1% - ' TRANSM SSI ON APPARATUS AND BASE STATI ON APPARAT

“USI NG THE SAME ~  BACKGROUND OF THE I NVENTION Field of the
| nVent i on The present invention relates to transm ssion apparatuses

,ustd in radi o comuni cation systens and base station apparatuses using
them Description of the Related Art CDVA (Code Division Multiple
Access) has been developed as a nmultiple Lccess system used i n next '
generation nobile comunication systens. In this COMA cellular system it

i s necessary to make a cel | TqeaNSMIsEIONSARPARATYS AND i al
synchroni zati on when a nobile station turns on power or for cell swtching

(handover) when travehisH) .STATIONRAPPARAIUSCUSEING SERECISAME hod in this
CDVMA cellular system as described in "Fast Cell Search Al gorithm using

Long Code Masking in DS- CONFACRSROUNDNOFS THE | INMENBONM by Hi guchi,
Sawabashi, Adachi, et al., in TECHNI CAL REPORT COF | ElI CE (RCS96- 122,
1997-01), a rFeelddl of mphepoFrdemtidmch | ong codes of downlink control
channel s are masked and correlation detection is perforned on these nasked
parts using short Tbhedgreseat dcirvenhiontvedd@tiest boddimansmiissiomng and
type of the | ong codes. According to this system the transmitting
side (base sppEmAMtuseteusdd im TRl dAMNYndGatonssyigtemsgand bask
(CSC) which is common to cells and synbol s - S
station apparatuses using them.
Description of the Related Art
CDMA (Code Division Multiple Aécess) has been
developed as a multiple access system used in next
generation mobile communication systems. 1In this CDMA
cellular system, it is necessary to make a cell search
for establishing initial synchronization when a mobile
station turns on power or for cell switching (handover)
when traveling.
Regarding the cell search method in this CDMA
cellular system, as described in "Fast Cell Search
Algorithm using Long Code Masking in DS-CDMA
Asynchronous Cellular System”™ by Higuchi, Sawabashi,
Adachi, et al., in TECHNICAL REPORT OF IEICE (RCS96-
122, 1997-01), a method is proposed by which long codes
of downlink control channels are masked and correlation
detection is performed on these masked parts using short
codes which are common to cells to detect the timing and
type of the long codes.
According to this system, the transmitting side

(base station) code-multiplexes symbols spread using a

short code (CSC) which is common to cells and symbols
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2 5 spread using a |l ong code group identification short code (GAC), with
“the | ong code masked part and transnits them and the receiving side
(rnobile station) detects the timngs by the short code which is comon to

cetls, then limts long code candidates to be searched for by a long code
|dent|f|cat|on section using the lLong code group identification short
codes and specifies the cell- specific | ghg codes from anong these | ong

code candi dates, achieving a fast cell search. The above two short

codes(CsC a%ﬁé@a 8L o daeS.LJ:Pg 6@ Yrotp) ka@nﬁﬁpffaatqw%mgl oalker -

Furt hernore transm tlng stde is provided with a plurality of

transm ssion @f??nnﬁ&ﬁ}?"ttﬁ@(ﬂd&{g codé mdskeat paktcanantran et s €hém,
spread using different short codes and each transmitted in parallel froma

plurality ofagat QwsreEQQ\ﬁM? gigdamebidignet atiarpra@et@ et £ eghet ant
to fading variations (especially during slow novenent) and shadow ng due

to a transmssmengdlibserttié yskdrectodenwnichoi & heommoacdwt icwlls, then
characteristics. In general, during parallel transm ssion, a sane
| ong code islimédsf dromg ptodel cayzdifdatesnhasbendelalmhedtfaursbysai dangower
I s determ ned taking account of interference with other channels or other
cells as fotddes:idéntdfdgmbionn sechiohomaingi thepdvenrgofcorde tgrough
one antenna, then through two antennas transmission is perfornmed with
power of 0. 5idepltifitcation short codes and specifies the cell-
specific long codes from among these long code candidates,
achieving a fast cell search. The above two short
codes (CSC and GIC) are codes for search, called search
codes hereinafter. |

Furthermore, the transmitting side is provided
with a plurality of transmission antennas per sector,
and if control channel signals are spread using different -
short codesland eadh transmifted in parallel from a
plurality of antennas, the control channel.signals
become more resistant to fading variations (especially

"during slow movement) and shadowing due to a transmission
diversity effect, improving their reception
characteristics.

In general, during parallel transmissidn, a same
long code is used for a plurality of antennas and their
fransmission power is determined taking account of
interference with other channels or other cells as
follows: if transmission is performed with power of 1
through one antenna, then through two antennas

transmission is performed with power of 0.5 each. At

this time, the transmission characteristic of each



fhi*ss tinme, the transm ssion characteristic of each

3 antenna deteriorates by the degree transm ssion power is weakened, but
a diversity effect produced when the receiving side conbines a plurality
of "transm ssion signals inproves reception characteristics in the |ong

run. However, in the cell search nethod above, if a sane search code
is transmtted froma plurality of antenn si mul t aneously, the nunber of
mat ched filters will not increase on the receiving side but reception

characteri sthfite3i £’ HRtU L1 88 tied NEPPeRde e § AN raifSh 2 Eisin gewtefie

ot her hand, using different short codes (search codes) |ike contr

channel s wi | § sCleetkeRle@) ehBtSUCaBPe£8de BIWFtage Yroheed@ eaAn t@ie
reception characteristics due to an increase of the nunber of matched

filters or ipeceaseint isid@sl eomineémat gFlutalidhato Ontheindmrssadh
codes) on the receiving side. SUMVARY OF THE | NVENTI ON

It is an obj stynel of impergresenécepteldn ocharagteride ixs ramstheslohg
apparatus and base station apparatus using it, capable of preventing
deteriorati onunaf reception characteristics during a cell search on the
receiving side due to fading variations or an increase of the nunber of
mat ched filters andomweweererincekheveallwseandie metinedi abowe siide at samsni t s
control channel signals in parallel froma plurality of antennas. A
t echnol ogy o$e?|r%rﬁ?tiﬂnéssﬂ1§ﬁdl?§“iﬁt|§£r fyom a plurality of antennas

simultaneously, the number of matched filters will not
increase on the receiving side but reception
characteristics deteriorate due to-independent fading
variations. On the other hand, using different short
codes (search codes) like control channels will cause
problems such as code shortage or deterioration of
reception characteristlcs due to an increase of the
number of matched filters or increase of interference
(mutual correlation between search codes) on the
receiving side.
SUMMARY OF THE INVENTION

It is an objecfive of the present invention to
provide a transmission apparatus and base station
apparatus using it, capable of preventing deterioration
of reception characteristics Quring a cell search on the
receiving side due to fading variations or an increase
of the number of matched filters and interference even
when'the transmitting side transmits control channel
signals in parallel from a plurality of antennas.

A technology of transmitting signals in parallel

from a plurality of antennas (parallel transmission) is



PPN R S S LR

Jfrema plurality of antennas (parallel transm ssion) is

4 being studied in radio conmuni cati on systens. Suppose this parallel
transm ssion includes all transm ssion systens sinply carrying out
Jparallel transm ssion from a plurality of antennas w t hout dependi ng on
the transmtting order or timng of trangfission signals or spreading
codes. Recently, introducing an orthogonal™ transm ssion diversity system
(OTD) using a plurality of antennas in CDVA radi o conmuni cation systens is
under st udypelhigs d€8neldoay iradDbeadathini chftdein vy ¥t emsy O\Suppose! i on
characteristics through transm ssion diversity effects. Thus, the
present invephk pdralllelanerapsviidsiba imebedes rakbt toansmiakiion
notice of introducing a parallel transm ssion technology to cell searches
in the CDVPsgeltlemsirs smptlgmcanirying mnt paraidel sisansmicasidnvErent y
effect inproves reception characteristics. This allows

transmtted/ aepdiwmsaliityna$ avtieagome wdthoutsdependingf &t ngheari ati ons
(especially during slow novenent) or shadow ng, inproving reception
charact eri sttrensmitting ogrdsemr|biming oftransniss iemes Lgnailish othe
present invention by finding that applying the OTD technology to control

channel s, f o8P RY §&4A9S . chBAFEARt 1¥puin t 79dB¢d NG ARt OFthogonal
characteristics through diversity effects. Tth ngkes it possible taq
extend the cbrpnsRissicdhdtyezsdby wiysdam H§TDdising a plurality

_of antennas. in CDMA radio communication systems is under

study. This technology is intended to effectively |
.improve reception characteristics through transmission
diversity effects.

Thus, the present inventor, et al. came up with the
present invention by taking notice of introducing a
parallel transmission .‘technqlogy to cell séarches in the
CDMA celluiér.sfstem and finding that its transmission
diversity effect improves reception characteristics.
This allows tfansmitted/received signals to become more
resistant to fading variations (especially during slow
movement) or shadowing, improving reception
characteristics;

The preéent inventor, et al. also came up with the
present invention by finding that applying the OTD
technology to control channels, for example, perch
channels{ would improve reception characteristics _
through diversity effects. This makes it possible to
extend the cell radius (coverd area) while using same
transmission power and suppress interference with other

channels due to a reduction of perch channel transmission



transm ssion power and suppress interference with other channels due to a
reducti on of perch channel transm ssion 5 power in the sane

ar ea. That is, the key point of the present invention is TSDT
ATinme-Switched Transmit Diversity) which nmeans when carrying out diversity
transm ssion, control channels (CCH) aredransmtted in parallel through a
plurality of antennas with search codes i*hserted and by switching those

antennas according to the search codes. .More specifically, antennas
transmtti ngggﬁa&cty_n CPHRS sHdReSHidgded so that a search code may be
transmtted through only one antenna in- a given instant. 1In this case,

switching of antenpratcas baneKoynpdine obfetheprsisenitl fnrentadantiy. | n
other words, it is only search codes that are transmtted using TSTD. Wen
a plurality pé§prearsmesSivs tahedmiddpsmied hvnd rstirty} whiel meanisewhemney
may al ways be nmultiplexed and sent froma sane antenna or they nmay be
transmtted ¢aemyidid f ondntd owmeesidy Gransmisssbonusicoptrodnechanpeds® is
necessary when using one code to detect another data-nodul ated code.
BRI EF DESCRI @TCBY GrédHErzRyemiGsed in phgadbowd: fhranghr aoplaarslity
features of the invention will appear nore fully hereinafter from a
consi der at i omf oantienrias| $hithg seaxehpeerde st dnsertadcande by SViFehinge
acconpanyi ng drawi ng wherein '
those antennas according to the search codes.
....-.... More specifically, antennas transmitting search
codes are switched so that a search code may be
transmitted through only one antenna in a given instant.
In this case, switching of antennas can be performed
either periodically or randomly. 1In other words, it is
only search codes that are transmitted using TSTD. When
a plurality of search codes are multiplexed and
transmitted, either they may always be multiplexed and
sent from a same antenna or they may be transmitted from
different antennas. Transmission using a same antenna
is necessary when using one code to detect another
data-modulated code.
BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects and features of the
invention will appear more fully hereinafter from
‘'a consideration of the following description taken
in connection with the accompanying drawing wherein
one example is illustrated by way of example, in
which;

FIG.1l is a block diagram showing the configuration

of an apparatus carrying out parallel transmission in



one exanple is illustrated by way of exanple, in which; FIG1lis a
bl ock di agram showi ng the configuration of an apparatus carrying out
parall el transm ssion in - 6 a base
Station apparatus according to Enbodinent 1 of the present invention;
FIG 2 is a block diagram show ng the configuration of an apparat us
creating | ong code nmasks of the base station apparatus according to the

above enbodi nent; FIG 3 is a block diagram showi ng the configuration
of a transm gsbaseépstatiisn odppardess aiciiopdingpdreatEmboddammening tof t he
above enbodi nent; FIG4 is a block diagram showi ng the configuration

of an apparathe qaregiemt clmventtiogonal transmi ssion diversity in a base
station apparatus according to Enbodinent 2 of the present invention;
FIG5 is a bl ock dFagr.anishanibipceckedtagitiaguishiowhngothe coafkgurasion
apparatus of the base station apparatus according to the above enbodi nent;
FIG 6 is a sofferadt i appen@ tyssiEaaaginge lansf cgdentmaskss of skhechasrie
mul ti pl exi ng section of the transm ssion apparatus of Enbodi ments 1 and 2
above; ~ sktetionsappakafis AWWARAIREHERI e RPO¥EHERRPELMGNHF a

search code mul tiplexing section of _the transm ssion apparatus of
Enbodi ments 1 and §I§ao§é‘:5 a bl°‘F’F(§§a9§aé“§§"rfé Psctgﬁaﬁmgﬂs%ﬁm&%e

timng of multlnl eXh0g 5o Sh S90Sl P Wba¥iPBE 10 apparatus
according.to. the above._embodiment;

FIG.4 is a block diagram showing the configuration
of an apparatus--carrying out orthogonal transmission
diversity in a base station épparatus according to
Embodiment 2 of the present invention;

FIG.5 is a block diagram showing the configuration
of a transmission apparatué of the base station apparatus '
according to the above embodiment;

FIG.6 is a schematic drawing showing the
configuration of a search code multiplexing section of
the transmissibn apparatus of Embodiments 1 and 2 above;

FIG.7 1is a schematic drawing showing the
configuration of a search code multiplexing section of
the transmission appara.tus of Embodiments 1 and 2 above;

FIG.8 is a schematic drawing showing the timing of
multiplexing search codes with control channels in
Embodiments 1 and 2 above;

FIG.9 is a schematic drawing showing_the timing of
multiplexing search codes with control channels in
Embodiments 1 and 2 above;

FIG.10 is a block diagram showing the configuration



Enmbodi nents 1 and 2 above; FIG9 is a schematic drawi ng show ng the
timng of nultiplexing search codes with control channels in Enbodi nents
1 and 2 above; FIG 10 is a block diagram showi ng the configuration

< of a transm ssion apparatus of a base station apparatus according to
Enbodi nent 3 of the present invention; FIGII is a drawing to explain
the timng of nultiplexing search codes vqth control channels in

Enbodi ment 3 above; FIG 12 is a drawing to explain the nultiplexing

timng when genar fa@ainsks oG pparat e dE Ghaasd sstatt o @ppataitpsexed
I n Enbodi nent 3 above; and FIG 13 is a drawing to explain the

mul ti pl exi ngactiofdingharo cBmbodiméntngl o HntheeprEsente inhzemtlion are
code-nul ti pl exed in Enbodi mrent 3 above. DETAI LED DESCRI PTI ON
OF THE : FIG.  PREEEREEEFABONIgVENT Sexplaiw ther dfiombnge abw t o
the attached draw ngs, the enbodinents of the present invention are

expl ai ned i nmudatippledingy. se@Edindcodes With conizel chadrnels dged to
explain parallel transmssion. FIG1 is a block diagram show ng the
configurati oEmbfochhnaprtariiat@bON@r:r yi ng out par allel transmission in a base

station apparatus accordlng Enbodi ment 1 of the present invention. This
appar at us FIG.12 is a drawing to explain the multiplexing

timing when control channels and search code channels
'are-code-multiplexed.in Embodiment. . 3 .above; and. .

FIG.13 is a drawing to explain the multiplexing
timing when control channels and~Search-code_channels
are code-multiplexed in Embodiment 3 above.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
With reference now to the attached drawings, the
) embodimeﬁts.of the present invention are explained in
detail below.
(Embodiment 1)

First, FIG.l1l is used to explain parallel
transmission. FIG.1l is a block diagram showing the
configuration of an apparafus carrying out parallel
transmission in a base station apparatus according to
Embodiment 1 of the present invention. This apparatus
modulates transmission data through a plurality (two in
the figure) of data modulation sections 101,102, spreads
through spreading—modulation sections 103,104, carries
the data on éarrie:s through radio transmission circuits
105,106 and.transmits through antennas 107,108.

Then, FIG.2 is used to explain how a l1long code mask



_odul ates transm ssion data through a plurality (two in the figure) of
data nodul ati on sections 101, 102, spreads through spreadi ng- nodul ati on
sections 103,104, carries the data on carriers through radio transn ssion
Lircuits 105,106 and transmts through antennas 107, 108. Then, FIG 2
I's used to explain how a | ong code nask 8 is created. FIG2 is
a bl ock di agram show ng the configuratioﬁsof an apparatus creating | ong
code nmasks in the base station apparatus according to Enbodiment 1 of the

present ‘i nvepti hi s paPas a1 4S.a LBk’ WiaghanNdhSwIRY tive
modul at ed bif%afq'g:erréogﬁ?ation circuit a 201, and tah§ése nodul at ed data are

mul tiplied iaogwgtdfhit%r?(& byn SBppla reEes SER edtdin §NVoagle ddé MAsk

were nultiplied by multiplier 202 beforehand. For the part to be

masked in a £aNtHY wABRNY t&tE6A appaLatu EcESCAdnd StosEadd eadar and
group identification code G (second search code) are added up. These

short code CBG@Athdpreskdeninkierstion.coda tHi§ apparaitiad,ta ¢bnteel rol
channel signal as nmasks after they are appropriately switched by switch
205 accordi gHandehskigna) als shgdall asd hhyi dgta mddel avdwai occhreldin in
the figure. : Then, the transm ssion apparatus of the present

enbodi nent i zo@xplandetheseigmnpd®lRntedl Gaxa sanepmpktipldg@dnishow ng t he
configuration of the transm ssion apparatus of the base station apparatus
accordi ng t omuh&ipbbes 3fSodvnshort code SCO and long code LCJ which

-were-multipliedwby-multiplier-202'beforehand.

For the part to be masked in a control channel signal,
short code CSC (first search code) and group |
jdentification code GICj (second search code) are added
up.' These short code CSC and group identification code
GICj are added to the control channel signal as masks
after they are appropriateiy switched by switch 205
accordiﬁg fo mask dontf§1 signél_ZOG having a pulse
waveform shown in the figure.

Then, the transmission apparatus of the present
embodiment is explained using FIG.3. FIG.3 is a block
diagram showing the configuration of the transmission
apparatus of the base stat_ion'apparatus according to the
above embodiment.

This transmission apparatus enables parallel
transmission using two systems and comprises data
modulation circuits 301,302 that carry out data
modulation, multipliers 304,306 that multiply the
demodulated signals by specific codes, multipliers
303,305 that multiply long code LCJj (scrambling code)

and short codes SC0,SCl respectively, search code



_Thts transm ssi on apparatus enables parallel transm ssion using two
systens and conprises data nodulation circuits 301,302 that carry out data
nodul ation, nmultipliers 304,306 that nmultiply the denodul ated signals by
.specific codes, multipliers 303,305 that nmultiply long code LG
(scranbling code) and short codes SCO SClgrespectively, search code

9 mul tiplexing section that generates search codes and sw tches 309, 310
which are the sections for switching the multiplexing destinations of
search codesmultiplégisipvwetn ifdis fhathgesseral esodeeavcth degésgand
section mainly conprises adder 307 that adds up short code CSC and group

i denti ficati gwitaiee £ Gj0 Bndll owwihdlch 3atfet Hdte nsetitilcaxe sfolre switedhdages
over one control channel signal as a nask. Then, the operation of

t he transm sthen mphhiplexingnident toatd ghmwafalsearch eodes ned.

Control channel signals are each input to data nodulation circuits 301, 302
where they are subAsctshown iduntBIGpéul thenspasehscade mukbipilgxing
303,305, long code LG and short codes SCO, SCl are nmultiplied. These

nul tiplied | 8pgtdooR Mgimnky §ﬁmﬁr5e%q§ adsiaF 307, khat| ééd@h upesbemiut

of data nodul ation circuit 301 b t| |ier 304 and | gng. code_ LG _and

short code S€9d%ﬂQ§ﬁuPPPpH§RPBn bﬁ?t&PQkﬁ%FﬁDGE IQ#@C?W&&qh

302 by multiplier 306. n a base st t agggratus grOV|ded Wi t h thls
gll that multiplexes the a es over one contro

channel signal as a mask. .

Then, the operation of the transmission apparatus
configured as -shown above is explained.

Control channel signals are each input to data
modulation circuits 301,302 where they are subjected to
data-modulation processing. In multipliers 303,305,
iong code LCj and short codes SCO{ SC1 aré mﬁltipiied.
These ﬁﬁifibiied 1on§'dode LCj and short code SCO0 are
multiplied on the oUtpuf of data modulation circuit 301
by multiplier 304 and long code LCJj and short code SC1
are multiplied on the output of data modulation circuit
302 by multiplier 306.

In a base station apparatus provided with this
transmissioﬁ appératus, for example, a long code LCj
assigned differs from one base station to another. .As
described above, control channel signals are dually
spread with long code LCj and short code SC. This allows.
each base station to use a common short code group.

On the other hand, in the search code multiplexing
section, short code CSC and group identification code

GICj are added up by adder 307 and multiplexed over one



transm ssion apparatus, for exanple, a long code LG assigned differs from
one base station to another. As described above, control channel signals
are dually spread with long code LCj and short code SC. This allows each
base station to use a common short code group. On the other hand, in
the search code multiplexing section, shqg% code CSC and group

i dentification code G are added up by der 307 and nul ti pl exed over

one _ _ _ - 10 control channel signal by
swi t ching of coM€eb1(EhEnmdB. siGialchiyngwait i it §loBGSwi 8 chOQMSH ) by
transm ssion antenna switching control signal 311. Switch (SW) 309

and switch (SWitdhingref Oswditcl P06sdArs bedntirialge @NByaftrenemtis®iesn
short code CSC and group identification code A C are nultiplexed over a
control chanmaitenpralswitchding icongrol sighldre3bre if switch TSW 308
turns ON at a timng of the waveformin FIG 3, that is, it is selected as
the nultiplexing &ettahti(GWO W 0OhenBVOwakdtISVISWLNN 3A0 tura tONviay of
the waveformin FIG 3 and short code CSC and group identification code

G g are nul @ preegrdked taaingtand d@fomenenitgenedTisdoxr twcodee LHND
and SWL are controlled by mask control signal 312. That is, swtches

SW), SWL. are @l raFeBR idemiatfigatdanredsSIgddageomw ] tbpleradiavmr
code GG may be multiplexed oqver one _control channel signal at a specific

tining. a GRMETGH rOPaBPLEsS h988dr it cbhet ot BBLRGIti pl exed
. ...Therefore, .if switch TSW 308 turns ON at a timing

of the waveform in FIG.3, that is, it is selected as the
multiplexing-destinationi-sﬁitches SW0 and SW1 turn ON
at a timing of the waveform in FIG.3 and short code CSC
and group identification code GICj are multiplexed over
the control channel signal. These switches SWO0 and SW1
-are controlled by mask-céntrol signal 312. That is,
switChéé.éﬁo;SWi are.confrolled so that short code CSC
and group identification code GICj may be multiplexed
over one control channel signal at a specific timing.
Such control allows a search code to be multiplexed
as masks 801,901 as shown in FIG.8 and FIG.9. FIG.8 is
a drawing showing a state.in which a search code and
control channel signal are time-multiplexed. In this
casé, the control channel signal and masks can use
different or same short codes. FIG.9 is a drawing
showing a state in which a search code and control channel
signal are code-multiplexed. In this case, the control
channel signal and masks must use different short codes.
As shown in FIG.8, if the search code and control

channel signal are time-multiplexed, they are not



as-masks 801,901 as shown in FIG8 and FIG9. FIG8 is a drawi ng show ng
a state in which a search code and control channel signal are
time-multiplexed. In this case, the control channel signal and masks can
use different or same short codes. FIG9 is a drawing showing a state in
whi ch a search code and control channel sjgnal are code-nultiplexed. In
this case, the control channel signal and sks nmust use different short
codes. As shown in FIG8, if the search code and control channel

signal are tigWefuhbpd® . a e af Em80tone, and thelde fY¥ed BRARS sHbPt
sane tinme zone, and therefore sane short codes can be shared. |f the

search code gulesncan behshwtedi gndlf aiee cedarti t¢plexerthd acbawrdort
code nust be provided for the search code, but multiplexing and

transm ssi on gimawnedosighadfl aamar chdecdusl tipllexeder Aomel shoepersede! v
of control channels. The present enbodi nent expl ains a case as shown
in FI'G 6 whenwsstheespaachidede fimxt tilpe eseagdeciodea, hbsita mebbipdesaingn
in which the nultiplexing destination of -a- -search code is- switched- in
such a way tlemd atpprvsmisgiost poder @awtrodeothesearghe codesploamden
synchroni zation with the control channel signal (configuration for
transmtti ng PREfermesyckndepandentdy ok cRRatroly channels.
configuration, if one code is used ‘as a known signal to estimate channel s,

it is possible toTh8 R¥CERKHEMRAAEMENtGHRINLALBSUR CAB & A Sdiown in
estimation e??hi%_&ﬂ%%é“¥fehgié¥¥ﬁ'§SQEEQG¥¥{81QQE%9 secfioﬁ has a
configuration in which the multiplexing destination of
a-search code is-switched in such a way that a plurality

- of codes (two codes here) are multiplexed in

synchronization with the control channel signal
(configuration for transmitting search codes from a same
antenna). With such a configuration, if one code is used
as a known.sighél tp éstimate channels, it is possible
to detect another code using the result of channel
estimation even if that code has been subjected to data
modulation and transmitted.

Furthermore, the search code multiplexing section
can also have a configuration shown in FIG.7, that is,
a configuration in which the multiplexing destination
of a search code is switched in such a way that a plurality
of codes are multiplexed indepe;dently of the control
channel signal (configuration for transmitting search
codesfromdifferentantennasj. Thatié,thesearchcode.
multiplexing sectidn can have a configuration comprising

switch 701 for independently switching the multiplexing

destination of short code CSC, switch 702 for



nodul ati on and transm tted. Furt hernore, the search code nulti pl exing
section can also have a configuration shown in FIG 7, that is, a
configuration in which the nultiplexing destination of a search code is
swtched in such a way that a plurality of codes are nultipl exed

I ndependently of the control channel sigq@% (configuration for
transmtting search codes fromdifferent tennas). That is, the search
code multiplexing section can have a configuration conprising switch 701

for independgmidep&nialedit g &etemlilnplthe ntil tepliedtin §raes tsherti spdse
CSC, switch 702 for o 12 independently
swi t chi ng' t hgredp | PAexitigf deatiiwai i evdel GIPPWnd dedtescato dp70ada Ha €
and adders 703,704 that add up short code CSC and group identification
code G CJ. ddsapghoiecodd, (SR and gmmapal ded thiyf FcatdosnceodeGIC].
antenna sw tching control signal. Such a configuration allows mask
mul ti pl exi ngThesdespiticdhreed @i, V82 axre antige lliedbgpsd ngramsmdisisinen i n
mask mul tiplexing. Furthernore, even if transm ssion power of search codes
is strong compdrennat swibtabiingieonpowdr stgnadtorol channels, this
configuration can prevent a plurality of search codes fromtransmtting
froma same ant enn&Uthnt eeddidyratdodblahomse mask muditckpleydad ko by
a transm ssion anplifier_to reduce. The transm ssi on appar at us of
the present PéniRRkFeREMedidtHe’rinds (HRiNgSi.odnFreasding ralationss

so that search codes nmay. b ransm tted only through
in mask m ltfp&eﬁkng,_ Eurtﬂgrmoréq.even.if_

transmission power of search codes 1s strong compared
to transmission power of control channels, this:
configuration can prevent a plurality of search codes
from transmitting from a same antenna simultaneously,
enabling the peak factor requested by a transmission
amplifier to'reduée.

Thé frahsmissioﬁ.appéfétus of the preéent
embodiment switches the transmission antenna of search
cods so that search codes may be transmitted only through
one antenna in a given instant. 1In this case, switching
can be performed either periodically or randomly. That
ié, it is only search codgs that are transmitted using
TSTD. However, transmission power of search cédes is
controlied independently of control channels.

This allows transmission diversity effects to be
demonstrated not only for control channels but also for
search codes, making them more resistant to fading
variations, especially fading variations and shadowing
during slow movement and improving reception

characteristics on the receiving side. Furthermore,



.one antenna in a given instant. In this case, switching can be perforned
either periodically or randomy. That 1is, it is only search codes that
are transmtted using TSTD. However, transm ssion power of search codes is
cohtrol | ed i ndependently of control channels. This all ows

transm ssion diversity effects to be denﬁ strated not only for control
channel s but also for search codes, nuki 3 them nore resistant to fading
vari ations, especially fading variations and shadow ng during slow

novement andghBPt Puinitni £68RiN appLF@tast 6£i 6heCSres enlte el ¥h8a tStan
Furt her nore, : 13 the transm ssion

appar at us of reheady adsdinwibedi SENEoede ld tdyeestbh asmnatclied ¥itterw s
such as matched filters required for a cell search, nmaking it possible to
i nprove recepgudiredadort@edell ceandhsi mpkiimg tite posEth Yartd i impobviehe
appar at us. Since the transm ssion diversity systemfor contro
channel s i s detlegrthonf cdmxraatefrs tbasclambdeimpliifin theferent effects
obtained and different required reception characteristics, transm ssion
power of seacohfigaestiwn befcdie crpparatiependent|y of that of control
channel s. For exanple, even if control channels are transmtted with 50%
power (0.5)trwouggiﬂﬁﬁﬂtbﬁ tramshilsSinn b lver shbvinsys temafeFr codes

may be transmitted with the same_power (1) as in the case of one search
code. control channels is different from that for search codes,

with different effects obtained and different required
reception characteristics, transmissiongpower'df search
codes may be controlled -i-ndependently of that of control
channels. For example, even if contrel channels ére
transmitted with 50% power (0.5) through parallel
transmission by two channels, search codes may be
transmitted with the same power (1) as in the case of
one seérch csde; |

(Embodiment 2)

The present embodiment explains a case where OTD
(Orthogonal Transmit Diversity), a mode of parallel
transmission, is used. OTD refers to a technology by
which a transmission signal is converted from serial to
parallel, data-msdulated and spread-modulated_, and each
transmitted in parallel from different antennas while
maintaining orthogonality.

FIG.4 is a block diagram showing the configuration
of an'apparatus carrying out OTD in Embodiment 2 of the.
present invention. This apparatus conﬁerts
transmission data to parallel through a plurality (two

in the figure) of systems through serial/parallel



_(Embodi nent 2) The present enbodi ment explains a case where OID
(Orthogonal Transmt Diversity), a node of parallel transm ssion, is used.
OID refers to a technology by which-a transm ssion signal is converted
frbmserial to parallel, data-nodul ated and spread-nodul at ed, and each
transmtted in parallel fromdifferent angannas whi |l e maintaining
orthogonality. FIG 4 is a bl ock diagrfam showi ng the configuration of
an apparatus carrying out OID in Enbodi nent 2 of the present invention.

Thi s appar ate§n%¥/§ibﬁ sk 5o S§0 2 fladu it 837 ehbehalthy aufodgh! gatli ty
{(two in the tigure) of systens through serial/parallel

14  conver shgRu3ePtion 4¥btibdel ates, 108 ,daipréacu@uWBag e sTochitauighn
sections 402,403, spread-nodul ates through spread-nodul ati on sections

404, 405, cargpeeddemdaiva DNionasecerion Sroogh 408l cdrrhesi shieodatia oni t S
406,407 and transmts through antennas 408, 409. Then, a transm ssion
appar at us of chlre igesattir oaghodaddd tramspl sisdeh cdinguft§ £06F4@ Hansd a
bl ock di agram show ng-the configuration of the transm ssion apparatus in
a base statitpraazmitsuthancogli mptennBsbctl$edD92 of the present _

I nventi on. This transm ssion apparatus enables parallel transm ssion
by two systens andThems i 8etransmbssiomlappazafing sPén thetpsessout t hat

converts control channel signals fromserial to parallel, data
embodiment is explained using FIG.5. FIG.5 is a block

diagram showing the. configuration of the transmission
apparatus in a base station apparatus according to
Embodiment -2 of the present invention.:

This transmission apparatus enables parallel
transmission by two systems and comprises
serial/parallel conversion section 501 that converts
control channel signals from serial to pérallel, data
modula.tionh éi.r.cuits 562 .503 that pe_fform data modulation
on a control channel (e.g., perch channel) signal,
multipliers 505,507 that multiply the modulated signal
by a specific code, multipliers 504,506 that multiply-
long code LCj and short codes SC0,SCl respectively,
search code'multiplexing.section that generates search
codes and switches 510,511 that are the switching
sections to switch the multiplexing destination of
search codes.

The search code multiplexing section mainly
comprises adder 508 that adds up short code CSC and group
identification code GICJj and switch 509 that multiplexes

the added code over any .one control channel signal as

a mask.



nmodul ation circuits 502,503 that perform data nodul ation on a control
channel -(e.g., perch channel) signal, nmultipliers 505,507 that nmultiply

t he nodul ated signal by a specific code, nmultipliers 504,506 that rultiply
L ohg code LG and short codes SCO, SC1 respectively, search code

mul ti pl exi ng section that generates searc codes and swi tches 510, 511 t hat
are the switching sections to switch the | tiplexing destination of
search codes. The search code multipl exing section mainly conprises

adder 508 that addeneénshehle epdard5foane FILGI trdieshkikistiadnh Cdppada tdd)
and swtch 509 that nultiplexes the added code over any one control

channel sign@omeigar®dkas shown above is explained. 15
Then, the operation of the transm ssion apparatus configured as shown

above is expl ai nedThe conffhelcenanme X lsdrgreal si grainverted Exiom slemial
serial to parallel by serial/parallel conversion section 501, input to
two data noddlocatpamadileclity $621alY pamdaldel exmrvers idai ssaotdloat 501 ,
processing. In nultipliers 504,506, |Iong code L] and short codes SCO0, SC1
are nultiplidapabet® Mwoi dlatal modyladutonCeirngwil t8oSt020903S@ndr e

mul tiplied on the output of data nodulation circuit 502 by multiplier 505
and | ong codsuhipcied skor datriansdulation| pragessdndhe utput of data

nodul ation circuit 503 by nultiplier 507. .
multipliers 504,506, long code LCj and short codes

SC0,SCl are multiplied.. .These multiplied long code LCj
and short code SCO0 are multiplied on thé output of data
modulation circuit 502 by-multiplier 505 andflong code
LCj and short code SCl are multiplied on the output of
data modulation circuit 503 by multiplier 507.

In the base station apparatus with this
transmission appardtus, for example, a long code LCj
assighed differs from-oﬁé baée station to andther. As
described above, control channel signals are dually
spread with long code LCj and short code SC. This allows
each base station to use a common short code group.

On the other hand, in the search code multiplexing
section, short code CSC and group identification code
GICj are added up by adder 508 and multiplexed over one
control channel signal by switching of switch (TSW) 509.
Switching of switch 509 is controlled by transmission
antenna switching control signal 513.

Switch (SW0) 510 and switch (SW1l) 511 turn ON at.
a preséiibed timing and aforementioned short code CSC
and group identification code GICj are multiplexed over

the control channel signal at that timing.



In-«the base station apparatus with this transm ssion apparatus, for
exanple, a long code LG assigned differs fromone base station to

anot her. As described above, control channel signals are dually spread
Wth long code LG and short code SC. This allows each base station to use
a common short code group. On the other hand, in the search code

mul tiplexing section, short code CSC and oup identification code 4d(
are added up by adder 508 and nultipl exed over one control channel signal

by switching of swirhdrdfS¥e ,50% swic®iTHEW 0f0sWhehHON istcantialimg by
transm ssion antenna switching control signal 513. Swtch (SW) 510

and switch (8¥lxhel wdvefodhm din FAG! BsCthiadd ifs Mig i el ectentdo e
short code CSC and group identification code G C are multiplexed over
the control midrneplexgmed déstlHatationngswitches SW0 and SW1 turn ON
16 Therefore, if switch TSW509 turns ON at a timng of the

wavef orm i n BEGea timing of itthe waeeform i FHE. Smand mhortgcode CSC
destination, switches SW) and SW. turn ON at a timng of the waveformin
FIG 5 and shand guerupstdeaid fiioap liaemedec@licinarednuditdpiexed over
mul ti pl exed over the control channel signal. These switches SW and SWL
are control | $fercamtkodosiragingl griagnsyb. TRAeSies swiskghe e SWOH\anthSWwin
are controlled so that short.code CSC and group .identification code G
may be mul ti PEEROnNEFALL8Y b R3FK GonkBAkeSigRMd| SH2 a4 sHRat is-

i m ng. h nt r ol |1 rch [ tipl )
ti g Suqsﬁgiéhgs %wéWEnS_E%%férSQQSn%%o‘32% prfﬂ§¥y3ﬁort.code

CSC and group identification code GICj may be multiplexed
over any one control channel signal at a specific timing.
Such control allows a search code to be multiplexed as
masks 801,901 as shown in FIG.8 and FIG.9.

The present embodiment explains a case as shown in
FIG.5 where the séarch code multiplexing section has a
configﬁrafibn.iﬁ.ﬁﬁich the multiélexing destination of
a search code is switched in such a way that-a plurality
of codeé {two codes here) are multiplexed in
synchronization with the control channel signal.
Furthermore, the search code multiplexing section can
also have a configurétion shown in FIG.7, that is, a
configuration in which the multiplexing destination of
a search code is switched in such a way that a plurality
of codes are multiﬁlexed independently of the control
channel signal. This configuration is explained in
detail in Embodiment 3.

The transmission apparatus of the present
embodiment switches the transmission antenna of search

cods so that search codes may be transmitted only through



masks 801,901 as shown in FIG 8 and FIG 9. The present enbodi nment
explains a case as shown in FIG5 where the search code nultipl exing
section has a configuration in which the nmultiplexing destination of a
search code is switched in such a way that a plurality of codes (two codes
here) are nultiplexed in synchronization\gtrlthe control channel signal
Furt hernore, the search code nultiplexingjgection can also have a
configuration shown in FIG 7, that is, a configuration in which the

nul tiplexi ngo#estadeénaa eh aa?s_e@rxphme&nts swnt ¢had icaseichswivenidyt a
plurality of codes are multiplexed i ndependently of the control channel
signal . Thiscaanbegpetformed axpthReregeriodibtally pxEratiomdy .3. That
The transm ssion apparatus of the present enbodi nent switches the

transm ssi oniant ebhnaisf o3day cdeateds ccwdé bathadaraate codansmiyt bed using
transmtted only through 17 one
antenna in aT@®en instant. In this case, switching can be perforned
either periadically or randomy. That is, it is only search codes that are
transmtted using IPSThis casen thies amgentt b dmamsmdissionsdiadd obs
data is .reduced to a fraction of the original_ anmount divided_by the
nunber of ant@&ftizgedat® ehémaotéonhed thhaHi9iRgl amantndiyidde @by,

t he spreadinq%factor_can be nultiplied by the nunmber of antennas. For

exanpl e, in thft numkesi of gRtepRagi-ngnH theFrt anceiher ttrarpmdtdiing

using the.same band, .the_spreading factor can be.

multiplied by the number of antennas. For example, in
.the case of X 64-sp-reading- with one antenna, the _spreadiﬁg
factor becomes X128 with two antennas. The spreading
codes used for spread-modulation are mutually orthogonal
(called "orthogonal codes”"). Therefore, even if
transmission péwer.of each antenna-is fedﬁced to a
fractibn of.'.thé émbﬁht difridéd by the number of antennas,
spreading gain (process gain) by despreading is
multiplied by the number of antennas, and therefore the
basic characteristic of each antenna remains the same
as that for one antenna.

| Furthe:more, acéording to the transmission
apparatus of the bresent embodiment, signals converted
from serial to parallel are each transmitted from
different antennas through different paths, and
therefore it is possible to reduce concentration errors
during slow fading such é.s burst errors and dete_rioration-
by shadowing (leW'variAtions-of reception power due to
tree and building shadow#) compared to transmission

using one antenna.



faetor becones X128 with two antennas. The spreading codes used for
spread-nodul ation are nutually orthogonal (called "orthogonal codes").
Therefore, even if transm ssion power of each antenna is reduced to a
fraction of the anpunt divided by the nunber of antennas, spreading gain
(process gain) by despreading is nthipIi%p by the nunber of antennas, and
therefore the basic characteristic of each antenna remains the sane as
that for one antenna. Furthernore, according to the transm ssion
apparatus of the pwasantthebadiamesini ssipwl apparettsdoff ridiespriedend
parallel are each transmtted from different antennas through different
pat hs,  and &ehvyccdbment perpfosmsdl errorn ezhrrecdricemt eatioldimrgr ons duri ng
sl ow fadi ng such as burst errors-and deterioration by shadow ng (sl ow

vari ati ons otragcspissiqmwiatdue thent convedtisuithiemgLsiomioser iadne ed
to transm ssion using one antenna. 18
Wien t he trapanakled apgatzaesmwitshErpmesespecivotiabenpas oand dher
correction encoding on transm ssion data, then converts themfrom serial
to parallel TeeeiyYiRgfide dghackpeachiranepiiied sl anal . (eepvenls
side detects each transmitted_signal, converts it frgmparallel to serial

then perfornttefoPm PATRLLEIN R CcBBFAGL i t tRheNRREFIFMP SFELE ve

because 1t gl | OV 21 3P Hdfod IREOV TS L PRl 19 e s P L7E beaSse
it allows a. d;:gs.t._i_c__:_i.mp_.ro_v.em_e_n.t. of reception
characteristics.

The - transmission apparatus of. the.  present
embodiment can further reduce the nuﬁber of correlators
such as matched filters required for a céll search on

- the receiving side, making it possible to improve
reception dharacteristics and at the same time simplify
fhe appafatué coﬁfiguratioh.

Since the transmission diversity system for
control channels is different from that for search codes,
with different effects obtained and different required
reception characteristics, transmission power of search
codes may be controlled independently of that of control
channels. For example, éven if control channels are
tran.smitted with 50% power (0.5) through two OTDs, search
codes may be transmitted with the same power (1) as in
the case of search codes.

(Embodiment 3)

The present embodiment explains a case where

transmission diversity is éarried out in such a way that

short code (CSC) and short code (GICJj) are not



_The transm ssion apparatus of the-present enbodiment can further reduce
the nunber of correlators such as matched filters required for a cel
search on the receiving side, making it possible to inprove reception
.Ccharacteristics and at the sane tinme sinplify the apparatus configuration.
Since the transm ssion diversity systen1fg? control channels is different
fromthat for search codes, wth different effects obtained and different
required reception characteristics, transm ssion power of search codes
may be contrethadnitepandardémyaofsdnat aaft exond r simudncamebsnis I/pr exanpl e,
even if control channels are transmtted with 50% power (0.5) through two
OIDs, search codesnmespne ChPMAsadio widnmuhécadcoposystiémsas in the
case of search codes. (Enbodinment 3)- The present enbodi nent
expl ai ns a ctrensdmiesionapawesi of seaqnddi igodescnayi beé sfiramgeuchhanay
that short code (CSC) and short code (G () are not

19  transnithed pfogoatteed chaamelsi nuhtabBdgstime., 1if switghd naDus
radi o communi cation systens, transnission power of search codes may be
stronger thaperfipmed sonttatcRarmbREality pE siearcht cogashpay ke

performed so that a plurality of search cqodes may be nultiplexed in
synchroni zat®BAtARICERE B YBFhE}?&HﬂEPF1°é¥<f"?'é1y¥bp§lenf’8|?t(£%i§ﬁ§’é¥‘8ﬁ peak

pover T requiied al) (U APSTLSPLLLLT otk SRV £8950qdbRLlLd NS

‘the transmission timing of search codes. Meeting this
rgquirement requires the use of an expensive power
amplifier with aularge_dynamicmrange.._It is therefore
desirable to reduce the peak factor required for the
transmission amﬁlifier of the transmission apparatus.

The présent embodiment explains a case where OTD,
a mode of parallel. tranémission, is used. FIG.1l0 is used
to expiaih the-trénsmission apparatu; of the present
embodiment. FIG.10 is a block diagram showing the.
configuration of a transmission apparatus of a base
station apparatus according to Embodiment 3 of the
present invention. The transmission apparatus shown in
FIG.1l0 is a combination of the transmission apparatus
in FIG.5 and the switching section in FIG.7.

That is, this transmission apparatus enables OTD
transmission by two systems and comprises
serial/parallel conversion section 501 that converts a
control channel signal from serial to parallel, data
modulation circuits' 502,503 that perform data modulation
on a control channel (e.g., perch channel) signal,

multipliers 505,507 that multiply the modulated signal



Jeguirement requires the use of an expensive power anplifier with a |arge
dynamc range. It is therefore desirable to reduce the peak factor
tequired for the transmission anplifier of the transm ssion apparatus.
.-Tht present enbodi nent explains a case where OID, a node of parall el
transm ssion, is used. FIG10 is used to plain the transm ssion
apparatus of the present enbodinent. FIGIO is a bl ock diagram show ng the
configuration of a transm ssion apparatus of a base station apparatus
accordi ng t opgnodipestifioicoble, mesenpliiaent 504, 5@ thatsmsktdply
apparatus shown in FIG 10 is a conbination of the transm ssion apparatus
in FIG 5 andlbheg ssv@ehii@y sentli @hont Fc@des SCO, STHatrespeidiikvely, a
transm ssi on apparatus enables OID transm ssion by two systens and

conpri ses sesiCalgemerhitalr conatr gegresatesosElit t padec @B rwsigh denta ol
channel signal fromserial to parallel, data nodulation circuits 502, 503
that perfornséarchodaidsi oa GIEh genergitehahhalt (@eperagashathamel )
signal, multipliers 505,507 that nulti

ply the nodul ated signa
20 by a spedaernmﬁw@tmtpmdeer%IGdué@e:lahaﬁ RA TP pRy SEFFRM c68 e
code” CSC uhi M ltshe SSaA bR B3dEnal CRE® Jater SFart ANAR QRS 6 88 Sgrdp
dent i1 et on code 0 GRS, Aoy g BTl se0sy st iches rol 08,
search codes, w1é%hes (SW0) 510 and (SW1) 511 that switch between a
spread-modulated signal and search code and time-
‘multiplex them.--

Then, the operation of the transmission apparatus
configured as shown above is explained.

Control channel signals are converted from serial
to parallel by serial/parallel conversion section 501,
input to datalnodulatlon.circults 502,503 where they are
subjected to data-modulation processing. In
multipliers 504 and 506, long code LCJj and short codes
SC0,SC1 are multiplied. These multiplied long code LCj
and short code SCO are multiplied on the output of data
modulation circuit 502 by multiplier 505 and iong code
LCj and short code SCl are multiplied on the output of
data modulation circuit 503 by multiplier 507.

In the base station apparatus provided with this
transmission apparatus, for example, a long code LCj
assigned differs from one base station to another. As
described above, control channel signals are dually

spread with long code LCJj and short code SC. This allows

each base station to use a common short code group.



swtches (SW) 510 and (SWL) 511 that switch between a spread-nodul at ed
signal and search code and tine- nmultiplex them Then, the operation
of the transmi ssion apparatus configured as shown above is expl ai ned.
LControl channel signals are converted fromserial to parallel by
serial/parallel conversion section 501, ijqput to data nodulation circuits
502, 503 where they are subjected to data-rmodul ati on processing. In '
mul tipliers 504 and 506, |ong code L) and short codes SCO SCl are

nul tiplied. These ogul tilpdi 6dhleanchands lshoreneodwrtscodm b@raud

mul tiplied on the output of data nodulation circuit 502 by multiplier 505
and | ong codgden@ifndathiosh code ILICHr arwl swhkichkednatha speut fdfc data
nodul ation circuit 503 by nultiplier 507. In the base station

appar at us pratmdang wbiyh itrit er lorcdesdn swiidiclappal IS¥E) 701 ,8H0=2pand a | ong
code LG assigned differs fromone base station to another. As described
above, contr tiragtemhbtitedd ghnbm aicf flienkent: apteandas : h Theyedoadee | Cthand
short code SC. This allows each base station to use a conmmon short code
group. multiplexing destinations are controdiedeintpachhanway
short code CSC and group identification code G C are-switched at a
specific tikheF lHearcdy |eeles SAarthEFomdfose]l aneRRgs QARR sALWENE
fromdifferent antennas. Therefore, the nultiplexing destinations are
control |l ed i AWddcFP@dway that search codes sent fromthose antennas are

al vays Switch (SW0) 510 and switch (SW1) 511 turn ON at
a prescribed timing and aforementioned short code CSC
and group identification code GICj~are multiplexed over
the control channel signal at the same timing.

Therefore, if switches (TSW) 701,702 turn ON at a
timing of the waveform in FIG.10, that is,.if SW0 for
éSC énd SW1l for C1lCj are selected respectively as the
multiplexing destihations,.swifches SWO0 and SW1 turn ON
at a timing of the waveform in FIG.10 and short code CSC
and group identification code GICJ are multiplexed over
the control channel signal.

These switches SW 701,702 are controlled by
transﬁission antenna Switching control signal 705 and
switches SWO0 and SW1l are controlled by mask control
signal 512. That is, switches SWO,SW1l are controlled so
that short code CSC and group identification code GIC]
may be multiplexed over any one control channel signal
at a specific timing, and switchgs SW 701,702 are
controlled so that'search codes to be multiplgxed over
each control channel may be switched every time.

An example of the multiplexed signal during the



Swrtched. Switch (SW) 510 and switch (SW) 511 turn ON at a
Jprescribed timng and af orenenti oned short code CSC and group
identification code G C are nultiplexed over the control channel signal
at”the sanme timng. Therefore, if switches (TSW 701,702 turn ON at a
timng of the waveformin FIG 10, that isgdf SW for CSC and SWM for Cl1Q
are selected respectively as the nultiplexing destinations, switches SW
and SWL turn ON at a timng of the waveformin FIG 10 and short code CSC
and group i dafiafemenittionedeo i €a taren Mg sihgivaxdn V& . 11 he FonfIG. 11,
channel signal . These swi tches SW 701, 702 are control |l ed by

transm ssi onsappese sentsdhgharmeds srgnhransgnihtiedswitdh¥o .ON THM) SW
are controlled by mask control signal 512. That is, switches SW), SW. are
control |l ed send ¥ - 8h6MS &odes C¥CHaad odrsouin i dleh@ imscErane cqmres@scglngray
be nultiplexed over any one control channel signal at a specific tinng,
and switchesoSWI®1s1@tsre IRoKNEHE TSHo ai%tT§§ar dseogad t©I6d are

mul ti pl exed over each control channel may be swi tched every tlne An
exanpl e of tKEARFPLFESEEEPHhALTELFRG Y RN tennas, antedna A and

22 A Or e e PR 2L e D chs.aga%éara%ﬁmse%&(%sﬁﬁa°se
slots in a 10Q_ns, frane con3|st|n 16 sl oLs thes SO ngS

and GG are hﬁ’aﬁsﬁﬁatne%f“:f’ﬁ d?f?%f;swaa%t%ﬁﬁgl art e ; Igna %re?ma
B and CSC agd {5y %ro“r‘_éfaP%.@&é&@i%l%}‘.ar_‘gi_”g

According to the transmission apparatus of the
present embodiment, each search code i1s transmitted from
a different antenna at every transmission timing, making
it possible to obtain transmission diversity effects.
Furthermore, when transmission power of search codes is
stronger than that of control channels,.the present
embodiment can prevent a plurality of search codes from
being transmitted from a same antenna simultaneously,
reducing the peak factor required by a transmission
_amplifier.

When transmitting short code CSC and short code GIC]
from different antennas, the channel for transmitting
search codes and the control channel may be different.
This'status is shown in FIG.12 and FIG.13.

In the case shown in FIG.12, in antenna A, short
code CSC and the control channel signal are code-
multiplexed and transmitted at TSO and short code GIC]J
and the control channel signal are code-multiplexed and
transmitted et Tsé.

Oon the other hand, in antenna B, short code GICj



their transm ssion antennas fromA to Bto A and from B to Ato B,
respectively. According to the transm ssion apparatus of the present
enbodi nent, each search code is transmtted from a different antenna at
every transmission timng, making it possible to obtain transm ssion
diversity effects. Furthernore, when tranggm ssion power of search codes is
stronger than that of control channels, the present enbodi ment can prevent
a plurality of search codes from being transnmitted froma sane antenna

si nmul t aneousland theluedng rdie deainedcsdignaldredco¢eamukbhinilesied and _
anplifier. When transmitting short code CSC and short code A from
different anttarmmsmitfie@hatindlSq oandr #hwtt cade € cAndoddre agenitinol
control channel may be different. This status is showmn in FIG 12 and

FI G 13. chanrfd sdgnahoase Fodesmultiplexednand trrsmiddnd Goc
and the control channel signal are code- multiplexed and transmtted at
TSO and shorTS®hde G G and the control channel si gnal are

code-nul ti plexed and tra sn1tteg On,the o hand, in
antenna B, short cdde E)p‘ a e- mUltlpleXing tkahsh ssj'°2‘3 ModRqd t he

SR L RN L Bt o M i e K
transmitted ay J38yy trankhaiiflof GAIEIAY! ! WEX g9t F5OLTRY £Bde.
obtain transmission diversity effects. Furthefmore,
when transmission power of search codes is stronger than.
- that -of control channels, the present embodiment can
prevent a plurality of search codes from being
transmittedfromwasameaﬁtennasimultaneously,reducing
the peak factor required by a fransmission amplifier.
.In the case shownrin FIG.13, the traﬁsmission mode
is codé-mdifipiexihé; bﬁf.éearch cbdes CSC and GICj are
not multiplexed with the control channel signal and
transmitted. That is, short codes CSC and GICj are
transmitted from antennas A and B alternately at TS0 and
TS8, while the control channel signal is transmitted at
TS3 and TS11l. Thus, the present embodiment is also
applicable in a system using the dynamic channel
assignment system that enhances the degree of freedom
of the channel position.
| As shown above, when a variable transmission timing
is used for control channel signals to enhance the degree'
of freedom of slof'assignment, each search code is
trahsmitted from a different antenna at every

transmission timing, making it possible to obtain



each search code is transmtted froma different antenna at every
Jransmssion timng, nmaking it possible to obtain transm ssion diversity
effects. Furthernore, when transm ssion power of search codes is stronger
s£han that of control channels, the present enbodi nent can prevent a
plurality of search codes frombeing trangmtted froma sane antenna

si mul t aneously, reducing the peak factor required by a transm ssion
anplifier. In the case shown in FIG 13, the transm ssion node is
code- mul ti pl éxiamgsmbsts igear i veausst gSEffrac ) Eugthermexie. pvhead with
the control channel signal and transmtted. That is, short codes CSC and
A g are trémansmissiompewenmt seanghBcdas i SrengesOthan thee:
while the control channel signal is transmtted at. TS3 and TS11l. Thus, the
present enbo@ifnemnirod| shandpplfeabhe Presentiembodimertccapnareyent
channel assignnment systemthat enhances the degree of freedom of_ the
channel posi @i BAUTralitypo & SRAT R TRASEF M \Re 186 EranFrRitE&bEra®mi ng

is used for control channel signal]s to enhance the degree of freedom of
ot assi gn@nP AE i E8RReh SUHEL T ahSORmERy 1 FRACHI P PeRkn E AG RPN
gzl evﬂgnstﬁr g%sm. %%&2{[& [nﬁng?‘?g%(@fgs%ﬁfg%ihg:lgf%ggt a![ pansm’ ssi on power
O ormon, 200" o 273 BIeh Dol §85a B ERHERABVER, S Ao BIREY oo
from 1 to 3 above, but can be modified and implemented in
various manners.

.. .. Embodiments .1 to. 3 above. explain the cases where
different short codes are ﬁsed for long codes, short code
SC and group identification code GIC to be multiplied
and short code CSC to be added; but the present invention
can also be implemented by using same.short codes for
long'codes} shert eede SC end Qrbup identification code
GIC to be multiplied and short code CSC to be added.

As explained above, the transmission apparatus in
the present invention makes control channels more
resistant to fading variations (especially during slow
movement) and shadowing through transmission diversity
effects by parallel transmissioﬁ including OTD,
impfoving reception characteristics. It also allows
switching transmission diversity effects to be
demonstrated on search codes, making them more resistant
to fading wvariations, especially fading during slow
movement and shadowing,'improving reception

characteristics on the receiving side.

The transmission apparatus in the present



.a sane antenna simul taneously, reducing the peak factor required by a

Jransm ssion anplifier. The present invention is not limted to
€nmbodi nrents 1 to 3 above, but can be nodified and inplenented in various
4mahners. Enbodi ments | to 3 above explain the cases where different

short codes are used for |ong codes, shortggcode SC and group
identification code ACto be multiplied and short code CSC to be added,
but the present invention can also be inplenented by using sane short
codes for | dmyewtibon e tfeptibeICaohitdaynodp viedesi F¥i eagiedit £odTth@QuT t o
be nultiplied and short code CSC to be added. As expl ai ned above, the
transni ssi oniafreasing fhe panhespf ¢odes: FeAwe@d fIhiTorreharrdes
nore resistant to fading variations (especially during slow novenent) and
shadowi ng t hP&IYIF QT BAENPES &Fh&yitRse f’}n%f%%%/slwrﬁ%%wltl’tlﬁaﬂslﬂi%%# on
including OID,  inprovin eception characteristics. It also allows

Swi tohi ng tr SHCARESHAA drivEF ST, T SAndcied RP e e aRTB iqISt od ShHiSLBANpS
codes, nakin then1no%§ﬁ%eéistant to fading variations %gpecially f adi ng
during sl ow o RAEfAL RadBTRTYVE| FGART NG P&L S ERP I act eri sti cs .
on the receiving side.. . The {ransm ssion t i he. present

25 | Fhvent | SHEERCF RS g8 Bad (LUBRS S ErRRRUL FTRsh SELBRE R (e

nunber  of cog:%sa{%ggggﬁ%gféss.earch'codes per sector nor the receiving
si de increasifig the nunber : :

The present invention is not limited to thé above
described émbodiments,'and various variations and
moaifications may be possible without departing from the
scope of the present invention.

This application is based on the Japanese Patent
Application No.HEI10-157405 filed on June 5, 1998 and
the Japanese Patent Application No.HEI11-051059 filed
on FebrﬁéryHEG; i999;'entire content of which is

expressly incorporated by reference herein.



of-matched filters required for search codes. This nakes it possible to
Lnmprove search code reception characteristics and inprove initial
synchroni zation characteristics. The present invention is not

limted to the above described enbodi nents, and vari ous variations—and-——

nodi fications may be possible wthout depagging fromth he
present invention. This application I's based on tﬁ!"@ t
Application No.HElI 10- 157405 filed on June 5, 1998 and the da e HatEnt
Appl i cati on MhaEl 15 c5lasded |ks: on February 26, 1999, entire content of
which is expressly incorporated by reference herein. )
26 * CL MS¥. Mitrgnsnigisikan i apparatug, gomphiagiladon
apparatus, conpri sing: _a plurality of antennas; a search code
generator that gendr R2¥r&lit¥sPfonteBAAGT code spread-nodul ated by a
speci fic. code; a nulthglexer that multipl exes said search codes and
control channel sih&&2E¥FRMEAL ENLIALQT ihak geperatas at drashareand
a switching device that_swtches thelnﬂéiglexing destination of search
codes at a spER3FFE G RgSEFGF4imo tedr OF AoBReFhf HE RS bl exed
with one control channel .si.gnal. 2. ghe transm ssipn_ apparat us
according to clai m? f','uggﬁ?glg%’ﬁeﬁr ERSJo M L EARIGH QS 8ﬁ'1c#)\%‘?8§ SRiem
‘and control channel signals transmitted from a plurality
of said antennas; and

a switching device that switches the multiplexing
destination of search .codes at a specific timing so that
said search codes may be multiplexed with one control
channel signal.

2. The transmission apparatus according to claim
1, using an orthogonal transmissioﬁ diversity system.

3.'The”£fahsmiséion appératus according to claim
1,whereinthenuﬂiiplexertime-multiplexessearchcodes'
and control channel signals.

4. The transmission apparatus according to claim
1,whereinthenmﬂtiplexercodg—multiplexessearchcodes
and control channel signals.

5. The transmission apparatus according to claim
1, wherein the search code generator generates a
plurality of codes at a specific timing as search codes.

6. The transmission apparatus according to claim
5, wherein the switching device switches the
multiplexing destination of search codes so that  a

plurality of codes may be separately multiplexed with

control channel signals.



3. The transm ssion apparatus according to claim 1, wherein the
Jnultiplexer time-multiplexes search codes and control channel signals.
4. The transm ssion apparatus according to claim 1, wherein the

qultipl exer code-nultipl exes search codes and control channel signals.

5. The transm ssion apparatus according tgglaim 1, wherein the search
code generator generates a plurality of codes at a specific timng as
search codes. 6. The transm ssion apparatus according to claim 5,
wherein -the swtchifng Heei trassimisssd orhappakaitpsex@aogodddmgatoonlafim
search codes so that a plurality of codes may be separately nultipl exed
with controb,chawhsreignal the switching device switches 2%the
7. The transm ssion apparatus according to claim 5, wherein the
switching deulceipdexighes desieingfiionp| ©ff ngedehnatedasofseedibaatcales
so that a plurality of codes may be nultiplexed in synchronization wth
control chanpdlumalhiysof codespgmay pgsruditekP baxgfpiRas s charmrisaitd an
transm ssi on apparatus, said transm ssion apparatus conprising: - a
plurality of wifien@ggtrol channelcfigaflenerator-that generates at

| east one search code spread- npdul ated by a specific_caode; a
multi plexer that méi-ifhl BRES SFALLH APRBREtHR comprising a
transmission apparatﬁs, said transmission apparafus
comprising: |
a plurality of antennas:;
a search code generator-that generates at least one
search code spread-modulated by a specific code;
amultiplexer that multiplexes said search code and
control channel signals transmitted from a plurality of
said anfennas; and |
a.sﬁiféhihg dévicé“that switches the mulfiplexing
destination of search codés at a specific timing so that
said search codes may be multiplexed with one control
channel signal.
9. A communication terminal apparatus carrying out

radio communications with a base station apparatus

comprising a transmission apparatus, wherein said

transmission apparatus-comprisingi :l",
a plurality of antennas; - ’"c”"'”"'"’”’ll"”!"
a search code generator thatlgenerates at least one

search code spread-modﬁlated by a specific code;
azmultiplexer that multiplexes said search codes

and control channel signals transmitted from a plurality

of said antennas; and



control channel S|gnals transmitted from a plurality of said antennas; and
a smﬁtchlng_aévvce That—switches the nultiplexing destination of search

codes at a o that said search codes may be mul tipl exed
mith one comﬁﬂ”’mﬁmmﬂ mgnal : 9. A communi cation term nal
apparatus carry¢ng o 0 communi cati@gs Wth a base station apparatus
conprising a transm ssion apparatus, wherein said transm ssion apparatus
conpri si ng: a plurality of antennas; *CLMS* a
search code generaaosmﬂtﬂhgeged&M§peuth@§sSwmﬁﬁh%%atbﬁ myde¢iplexing
spread- nodul ated by a specific code; a mul tiplexer that nultiplexes
sai d search des&dsinafdogoef (SIGQ:IF@hrFéPd@ngﬁé'-I 3 sPeFfiiCctining sopttdadi ity
of said antennas; and a swi tching device that switches
t he mﬂtlpleﬁﬁﬁﬁ %@§F99n¢%ﬂe§fm§¥n9ﬂ &ﬂk%laie§Qﬂm%%FPCQHQHﬁ@n§§Q%at
said search codes nmay be nultiplexed with one control channel signal.

10. A searchcgﬁﬂpﬂ%lﬁﬁﬁQQ}ng appar at us, conpr|5|ng a search code

generator that gen rates at Ie st o code spread-nodul ated by a
speci fi ¢ code; -a P BRJ e‘r’°aﬁat‘“"h€{:gp GBI FPP AR BR ‘codes” and

a plurality of contrgl channel signals; and a switching device that
swi t ches t heCfRY Hf

a search.code generator that generates at least one
search code-sp;ead-modulated by a specific code;

a.multiplexer that multiplexes said search codes
and .a plurality of control channel_éignals: and

a switching device that switches the multiplexing
destination of search codes at a specific timing so that
said search codes may be multiplexed with one control
chahnel.signal. . .

11. The search code multiplexing apparatus
according to claim 10, wherein the switching device
switches the multiplexing destination of search codes
so that a plurality of codes may be separately
multiplexed with control channel signals.

12. A transmission method,'which generates at least
one search code spread-modulateq by a specific code;

multiplexes said search codes and control channel
signals transmitted from a plurality of antennas; and

switches the multiplexing destination of search
codes so that said search codes may be multiplexed with
one control channel signal at a specific timing.

13. The transmission method according to claim 12,

which switches the multiplexing destination of search



destination of search codes at a specific timng so that said search codes
Jray be nultiplexed with one control channel signal. 11. The search
<£ode mul tipl exi ng apparatus according to claim210, wherein the sw tching
deVvice switches the nultiplexing destination of search codes so that a
plurality of codes may be separately nul t%ﬁl exed with control channel

si gnal s. 12. A transm ssi on net hod, ich generates at |east one
search code spread-nodul ated by a specific code; mul ti pl exes said
search codes caotesosstor dthatamnalusadddiy ofagodeas edar de aspbardtelyof
ant ennas; and switches the nmultiplexing destination of search codes
so that sai dmsktiplesrd wijtlhecantmald eckanneth sbgraddh rol channel
signal at a specific timng. . 13. The transm ssion nmethod according to
claim12, which swi4chiiketheapsmipseenngeddnd AA¢eRddnGda ¢daim 12, .
29 codes so that a plurality of codes nmay be_separately nultiplexed wth
control chan@ighgfonyverts contrpd GhgRRedsiSdItalfod M oF8TdR : ot 0
claim12, which con\iert'g s_contr ol channe}l{_ si gnal s fromrser+al-to parallel
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