna
1s executed based on sald second control signal; and

second change controlling means for
determining whether or not an operation_for changing

20 a transmlission antenna 1s executed based on
determination result of said second determining
means.

10. The radio communication apparatus
according to claim 9, wherein said second

25 determining means determines that execution of the
operation for changlng the antenna is needed when
the number of paths of a forward l1link is smaller than

a first threshold wvalue, which 1s preset.
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the operation for changing an antenna 1s needed
based on said second control signal and third
control signal.
12. The radilo communication apparatus
10 according to claim 11, wherein said second
determining means determines that execution of the
operation for changing the antenna is needed when
the number of paths of a forward link 1s smaller than
the first threshold value, which 1s preset, and
15 Doppler frequency is smaller than a second threshold
value, which is preset.
13. A radio communication apparatus
comprising:
second path number measuring means for
20 measurling the number of paths of a reverse link;
third determining means for determining
whether or not a change of antenna is needed based
on the number of paths of the reverse link: and
third change controlling means for determining
25 whether or not an operation for changing a
transmission antenna 1s executed based on a
determination result of said third determining

means.



. 10

101\ 9/ #10%&' () -t f) 1wU3uV4! " s$10%SS&' () - ! VE$S10%41&' () -! ss$10%41&' ()-! Ds$10%
& ()-1t] #10%, & ()-'kl #109% ()-1uv7!'Sl & 109k ()- 109%VE () -
S&! 10988 ()- 109v& ()- 10yy 10yy 10yy![s$10%y& ()-1H A?2uVv7! @ & 109%VE () -

GB& 10%WK' ()- @& 10%v& ()- #10%v& ()-! 36

#109&' ()-!LLA#LO%XX& ()-zG} M?2uV7! @ & 10%WK' ()- @ & 10%v&' () -!)#109%vW&' () - @ &
' 10%v& () - @9! 10%w& () - !xF"#lO%&fﬁB-YUj_@@L 10%&' ()- 10M 10M 10Ms;

& 10%V&' () - 14, The radio communication apparatus

891098’ ()-! d@#109%& () - 310%E ()-yuZz[9j @' C&$10%Iu& () - SO0&$10%& ()- sO! X
&$10%]J&'( % ) 8§07 ¢ EFHo0 ) () ¥so! x&é&%@ép( )2&37105 109 ¢ F A} o%ﬂ Loy &I rdoos &

()- 10 10 determining means determines that execution of the
operation for changing the antenna 1s needed when
5 the number of paths of the reverse link is smaller
than a third threshold wvalue, which 1s preset.
15. The radio communication apparatus
according to claim 13, further comprising second
Doppler frequency measuring means for measuring a
10 Doppler frequency of a recelved signal, wherein said
third determining means determines whether or not
the change of antenna 1s needed based on the number

of paths of the reverse 1link and the Doppler

frequency.
15 16. The radio communication apparatus
according to claim 13, wherein saild third

determining means determines that the change of
antenna 1s needed when the number of paths of the
reverse link is smaller than the third threshold
20 wvalue, which 1s preset, and the Doppler frequency
is smaller than a fourth threshold value, which is
preset.
17. A base statlon apparatus, having a radio
communication apparatus thereon, sald radio
25 communication apparatus comprising:
first separating means for separating a first
control signal from a received signal; and

first change controlling means for determining
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18. A transmission antenna changing method

5 comprising the steps of:

measuring the number of paths of a link;

determining whether or not an operation for
changing an antenna is needed based on the measured
number of paths; and

10 performing change-control to determine
whether or not an operation for changing a
transmission antenna of forward transmission data
is executed based on a determination result of said
determining step.

15 19. The transmisslion antenna changing method
according to claim 18, wherein it is determined in
said determining step that execution of the
operation for changing the antenna is needed when
the number of paths of the link is smaller than a

20 first threshold value, which is preset.

20, The transmilission antenna changing method
according to claim 18, further comprising a step of
measuring a Doppler frequency of a received signal,
wherein said determining step determines whether or

25 not the operation for changing the antenna 1s needed
bpased on the number of paths of the link and the

Doppler frequency.

21. The transmission antenna changing method
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Doppler £frequency 1s smaller than a second threshold

value, which 1s present.



