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METHOD AND RECEI VI NG APPARATUS | N MOBI LE COMMUNI CATI ON SYSTESI & JNCHIFROUND
OF THE INVENTION. 1. Field of the Invention The present invention relates to
& nmobile communication system adopting M (DS- CDVR) . for  perform ng
spread spectrumnultiple access. Mdre 10 particularly, the present

I nvention relates to a rece|V|ng process nethod for canceling.interference
due to nultipath phe g ol R oiansn155|on is performed for
down-link transmi'ssion froma hase _station.in co ,on using
DS- CDVA. 15 I n addition, thé"E&%WG'?‘lé@ﬁF%nMr%%lﬂgbe?Nq oRn’gHEt%quﬁ ng
apparat us whi ch: cﬁRPABAmMS MmN tMQBILE COMMUNECATION &YSFEMNg to the
receiving process nmnethod. 2. Description of the Related Art 20 Wde band
DS- CDVA (W CDVA)  has been adoted as a wWrel ess access nethod i-n the next
generation. nolsi | BRSKERAUNR R ENELONO01 (international - Mobile

Tel ecommuni cati on 2000) Tha:mmgiaumlﬁfotnatu@&dﬁﬁmvﬁnSS|on speed.in 1 M-
25 2000 is 144kbps in a nDbl I RQ:

envi ronment and-2Mops in a J5%| %£$$€E %Vﬁﬁgéggﬁ?éﬂhﬁggwig d §°bl%?cned
that nul tinedia G@muaéfraltri-fﬁdoﬁxfrwt@dOEté@gséiﬂMPee@SNr(Fﬂ)Mbé f9|row ded

in the next generﬁérﬁarﬁﬁﬂdf%ﬁ%%ﬁ&”%ﬁéét@ﬁm &Qrﬁﬁﬁfﬁnaéxbége ojeele hand,
‘when con3|der|ng ragh g §1aruéﬂt|on of | nt er.net , é g city. of.

i nfor mat i on, “&nl BPYFHYCLAFECNy Bt RESEFB wéﬁﬁ?Q)lOQPﬁF R%%>¢g ﬂeFatlon
internet in recenreyeayan1pr4n§§ﬁmmehbeés§gmyqanqﬁimnmpratamferegye
access. - _ due to multipath when high speed data transmission

isiperformed for down-link transmission from a base
_station in cellular communication using DS—-CDMA.

15 ,-  In addition,_the.present'invention'relates
to a recéiving apparatus which can remove multipath
interference according to the receiving process
method. o | _

- 2. Description of the Related Art

20 : Wide band DS-CDMA (W-CDMA) has been
' adopted as a wireless access method in the next.
generation mobile communication method_IMT—2000~-
- (International Mobile Telecommunication 2000) -
- The maximum information transmission speed in IMT-
25 2000 is l44kbps in a mobile environment, 384kbps in
B a walking environment and - 2Mbps in a quasi-still
environment. Thus, it is predicted that multimedia
‘services in addition to voice services will'be
‘provided in the next generation mobile communication
30 system. On the other hand, when considering rapid
| popularization of the Internet, multiplicity.of .
information, enlarging capacity and developments of
the next generation internet in recent years, it
.beéomes.necessary to develop a wireless access
35 method for realizing information trénsmiésiqn speed
exceeding 2Mbps in mobile communication. . Especially
in dowh—link'tfanémission from the base station, it



35 nmethod for realizing information transm ssion speed. exceeding 2Mops in
‘mobi | e conmuni cation. Especially in down-link transnission fromthe base
station, it -2- is considered that high-speed and |arge capacity traffic
due to downl oad of inmages, files, video and _the |ike from databases and
web sites will increase. Therefore a high gpeed packet transm ssion 5 .
t echnol ogy - sui tabl e for such data traffic beconmes necessary. Against this

backdrop, ultrahi a S Y. g ﬁ?]WA
wireless int erfagg ?‘% el ng stjtfelrzdh {cEi ﬁighr Zsleﬁgbcp aﬁ% ﬁf‘g@ s ?’%Sac
transm ssi on exce&dadfinvshie tRrdewnipre ofp W?%atﬁbﬁeéﬁ

nmodul ati on/ denodulcalel qfl]@é\dfrcﬁﬁ @4t 8BAkeS! iadid (wdmnattesodiing) 1<'mﬂ:e0d:§é

(Automatic Repea re st SIS?‘?ﬁn ada trve %’; d\leerr%z 1{:&?5 ogont rol- (link
i"on _

- adaptation) is st |on and error
correction based IEC@mqmy |$\lkl‘aelhib§atf|0(¥n Seurcé"l 2 R dEr e 6 £ ienbesamap

modul ation level GRwdeyasf. blﬁéaiﬁsenehwakd%p (ﬁ@t@&%&%—fs}féé&)
mul ti-code mul tiplexi unbe rafj o i 0 rrecti
according to.. ' pP &ﬁ&éﬂi.%ﬁ%ﬁw%h%ng%@ R th fq' & U5 ee?? orm

hi gh speed dat a triazmﬁec@nl:efbe:ngvertyadld&)rfman@akizésgt e gdv-oqzeed | on
environment for ap Usel 1 DELbAT o ARG [ MGNDUER! S TOD | €
. C

~communi cati on sysPenrcan e |ncrease n?dulatron nethods of
‘W CDVA from GF5K' e@péeqﬂ%o%f%cerieetﬁemet .ﬂr%a%% demeriulafaon Sndpsk,
. 16QAM  64QAM noduleatrion.cdtre€xhaop| ¢ chéaere ISFerldingll AhdcARY nNAbisrma i,

Todul aton. - 5. SV e ire EEBaded ah A Loe IR LRI carty
possi bl e by usi ng CQTWIGjNA(Jd\?rﬁ“éI adaprtakiaacks ofte@Aipdr at &he3 apaRbLVe As
ment i oned- above, &dﬁﬂl&ti&ﬁl@@m@hulatlon and error correctien based
‘ 15 on the link adaptation are methods for sw1tch1ng
" modulation level (number of bits in one symbol), SF
(spreading factor), multi-code multiplexing number,
and coding ratio of errer correction according to.
propagation environmeht of each user in order to
20 perform high speed data transmission'effectively
For example, as the propagatlon environment for a
user becomes better, maximum throughput of the
mobile communication system can be increased by -
"switching modulation methods of W-CDMA from QPSK to
25 more effective multilevel modulation, that is, 8PSK,
16QAM, 64QAM modulatien. For example, when_SF=4;
multi;code number is 3, error correction coding
ratio is 1/2, and 640AM is used for data modulatlon
8. 5Mbps ultrahlgh speed data transmission is
30 theoretically possible by using a W-CDMA wireless
lnterface of Chlp rate 3.84Mcps.

: As mentioned above, 8.5Mbps ultrahlgh—
speed data transmission is theoretlcally_p0351ble by -
increasing the modulation level, decreasing SF

35 (increasing multi—code'number), and increasing
coding ratio of error correction. Howeﬁer,
increasing the modulation level leads to increasing



speed data transm ssion is theoretically possible by increasing the

nodul ation | evel, decreasing SF 35 (increasing nmulti-code nunber), and
increasing .coding ratio of error correction. However, increasing the
fodul ation | evel leads to increasing -3- reguired desired wave signal power
to interference power ratio (SIR) which is necessary for satisfying the:
sane receiving quality (bit error rate).. In addition, when applying the

adaptive 5 mdulﬁqﬁw@@r@@s&aéuwa@@ seirgzpél cl%ﬁeset t@n 1Trﬁ:e'>krfen9§ﬂé|éi|
nmobi | e conmmuni cati on. envir

5" B2k e g oatise
(frequency sel ecHAUE] aﬂfﬁ“h’g? S My ’ﬁ"Ppo‘rst afh?ceﬁﬁfaréfx s é’a {sying
orthogona: | i zati dthe samﬂweeue1v1ngeqnaximywébntcedeo¢hmmuﬁm) S p055|ble

in 10 the sane transn135|0nlﬂag d&%f%dﬂﬂwhéﬂ @ 7ihg E?Erence.%gfgver

degradation of transnjssjon a occurs due 0 |nte ween
© mul tipat hs under MAAH}3HERBE 9WPGH 1omcnd af F§OFn COSFESLOT HfQ an
mul tipath 15 int erdtexahaeolﬁanebeomummmleﬂbﬁ oed¥ SEoaemnaceitwelte rangaal

-power on aver age e I e .t - :
i nterference. Fb&%vefﬁﬁfgggeg f g?%@ﬁ(é %&Eﬁﬁ%ﬁ éggggHﬂ%#hq$§£n§%%55|on of
8. 5Mops by usi ng\h!mmi%\n ¥%P@§§aﬂﬁterfat% ermmmbezoomh@maeh@@amps it

I s necessary to geeiwase 1§EerQeQbeEtQJebrﬁrﬁbdélCéﬁaﬁﬁelBQ mny tpowﬂ@wumher
for increas § q} a rate. S .case egradatlon of rnecei v
109,

due' to mul ti ?eﬁ?@ﬁeﬁﬁﬁnﬁg&gﬁéfn\gﬁ P ge. d Ly ék%n when
ot her user does ZPMoi. %gwsveamdd@@aadﬂﬂwpma@ﬁgt@an@mmﬁampmnnﬂahsty

thermal noise isdmits &@eaESalﬁQbﬂf%?éﬁ&émbétgaensm%@% under
t ransm ssi on .of nultlJeve% nodul ation, l'ow SF and high . coding ratio is
I

limted to an ar PLGARILR| BREIFGPAEM station where there is no 30
mul tipath interference so tGeheaedlyyen PHLCPPA, this multipath

15 interference can be suppressed to 1/SF of received
signal_power on average for each code channel like
 general multi—user interference. However, for
performing ultrahigh-speed data transmission of
8.5Mbps by using W-CDMA wireless interface having
20 c¢hip rate 3.84Mcps, it is necessary to decrease SF
"~ near to 1 and lncrease the multi-code number for
-increasing data rate. In this case, degradatlon of
 received SIR due to multipath interference becomes
very.large. As'a result, even when other user does
25 not exist and even when'background noise such as
"~ thermal noise is small, an area for realizing high-
speed packet transmission of multilevellmodulation,
. low SF and high coding ratio is limited to an area-
very close to a base station where there is no
+ 30 multipath interference so that average throughput of
the system deteriorates.

SUMMARY OF THE INVENTION
A first object of the presenfhinvenfion is
35 to provide a receiving process method for avoiding
degradation of receiving characteristics due to
multipath interference which is a problem for



the system deteriorates. SUVMARY OF THE I NVENTION A first object "of the
present itnvention is 35 to provide a receiving process nethod for avoi di ng
degradati on of receiving characteristics due to nultipath interference
which is a problemfor -4- perform ng high-speed transm ssion such as
down-1ink high-speed packet transm ssion usfng DS-CDVMA in a nobile
comuni cation system A second object of the present invention 5 is to

pr ovi de. a' recei vi gy 2R3 IGH- SS50Y| PPanBHlidPALD JHERT 8T BBUA-Link

according. to the receivin process mnet hod e above obj ect |s achi eved’
by a receiving phégbsspRethaipdiet FERRSHLAS I HARE D§0C9§éd ey
nmobi | e connunlcatmeblsﬁshmmmuhﬂﬁathoﬁ s¢sdieng apparatus sends a plurality

of code channel ! as code C‘Ahg%wg nggﬁcgoowﬁgégggggﬁgg 6948S 13E

assigned to a rece|V|ng appar € receivin arat'us receilves
the code chanrel sist ke pPeosiidan@ USCHLVERTS ARRHRALLED) Fsi—”ﬁ@%’ﬁ@%teps

of : when spreadi ngutedes tisethi&r féheéneedaccoliiingl ©s otRe aeeeaktirgonal
code sequences, generatln recei ved spreading signal sequences of -the code

channel -groups acBbPEFR the nunber of received paths; and, renoving
recei ved spreading S|gnal sipiexigeve obbiecscdisy eaklpbened obyoan code

channel . group ObebBevigGrinid e #PPAERYA WH Gh-Adul ¢ kg abgm\mlé‘ rom
recei ved mgg&)a 25 Accordln 1o the receivin rocess net og} recei ved
I

spreadi ng si Ugfdedfed M@ORAte | pAPRUNE WERESBINCHBLCRs & or
cancel i ng i nterf spaddagofapypoies tehasertdsgropisimd 1 i€y eo fedodpatchande Xh

beconEf"lnterfereggecgagp HgﬂﬁépaéPéups to which spreading codes are
assigned to a receiving apparatus, and the receiVing
_apparatus réceives the code channels, the receiving
15 process method comprising the steps of:
_ when spreading codes used for the code
channel groups are_orthogonal code sequences,
genérafing received spreading signal
sequences of the code channel grbups according to
20 the number of received paths; and - "
' removing received spreading signal
Seduences of a received path of own code channel.’
group of ‘the receiving apparatus which .should be
removed from received signals. | '
- 25 : ' According to the rece1v1ng process method,
'recelved spreading 51gna1 sequences (= multipath
interference replicas) used for canceling _
interference of code channel groups.of_received
paths which become interference under multipath
30 environment are generated. In the reéeiving
apparatus, interference path occurring between own
code channel groups due to multipath is removed by
using the multipath interference replicas.
According to the receiving process method
35 of the present invention, interference path due to
multipath is cangeled;'received SIR (Signal-to-
interference_powér ratio) in the receiving apparatus.



3.0 environmeént are generated. In the receiving apparatus, interference
path occurring between owmn code channel groups due to nultipath is renoved
by wusing the nultipath interference replicas. According to the receiving
process nethod. 35 of the present invention, .interference path due to

mul tipath is canceled, received SIR (Signal -to- interference power 'ratio)
In the receiving apparatus. -5- can be inproved even under multi path

environment.  That, .S 4, £V: ' LSSl '
performed by mnul tig:géte)ae,ﬁgﬁgp% u"rggl %’ggo? B?%%eqﬁ%ﬂ%%%ﬁg%ﬁgel%%#u&ﬁqtp:ath
envi ronnent ; degr 28&% drf ofeEReRReRhRdGHh SR daEdr BRENSA LSS S| on
speed <can be avopéedoun® BEGREVLDPlakind \a ipRILYESEtYyASE @odRsul t, an

area where a base gtatian can.provide. high speed data trgnsm_ssian in ..
required quality gzlr?% ee.senlf%dr’ég;%a‘.“ugglpla&%\ '%rﬁvel"fﬁ%%%Fnt 381gr8 Ehgt

mul ti path interf@eascdhgfoughiput cofe iofammstigouprinsnhegioal speesthnel )
of the sending appamatges d+biMd&NsiNBe @eRIMIVIChRRPRE BLES LmproRnact edhst he
receiving process ne%ﬂgﬁﬁﬁ%éllncludeﬁ-the steps of; éS when spregﬁgﬂ%
codes of other cofle®S el B BB BPOESNY JIE T TSREIPBr CLhEF BHettfhel s

i n the code. channéligyr apeed ecdata hbgenahicedon soyueagesred geradridty ngan
recei ved. spreadi pg YfAnalgLd. sequences of. the code channel groups -
according to'_ the nunber ©of_received paths; and renoving received
spreading si grfal - sequencgsQﬁomeE%?vEde&£9%9?ﬁ°%t%%?cegaégbm%%ﬁﬂﬂﬁthich
shoul d. be renopvedihtenfieesaicedo i ghhks. code Atk hggkouphq orataigh gl

process, nultipathlpian & eoggngihg;g APIERLIUEST RRERE He Ot her
code channel groups sent, fromthe sendin _ o

.. recelving apparatus is connected, the receiving '
.process method may includes the steps of:

15 : when spreading codes of other code
channels used for control or used for othér.channels"
.in the code Channel-group_are orthogonal code
.SEqﬁences, N '

generating received_spreading signal

20 sequences of the code channel'groups according to
the number of received paths; and _

removing received spreading signal
sequences of received paths of other code channels
which should.be removed from received signals.

25 According to the receiving procéss,
multipath interference occurring between multipaths
of other code channel groups sent frdm the sending
apparatus to which qwh code channels are connected
can be canceled. Therefore, received SIR of the

30 ° receiving apparatus can be further improved.

From the'viewpoint of canceling multipath
interference of other code channel group (non-
orthogonal channel) of the sending apparatus to
which the receiving apparatus is. connected in

35 multipath environment, the reéeiving process method
may inclqdes the steps of: N

.when all or a part of the spreading codés



apparatus to which own code channels are connected can be cancel ed.
Therefore, received SIR of the 30 receiving apparatus can be further

i mproved. Fromthe viewpoint of canceling nultipath interference of other
eode channel group (non- orthogonal channel). of the sending apparatus. to
“which the receiving apparatus is.connected in 35 nultipath environnent, the
recei ving process nmethod may includes the steps of: when all or a part

of - the spreadi ng Qdeses B- tHeedoly Jm kO £5apECh ¥ HIS- A hogonal

non-ort hogonal code sequences, generating recelved spreadi ng signa _
‘sequences of the IUR TPANRBRFS§roups according to ‘5 the-nunber of received .
pat hs; and renoving recei vedeapireadiny ¢ gaivedseguenddngfsiojiel code

. channel s which ar t hag 1 r l.ved cei ved.
cignal s, 10 Accorh harect LT ERE qidhd hSMEL' GEBRESS RILALRT LECe! Ve
possi bl e to cancdihenpembar hofnrecedrateoalesur ARAg- bet ween nul ti pat hs of

other code channel groups tafBvanihadwe vehagpekhdiey Jigal he sending
apparatus.to which omm-code.ﬁhan el s aQﬁ 1 conngcteggggg.nuLti ath '
interference occlFENGFTR® PheCliAfE FRIT THEPRPOPe "IH&hidFt ™R of the

recei vi ng appar atustikegonalf dnt ftde isgmoveeice Freth padlyifogimceived
- canceling interferengesdue to received code channel group from 20 an
-adj acent sengdjng apparatus, the receivin rocess, nethod may includes the

steps of: whel. the receiviAGCRFERE JL rdtRi FRECAVIOH P ImgHBAg from
anot her. sendi ng appadretaseswhoslsibd endio coameel edufld ifpzecly eoetexr figrence o

apparatus. , 25 . SEASFALhGIpERGRISHE G 34 N 8kgB%hér code channel
' o - '~ groups (non—orfhogonal channel) sent from the |
sending apﬁaratus to which own code channels are
15 connected and multipath interference occurring in
the same path. Therefore, réceived SIR of the o
receiving apparatus can be further improved. '
_ From the viewpoint of canceling
interference due to received code channel group from
20 an adjacent sénding.apparatus, the receiving précess
method may includes the steps of: . _ -
_ ' when.the receiving apparatus receives a
code channel group from another Sending apparatus
- which is not connected to the receiving apparatus.,
25 : geherating,recéived-spreading signal -
seduences of the code channel groﬁp from another-
sending'apparaﬁus according tb the number of '
received paths; :and ' .
o ' removing received spreading signal .
30 seqguences of the code channel group from received
"signals. o ' . o '
In this case, multipath routes are .
different between the. code channel'groﬁp sent from
the other sending apparatus ton which the receiving
35 apparatuses is not connected and other code channel
..groups (non4orthogohal channel) sent from the ' '
sepding apparatus to which'the-qwn code channel



sequences of the code channel group from another- sendi ng apparatus
according to the nunber of received paths;:and renoving received spreadi ng
signal 30 sequences of the code channel group fromreceived signals. . In
this case, multipath routes are a different between the. code channel group
sent from the other sending apparatus. ton “which the receiving 35
apparatuses is not connected and ot her code channel , groups

(non-or t hogonal %I% sgghn Q4 he .lsrﬁ{gll ng., 8p hann%l%ebeggE&pethe own

code channel -7- 2 connecte THuS, every cone
I nterference. ThéWEﬁ%ﬁ%ﬁrﬁﬁésrdlng to the receiving process nethod

mentioned above, since all raegiefioie, Eééawﬁ@ﬂnggtalgw@ ﬁ%ﬁhﬁﬁiﬁ@
generated for non_ortho onaé gsnnel s and cqﬁnnels of t her - din
b 2

_apparatus are suttYECIRY, MY Beigiengd 3PQVPac & cr?g arrea(f?évﬁaﬁ be
further inprobed.spreadibngeségniadg senmorsie sreyandratied oD avwivi ng

spreadi ng code s UHESFoHRY Eﬁaﬂ%@ﬂ%a%%ﬁ éﬁbﬁﬁélga%Esﬂﬁethﬁﬁé'”ated
val ue of channel va Jatlons and an esti

“flacdrrieny 55t oA <S
obt ai ned for eacl FhARRBFATYHT &df S tr%ﬂee eceﬁﬁ ey a5t thod
15 may |ncludeIﬂuhetmmsebﬁxnghappanﬁtqpenamfhEUﬁuxemmnu}mpﬂmneds|gnals

of which the receiving appaggt y ‘sﬁg% JoBRASE Y, ndgﬂg anpl i tude:
to the receiving apparatus perli‘k?lcq%wfé an g ° %e recef&fng apparatus .

measuring rec8i ve"cFC?)h‘é‘s’egaﬁBrPé@éf\ged:%ﬁﬁ)l$?%‘68n6ﬁ MRy B9 AeReHREPY, and
obtai ni ng the estonmutiesl bakile off taie.edwimietedvaailakel @S dyanmwenparing the

_sending phase an%ariations and ‘an estimated value of data modulation
obtained for each code channel. -
_ In addition, The rece1v1ng process method

15 may include the steps of: N

the sending apparatus sending pilot
signals of which the receiving apparatus knows
- sending phase and sending amplitude to the receiving
_ apparatus periodically; and _

20 - - the receiving apparatus measuring recelved
phase and received amplitude of the pllOt signals,
and obtaining the estimated value of the channel
variations by comparing the sending phase and
sending amplitude with received phase and received

'25 amplitude. I

s . ' The rece1v1ng process method may 1nclude

the steps of:
' the receiving apparatus obtaining the
_ “estimated value of channel variations by averaging
30 the estimated value of channel variations obtained
by using the pilot signals and an estimated value of
channel variations obtained by comparing decision
results'ef data modulation with receiving phase and
amplitude for data signals. o _
35 From the viewpdint of improving generation\'
' accuracy of the multipath interference replica by
updating estlmated value of the channel variations,



sending anplitude wth received phase and received 25 anplitude. The
receiving process nethod may include the steps.of: the recei ving . .
apparatus obtaining the estimated value of channel varlatlons by averagi ng
30 the estimated val ue of channel variations obtained by using the pil ot
signal s and an esti mated val ue of channel v&Fiations obtai ned’ by conmpari ng
decision results of data nmpdulation with receiving phase and anplitude

for data signals. +32 QEEE£¢@h&'§¥98EQE ﬁk |caq§§?glg Tﬁﬁ%t'%% steps,

accilracy. of the tipath interference rep ating estima

val ue of the chanfél’ variations, -8- the receiving process nethod

may' i ncl ude the steps of: ofibeabhbhggt Inaeesatsﬁmaeﬂe&aweuef onhQillihQinejl o
variations on the p t..si.gnal ta.signal s e
~decision results O%@%ﬁ%%ﬁnérﬁh %ﬁ? F?Sgg ﬁ;j% ﬁ%gd% Srort Heci si on
results by us? ngd@ité eskgmmteRndl ubeoﬂecammlre/eulasu offis theartth i)
updating the estineiced atiare; of channel . variations on the basis of theh "
updated data nodul ation deC| on, res n,.the receivin process nmet ho
the same - estinated val ue neyP %%fﬁ%%dggéatm@qgﬁQF&R%dd98Fgé°n IRSWY

. channel vari ati on®Yf &s ittt hagsieimatedt viediun Qfmnhannesenwnuaunqmsaius
As for estimationagfy data nodul ati on used for generating the nultipath .

interference replicas, the re Vi ng, process, nethod may incl udes.the steps_'
20 of : perforéfng coherent(ﬂﬁé§#+%ﬂ 5 eu§%tgnaked value of channel -
variations on the basis of the updated data '

modulation decision results. _ ,
In'the receiving process method, the same
estimated value may be used as the estimated value
.15 . of channel variations for code channels sent form
the same sending apparatus.
' As for estlmatlon of data modulatlon used
.for generatlng the multlpath interference replicas,
. the receiving process method may includes the steps
20 of: '
' performlng coherent detection by using the
estlmated value of channel varlatlons for recelved
despread signals of data signals obtained by _
"despreading received signals from which the received
25 spfeading'signal”sequences have been subtracted;’ |
. ' wherein, when the’ rece1v1ng apparatus
'recelves signals by path diversity or by antenna
diversity, the receiving apparatus estimates data
modulation.by performing hard decision for signals
30° on which antenna diversity has been performed.
The receiving process method'may include
the steps of: . S . '
’ when the sending apparatus performs data
o modulation for sending original information data
35 sequences which have been error correctlon coded
. beforehand

the rece1v1ng apparatus performing



esti mated val ue of channel variations for received despread signals of
data signals obtained by despreading received signals fromwhich the
recei ved 25 spreadi ng' signal sequences have been subtracted;* wherein,.
when the receiving apparatus receives 'signals by path diversity or by
antenna. diversity, the receiving apparatus estinmates data nodul ation by
perform ng hard decision for signals 30 on which antenna- diversity has

been performed. Thond Aot ViBEcRAACES DI SHG MRl BuidRatddoy 21 80508

when the sendi ng apparatus perfaqrns nodul ati on for sendjng original
i nformation data € %%hu\éﬂﬁéét\?oﬁin@n ﬁ%er%%%hvggr&es&ﬁﬁaé%tf’rb%“%%dgg
bef or ehand, the rdetea vs hgnappabdttas el floy ndagpreaddohermssde teéd@ct i on by

usi ng the estimat e el varj af, i f i ead
signal of data §¥§ﬁ%€£yo ?é?nggﬁggl&gggfégéé%gage%g%£§§a%?g%gﬁéggrom
which the rec@i vetPEHRRIEP nha¥RgRECTS SHhftenetsdhape e isiht  BELE,
perform ng error copFseeibAnddesadinyg o Signals alker pYisFmea antenna
di versity conblnlngmhen atggags were .recelved b% pat h |verg|ty or .
antenna di versity* 5o that o |§|&5yi?ﬁQ9%&&?%nW83.as§ tesare 10
estimat ed; the reteteivgdabpapattis dierdns hingoer aotenge rdicténni twdsng on-

the original infoiHemti OPigahal IAFANESI IR §8thS sefudmied . arénd the
rece|V|ng-apg?ratus erformng data 15 nodul ation by using data sequences:
which are eﬂrﬁﬁfi%ﬁ &1 orming error correction coding on the origina

i nformati on data sequences tbet katcedating nappdaaitos perSitmaigderEoam t h

yiempoint 0fi'ﬂ”éﬁ@f@b£f8§i¥baﬁng on the original information data .
| sequences which is estimated; and : '
the receiving apparatus performing data_.
LS modulation by using data sequences which are |
obtained by performing error correction coding on
the original info:mation data sequences so that data
~modulation is estimated. _
'~ From the viewpoint of improving receiving -
20" quality of.signals to be demodulated by using
" received spreading signal sequences (multipath
interference repliéas)=having high generation
'accuraqy; the receiving process method may include
the steps of: ' '
-25 - updating the received spreading signal
' sequences on the basis of updated estimated values
of.chanhel variatidns; and : .
demodulating code-channels to be
demodulated by using signals obtained by subtracting
30 the updated received spreading signal sequences from :
received signals. '

The above object is also achieved by a
:eceivinglabparatus which receives code channel
groups each. including code channels from sending

" 35 apparathSes, the receiving apparatus including an
interference canceler which comprises a plurality of -
stages} | '



‘20 quality of signals to be denodul ated by using received spreading signal
sequences (nultipath. interference replicas) having high generation
accuracy, the receiving process nethod may include the steps of: 25
updating the received spreading signal seqxgnces on the basis of. updated
esti mat ed-val ues of. channel wvariations denodul ati ng code channels to
be denodul ated by using signals obtained by subtracting 30 the updated '

recei ved spreadi ng signal SLAHeREes ki (igcgﬁgegmibggahgm'yy%fﬁ§>

object is also achieved by a receiving apparatus recéives code
channel groups each incl udtng2EBdBOEH: ﬁﬁﬂqpf?%ﬁd@%ﬁdpﬁgpggtaﬁﬁﬁ4a§uses
the receiving ap@waﬂnéﬂlémtﬂmaﬂgoanpanﬁefdﬁre@temaamnglamndnch conpri ses

a plurality of — gtagss Saftlc;IQ aﬁ‘df Eﬁ%hn%tla% atb§n§t ?g?Se (?f{)%eséé‘:gveda

dat a modul‘ati on esti R channel I 'on par
estimating da?a Cmﬁﬁﬂ@hanehndhéﬁhnﬂ@ a @ukiieehsipsr inderfea@ncRd 5
.code channel Whl@ﬁddégtﬁ@bject for interference canceling;, a nultiplier

for multiplying an estimated _d dul on signal by an estinate al ue-
of channel variations; and®18" EE ngeﬁe (§5H35%€ﬁ8&¥ﬁéﬁaﬁ dﬂ%ﬂ%%gea
generation part ﬁamaﬂqumﬂaglanredemaédhapﬁsadeaglmgtgdawadequen&e for

- each multipath byngidor Wogiatphaadi Rg received signal by using a
correspondlnf spreadi ng code 15 a stage an%lr the first staq1 in the .
Qi

- stages conpr ng: an ot her®ch&RR&VeRuI nGt 8- PBALnSEIUENC

generation part for obtalnlng a received spreadlng
signal sequence for each multipath by performing
spreading. a received signal by using a corresponding
- spreading code; '
15 . . a stage after the first stage in the
stages comprising: .
an other channel multlpath 1nterference
cancellng part for subtracting received spreadlng
code sequences of other code channels obtained in
',20 the previeus stage from received signals for eaeh-
received code channel which is a subject for
interference canceling;
" an own channel multlpath interference
cancellng part for -subtracting received spreadlng
25 . signal sequences of .own code channels obtained 1n
the prev1ous stage corresponding to a path which 13'
a subject for demodulation;
a part for preparing signals corresponding
to the.ﬁumbe: of multipaths obtained by subtractlng o
. 30 . received spfeading signal sequences from received
signals by the other channel multipath interference
canceling part and by the own channel multipath
1nterference canceling part, and updating estimated
values of data modulation and channel variations by
35 using ‘the prepared signals;
' a received spreadlng signal- sequence
updatlng part for updating received spreading 31gnal



canceling part for subtracting received spreading code sequences of other
code channel s obtained in 20 the previous stage fromreceived signals for
each received code channel which is a subject for interference canceling;
an own channel nultipath interference cancel%ng part for subtracting
recei ved spreading. 25, signal sequences of-own code channels obtained in’
the previous stage corresponding to a path which is a subject for

denodul ati on r r C h r
mul ti pat hs obtalngé&g%géu t?ﬁgﬂ#ﬂg ﬁ%%ﬂ@rgge?? g sprggpghgggfgngaagg%ﬁences
fromrecei ved si gfl S2kp ﬂﬁﬁ%ﬁ%ﬁ#0%h%ﬂﬁephﬁﬂpﬁﬁxﬂQF¥%ﬁb?P§rence :

cancel ing part and by the own l%hﬂﬂ@tadjw inpahle stdcpsd edsempeleangelaj ng
part, and updating, est ijagled ; mal L}?S%Qrﬁagg% E%%%ﬁ}lélgll % a5pgngg!

variations by 35 USI'ng t € prepar 12 a receive reading:” signa
sequence umkﬁlngspagtﬂlﬁnakﬁkabt@lmedebveéwﬁﬁﬁﬁﬂﬁ*EHsrgﬁﬁlveﬁi

~sequences on the Qﬁ§é§d@hdﬂ¥8&éﬂh &ABLEAd o¥laieed Ofn dgha 5@6»h@huon and
channel varlatlons :

demodul at i on par t SFBFe d?ﬁteaﬁfagqeﬁf’g@%ét 3:35398° S dyrenenhia fea

subtracti ng recei dedodpleddidhg code sequences obtained in the preV|ous

'stage fromreceived signals qfy fgg@aghﬁangbiggggﬁg wWepodulated. The:
‘recei ving appa{atus may include: 10 a data nodul ation estlg%tlon adaptive

switching part for switchi ng BRI AEICTY &S LBAT PRt PBAPELYV L i on -
part- and a secondsdateahimudpaatt ofoesswiichdmgpardtwesn par Edrsitnglata

estimation of dahgdafRdwidd Yt heAEHnSHaAIE Gnd NE d8EERACRGRGE - 15

cancel er; . : . ) )
modulation estimation part for performing estimation

of data modulation in each stage of the interference
15 canceler, ' ' .
the first data modulation estimation'part
estlmatlng data modulatlon by performlng ‘hard
decision for signals on which antenna. diversity has
been performed when the receiving apparatus
20 receives signals by path dlver31ty or by antenna
diversity;
the second data modulation estimation part
performlng error correctlon coding on the original
‘information data sequences which were estimated, and
25 performlng data modulation by using data sequences
which are obtained by performing error correction"
codlng on the orlglnal information data sequences so
that data modulation is estimated. '
~In addition, the receiving apparatus may
30  include: o '
a subtracting part for subtracting
-received spreading signal sequences from received
signals after multiplying the received spreading
signal sequences by predetermlned 1nterference
- 35 .remov1ng weight coefflclents

IEF PTI ' E_DRAWING



lhe first data nodul ati-on. estimation part estimating data nodul ati on by
perfornming hard decision for signals on which antenn. a.diversity has been
performed, when the receiving apparatus 20 receives signals by path
diversity or by antenna diversity; the secq{}g data nodul ati on estimation

part performng error correction coding on e original infornation data
sequences which were estinmated, and 25 perform ng data nodul ati on by using

data sequences which are oftgibRedediel f OF &k PErES" AhdC Ydahit ffes COEI Ng
on the original information data sequences, so h data nmodul atton_i s

t hat _
estimated. In addit§ PFePRREr dBYPRtIP PP} Lt RECRBS TGS FHRARSNG from
subtracting part iy Sablewthgnde taddesd/ edle spr tpding sihgmalresedjubmces from

received signal i gl yh.n taﬂ?zg ' I [ signal
sequences by pr e}e%{ei%%g#{’n?gﬁle%gﬁce 3 6@%%5%?%85\%15%3%&%0& 1Jlgci ents.
' BRI EF DESCRI PTI OMYEeITHE DRAW NGS - 12- Other objects, features and

“advantages of the present Foyentistowd |d deeOIGURRLEcaPRA entmdbODe t He

.followi ng detailed scripiion when read in .conpupnctiq i,th the
acconpanyi ng dr avﬁor{rg@?rg#ﬁgélﬂﬂi ex> |n_“g.1f1 snl?)l_ Ralacg&;"itd' 'ra\gétr} on of a nobile
comuni cati on sysitteifenknch gamdeliing methedr for eprd icthcaat¢odi®ghod is

appl i ed accordi ngo t4n aEmEHRLAERRN b OftHdIep PESERAL inRtidi; 10 Fig. 2
shows the saf§ configuratioP:as Fiqjl i{hgmrchethe gnbile gﬁgtion 10
obtai ns the ~2preadi ng code HrGr F*%h e3Thec 688 FHFHRET OBt A2r t han
t he own channel BAiqsl njnawhéghdithfeemetiiXe ostahéonayt Ostedviraims Felgel ;
. spreading code information of each code channel
other than the own channel by using a way different
_ from the way shown in Fig.1l; _
15 ' Fig.SA shoWs a Sending'format:examplé in a
casé in which a pilot channel is codefmultiplexed{
l 'Fig.3B shows a sending'format example in a
case in which the pilot channel is time-multiplexed;
_ Fig.4 shows a first configuratioh example -
20 of an interferénce canceler of the preSent
invention; .

_ Fig.5 shows a Configuration example of an
interference estimator in the interference canceler
shown in Fig.4; o _ : '

25 Fig.6 shows a second configuration example
‘of an interference canceler of the presernt
invention; ' ' _ _
Fig.7 shows a third configuration example
of an interference canceler of the present -
30 invention;
Fig.8 indicates a case where code .channel

signals sent from the base stations (base station, 20
and base station, 21) are received by the mobile
station 10; o . -

35 ' Figs.9A-9E shows an ihterference'
decreasing efféct when the interference canceler of
the present invention is applied;



15 Fig.3A shows a sending format.exanple in a case in which a pilot
channel is code-nmultiplexed;" Fig.3B shows a sending format exanple in a
case in which the pilot channel is tinme-nmultiplexed; Fig.4 shows a first
configuration exanple 20 of an interferenceg.canceler of the present

I nvention; Fig.5 shows a configuration exan§1e of an interference
estimator in the interference canceler shown in Fig.4; .25. Fig.6 shows a.

second configuration exanpl g, o&oa Pdﬂgﬂ{ﬁ%@@&ﬁpﬁgneﬁg%édgeffgtf@§Sent

‘invention; Fig.7 shows a,. th|r con uration exa an |nterference
cancel er of the [RidsHe @Oan98WPW5%r SIYLBLIAR; £2Fed SASRERPRrBhe
code. channel - si gireder Senénéeomanke lease Hthé opsebbate isivain tnid?0isand

base station22l) ei ye n 10; .35 Figs.9A-9E
shows: an |nterfergﬁggﬂgﬁe%¥egsmxlkqﬁ?gﬁfq#%&lr§ﬁgghgferference cancel er of

" the present ifvention i's apPiPedl showsidptd vheds fomr dhghmamputer
characteristics Q3tnaineedi &8 sbohut @n $ﬂ§ﬂfﬂl0n for a case that the
interference canceler of the present invention is applied in a nultipath
environment; 5 Fig. 11 shoms data used for the conputer S|nulat|on shown in
Fi g. 10: DETAILED'I X 3 ' : it

foll.ow ng, enbodl rrent v, of tﬁjﬁ %geprq_rglenégad\ﬁnlelnt oq_estg,}gé bed with
e oo ¢ ol ) YR [ ik 200° A 190N UL SLL B WA PN dference

conmuni cati o
to figures.

Fig.1l shows a conflguratlon of a mobile
communication system in which a multipath -
interference cancellng method is applled accordlng

15 to an embodiment of the present invention.

'In Flg.l, the moblle communication system
adopts, for example, CDMA for wireless access. The
mobile communication system includes a receiving' '

_ apparatus 10 (which will be called a mobile station
20 ‘hereinafter), a sending apparatus, 20 (which will be
called a base station, hereinafter), a. sending
apparatus, 21 {(which will be called a base ‘'station,
hereinafter), and an upper station (example :
wireless circuit' control apparatué). Each bése .
25 station 20, 21 sends a plurality of ¢ode'channels.
- A part of code channels sent from the same base
station are orthogonalized by using orthogonal
spreading code and other code channels are not'
orthogonalized. 1In a commercial system of W-CDMA
- 30 and IS-95, all code channels of down-link are
_basically orthogdnalized. However, since special
spreading code is used in synchronization channels
of W—CDMA,'a few number of channels which are not
orthogonal to other channels exist. In addition,
'35 since the number of spreadlng codes for
orthogonalization is limited, non-orthogonal code
channel transmission by using the non-orthogonal



dinterference canceling. nmethod is applied according 15 to an enbodi nent of.
the present invention. . In Fig.1l, the nobile comrunication system adopts,
for exanple, CDVA for wireless access. The nobile conmmunication system

i ncI udes a receiving apparatus 10 (which w. ) be called a nobile station
20 'hereinafter), .a sending apparatus, 20 (Which will be called a base

station, herelnafter) a. sending apparatusZ 21 twhich will be called a
base station2 h%ﬁé@éiﬁa)caa@sa&suwféméaowhéﬁxw@ee cHAARL £SSthe
circui't" control apparat us) 21 sends a plurality

‘of code channel s PUDeE 9L KL éSHee&%ﬁFQ S %%ni-llnl’-Gﬁldt e dRe  station

are orthogonal i zetkdyssistyg orthogonal spreadi ng code and ot her code

channel s are not orthogon Aézgqbwhn fh(i-O {)asgl&g?%st%rq%f 30 and

| S-95, all code channels of "down-1Tink are y orthogonal 1 zed
However, sincd® sgxauns (@ edd )ngiamdefrgmuSé@ b@@mﬁ&%uaﬂﬂo@%ﬁ&ﬁel S
of WCDVA a f ewdutidpde pédchanbel Tomuah @msnﬂéns @htdnpwaéoxﬁr@o@t her

channel s exi st. condd'i ? nei since the numnb g iﬁreagr qECOdﬁﬁ for .
0. rthogonal i zation | BB AN O (FRSYBHAL <2 688 tTAngH'€Ei on
by using the non-aathigponal Code- changwd o £odbhBerrs bpsef rtatiomehbasde

channel s the nUleQitPénV\'ﬁtLC'ineEQﬁeéjscéé‘@) ! tht %‘i W@f"d Sh&1ipegegsary- AS_
shown in F|g£é ther code ¢ annel 5 % sent fr n1the base -

stati on, e HHEPaRAER -t 0 8@’ aﬁﬂ@Fs Cmea]s he
control channel s hseosoahion i2dn u:dwamtsbéoomtth@rgorcaahzed t@odhe

-~ channel's. of ot heaocp@sehéaﬁuoeemasfemn?t@ﬁéOﬂzﬁé gr&gttm l;%ﬁé'% be

orthogonal i zed in t he sane pat e chénnel romthe
base station221 Ear}ﬁﬁoi‘r%erﬁf’?ﬁéf&énéﬂy Ae tophée station 10 -

asynchronously In addition, in this example, the
15 - base statlonlzo and the base station, 21 send
spreading code infdrmation to the mobile station 10
as down-link control information for the mobile
station 10 to obtain-spreading.code information of
‘each code channel other than its own channel.
20 - Fig.2 shows the same configuration as:

- Fig.l in which the mobile station 10 obtains the
spreading code information of each code channel
other than the own channel by using a way different

L from the way shown in Fig.l. In the example of
25 Fig.2, the base statlon221 sends its own spreading
code information to the base station, 20 via an upper
station, and the base station, 20 sends spreadlng
code ‘information of the both base stations (base
station, 20 and base station, 21) to the mobile
30 station 10 as down-link control information.

' As mentioned above, although methods in
which the base stafion120 sends the spreading code
information to the mobile station 10 as the control
information have been described, there is a method

35 in which the mobile station 10 recognizes spreading
codes without information from the base station, 20.
For example, the mobile station 10 prepares



de channel sent fromthe base stationl20 since they-are received by the
ﬁgbile station 10 asynchronously; In addition, in this. exanple, the 15
base station., 20 and the base station221 send spreading code information
to the nobile station 10 as down-link control information for the nobile
station 10 to obtain spreading. code i nf or matPon of each code channel
other than its own channel. . 20 Fig.2 shows the same configuration as-

1 which th | o] i,ns, readi.n ode
Fh?orna?lonlgf eagﬁggggg%b %?eﬁghégﬂeggﬁ ﬁﬁéﬁ%ﬁﬁ ﬁﬁﬁﬂgﬁﬁﬁﬁdu3|ng a way
di fferent from t h@°WayIShGRFIHLa:Eon. bﬁﬁwﬁma<§@g¢i@edf52§nﬁlgaﬁdtﬁmebasg
station221 sends spseadingpiceaibd Ngangods tinf OrArgatd oj_neglgl{:het gsglo%tﬂté on, 2

st il e base station, ends spfea
Xegeépln?gpﬁ;tlong%%egﬁe rig‘th LSRR s S| éﬁﬁa%ﬂaf?GﬂlﬂéeQndnbase |
station221) to t hethesi Pasgo stiattiom b abtdiwing preating taker nation

As .nenti oned . abOVBavﬁh?hQﬁg@éﬂﬂ&gE@lé@lo ich the base. station, 20 sends

I
-the spreadi ng code ornmatlion t e nohile station 10 as.the contro
inforgation ﬁave been descr%b&fnéaﬁﬁef?Emétm&ﬂmﬁPQKF¢rﬂ@kacﬁevﬁeﬁnmmIe

station 10 recognthkesbspeeadiaig omo2@siwi hisowwhdwf ofmetigs. gi\r Qgij[dlt % 2356_-
- t epares -
20 o b THarh Bhl&ﬁé@t&é@as % ¢L=lOge;l%l%rgeIoarf]r%n %e‘f‘ﬁgén PBCei ved

- spreadi ng co candld ef or ehand ai ns corr
ngnaI and tgg sht e %ﬁénSSd?YbéHHH%Q&%Q asndings@ata timtoneath station

A b e ey A
BZLE;{“S& 2 cont from the PAEh YMEHEOL PRI (oAt HiamBACata g5,
wher ei n packettﬂﬁiﬁ?sl% ¥BAGhNG Wikobfchianaeland code-multiplexed.
In this- case, .one packet includes Ns slots, and the
15 pilot 31gnals for estimating channels are code-.
.'multlplexed to data channels as a code channel whlch
-.lS spread by a spreadlng code (D). On the other
hand, Fig.3B shows a sending format example in a .
case in which the pilot channel is time—multiplexed.
20' In this case, the pilot signals are inserted into
data signals periodically (for each slot) (®@). 1In
addition, one packet (=Ns slot) includes K code
channels (#1~#K) in both cases.
In the follow1ng, the first case 'in which
25 the pllot signal is code -multiplexed will be taken
for explaining- embodlments of the present invention.
The pilot-chahnel will be called a common pilot
channel (CPICH) since the pilot channel can be also -
used for channel estimation of other transmission
'30 data channels. _
A receiving apparatus (which will be
called an interfeience=cahceler hereinafter) to
which the receiving process method of the present .
1nvent10n is applled is conflgured as shown in Fig.4 -
.35 for example In this example, it 1s assumed that
the interference canceler is used for a down-link by
which the base station sends data and the moblle



- 10 is obtained by dividing sending data into each constant anount of data..
Fi g. 3A shows a sending format exanple in a case in which-a pilot channel
is code-multiplexed. In this case,.one packet includes Ns slots, and the
15 pilot signals for estimating channels are _code . nultiplexed to data.
channel s as a code channel which is spread‘l}f'a spreadi ng code ((D. On
the other hand, Fig.3B shows a sending fornmat exanple in a case in which

t he pilot channel a X this case,. the pilot signals
sthidiP- SULLLpLexed Igﬂﬁa{"

are inserted into data signals perio (for each slot) ((c)).
addi ti on, one packet (=Ns slB%)FiLaeﬁudé@%Jerb%rfeﬁaﬁﬁa §a(r$pl%n<)(fhrﬁ*éth,

‘cases . In the f&bhmmql&ath@nfERahpQ.%Se e Whdes az'élhli%lﬁ.ltlyo'[oﬁl gnal is

code- nmul ti pl exed I ke expl ai nin odi present .
i nventi-on. The- pgkﬁg(ﬁm§ e}gtefge53n9§l%ﬁféb%gb Eg CIéHgﬁh é f
(CPI CH) since Yhelgmnest lhkmhet, canbbeagiters ub2e-163 ,ctmarirtelplemrmlﬂ@m of

ot her transm ssion4130 i ai cPappekencA reeérﬁxe{aaarae@ﬁhatluweﬁu@%a\ftg be
cal l ed. an interference cancel er herei nafter t he receil ving

process nethod of 18le pr@sentini pMERL R appyired j rgd as- shovvn '
in Fig.4 - .35 for exanple. In this exgngngﬁ'|$ i % as;%ﬁgggéﬁgg Sthe

i nterference Canc%@@éﬂééd5§%ré9&1ﬂgdgwgddfW%$HuﬁH@SCthﬁ%hpgﬁﬁﬂitat'Onj

sends data and the Qﬂ - station recelves't t he :
interference cancéfat )i r&t bEBnPP&GP&ﬁ<9F%§%Epﬁéfb<ﬁél&@e?ﬁ?rﬁ%ﬁﬁ?lty
of stages. ofl0nt dﬂk@‘@ceaﬂsth@ﬁ.ﬂt&rf@&e’ﬁtﬁb 1é§’t1ﬁlelta‘,t 5 lihesrdddidad. ,

oo put s SR RE et el 6L | 8 LE5305E 301 [P Shen
interference repllca herelnafter - In the first

~stage interference estimator. 100, 51gnals recelved
by the receiving antennas #1 and #2 are directly -

15 input. 1In and after the second stage interference
estimator 110, received signals from which all other

multipath interference replicas I}f” generated in

the previous stage'have_beeh subtracted are input:
| The'interference estimators 100, 110 estimate
20 channels (channel estimationi. . The channel
' estimation value isrupdated for each stage (for each
interference estimator stage) by using common pilot
-channel, or, in addition to this, by using. decision
- data modulation and data symbol. Decision of data
25 modulation by using this is also updated The
- multipath interference replica is updated by using
"the qhannel estimation value for each, stage.
Therefore,'aslqhannel estimation accuracy and data
decision'accuracy'impréve, generation accuracy'of-
- 30 the multipath interference replica imprbves. _
Next, the configuration and the operation
of the interference estimator-100, 110 will be
described with reference to Fig.5. In the following,
the first stage interference estimator 100 will be
- 35 described as an example. ' |



received spreading signal sequence of Ith path (1<1<L) of bth antenna
branch (1<b<B) in pth stage 10 (1<p<P) of the interference estimator. The
-received spreading signal sequence will be called a multipath. :
knterference replica hereinafter. In the flrgt stage interference
estimator 100, signals received by.the receiv ving antennas #1 and #2 are
directly 15 input. In and after the second stage interference. estinator

110, received signals fromyhighy %klxﬁ%ve guégtgﬁdefﬂ Jegﬁgmﬁaégpllcas

j1) generated in_ the previous st been su tracte are 1nput. The
i nterference esUﬁﬁkQﬁ%ngﬁﬁna1§0V§§ﬁ%ﬁ¥qumbh%hﬂﬁeP§rG@h£@@ﬂ anﬁtlon)
The channel est lﬁﬁtapnel/ﬁédﬁlai @@dxaate&eté@r(eastb gbagerifea) caof error

i nterferenceé estl écé% Sé%ggd SIQ%%f %8&31%%a%§%ts(5%%'n241

addition to thls y US| FePs Iron and
Deci si on of d3t a 225 emra@«pnnesyl@n rep A 52$%,aﬂsdaﬂ'+|§d§t%hllaf¢@r 260,

rm:tl p?th lntﬁrf@%ﬁaiﬁﬁékﬁﬁlbi mﬁ;@&@y ysgpe c‘é::*ﬂﬁrém?élf\)e'Z?@tl rrgtlon' _
val ue for eac refore estination., accuracy an

data deci sion' aé:ilﬁ‘gb?/l %E @goﬁéng’r%é)[ gﬂﬂgcc‘ﬂ}’i\ t% ’3’% ’ﬁ‘ze ﬁ%ﬁl??path .
interference' repliaEl icproensrakieoxts, 32&3cb&@;gapaeadnmguparmsobeﬁat|on o
of the interferengcg eSéaxﬂaaen%anﬂtﬂsO dlsbe, ggpchighed i tdhighgyence to

Fig.5. In the follown irst stage intefference estimtor .100 will-
- be 35-describB®d &P X%BBPE Partlﬁ°°ﬁn%9¢n%e?FéFéEﬁ?hxﬁqPﬁﬁﬁﬁrﬁﬁée
i ncl udes Rake/ antraspiai cla veignhY oartpiut Neppar450200In2Hddition, a

parallel/serlal<Hum%qéfiigogé§ ?ngﬂt {2 FoPlls CELR le%?@éﬁ? &gggecoder

. 230, . hard deci si on error correction a data
nodul at or 260, &Eﬁ#Q%&?baPSFWEFWxﬁ%ﬁﬂ%%ﬁ ?ESFPeCB@&QWQRSeQﬁ@ channel
estl mators 300, HiBrerditypabhbibtien @Lmee 200, 210 and signals from

15 the data modulator 260 is prov1ded in the
' interference estimator. 1In addition, the
Rake/antenna dlvers1ty combining part 200 includes
despreadlng parts 201, 202,° multlpllers 203, 204 and
. an adder 205. The 'channel estimator 300 includés-
20 despreadlng parts 301. 302, and channel estimators
303, 304. The multipath. interference replica
generator 320 includes spreadlng parts 321, 322, and |
multlpllers 323, 324. ' ' '
_ Canceling of multlpath lnterference due to
25 multipath between the own channel code groups is
pefformed in the following way in the above-
mentioned configuration. -
An input signal to the despreadlng part
which performs despreading of the lth path of the
30 bth antenna in the pth stage in the interference
estimator in the'multipath interference canceler is
a signal in which all other multipath interference
replicas are subtracted from the received signal.
. A narrow band modulation signal wave form
35 d,(t) and spreadind signal modulation wave form c,(t)
of kth code channel is represented by the following -
equations 1 and 2. '



eplrca generators 320 330 spreadi ng parts 340 341, conputing units
350- 353, 360-363, an antenna 10. signal input part 400, and a nultipath
interference replica signal output part 410. In addition., a nmultiplier
280 which perforns conpl ex conjugate- operation between signals of the
Rake/ antenna diversity conbining parts 200,” 810 and signals from 15 the
data nodul ator 260 is provided:in the interference estimator. In addition,
t he Rake/antenna di versity conbining part 200 includes despreading parts
201, 202, ' multipliers 203, 204 and an adder 205. The-channel estimator 300

i ncl udes 20 despreadigngyp nnel .estimators 303, 304.
The multipath int erfefg)ncz:%é&)fg%%pﬁ‘gék Qt o(rih)g1 20(1| ncl udes spreadi ng '
parts 321, 322, and rmul t pI iers 323, 324. Canceling of nultipath '
i nterference due to 25 nmultipath between the own channel code groups is

performed in the fol he_ a ment | oned configuration. An

i nput signal to the. 3ggpri%ﬂﬁ’h¢ E’&Ef‘“vﬁih perforn(r? despreading of the Ith

path of the 3%) bt h ant enna pth stage in the interference estimtor
ath-

“in the multip interferenc nc’éH@eleQruartsmfhs stJhafnfn (ghi-cFdlindiertes
mul ti path int erferaera}@lbcrlepintasvarle suwbtTraciredli &4 east be chdgeivate signal . A

narrow band nodul gty %ﬁ \A’E&qft(?L?(O%S fjcﬁ(téd?‘g‘ild LeadiNg S gn%allé

. modul ati on wave form th ¢co chann IS represente t .
following equati st )f]a ) 2“-°r st<die (Q%the@klﬁ-‘) »erpd jM“I'«T'd(/‘l)q igl $F.-
i Td). (1) 'ck(t) "(1-1TD (2) 5 In the equations (1) and (2),
Td indi cates ﬁgg ‘iﬁ%‘;ﬂiéf" 72PL23} i hordsedes QPSR pprﬂadmm In -
addi ti on, Ud(ta =1(0) for 0O<t<Td got herw se) and .
: - modulation by spreading codes in which code channels

are orthogonallzed by using orthogonal spreading
codes. g,(i) and ¢,(i) indicate.data modulation
amplitude and phase respectively. g,(i) and ¢k(i).
are represented by the following equations

15 respectlvely according to the data modulatlon method.
1. OPSK modulatlon

£.()=12 (3)

| .¢k(i)e{qn’/2+7z/4;q=0,1,2,3}. (4).
'2. 8PSK modulation
20 g®=+3 (9
b (Delom/dg=0L..7} - (6)
3. 16QAM moduiation |
8= 5T
Cp=tn? 2 (10

X
25 wherein

xk {(qu+1)’ 1, =—2,— 101} | (7)



Uc (t) =1 (0) for O<t<Tc (otherwise) , and N=Td/Tc is SF. tk(i) a {q7r
[2+7c /4;q9q =0,1,2,3 indicates QPSK spreadi ng 10 nodul ati on by spreading
codes in . which code channels. are orthogonalized by using orthogonal
spreading codes. gk (i) and 4 k (i) indicat §: data nodul ation anplitude
and phase respectively. gk(i) and Ok(i) are€e rge'present ed by the follow ng
equations 15 respectively according to the data nodul ation nmethod. 1. OPSK
nmodul ation gk(i)=J (3) (i) E {gnl2+ir/4;9=0,1,2,3} (4)- 2. 8PSK :
nmodul ation 20 .gk (i) =1{(5) . gc /4; _g=0,L...,7} (6). O (i) 3. 16QAM
modul ation gk 17) = xko=$(2gk 2D 8% a3 LBh | y%f{)lo) “xk 25 wherein . xk
E (2gx +1) 2.5;9X -21-11011 (7)"~19- YK E (24'' +1) 2.5q7 - 2'1'0,1 (8) 4.
. 64QAM nodul ation Sk (=), =, Xk2 k2.(13) Ok(t) =tan Yk (14) Xk 5
“wher ei n. Xk. E {(2x +§’)- ;%&%g;@ﬁﬁ?‘.x?%l%ﬁ) YK E{(2y +1) ; g (12 ) T'Y.In
t he same way, a narrow han ation signal wave formdCpi Ch(t) and a
spr.eadi ng nodul ati on 240 =i HndtYivave fo¥ ccpi ch(t) of the. common pil ot
channel can be represented as follows. ;Pj~h). (.15  °

¢, (i) = tan™ 2& (14)

_ X, '
5 wherein

- x,€ {(qu +1)\[;1,—-; g.= —4,;-3,...3} | (11)

yk € {(qu +1)\/77-" qy = _4’_3s-_~-3} i ( 12 )

In-ﬁhe'same way, ' a narrow band modulation
signal wave form d,,. (t) and a spreading modulation
10 signal wave form Cepicn (£) Of the common pilot channel .
can be represented as follows. ' ’

epicn (1= ZCXp[jn' / 4]' Uppich (8 =T ) (15)

Copa® = Y XD, D} w, =T . (16)
i=—co . . .
wherein T, indicates a symbol interval, and
15"u”“m(t)=l}0) for 0<t<T.,., (otherwise). Since

spreading by orthogonal spreading code is-performed
also for the"pommon pilot channel, code channels in
the same path are qrthogonélized. The sending

signals-are tfansmitted in L multipath channels and

20 are received by B receivihg antennas. A received
signal r,(t) at the bth antenna can be represented

L, . o __
(= zg b‘,(t)(de(t—'c D) C=T)+d 0 (8 =T1) Copien(t —r,)} +n(?)

1=l k=1

- (17), wherein €., indicates complex fading envelope
25 of the lth path of the"bth antenna, t, indicates.



dCP"h(t) = texp[jn /4} uCpjCh(t-iT cph(t) = Eexp[jt PICh(i)} u,,(t-iK) (16)
wherei n TCpi oh indicates a synbol interval, and 15 uCpich (t) =1.{0) for
O<t <Tcpich (otherwi se) . Since. spreading by orthogonal spreadi ng code
ts-performed also for. the' common pilot chanpel; code.channels in the sane
path are orthogonalized. The sending signal®s are transmitted in L

mul tipath channels and 20 are received by B receiving antennas. A received

iggyﬁl.[f§F>Cﬁgt&h%lbdgpeﬂgﬁna§%&y1§¥f§§§)g@ﬁngs@h DY ey iddsabbet)
wherei n ~b, 1i ndi @4 téﬁﬂpﬁeus'ﬁaemng@rﬁm %@@pozsna;f ofhonets Haed BPVERe

bt h ant enna, | np st £om défsePkOMAYH J omdaéapreadtlmgelpdttpaé@tpﬁ(:tbf
i ndi cat es addltl e Gau n_no of _one-si HJH£ Ver, . specjrum

{
densely NO/2. A dE5prea eﬁgeBSPFeoﬁtsqihmao?“tﬁ%rrﬁFE’ & :
esti mat or. cor Pespumbaly o6 the nﬁh»Skﬂﬁﬁﬁwroth?héhﬁtﬂﬁﬁ(nat@rofhehﬁhe I'th

|anI h OI Ej hg H} ht?ﬂ}?é‘ﬁ‘@eﬁﬁat Be L&thfé qeaeT @Mﬁﬁgéf_}ihﬁetlhqﬂ tdgmﬂp«gﬁ) stsge

I ndi cat e y'the fo or M, Z n

Tb(t). Ck(t)dt. (ﬁ%)ln%SgEF/ﬁdg he ‘?é’ra]n wga SRRt 1d’é§pread| ng. out put of
the common 10 pllom;gh neﬂ |smﬂeﬁhese %g Jmefc1 W ng equation.

zcpi ch. bl (n, 52 D b §' Heas) fr - dt (19)  cprch

wherei n Tsl.ot |nd|cates a slot interval. A_channel estinmation val ue used’
" for Rake Conblm,ﬁfltpetﬁapengay, despreadlng output of the common -

10 pilot channel is represented by the following
' equation. o ' S
o . C i 1 T“.+(m+‘)rgﬂ¢k+‘r. f]

chlch.b.l (n,m) = T

" cpich

. A
Tyt T, ’},(t)' . Copick (t —T)dt (19)
‘wherein Tslot indicates a slot interval. A channel
estimation value used for Rake combining in rth time
15 of repeated channel estimation (1<x<R) of the pth_
- AP

stage (1<p<P) is represented by §,, (n). A first

AlLD
stage channel estlmatlon value éb,(n) is obtained by
the follow1ng equatlon by u51ng the common pilot
channel
.Aun

éo.&“w— %Wde@mm--mm

cptch =l

wherein Ncpich is a symbol number of the common
pilot ehannel included in one slot. That is, by.
multiplying the received complex signal by complex .
conjugate of sending complex signal, complex envelop
25 change of channel is obtained. By ueing the channel
estimation value and by multlplylng BL multlpath
' ALD

components by complex conjugate of §b,Oﬂ coherent

’ A (p=Llr=1)
Rake comblnlng output di (n,m) in the mth symbol of



15 of're,peated channel . esti mation (1<r<R) of the pth. A (p.r) stage
(1<p<P) is. represented by 4.., bj (n) . Afirst ~ (1,1) stage channel
estimation value L., (h) is obt ai ned by the fol |l owi ng equation by using

t-he ‘conmon pi | ot channel .. 2’ p ch.b. n% dcpkb (n, m (20) 20 . b.r
(n) = NY, c cpich=1 . wherein hbplch |s a S hb nunber of the comon
pil ot channel included in one slot. That is, mul tiplying the received-

conpl ex signal by ﬁ?”ﬂkﬁxsldﬁnaﬁg@hé QéhS@B@bn%H%Hﬁ%le§'gﬂﬁbad@anﬂfm

envel op 25 change o hannel, 1-s obtal ne By using the channel estimation
val ue and by nuit FReyfRGLIBWIRG 9Pt RiaR - 1) conponent s by conpl ex
conjugate of 4b.1 (n)t)coherent N(~t.r=1 ake conblnlng out put dk (n,nm

-in the nh synbol of ; t de channel -i s obt ai ned
by the follow ng equéi tﬁén)r§;2;? §MQ%x§t WEHS = EE zkl b,,(n, M4

b,i (n) (21) b=t 1=t When tentative data deC|5|on IS perforned 5 after

Rake conbi ni ng i s performedwHs deslecheion tiarta dfécawgauemsepdkf(orméd i's
.per f or med, % ten%gtlv deC|S|on data synb se nce

il St b Raxel GamoTp L8501 5 BOR EaTh (S Hec g on
On the other hand .the tentatlveAdata 10 decision is perfornmed after error
_correction decodldgtabsamuenunrde (s m) alisu pstretb froed dkafd, MFntatlve

decision data symbol sequence

- (LD - - (p=tr=1)
ds (n,m):,g,,"“"'“(n,m) explz_np,‘ (n,m)] o (22)  is

reproduced. On the other hand, the tentative data
10 decision is performed after error correction '

2 ’ A LD
decoding, branch metric 1s calculated for de (nm), .
the branch metric of .K code channels is
pafallel/serial—eonvertedL error correction decoding
is performed, so that binary information data

_ - A (P=Lr=1) ' _ | .

'15 sequence b () is obtained. Other methods can be -
used for error correctioh'decoding. Error
correction coding is'perfqrmed for -the decoded
information data sequence, and the decoded '
information data sequenee'is assigned to K code

20 channels by serial/parallel conversion. After.thatﬁ
data modulation is performed so that tentative
decision data symbol sequence

-y )
de (n,m)= g‘“’(n,m) exp[ﬂj)k (nm)] " (23) is reproduced.

Then, by multiplying data symbol z,(mm) of the.

25 despreading part output by complex conjugate'of

-y , - _ : _ : :
de (n,m) (reverse modulation) ‘so that data modulation



sthe branch netric of.K code channels is parallel/seri.al-converted,. error
correction decoding is perforned, so that binary information data .. A
(P=t.r-t) 15 sequence b (i) is obtained. G her methods can be wused for
error correction decoding. Error correction,coding is perforned for the
decoded information data sequence, and thé“fécoded information data
sequence is assigned to K code 20 channel s by serial/parallel conversion.

After that, dat nq% t ti n,dat a

“synbol sequence %k !i n?‘é] %e@%'jeexﬁ { ?QEQ é@ tOEEILl gé?lepk?%g‘hécée af
Then, by nul tipl PSRP 131%9 §YTRRE. r(rTl'h‘} of Cbﬁénelzﬁsﬁéé‘t?f‘e]a%‘nbs art
ouéprt by cogglepexxuimgme ggldkb@gugﬁﬁqu@ésgNggﬁﬁb@ddyp rmmthat dat a
nodul ation - 0 I ved, .the data s 0

" pseudo- pil ot syniSdl %oﬁ slncﬁgﬁ OB {59t B n P T;% #efqéa;]% n by usi ng

- the KNd pseudd- piRake e@mbbnsngnlad@anﬁnrmeﬂthedc@hﬁoﬁqnﬁaﬁl%ﬁa@ﬁea 5

- Rake combi ni ng i yeRard AsAedatnd H@eﬁyﬂﬂéﬁdVe @Héachﬁﬁﬁéﬁ(ébﬁ&mﬁﬁlbﬁ
updat ed. The channel esti nation r+1) value 4b - obt ai ned after

A r+

rNtepgalu (ng)t hrlfr pr%eus?s §m1+g0r¥e qm_:saz}{n%éesgnt ed t(lréi&r ‘%hl (1E°(3 SSMZ K
n) =1+.w
k=t nmrl k=l nrl A0 {2 lslﬁePQ%égﬂﬁéhfﬁfcr'pt'on al t hough channel-

estimation using the common pilot' channe perfornmed by averagi ng pil ot
channel s of one sl oL i nt ervaJ, th| s can be al so done by ot her neLhods 15

which are generaléy k(gywn Ff’ 1+w thf‘]:l]'ant ZZz“},,(n,m) dr (n,m)
Egk (n,m 2 k=l m=1 )
k=1 m=1 .
10 (24).

In the above description, although channel
estimation using the common'pilot'channel is
performed by averaging pilot channels of one slot
interval, this can be elso-done by other methods

15 which are generally known. For example, the first
term of the equation (24) indicates a channel
estimation value using the common pilot channel, the
second term indiéates a channel estimatioh value in
which decision feedback data symbol is regarded as

20 ° the pseudo-pilot eymbol' The channel estimation
value by decision feedback data is obtalned by u51ng
welghted mean value according to amplitude. 1In '
addition, w in the equation (24) is a_welght--_

. coefficient in averaging the channel'estimation

25 value by the common pilot channel and the channel
estimation value by the decision feedback data _
symbol. Optimal estimation accuracy can be obtained

- by using a small vélue for w when data decision
error is large and by using a large value when data

30 . decision error is small. - w=0 indicates a case where
the data s?mbol is not used for channel estimation.
'Since the symbol number used for channel estimation
increases by.adding channel estimation by the



termof the equation (24) vindicates a channel estimation value using the
common pilot channel, the second termindicates a channel estimation val ue.
in which decision feedback data synbol i's regarded as 20 the pseudo-pil ot
synbol . The channel estimation value by degjision feedback. data is
obt ai ned by using weighted mean val ue according to anplitude. In °
addition, win the equatlon (24) is a. weight coefficient in-.averaging

e ol P e Kbty e B Uil

channel estimation
estimation accur &8 clafht‘béfésﬁapﬁednod%ﬁw ng 'Bhéﬁﬁﬁpr\?al lﬁé‘afftﬁelw when dat a

deci sion error I%éﬁﬁmﬁtﬂﬁﬂ Eﬁcu&em;éidﬁﬁéﬁbﬂﬁ'WﬂoWhﬁﬁﬂﬁﬂétnce3o deci si on
error is small. \M:OCllg éreaées ac \rg]bl‘f(? Bh%hgag Slysf’gPOA ,{: ?ﬁggcgsed

for channel estima FRCEt ﬁ‘e sy USed For ¢
estimation |hcré'bi§@ i’mymlaﬂélb n@h@hmsm i fnarm;nmby tarfefteB tldem sion

f eedback data, efdnime Pf e 3¥ ARG PRIGEradPd) i nmr it BlLNIGR: d MIES £A5Ce
Therefore, channel . est natlgn accuradﬁhlnprove since _decision-
error is includefIEHECHecPYi U5 1k Phaige ﬁggﬂnnﬁlhe °HetrF LA™

cerror may affect the chamnel estimation accuracy.) In the interference
estimator, by usiveguéiu§,,ob(@i redi ctieeneenestiivet idecisi¢n, @aty syhmbelbl
(n) and the tentative decision data synbol (1.R) sequence dk (n,m, the
mul ti path i nterference 10 r-é15’||c of the ith path of the bth antenna can be
obtai ned by a fol9&HeRCeqdat B w ths m\ui:tApe}hRggtqrgerech) I AAAA

abll(t11%255i8| ééﬁlicgkoftthe &kh(ﬂgéhjb% éhgcggn(%néegna(Ee#(ﬁe th)
' obtained by a following equatlon

A) a L a(LR#1) K ~(LR) " o A
Ing(t—7T)) = Zg,,, (t)(Zd,, (t—'c:) c,,(t—*cz)+d (- 'n) Copen(t 1::)}
I=1 k=1
(25) : :
By using the multipeth interference
15 replica, a despreading part input signal of the.
interference estimator of the 1lth path of the bth
- antenna in the second stage can be represented by
the following equation. '

L () " ’
P O=r0-a) Lyt-t)  (26)

Jj=t
.I #1 .

20 - wherein @ is an interference canceling weight
' 'coefficient_and 0<a . When error included the _

generated interference replica is large, this effect
can be alleviated by using a small o«. However, -
since too small & decreases the effect of removing

25 interference, the effect of multipath interference
removal can be increased by setting optimal o
according to generation accuracy of the ihterference
replica. For example, when there are many '
multipaths, since accuracy of channel estimation

30 degrades, there is a case in which using smaller «
is more effective. In'addition,'as the number of



" By using the nultipath interference 15 replica,a despreading part input
signal of the. interference estimator of the Ith path of the bth antenna
in the second stage can be represented by the follow ng equation. L A (1)
F rbl)(t)=rb(t)-aElb.1(t-'r7) (26). J=1 J*% .20 wherein a is an

I nterference canceling weight coefficient & 0< a. When error included
the generated interference replicais large, this effect can be

al l evi ated by US|Q93§e§ngéccmé% f§¥§¥ e?Pg%?Q%#xgﬁ ao@eEh ases the

effect of renoving nterterence I nterference
renoval can be |ﬂ@?éﬁéééqﬁl%R%Q#f@F%%@?nﬁPP&lQ%uiﬂRﬁ9ﬁF§o geReiainsh

accuracy of the lBhSEB@E@W%%tféﬁﬂééﬁ-bEOEmQ&%m@dEbywwwlﬁ@elar e n@ny
mul ti paths, since accuracy’ q; qn%9n§£ gs%%gatlo%égk si b gre is. a

case i n which u3|ng smaller @ TS nore e as the
" nunber of -245 stéggga&egﬁmﬁhqe#@ﬁﬁrﬁeneécﬁhéﬂﬁﬂﬂﬁ%&@ @f th@ P ti pat h

Ibnt erfer elnce repl éﬁ&gb”ﬂiﬁ»\@&ca{&% Vbnﬁalﬁw Qﬁ; ecfhétf§§16ﬁﬁln§el I rr}or ?\éed
y using |arger a. a N nal o e
interference est|ﬁ§P8F18P %ﬁbsggﬁ FB %ﬁh]fé&%ﬁfﬁFﬁB by the

- fol l owi ng equatlnephyca$|mynémﬁtmmtlpaphemﬂauée&tﬁme repl i cas- gener at ed

I n previous stage. L A(n-1) r(}l);%?—rb(t) afIb.J (t-z; ) (27) J*1 10 In.

each stage, for.s si b ) Wy Ay ti pably) i nterference replicas are
‘subt ract ed, -channel qggilﬁg?logg t'ent ative deC|S|on of data nodul ation '
. ) J#t

10 In each 'stage, for s signal in which the multipath
interference replicas are subtracted, channel
estimation, tentative decision of data modulation
are performed like in the first stage so that the

L multipath interference replica is updated. Then, in-

.15 " the final stagé (p=P), data sequence after Rake

' “A(P.R) ' . )
combining d; (mnﬂ_is error-correction-decoded (when

" error correction coding wés performed), and binary.
L a(P) : ’
information data sequence & (i) is demodulated.
As mentioned, since a signél in which all
alp-D).

20 -other multlpath 1nterference replicas I, generated
in previous stage have been subtracted from the
received signal is' input into each interference
estimator in and after second stage, the‘multipath-
interference repllca is updated for each stage.

25 Therefore, the multipath interference replica having
‘high accuracy can be used for removing multipath
interference of the own channel. Thus, interference.
canceling of high receiving quality can be realized.

In the above'embodiment,'although a case

30 in which the common pilot channel is code-
multiplexed has been described, the interference
canceler of the present invention can be easily



are performed like in the first stage so that the nultipath interference
replica is updated. Then, in 15 the final- stage (p=P),,data sequence-after
Rake (P.R) . conmbining dk -(n,m is error-correction-decoded (when error
correction coding was perforned), and.binary, . A(P) information data
sequence b (i) is denodul ated. As rrentloned'?‘ssl nce a signal in which all
n(p4) 20 other nultipath interference replicas 41 generated in previous

e o eron 0 BHET 26h °o] ROTENMng EINEE ShANA 1b® FiPn | [ Ocg8E"

interference est in and after second Stage,
i nterference repWhere scopaanegifet @dﬁp%?hﬁearezslmﬁeﬂelfld?lé’l‘?’h%d)
~nultipath Interference repl Neethaamnexa{mgheae@weemwmdmmmebien

removi ng nul tipat.h |J_[1£erferen§?1I ;)I}__ot °°Cge ?}g%P gdgry#f’f 4 er{leglence

cancel i ng of hi ghl Hetet 91 can ove.
enbodi ment,  abt hdihgh ermasbanaelu cogte rave mhhnneﬁelr@tnmatrm«aflmsreede-

mul ti pl exed has been descrlésﬂpatrlae w@{feﬁenﬁeltegaw qrnﬂgrf@ﬁeﬂéésem |
i-nventi-on can be easil ppl i to a sendin r i n Flg 3B

(a case where ccﬁﬁfb‘he%?Fthi?H&m’ré‘I Fig-¢t ¢ HRe ngpy ||5F’€>r’}g‘d)lmi\?e§< ery
exanpl e for rerm\nang:erllérl phohn iimt &vifeer@nimc tiudeto iodee fhaamed group

other than 5 the ﬁ'5§@d95QWN8¥V%Eﬁe£e§ﬁtﬁeﬁ%délfdéﬁgeéhanﬂel

Conpared with the Intérference cance hown | n
nul tipath i n%%rfé‘%c’eﬂ eaﬁeeeepesmm%tﬁa 82PncP28ef rﬂfel??’ér%%e
estimators 510, Dxloégohldr cotdehed@imdl codenchatiBelembolllmantic ,

e et BRGS0 S o RGO il chanmel 1
: 1ncludes the interference estimators 520, 550 of _
other non- orthogonal code channel it is possible to
15 use processing parts of: other sending apparatus
instead of the interference estimators 520, 550 of
‘other noh—orthogonal code channel. '
In the same way as the above-mentioned
interference estimator, each interference eetimator
20 performs channel estimation and de0151on of data
. modulation so ‘that the multipath 1nterference
repllca_ls output. In Fig.6, the multipath
interference replica of the own channel is indicated
A(p)

by Is4 , the multipath lnterference repllca of other

: A (p
25 orthogonal channel is indicated by Obl, and the

mult;path 1nterference replica of the other non-
| ' a (p) | _
orthogonal channel is 1nd1cated by Ua:. In the
multipath interference canceling method shown in
Fig.6, estimation of the multipath interference

30 _replice for each code channel group is performed in
parallel for each stage. That is, in the first
~stage, the multipath interference replica is
generated by using the received signal 1tself In
the second stage, the multipath interference repllca



includes the interference estimtors 520, 550 of other non- ort'hogonal code

channel, it.is possible to 15 use processing parts of.other. sending
apparatus instead of the interference estimators 520, 550 of other
non-ort hogonal code channel. In the sanme way,as the above-nenti oned

interference estimator, each interference estimtor 20 performs channel-
~estimation and deci sion of data nodul ation so'that the multipath

nterference repld Cast indubBUnodd dchiLartlly BW) Ao 1 Al SE! g7 ence

repllcaoftheownc s . 1ndic 1, the nulti
i nterference repl$+3n3t. lBtWQ#?ﬁ%tQQSWH%FbBBHQI r?%c?ng?EéPEG by
- Oo. |, and the mestpatbiont exfleeecncl tiepl fLasef stheyotiwrsuibtraotel)

orthogonal channef 6ﬁ £Hglgékgq§@ﬁl%E§gﬁ|n the multipath interference

cancel i ng net hod shown 'R on of the nmultipath interference
30 replica foP each code chélﬂrﬁéle Fslp ¢hapeelsr et £ryhraheefamer each

stage. That is, |§'ef&dl'£n§| é@htlﬂna@ﬂsetf@céybéupeyhtlnaeﬁéﬁip@cgtaembhca i's
generated by wusi

gtrecelved gég?a%hltself h ge second. st age, the

nul tipath interfe en% FEpFRES LY, TN SA3ROE AT AL AP on the
basis of a si gnacenranychft khannal pasbinatérhecancde ephpravedsendat i on
val ue-of the firsteséagenySpeldsaCliiRy aho@Att Eﬁnr%fée'd/é‘@réégé@b 5 Since -

code chamel g gsente LERN SAI° Lol g PLaL Lo S LPeL et DY bheny
of . channel estimptéoohding bemmuradvictly anfl cheveeli e ipinneessi agdabyunt can
be decreased by 1951 RG" h8LE RGrhidh M&t”‘éﬂéhﬂ@&% chainelegstigrhign by
' In the second configuration example of the
interference canceler shown in F1g.6,_ the f ,
15 interference. estimator in and after the second Stage
receives a signal obtained by subtractlng all other
multlpath interference replicas generated by the
previous stage from the received signal. In this
embodiment, as for interference replicas of code
20 channels which are non-orthogonal,. multipath
interference replica of the same. path is also
subtracted from the received s1gnal so that
rece1v1ng quality 1mproves
On the other hand, in the conflguratlon '
25 'example 3 of the interference canceler shown in
Fig.7, estimation of the multipath interference
e o replica for each code channel group is performed in
'series. The configuration of this interference
canceler is the same as that of Flg 6. Interference
30 . estimators 700, 730 of the own code channel
interference estlmetors 710, 740 of other. orthogonal
code channel;‘and interference estimators 720, 750
of other non-orthogonal code channel are added. In
this embodiment, although the multipath interference
35 canceler includes the interference estimators 720,
750'of.other_nonécrthogonal code channel, it is
possible to use possessing parts of‘other sending



provi ding commonal ity of channel  esti mat or and by wusing nore common pilot-
channel s and data signals. In the second configuration exanple of the . .

interference canceler shown in Fig.6, the 15 interference. estimator in and. .

after the second stage receives a signal. _og}_ai ned by subtracting all.
other nultipath interference replicas generdted by the previous stage
fromthe received.signal. In this enbodinent, as for interference replicas

of code 20 channelso ik e a5 AP 00003 ne pFLIA! o dILLESEENID0,

.replica of the s Is also subtracte romthe received signa
that receiving qud |‘?§/ PEBREY BON-OF thRoRALr CRERI CHaPR%e: configurati on
25 exanple 3 of the mterfemnmecaamgﬂesmmﬁlgm Figroces$séi apki on of .

the nultipath int eégf‘%'ﬁggcong‘e hica for. e?ftﬁngdefce %fn%el X 01 un?a{r:] QPP o

performed in seri es uration. Fhterterence
the sane as thRat ¥¥n Rhasnelnpt eﬁt@r@ﬁ:reen% estdmarbdtaay 70080 of the own

~code channel , Int&rﬁr%gaﬁsleebu@mfasﬂelﬂ axéolafteqtff&renc%té@emahoaode
channel, and interf

erence estimators oth ort onal, code
channel are addedf® IFtPEhi 8° gnﬁ’&aﬁ?‘r‘?@ﬂna]al %ﬁgﬁ It?ﬂ'é Fﬂ?grfer“ence
'35 cancel er incl udes fhestnstaierengetesténanoes ed2imatAzi ofant ber -

non-or t hogonal  cqsler £hARER! £olt shibcee g BhEnh@1Uss %Sﬁ%%?éﬂg parts of
ot her sendlng arﬁtus instead of the |nterference es |nators 720
HonQ9?£§@%

750 of ot her aPYc SO TGS InteRdesennn gplica of
"Fig.7, processes mrace peefochadnal theomrdee o0& cierivard eviancel est Thasi,on of

5 own channel, rgﬁgfﬁggggsmgﬁgényé(ggéﬁﬁptgﬁg ord % 'tﬁ de channel ahd~

|nterference estlnatlon ot her non-or ona anne Ther ef or e,
in the first st afii%nf}gﬂt‘éf"f:éP@n@é‘Wlﬁm%l O¥EHN lnbé'lg After the

- second stage, as for an interference estlmator,

15 multipath interference replicas for channels Wthh
was processed earlier are subtracted from the
‘received 31gnal in addition, multipath interference
replicas obtained in the previous stage for.the own’
channel and channels which will be processes after

20  the own channel are subtfacted from the received

' signal. It can be expected that receiving quality

. of the configuration example 3 of Fig.7 is better
than the'configuration example 2. However, since 1t
can be considered that process delay for signal

25 . processing generally becomes large for the.example 3,

' the configuration example 2 or the configuration
example 3 is selected according to the c1rcumstances
In addition, it is possible to adopt a combined
configuration, for'example; a configuration

30 including the configuration example 3 for the first

' stage and the configuration example 2 in and after
the sécond stage. _ ,
- Next, multipath interference-decreasing
effect when the interference canceler (Figs.4, 6, 7)

35 of the present invenfion is applied, and improvement
effect of receiving quality obtained by interference
decreasing effect will be described with reference '



pberformed for succeedi ng channel -by a signal. 10 obtained by subtracting
interference replica of processed channel fromthe received signal.. Thus,
the performance is better than that of the configuration exanple 2 shown
in Fig.6. After the second stage, as for-anjnterference estimtor, 15

mul ti path interference replicas for channel” &hi ch was processed earlier
are subtracted fromthe received signal, in addition, multipath )
interference replj Ga aipgdqgi n the previous stage.for-the own' channe
and channel s whi (%ﬁlvcfn'aﬁsqé)gée éﬁgcgéses after. 20 the own channel are
subtracted fromthe recei velligsBghRdicatenn peaeRpubesd ede rehaniehg
quality of the eUfri{ne aséntd exafiphhed KIs&i grdtisnbet(b@¥se tdwation, 20

t he*configuration e e ver,, Since_i . [ t hat
process del ay foransﬁ(egbg%e2§Fag?§§1é?g]‘l)ngéﬁ%ng?éﬁﬁ§%§e%§mﬁ{$‘a€§%§ %r .
the. exanple 3% sitatcorn i Yérhyi ysisgamwe pavhsthe Ebef bgwis ivh Fi¥dnple 3.
| 3 Sf' ect egbaccgratﬂdﬂ%,_t Oih hvtﬁhﬁbhcl'gﬁ’ét %rg‘@éslweanpaéﬂ?t 'f%n}[ Ithd goaD@éS: blj?-‘ to -
adopt a conbi ned _configuration, .for., exanple, a_configquratio i ngl udi ng -
the confi-guratiorf JeE§ o P‘ﬁ’é{Jf‘?angg §Fa88%g‘n.& ?a%fp.a{'h 2 &8
configuration. exdid er@céivaddpather fadwe tskeeobdsst agativmieXl,amal tipath
interference decreasi g e&f A8CHaMAER ta[if‘d Lﬁ‘é@ﬁf@[en%ﬁe‘ﬁf}‘cﬁ‘é@[ &t @8véga 6,
I ed,

7) 35 of the present jnventjon is app .and |ngrovenent ef fect of

receiving quifit¥icHat el bYei RPBALE it igRct BadPng & f8LtWREFE be

described with refcdrienceng 28edeochiagsiel sangir ®. m&il g i liexciccat es a case where
code channel signghs . sent-fromihe_base statiaons stati 0 and base

" station2 21) are re eir\?e%lb‘gl&?hselﬁ%%?l §%5p5§ta iolonéaﬁgéﬁ?/ Eﬁglhn%%gdv%o pat hs on .

the basis of Fi g&hannghdapoupn (gEitépdanalt cepppglgt R Mm t he base

' demodulated _
15 C) received signal of path 2 of the own code
'~ channel groub_(orthogonal channels) to be
demodulated

® received signal of path 1 of other code channel
group (orthogonal channels) of the base station, 20
20 (own cell) - .

' .C) received signal of path 2 of other code channel
group (orthogonal channels) of the base station, 20
(own cell) | ‘ ' o

® received signal of path 1 of other code channel
25 group (non-orthogonal channels) of the base stétion1
20 (own cell) | L
® received signal of path 2 of other code channel
group (non-orthogonal channelé) of the base station1
20 (own cell) _ o _
30 @ received signal of path 3 of code channel group
of the base station221.(other cell) ' -
B CD.received signal of path 4 of code channel group
of the base station, 21 (other cell) f _
_ Aécordingly, the mobile statioﬂ-iO‘
35 " receives the -signals of O-® in the same bandwidth
as received spread signals corresponding to the
examples of Figs.l and 2. The mobile station 10



ionl20 are indicated as path 1 and path 2 and the received paths from
f?:tpgge station221 are ‘indicated as path 3 and path 4. Therefore, 4
received 10 signal at the nobile station 10 is one in which follomnng code
channel s are nultiplexed. (D-received S|gnaéﬁgf path 1 of the own cg e
channel group.(orthogonal channels) to be odul ated 15 @ Lecelre ‘o be
sfgnal of path 2 of the own code channel group (orthogonal channels)

denodul at edl. ﬁB PRGER dhks SdQQ ggghétgrb&}ﬁ%l‘?‘égg{’rg%gé’l h%:rondgeceqerégg e
. orthogonal chan

giSLal gf pat h 2<§i§ﬁ9é; %%ﬂerﬁﬂaﬁﬁebegﬂﬁﬂﬂﬂ%%ﬁtﬁdgéﬁathaﬁauﬁﬂxniéef

t he base statlonsqmme(QhanmmillsCEOhQ@@ﬁéﬂifhﬂ@a%?Q%ﬁgagggé g%é?%on

Coun cal 16y, FocSiodn: (uile@h geganal SR Andhaes cRaffeMheF e
wn ce c). rege

E(rjlon ort hogonal cHEMFALSrHCe heangssd iagamedthod 2@f(blr7]ua pel:l:)en?d)tl ,

recei ved si gnal oﬁmmﬁﬂtibnﬁlsoﬂctCB@ﬁQ&%dgr0%ﬂédgélghgﬁ%gl s?%% Qﬂ%%f the
.(other cell) (r) re&elv O%é SB§$ %an?k;E%bPPed§F88Pdﬁtﬁﬁ1§§ \

base station2 21 other c it nsan@caived spread

receives the S|gn5P§WﬂrQSQr Nt 2hpasaow heandi dna 3 cak

o ST gaPopdenacka i, o SHATD Bonmalonthd® de e s aRE BRC B D

channel desi i © gﬁﬂgrﬁinﬁﬁfﬂ"éte@aé R g D O B o

'gonverted int o naFhewbeaRd sdiggnidn Zndoes dempdidned o, 1EIﬁ§e9&e§@@@§&g§ase_

20

where the - signal, however, other received signals (@-®)
remain as 1nterference Therefore; the receiving
quality becomes one according to. SIR shown in Fig.9A..
15 - When the interference canceler shown in

Fig.4 is applied for performing interference
cancellng, interference of other multipath (@D of
Flg 8) of the own code channel is removed as shown
in Fig.9B. Thus, the SIR of despread signal becomes
20 larger than that of Fig.9A in which the 1nterference
canceling is not performed so that the receiving
quallty lmproves In addition, when interference
cancellng is performed on the basis of the
interference canceler shown Fig.5 or Fig.6,

"'25 'interference estimation is performed for'the other
‘orthogonal channels and the other non- orthogonal_
channels other than the own code channels
Therefore, the effect of 1nterference decreasrng
becomes as shown’ in Flgs 9C-9E. That is, Flg 9C

30 shows a case where interference canceling is
performed for the own code channel and the other
code channel group (orthogonal channel) of the base.
statlon '20. In ‘this case, interference signals of
® and @ of Fig.8 are removed. - In addition, Fig.9D

35 shows a case where interference canceling is

' performed for the own code channel + other code
channel group (orthogonal channel) of'the-base



5 interference canceling nethod of the present - invention is not applied.
In this case, since.the ~path | of the own code channel to-be denodul ated
is converted into a narrow band signal and is denodul at ed, signal
conponent of the sane path (( 10 in Fi.g.8) pf the other orthogonal code
channel s. of the base station 1 does not re n in the despreaded -'signal,
however, other received signals ((c)-(r)) remain as interference.

Therefore; the r [viBg oqval idohPECOIRE RRE nFERO G tpn SGhR shown in

Fig. 9A. .15 Wien the interference canceler. shown in | S pglled for

perforning int erf%‘?@h%‘éoné&n%aiwl)l rﬂ%r'F}é?eHé‘éeofSt@tbrié’rnxn%@tl pafh Y . of
Fig.8) of'the O\Nrba:@éle ﬁhena@ukexsréxeéﬁb/@dsﬂgname%f i® End B shbus. 'itthe
SI R of despread si %80”%310%04“9&( é&&?ﬁ%%t o '& % dils "‘Q' fiQtstehe

.interference. cance |ng I'S ormed SO at t'he “recer vin
i nproves. I'n &ddivheke meﬁruf@tr@ﬂoa errrce tingelisnPearf Qg dr ‘éhet he

basis of the ' -i r&ﬁﬁfeéeacehewﬂ‘ee_l eF SHOIR* EbBled chanidd: Gramp | nterference' |
estimation is perL d for _the other o%mﬂﬁg gal ch nnel s agg .t her
non-or t hogonal ?g Gete he® o&5h Json Ste,
the effect of |nttecudlereheen@écmammg(nomecnnhsg@slaslhcuhannen gefgchQE

That is, Fig.9C @a§@0¥‘€a€18%sezdmr€oa8t ehhawn %rlcegmeéfnghésbaggfor rred
for the own ﬁﬁde channel qg the ot her c¢ode channel %g%g%éortho onal

channel) of tfe pRE1eRaglon12? L% nFesSasdns ntthd C&; ﬁr’r 03
and (r) of Fig.8 ﬂrcﬁmrewnvpdtmsn cfiditié omod€i gh@Bnd: siviche ase’ V\/nere

ey eroe, SooRARIes 2 S0 B 08, | hE M i ol ot e CO0e
channel group (no‘Fﬁc%%Yﬁégﬁﬁa"lll&YarhﬁﬁF‘)m%‘F Pﬁé“@é@%ﬁaﬂh%’fﬂ%ﬁ FAgt f?lEe
. Accordingly, by applying the 1nterference :

15 canceler of Fig.5 or Fig.6 to mobile communication
in whlch multlpath.fadlng occurs, received quality
is improved further compared with interference
canceler of Fig.4 since SIR'ef-despreaded-signal‘
‘becomes large. . : '

20 : - Nexf, a result of computer simulation
showing effects of this:interference-Canceling
method will be described. Fig.1l0 shows the
throughput characteristics, .and Fig.ll shows data

_ used for the computer 51mulatlon _

25 As shown in Fig.1l1l, the data for the

' computer simulation is as followe.. .
Chip ra;e (1). : 3.84Mcps, Symbol rate :'240ksps;
Information bit rate : 8.42Mbps, spreading ratio
16, number of multicodes : 12, spreading code |

30" orthogonal code sequences, Golq'sequencesﬁ3 :
Modulation method : &4QAM for data modulation, OPSK
for first spreading, Channel coding/decoding. :
convolutional qodihg (rate=1/2, constraint length= 9)
/ soft decision, Viterbi decoding, Antenna

35 diversity : 2branch, Channel model : L-path Rayleigh,

- Doppler frequency f,=80Hz. o _ '

As shown in Flg 11, the information bit



case, the interference signals of (c) and (r) shown in Fig.8 are renoved.
In addition, Fig.9E shows a case 5 where interference canceling is
performed for the own code channel + other code channel group

~(orthogonal channel) of the base stationl120_+ other. code channel group
(non-orthogonal channel) of the base stationt. 20 + code channel group of
the' base 10 station2 21. In this.case, the interference signals fromtwo
paths of the code ngel th _at r further

i mprovenent of thﬁgggegel‘l\?eé) qu%sb%‘sg%le%%rgmasb os%,‘s%@ §4éﬁﬂ0&§gfn Fig. 9E.
.Accordingly, by apptiyilagiore imter§eMensechip cates eﬁpmaﬂg%réﬁlﬂ dﬁa to

.mobi | e coanmPI C?Lmnmullrh\eéad‘e@ m&éﬂf@l?tﬁ.@ﬁ'a’lg da‘drlualrgs raggl m qual i Ué; .
is inproved further conpare erference cancel e | |nce

of - despr eaded’ si gnal -beco%ésg ]tahg‘%‘mﬂﬁ qects { Btech BP -
simul ati on stow simefibédion gietfnmnédt byf esémee mcﬂatmgshwnh@d will be
described. Fig.10p$goyg the. throughput characterlstlcs and Flg 11 -shows
data used for the Conputer sinmnul at] sho the data for

the conputer simulation is s ¥y %5 tﬁ BhVE TR 15Xls Bn #FBEES Symbol
rate : 240ksps., thnbugmmuﬁnuﬂmﬁstaee), BhAQMameramwastngndataaes16

nunber of nultlco Kt quen ld
sequences, Nbdulgﬁéo% nethé?¥vé§§§§??Ngq %?aqﬁg é?QQEG/ég E@ %gr ﬁ?st‘
spf eadi ng, CH&nnePOUGG|&ﬂ%ﬁﬁkﬁﬁrﬁ?wercéﬁvéﬁﬁﬂ'éﬁ%leRﬁﬁgl(FaﬁQ‘W%@}On
-constraint lengths®r. / soft decision, Viterbi decoding, Antenna 35 : :
“diversity. : 2branch, Chann de r _fr. uency
f0o=80Hz. . As shown in'Fig: ﬁjfl r?rheél% hPBngttelt}oEq%d"{%'aq%lon DBPBb%gat;.%%

' - models of L=1 - 4 paths were evaluated in which

interference removing we1ght_cqeff1c1ents for L=2, 3,

15 4 are 0.9, 0.7, 0:7 respectively. In addition, the.
number P of stages of the interference canceler 1s 4
and repeated number R of channel estimation is 1.
In addition, throughput characteristics 1n_wh1ch the
multipath interference canceler is not applied are

20 -evaluated for checking effects of the case in which
'the-multipéth interference canceler is applied. In
the figure, the cases in which‘the'multipath
lnterference canceler is applled are indicated by X
(L=1), O(r=2), O(L=3), A(L=4), and the cases in

25 which the multipath interference canceler is not
applied are indicated by @(L=2), M (L=3), A (L=4).

| As shown in the result of computer

simulation, high throughput Qf 8.4Mbps is achieved
in a high Eb/No area in L=1 path environment (X in

30 ' Fig.10). However, the throughput deteriorates below
2Mbps without the multipath interference_canCeler in
L=2 .path environment (@ in Fig.10). On the other '
hand, by applying the interference canceler (4
stages) of the present invention, high throughput of

35 8Mbps can be obtained even in the L=2 path
environment (O in Fig.10). It is understood that
the throughput in the multipath environment can be



‘rate 8. 42I\/ops Is reali zed by using 64QAIVI data nodul ation in 3.84Mps ch| p
rate, spreading ratio 16, 12 nulticodes, convol utional coding ratio 1/2.
Fig.10 shows the result of the-conputer 5 sinulation performed by using
the data shown in Fig.11. In Fig.10, the vertical axis indicates '

t hr oughput. (bits/sec), the ' lateral. axis imdicat es average receiving
Eb/ No(dB) in which Eb/No is.signal 10. power to noise power density ratio

per 1.1 nf or mat i on; Bidq, § ekDES GG, Y1 A1 Ofe BLANAGAL TGl on PRI S

of L.=1 - 4 paths wer terferencé renoving werg
coefficients fo.r.L=2, 3, .1Bs4dgserdbed apqvep Fcresgdddrg V& ythe|n

~addi tion, the. mﬁﬂ&ﬁeﬁtoinﬁéﬁﬂeanofﬂHEEmdmﬁiﬁgtﬁniﬁﬂéﬁﬂéﬂéﬂcés 4 S
.and. repeated nunbe%éiﬁﬁ channel estuq%4 slé gg i on hroughput

characteristics irF Skttt har endPLe Mt ?eﬁéglfaﬁ I3GCY AT

applied are 205 ev@lhﬁatre@lfosttmwﬁpumg v fues supinghdecdsdam ﬁmoymacls he
.mul tipath interfergnce cansel se- b%f@%@'é¥koirboEQSth%%quﬂaﬁh&ﬁses in

whi ch-the mul ti path |nterference canceler | S. ag are indicated by X
(L=1) , O (L=2) , 9¢ing) eﬁ°f‘Enﬂ)° &M eP T QESCPﬁnﬁ%ﬁﬂfithe
mul tipath |nterfemmmmunnamtebﬂrchammﬁlsaﬂnﬂ¢@deachanm@h§nwnh¢w &rél= 2)

b L=8) L A (LE4) sprdid BovO- oLy rlesv.ﬁ“% oo GRERULCE Y ’P@rﬁ“on hi gh-

_throughput of_ 8. 4 ps 1s hreved oin a area i n 1l path

- “envi ronment - (¥9|n°?ﬁﬁOQWﬁalOFOdﬁbﬁ@ﬂﬁen%%e Q%@oﬁ@ﬁp@ﬁkﬁﬁRﬁﬁQwales bel ow
2Mops wi t hout t he ifiddipeténiat eebarine ConcedRoved firoh paid waviveanent

( in Fig. 10). e 0 r ap the I nt enc canceler (4
stages) of the preg' é?%v N ?g%pa%%bhﬁﬁwﬁi% ureote %gé;W)sggaﬁgbefk

obt ai ned even in thRcqres pﬁ@ﬁSlbﬂrﬁl rt@wrﬂmtge(byu nmprgvele)ecqxvecs gwaddisyood

‘that - (bit error rate, throughput and the like) in _

o 15 multipath environment. "'As a result, since reCéived
signal power required for the same received quality
can be largely decreased,  an area where high speed
data transmission iS'available'covered by a base
station can be enlarged compared with a conventional

20 technology in which high speed data transmission is

' limited to an area very close to the base station
where there is no multlpath 1nterference '
The channel estimation can be’ performed
w1thout the dec151on feedback data. _

25 " * . In the above-mentioned examples, the
function of the interference canceler corresponds to"
the other-channel multipath interferehce_canceling
part, the own channel multipath interference

. canceling part and the: subtracting part. -The

30 function of the interference estimator in the

 interference canceler corresponds to the data _

modulation- estimation part, the channel estimation

‘part, multiplier, received spreading signal sequence

generation part} the data modulation estimation

35 updating part, channel estimation updating part, the
received spreading code sequence updating part and
the data demodulatlon part ’



the throughput in the nultipath environnent can be -32- largely inproved
according. to.the present invention. As described above, according to the
present invention, the multipath interference .replicas are generated on,
t he basis of accurate 5.channel ‘estimation ﬁ% ues usi ng deci sion feedback.
data after or before error correction (chan codi ng) decodi ng of comon
pi l ot channels and conmunication channels in code.channels which are

spread by orthogonal code spqugpge+alagh NAke 191.19&5:?89%%' iGde- SesgBES,

and the nmultipath interference replicas are renoved fromthe revived
si gnal s. (nultlpa@ﬁﬁ%ﬁ%ﬁ?%r%ﬁthSaH@&?FfeWﬁﬁce|Fan5§&8ﬁé§ﬂﬁﬁﬁﬁﬁﬁ% $o
| argely inprove recaiiedf et ty tbhjﬂd efﬁmnéatear‘ﬁ.bltdu@hmﬁtmum li ke)

0 L5 multipath Sy ONROaafs Rehfiildson SABSEsi8Rel AL c Sl 1Rl -pover

required for the®sane” receive can ecre an area
wher e hi gh sp@edthﬁn@h@ﬁ@ﬂ%nV§§i§ﬁhQ@aﬁéﬁimﬁméoéoVEﬂéauagaPQ%@e theation

can be enl arged- e@m@r@ﬁtmamancoawa |aq'51§11189t’§.8ﬁhbg|r(119y tHe Wb E8rent
hi ghspeed data t rea very base

r m.ssion_is to an close t
station where tdﬁﬁ?ﬁ% . ﬂﬁFFVp (ﬁigﬁFEﬁ cﬁecen?hg%ﬁﬁﬂW1$ %%Efﬂﬁtlon
can be perfornedestiintion hpadéci $hen deiggibaek dafermitizm datahe

'above-nentioned PRI ESe éQ%lﬁH%@BhQ%é?ttiﬁh'&E%Efﬁbﬁﬁ%%ﬁ¥ﬁwe|er
. corresponds L& I t he ot he 13lannel nul'ti path i nterference canceling part,
e [

the own. cha QﬁH%W1E&?P éPFéM&M§¥lQ%H&%gI R8Thart- and t he- subtractlng
‘part. The V 30 function of Ashmenmtienfest erlsevest apebading tie tieer f erence

cancel er corresp éﬁktfﬁvQﬂEﬁon”D gl PP%fék'Eth%ﬁﬂﬁgﬂloﬁh§s£Hanne
estimati on part £I| recei’'ved. spreadi sequence
—CDM espec1ally when ultrahlg speed data

ecommunlcatlon equal to or hlgher than the chip rate
15 is performed, received quality can be largely -
improved in multipath environment by generating
' multipath interference which largely degfade
received quality and by subtracting the muitipath
~interference from the received signals. |
20 In addition, according to the present
invehtion,'a receiving apparatus which can cancel
multipath intefference even when performing
" ultrahigh-speed data transmission in multipath.
env1ronment can be provided. | |
.25 . The present invention is not limited to
the - speCLflcally disclosed embodlments, and ~
variations and modifications may be made witheut
departing from the scope of the invention.

30
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generation part, .the data nodul ation estimation 35 updating part, channel
estimation updating part, the received spreadi ng code sequence updating
part and the data denodul ation part. ' -33- In‘addition, ‘the function of
tnterference.estimator of the interference @%cel er corresponds to the

first to third channel .variation.estimation=~ part, the data nodul ation

deci sion updating part, 5 the channel varjation. estimation updating part,
the sane estina%hﬂgléE%Eengﬂ#ﬁggﬁign part, the coherent detection part,
the first and secon ata nodulafion  estimation part, the original- .
informati on data sequence estimation part and data nodulation 10 - _
estinmation adaptive switchiag panteceisvimgt ppoedsabmerhatcofdang to the

present invention,_lnQD: u i j;on_ usgi : Tq%Mh“ bally
when ul trahi gh- srr}re%%&dg?gg %gh#% ca ilg%%%qggl gt @8&1@% gher ‘ﬁggﬁg’g%ghchi p
rate 15 i s pePforsedtenecéni vhdchua isgndbngbarprargéms SeRfdvRd in '
mul tipath envi rogﬂﬁﬂfabyﬁgnarfatdd& ¢l HEBE hasNtedee /G ai §hohpsgeby
degrade receive qua#ité an '%ﬁ gggiracting the nultipath .interference
fron1the'reca\nxrg+%,a? Fei * ??o%?eaESSRHPﬁft t?mf?ﬁ%%%ﬁ?g
invention, a receippapgabppar angs sgiidhreaaivangebppariatiypathe¢aieeser ence

“even when perforndfgy - dbhkabhghnenesd gat@ +eapsFisy Yrdde syl hipRLA. -
envi r onnment gﬁn beIErovlded. 25 The present invention is not limted to
the specifically T8RF 48589 ERBoftRBR s°Tand variations and nodifications

may be nmade without . departwhegnf rsqmemisgop'edefs tsed feentsahd 80de35 - 34-
' | channel groups are orthogonal code sequences,
_' | " generating received spreadihgﬂsigﬁal
sequences of said -code channel groups according to
15 the number of received paths; and "
-removing_receivéd spreading signal .
sequences of a received péth-of own code chanhel
group of said receiving apparatus which should be
removed from received signals. '
20

2.. The receiving process method as claimed
25 in claim 1, comprising the steps of: |
. when spreading codes of other code _
chénﬁels used for control or used for other channels’
in said code channel group are orthogonal code
sequences, ' )
30 _ generating received spreading signal
' sequences of said code channel groups according to
the number of received paths; and ) .
| removing received spreading signal
. sequences of received paths of other code channels
.35 which should be remoyéd_from.received signals.

L LLLLe



WHAT IS CLAIMED IS: 1. A receiving process nethod of a receiving apparatus
used in a nobile communication  5* systemin which a sending apparatus
sends a plurality of code channels as code channel. groups to which
spreadi ng codes are assigned to a receivVving pparatus, and said receiving
apparatus receives said code channels, sai o ecei ving process nethod 10
conprising the steps of: when spreadi ng codes. used. for said code channel
groups are orthogonal code sequences, generating received spreadi ng signal
sequences of sai d-code channel groups according to 15 the nunber of
recei ved paths; and renpving received spreadi ng signal sequences of a
recei ved path of own code clnnghe 8E68HRVEhgS PrbdarLimétBoapasr aluSmadd ch
shoul d be :renovednfrggLagggived signais.tﬁO_Z.. The' _.receiving process
method as cl ai med 254" 1% PRSPPI IRG SHERT 1% of : when spr eadi ng
codes of "ot her> code channelwhameilioprcanprsit of usetd fspreatidngcicades s’
in said code chanfgkdqdieuP skl At48898ABhnEeA0E rIRSHIENEE SnoR Do 98 RBGRINANY
recelved_spreadlng élgnal sequences of said code channel groups accordi ng
to the number of “PEEePFEFFHHE, - and renoving received spreadi ng signal
sequences of received pat hs génetdétingodeceisenk|sprSdwhgchighedl d be &
renoved. fromrecegj I . I 1 I I s 5SS
-35-- 3. The receiskﬁggngﬁggggi.?é%%oébé% %ﬁép%si-d46ﬁﬁé éé&ordlbg.to.

10° the number of received paths; and - : S

. removing received spreading signal

sequences of other code channels which are non-

. orthogonal in the same received path from received

_signals.
15
20 S 4. The receiving pfocess method as claimed
' in claim 1, comprising the stéps of: -
~when said receiving apparatus receives a
- code channel group from another sending apparatus
which is not connected to said receiving apparétus;
25 ' generating received ‘spreading signal

sequences of said code channel group from another
sending apparatus-accprdiﬁg to the number of
received paths; and ' .
removing received spreading signal
300 sequences of said code channel gtoup from received
' signals. ' |

35 :
5. The receiving process method as claimed
in claim 1, wherein said receiving spreading code

ARy



i.zn claim1, comprising the steps of: 5 when all or a part of said spreading:
codes used for said.code channel groups are non-orthogonal code - '
sequences, generating received spreading signal. sequences of said code
channel groups according to - 10 the nunber of6received pat hs; and renovi ng
received spreadi ng signal sequences of ot hér®ode channel s which are*non’ -
~.orthogonal in the sane received path fromreceived S|gnals 15 20 4.

The receiving progifiedEL Ned g3nEAlT od tifd hILis 62TRH Wdiiddgt eps
of : when said recel ng par atus recelves ode channel grou rom -
anot her sending apFdit u2 QHﬁEHGQSVﬁéﬂaﬁﬂﬂﬁﬁtéﬂdténsﬁﬁélm&ﬁﬁ ivRlue
apparatus, 25 genefftddia reeaivadionniodadiitedi g6l eaghguedeeininsdl d code
channel group from. another sending apparatus according to the nunber of.
recei ved paths; and renoving received spreadi ng signal 30- sequences of

sai-d code chanbel group fromreceived signals. . 35 5. The receiving
process nethod as claimed in claim.1, wherein said rece|V|ng spr eadi ng
code | Lliiiil triitlbrorrer v 111 L MsS* -36- sequence i s

generated on the basis of an estimated value of channel variations and an.
estimat ed ‘val ue of data nodél afhen refediviaty fproeash meddochametlaibed 6.

The rece|V|ng prq9p§§l§@ﬁhgd c@ﬁp%@@ﬂﬂajtﬂé‘gfébg‘éf conprising the steps

of :
10 : - said sendlng apparatus sending pilot

Signals-Of which said receiving apparatus knows
sending-phase'and Sending'amplitude to said
receiving apparatus periodically; and _
' .said rece1v1ng apparatus measuring
15 recelved phase and recelved amplitude of said pilot
f81gnals, and obtaining said estimated value of said
channel variations by comparing said sending phase -
- and sending amplitude with received'phase-and
- received amplitude. ' ' .
20

7. The receiving process method as‘claimed
25 in claim 6, comprlslng the steps of:

' said receiving apparatus obtaining sald
estimated value of channel variations by averaging
said estimated value of channel variatibﬁs obtained
by using said pilot signals and an estimated value

'30 of channel variations obtained by compafing decision
results of data modulation w1th rece1v1ng phase and
amplltude for data signals.

35

8. The receiving process method as claimed
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- 10 said sending apparatus sending pilot -signals of which said receiving
appar atus knows sendi ng-phase and sending anplitude to said receiving .
apparatus periodically; and said receiving apparatus neasuring 15 received
phase and received anplitude of said pilot ﬁé}gnals and obtai ni ng said
estimated. value of said. "~ channel variatiomns’ by conparing said sending
phase and sending anplitude. with received phase and received anplitude.

. 20 7. The recelv n Cgss Qﬁgngﬂ dfl claim6, conprising
t he steps of-: sai ¢ rgcgﬁglng apparatus %btalnlgep aid estinmated val ue of
channel variations by avera§Piginmispidt eahingtes valgre chnfRAPDEL ations
obt ai ned bybUSl n@%ﬁﬁaﬂlbhhobrﬁlﬂfﬁhﬁs’iﬂﬁl af QSEL'dWlde)W%i@H@QSQfSﬁﬂdnne'h
vari ati ons obtain y._caonmparing decision results o t t wi t
erving phase. SAEAREBRRdTe S5 i @FSHSF?“ 3eul oS A e "
process net ho§ asmeduilasdoni;| J| P L1 ‘CL S-37- inclaim7,
conprising the steps of: Obhﬁdg%fﬁﬁchéﬁé'ﬂBHﬁQaE@d#Edgcfﬁﬁdﬂekesults
variations on the basis of sai §£ | ‘ot S|$na i sai d ata%fkgna s. and said
deci si on resul ts BY Y§tH95e44 efoRallpa&l R anLatiens;
deci sion results abg using said estlnated val ue of channel variations; and

updating said estimated valgue ofndNeang! oot ImididftPie 09zt BRaRAshS Of
-sai d updated data nmpdul ati o eC|s on resuF
varlatlons on the basis of sald updated data

modulatlon decision results.

- 15 _
| 9.'The receiving process method ‘as claimed
in ciaim 5, wherein the same estimated value is used
as said estimated value of channel variations for
code channels sent form the same sending apparatus.
20 '

_ 10. The receiving process method as
25 'clalmed in claim 5, comprising'thé stéps of:
_ performing coherent detectlon by u51ng
said estlmated value of channel variations for
received despread signals of data s1gnals_obta1ned'
‘by despreading received signals from which said
30 received spreading signal_sequences_havé_been '
sgbtracted; _ -
' 'wherein, when said receiVing apparatus
receives signals by path diversity or by antenna
diversity, said receiving apparatuS'estimates data
35 modulation by performing hard decision for signals
on which antenna.diversity has been performed.
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15 . 9. The receiving process nethod.as clained in claim5, wherein the
sanme estimated value is used as said estimated value of channel -
variations. for code channels sent formthe sane sendi ng apparatus. 20
10. The receiving process nethod as 25 clained in claim5, conprising the
steps of: perform ng coherent detection b73@§ing said estimated val ue of
channel variations for received despread signals of.data signals obtained
' by. despreadi ng received signals fromwhich said 30 recei ved spreadi ng

si gnal sequences. have been subtracted; wherein, when said receiving _
apparatus receives s.ignals.by path diversity or by antenna -diversity,
sai d receiving apparatus estinates data 35 nodul ati on by perform ng hard

decision for signals on Mhiih G t enna diversrt¥ has bequfe-forned.
LUTTE1§ 22222200 Trrrrrrrrn i+ -c PeviE 2529 RI°CPRE P&’ P process
met hod as 5 cbhai nehimed| annchaivodpr icsinpr i$engt the oftepsherf sai d sendi ng

apparatus perforns data nngﬂgﬂtg@quyéﬁ&ﬁﬁgngpﬁgggggglﬂéﬁfgfﬁ@{@@tgata

sequences whi ch have been error correction coded. bheforehand, 10 said _
recei ving appar aftRAPEAFbPRi AGT SEREEH ORI LREL oAEP TGP L L3 3sti mat ed
val ue of channelsacprémtésnehfich hesa esbrespreadcsirgrealt iafn aadedsi gnal s
obt ai ned by despngagdi hg,Lg§ei ved signals from which said received
spreadi ng. si gnal 15 sequencés have been subtracted, performing error
correction'dg@oding on si gnéifddafese iyeiiprirpa rasisn Pe hiasting v

~conbi ni ng' when sighlad SeNEr @etection by using said estimated value of
' channel variations for réCeived_despread signal of

.data signals obtained by despreading received '

signals from which said received spreadiﬁg signal

15 sequences have been subtracted, performing error'

- ' correction decoding on signals after performed
antenna diversify combining when signals were
received by path diversity or antenna diversity so
that .original information data sequences are

20 estimated; ' ' _

' said receivihg apparatus~performing-erfor
correction coding on said original information data
sequences which are estimated; and

_ ‘said réCeiving apparatus'performihg-data

25 . modulation by using data sequences which are |
obtained by performing error correction coding on -
said original information data sequences so that
data modulation is estimated.

30
. 12. The receiving proéess methdd as
claimed in claim 8, comprising the steps of:
35 , updating said received spreading signal

sequences on the basis of updated estimated values.
of channel. variations; and

L L



received by path:diversity or antenna diversity so that original
i.nformati on data sequences are 20 estinmated; said receiving apparatus
perform ng error correction coding on 'said original information data
sequences which are estinated; and said recejving apparatus perform ng data
25 nodul ati on by using data sequences whi ch™3?2 obt ai ned by perform ng
error correction coding on said original information data sequences soO

that data nodulation is est | s.‘ﬁ‘gl%’en%t? %%aﬁl upd (9 pLocess net hod

as clained in claim8; co I ng said received
spreadi ng si gnal demgdq&em hoh uhing basppads @hdaictedshy navbgragti®ag of

channel . "variati 0§§1daﬁ§d|a|t|éd Hé&éix}édl' 5 lrla\éldh'dd Idignd1 Gbqibndes

denodul ati ng code channel s ,to: fu at ed- by usi ng signal s obtained by
subtracting said ﬁBﬂaF?&%ﬁ? Pradi ng signal sequences from
received. sigmlals. 5 13. A rece|V|ng appar atus which receives 10 -code
channel groups each including code channels from sending appar atuses, said
receiving dpparatus including an interference cancel er which conprlses a
plurality of stages, a first stage of said stages conprising: ‘15 a data.
modul ation estimation part -and a " channel estimation.part for estimating

dat a nodul ati on and channel \éar |Kat]% 1395 g(i)E) Cﬁly%lgﬂdﬁecelves

channel - mhlch is a subject. eren ance
10 -code channel groups each including code channels

from sending apparatuses, said receiving apparatus
including an interference canceler which comprises a:
plurality of stages, ' ' '
_ a first stage of said stages comprising:
15 : '~ a data modulation estlmatlon part and a p
channel'estimation part for estimating.data
modulation and channel variations for each received
code channel which is a subject for ‘interference
canceling; - _
20 : ' a multiplier for multiplying an estimated
data modulation signal by an estimated value of
channel variations; and
_ a received spreading signal sequence
generation part for obtaining a received spreading
25 'signal sequence for each multipath by performing :
‘spreading a reeeived signal‘by-using a corresponding :f
spreadlng code; o - h '
' a stage after sald first stage in said
stages comprising: '
30 . an other channel multlpath interference
' cancellng part for subtracting received spreading
code sequences of otheér code channels obtained in
the previoﬁs stage from received signais for each
received code channel whlch is a subject for
35 interference canceling;
' an own channel multlpath interference
cancellng part for subtracting recelved spreading

-*l ) ||I1l [T




20 a multiplier for nultiplying an estimated data nodul ati on signal by

- an-estimated value of channel variations; and a received' spreadi ng

si gnal ' sequence generation part for obtainihg a' received spreading 25

si gnal sequence for each nultipath by. perf n1ng spreading a received
'signal by using a corresponding spreading 08 a stage after said-first
stage in said. stages conprising: 30 an other channel mul tipath

interference subt r e
%&‘%jriéo}g Mﬁ%%%g%s (l:)lg.‘t g?fi{ne déwdé Eﬁéi{ﬁglé%%aéyl%d C@&jom

sequences of other co EreV|ous stage '
recei ved signal s 1 RERWLOVECELFEE COIEIRAPRINGNELh S PaFs et $3r 35
~interference caneelsulfjedt DA dbmamalaﬂManath |nterference canceling -

part for subtracting recelygd £e§g|nggf am1 éﬁ%ag;g ﬁ!ééq%ﬁdlng4l

I'l CL -40- signal sequences of “own ¢
previ ous stage cor P riimger ocd mhtm@musbtaleeej Sylitracting

d?”Udriatlﬁﬂ abF@HEi¢EdF%ﬁ?é?dﬂﬁgﬁéﬂﬁﬂélCQé@géﬁééglg&oﬂ5ﬂébéiEE@U”ber

of nultipaths obtain Y. . subtr.ac rneceived spreading si seguences
fromreceived si"h#l é? yb%a?algtﬁ%he h&HHER? ITFS%?E i é%é%ﬁ ence
cancel i ng part amdgnneking. pawh ehdnirl saddigenhchannedf endrivioatincel i ng -
part, and Updat'@%ﬁ%%fé@%ﬁ@e éan%@ﬂ#E5ﬁgrtdaéﬁd”BBHE%Hdﬂ1éHE&&&@Q&e|

vari-ations u5| ald prepared . signal's; a received _spreading signal
sequence ﬁé%tl&f tOF o2 ERdRPANG R VR sphaRRehg VAT tonS R¥iences
on the basis of|qungxbesd|paEpdred|5¥gnd£$pf data nodulation and channel
variations; ~a received spreadlng signal sequence
updating part for updating received: spreading signal
sequences on the basis of updated estimated values.
15 of data modulation and channel variations; . .
' _ a last stage in said stages comprising a
data demodulation part for demodulating data by
using signals obtained_by subtractin@ received
spreading code sequendes'obtained in the previous
20 stage from received signals for code channels to be

demodulated

25
14. The receiVing apparatus as claimed in
"claim 13, said receiving apparatus comprising a
first channel variation estimetion part for sending
pilot signals of which said receiving- apparatus'
. 30 knows sendlng phase and sending amplitude to said
- rece1v1ng apparatus perlodlcally, and for ’

) measuring received phase and recelved
amplitude of said pilot 51gnals, and obtaining said
estimated velue of said channel variations by _

- 35 comparing-said sehding pheSe and sending amplitude
with receivedjphase and received amplitude. ’
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a& last.stage in said stages conprising a data denodul ation part for
denodul ati ng. data by using signals obtained by subtracting received

spr eadi ng. code sequences: obtained.in the previous 20 stage fromreceived
signal s for code channels to be denodulated. 25 14. The receiving
apparatus.as clainmed in claim13, said rec@idh hg apparatus conprising. a
first channel variation estimation part for sending pilot signals of which
sai d receiving apparatus: 30 knows sendi ng phase and sending anplitude to
said receiving apparatus periodically; and for ~measuring received phase
and received anplitude of said pilot signals, and obtaining said estinmated
val ue of said channel variations-by .35 conparing said sendi ng phase and

di litude with d .received applitude. . 11111111 |
rending a1t ude W Lh, ool YRR R A Sl IR LS et

claimed in 5 ¢ alﬁlﬁﬁm:%ﬁmi$%%@|Vﬁﬁglxpmmwﬂnnanwh@8|somgras1®@pqnd

- channel varlatlonse@unﬁﬂdh&hﬂg&tvggﬁatlgﬁﬂgyg%ﬁgmféﬁlﬁg&kog of channel
ue o annef ~variations

vari ations by aver d esti v

obt ai ned by said |?gkm%$ﬁ§mﬁs ngngBn g%ﬁhﬁﬁﬁ?#\ﬁﬁrbaﬁﬁoaﬁdbM1

estimted val ue oRVEFAWiSlg waidtéshimatktaiveadidyo £08RaNHAY $8Fi%Abns

results of data Bbdullalfe!oprbwéé1lde§§k¥'tn%hfé a0 ARt ST LA Lk b i
ai

S|gnals 15 4 § ving apparatus as. cl alne
recei vi ng appar at B3 cor%ﬁ % %tefihf’laéuﬁcr%r@?alv@ﬂavacmaeatanraat| on
part for perfornPhGaegﬁdmmM(nbmparlnbadaehsﬁﬁﬂ|ﬁgg&m@sogf data

- modulation w1th receiving phase and amplltude for
~data 51gnals '

- 15
-16. The receiving apparatus as claimed in
claim 15, said receiving apparatus comprising:
20 - ' - a third channel varlatlon estimation. part

for performlng estlmatlon of .channel variations on
. the basis of said pilot 31gnals said data 31gnals
and said de01310n results of said data modulatlon
a data modulatlon decision updating part
25 for updatlng data modulation de0151on results by
using an estimated value of channel variations -
'lobtalned by said third channel variation estlmatlon
part; and _
a channel varlatlon estimation updatlng
30 part for updatlng said estimated value of channel
varlatlons on the basis of said updated data
modulatlon dec1310n results.

35

17. The receiving apparatus as claimed in
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A he basis.of said pilot signals, said data signals and said decision .
.results of said data nodul ation;. a data nodul ati on deci sion updating part
25 for updating data nodul ati on decision results by wusing an estimated
“wval ue of channel variations obtained by said third channel variation
estimation part; and a channel variation ést9mation updating 30 part for
updating said. estimated value of channel variations on the basis of said

O i ed Ty R 1P SYRRRRITC AR Sane g gt ingbed FAlaE 1 ApRERAI P
same estinmated véﬁmﬁﬁ%du§§ﬂlmé§e§aM§k§ﬂ|%§I@Havaﬁéemﬁrhﬁﬁ%ﬂﬂﬁ f@Fi ati ons

for code channelgod€néhdPhBLENgehdME YNNG S8Rl ekndlind afbadd€us.
receiving apparatus-as clainmed in claim213, conprising: 10 -an coherent,

detection part for performng coherent detection by using said estlnated

val ue of chabBnel variations for received despread signals of data signals
obt ai ned by despreadi ng received signals fromwhich said received spreading
signal. 15 seguences have been subtracted; a first data nodul ation- )
estimation part for estlnatlng data modul ati on by perform ng hard '
deci sion for ‘signals on mhlmﬂ amhenm@dhmmimgtgpbarathsequnraﬂmed ‘imhen

'said receiVving appg a;gEUf chﬁ%%1%%§1 J gnal s by path diversity or by
antenna - diversity i € receiving apparatus.as clainmed in, claim
13, Conpr|3|ﬁ@ : . an coherent detection part for performing

coherent detection by using said estimated value of

channel variations for received despread 31gnals of

data signals obtained by deapreading reCeived

signals from which said recelved spreadlng signal
15 sequences have been subtracted '

a first data modulation estlmatlon part
for estimating data modulation by performlng hard
deClSlon for signals on which antenna diversity has
been’ performed when said receiving apparatus

20 . receives signals by path diversity or by antenna
diversity. - '

25

_ .19. The receiving apbaratus as claimed'in
claim 13, comprising: ' .
_ a coherent detectlon part for performlng
30 coherent detection by using said estimated value of
channel variations for received despread 81gnal of
data signals obtained by despreading received
signals from which said received spreading sighal
sequences have been subtracted when said sending
35 apparatus performs-data-modulation for sending
original information data sequences which have been
error correctioh coded beforehand; '
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.2 coherent detection part for performng 30 coherent detection by using
- said.estimted value of channel variations for received de. spread signal
of data signals obtained by despreadi ng received signals fromwhich said
teceived spreading signal sequences have beg subtract ed when sai d sendi ng
35 apparatus perforns data-nodul ation for sending original information data
sequences whi ch have been error correction coded beforehand; -43- an
original information data sgqugpg fﬁﬁlrgﬁfgﬁh ianB tge%?qﬁgﬁgberror
correction  decoding, on signals a ter orne ant enna ersit

conbi ni ng mhen:m%ﬁﬁ&%aﬁkPB Pﬁé@mﬁﬂﬁiHﬁF@PE@}ﬁgdPF€P§|FPQﬁe%ﬁ&%%na
_diversity so thatdemswiﬂgl oni BlighaAld QIE tled apecqueneas adtemsd | mted;, a

second data modul gt i on § fqg;“#g_gl %r d’al}gﬁ)rs §{‘£‘9g%m%. erlreo ‘p%gegtlon .

coding on said original a sequences
~estimted, and padth ndhgedanayrr@dulaatﬁ@neydygmg1tdatsa> stéwén@esgmaéh

are obt ai ned byl%ﬂfé&ﬁ&ﬁgoneHéQ% %@dﬁ%ﬁéé@ 59@'8@t&&d¥€d‘0rlglna| :
informati on data sequences_so th on_is estingted. ? .20,

The receiving apparatus as - élﬁﬁﬁg& Qﬁeﬁﬂaﬂga ¢BRp S Hﬂftﬁﬁpapﬂﬁ
nodul ati on esti ndtdorpedépriniey ewirtcehicwrreatiohocosiimnts imgsdidween. a

flrst data modulddiomngstifELLAAAYL Ak 2aga8RdedaAL A AL O

eStimation part for ormng estinati ata nodu t|033|n each stage
of said 25- ?ﬂtew?%ﬁih&%eeanegpePe§£ﬂ§P¥?gs@aﬁatQ°ﬁ&$ﬂ§ﬁ9Q) ¥st#HBPi on
part' . esti mati-nglakd asegdehatisowhiiycpexrforobhgiheddbydes rsf arm f ng S|gnals
an whi ch a”te””aé%f@%Sb&¥r@é%10%¢%%d¥ﬂ&C%HEQaL&hSQlﬁ@A%ff%ﬁ%akﬂgtlon

apparatus
data sequences so that data modulatlon is estlmated

~

15
_ 20. The receiving apparatus as claimed in-
claim 13, comprlslng |
20 o a -data modulatlon estlmatlon adaptive

sw1tch1ng part for switching between a first data
modulation estimation part and a second data
modulation estlmatlon part for performlng estlmatlon
of data modulation in each stage of said
25 1nterference canceler; _
said first data modulation estimation part
estimating data modulation by performing hard
decision for signals on which. antenna diversity has
been performed, when said receiving apparatus - '
30..rece1ves signals by path dlver31ty or by antenna
diversity;
o said second data modulation estimation
part performing error correction coding on said.
‘original information data sequences which were
35._est1mated and performing data modulatlon by u31ng
data sequences which are obtalned by performing
error correction coding on said original ;nformatidn
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.30 receives signals by path diversity or by antenna- diversity; said second
data nodul ation estimation part. performing error correction coding on
said. original information data sequences which were 35 estimated, and
perform ng data nodul ation by using data sequences which are obtained by
performing error correction coding on said-riginal information IIII11]
111111 thijbreert v rrrr *~ C L S.-44- .data sequences so that data

modul ati on s eSii /Y oflgudndle Ta° diaielddon ABAAIAkISAS £l Al

conprising a-s racting part for racting receive spreadlng
si gnal sequences from received signals after multiplying said received 10
spreadi ng signal sequences by predeterm ned interference renDV|ng wei ght .
coefficients. 1520 25 3035 111 WN 1111 L 14 S 8*

- 21. The receiving apparatus as claimed in
‘claim 13, comprising a' subtracting parf for
subtracting received spreading signal sequences from
received signals after multiblying said received
.10 spreading signal sequences by predetermined’
interference removing weight coefficients.
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