06/ 08/ 2003 1 DESCRI PTI ON RADI O COVMUNI CATI ON APPARATUS AND TRANSM SSI
ANTENNA CHANG NG METHOD 5 Technical Field The present invention Vs 0842003
a radio communication apparatus in a radi o comunication systemthat
perforns radi o transm ssion using 10 selective diversity, and relates to a
transm ssion antenna changing method. Background Art In recent years,

t here has been adopted space 15 div ch a plurality of antenna
branches (hereinafter sinply referrelgbt%J %quaﬂg nna") is provided in a
base station apparatus to reserve a plurality of paths. As one of space
diversity, there is selective diversity that selects an optimal 20 antenna

i n accordanceg gbtip a @bﬂﬂ@@ﬁ&'@ﬂ‘r ﬁe ﬁw’?ﬂ%rv@gﬁgr Wwﬁggtﬁf N

di verS|ty at the transm ssion SI rel na

transm ssi on S Xe b XNET G ﬂ'ﬁ@ ssion selective diversity in a
radi o communi cation 25 apparatus of TDD (Time Division Duplex) system has

been alregdy disclosed in the docunent ' Transm ssion Characteristics of
Next GCeneration WCDMA/ TDD system (Report, SSE97-41, RCS97- 36
Technical Field '

The present invention relates to a radio
communication apparatus in a radio communication
system that performs radio transmission using

10 seléctive 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 brénches
(hereinafter simply referred to as "antenna”") is
profidedlin a base station apparatus to reserve a
plurality of paths. As one of space diversity,
there is selective diversity that selects an optimal
20 antenna in accordance with a propagation state. A
method, which uses selective diversity at the
transmlssion 51de is hereinafter referred-to as
transmission selective diversity. Transmission
selective diversity 1in a radio commuhication
- 25 apparatus of TDD (Time Division Duplex)} system has
been_ already disclesed in the document
"Transmission Characteristics of Next Genefation

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



06/ 08/ 2003 2 (1997-06), the Institute of Electronics, Information and
Commruni cation Engineers)" and the Ilike. This nethod is one in vihe £R8/2003
correlation values 5 of the respective branches of a reverse link are
averaged over one previous .slot (0. 625 nms)2 to obtain reception power for
a conmuni cati on channel, and an antenna having hi gher reception power is
selected to carry out transm ssion for slot (0.625nm8) in a 10 forward
link. Thus, itlP8 c88e of tHeheadi oleohtifiwtei on ofppar Busc bicobDcs ,
system which uges the sanme - frequency in both reverse and forward |inks, a
transMssion%ﬁ%@ﬁﬂ@&%?%eaﬁﬁe PEI BRICIR b4 0N 5E packeperdrs powan éf tithe
reverse |ink e, in the case of the radi o comruni cati on apparatus of FDD

I
(Frequency Dilvt £Ron Dupl ex) system which uses a different frequency in
l.inks., since the transm_ssion 20 antenna
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-reception power for a communication-channei, and an
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 communicatibn
apparatus of TDD system, which uses the same
frequency in 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
of 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 Regar&ing transmission selective diversity in
the conventional radio communication apparatus of

FDD system, the following will exemplify the case

of CDMA system.



FDD system the following will exenplify the case of CDVA system.

06/ 08/ 2003 First, the base station apparatus transnits a contrd640§/20938
spreadi ng code A fromantenna A, and a control signal of spreading code B
fromantenna B. Then, a term nal apparatus greasures reception 5 power of
spreadi ng code A and that of spreading code B, respectively, and reports
spreadi ng code having higher reception power, that is, antenna nunber to
the base station apparattus. thie hase sitdtdronagpd ot I 5 Bebh @M iand egna

for transmtting data 10 to the termi nal apparatus based on the report from
the term nal cappdnat iis s iHpne,1 i f aspareadiicayi oo Gy shemrsuthaat SPNVA A,
whi ch has high resolution with respect to a delay wave, there is a case in
whi ch RAKE c@iiing,cohnitchol5sdanbates fr spaievad isignaddecBchrivaviagtanna
different arrival tine, is carried out to inprove performance of
reception. Ween fenunber t¥rmdoepli @appatdstiis heeagyrelse recgpidon
characteristic on the receiving side is little inproved by the 20
char act er? st RO 6L IRAE =BFS i hd ©verd ef At fa d thlaagnpdsisar andeihmg code
changed on the transmitting side. Mreover, if the transm ssion antenna is
changed, rec&ptiBRASRFMELofedy i mBAf &SAPEE &F ghRr e ding eed ecvmygédrd n
t he ot her teamingl agparatus, 25 so that recegtion qual ity becones worse.
Therefore, igher reception power, that is, anternna number to
the base station apparatus. The base station
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
transmissi_on antenna is changed on the transmitting
side. Moreover, if 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.



in consideration of the entirety of system execution of changing the
transm ssion antenna is desirably constrained to a m ni mum 06/(1% 0802003

However, the transm ssion selective diversity of the conventional radio
comuni cati on apparatus of FDD system has 2 pr oblemin which the change of
antenna i s executed even when the reception® characteristic of the
receiving side is little inproved, that is, the change of antenna is

unnecessary. Discl asuwe wér ,nvanéi e alids A ifd £ Soro ek caf 1 ke apresenti ty
invention is to provide a radio comuni cati on apparatus of FDD system

whi ch execut esfartlopecatn ve ol o@D orad Bo icRing WinSiSt a1t iasth € AR Qelayt waen
reception quality is inproved by changing the transm ssion antenna, and 15
to provide a ¢falfdd ssiymt ant dtmma ehgngobd emt hed.wh Thd abkee cibapete cap be
achi eved by neasuring the nunber of paths of a link froma delay profile
of received sigt@inmad deser Mmxeon vaét heevem nowhere tper atirecéption
changi ng the antenna is executed 20 based on the neasured nunber of paths.
Brief Deséripthedrattemhsigsc FIGE 1thse andoeld wiagr amisteowing alittle

configuration of a base station apparatus according 25 to Enbodinent 1 of
the present i¥9BA9BAd. that 1is, the change of 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 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 diagram showing a
configuration of a terminal apparatus according to

Embodiment 1;



FIG 2 is a block diagram showing a configuration of a term nal éﬁ ar at us
according to Enbodinment 1; 06/08/2003 5 FIG 3 is a view expl aitf 6842003
delay profile according to Enbodinent 1; FIG 4 is a flowhart show ng
processing of a determning circuit accordng to Enmbodiment 1; 5 FIG 5 is
a bl ock diagram showi ng configuration of ,a base station apparatus
according to Enbodinent 2 of the present invention; FIG 6 is a block

di agram showi ng a FI@nfiguriad i an wiear t €k &kl napgr af Ug eacePr ¢ MG £tio) ¢ 10
Enbodiment 2; FIG 7 is a block diagramshow ng a configuration of a base
station apparatgsrditogli hg EwobEnbbiieretit 13 of the present invention; FIG
8 is a block diagram show ng a 15 configuration of a term nal apparatus
according to Enbodih@nt 43;1f & Olowchdrdaclsoagrram phav@gsaing of a
configuration of a terminal apparatus according to Enbodinent 4; and 20
FIG 10 is a%¢b&dtatr ighgwiaiyt pudces giqgoofdinmgddter Bmbodimend t1 ;
accordi ng_to Enbodi nent 4. Best Mdde for Carrying out the Invention

Enbodi nren? s of theFpr@sent 5invéfti o? wi PRaek diagram showing a

configuration of a base station apparatus according
to Embodiment 2 of the present invention:

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. 3 is a block diagram showing a

15 configuration of a terminal apparatus according to
Embodiment 3;

FIG. 9 is a ©block 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 fdr Carrying 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



25 specifically explained with reference to the draw ngs attached thereto.
(Enbodi ment 1) Enbodi ment 1 focuses on the point in which 06/08/®®088/2003
diversity effect, which is caused by a change of antenna, is small since
path diversity effect, which is caused by KE conbi ng, i s obtai ned when
the nunber of reception paths is |arge. re 5 specifically, Enbodinment 1
Is a specific form wherein a term nal apparatus neasures the nunber of

reception patdsvieosiay eedivedts owalidR ded esdse VBN EhatPed o
change of antenna is needed based on the nmeasured nunber of paths, an

transnmits 10 dmtemwmai,ons Whi£h1shows & glet & HiiR2s b@l £ 9Sakred©, Whhase
station apparatus, and the base station apparatus selects whether or not

t he change ofis arteuszds texeRAKH hosat iongt hei detepliabhe@ whesil the
received the term nal apparatus. 15 FIG 1 is a bl ock diagram show ng the
configurati omwhbtehe bags€ st ate mepappanat upavheor diing t ol ksl nen ok ©f
the present invention. In the base station apparatus of FIG 1, an antenna
dupl exer 9403 size gdeftii s@chlvhat Binkoshimena0 aht ehma s enpéoyedi¢n Hotdm
transm ssion and reception. The antenna duplexer 103 outputs a signal

radi o recei v¥@ dyedm aat baFm 108 L @ pparaceps ove RFugresi bhel@8imbad of

out puts a transm ssion
reception paths from a received signal to determine

whether or not a change of anténna is needed based

on the measured number of paths, and transmits

10 information, which shows a determination result, to

a base station apparatus, and the base station

apparatus selects whether or not the change of

antenna is executed based on the determination
result received the terminal apparatus.

15 FIG. 1 1is a block diagram showing the

- configuration of the hase station apparatus

according to Embodiment 1 of the present invention.

In the base station apparatus of FIG. 1, an

-antenna duplexer 103 is used such that the same

20 antenné is 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



signal output froma transm ssion RF section 121 to 25 the antenna 101,
Sinilarly, an antenna dupl exer 104 outputs a signal radio receiQ&408y 2M03
antenna 102 to a reception RF section 106, and outputs a transm ssion
signal output froma transm ssion RF 06/ 08/72003 7 section 122 to the
antenna 102. The reception RF sections 105 and 106 anplify received
signals input fromthe antenna duplexers 103 and 104, frequency convert

the anplifiedetagiads 222 itdernmsi ana &anlaseband frequenci es, and out put
t he frequency-converted signals to matched filters 107 and 108,

respectively. The miieheddebtteionl®EF «@dti08npers®s Maaas Pr @8diaigp DY £ v
multiplying the output signals of reception RF sections 105 and 106 10 by

t he same spresced wede s gnldl pl iierh by threomt el naln Bppaveatdaplexers
respectively. Then, the matched filters 107 and 108 send the resultant to
a delay profli2 amdsifidg Trecqiesci0eonidr faritha KRAKH i Lhekd siingnailrsui t
111, respectively. 15 The delay profile nmeasuring circuits 109 and 110
measur e del af Prdtteagmefl it gup sb@mebasfd fmecieeniii ¢ er, sahGy cantpi08,
respectively to obtain arrival tinme of signals of the respective paths and
pover at eachD¥f rf¥TRILPRCY afy bUegked rd DOaliF droampdelve dr Edel Ved s

paths to the_ RAKE caombining circuit 111, respectively.
107 and 108, respectively. The matched filters 107

and 108 perform despreading by multiplying the
outpuf 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 measuring circuits 109, 110, and a RAKE
combining c¢ircuit 111, respectively.
i5 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
26 filters 107 and 108, based on time information of
reception paths output from the delay profile.
measuring circuits 109 and 110, and combines these

signals, and outputs the resultant to a demodulating



The RAKE conbining circuit 111 synchronizes time of the respectiYZ
signal s,” each having a different arrival tinme output fromthe fACABL 2003

filters 107 and 108, based on tine information of reception paths output
fromthe delay profile neasuring circuits 409 and 110, and conbi nes these
signals, and outputs the resultant to a denodul ati ng 06/ 08/ 2003 8 circuit
112. The denodul ating circuit 112 denodul ates the output signal of RAKE
combi ning ci¢gwiduikl, andzaut putBet he dempdd Phed 15§ gnat itrocua tsepar aki ng
circuit 113. 5 The separating circuit 113 separates a control signal from
t he out put sidealodfldetredul dhiengowtpad t slilPnbad esffr aRAKNRCeimbi mbha,
and picks up a change necessary/unnecessary signal, which shows whether
or not an opecatiommifiorl thangimd emtgmuémnatie demedddd; tad sahgard Enha
sel ective signal, which shows a transm ssion antenna nunber, and out puts
the resultam Separatéme chawgeidoniid@ding section 1-14. The antenna
change controlling section 114 15 reads the change necessary/unne. cessary
signal frémthe sefbhé&t BePeraculngleA rIudnt I h3aseprraiieas at¢entrol

operation for changing an antenna is necessary, the antenna change
cont rol |1 ng SeLOMGHL 118 GRRT b A6 (N8 LEIEF at PEITBL cRANGIARMEN Bhag AT
that is, thecircuit 112 to extract reception data, and picks up
a change neceséary/unnecessary signal, 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
t.he 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 Qufputs the resultant
to an adder 119. A modulating circuit 116 provides

primary modulation such as PSK and secondary



20 change of a selector 118 to transmt the signal from the antenna, which
I's shown by the antenna selective signal output fromthe separaﬁﬁ'ﬁBS/zOO?’
circuit 113. A nodulating circuit 115 provides primary nodul ation such as
PSK and secondary nodul ation, 25 which nulgtiplies control signal A by
spreading code A to control signal A and outputs the resultant to an
adder 119. A nodulating circuit 116 provides prinmary nodul ati on such as
PSK and secomdady 16t 08/12003 101 mind uth mitli tohp Ivie s h cuh tirpd 1 e s dcgnariol Bsitgpal
B by spreading code B, to control signal B, and outputs the resultant to
an adder 120SB¥ gEdll BG rge dier Aui t tol o pienvd Hesigm avkr B nemabionp such as
PSK and 5 secondary nodul ation, which nmultiplies transm ssion data by
spreadi ng coddRA Tesultamhitsion adder dikileut pure dhd atetola gitr ¢cuitthe
sel ector 118. The selector 118 oqutputs the output signal of 10 the

modul ating cilricti @AY idesi tREARAKEYadBedulat i nt Heugddef S12BSH aont r ol

of the aQ%enna change controlling circuit 114. The adder 119 or 120
nul ti pl exes Fﬁec?ﬁg%trgi gnal ,PfHEbALERRB the n¥hdighexed Syhiinbies

transm ssi on, RF 1gect.i on.121 1% %r 122, respectivel é The transm ssion RF
section 121 pr&A a8 S BAdtRssihg T ch quiER IR %L8 frodfeEPoN, A, toO

transmission data, and outputs the resultant to the
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,
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

quardrafure 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 thé

configuration of the terminal apparatus according



frequéncy conversion, anplification, and the like to the output sian&l of
adder 119, and perforns radio 20 transm ssion fromthe antenna 1A/ 08 éUU%3

the antenna duplexer 103. Simlarly, the transm ssion RF section 122
provi des processing such as quardrature nqgulation, frequency conver si on,
anplification, and the |like to the output signal of 25 adder 120, and
perfornms radio transm ssion fromthe antenna 102 through the antenna

dupl exer 104.toFIEmb2dd smaibtogk di agram showi ng the configuration of the
term nal apparatus accordi ng 06/08/ 2003 10 to Enbodinent 1. In the term nal

apparatus of FIG ZInabhhanttennaimupl exera?28Zds sewrsuch t hat dhe 38
antenna is enployed in both transm ssion and reception. The 5 antenna
dupl exer 202 duppiezea s2QRalis adsed esaictedthbhyt anhanicemie 28t éAnd is
reception RF section 203, and outputs a transm ssion signal output froma
transmi ssi on €RFPdexYiedh 206 hothhd mantembs2GlonThadr eeepib el k. seqti@n
203 anplifies a received signal 10 input fromthe antenna dupl exer 202,
frequency?® cotREEEN @ Ugnbe kiee@ &2 ghak pwt snd o5 ngdianl er @d i doaseband ed

frequency, and outputs the frequency- converted signal to matched filters
204, 205, and?¥ 20B. aPS FRE ded hell Of Al T&@C D4 benf BFms et pogad? g bynad

outputs @ transmission signal output from a
transmission RF section 216 to the antenna 201. The
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.
Similarly, the matched filter 205 rperforms

20 despreading by multiplying the output signal of
reception RF section 203 by spreading code B, and
outputs 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 cutputs the
resultant to a delay profile measuring circuit 207

and a RAKE combining circuit 208.



mul tiplying the output signal of reception RF section 203 by spreadin
code R,yand outputs the resultant to a power neasuring circuit(bi898/£003
Simlarly, the matched filter 205 perforns 20 despreading by mnultiplying
the output signal of .reception RF sectioq 203 by spreadi ng code B, and
outputs the resultant to a power neasuring %-trcult 211. The mat ched
filter 206 perforns despreading by 25 multiplying the output signal of

reception RF sectl| ornd03 dg 1%y eagingraads CmedduUipyt s dhecd £gul tagy to
a delay profile nmeasuring circuit 207 and a RAKE conbining circuit 208.

06/ 08/ 2003 1mdhesuirkay roéilasy RS g oiff Gl to @@ pu Frasyes1acdeldye
profile of an output signal of the matched filter 206 to obtain arrival

time of the matpdeeidvel pattesr ard powss abteath adrirvdalali eimendod quigut s
time information of reception path to a RAKE conbining circuit 208 and a
determ ning ciespecRidyre pathwe amdepoiwdransne acimaatadh taihw Stand
manner, profile nmeasurenent is performed with respect to the control
signal . Ih tfisteases thagrigtfoend ticasue Enepcdptperd att hasaedRAWKEhe
out put of the matched filter 204 or 205. The RAKE conbining circuit 208
synchr oni zes ¢ AMPd b} Meh € Iegpdch i3R8spgtapsdedachmiaing eircuit 213,
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 ocutput 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
256 . 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



different arrival time output fromthe matched 15 filter 206, based on tine
i nformation of reception path output fromthe delay profile nedd®f08g 2003
circuit 207, and conbines these signals. A denodulating circuit 209
denodul ates the out put signal of RAKE comhining circuit 208 to extract
received' data. 20 A power neasuring circuitt 210 neasures an out put power
of the matched filter 204, and outputs the neasurenent result to a

conparison cipgu ! gbherditétabhy af tROVEE ERSUHNIvel ICHhh 211 yBApUEeS
an out put power of the matched filter 205, and .25 outputs, “the measurenent

result to thesh@Wwarils@Pgest I sire 284 n ghe SQBPRAr L 8A CikCUI §n212n eUPaLeS
power neasured by the power neasuring circuit 210 wth power neasured by

the power neasunitvgrcidg£uthdth 88/e2098 alPi dhl.agpaarat 4y ANand P& puts
sel ective signal, which shows |arger spreading code, that is, an antenna
nunber of thethaseretsatlbamippaioatzusmubdiqguleutingt ba reqault aptz40 a
multiplexing circuit 214. 5 The determning circuit 213 nmeasures the
nunber of 5pat hs fr dihei nel e heamnihiiang of criacentiton 2 pat hmgagarnees ahe
change necessary/unnecessary signal, which shows whet her or not an
oper ation formuwieyi aF oA bhhiserfimoins thesded,n £ hama 61 orecept rerc dp tguahi ty
I's inproved by changing the antenna, and outputs the resultant to the
multiplexingR2t&uit generates a change necessary/unnecessary
signal, which shows whether or not an operation 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
23 transmission 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



214. The nultiplexing circuit 214 nultiplexes the change
necessary/ unnecessary signal output fromthe 15 deternining cirdh{08Y2004

the antenna sel ective signal output fromthe conparison circuit 212 into-
transm ssion data in a frane format, and ogéputs. the resultant to the
nodul ating circuit 215. The nodulating cirCuit 215 provides prinmary

nodul ation 20 such as PSK and secondary nodul ati on, which nultiplies the

out put signalp erﬂ'%‘i:fn's()'ﬁé'cﬂgo Q‘f&ﬂ'stm:gégsltB(nS@f@‘ﬁl' NG £0GEn Perd Pat 1
out put S|gnal of the multiplexing circuit 214, and out puts the resultant

to a transm sshe® RghsecheomRtenie ﬁpumm 992N RF section 216
provides processing such as quardrature . nodulation, frequency

conversion, anplifinakiton, aaé@eﬁiefibk%ﬁplhbfatﬂbtwlﬂs sggRAnobrtAe1ay
nodul ating circuit 215, and 06/ 08/ 2003 13 perforns radi o transm ssion from

t he antenna Zto ftint eugle 4 e raniennapdipeexas i 2621 t\Netle de3pROEifr6file
explanation is given of delay profile neasurenent processing in the del ay

profile % maesasiugicigcuirsuDfs 1109 of 1AIG o RO L He alrldaytipsofielleaay
measuring circuit 207 of FIG 2 with reference to a drawing illustrating
an exanpl e oferdéliayeproieasusfirgG cAreémift G287 addriEd®al 2xigith
denotes tine and a vertical axis denotes power.
reference to a drawing illustrating an example of
delay profile of FIG. 3. In FIG. 3, a horizontal axis
denotes time and a vertical axis denotes power.
10 In radio communications, 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 like 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 t1, 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 tl1l is higher
than the threshold value, the number of paths is set
to 2. |

Next, an explanation is given of determination



10 I'n radi o communications, there is a delay wave in which the transmtted
signal arrives at the receiving side after being reflected on dabOB/ZM03
a building, and the like in addition to a direct wave in which the
transmtted signal directly arrives at 15 Hhe receiving side. FIG 3 shows
that a direct wave signal of power pO arrilées at time tO , and del ay wave
signals of pl, p2, p3 arrive at tinme ti, t2, t3, respectively. The del ay

profile neasysbg&sEQY §Sot0U £08 rRPnlitly gﬁgrtch?i ‘Ee'z@’:s P5@f ié:?anggﬁg%ri ng

circuit 207 .neasure the delay profile as own 1 n Fl 3 So as tain

the nunber ofw pathsreife #binGe PeWRr the PiehRinhhan gePreget, threshol d
value, and arrival tinme of each path. In the case of FIG 3, since power

25 of received sigmdratt | i the Q&be rin IR ilnlg i 61 Bicahet 2tihprgbhe £h5eshe! d
val ue, the nunber of paths is set to 2. Next, an explanation is given of
det er ni nat i orwi96/t084 2003 1d oy ot hesi mgmife Heber Ip Atmdk Cihgiit 253%Rf the
Exanple 1 wth reference to the flowhart of FIG 4. First, the

det erni nifig cle taivt PA1Gfdek ermiemesu niheg het reru ot 2 0he invindaa 10fe pat R n
Input fromthe 5 delay profile nmeasuring circuit 2 07 is smaller than the
preset thresidre PalERe tSthiyeshd ldhy almbe( SAf1 1 pat isf i shemalumb ettharE t he

preset threshold val ue,

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 changing an
antenna is necessary (ST12). Moreover, if the number
of paths is larger or equal than/to the Preset
threshold value, 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, in 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 value "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 ther
multiplexing circuit 214.

Next, an explanation will be given of the flow



the determning circuit 213 generates the change necessary/unnecessary
si gnal havi ng Ignformation to 10 the effect that the operation f &6 ggrfg?l%:”
an antenna is necessary (ST12). Mreover, if the number of paths is

| arger or equal than/to the preset threshQ#d val ue, the determning
circuit 213 generates the change necessary/unnecessary signal 15 having

i nformation to. the effect that the operation for changing antenna is

unnecessary (&SF13)heFos iexmanl eo fi ntheCagewhekd thapkeseh theeshalgd o
value Is "3" and the delay profile shown in FIG 3 is neasured by the

del ay profil ecomasuni.ocg 2o r syistt @M7,0 £ hEnmoBameh tpat hs to be input to
the determning circuit 213 is "2", which is smaller than the threshold
value '3. " Theref feg¢ mhel tdgtkexiim agedir cuiitt 213 4genelatios] bha: shangs
necessary/unnecessary signal having information to 25 the effect that the
operation forckangsg e @l s sargnhanine necessayys igntabud pdt shid atmk éhéra
mul tiplexing circuit 214. Next, an explanation will be given of the flow
06/ 08/ 2008 15 9l ediel ¥egnail ddfalhal pEverspanskiissthe réditae Eommnitdad i on
system of Emhodinent 1. The multiplexing circuit 214 nultipl exes the
change necesd&G§PdMle RBPREREMS 4 Che adieang Bosmatti vans ghale

[ ' ion_data fromthe
Into tmﬂwn]%ggulékfng circuit 215 provides primary modulation

such as PSK and secondary modulation, which
multiplies the output signal of multiplexing
10 circuit 214 by spreading code D, to the output signal
of the multiplexing circuit 214. The trénsmission
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 received by the antenna 101 is input
to the reception RF circuit 105 through therantenna
duplexer 103, and the input signal is amplified and
fregquency converted to intermediate or baseband
256 frequency by the reception RF circuit 105; The
output signal of reception RF circuit 105 is
despreéd by the matched filter 107 using despreading

code D, and the despread signal is output to the



t er mi nal apparatus in the frame format, and the nodulating circuit 215
provides primary nodul ati on such as PSK and secondary modul ati d/Q8i/&P03

mul t'i plies the output signal of multiplexing 10 circuit 214 by spreadi ng
code D, to the output signal of the nultiq%exing circuit 214. The
transm ssion RF section 216 provides processing such as quardrature
nmodul ation, frequency conversion, anplification, and the like to the
out put signaldefidp tpesoddulatimeadaediig2leisodirer fpoes rAfE0 RAKE
transm ssion fromthe antenna 201 through the antenna dupl exer 202. The
signal s radi ocomanbniitit @dcfiranm filte 12Nt enmrd e 204 16y the offel Dk Nle PRRTAL S
are received by the 20 antennas 101 and 102 of the base station apparatus.
The signal reckérvwedilty 199 ameasanidd | shienpgirofa lldie afcaiéeonn®Eput
circuit 105 through the antenna duplexer 103, and the input signal is
anplified ands 1tmetjhendy neohobreddE £ tierel 98ditat eo bt shias edbamd V5 1f taquency
by the reception RF circuit 105. The output signal of reception RF circuit
105 is desprefea¢h Fe sapdiicadnip attdy axr0d peweg dds prassiagr iowk Dl mand
t he despread_signal s output to the 06/08/2003 16 delay profile measuring
circuit 109 AYCRAKELPIRBI Hilfge cilmfiprmatiomeofelngcppdiiens mathr ity
circuit 109 neasures _the profile of the output
the RAKE combining circuit 111.
Similarly, the signal received by the antenna
102 is input to the reception RF circuit 106 through
10 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 using
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
méasuring 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 information of
reception path to the RAKE combining circuit 111.
The RAKE combing circuit 111 combines the
respective signals each having a different arrival
25 time, and the demodulating circuit 112 democdulates
the combined signals, and the separating circuit 113
separates the change necessary/uhnecessary signal

and the antenna selective signal s0o as to extract



signal of matched filter 107 to obtain arrival time 5 of each reception
path and power at each arrival tinme, and outputs time |Informati®n/ 88/2003
reception path to the RAKE conmbining circuit 111. Simlarly, the signal
received by the antenna 102 is Input to tﬁﬁ reception RF circuit 106
through 10 the antenna dupl exer 104, and the input signal is anplified and
frequency converted to internediate or baseband frequency by the reception

RF circuit 1Pe.cdheecqutguttgi,gnal of reception RF circuit 106 is despread
by the matched , filter 108 using 15 despreading code D, and the despread

signal is output tBhehe stepayteld | e aeasWd g Gihfddeds@r@nds R 1
conbining circuit 111. The delay profile neasuring circuit 110 neasures
the profile cdnihetheutput esirgnas edfe gtichedsfiigd £l AQ8% touali@itntd0 the
arrival tinme of each reception path and power at each arrival tinme, and
out puts tine anftezmati o ah ger exapt rarl panly tcoi +he FRAKEL danflibg rn € enaik t
111. The RAKE conbing circuit Ill conbines the respective signals each
havi ng a 8i f fehamger ciomt r@bliing, candculhé dehwddet emmpichesuinhédther
denodul ates the conbi ned signals, and the separating circuit 113 separates
t he change net®sddry/ Glfece gesigfhahn el niehel antesnagusee dchiased gl .

S0 as to extract 06/08/2003 17 received dat a.
the necessary/unnecessary signal. Then, if the

change of 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 radioc 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 modulation processing of spread
'processing using spreading code A is provided
.thereto, and the resultant is output to the édder
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 is provided
thereto, and the resultant is output to the adder
256 11i9.
Transmission data of the forward link
transmitted from the base station apparatus is

subjected to primary processing such as PSK by the .



The separated necessary/unnecessary signal and the antenna sel ective signal
are output to the antenna change controlling circuit 114. The dheéA8 2®03
change controlling circuit 114 determ nes whet her or not the change of
antenna i s executed based on the necessarﬁéunnecessary signal. Then, if
the change of antenna is executed, the sel'ector 118 is changed based on
the antenna selective signal. 10 Next, an explanation will be given of the

signal flowpbdheaftorwar d Idikciuit he 184i0 cMBHBIGRAE QN SBSteRiry
Enbodi ment 1. Control signal A transmtted fromthe base station apparatus

i's subj ected h6 dulaayonlop pobecessiingg swah 89 RSKdbYp tbea®dulgi 0Ging
circuit 115. Moreover, secondary nodul ati on processing of spread

processi ng usspg spddadgngcodie ACi Sipropirdedi detderchereind,t hawd@sut hant
Is output to the adder 119. Simlarly, control signal B transmtted from
20 the base steatswhtapptr dsue®uspsuibjteet etet @ dd emarlyl 9 poocdsst nghswohg hs
PSK by the nodul ating circuit 116. Moreover, secondary nodul ation
processi n§ oftBgr eddl e boassl A .using speedding codenBis pr@nded are
thereto, and the resultant is output to the adder 25 119. Transm ssion
data of the flRRdkdrEPLia%edtransnitted fromthe base station apparatus is

subjected to prinang processi ng such as PSK by the 06/08/ 2003
he transmission RF "section 121 provides

processing such as quardrature modﬁlation,
freguency conversion, amplification, and the like
10 to the coutput 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 quardrature
meodulation, freguency 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 circuit 203 wvia the antenna
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 filters 204, 205, and

206.



18 nmodul ating circuit 117. Mreover, secondary nodul ation processing of
spread processing using spreading code Cis provided thereto, éH@/9%42003
resultant is output to the adder 119 or 120 through 5 the selector 118, and
control signals A and B are mnultiplexed. The transm ssion RF section 121
provi des ~ processi ng such as quardrature mddul ati on, frequency conver si on,
anplification, and the like 10 to the output signal of adder 119, and

performs radio  (rappd sshak dugl ! e aRANA 31 LhEGYLle AlLpiLq

dupl exer 103. The transnission RF section provi des processing such as
quardrature ﬁ?%ék'ﬁ%ﬁfr%enﬁhéowﬁbﬁié’ﬁb @m&%ﬁﬁ:' CH OPe o 204 {71
, per

like to the output signal of adder 1.20, and orns radi o transm ssion

fromthe antespadfdidyrevalet 06 A ENBa pREX WL d0Fe sThE tH WBAD rEREO
transmtted fromthe antennas 101 and 102 of the base station apparatus

20 are recei veéd Iyt heraptene 20& a8 uichan er ginaku iappag ayus.adhe Rxmwsl
received by the antenna 201 is input to the reception RF circuit 203 via

t he antensa claplteked 292 c itheuiinpuzoss gnal is anplified, and 25 frequency
converted to intermedi ate frequency or baseband frequency, and the
frequency convertedrhei gnde liasyi nptofad lidle metzbad fngt ercsi 2@411 £05,2 and
measﬁres the delay profile of the 6utput signal 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 c¢ircuit 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 using
.25 spreading code A. Then, the power'measuring circuilt
210 measures power, and the result of measurement

is output to the comparison circuit 212. Similarly,

the matched filter 205 provides despread processing



206. 06/08/ 2003 19 The matched filter 206 provi des despread prac ' t
the signal input thereto using spreading code C,  and outputs tHH?$§§2%¥Hﬁ§
to the delay profile nmeasuring circuit 207 and RAKE 5 conmbining circuit
208. The delay profile neasuring circuit 2@§ neasures the delay profile of
the output signal of matched filter 206 to obtain arrival tinme of each
reception path and power at each arrival time, and 10 outputs tine

i nformation ofot Kdr¢ ezdgii @l patpmtot hdree RAKE <Ol mipwe aidongt c2G8e amd
determining circuit 21-3. The RAKE conbining circuit 208 conbines the
respective si §H&a%. ddeh AW ey Redisteion cdrcudlt 2151 meeswandsthewer,
denodul ating circuit 209 denodul ates the conbi ned signals to extract

recei ved dat @@ 9rhéhfet &¥FHilg @ fcureasiBremantkesis houtpner tof gz as
fromtinme informati on of the reception path and generates the change 20
necessar y/ unne@8RZF S Yngil Ha¥dd- ohlLhe ThasapapP andifer off Hrehd, 24ha
outputs the resultant to _the nultiglexin circuit 214. The matched filter

204 provi des YBERLLE S pPRESS nF o5 dsiBKal tREpuP AWeFet BEES Wy 11pg
spreadi ng COdc?ié‘cJP%n’ ztlhg p%\ﬁhmg%l#érng I%ieracsuti:lg:'ed by the power
measuring circuit 211, generates the antenna
selectivesignal,whichshowslargerspreadingcode,
that is, the antenna number of the base station
10 apparatus, and outputs the resultant to the
multiplexing c¢ircuit 214.
Thus, in the case where the number of paths is
small, the propagation path is selected to execute
.the change of anténna, and this makes it pessible
15 to improve reception gquality. 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 is performed to
prevent the antenna from being changed, and this
20 makes it possible to prevent a sudden ¢hange in
interference power to the other terminal apparatﬁs
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 measurés the number of reception

paths - from the recelved signal, transmits



210 nmeasures power, and the result of neasurenent is output to th
conparison circuit 212. Simlarly, the matched filter 205 provi 08/2003
despread processing 06/ 08/ 2003 20 to the signal input thereto using
spreadi ng code B. Then, the power neasuri circuit 211 neasures power,
and the result of measurenent |s output to the conparison circuit 212. The
conparison circuit 212 5 conpares power neasured by the power neasuring

circuit 210 Wit §OWRd t IRASUIN @8 iyht BH PR¥C hEREWE &8 6l Phtndll to a
generates the antenna selective signal, which shows |arger spreadi ng code,

that is, the pal€snasrubeomf tAAd a6t aba@e 10s AARA 8hUS d ANd rai RElsS
the resultant to the multlplexing circuit 214. Thus, In the case where the

nunber of patwheéBhesmait , nbhetphroptianicddn PatdnitesbetisehdOde®BE €ed
"the change of antenna, and this nakes it possible 15 to inprove reception
quality. Wilen ibtheherwabe r wodr ep &ladh sunbere bireght Asoins tAkget epatinal
diversity effect, which is caused by RAKE conbi ning, can be obtained, As
a result, 5conap@aretpesfoamed $elqgxe teewthd hbeanteenmaoftr drh decharodangéd,
and this 20 nakes it possible to prevent a sudden change in interference
power to the anHenp& nilthl epponted beasEedei ag chbsed Ayt erm thaiyboof

antenna, and to sugpress deterioration in reception quality of the
result.

FIG. 5 1is 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. Ih
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



ot her term nal apparatus. 25 (Enbodi nent 2) Enbodinent 2 is a specific form
wherein the tergfnal apparat&s measures the nunber of recepthmp5698%¥003
fromthe received signal, . transmts 06/ 08/ 2003 21 information, which
shows the nunber of paths, to a base stati and the base station

determ nes whether or not the change of antenna |Is needed based on the
nunber of paths received fromthe terninal 5 apparatus, and sel ects whet her

or not the changebefr aftpartthksfe®iutehdasad PPnbha SRt 8FTretiet ion
result. FIG 5 is a block diagramshow ng the configuration of the base
station apparapiush 10 wcportdi ngrioen Enbhdl menépd 104 t ey preseduirveni i an.
The base station apparatus of FIG 5 adopts the configuration in which a
det ermi ni ng cequeraldldsi theadeasre 6 dhe /hasresicas 5 ar vpRpEg ataus 1 s EldGonl.
In the base station apparatus of FIG 5, the sane 15 reference nuneral s as
those of FIG therpuadied tof plhelksnfigudatiwbppdrs i bhs mbisahl aam £0FRON
to the base station apparatus of FIG | in connection with the operation,
and the e¥pl ahBE oAnitepRia tebampe scpatatd hdicigcoiitr 403 tsepdrat es t he

20 control signal fromthe output signal of denodulating circuit 112 to
eﬂractrec@ved(kga9 antenna change controlling circuit 114

reads the change necessary/unnecessary signal
output from the determining circuit 301. Then, in
a case where the operation for dhanging the antenna

10 is necessary, the antenna change controllingl
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 1is 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 is omitted.

The. delay profile measuring circuit 207
measures the delay profile of the outpuf signal of

- matched filter 206 850 as to obtain arrival time of



picks up tinme information of reception path and the antenna selective
signal fromthe control signal, outputs tinme Information of redtpfP8d 30 B
to the 25 determining circuit 301 and outputs the antenna .s elective
signal to the antenna change controlling "¢ircuit 114. The deternining
circuit -301 neasures the 06/08/ 2003 22 nurfber of paths fromtine

I nformati on of reception path output fromthe separating circuit 113

generates thecReESSALY WWACHTWREY 8itIA cBAZED 99 4 1t Nes RUNDery Qf, paéﬁ‘

and out put

s the resultant to 5 the antenna change controlling C|rcu

%14

The mﬂennaCMQmﬁyC@ﬁdQHIQQME6§Wﬂ1ﬁ§4ci%@%&fhééﬁaﬂﬁ%puts35fme

necessary/
Then, in
necessary,

unnecessary signal output fromthe determning circuit

a chad omas 16a oFenad éep § D6nChAEhNHot R AHERRACE B Ening
t he antenna change controlling section 114 perforns the change

of a selectorcit®uid t2@Bsmnrdt menditgnal efr oyt kel aetennaz mhich is
.shown by the antenna sel ective signal output from the separating circuit
113. 15 FPG 6 is d'heonmi bt agrhexdhogi ad rtdwei tc@tf 4 gunadtti bpiefxébetime
term nal apparatus according to Enbodinment 2 of the present invention.
term nal apparRf@esrmathlan dfademap tien gonthguwdtioh haswhiedntdetput
determning circuit 213

10

15

20

25

from the delay profile measuring circuit 207, and
the antenna selective signal, which has been output
from the comparison circuit 212, into transmission
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 thé number of reception paths measured by
the terminal appearatus. This makes it possible to
reduce the scale of "hardware of the terminal

apparatus or that of software, and to improve

The

miniaturization of the terminal apparatus and a

decrease in power consumption.

(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 sahe
as each other. More specifically, Embodiment 3 is
é 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



20 is deleted fromthe terninal apparatus of FIG 2. 1In the base statjon
apparatus of FIG 6, the sanme reference nunerals as those of FI@®/9842003

added to the configuration portions, which are common to the base station
apparatus of FIG 2 in connection with 25 Ehe ‘operation, and the
explanation is omtted. The delay profile ﬁeasurlng circuit 207 neasures
the delay profile of the output signal of nmatched filter 206 so as to

obtain arrivalghigerofe @6/&@&%@03 %%@agbpgth:gnggggﬁreft AACh AL T iMpl

time. Then, the delay profile neasuring circult outputs tine

i nformati on afnBeeet | & patth tantde RAKE Comtidi g a C'B%éaZO%ﬁ”dth

multiplexing circurt 214. 5 The nmultiplexing circuit 214 nultipl exes tlne

i nformati on of e tecepinGt patdh, refd¢hthas been output fromthe del ay.
profile nmeasuring circuit 207, and the antenna sel ective signal, which has

been output .fromehe.conpariis®n @i rchiiod 2, dfﬁgﬁd@ﬂs@ﬁ6WQm§ﬂ gafa in
the franme fornat and outputs the resultant to the denodulating circuit
215. Thush tkmohfsuegah:att bompparfat us hdet ebE NEs yhattheonor aphp 48 tehenge
of antenna is executed based on the nunber of reception paths neasured by
15 the term retcapphiagud.o Bmbothkment Pasfibhe paresediice e sicabea Of
hardware of the termnal apparatus or that of software, and to inprove

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

15 The delay profile measuring circuits 109 and
1i0 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
circuit 111 and determiﬁing circuit 401,
respectively.

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

25_ path, which has been output from the delay profile
measuringcircuits109anN1110,generatésthechange

necessary/unnecessary signal based on the measured

number of paths, and outputs the resultant to the



m niaturization of the term nal apparatus and a decrease in power
consunption. 20 (Enbodi nent 3) Enbodi nent 3 focuses on the poihﬂJQﬁQB/FHBO3
delay profile of the termi nal apparatus and that of the base station
apparatus are substantially the sane as eggh ot her. More specifically,
Enbodi ment 3 is 25 a specific formwherein“the base station apparatus
nmeasures the nunber of reception paths fromthe received signal, -

determ nes whehltein Ak "ehalilge JENEe Pf 1aMLNBY dSuhaeded sdoased on the
measured 06/ 08/ 2003 24 nunber of paths, and sel ects whether or not the

change of antenna ishexeamténhasedhdnpke cAHLEFIELNQ baSHbLit| G14 IS
a bl ock diagramshowing the 5 configuration of the base station apparatus

accordi ng to ferhdd nehe 3 of elslsa pyoaanh edweBlaon. s 1 ficabasa tSpati @rom
apparatus of FIG 7 adopts the configuration in which the determ ning
circuit 401 tlbeadeddermihéngpsel statibdnd aipartiea ,ofi Fltth elopEr & ifde
base station apparatus of FIG 7, the sane reference nunerals as those of
FIG 1 are adied tohatrtheliognfitdue agirohepaora i drs, nwhe db dar e tdoemam t e ntihe
base station apparatus of FIG 1 in connection with the operation, and the
expl anati on iChaRige ¢do MEr Pl HBPay pr ot e hibdsmré nfosimeuthse 1OQaame

of selector 118 to transmit the signal from the
antenna, 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 1is 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
thé configurafion portions, which are common to the
base station apparatus of FIG. 2 in connection with

20 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 pai_:h 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

-antennaselectivesignal,whichlun;beenoutputfrom



110 nmeasure the delay profiles of the output signals of nmatched filte;s
107 and 108, respectively, so as to obtain the arrival tinme of Q@é0§idﬁ%03

of each path and power at each arrival time, and output time 20

i nformati on of reception path to RAKE conbipning circuit 111 and
determning circuit 401, respectively. Thé determ ning circuit 401
measures the nunber of paths fromtinme information of reception 25 path,

whi ch has beetheutdpoinpfd Bsidie elriyu RROTI1 £, Measks | P aGl s 5YidS1 399 e 4

110, generates the change necessary/unnecessary signal based on the
nmeasured nunbar tdiepdhameantlovuwiPul s e RFUpLAE 8 Nee 86/10842003t 25

antenna change controlling circuit 114. The antenna change control ling

circuit 114 thadsnbkia: hadessgr\Wineecessaryssignal output from the
determning circuit 401. Then, if the operation 5 for changing the antenna
i s needed, the ant ébhas chafgeentdtonl Lisnpaiacuid the pesiammsthhe chmege
of selector 118 to transmt the signal fromthe antenna, which is shown by
the antenfa sted@y\kRrodijhel odutpue teomiha beppparatus raudt thkdt 4@
FIG 8 is a block diagram showi ng the configuration of the term nal

appar at us acco?8i i@ sto EFFUEL AENt aB P r alta1 Br eseant sivdvet@imonialhey the

termnal apparatus of FIG 8 adopts the
same as each other. Then, the base station apparatus

measures the number of recepfion paths and
deterﬁines whether or not the change of antenna is.

10 executed. This makes it possible to redt_lce the scale
of hardware of the terminal appafatus 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 is short when the Doppler frequency is high.

20 More specifically, Embodiment 4 is a specific form
wherein the terminal apparatus measures the numbér
of reception paths and the Doppler frequency from
the received signal and transmits information,
which shows the number of'paths and the Doppler

25 fregquency, to the base station apparatus, and the
base station apparatus determines whether or not the
-change of antenna is needed based on the number of

'paths and the Doppler freguency received from the



configuration in which the determining circuit 213 15 is deleted fromthe
term nal apparatus of FIG 2. 1In the base station apparatus of G083 2003
same reference nunerals as those of FIG 2 are added to the configuration
portions, which are cormmon to the base stafion apparatus of FIG 2 in
connection with 20 the operation, and the pl anation is omtted. The del ay
profile nmeasuring circuit 207 nmeasures the delay profile of the output

signal of natekatninld Erag@fasatasst Oat ad8 104t ¥ahHd FRY ofRB Pt heand
power at each arrival time, and outputs 25 tine information of receptlon

path to the RAKmngembi®Eng £htetinia208 s The y@ibuitd @Xi th §bECUI dn2l4ne
mul tipl exes the antenna selective signal, which has been output from

06/ 08/ 2003 26dkeiee cmipea 90 Cirfecsiz L 212, into transmission data in the
frame format, and outputs the resultant to the nodulating circuit 215.

Thus, attention is paF@Gon the pa ntathbttddkr G idegayamwpr ofhloavDhgt heche
term nal apparatus and that of the base station apparatus are ‘

subst anti &l | ycomef 1 guma 84 conch fottiee. tEemintdk bagea shdtitsnaapparadtiusg
measures the nunber of reception paths and determ nes whether or not the
change of ant®fnaBErdadisenidted. i s hiakespirte posdi blimvenrictiaoe tIhe

scal e
“terminal apparatus of FIG. 9 adopts the

configuration in which a Doppler frequency

measuring circuit 501 is added to the terminal
10 apparatus of Fig. 2. In the base station apparatus

of ¥IG. 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 fregquency
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 in the Document

"Basics of Mobile Communications” {Issued  on



of hardware of the termnal apparatus or that of software, and to inprove

m ni aturizati on of the

consunpti on.

15 (Enbodi nent 4) Enbodi nent 4 focuses an the point that
s is short when the Doppler

effect of transmi ssion diversity is small&gi nce the length of tine at

whi ch the received signal continuously dr D
frequency is high. 20 Mire specifically, Enbodinent 4 is a specific form

wherein the
t he Doppl er

tGEHBL rAPRAT atjupg BBASYNES tfﬁs%}f@ggg of, ¢ e%féicﬁaﬁ& g2

frequency from the received signa transmts informati 6

terminal apparatus and a decrease in po/08/2003

nd
n,

whi ch shows the FumRert DbnPad e aPd minlen PP €6 2 Sr hiEONBRDYs )t & ke DRge

station apparatus, and the base station apparatus déeterm nes whet her or
not the changekef. antenna i s needed based on the nunber of paths and.
Doppl er frequency received fromthe 06/ 08/ 2003 27 term nal apparatus, an
sel ects whether or Tee thie tehanga iofgantanrauis exeegt egrdasedres t Rene
determ nation result. FIG 9 is a block diagram show ng the 5

confi gura®i omwofibidre bé&r pathsaphavat Usinecdmdf agmd ©ibrbosiF neric dpefidhe
present invention. The -term nal apparatus of FIG 9 adopts the
configuratioP@athwhiwhizlbobplserbépaquemtput from the delay profile

10

15

20

25

measuring circuit 207, generates the change
necessary/unnecessary signal based on the number of
paths and the Doppler frequency measured by the
Doppler fregquency measuring circuit 501, and
outputs the resultant to the multiplexing circuit
214.

The following will give an explanation of the
determinationprocessingofdeterminingcircuit213
of Embodiment 1 with reference to the flowchart of
FIG. 1¢0.

First, the determining circuit 213 defermines
whether or not the number of paths input from the
delay profile measuring circuit 207 is smaller than
the preset threshold value 1 (ST21). If the number
of paths is smaller than the threshold value.l, the
determining circuit 213 determines whether or not
the Doppler frequency input from the Doppler
frequency measuring circuit 501 is smaller than the

preset threshold wvalue 2 (ST22). If the Doppler

'frequencyissmallerthanthepresetthresholdvalue

2, the determining circuit 213 generates the change

necessary/unneceséary'signaltx)the effect that the

t he
d



measuring circuit 501 is added to the terminal 10 apparatus of Fig. 2-. In
the base station apparatus of FIG 9, the sane reference nuner &/ 88 /14838

of FIG 2 are added to the configuration portions, which are comon to

the base station apparatus of FIG 2 in connection with the operation, and
the 15 explanation is omitted. The matched®filter 206 perforns despreading
by nmultiplying the output signal of reception RF section 203 by spreading

code C, and qyhRUtsrkhe, eIt to.1he delay_prof] measuring circuit
207, 20 RAKE c%nbi ning ci rcuil:lt %@é,ni}lggmggleera?‘r‘%%%éﬁacyl%rreggur Rgery
circuit 501. ngjQp?pler frequency nmeasuring circuit 501 neasures the

Doppl er frequency of the output signal of matched filter 206, and outputs

the result of 25 mgasureRBNt nlGah 8 dgtrer iy Cf KCuj x%ﬂ% I shqul d, be
noted that the measuring nmethod of Doppl erin—:l frequency |Bs a Jr:ea(%@ p?ggoegled

in the Docunafan'/Basi c6haf MoRidless £8MMINIGRE h@ns"t (lSs8ede 8 g@/&éﬁwﬁ 28

October 1, 1986, the Institute of Electronics, Information an

Conmuni casi orf Fagiverey) and LkergbirkeorTheqdei Br NARY T atid FlBeset

measures the 5 nunber of paths fromtine information of reception path,

whi ch has bedrhpetsiut1fir oma heedelgy winéi I@etermining circuit 213
generates the change necessary/unnecessary signal
to the effect that the operation for changing the
antenna is unnecessary (ST24).

10 Thus, in the case where the number of paths is
small and freqguency offset is small, the propagation
path is selected to execute the change of antenna,
and this makes it possible to improve reception
quality. While, in the case where the number of paths

15 is large or fregquency offset is 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 it possible to prevent a sudden change in

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 is omitted.

Moreover, Embodiment 4 can be combined with

Embodiment 2 or Embodiment 3. Namely, the following



measuring circuit 207, generates the change necessary/unnecessary signal
based on the nunber of paths and the Doppl er frequency rreasure(ﬂé{/oﬁb@(l@l”
Doppl er frequency neasuring circuit 5011 and outputs the resultant to the
multiplexing circuit 214. The followng wll give an explanation of the
determi nation processing of determining ci PRuit 213 15 of Enbodinent | with
reference to the flowhart of FIG 10. First, the determning circuit 213

determ nes vhskRern 9% 19h fgge.a’}i’ ml’ﬁ{ Uy ﬁgﬁgnq:sez%r)pug pferggéﬁ.hcie%} gS{IHgly& R&i ue

profile nmeasuring circult I's smal | er t he*pre

| (ST21). If ¢bemiunker a;%a%@ﬁsi.ﬁe%@{l feégﬁa h%ﬁ@;:ﬁg%yggusnla-

the determning circuit 3 determ nes et or not

frequency inpefrae &eppleFe U SARENCY BREASUM it Cl G L SQl 4§ 4
smal l er than the 25 p?gget threshol d va%e 2 (ST22). If the Dop(|c%ljteéf‘s':LOH

frequency -i appaldetulshadetherpiesss WHEsAYH 2l 4o t2.+ Hdechelpgal | #19
circuit 21 3 generates the change necessary/unnecessary signal to the

effect that tahete@ s/ 2083 2 egeydl i OPhiedr Wwh3RBYI ROt 4 RA SRt eABRdSatus
necessary (ST23). If the nunber of paths is larger or equal than/to the
threshol d vamgea §uanelst h&iDvpphamber of paths and the Doppler
frequency, and determines whether or not the change
of antenna is neéded. The terminal apparatus
measures the number of paths, and the base station
10 apparatus measureé 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
15 the change of antenna is needed.

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

20 starting point, when reception guality becomes
worse. Moreover, in a case. 'Wh_ere effect of improving
reception performancé, which is caused by the change
of antenna, is small, the opération 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. HEI 10-328293 filed on



5 frequency is larger or equal than/to the preset threshold value 2, the
deternining circuit 213 generates the change necessary/ unnecess¥§08i/gHa03
to the effect that the operation for changing the antenna is unnecessary
(ST24). 10 Thus, in the case where the nuner of paths is snmall and
frequency offset is small, the propagation "path is selected to execute the
change of antenna, and this nakes it possible to inprove reception
quality. Wi lReviembka cdsg,whare 8 he aumrther eof cRaibenld iSel aFHA B is
frequency offset is large, path diversity effect, which is caused by RAKE
conbi ni ng, caxnpheesbtly nddhcAsporaddd, byontederenresf Bre®edint.0 prevent
the antenna from bei ng changed, and this makes it possible to prevent a
sudden change in 20 interference power to the other term nal apparatus
from bei ng caused by the change of antenna, and to suppress deterioration
in reception quality of the other termnal apparatus. The configuration
and operation of the base 25 station apparatus of Enbodinent 4 are the
same as those of FIG 1, and the explanation is omtted. Moreover,

Enbodi nent 4 can be conmbined with Enbodi ment 2 or Enbodi ment 3. Nanely,
the foll ow ng 06/ 08/ 2003 30 conbi nati ons can be executed. Specifically, the
term nal apparatus, neasures the nunber of paths and



t he Doppl er 'frequency, and the base station apparatus determ nes whet her
or not the change of 5 antenna is needed. The base station appar@®{(§8/2003

measures the nunber of paths and the Doppler frequency, and determ nes
whet her or not the change of antenna is needed. The term nal apparatus
measures the nunber of paths, and the gﬁse station 10 apparatus neasures

t he Doppler frequency and determn nes et her or not the change of antenna
is needed. The term nal apparatus neasures the Doppler frequency, and the
base station apparatus neasures the nunber of paths and determ nes whet her
or not 15 the change of antenna i LhA&IEI. As expl ai ned above, according
to the radio comunication apparatus and the radi o comuni cati on nethod
of the present invention, the change of antenna can be perforned at the
time, serving as a .20 starting point, when reception quality becones

wor se. Moreover,, in case where effect of inproving reception

per f or mance, which i SOMEIH e ONHANPGERtUSHEOTAPKI®AGA, is snal |, the
operation for changing the antenna is stopped so that the change in an

amount 25 of i naepdtermessnring tivanotfbe mdéasutihy ahe NP 6 pade ofdf
elimnated. This application is based on the Japanese Patent Application

No. HEY 10ﬁ§%§g§%nkiled on 06/08/2003 31

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 signal 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 cox_nmunication apparatus according to claim 3,

- wherein said determining means determines that execution of the operation



Novenber 18, 1998, entire content of which is expressly incorporated by
ref erence herein. 06/08/ 2003 32 CLAIMS 1. A radi o conmuni cati on GfpHaBatdR03
conprising: a path neasuring nmeans for nmeasuring the nunber of paths of a
forward |ink; determ ning neans for determ ning whether or not an operation
for changing an antenna i s needed based on the nunber of paths; and

mul tipl exi ng means for multipl exing a3§ontrol signal with a determ nation
result of said determining nmeans into transm ssion data. 2. The radio
comuni cati on apparatus according to claim1l, wherein said determning

means det er farchsngihgtheamtenha imeetled WheARks atinder of paths bR fagwadde ant enna
i s needed when the nunber of paths of the forward ink is smaller than a

t hreshol d v [ ' i ratus.acecording to claim1l,
furthor cormih & sufEE R o st PRSI b B e dnomiBy FRaSE: k5

Doppl er frequency, of a received signal, wherein said determ ning neans

det er ni nes Staltes dharng prestetermineshegeand dhreshnldgaliiegi ng t he antenna is needed
based on the nunmber of paths of the forward Iink and the Doppler

frequency. 4. Tise radi o copimuiitaiin OfermimRdr AGSOHAVIHE L9 ¢hdibm 3,
wherein said determ ning nmeans determ nes that execution of the operation

06 0612002 gl M i ARSI S4B R, BB
Doppler fr %grl;l%rlli%%/ngi:s
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 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 said
.control: signal contained in a signal tragsmitted from the radio
communication apparatus according to claim 1.
7. A radio communication apparatus cbmprising:
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



smal l er than a predeterm ned second threshold value. 5. A conmuni cation
term nal apparatus, having a radio communication apparatus ther@h)852@03
radi o communi cation apparatus conprising: path neasuring nmeans for
measuring the nunber of paths of a forward |ink; determ ning neans for
determ ni ng whether or not an operation for changing an antenna is needed
based on the nunber of paths; and mul ¥ pl exi ng nmeans for multiplexing a
control signal with a determ nation result of said determ ning. neans into
transm ssion data. 6. The radi o comunication apparatus conprising: change
control | ing neanshdnge ¢ehR6Ning RteatleRede®rnilfing@fwhdR&’ @)l ABt f4f changi ng
a transm ssion antenna i s executed based on said~ control signal contained
in a signal {r nsm’%)te fromthe radi.o. comunication a rbatucé accordi ng
to claim 1. B8 486" i & HABHISHOR - AL JhpPReEUfRS BASEE M ni ng
means for determ ning whether or not an operation for changing an antenna
i s execut eddaieseiniation resaliefisait dgérminingmetna forward |ink; and

06./08/ 2003 34 change controlling neans for determ ning whether or not an
operation for ch@ngi ng adié atsn BhicaloR Nhiitas a@db‘i‘r&ﬁ'ﬂge@o basgsl o0

ke S
determ nation result of said determ ning ans. 8. A rdadio comunication

apparatus acgcording.to claim?7, wherein sajd deterni means, det er m nes
t hat execut%‘?{e@f Sﬂ?ﬂé‘%@b’w%ﬂem’%&tmﬂﬁ h’@t Fﬁ%p“é’r?&‘?fr}geioé’eﬁ’é’é’ﬁed when
the nunber of paths of a forward link is snmaller than a predetermn ned

t hreshol d Var geanging the antenna is needed when the number of paths of a forward

link 1s smaller than a predetermined threshold value.

. - -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:



9. A radio communi cation apparatus conprising: determ ning nmeans for
det er m ni ng whet her or not. an operation for changing an antenn4408/2003
execut ed based on the nuinber of paths of a forward |ink and a Doppl er
frequency; and change controlling neans for determ ning whether or not an
operation for changing a transm ssion 3gntenna i s executed based on
determ nation result of said determ ni'ng nmeans. 10. The radi o communi cation
apparatus according to claim9, wherein said determ ning neans determ nes
t hat execution of the operation for changing the antenna is needed when
the nunber of papdtk nomber hogasaring nidank forsmeamirimgy thehamiker pTeAdisesm ned
first threshold value, and the Doppler frequency is smaller than a
predet er m neglvaReqik-t hreshol d value. 11. A radi o conmunication apparatus
conprising: 06/08/2003 35 path number neasuring neans for neasuring the
nunber of paths %f a Jeverse iryé; determ ni ng nmeans for determ ning

t

whet her or not tASEPTBHBING MEFS tEMBinggwhethen e pabthesopesatimifayased on

t he nunber of paths of the reverse |ink; and change controlling neans for

det er m ni nghahgingem atemet isareeded bagid e tHeohuabangl Paths of HaNvEssi ON
antenna i s executed based on a determ nation result of said determ ning
means. 12. Ii&keaﬁ&di 0 communi cati on apparatus according to claim 11,
wherein said determ ning neans determi nes that execution of the operation
for changing the antenna is needed when the nunber of paths of the reverse
link is smaller ChaRge &%Freﬁg%germs?m@d fonr deipisnining | whethes. orTmwtr anli o
conmmuni cati on apparatus according to claim 11,

operation for changing a transmission antenna is executed based on a

determination result of said determining means.

12.  The radio communication apparatus according to claim 11,
wherein said determining means determines that execution of the operation
for 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 te claim 11,
further comprising Doppler frequency measuring means for measuring a
Doppler frequency of a received sighal, 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.  The radio communication apparatus according to claim 11,
wherein said determining means determines that the operation for changing

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



"further conprising Doppler frequency neasuring neans for rreasuriﬁr;g a

Doppl er frequency of a received signal, wherein said determ ni nddo£88¢2003
determ nes whet her or not the operation for changing the antenna is needed
based on the nunber of paths of the reverse |ink and the Doppler frequency.
14. The radi o comruni cati on apparat us 3gccor ding to claim1ll, wherein said
determ ni ng neans determ nes that the operation for changing the antenna -
i s needed when the nunber of paths of the reverse link is 06/08/ 2003 36
small er than a predeterm ned first threshold value, and the Doppler
frequency isnallezl than taharedetansided efirst nihdeshetd nvhlud)r aadiothd Duppter 15. A
base station apparatus, having a radi o comuni cati on apparatus thereon,
said radio %‘{'M i e ;i fo §sing: trolling nmeans for
det erm ni ngjf et %ﬁ@ﬂ%@ﬂ%ﬁ%@%&gﬁ 1@%& ?%"r%ggr@%ﬁ%@ a transm ssion
antenna is exec;i]tsed based on said control sjignal contained in a signal
transmtted frordt her RASE seHppuARatatnen hayingr at tadie ceemaumipationcl ai m 5.
16. A transm ssion antenna changi ng. nethod conprising: a step of
measuring tapparatusithereoh, seitsdiofcommunikation sii@atik Sofprisigp of deterring
whet her or not an operation for changing an antenna is needed based on the
measur ed nunber at hs: _ rol. st f determ ning whet her
or not an opera"tﬂlﬁftiarl foéraﬁgﬁg% ntge%&?;}gﬁs%lagém%ﬁn%nﬁgﬁ%? o?lI S wat d

transm ssion data s executed based on a determination result of said

det er mi ni ngPg@aERN foy changing: a AAmswdssinn anteansds erigened Pased lwodsaid cor ding t o
claim 16, wherein it is determined in said determ ning step that execution
of the opesmtolorsifmal cdvnngthed iheaanignia tishspeReed fivhen thdreradgber of

paths of the link is smaller than a predeterm ned threshol d val ue.

-

communication apparatus according to claim 5.
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 contro! step of determining 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.

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 paﬁs
of the link is smaller than a predetermined threshold value.

18. A fransmission antenna changiﬁg method according to claim

16, further comprising a step of measuring a Doppler i_‘requency of a



18. A transm ssion antenna changi ng net hod according to claim 16, further
conprising a step of measuring. a. Doppler frequency of a 06/ 08/P®H8832003
received signal, wherein in said determ ning step, whether or not the
operation for changing the antenna is needed is determ ned.based on the
nunber of paths of _the link and the D%?pl er frequency. 19. The transm ssion
ant enna changi ng net hod according to | aim 18, wherein it is determned in
said determi ning step that execution of the operation for changing the
antenna i s needed when the nunber of paths of the link is.smaller than a
first predeteeeivedesighsi; eshedeih \inl sadd dotetniihing Brepp| whethére @uemstytties snal | er
than a second predeterm ned threshold value. 20. A radi o comrunication

appar at us c&;‘gl)‘r, | g S j _ 2aAs UL upher of
paths of a fortl\f\%ir g&i F%@é?n n%ﬁ?? %Fdeegl?%gg ?rrlgg%gsd)isoga i .ﬁ%‘lgbeéxslQ gor;laﬁ;%ontrol
signal with information_ indjcating the nunber of paths of the forward |ink
into trans‘?ﬂ@%‘?"&fﬁaﬁ‘élisdoﬁ@eﬂﬁ’% g Doppigidiegaeneys appar at us according to
claim7. 21. A radi o conmunication apparatus conprising: path measuring

means for measurlidng (e tanbedssidn patdimaothangih@r utishd iaekordBaprber
frequency neasuring neans for neasuring a Doppler frequency of a received

i n | nf ot 28 el i S EhARA TTENS deflrulk e el Pl i

the operation for changing the antenna is needed when the number of paths

ool
b

!

of the link is smaller than a first predetermined threshold value, Vand the
Doppler frequency is smaller than a second predetermined threshold value.

20.. A radio communication apparatus comprising:

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

multiplexing means for multiplexing a control 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 Ii;lk;. |

Doppler frequency measuring means for measuring a Doppler

frequency of a received signal;



i nformation indicating the Doppler frequency into transm ssion data to the
radi o comuni cation apparatus according to claim9. 22. Aradio06/08/2003
comuni cati on apparatus, substantially as herein described with reference
to the acconpanying figures. 23. A conmmunication term nal apparatus,
substantially as herein described wt;h reference to the acconpanying
figures. 24. A base station apparatus, substantially as herein described

with reference to the acconpanying figures. 25. A transm ssion antenna
changi ng nethod, substantially as_herein described with reference to the
acconpanyi ng fi Biplexing means for multiplexing a control signal with

information indicating the number of paths of the forward link and
infonnatit;n fnd’icating the Doppler frequency into transmission data to the
radio communication apparatus according to claim 9.

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.





