DESCRI PTI ON RADI O COMVUNI CATI ON APPARATUS AND TRANSM SSI ON ANTENNA CHANG NG
METHOD Techni cal Field The present invention relates to a radio

comuni cation apparatus in a radio comruni cation systemthat perforns
radio transm ssion using 10 selective diversity, and relates to a

transm ssion antenna changi ng net hod. Backéround Art recent years, there
has been adopted space 15 diversity in which a plurality of antenna
branches (hereinafter sinply referrgdhéerasppafgnna) is provided in a
base station apparatus to reserve a pIuraF‘ty of paths. one of space
diversity, there is selective diversity that selects an optinmal 20 antenna
in accordance with a propagation state. A nethod, which uses selective

diversity at fAe 1br 2pYRMETIONCATEON S MEPRRIGFUET 1AIST T R ARSI SSTON
transm ssion selective diversity. Transm ssion selective diversity in a

radi o comuni gRITOANZD e PR attusc OMEPRo@T me Di vi si on Dupl ex) system has
been already disclosed in the docunent "Transm ssion Characteristics of
Next GCenemrati on W CDMA TDD system (Report, SSE97-41, RCS97-36 (1997-06),
the Institute of Electronics, Information and Communi cation Engi neers)™
and the IlikeTedhairesihodielahe in which correlation values the
respective branches reverse |link are averaged over one previous slot ( O .
625 nms ) to obtain Thecep rers power ifovea tommunixmal edre ghafrrel ,a andaaii o

communication apparatus in a radio communication
system that performs radio 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 diliversity,
{ there is selective diversity that selects an optimal
20 antenna in accordance with a propagation state. A
method, which uses selective diversity at the
transmission side, is 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 disclosed in the document
*Transmission Characteristics of Next Generation

W-CDMA/TDD system {Report, SSE97-41, RCS97-36



ant enna havi ng hi gher reception power is selected carry out transm ssion
for slot. (0.625n8) in a 10 forward link. Thus, in the case of the radio
comuni cation apparatus of TDD system which uses the sanme frequency in
both reverse and forward links, a transm sgion antenna can be sel ected
based on 15 reception power the reverse |ink Wile, in the case the radio
communi cati on apparatus of FDD (Frequency Division Duplex) system which

uses a differentsd§requency i ngaeh OfIEQQ:iﬁ%Wﬁﬁse agg forward, Links, since
the transm ssion 20 antenna cannot be sel ected based on reception power fhe

reverse |ink, Tanb the t LansMh A% Ao ARENN2 PSS 5t Bhigom b8 5} ectpdabased
on reception power one previous slot control signal in a term nal

apparatus. 251Raegacdi ng transm ssion selective diversity in the
conventional radio communication apparatus of FDD system the follow ng
will exenplify the Thdes mé tGMA Sysoere fhrehidheckaseestat i oh apRaat §s
transmts a control signal of spreading code A fromantenna A, and a
control sbgnab foftBpr emdisye cddev 8 froanarii esnao Fhen, ra ver Bienal 1apppamat &S
measures reception power of spreading code A and that of spreading code
respectivel y, 256 aggct tsv epr @adk rmyr evdieo havisdg hi (hers 2 Bcept)i ao povwei,in
that is, antenna nunber to the base station apparatus. The base station
appar at us sel BECCRA Ihk P& ¢ Brf prads AMMYQ Hawa 10nt ¢ htdenteet ni aald an

appar atus based on the repaort from_ the term nal apparatus.
antenna having higher reception power is selected

to carry out transmission for slot (0.625ms) in a
10 forward link.

Thus, in the case of the radio communication
apparatus of TDD system, which wuses the same
frequency imn both reverse and forward links, a
transmission antenna can be selected based on

15 reception power of the reverse link

While, in the case of the radio communication
apparatus of FDD (Frequency Division Duplex) system,
which uses a different frequency in each of the
reverse and forward links, since the transmission

20 antenna cannot be selected based on reception power
0of the reverse link, and the transmission antenna
of a base station is 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.



Here, in a comunication system such as CDVA, which has high resolution
wWth respect to a delay wave, there is a case in which RAKE conbi ng, which
15 conbines received signals each having a different arrival time, is
carried out to inprove performance reception. When the nunber of reception
paths is large, the reception characteristi& on the receiving side is
little inproved by the 20 characteristic of RAKE conbining even if the
transm ssion antenna.is changg% on the transmtting side. Moreover, if the

transni ssi on ant endal F$ thahdedl, PrESept F 8 hoRe A RP REtSt REr dicRDEHRAIS (S
| argel y changed in the of her erginal apparatus, _25 so_ that reception
qual ity becore@™ioFQe&. SthaP&br8t SPEEAS HBLad df S0 thECGh3REE A RE A

t ti f ch ing the.t i ssi_opn, ant [ desi r abl
constrai ned (18 i RPAINE SHocb el 2k RE ERREMELPohCod ol iMEoH pasTRpa
the conventi gphal ;adio cgm@gkﬂégg ggﬁrﬁéﬁ:{%msggggﬁ%%s Igslegreopb em in

whi ch the change ‘anternna i s execu rece

charact erystigogfe £ Nor! E68IShRG PL0EoL lA AR L hIPL QYR ds oL 4l o 08 ae

change of ant'enna Is unnecessary: scl osure of "I'nventi S

obj ect of the presant eidWedld 09,1 &Y Wk ;%rﬁt%a‘liﬁrg%rﬁ‘l'ﬂigc@éﬁg ARPRE JlHS

FDD system which executes an operation i changi ng a transm ssion
antenna only phgh & ecepid @p tdiéhi Powsr | "Phated ¥y a8k th8mber to

transm ssi on antenna, .and 15 to provide a transm ssion antenna changi ng

met hod. The w#iheve wbgect sea theoachiaypd by tiRAsuUr Tmg t heaurbes +Qf + paths
apparatus selects an antenna for tfansmitting 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 is 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 is
large, the reception characteristic on the
receiving side is little improved by the

20 characteristic of RAKE combining even if the
transmission antenna is changed on the transmitting
side. Moreover, 1if the transmission antenna is
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.



link froma delay profile received signal and determ ni ng whet her or not
the operation for changing the antenna is executed w0) based on the
measur ed nunber of paths. Brief Description of Drawings FIG 1 is a block
di agram showi ng configuration of a base station apparatus according 25 to
Enbodi ment 1 of the present invention; FI@ 2 is a block diagram show ng
configuration of a term nal apparatus according Enbodinent 1; FIG 3 is a
view explaining a delay profile according.to Enbodinent 1: FIG. 4 1is a
flowchart Showing €6 Rg aje%etwm-wgla%aﬁ SALBEd hge B ERBGH N
FIG 5 is a block. diagramshqow n co uration of a,hase station
apmuatm;ac&ﬁdFﬁngﬁ % géatﬁgaﬂgsgﬁmmﬁﬁﬁﬁPgﬁonFﬁgp%r%Fus
bl ock di agram 9, £9 utation of e I rat a i
Enbodi ment FI g %Yﬁ%%% i HGr AmP: slﬁovm n%ﬂ‘aﬁ?x ‘ﬁ?lg%&lra ?on%?égdggsé%
station apparat yg ar?&.ordig gﬂ'd‘?@h 3 9L el Phesent dywentiole Rl 5,8

5 con F 8‘ng

i s block di adtam™s omﬁng Iguration of a termnal apparatus daccor

Enbodi ment agram f t f agte
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processing d%ﬁﬁ’ﬁ@cﬂ?@& ,C' rewdeacqeey di ngnted EgBeAigBNt 0of antenna is

unnecessary.

Disclosure of Invention
10 A first object of the present invention is to
provide a radio communication apparatus of FDD
system, which executes an operation for changing a
transmission antenna only when reception quality is
improved by changing the transmission antenna, and
15 to provide a transmission antenna changing method.
The above object can be achieved by measuriﬁg
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 diagram showing a
configuration of a terminal apparatus according to

Embodiment 1;



Best Mbde for Carrying out the Invention Enbodi nents of the present
invention wll specifically explained with reference draw ngs attached
thereto. (Enbodi ment 1) the Enbodinment | focuses on the point in which
diversity effect, which is caused by a change antenna, is small since path
diversity effect, which 1is caused by RAKE Bonbing, is obtained when the
nunber of receptlon paths is large. Mre specifically, Enbodinment 1
specific forn1mhere%3 ﬁrnlnal apn ar at us asures the nunber reception

paths froma receiv mlﬁo?btéqﬁn@x &hRA Y Aotdgl@mngs of Lle

antenna i s needed ed n. t sured nupber of paths, and transmts 10
i nformati on, %ﬁfﬂ%ggﬁb g:de ef%? art of b gB a base station apparatus,

and the base stati ppajatys e%el\cotéc)o@ﬁ 5w§§xtq Lﬁgtog%l%g%% anter}:na is

execut ed based on t e deternln i on recelve

appar at us. 15dglt%rﬂ1ﬂr§1§9b|89.|&9h§g:'l'z n%bgmnigﬁgqﬁgh%ocmfﬂ@gr%és@ the

base station apparatus according to the present Wi nventioh. the

base statison apparapyg of G ig angantghna, dupl gxerg ﬂ.g h that
the sane 20 antenna is enployedsln %oth transnlss?on an recep ‘?(J)“angThegjl

antenna dupl exemn #0§wHaRUSnSb&Nal bhad & £ 8¢5l ¥RUaBY #Padi §NPEcHHaing
reception RF section 105, and outputs a transm ssion signal output from=a

transm ssi on b Fedbicaihzln £5 2 hefantkang 28kL.e St ik t 88 ANt enna
dupl exer 104 outputs a signal radio received by an antenna 102
FIG. 6 is a block diagram - showing a
( configuration of a terminal apparatus according to
10 Embodiment 2;

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 1s a Dblock diagram showing 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 Carryving out the Invention
Embodiments of the present invention will be
25 specifically explained with reference to the
drawings attached thereto.
{({Embodiment 1)

Embodiment 1 focuses on the point in which



reception RF section 106, and outputs a transm ssion signal output froma
transm ssion RF 5ection 122 to the antenna 102. The reception RF sections

105 and 106 anplify received signals input fromthe antenna dupl exers 103

and 104, frequency convert the anplified signals 5 to internediate or

baseband frequencies, and output the frequéncy-converted signals to
mat ched filters 107 and 108, respectively. The matched filters 107 and

108 performd

sections 105
term nal app
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signals, and outputs the resultant to a denndu?ating circuit 112.
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circuit 111, and outputs the denodul ated si gnal '
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on the measured number of paths, and transmits
information, which shows a determination result, to
a base station apparatus, and the base station
apparatus selects whether or not the change of
antenna 1is executed based on the determination
result received the terminal apparatus.

FIG. 1 is a block diagram showing the
configuration of the base station apparatus
according to Embodiment 1 of the present invention.

In the bhase station apparatus of FIG. 1, an
antenna duplexer 103 is used such that the same
antenna 1s employed 1imn 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
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

arth 148, aard £AIH Hes



a separating circuit 113. The separating circuit 113 separates a control
signal fromthe output signal denpdulating circuit 112 to extract reception
data, and picks a change necessary/unnecessary signal, which shows whether
or _.not an operation for changing an antenna 10 is needed, and an antenna
sel ective signal, which shows a transm ssi®n antenna nunber, and outputs
the resultant to an antenna change controlling section 114, The antenna

change control Ling, sect read t he ch e necessary/ unnecessary
signal_froP1tﬁ8c§€b8thh%SZC|Fbu%gelfﬁn FHER2 | :ﬁ g'case wher e Lhe

&Eﬁi ol f’{‘nﬁ secti on’ P4 %‘éﬁa%éﬁs” R hBFofE SERGH: Por E%Zﬁ?gadﬂgfg% %ﬁgaﬁafhy
antenna, whi choC Shawh By TR %ﬁighﬁ FES PN g e Bt o B
separating ci§gu taré%ﬁkoﬁ‘ ”‘%C!Pé ﬁ{a\{el:létﬁgg"émﬂﬁ%hfﬂ'&{ nals

nodul ati on such and seco ary I on nultimp T 28

control sisgnat o lwtéerr[?@éuwteog% s%éﬁhzﬁ%@bq%egf&diggt PULSa

resultant adder 119 . A nodulating circuit 116 provides primary no ullilon

such as PSK apd esqCoaeal ¢ n@pULRIA PR OACH 198 Bl 18§ RAREERE aSiedNRk - HY
spreadi ng code B, to control signal B, and outputs the resultant to an

adder 120. A nodulawing @8rcuid s pkldt PRV ges 1 é Mkt SR a¢ | ar S¥eh 1387
PSK and 5 secondary nodul ation, which multiplies transm ssion data by
spreadi ng codend, #md8trapanf exinon dias prendiougpubg the resplitywih o o the
sel ector 118. The selector 118 outputs the output signal

/ output signals of reception RF sections 105 and 106

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

15 The delay profile measuring circuits 109 and
110 measure delay profiles 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 circuit 111 synchronizes
time of the respective signals, each having a
different arrival time output from the matched

256 filters 107 and 108, based on time informatiomn of
reception paths cutput from the delay profile

measuring circuits 109 and 110, and combines these

signals, and outputs the resultant to a demodulating



10 the nodulating 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 nmultiplexes the input signal, and outputs the nmultiplexed signal to
transm ssion RF section 121 15 or 122, respectively. The transm ssion RF
section 121 provides processing such as quardrature nodul ation, frequency
conversion, anplification, and the |ike the output signal of adder 119, and
performs radio 20 transm ssion fromthe antenna_101 through the _antenna
dupl exer 103.¢&nfFRAA y, Y he +tranbhessi SherREEEAE bRI122 Sk BFies 112
processi ng such as guardratu%glnndul tion, freguency converéion

anpl i ficati ondeBMRAUHA TR £ BEPRUL $1HRER D5 O4ddEA Kbo, © R BT s
FG 2 1o a b bEiE Uy ahriendnh g ones Cdotr F B 87 B L Bl depidiA To
appar atus accordi ng_10 odi nent .1.. the termnal apparatus of FIG 2, an
alrcl)!toenna dupl eQGP%QHaSEE%e‘g g’ﬁic%cf‘lﬁa% ?hle:?'same ant ggna is enployed in
both transm ssion rec [ ‘ : a I utp

signal radio recei \a;g © %yeeghﬁFé}}E %0?%:%{'2 %ggﬁ%%ggggchpﬁéagioﬁnd
outputs a transigsshon (St gpal Gk PubuffPa d4 AN SN BE p&akd PR3Pt 0
t he antenna g%%. T%e reception RF section 203 anplifies a received signal

10 input fromthe;@ptennpadel) et raZe FeRIMBRAYo nCQAMA t Sahle PiBkid i
signal to internediate or baseband frequency, and outputs the frequency-

converted siggakhizh Fot hwdeldd deks/ 2AhedBBsakg s2A0Pnal, which shows

whether or not an operation for changing an 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 circuit 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 is 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



15 The matched filter 204 perforns despreading by nultiplying the output
sirgnal of reception RF section 203 by spreadi ng code and outputs the
resultant to a power nmeasuring circuit 210. Simlarly, the matched filter
205 performs 20 despreading by nultiplying the output signal reception RF
section 203 by spreadi ng code outputs the r&sultant 211. and power
measuring circuit The matched filter 206 perforns despreading by 25

mul tiplying the qu t. signal .qf reception RE section 203 by spreadi ng code
C, and out put‘gotdh%ig%ejs?lpt'an‘fht]bc %‘Pii?lrﬁgﬂﬁ% FEEECTy Edremft 2B7 P¥and

RAKE nmbi nj I it 208, 11 T del fil [ ' it 207
measures o TRy GBS BEAR Bur it SCOVEFCar Tha " Akt Enod i FI PotEBSG % 0
bt ai [ i t [ d h Jdval .
Cime, and | oor ot ST A8 §APer hal fon 2 CPdcaat Ton Bl 4814 AR Ui hg

circuit 208 angdsa gdeley Hgu 89 ﬁiﬁtgf.gzjlpfofio agq_vsa??ofsﬁéinsgist gi,?;g(ed%tnadi n

a burst manner, profile nmeasurenent 15 perforne h respec

control spgnadectdvh 8aGape. the,paefide 110, measur gpgRtL s per on
the output of the matched filter 204 3% 205. The RAKE conbi%ﬂ%g%gﬁ$gaﬁ%

208 synchroniggsan&hiss §f dibe respect i wey si a@k-s.a 826y havddgea differgnt
arrival time output fromthe matched 15 filter 206, based on tine

i nformation of raecentionni omtda edt puinbr et he tdelttye prefldd EtERAEUEbNEhe
clredtt selector 118.
The selector 118 outputs the output signal of
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 input signal, and outputs the
multiplexed signal to transmission RF section 121
15 or 122, respectively.

The transmission RF section 121 provides
processing such as guardrature modulation,
fregquency 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 1is a block diagram showing the

configuration of the terminal apparatus according



207, and conbines these signals. A denodulating circuit 209 denodul ates
the output signal of RAKE conmbining circuit 208 extract received data. 20
A power neasuring circuit 210 neasures an output power of the natched
filter 204, and outputs the nmeasurenment result to a conparison circuit
212. Simlarly, a power neasuring circuit Bll neasures an output power of
the matched filter 205, and 25 outputs the neasurenent result the
conparison circuit %}2._The conmparison circuit 212 conpares power neasured
by the power HFRastPPRIALIMELBEt 210 with power measured by the power
measuring circuit 1? Z%i% ggnerates an antenna sel ectjve signal, which

fig “cbte

shows | arger spread Lerd nad anPamahis Ofufbe? - of -t RS Bdskenna

station apparatus, . .and o ts_ the resultant .to _a | tiplexing circuit,
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and outputs t resultant to the nu Xing cir he

mul ti pl exing E:gr G la R tb ARkl bR £XE§ éhﬁegﬁ%‘?'ﬂﬁ%ﬂeﬁﬁséé@"é536’313‘-‘2‘3@§a”é d

signal output fromthe 15 determning cir 213 and the antenna Sél ective

si gnal out putotlmdmttme Canpat ke Bl bn2 125 i fPa 11 1 aNS WSSt ON fab g iy a
franme format, and outputs the resultant to the nodulating circuit 215. The

modul ati ng ci tekinshliSs paem dRF Bld dhi s drofubaticon: 128 SHae A8 aPSK0 aNdpn e
secondary nodul ati on, which
( reception RF section 203 amplifies a received 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.

o

Similarly, the matched filter 205 performs

20 despreading by multiplying the output signal of

reception RF section 203 by spreading code B, and

ocutputs the resultant to a power measuring circuit
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 measuring circuit 207

and a RAKE combining circuit 208.



mul tiplies the output signal of nmultiplexing circuit 214 by spreadi ng code
D to the output signal the multiplexing circuit 214, and outputs the

resul tant transm ssion RF section 216. The transm ssion RF section 216
provi des processing such as quardrature nodul ati on, frequency conversion,
anplification, and the |ike to the output sipnal the nodul ating circuit

215, and 13 perforns radio transm ssion fromthe antenna 201 through the
ant enna dupl exer 202. Next, a specific explanation is given of delay
profile neasurenent TH®cesdthg¥i n PEC B pReASeringeastireg £Ercd @3
109, 110 of FIG 1 and the _de]ay profile measuring circuit 207 of FIG 2
with referencBadSETE IwindSte sE’r%??ﬁgl%nogxéﬁpl%uH@lua’S/ piomeé off Ale
3. In FIG 3, a ho iaﬁg%al Xi s qF otes tine and a vertical axis denotes
power. 10 In P&dt5R&S n"ijcgfairong, é]h Pe POTRYRI AT haved Li F imecreEnhet e

transmtted s%gpal arrives at receiving sjide after being refl ected on
a nountain, a (ﬁﬁt

h
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elay profile nmeasuring circuits 109 an
In the case of transmitting data in a burst manner,
profile measurement is performed with respect to the
control signal. In this case, the profile
10 measurement is performed based on the output of the
matched filter 204 or 205.
The RAKE combining circuit 208 synchronizes
time of the respective signals, each having a
different arrival time output from the matched
15 filter 206, based on time information of reception
path output from the delay profile measuring circuit
207, and combines these signals., 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 the power measuring circuit 210

with power measured by the power measuring circuit



20 110 and the delay profile nmeasuring circuit 207 neasure the del ay
profile as shown in FIG 3 so as obtain the nunber of paths, in which power
is higher than a preset threshold value, and arrival tine of each path. In
the case of FIG 3, since power 25 of received signal at tinme tOand tine
tl is higher than the threshold value, theimunber of paths is set Next, an
explanation is given of determ nation 14 processing of determning circuit
213 of Exanple 1 with reference to the flowhart FIG First, the

deternini ng cirictirt PABeFRELH MeB AhEeRdra of bt Ctthiev Aubeg n@fl pawhsich
input fromthe 5 delay profile measuring circuit 207 is snmaller than the
preset thresh&RPYVS uia(rﬁ%f) SPFe i fd HnE&dpat Hshpd shiil-l e Dt HaR tievena,
preset threshol d val ue, thﬁ determining . circuit 213 generates the change
necessary/unné‘d’e‘gé%@ Sifgnat ehRA 7§ iﬁﬁgrtri‘a?PoﬁPlBat‘T?etB\Sf'ec@nfiheffurfﬂ@l s

arber pat ho. 14+ Farder Uart 8 lal t Pdh PO L PP SRR d hPAFEPG VAPt the
15 havi ng nfor mati B0 %0 BRo SPFERR LFL CRE SRatat ok { o1 SRIPRg ThE
hr eshol d val Qe geryo £ Rin s He SHOTRp 18 o RaRF 1T 0 £ "E M ERE 1 ap
TpUL o0 Th BEEr g erTRure 218 | ShCHERol nE Shesanel 4 vaEae SR By
smal | er Ther ekar@nalihe HaLER 8hRGr &1 wHW £ h 313 LENLHR! &% 1d8eTAPI®n For
{ changing an antenna is needed, that is, reception
10 quality 1is improved by changing the antenna, and
outputs the resultant to the multiplexing circuit

214.
The multiplexing circuit 214 multiplexes the
change necessary/unnecessary signal output from the
15 determining circuit 213 and the antenna selective
signal 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 circuit 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, amplilification, and the like to the

output signal of the modulating circuit 215, and



necessary/unnecessary signal having information the effect that the
operation for changing an antenna is necessary, and outputs it to the

mul tiplexing circuit 214. Next, an explanation will be given of the flow 15
the signal the reverse link in the radi o conmuni cation system of Enbodi nent
1. The multiplexing circuit 214 multipl exessthe change

necessary/ unnecessary signal and the antenna 5 selective signal into
transm ssion data fromthe term nal apparatus in the frane format, and the
nodul ati ng ciorewifto pms pradHes tra psgmyi fsdu Bt ioRoMsutReasapsienpgd 2901
secondary nodul ation, which nultiplies the output signal of nultiplexing
10 circuit 21 BpsPhedeinfg BEE N 2t SRS GHBBut2 €Pgnal the nul ti pl exi ng

circuit 214. The transm ssion RF section ZiGIProVides_grocessingjfﬁih as
quardrature nodul atN ®%t £ r2qBBRGL £V &XEPGRA R ANPI9 R i £8t P ©8n e Ale

to th tput signal 15 th dul at i [ it 215, d f d
transi ssi on BFBM he BREAHE DB AhEstgh T 18 Hhedhnad Buprday B62 L THe

i I diot i.tted fr th 0 i
ot el S b B e S U T A O0h e G5, LB
Th i I i ved 1 LS. t } RF, cif € uht
102 Thinagn FEOLTIR . MERRYAIN, (Ui R0 dfe bocR e T uEt |
frequency Cog:‘égli:geﬁldeh%é NLgy f@da%a%gh Jdasehands 4 eguencynb¥ £ Ag g eceptd on

RF circuit 1 The  “out put signal of reception RF circuit 105 is" despread
by the matchegshid{ e%é%ﬂ%l BE ¢asP!eqdi pg rawsle D, andothe das eadxis
e

signal is output to
{ denotes time and a vertical axis denotes power.
10 In radio communicatlions, there is a delay wave
in which the transmitted signal arrives at the
receiving side after being reflected on a mountain,
a building, and the 1like in addition to a direct wave
in which the transmitted signal directly arrives at
15 the receiving side. 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 tl, t2, t3,
respectively.
The delay profile measuring circuits 109 and
20 110 and the delay profile measuring circuit 207
measure the delay profile as shown in FIG. 3 so as
to obtain the number of paths, in which power is
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 tl is higher
than the threshold value, the number of paths is set
to 2.

Next, an explanation is given of determination



16 delay profile measuring circuit 109 and RAKE conmbining circuit 111. The
delay profile neasuring circuit 109 neasures the profile signal of matched
filter 107 the output obtain arrival tine each reception path and power at
each arrival tinme, and outputs tine information of reception path the
RAKE conbining circuit 111. Simlarly, the gignal received by the antenna
102 is input to the reception RF circuit 106 through 10 the antenna

dupl exer 104, and the input signal is anplified and frequency converted to
i nt er nedi at e p oo dasebiong forqderoyr hy it he gr eceptivdnt RE1@ refli £ xHibp 1Ehel
out put signal of reception circuit 106 is despread by the matched filter
108 usi ng 15 wWédygr eadi hgreouecantdot Hehdedprewcdhsaghalo£s FouGput4 to t he
delay profile neasuring circuit 110 and RAKE conmbining circuit 111. The
delay profile neastiiimgteci tduetdette nedsuing chergruaft| 218f ddeeaunm potes
signal of matched filter 108 20 arrival time of each reception path and
power obtain eh&thes var gk, tdne aupbhes t9febiatbsmeinomt r Eeapni e
path to the RAKE conbining circuit 11 The RAKE conbing circuit 111 conbi nes
the respécti¥ElAYnaFS ohdle MERFFBLAIT CkBAl ¥ r? 04l 125 snad 1 @Rdt bigen

denodul ating circuit 112 degndulates t he conained signals, and the
separating cite& PH25ekehirf 88 ahd ¥Ade heddssaryAdnret&sBAMD &itg Rl

paths is smaller than the preset threshold value,
the determining circuit 213 generates the change
necessary/unnecessary signal having information to

10 the effect that the operation for c¢hanging an
antenna is necessary (ST1l2). Moreover, if the number
of paths is larger or equal than/to the preset
threshold wvalue, the determining circuit 213
generates the change necessary/unnecessary signal

15 having information to the effect that the operation
for changing antenna is unnecessary {(ST13).

For example, 1in a case where +the preset
threshold value is "3" and the delay profile shown
in FIG. 3 is measured by the delay profile measuring

20 circuit 207, the number of paths to be input to the
determining circuit 213 is "2", which is smaller
than the threshold wvalue "3." Therefore, the
determining circuit 213 generates the change
necessary/unnecessary signal having information to

25 the effect that the operation for changing an
antenna 1is necessary, and outputs it to the
multiplexing circuit 214.

Next, an explanation will be given of the flow



and the antenna selective signal so as to extract 17 received data. The
separ at ed necessary/unnecessary signal and the antenna sel ective signal
are output to the antenna change controlling circuit 114. The antenna

change controlling circuit 114 determ nes whether or not the change of
antenna is executed based on the necessaryjunnecessary signal. Then, if
t he change antenna changed based executed, the selector 118 is the antenna

selective signal. 10 Next , an explanation will be given of the signal flow

of the forwargf | itnke systgamaaf &fFbothrentrelvetrse r ddimkcoimuntbat i eradio

Contro

signal Atransmtted fromthe base station apparatus is subjected
primary 15 procsssimjcsuchoas P86 bgmt hefnddubatdimgenitr cli-t 115.

secondary nodul ation processing of spread processing using spreadi ng code
A is provided therthe, rantttinel egsiuhgamtirsusut pdtl 4 oniHet Apdeg xeFlothe
Simlarly, )
i s subj ect ed alpaErd ¢k § € ofF BB HP BYEIE TS APIKSHI RAd AsdlItdRr &g RDAt

116.

Mor eover,

control signal B transmtted from20 the base station apparatus

spr eadi ngd codee BE &t Vs gdd R etder BB © akd I REMITHAHht It ButipiP ™ ot PRe
25 119. Transm_ssion data the

adder

10

15

20

25

terminal apparatus {8H¥%glkggme format, and the
modulating circuit 215 provides primary modulation
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 c¢ircuit 214. The trénsmission
RF section 216 provides processing such as
guardrature modulation, frequency conversion,
amplification, and the like to the output signal of
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
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
duplexer 103, and the input signal is amplified and
fregquency converted to intermediate or baseband
frequency by the reception RF circuit 105. The
output signal of reception RF c¢ircuit 105 1is
despread by the matched filter 107 using despreading

code D, and the despread signal is output to the

Mor eover,

secondary nodul ati on processi ng of spread processing using



transmtted fromthe base station apparatus is subjected to primary
processi ng such as PSK by the 18 nodul ating circuit 117. Moreover,
spreadi ng code

secondary nodul ati on processing of spread processing using

Cis provided thereto, and the resultant is output to the adder

through 5 the selector 118, and control sigals A and B are

conversion, anplification, 15 and the like to the output signal

119 or 120

mul ti pl exed.
The transm ssion RF section 121 provides processing such as quardrature
nodul ati on, frequency conversion, anplification, and the like 10 to the
out put signal defl agtderr 109 1 bhead perdsunsingdi circanshi sdilch faom t hBAKE
antenna 101 through the antenna dupl exer 103. The transm ssion RF section
122 provi des peotedsiingdsgdir ay iguak Hdat Wlee dpdupdt boo fideguereysuring

of adder

120, and per¢fdmBudddi d @ PamBRiasL B8 F rdheheP BRtfchhg 10£ theoughtpat

ant enna dupl exer 104. The signals radio transmtted fromthe a 5

and 102 of th&isHae sk if taparatust 128G L7 r ECeifRbady 13T ditehnh 17

of the term nal_ apparatus. The s%ﬁggé recei ved byaihe antenna, 201 i s, input
exer

the recepti on®RFEETR Ji € S50t o e BAnR °dpF

ant ennas 101

e3§ afRl Viputt ¥Pgnal

is anplified,
baseband freq
mat ched filte
despread pro

10

15

20

25

B8y 0 SR Bl T EBSonEy CORA 1R &F gREC TR 8 bt Pt Bndro
204 » 205 (ﬁgg.lggﬁ. %g.}Qﬁhg%tqpfg filter 206 provides
%%5%' 0 Fh i I npu

ing e Ssignal ®i npu eret’o using
Similarly, the signal received by the antenna

102 is input to the reception RF circuit 106 through
the antenna duplexer 104, and the input signal is
amplified and frequency converted to intermediate
or baseband frequency by the reception RF circuit
106. The output signal of reception RF circuit 106
is despread by the matched filter 108 wusing
despreading code D, and the despread signal is
ocutput to the delay profile measuring circuit 110
and RAKE combining circuit 111. The delay profile
measuring circuit 110 measures the profile of the
cutput signal of matched filter 108 to obtain
arrival time of each reception path and power at each
arrival time, and outputs time information of
reception path to the RAKE combining circuit 111.

The RAKE combing circuit 111 combines the
reépective signals each having a different arrival
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



spreadi ng code C, and outputs the resultant to the delay profile measuring
cirtcuit 207 and RAKE conbining circuit 208. The delay profile nmeasuring
circuit 207 neasures the delay profile of the output signal matched filter
206 to obtain arrival time each reception path and power at each arrival
tinme, and 10 outputs tinme infornation of tfie reception path to the RAKE
conbining circuit 208 and determning circuit 213. The RAKE conbi ni ng
circuit 208 conbines the respective signals each having a different

arrival 15 trmsseamedhdataodul ating circuit 209 denodul ates the conbi ned
signals to extract received data. The determning circuit 213 nmeasures the
nunber of paths frofhte nes epfar adtd dn BE Ctehes PETEHUITTNE Bt hS amy gehboaab

t he change 20 necessary/unnecessary signal based on the nmeasured nunber of
pat hs, and ougpul sthite ari@nnat slelwd 1vel 5 hgddhgadier QntpPy, tphdhe
mat ched filter 204 provides despread processing to the signal input

t heret o usi ngamGe 8ma R Ad TOIRCA T TR L RHeCHR® R edstit i n§ '@ Ut € @
measures power, and the result of measurement _is output to the canparison

circuit 2P2. SPAREA \SONtEode thed 1FLerL 503 Tof offiedet THdpPEad R theT
Pover measuri AE chPEuTtB21 CRERIF o8 MoBBES AR | Ro SRRHIE off RASGAertht
is output to the conparison circuit 212. The comparison gihrcuit 2
compar 65 pove NadtF B8 By St Bote cRge Ao TERHAET BN W fbuertne
measur ed m/tg%égﬂ%Fof antenna is executed, the selector 118 is
( changed based on the antenna selective signal.
10 Next, an explanationwill be given of the signal
flow of the forward link in the radio communication
system of Embodiment 1.
Control signal A transmitted frcoem the base
station apparatus is subjected to primary
15 processing such as PSK by the modulating circuit 115.
Moreover, secondary modulation processing of spread
processing using spreading code A 1is provided
thereto, and the resultant is output to the adder
119. Similarly, control signal B transmitted from
20 the base station 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 is

subjected to primary processing such as PSK by the



measuring circuit 211, generates the antenna selective signal, which shows
| arger spreading code, that is, the antenna nunber the base station 10
apparatus, and outputs the resultant to the nultiplexing circuit 214. Thus
, in the case where the nunber of paths is small, the propagation path is
selected to execute the change of antenna, 1gnd this nakes it possible 15
to inprove reception quality. Wiile, in the case where the nunber effect,
whi ch obtained. paths is large, path diversity caused by RAKE combi ni ng,
can result, Bordpdlatingerfo®iEF piévent the anMemacheom bei Ag chadiyedy
and this 20 makes it Eosm ble prevent a sudden change in interference power
to the other B&idataGhr RIACPITH BE ngicRBEF B HECCIRMPA N Hrtenda,
and suppress deterioration in_reception quality_ of the ot her term nal
appar atus. 25SERBEHA HBS HO&Rbodi merit ?ngal‘%ﬁécl fSiRe F&He wher&th tthae
term nal apparatus _neasures the nunber of rece nglat hs fromthe

recei ved si gn&l®S BRI st 91° BRY fadi othﬁ,hP F‘sﬁo 1 hRTndfdbrt BF 949 Rs,
t b t d the b tat det . Whet.h t _th
change of nt et P& DEEITDAsEh: GH: A ShABA of 1ShEAS T cBerVER Fr GHF Ehe
term nal appa q{f§ gq‘tégl ects whether or not the change antenna is
execut ed base erm nation

he transmission RF section 121 provides
processing such as quardrature modulation,
fregquency conversion, amplification, and the like
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 provides processing such as guardrature
modulation, fregquency 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 received by the antenna 201 of the terminal
apparatus.

The signal received by the antenna 201 is input
to the reception RF c¢ircuit 203 wvia the antenns
duplexer 202. The input signal is amplified, and

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

206.



result. FIG 5 is a block diagram show ng the configuration the base
station apparatus 10 according to Enbodi nent 2 of the present invention .
The base station apparatus of FIG 5 adopts the configuration in which a
determning circuit 301 is added to the base station apparatus of FIG the
base station apparatus FIG 5, the sanme 15 jgeference nunmerals as those of
FIG 1 are added the configuration portions, which are conmon to the base
station apparatus of FIG 1 in connection with the operation, and the
explanation is omtThe Thatsepedatifhjldigxui 20163 peparihies t hée2(p cemtd ol
signal fromthe output signal denodulating circuit 112 extract received
data, picks upriicesisnfogmation éfheeceptdmalpatinpmnd t heheane éona using
selective signal fromthe control signal, outputs time informtion of
recepti on pathptmeaAd g dat@entCni randi odlit pu3dny, thed vREputsanie bat &t
sel ective signal to the antenna change controlling circuit 114. The
deternining ciedidY 30K afdshifes MeRSRmbHer GErpgaths fefhitiddd RAKE
information of reception path output fromthe separating circuit 113,
gener at es 5t heC REXREBAYFurhbESshEy <9 8nal based on the nunber of paths,
and outputs the resultant A 5 the ante&na chaqge controllin ,circu“g 1%%7
The antenna change 8% rof&+@¥ci rREPE41& ﬁﬁ?ﬁé%angércul
necessary/ unnecessary signal .oytput fro %he determ ning cifrcuit 301.
Then in” & CASE TREES t RE HEbP T OPFSE Lidnd ho e SRE&IHE £1lgral of
matched filter 206 to obtain arrival time of each
reception path and power at each arrival time, and
10 outputs time information of the reception path to
the RAKE combining circuit 208 and determining
circuit 213.
The RAKE combining circuit 208 combines the
respective signals each having a different arrival
15 time, and the demodulating circuit 209 demodulates
the combined signals to extract received data.
The determining circuit 213 measures the
number of paths from time information 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 wusing
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



TO i s necessary, the antenna change controlling section 114 perforns the
change of a selector 118 transmt the signal fromthe antenna, which is
shown by the antenna sel ective signal output from the separating circuit
113. 15 FIG 6 is block diagram show ng the configuration of the term nal
apparatus accordi ng Enbodi nent 2 of the pregent invention. The term nal
apparatus FIG 6 adopts the configuration in which the determning circuit
213 20 is deleted fromthe term nal apparatus of FIG he base station
appar at us of FpGthefeidamra lndmpalts tdse redse whéd sanepFle@d2ng e adeged + he
configuration portions, which are coomon to the base station apparatus of
FIG 2 in conf8@R ont et ROYWAE BEA IR FIMN I shHTrchel ExpldnBeiacohirs omaved..
The delay profile neasuring circuit 207 neasures the delay profile of the
out put si gnal 2fdt chdtef iFe& 266 96 aBeds BheM An&r r iFal O RUI3 E&chtpef h
d an power at each arriv | a tinme, Then, the delay profile neasurip

circuit 207 ofCHRaTHFRY ffbF Gt Fod I . The co Ha\_’?ﬁstod]tchérﬁﬂtkk%caﬂ'b%

5 compares power measured 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 is, 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 is selected to execute
the change of antenna, and this makes it possible

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

20 makes it possible to prevent a sudden change in
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 is a specific form wherein the
terminal apparatus measures the number of reception

paths from the received signal, transmits



ning circuit 208 and nultiplexing circuit 214. The nultiplexing circuit 214
mul tiplexes time infor mation o= rece tio p n path, which has been out put
fromthe delay profile nmeasuring circuit 207, and the antenna sel ective
signal, which has been output fromthe conparison circuit 212, into
transm ssion 10 data in the frame format, apg outputs the resultant the
denodul ating circuit 215. Thus, the base station apparatus determ nes

whet her or not the change of antenna is executed based on the n b umer or
rece ti p on pgaifommadured .bwhsctthes hems nheappambtess. oThpsabhlees to a
possi bl e reduce the scale of hardware apparatus the termnal or that O
soft wa mn' ®asereshadtoni.npedve atgre LZz@B6n ftaffidanerdetatrmines

apparatus and decrease in power consunption. 20 (Enbodi ment 3)
whether or not the change of antenna is needed based

on the number of paths received from the terminal
5 apparatus, and selects whether or not the change of
antenna 1is executed based on the determination
result.
FIG. 5 is a block diagram showing the
configuration of the base station apparatus
10 according to Embodiment 2 of the present invention.
The base station apparatus of FIG. 5 adopts the
configuration in which a determining circuit 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 connection with
the operation, and the explanation is omitted.
The separating circuit 113 separates the
20 control signal from the output signal of
demodulating circuit 112 to extract received data,
picks up time information of reception path and the
antenna selective signal from the control signal,
outputs time information of reception path to thé
25 determining circuit 301, and outputs the antenna
selective signal to the antenna change controlling
circuit 114.

The determining circuit 301 measures the



Enmbodi ment 3 focuses on the point that the delay profile of the term nal
apparatus and that of the base station apparatus are substantially the
same . as each other. Mre specifically, Enbodinment 3 is 25 a specific form
wherein the base station apparatus neasures the n b umer or rece ti p on
paths fromthe received signal, determ nes wgether or not the change of
antenna i s needed based on the neasured 24 nunber of paths and sel ects
whet her or not the change of antenna i s executed based on the

det erni nati on RBERE T PTG Patikss cBAfIYUE Afsoni acornandg dhookE di agreapt ion
showi ng the the base station apparatus Enbodi nent 3 the present invention.
The base st atiBf tdppaP&tiRudt HBOW ebpt s B ardRLNGr aCiare Ua twhi &A 3 he

determning circuit 401 is added the base station apparatus of FIG | v in
the bas e st at$8Hea]f)Bé:rea?u1éhe necessary/unnecessary signal based on

the number of paths, and outputs the resultant to

b the antenna change controlling circuit 114.

The antenna change controlling circuit 114
reads the change necessary/unnecessary signal
output from the determining circuit 301. Then, in

i a case where the operation for éhanging 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 circuit 113.

15 FIG. 6 is a block diagram showing the
configuration of the terminal apparatus according
to Embodiment 2 of the present dinvention. 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 is 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



reference nunerals as those FIG 7, the sane FIG 1 are added the
configuration portions, which are cormon to the base station apparatus F
|G n conn ection with the operation, and the explanation is omtted. 15
The delay profile nmeasuring circuits 109 and 110 neasure the delay profiles
the output signals matched filters 107 and 10&3 respectively, so as obtain

the arrival tine of the signal of each path and power 20 infornmation each
to RAKE co b' circuit 111

arrival tine, anslaoH mi&th FniCERwd rPaQ" L / _

and respectively. ILL ~nzng detegnlﬁéng giréﬁFB BRRAT 17l dei®eni iThen, the

circuit 401 neasiedmgh e O romtimne |nforn1t| a on or rece
¥ he muihare &d%%ﬂ%ing Circuit 207 outputs time

ti p
information of r'eéception path to the RAKE combining
circuit 208 and multiplexing circuit 214.

5 The multiplexing circuit 214 multiplexes time
information of Teception path, which has been output
from the delay profile Measuring circuit 207, ana
the antenna selective signal, which has been cutput

[ from the comparison circuit 212, into transmission
10 data in the frame format, ang 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 Teception paths measured by

15 the terminal apparatus. Thlsrmakes it possible to

reduce the scale of hardware of the terminal

apparatus or that of software, and to improve

20 (Embodiment 3)
Embodiment:Sfocusescnlthepointthatthedelay
profile of the terminal apparatus and that of the
base station apparatus are Substantially the saﬁe
as each other. More Sspecifically, Embodiment 3 ig
25 4 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 measureqd



on 25 pat h, which has been output fromthe delay profile nmeasuring
circuits 109 and 110, generates the change necessary/unnecessary signal

based on the nmeasured nunber of paths a d , n outputs the resultant to the
25 antenna change controlling circuit 114. The antenna change controlling

circuit 114 reads the necessary/unnecessary 24gnal output from the

determning circuit 401. Then, if the operation for changing the antenna
g circuit 114 perfornms the change

i s needed, the apham@r an troll
s | e ector 118 to transmt t aelc'glinsghala‘?&orﬁ%ﬁ@caﬁﬁeﬂnla:ahmherh o8 SHEWN PYe

the antenna sel echhveyesi gl g from,t he separating circuit 113. 10
FIG 8 is a block di agram show lr%tp%hélacoﬂﬁ guPF#S SR tEdt hd aweBnbodnmenth e

termnal terninale appanahust f6¢0r ARG, { ke present invention. The apparatus
FIG 8 adopts the configuration in which'the deternmining circuit 213 15 is
deleted from the ternPmat.apparatus of Héﬁo%k diagram showing the
5 configuration of the base station apparatus
accordingix)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 pPortions, which are common to the
base station apparatus of PIG. 1 in connection with

the operation, and the explanation is 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, andg output time
20 information of Teception path to RAKE combining
circuit 111 and determining Circuit 401

respectively.

The determining circuit 401 measures the
number of paths from time information of Yeception
25 path, which has been output from the delay profile
measuring circuits 109 and 110, generates the change

nec i
essary/unnecessary Signal based on the measured

number of paths, and outputs the resultant to the



In the base stat
those of FIG 2

the base station apparatus of FIG connection with 20 the operati on,

t he expl anation
nmeasures the de

a pu signal obtain arriva

I on apparatus of FIG reference nunerals a the same s as
are added the configuration portions, which are comon to
and
is omtted. The delay profile neasuring circuit 207
ay profile of the out t matctdd filter 206 so as each th
time p and power at each arriv 1t 25 tine info
path to the RAKE

rtJme, and outphtedBd Bn¥nghCUohk b P HALN Lo Lhe 114.
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20

25

The antenna change controlling circuit 114
reads the necessary/unnecessary signal output from
the determining circuit 401. Then, if the Ooperation
for changing the antenna is needed, the antenna
change controlling circuit 114 performs the change

of selector 118 to transmit the Signal from the

to Embodiment 3 of the present invention. The
terminal apparatus of FIG. 8 adopts the
configuration in which the determining Circuit 213
is deleted from the terminal apparatus of FIG. 2.
In the base station dapparatus of FIQG. 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
the operation, and the explanation is 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
each path and power at each arrival time, anqg outputs
time information of reception path to the RAKE
combining circuit 208,

The multiplexing circuit 214 multiplexes the

antennaselectivesignal,whichlunsbeenoutputfrom



conmbining circuit 208. The nmultiplexing circuit 214 nultiplexes the

antenna selective signal, which has been output fromthe conparison circuit
and outputs the resultant

212, into transm ssion data in the frane formt,
attention is paid d 1 the Point that the

the modul ating circuit 215. Thus,
apparatus and thzt the base station apparatus

e ay profile of the term nal
are substantially the sane as each other. Then, the base station apparatus
not the

Change ot an oa-1s S5 Bt BRSPS onenas e st
R o 2ot by {he ey e oo B Bk e unane e
consunption. 15 ¥Eebmodulating circuit 215,
Thus, attention is Paid on the point that the
5 delay profile of the terminal dpparatus and that of
the base station apparatus are substantially the
Same as each other. Then, the base station apparatus
measures the number of reception Paths and
i determines whether or not the change of antenna is
10 €Xecuted. This makes it possible to reduce the Scale
of hardware of the terminal appafatué 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 continuo#sly

a .
TOps 1s short when the Doppler frequency isg high

m

the received signal and transmits information,
which shows the number of'paths and the Doppler
25 frequency, to the base station apparatus, and the
basestationapparatusdetermineswhethercn?notthe
change of antenna is heeded based on the number of

paths and the Doppler frequency received from the



o ment 4) Enbodinment 4 focuses on the point that effect

diversity is smal
conti.nuously drops is short when the Doppl er frequency is high.

Enbodiment 4 is a specific formwherein the term na

specifically,

appar atus neasures the nunber
fromthe received signa

transm ssi on

since the length Line at which th e received signal
20 More

recepti on pathsz2dnd the Doppl er frequency
and transmts information, which shows the nunber
ncy, to the base stati on apparatus, and

f paths ')5 fopR!
of paths ')5 and ¢ bhg Q9RA! e{d%@%%:qélﬁgs whdPrerS @l ek St W ehbiege of amitenhe

t he base station apparatus

erm

I s needed based cwatl nuger nd the Doppl er frequency received from
e A3 fen et her® org CHgedchdryeedf amhennshe

the term na

appar atus, and selects e

is ex ecuted baskdtenmbadeisnm patd pperesult. FIG 9 block diagram
showi ng the configuration of the termn I E b apparatus accordi ng m odi nent

4 of the r termnal app@®BEUS 9 is a block diagram showing th
e

5
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configuration of the terminal apparatus according

to Embodiment 4 of the present invention. The

"terminal apparatus of FIG. 9 adopts the

configuration in which a Doppler frequency
measuring circuit 501 isg added to the terminal
apparatus 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 bortions

FIG. 2 in connection with the operation, and the
explanation is omitted.

The matched filter 206 performs despreading by
multiplying the output signal of Teception RF
section 203 by Spreading code C, and outputs the
resultant1u3thedelayprofilemeasuringcircuit207,
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
measurement to the determining circuit 213. It
should be noted that the measuring method of Doppler

frequency is already proposed 1in the Document

" L)
Basics of Mobile Communications” (Issued on



configuration p esent invention. The FIG 9 adopts the which a Doppl er

frequency nmeasuring circuit 501 is added to the term nal

Fig. he base station apparatus r |c;.
those FIG 2 are added w h'

10 apparatus of

9 - the sane r f e erence nuneral s as

h the configuration portions, zc are comon to

the base t s ation apparatus FIG 2 in connect#obn with the operation, and

t he

circuit 501.

10

15
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25

206 perforns despreadi ng

15 explanation is omtted. The matched filter

by multiplying @ke @beput 15) gnpd g@f, rqgegti?% ﬁf_section 203 by spreading
code and outputs the resultant to the dela fi %

207, 20 RAKE conbhfiommeitrtoid 20% eBshdRRA! SL L

pES e nesuEilmc tirreniitc s |
trequ%nﬁg_ measuri ng
DNgineers) and the

like.

The determining circuit 213 Measures the

measuring circuit 207, generates the change
necessary/unnecessary signal based on the number of
paths and the Doppler frequency Mmeasured by the
Doppler frequency measuring circuit 501 and
outputs the rYesultant to the multiplexing circuit

214.

First, the determining circuit 213 determines
whether or not the number of Paths input from the
delay profile measuring circuit 207 is smaller than
the preset threshold value 1 (ST21). 1f the number
of paths is smaller than the threshold value 1, the
determining circuit 213 determines whether.or not
the Doppler frequency input from the Doppler
frequency'measuring circuit 501 issmallez‘thanthe
preset threshold value 2 (ST22). 1f the Doppler
frequency‘issmallerthan-ﬂuapresetthresholdvalue
2, the determining circuit 213 generates the change

necessary/unnecessary signal to the effect that the



The Dbppler frequency neasuring circuit 501 neasures the Doppler frequency
206, and outputs the result 25 neasurenent

the output signal matched filter ,
It should be noted that the neasuring nethod

the determning circuit 213.
of Doppler frequency is already proposed in the Docunment " Basics of
Mobile C " omunications (Issued on 28 pa Cctdser 1, 1986, the Institute of

El ectronics, Information and Communi cati on Engi neers) and the I|iKke.
s the paths fromtinme informati

o' or 1 ece deterdsri)@iﬂgt(iicmwi}be%13 HEasurerﬁ’om the drbpnnafile mpasedHg
ry

on or rece ti p on which has en out
circuit 207, gengsates)the change necessary/unnecessary signal based on the

nunber paths and t he Doppl er frequency neasured by the 10 Doppl er frequency
nmeasuring circuit 501,I&anc pyt r ltant. to the mil
g Rut PHESh b DS S%Jpaths is larger or egqual

than/to the threshold value 1 and the Doppler
5 frequency is larger or equal than/to the Preset
threshold wvalue 2, the determining Circuit 213
generates the change necessary/unnecessary signal
to the effect that the operation for changi
' antenna is unnecessary (ST24). R

10
Thus, in the Ccase where the number of paths is

quality. While, in the case where the humber of paths

15 is 1large or frequency offset is large, bath
diversity effect, which ig caused by RAKE combining

can be obtained. Ag a result, control ig Performed

( to prevent the antenna from being changed, and this
makes it possible to Prevent a suddepn change in

20 interference bower to the other terminal dpparatus

from being caused by the change of antenna, and to

Suppress deterioration in Teception quality of the

other terminail apparatus.

9 .

5 station apparatus of Embodiment 4 dre the same as
those of FIG. 1, and the explanation is omittegq

Moreover, Embodiment 4 can be combined with

Embodiment 2 or Embodiment 3. Namely, the followin
. g



utiplexing circuit 214. The following will give an explanation of the
determ nation processing determning circuit 21:3 15 of Enbodi reference to
the f1 nmeat 1 with owchart FIG 10. First, the determning circuit 213
det ermi nes whether or not the nunber or paths i nput fromthe delay profile
measuring circuit 207 is smaller than 20 the pfeset threshold value 1

(ST21) If the nunber paths is snmaller than the threshold value 1, the
not the Doppler frequency

determ ning cirabhbilBaget §HE NES et her or
i nput from the Doppl er frequencgg&leag i TEePidued -508 niesc sifl tan Tan ¢he
lLer frequency is smaller than

preset threshol d evalien 21( §122) o he Do
t he preset threshold val ue %‘g fﬁeg%%tglfarﬁ%ﬁﬁge%i?ﬁ@i P%éegemefmaxﬂéﬁeand :

change n_ecessartyimnnexxep@aré/rsigrp‘gq&&sﬁg ef f ect th%t the 29 operation
for changing the antenna is necessary ( L Peid he el &t epatdit a ta on
larger or equal agfmaftor tibe ddeeshpid /@l Yo d ¢ g0d. the %Oggl the ch
ange of
5 .

antenna is needed. The base sStation apparatus

measures the number of pPaths and the Dopple
r

frequency, and determines Wwhether or not the chang
e

of antenna is needed. The terminal apparatus

meéasures the number of paths, and the base station

10 '
apparatus measures the Doppler frequency ang

needed. The terminal apparatus measures the Doppler
frequency, and the base station apparatus measures
the number of raths and determines whether or not

15 the change of antenna is needed.
As explained above, according to the radio
communicationapparatusandiﬂuaradiocommunication
( method of the Present invention, 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 pPerformance, which is Ccaused by the change
of antenna, is small, the Operation for changing the
antenna is 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. HET 10-328293 filegqd
on



frequency is larger or equal than/to the preset threshold value 2, the
determning circuit 213 generates the change necessary/unnecessary signal
the effect that the operation for changing the antenna is unnecessary
(ST24). 10 Thus, in the case wh ere the nunber_of paths is small and
frequency offset is small, the propagation patPH is sel ected to execut t e
he change of an'égnna, gnd this nakes it possible inprove reception quality.
Wiile, in the casevidrebe 1t hel aynbdare of patl ihjs rge or frequenc
offset is lar gi,se}gath dilver sity effect, mh}stc%giés céa‘gls]%c?rb% RRRE @d?rgphi nd.,s
can obt ai ned. Pr&gbtl y cdntcolrpsrpard @r r t the antenna from
bei ng changed, and this nakes it possibl e Lgﬁgrg\??%?ennﬁﬁ rhEEFA R a
sudden change in rence power to the other t erm nal apparatus from being
caused by the change antenna, and suppress deterioration in reception
quality other term nal apparatus.



‘ [ arat us of
the The configuration and operation of the base 25 statio n app

d the explanation is
i same as those of FIG 1, an . ment 2 or
Em'del  oreovar© Errgodi ne t n 4 can be conbi n d e_W|th Enbogl ren;ecut e
omreed: l\/brg(r)];/eg, Nanely,- the following 30 conbinations can vy
nv . ,

Enbod’ | appar atus neasures the nunber of paths and

Specifically, Lhe ter;nnga![ he base stati¥n apparatus deternines whether or

[ t he
o P ponge nacy: base station apparatus nmeasures
I s needed. The ba _ es Lhe
no'ﬁmt ?ec?hgggﬁ gn;ﬁgn?he Doppl er frequency, and determ nes whet her

tnﬁe ghange antenna i s needed. neasuresCLhagypyinber

1. A radio communication apparatus comprising;

a path measuring means for measuring the number of paths of a
forward link;

determining means for determining whether or not an operation for

{ changing an antenna is needed based on the number of paths; and

multiplexing means for multiplexing a control éignal with a
determination result of said determining means into transmission data,

2. The radio communication apparatus according to claim 1,
wherein said determining means determines that execution of the operation
for changing the antenna is needed when the number of paths of the forward
link is smaller than a threshold value.

3. The radio communication apparatus according to claim 1,
further comprising Doppler frequency measuring means for measuring a
Doppler frequency of a received signal, wherein said determining means
determines whether or not the operation for changing the antenna is needed
based on the number of paths of the forward link and the Doppler
frequency.

4. The radio communication apparatus according to claim 3,

wherein said determining means determines that execution of the operation



i on

aratus measures The terminal apparatus paths, and tﬂe bgsgfsgﬁtenna
he o frequency and determ nes whether or not the chang terna
he Dopplgr TLeqterninaI appar at us neasures the Doppl er frequencK,n n
base it apparatus neasures th e nunber of paths a d 15 the c argin o
Gote statloah Fﬁer or not antenna is needed. explained above, accg d o?
?ﬁge;ghpgsconﬁunlcatlon appar at us and thé3rad|gscgnggn;fgﬁifﬂg gg}n?’ o
ﬁggegt?g;egﬂglfgg Egggﬁéganigg tkgfeoig:VIP% a case where effect reception

[l, th
per f or mance, ifRpebangi ggﬂlmtemECQUﬁ:@de@WHeH%@ﬂ%%{ ﬁgﬁeﬁﬁﬁgf ms@sf% angee

; he antenn i a s stoppe
operation for changing t al aratus can
in an amount ilikers @heM&GetHR ér}ﬁ'sf)h{}’eﬁ]r e‘;arlrglen and tﬁg Doppler frequency is

smaller than a predetermined second threshold value.

5. A communication terminal apparatus, having a radio
communication apparatus thereon, said radio communication apparatys
comprising;

path measuring means for measuring the number of paths of a
forward link;

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

multiplexing means for multiplexing a contro] signal with a
determination result of said determining means into transmission data.

6. The radio communication apparatus comprising:

change controlling means for determining whether or not an
operation for changing a transmission antenna is executed based on sajd
control signal contained in a signal transmiﬁed from the radio
communication apparatus according to claim 1.

7. A radio communication apparatus comprising;

determining means for determining whether or not an operation for

changing an antenna is executed based on the number of paths of a forward

link; and



elimnated. This application is based on the Japanese Patent Ali pp
cation N(-) HElI 10 p esent Invention, the change -328293 filed on 3l
Novenber 18, 1998, entire content of which is expressly incorporated by
reference herein. CLAIMS I. A radi o comuni cati on apparatus conprising: a
pat h neasuring nmeans for neasuring the nunber of paths of a forward |ink;
determ ni ng means for deternining whether3or not an operation for changing
an antenna i s needed based on the nunber of paths; and nultiplexing neans
for multiplexing aq(ilontrol signal with a detcnnination result of said

det erm ni ng neans iWEAgEr aoswoBiRig0 Mmepka fo2- radiq £o ni cation

appar at us gccordi ng to claiml, g\/\/nerei nfglgi(%f-{%gl%lér i n‘ivﬁ?gtﬂnﬁ;i‘ala?fs 9t 8Rni nes
t hat executi oromekatidie e j changi ng the antenna i s needed when

t he number of gabtihs of&?héeﬁ%é%r%%ﬁflsﬁwqens%w@ I8 hexecutachrteshd| 6h val ue.
3 The radio cq{%@pi.catti on apparatus according to claim1l1, further

conpri si ng Dopp em"fl?é%’(ﬁ%‘ q?éa&dqtmm@mem. measuring a Doppl er
frequency of a received signal, wherein said determ ning nmeans determn nes

whet her or not the8oper & iradid @onehamighiign t npa. is. needed , based on
the nunmber of paths of the forward |ink and%%p TOFOng, iy Ay . 74. The

radi o cot nt nunitkeddih QBiPRREHA cor d to claim3, wherein said

det er mi ni ng neans det er m nes&%ﬁfegyéglﬁpeg’%“%thﬂhéxwéloatdfdhe&ﬁefavion
changi ng the aptgnna. i s.needed when the nunber of paths of the forward
link is smaller :ﬁmﬁlnﬁ the agtenngy is siweder] whlenetha menitee OPPRABHLET & FEAIGACY 1S

smal l er than a predetermnm ned second threshold val ue.
ink is smaller than a predetermined threshold value.

9. - Aradio communication apparatus comprising:
determining means for determining whether or not an operation for

changing an antenna is executed based on the number of paths of a forward

link and a Doppler frequency; and

change controlling means for determining whether or not an
operation for changing a transmission antenna is executed based on
determination result of said determining means.

10.  The radio communication apparatus according to claim 9

wherein said determining means determines that execution of the operation
for changing the antenna is needed when the number of paths of a forward
link is smaller than a predetermined first threshold value, and the Doppler
frequency is smaller than a predetermined second threshold value,

11. A radio communication-apparatus comprising:



5. A communi cation term nal apparatus, having a radio conmunication
apparatus thereon, said radi o.conmunication apparatus conprising: path
measuri ng means for neasuring the nunber of paths of a forward |ink;
determ ni ng nmeans for determ ning whether or not an operation for changing
an antenna i s needed based on the nunber of paths; and nmultiplexing neans
for multiplexing a control signal with a d2t erni nation result of said
determ ning neans into transm ssion data. 6. The radi o conmuni cation
apparatus conpri si ngéthchan&e controlling neans for determ ni ng whether or
not an operation f CHERRET Ty CasUr M@NABAISSIoP I s executed based on
said control signal contained in agsi gnal t?%%g%‘lﬁggzlaé ﬁpﬁ'ﬁe’fﬂ pathgiad
communi cat i on appeers lisgk;according to claim 1. 7. A radio comunication
apparatus conprising: determ ning neans for determ ning whether or not an
operation for changing .an antenn? %exe.cgt ed based on the nunber of paths
of a forward |ink; and 34 &haAge e temniningywireties ok oot digt § it Gopnet her
or not an ope at;igl,l%gsgﬂor tchan.gi ng a transm ssion antenna is xecuﬁegrbased
on det erm nat antennas i needed daga i Acradi o comuni cation
apparatus according to claim7, wherein sg?gllﬂgﬁl@?% ﬂfﬁ%t%ﬁé’ﬁﬁge feXeEsan nes

t hat executi ohinkf andhe operation for changing the antenna is needed when

t he nunber of paths of a forward I|ink is snaller than a predeterm ned

t hreshol d val ue. .0 CO ni cati on apparatus conprising: determ ning
means for deternmi ﬁfﬁ,%gpﬁgﬁﬂg}g rfB¢ansn @pedathnmiﬁg)rwhgﬂh@pgj)pgﬂ&n ant enna
i s executed bﬁ%a’rgg%é; hgmnun}:)er of paths of a forward |ink and a I38pp| er
frequency; an OF onanglng mgtraranisiopr q, NN et her or not an
operation for chan.gi ng a transm ssion antenﬁgﬁﬁgégg'(e%xtﬁgg%bggw on a
det er mi nat i oﬂﬁmh§t1@ﬁ résaltb A PEdL OIS JRans; 10 The radioc

12.

The radic communication apparatus according to claim 1]

w A . ..

herein said determlmng means determines that execution of the operation
for i i

changing the antenna is needed when the number of paths of the reverse

link is smaller than a predetermined threshold value.

13, The radio communication apparatus

according to claim 11,
‘further comprising Doppler frequency measuring means for measuring a
Doppler frequency of a received signal, wherein said determining means
determines whether or not the operation for changing the antenna is needed

based on the number of paths of the reverse link and the Doppler frequency

14, ' icati
The radio communication apparatus according to claim 1]

wherein said determining means determines that the operation for changing

the antenna is needed when the number of paths of the reverse link is



i ommun cation apparatus according to claimwherein said determ ning neans
determ nes that execution of the operation for changing the antenna is
needed when the nunber of paths of a forward I|ink is snaller than a
predetermned first threshold value, and the Doppler frequency is smaller
than a predeterm ned second threshold value. 11. A radi o conmmunication
appar atus conprising: 35 path nunber measth i ng neans for neasuring the
nunber of paths o; a reverse link; determ ning neans for determ ning

whet her or nOtf{tQQ %rop gl‘?ti on Iior changi ng an antenna i s needed based on

t he nunber of he predeteseinedi Mitst al@skhian ontrplling means for
det er m ni ng mefgt her or not an operation for cﬁgggigﬁlgu(éa {‘r{dgrﬂgﬁi gQPEﬁr
antenna i s exelcaquethchds eshaner Lpatign resplt of said determ ning
neans. 12. The radi opcom‘runi cglﬁ?%ﬁlg%éggﬁg{nﬁ Sgeenyt Wresholdvalnai m 11,
wherein said deternjsi ng, neans determ nes that execution of the operation
for changing the anténna'i - He8@HINwARPAIAtS, thaviter fragiat RenRhudiBgigEver se
link is smaller than predet erm ned threshold value, 13. The radio
communi cat i on aBB?J@F‘é‘*t%ﬂ%@&idira@iotumnﬁhahiéhtiéﬁ'ﬁﬁﬁﬁ?ﬁ%'%rﬂi{s .ng Doppl er
frequency neasuring neans for neasuring a Doppler trequ W%f a received
signal, wherein sabﬂang@ ool term nes whet her or not the
operation for changing the an!t“e a%?%%nefg etictepaubRE oWhether nontiest @ pat hs
of the revers i he Doppler frequency. 14. The radi o conmuni cation
appar at us accg?%qaﬂgn?égccﬁlg?gﬁ“ﬁhgrt@nﬁméﬁi% dateananiisioxgcned ase @t g;pes that
t he; operation_for changing the antenna is needed when the nunber Of paths
of the revers¥NHalk signade contdined ihan aj a?d%aiﬁmil?&ij irst threshold

val ue, and the Doppler frequency is smallTer than a pre oy theepdiecond

threshol d valesembhicafiohappafhald us,. having a radio conmmunication
apparatus thereon, said rggi o] con@rﬁ%@fgg% gfflmgpspar at us conpri si ng:

16. A transmission antenna changing method comprising:

a step of measuring the number of paths of a link;

a determining step of deterring whether or not an operation for

changing an antenna is needed based on the measured number of paths; and

a change control step of determining whether or not an operation for

changi ssi
Nging a transmission antenna of forward transmission data is executed

based on a determination result of said determining step

17.  The transmission antenna changing method according to

claim 16, 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 predetermined threshold valye.

18. A transmission antenna changing method according to claim

16, further comprising a step of measuring a Doppler frequency of a



tion for
. . i ni ng whether or not an operatior
change control llng means f?;ng:t ie;mexecgt ed based on said control si g?ﬁls
changing a transm ssion ansm tted fromthe radio conmunication ﬁpgar
contained in a signal trlgnA transms i s on antenna changing met ho
according to clai me measuring the nunber_of paths of a |ink; ahan i ng an
conpri sing: a stepf Ode'[rgrri ng whet her or ﬁat an opera’;ll on fgr aCchagge
determ ning step o d number of paths: an |

: t he measure . hangi ng a
antenna i s needed based on whet her or not an operation for chang

: n a
control step of,.determ ni ng Cittr imsaids shettnigihe ko X G] o D35, 0
transm ssion an%gﬁ\lﬁ?{ g:gqsa%irgﬁﬁgt S;m ning step. 17. T g)‘??a&??eis?ﬁnsai Ejenna
determ nation resul; AR rein it. i eter
ot o Si ng. Step that - oxecur st diftendt B ldich'is Ciehaing tysehenaiicenna
determ ning step f the link is smaller .
i s needed \Ahennlhrhﬁelnb'f'gﬁhs %g%altir;@amﬁtqerlaggp}pgﬁjquem_ ant enna channggg | er
predet erm ned. ! hreshol ai Vaf urther conprising a step of measuri ngtg PP
PEt hognag;cg][ d;ngi t(r)Je(fcei velf drapsalission earetemng h%lﬁﬁ%?]é%&!lgﬁ 2'@(‘2(%)@ 'ngg’to
requ i nging the a
eI, Al Tt o, S e SO ISR
det er m ned ?Sé‘é@lnbhe’ttrgrr?lslﬁi ssi on anrennsald W‘%%tﬁbﬁfg@?ﬁgt G;]?((e)cuti on
frequency. T IS i in said determning s
claim 18, whenkd Bpéﬂatlbﬁggf%ﬁzﬁngi@igle;qﬂtmlsi r@edeéd'dwnyﬂieﬁluht&r’wg;l%g{s g}c Ue
of the operati 'Onkf O'rscsﬁglgl er than a first predeterm ned thresh v ’
hs of the_Lipk:. is.

o LAY ok

i t hreshol d
Do nepalier thanld dirstt padeRrmgfNheBIRIF VAT, 120G
sgﬁuéhGZO. 2Pradio communi cati on apparatus conpri sing:

oppler frequency is smaller than a second predetermined threshold value,

20.  Aradio communication apparatus comprising:

path measuring means for measuring the number of paths

forward link;

of a

multiplexing means for multiplexing a contro] signal with
information indicating the number of paths of the forward link into

transmission data to the radio communication apparatus according to claim

7.

21.  Aradio communication apparatus comprising:

path measuring means for measuring the number of paths of a
forward liﬁk;-

Doppler frequency measuring means for measuring a Doppler

frequency of a received signal;



pat h measuring means for measuring the nunber of paths of a forward |ink;
mul tiplexing means for multiplexing a control signal with information
i ndi cating the nunber of paths of the forward Iink into transm ssion data
to the radi o comruni cati on apparatus according to claimA radio
communi cati on apparatus conprising: path neasuring neans for neasuring the
nunber of paths of a forward |ink; Doppl3ér frequency neasuring neans for
measuring a Doppler frequency of a received signal; 38 Miltiplexing nmeans
for multiplexing a control signal with information indicating the nunber o
paths of the forwarMultitlgxiagd medmyr nfuri afultipti:Gas | B9 the.Jporpl er frequency
into transm ssion data to the radi o comruni Cati o appara"ﬁosS rdfHy to
claim A radi anfoonmmiohC aidien; uhstantially as herein described
with reference to the a_cco%ﬁ?ﬁ%%@g?is&sﬁgmswgéﬁﬁuﬁ?mdolinlteami nal
appar atus, substantiall.y as.herei described with reference to the
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acconpanyi ng figures. Pl feeqrensy istobsaramiAbh ¥ags td Bl N
described with reference to the acconpanying figures. 25. A transm ssion

ant enna changf#§0 serwenicatitrs appuratak la¥c@Bind @r @hi, @escribed with reference
to the acconmpanying figures. ) '

22. A radio communication apparatus, substantially as herein

described with reference to the accompanying figures

23. A communication terminal apparatus, substantially as herein

described with reference to the accompanying figures.

24. A base station apparatus, substantially as herein described

with reference to the accompanying figures,

25. A transmission antenna changing method, substantially as

herein described with reference to the accompanying figures



