; €3e>00178X\ >6>T>d& o 3 ~, ~ RECEI VI NG DEVI CE AND CHANNEL ESTI MATOR FOR USE
IN A CW",MWMMM TI ON SYSTEM 5 BACKGROUND OF THE | NVENTION Field of the
| nvent i ent invention relates to a receiving dey 0,

recei ving a &lA (Code Division Miultiple Access) signal i n\ﬁaf(‘bbl&in%
communi cation system and a channel estimator included in the receiving
device for correcting the deterioration of the CDVA signal ascribable to

mul tipath propagat i RECERANG BEPICRANDCIBANEREITMATOR Today) ext ended
researches are under way on a CDMA conmuni cation system capabl e of

enhanci ng the effi cFoRUSEINA IGDMACONRHURNICAGION 8YiSatENg Wi th nobi | e
comuni cation. In the CDMA communi cation system nultiplexed interference
signals other than a desired wave and received fromthe other transmtting
20 stations and interference signals ascribable to nultipaths are dealt
with in the sane manner as thermal noise in a spreading/despreading
process. Wth this schene, the CDVMA system all ows a plural
transmtting stations proportional in nunber to a process Mm l»mms"
sanme frequency band. A 2 > spread spectrum conmmuni cation s

with the OREKGROUND OFTHE ON.g., US Patent 5, 228 056%°G" Donal d
Schilling,_assigned to InterD gi taI Technol ogy Corporation and entitled 1
0 3 JAN Zoﬁg_ﬁh@md EAD SPECTRUM COMMUNI CATI ON SYSTEM AND METHQOD" .
Thi s docunent t,ﬁgches t hat nmessages of different kinds are spread by use of
spreadi ng codesiBf BIEFERENINKERAOMNECIAER dOsr ehBICE Y 1R Er M BYICer hEoT

original TrocEvT mg a > (DMA (Code Division Multiple Access) signal in a (DMA

the
em ess

10 communication system and a channel estimator included in the
receiving device for correcting the deterioration of the CDMA signal

ascribable to multipath propagation.

Description_of the Background Art

15 Today, extended researches are under way on a (DMA
communication system capable of enhancing the efficient use of
limited frequencies available with mobile communication. In the
(ODMA communication system, multiplexed interference signals
other than a desired wave and received from the other transmitting

20 stations and interference signals ascribable to multipaths are dealt
with in the same manner as thermal noise in a
spreading/despreading process. With this scheme, the (DMA
system allows a plurality of transmitting stations proportional in

number to a process gain to share the same frequency band. A

09
h

spread spectrum communication system essential with the CDMA
system is disclosed in, e.g., US Patent 5,228,056 to Donald Schilling,

assigned to InterDigital Technology Corporation and entitled

1



In the next generation nobile comunications art, there is an increasing
demand for adaptability to nultinedia radio transm ssion and greater

subscri ber capacity. DS (Direct Sequence)- CDVA is a radi o access system
meeting the above 10 demand and is a pronising candi dat e O JANNDO3
(I'nternational Mobile Tel ecommuni cati ons)-2000/ FPLMIS (Future Public Land
Mobi | e Tel ecomruni cati on Systens) and other third generation systens
because of"JYNSCHRENOUS BRREX DI SPHCERUNN GHNMMURDCATION - L29PEME AlNgrussed
in, e.g.) "I M-2000 Radi o System Standardi zati on Process”, 15 the

Proceedi ng8EFfHODe. | Tkis deiceavénElteathenithat @rdshpéorofadiffar Eomrinidgat i on
Engi neers of Japan, May 1998, pp.473-478. In a DS-CDVA system while a
plurality afe spatiadnbyshaeceof lsp reanangr egdeneyf, dddechent kindm apdeatsna
signal to be transmtted by 20 use of a particular code. A receiving
station i sdeypande toftusepanttheioriginadi medsagghal by despreading a received
signal by use of the sane code as the associated transmtting station. In
prai:ti ce, however, interference noise occurs due to cross-correlation

bet ween codes a]Ssiﬁned to the individual stations, intersynbol )
interference, 28! 4he Re%t ganeEation BoRMe sOMMUR iSationss akt ddsineets énat i on,
limting the subscriber capacity.

avai | abl e ¥iGTCASHI nge nf FQEnc@d3PtaRdlitht eb9 er BHEKIRGIEE. ARDIO o 3

JAN 2ppa interference canceller jnstalled i,n a base station | o t he cell
AN S E A0 e S AR o o B B iy o o - ol

oot e e SLakp £ PRSEINRS, o | PRAR %y 08148 SRESLANE SURETREE,
rpgKed. SHERLAPSN 9 JSBHLRS Lot CRN ROMMBLER Rk MO FFRpBliceoc"

convent i onplbld@eehMi ma@Edeﬂrsfaf%g@dd/*el?itxr,xglg@r(fﬁ{t%@ee BPb AECTLAP! 1bBile

transmtti ng stations ot n one I ncreases wt an increase in

the nunberTefe SWRERIH R Fon BEItAYIRE) Nehd her e Bt e ADIbAT xgeteﬁﬂe
receiving device to a critical degree. In light of the above, sdone

di fferent patgiieramers tagkefderjudibey istiHaBtiBaVeffiefeqisf. or MR (0 ofRosed,
but each of them has sone problens |'eft unsolved, as follows. A parall el

i nterferendscugnedlinee, g f S Mdxa) @ Rakivi Spdtesn ShdndandetstiontRrdasarice in
paral l el and thereby reduces a delay. This type of interference canceller,
Holwever, ctmmoProcamdinegst lodé time elfisticnoe caddettiriongecsbahnidt yi dforan 2tion

recei ving device because it estimates a great nunber of transmitting
stations aComtsusigasian nengmseirspelolapameMayt PP8r erd Tchrldd 1 i ng ability,
parallel interference cancellers with a weighting schene have been proposed
and generally classified into two kinds. However, one kind of cancellers

with a weighti 2~_SC cannoti nmprove the abilityfo a.noticeable
degr ee. Theot heﬁgrki%@%o%ﬁéeﬁyéwnmﬁﬂsméi@Mr@héys%ﬁéﬁ%tlgpén axg itheact or y
i npractice becapsea wei ghti (t:o%ffi ci ent fdor . .

same frequency, eaclt of them spreads a signal to be transmitted by

An inteF?f, erence cancel l er technology is

20 use of a particular code. A receiving station is capable of
separating a desired signal by despreading a received signal by use
of the same code as the associated transmitting station. In practice,
however, interference noise occurs due to cross-correlation between
codes assigned to the individual stations, intersymbol interference,

25 and the autocorrelation of multipath of a desired station, limiting
the subscriber capacity. An interference canceller technology is

available for reducing the influence of the interference noise. An

2



3 D 3 JAN 2003 inplenenting the optinmal perfornmance depends on the nunber
of transmtting stations and received power. By contrast, a serial
interference canceller) or SIC (Successive 5 Interference Canceller),

capabl e of cancelling interference serially has an advant eog% JANa2003 t s
ability increases with an increase in the nunber of stages, i.e., the
nunber of tinmes of denodul ation. The serial interference canceller is

di scl osed interfergnceYoangelleYoorstatileal .in" A $prsaditSpeat raliowl! the AggHss
Systemwith a Cascade of Cb 10 Channel Interference Cancellers for

Mul ti pat h qegdiaity Chanel sitcrieBEEdSezndd dlhdwisnathieontda nSympsss bnm powspr ead
Spectrum Techni ques and Applications gl SSSTA ' 92), Novenber 29-Decenber 2,

1 992. Thi sredptiigdnofdisouebds temmndnhat alst dré staduafd t hd nserd ditiomt ¢ehker ence
canceller in a nmultipath fading environment. 15 However, the problemwth
the seri alintpf Eieacedn calieendyancs st aeguracyc wibbtwpéeh dhe phth exft anat i on
and. cancel | ati.on o(i‘e interferepnce with two or nore transmtting stations at
the same tdomlireds desi I%IS“@IQII%&T%%‘W eably increases with an increase in
20 the nunber of transmitting stations or the nunber of stages. Assum ng
thirty transmtting stations and five stages, then the delay exceeds 450
synbol s, i.e.

, b0 x 3 (del ay, of. abaut nee synbols far a.delay cancelling
el I
unit) = I450 evel’ It 1958 ‘(Hb%%‘leefdg%?f%h YA 89%11}%1“6?5‘68!‘3 TY&xﬁb?P e,
. The . . g . . .
B;?tc |t Lﬁ?areif%eégghanenste:angﬁfl #‘3? %ir2 Ve Iah{]iﬁrgyr?%ﬂﬁﬁgéﬁci:@ﬁ%tPregll?%rtﬁl ¥15RN 2003
F | &, I ' gif: oy ' hahngl i [
tﬁ;ne)ﬁ:{rp ‘z“éfo P?S?Z}z/%[’*r‘m ?;H?lﬁarlca \slct%gﬂrg%ab%g re(rjlﬁcetﬁ'?trtlleq@te?lgfflr?f]%,re

theye has J&%‘%E‘b%%’?@‘%lﬂaﬁsﬂﬁ?ﬁhg Lt 864 £'RAEE tfx?@?@%kﬁfccﬂ Hhcq%é’i‘%ia% si s the

conmbi nation of a parallel 5 inté&rference cance eaturing short del ay

and a successi Vi | iticek hSE eNf etifANteh e r fcﬁatswﬂs_@gwéﬁb,Qggiﬁmﬁgem,%m the
H C receivers situated at users' stations are divided into group ich are

connect ed démseul@sng ThBilit§C & VRE Sredfedvidly We¥ect itd ParRldagl dépree.

In light of the above, some different interference canceller

15 systems have heretofore been proposed, but each of them has some
problems left unsolved, as follows. A parallel interference
canceller, for example, estimates and cancels interference in parallel

and thereby reduces a delay. This type of interference canceller,
however, cannot improve the interference cancelling ability of a

20 receiving device because it estimates a great number of
transmitting stations at the same time. To improve the
interference cancelling ability, parallel interference cancellers with

a weighting scheme have been proposed and generally classified

into two kinds. However, one kind of cancellers with a weighting

o
U

scheme cannot improve the ability to a noticeable degree. The
other kind of cancellers with a weighting scheme are not

satisfactory in practice because a weighting coefficient for



each group. This kind of scheme, however, cannot achieve a 10 satisfactory
ability unless the nunber of groups and therefore the delay are increased.
Assune that an ICS (Interference Canceller Systen) is used to increase the
subscri ber capacity. Then, although denodul ation 15 itsel 3 9AgugRNt eed by
the 1GS) searchers arranged around the I CS for acquiring synchronization
and DLLs (Delay Lock Loops) for executing synchronous tracking have their
per f or mancien ggnaderh déRet 6p 6in h NPe@@6Emiah dehd epemiry off thigaf S stant |y
hol di ng conmmmuni cation) i.e., an increase in interference. This is also true
20 with theaneaditpig oftadiondcaadsredwdnee! poterd.nsure accurate receipt, the
transm ssi on power of an access channel nust be greater than conventi onal
and aggravates interference. SUMVARY OF THE I NVENTION 2~ It is therefore an
obj ect of the present invention to provide a receiving device for CDVA
comruni cat i on fBsatconitngstara isapiadvieder fierenfeer easee dancet ISIG (Sbeté dsivand
capabl e of reduci ng, even when 5 0 3 JAN 2003 the subscriber capacity is
i ncY eased, Intgsfemanas dnacedlerds capabdpi of chaselin pLinger feraideerserandyaccess
channel receiver w thout aggravating recei pt delay. In accordance with the
present i nv@éh@ioadvantagei talgligedbelétys inere aovpwdbhmamiiosrtase iimcithdes a
receiving circuit for receiving signals for CDVA sent froma plurality of
transmttihgt %Pgn%aﬂésthér’ealﬁ dutpberr e diles of ghamodylagiont Fheup of

i nterference.cancel hation st age,,est.inptes signals sept fro he

t r ansni ttisr?d(;gféﬁtieé grqr}qﬁ;cpﬁ C}ISEéF{EiGCEqsﬁﬁaF‘%’ B¢-u ‘P‘t‘lﬁgd&sﬁ?%’éo‘?tnﬁl-codes
10 i t i ti i to .t

Fanam o b S A GRS e of BB A TS s e
(&) cach 4EhEETA HEFalcs " O (f8l" Mp i B EROTEe Thammerps "™ ' °

| nterfer enggabelgueengt e, fespiARHIY SPnGAASEm argh el FBIPS SpLanshati on

interferences in paralle and cancel rstatior erences to
t her eby eSTéé‘l?ﬁﬁqn&déLeaﬁHQA ﬁiéﬁ%?ér(‘?sss*m N3 Y,a080L it £ 25 -8d QK blel
parallel. A seco group oOf interference cancellation stage estimtes, from

signal s frpmaich Th id¥cemitat! @3cuRbes firLRAAT abREsHi8CHf qarCakkRd by 20
the first group of interference cancellation stage, interstation

i nt er f er enigrérflefe ey atdielWrt in M fiultipgei fHdiageenthememel usi ve) | CUs,
cancels the interstation interferences to thereby estinmate signals sent
friimthe Mtransmitting stations in parallel) and outputs signals free from
the interstation interferences. A 2~ plurality of interference cancellation
st ages each haviloyetvies, thespropleup with thersestadninges fewss ceachoneeags and
second group of interference cancell ation stage are serially connected to
construct tha itp gappmt2gpxform  the estimafion and cancellation of
interference with two or more transmitting stations at the same
time. As a result, delay noticeably increases with an increase in
20 the number of transmitting stations or the number of stages.
Assuming thirty transmitting stations and five stages, then the
delay exceeds 450 symbols, ie., 150 x 3 (delay of about three
symbols for a delay cancelling unit) = 450 even in the ideal case.

Such an amount of delay is not practical. The delay time would

o
N

further increase if a delay time particular to a channel estimator

were taken into account.



hybrid interference cancelling unit. The interference cancellation stages
each estimates interstation interferences while the ICUs of the
interference cancell ation stage output the signals sent fsltgr’g tNhslg%ndi vi dual
transmtting stations. Also) in accordance with the pre tﬁn tion, a
channel estimator includes an interference cancelling circuit for
estimating signals sent fromthe transmtting stations fromthe received
signal s by use bér despmgrei, ngheodbslayestiart i v€l w coonespoiodialg cha el
spreadi ng codes respectively assigned to the transmtting stations. The

i nterferenctigeatosl Isi nyord rthuaint hedf iavalats (0 62y ghat 2onfdrnhes faaiemceTo
ascribable to interference between the spreadi ng codes and/ or interference
bet ween t heedieepr ¢hdi ndeloodesimand thaneellsas hbeent epsoposod i mt drfleridnces
contained jn the received 15 sjignals to thereby output an interference-free
signal . A u@ﬁﬁmeatq%gaapeﬂgrt(&@omlabess the qambinatios ghar pamlitler eby
out put denpdul ated signal s.. A tracki ng circuit (§e><1ecut es .synchronous,
tratking ol ICRECTRANGSs AN elichie BBt N8 HiYtaldelay thRAely &XeeasEve
tracking control over chi | ocks, to be used by.the 20 intgrferenc
cancel | I nglPHF 65 4N CopgPEecHesif By O 18 NE PORADTIRGE e Bof oS HHG
features of the present, invention.w,ll.becone r. pparent fromthe

consi der at’i%‘f‘?lee?f ﬁéﬁ}‘ tIcldt;\ﬁ’l nbsgﬁ aqt|aé1(§>n§~aagsﬁ)vl1§F?10ﬁ18ttoaigéﬂuipﬁ BdhiClinct i on
with the a i dy awi [ ich:.. 003 .FI 1.,.9$ .a bl ock
di agram sc%ﬁ%&%ﬁc@% Cﬁgds “o%eﬁg&a Bléli‘g lgetr}aetl }Z%rns gﬁgo@n@ﬁe‘"pﬁgg}hﬁ i

i nvention; S a c] i o] Lagr i N ecj fi

confi gurat?!g&nﬁoggg%ﬁHl C?{lﬁrllgrgg{e% ?E gﬁggﬁ%ﬁugﬁé%]‘%\fe %ﬁ%ggllqn%ncgj;lgﬁgcﬁ 3, 4
andy 5 are §z§t*i?f&%ttbfy Mmﬁgdhﬁ%ﬁﬂihéeﬁﬁ’ﬁ%éﬁ’%fﬁm N thieretor& thcond
and a third stage included in the HHC of FIG 2 FIGS. 6 and 7 are

schemati c @é]qzk atk dacasssé@spectively showwng a first ICU (Interference
Cancel l ation Units) group and a 10 second |1 CU group belonging to the first
stage of FIG 3; FIGS. 8 and 9 are schematic block diagrans respectively
showing a first 1CU group and a second | CU group belonging to the second
stage of FIG 4Assume that an ICS (Interference Canceller System) is used to

increase the subscriber capacity. Then, although demodulation
15 itself is guaranteed by the ICS, searchers arranged around the ICS
for acquiring synchronization and DLLs (Delay Lock Loops) for
executing synchronous tracking have their performance degraded
due to an increase in the number of users constantly holding
communication, i.e., an increase in interference. This is also true
20 with the receipt of an access channel; to insure accurate receipt, the
transmission power of an access channel must be greater than

conventional and aggravates interference.

SUMMARY OF THE INVENTION

| £S]
w

It is therefore an object of the present invention to provide a
receiving device for (DMA communication featuring an improved

interference cancelling ability and capable of reducing, even when

5



FIGS. 10 and 11 are schematic bl ock diagrans respectively 15 show ng a
first 1CU group and a second | CU group belonging to the third stage of FIG
5, FIGS. 12 and 13 are schematic bl ock diagranms respectivelygshonig
searcher blocks included in the HHC of FIG 2 and assigned to the first ICU
group and second I CU group; 20 FIG 14 is a schematic bl ock di agram show ng
a CPU (Central Processing Unit) also included in the HHC of FIG 2 for

control | i tlget Babfsicrdtet ocdhacidy stisgancanaseskartbieer d btexdbsatibhGCo L5t lpgnd 16
are schematic bl ock diagranms respectively show ng searcher bl ocks

r espect i vabylitissi ghieLLs, tdearichess and 2%csesocidan el granepseans/iehobt bei ng
constructed to cope with three nultipaths; 8 0 3 JAN 2003 FIG 17 is a

bl ock di agggrawdhegratdceapt ydelagwi ng a specific configuration of one of |CUs
shown in FIGS. 6-1 1, FIG 18 is a schematic block diagram show ng a

speci fi ¢ confi furagdosd agiceoneithf the mjeaseditr buy e stipAclaudedeivintghd evdes of

FIG 17; ? FI %g is a schematic bl oc¢ck di agram show ng.a specifi.c,

coffi gura %@M coseMy Bicadion dncly e aacely ingecireibiop  xgeeiying g 20

ncl uded PIETHS HRcIPA SERCuroTD & BTy BF dfabSRKeRE Roarans: ho er

schemt i ¢ BPHERY APRAP AR BRIV o BBATT 1 chcliFFT obt afP oRf ol e FEERREdai ng

o L o B S Metes el ot e ARl RuRigaRe™ ¢

L) L) ShuAERCEE, e JELOEA" Spbfic E Wik SgBRERRTECBRBEY |

thg | QU okoFt &pdifdidd Go 29pt SadiE NEGRES CrOLPeki P ROT AT Y N agppecific
transmitting stations. The first group of interference cancellation
stage includes N (integer greater than 2 inclusive) interference
cancelling units (ICUs) each for estimating an interstation
interference ascribable to interference between the despreading

15 codes, and estimates interstation interferences in parallel, and
cancels the interstation interferences to thereby estimate the
signals sent from the N transmitting stations in parallel. A second
group of interference cancellation stage estimates, from signals
from which the interstation interferences have been cancelled by

20 the first group of interference cancellation stage, interstation
interferences in parallel with M (integer greater than 2 inclusive)
IQUs, cancels the interstation interferences to thereby estimate
signals sent from the M transmitting stations in parallel, and

outputs signals free from the interstation interferences. A

8]
(9]

plurality of interference cancellation stages each having the first
group of interference cancellation stage and second group of

interference cancellation stage are serially connected to construct a

6



20 configuration of a second channel nultiplier included in the ICU of FIG
17 ; FIG 26 is a schematic bl ock diagram showi ng a correlator included in
the finger circuit of FIG 18; FIG 27 is a schematic bl 0(F:d< di;}gr@g show ng
a channel 25 estimator included in the finger circuit of & 2 1G 28 is
a schematic bl ock di agram showi ng a subtracting section included in the
respreading and filter circuit of FIG 22; 9 ~ 3 JAN Z003 FIG 29 is a
schematic gb’@dkd dindgr Eanesroenicag callineg pi eidi nghsdotedierencieudad cetat fom
circuit of FIG 22; FIG, 30 shows a format of a signal received from
transmtti AR EASacRehsesBIRtes Btedshpronr i tey fereneassovbile dheal Wadofy
assigned to the channel estimgtor; FIG 32 shows a relation between a

Doppl er i nH% IRFK IS RARE GaGalftionsdaget ouiRheke signalnissadwiromether| G
33 shows a, r(gll a#}i qn bet ween a wi ndow size and a 10 required Eb/No error
parti cul ar RYVIHRALEANSNEENEI S QPSS 1 espectivel y show system capacities
determned with two groups and three groups defined in the HHC FIG 36 is
a schematic bl ock di agram showi ng t he connection of user #1 to user #k

bl ock di agr am SRbtPnd! anceRaANE O8O Bt Resse Pyt IEnaTeRert SHGRRE! on:
FIG 38 iSe@ti?r?@ﬁffafricﬁuﬁle?cgndfnalg?m&p&wcﬂﬂcgﬂ%Qecrircuit for estimating
signals sent from the transmitting stations from the received signals
by use of despreading codes respectively corresponding to
10 spreading codes respectively assigned to the transmitting stations.
The interference cancelling circuit estimates interstation
interferences ascribable to interference between the spreading
codes and/or interference between the despreading codes, and
cancels the interstation interferences contained in the received
I5 signals to thereby output an interference-free signal. A
demodulating circuit demodulates the received signals to thereby
output demodulated signals. A tracking circuit executes
synchronous tracking on the basis of the demodulated signals to
thereby execute tracking control over chip clocks to be used by the

20 interference cancelling circuit.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects and features of the present invention will become

more apparent from the consideration of the following detailed

Q9]
(9]

description taken in conjunction with the accompanying drawings in

which:



alternative enbodi ment of the present invention; FIG 39 is a schematic

bl ock.di agram showi ng a further 20 alternative enbodi nent of the present
invention; FIG 40 shows the connection of the HC to an access channel
receiver; FIG 41 shows the path acquisition probability 813 dANegagcher not
acconpanied by an HC, a n d 25 FIGS. 42 and 43 show the path acquisition
probabilities of a searcher determned with an H C having three stages and
an H C having fFMe kiagebloakedpegtimetgheh@ticatybsi AN ia@03 HEICRE HFIbON OF
THE PREFERRED EMBODI MENTS Referring to FIG 1 of the draw ngs, a receiving
devi ce foremmbodycogmthe pacsent dénbvedyiary t he present invention is shown 5
and inplenented as a base station. The base station, generally 2, includes
an antenna 4. AISHMVE sisgnal seireamtiagbilock hdiagramhshaw brgaad ipediéid to an
RFU (Radi o Frequency Unjit) or high frequency unit 6. The RFU 6 denodul at es

the recei venidgurioRrobal Hieirendsdt putthe ail Bisesivgl emdiediment;The
baseband si gnal 10 is fe romthe RFU 6 ¢ n anal og-to-digital
comverter (A D)F@'Tﬁe 4A/a|§cg éi%ﬁq iS£§§%@0b‘a§\§§aﬂdagr@m IBSP&GH ed¥ds t he
resulting digital signal to an HC 12 .a,received si,gnal 10. The
H o 12 canthiyife S Pole ac o EBndarndcn thifh e R ee MR OZ G b the Tl Pt
and esti n‘alt;@% ?,nd outputs a plurality of users' synbols 14. 15 FIG 2 shows
a specific configuration of the HHC 12. As shown, the HI C 12 has three

erially connec a 1 4 f i es the

Eselrs' }s/ynbol S &L@%ws%h%rriﬁlt%saég %&g&ﬁ&@ ggé%]?f figmhgt ﬁggpgiﬁ"%ﬂ aée 16
¢ LAl O . : . . . i thth

ocei ved i TR OieE EUEEH @ ERRSTCRIIAR, ORI BT M "a, o

I , eXeCydRpdsi . j CFi$d10 fat resul tin ignals in

o%ézr t)c() esti rrgfgetnﬁ lﬁ%wgtgﬂmgﬁggr@@ gliéntbgﬁagblg,fngﬁd 3f’zgdsl t%eslsgnbolssI

18 to the secorgGS.age A0d W tdret hehsdiRtieOBbEr did dhAS tBepkitiiie1$5

stage 16, the second stage 20 estinates the individual users'
showing a first ICU group and a second ICU group belonging to the
second stage of FIG. 4;

FIGS. 10 and 11 are schematic block diagrams respectively

15 showing a first IQU group and a second IQU group belonging to the
third stage of FIG. 5;

FIGS. 12 and 13 are schematic block diagrams respectively
showing searcher blocks included in the HIC of FIG 2 and assigned
to the first ICU group and second ICU group;

20 FIG 14 is a schematic block diagram showing a (PU (Central
Processing Unit) also included in the HIC of FIG. 2 for controlling the
first to third stages and searcher blocks;

FIGS. 15 and 16 are schematic block diagrams respectively
showing searcher blocks respectively assigned to the first and

25 second IQU groups and each being constructed to cope with three

multipaths;



synbols 22 and feeds themto the third stage 24. The third stage 24
estimates the individual users' synbols 14 and outputs them 11 0 3 JAN
20U3 with the sane configuration as the first and second stages 16 and 20.
Wil e three consecutive stages 16, 20 and 24 are shown 03 5ANI 2003 2) the
crux is that two or nore stages be included in the HC 12. However, the
nunmber of stages should not be excessively great fromthe del ay standpoint.

FIG 3 shows a $pexilf1 ciscanbleglt atia@mai gmlﬁhtﬁmzt 3pewin glQ ispelcided in
the HHC 12. In the illustrative enbodinment, the HHC 12 is assuned to

recei ve sicgndigurhtiom @ifghie wfelUs shawamih tFIGH. -dtli;ons and to cancel
interference by dividing theminto two groups. As shown, the first stage 16
is made up of &I r¥8 liCUagrschpnoaticntdotier dicgr amnodldw hgg uai tsp2@ifiod a
second ICU group or 1 Sinterference cancelling unit 30. The first |ICU
group 26 gemfigitratioa ofntd ofefphgem cimuisadhclodetdoin the fGUAT-BUGITDmM t he
recei ved signal Rx Data 10 and renoves the synbol replicas fromthe signal
RxSdata 10. ThildGpkPatison wichempaticettdpeled diageami rthervgineg i an sipricéfiter ence
cancel l ation hereinafter. The resulting, residual signal 20 28 output from

the first cpe@@r@uﬁnz@fi%dgﬁtﬁlp@dcitrguittﬂ@cg@@%dim the d--dlpf 39G. tWs second
Fomove them f ¢ ST A SUGHH D G ST BRLFOSHIRR b i ANBF dy QoBIRR CHr e
Cont | gur at PRECHOM b BAGAATE a5 eIos ERy ity OF HGk 155, 1 espect i vel y. As
shown in FIG 41399 $RE¥Vnd% a limiter included in the decision of FIG, 19
10 limits an output;
FIG 22 is a schematic block diagram showing a specific
configuration of a respreading and filter circuit included in the ICQU
of FIG. 17;
FIG 23 is a schematic block diagram showing a specific
15 configuration of a first channel multiplier included in the ICU of FIG
17,
FIG. 24 is a schematic block diagram showing a specific
configuration of a multipath adder included in the ICU of FIG. 17,
FIG. 25 is a schematic block diagram showing a specific
20 configuration of a second channel multiplier included in the ICU of
FIG.17;
FIG. 26 is a schematic block diagram showing a correlator
included in the finger circuit of FIG. 18;
FIG. 27 is a schematic block diagram showing a channel
25 estimator included in the finger circuit of FIG. 18;

FIG 28 is a schematic block diagram showing a subtracting

section included in the respreading and filter circuit of FIG. 22;
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0 3 JAN 20p3 stage 20 has a first ICU group 32 and a second | CU group 36.
The first 1CU group 32 generates synbol replicas for the users #1-#4 out of
the residual signal 1 8 fed thereto fromthe second I CU gt oup 30 of the
first stage 16, renoves themfromthe received signal, a 35JAR008ers the
resulting residual signal 34 to the second | CU group 36. The second | CU
group 36 operates in the sane manner as the first | CU group 32 except that
it deals with tH& Beris #5setmadicobipekt <diagresi dbedw ii gnalredpreAdihguwn in
FIG5, the third stage 24 has a first 1CU group 38 and a second | CU group
42. The fisestioanihadudeddin tihe |dtrujt oofpEIB822nd 42 are respectively assigned
to the users #1-#4 and users #5-#8 and output residual signals 40 and 14 in
the sane mannerfI4s 3thehapes @ faausasofangisn sl reweiledhér eonti ausntittong shown
in FIGS. 2-5, it is possible to 15 construct a H C of nultiuser type

capabl e ofStgHe&Sat i ng user-byuser symbol replicas and renoving themfrom a
recei ved signal_and of nultistage type capable of repeating denodul ati on a
number of timaf.lar% lodganoasiT 3teSsth hanayem e mt ohed Foiisbewt posigaesyde each
needs a se rcgi?r aqd DLL conbi nation for synchronous tracking 20 although
not shown PR ERAECIOCEUMMIH \an arrangement will be described in detail

| at | it ifi t ti d ti. f ot
T st ract ve eIGHEZeARoN & R dR Lo FOBBIEh iged and. s Rpke

d taq.he: i ght - , - ad. th - st H C and d
?zsggeof ﬁrﬁ?g‘.1’32le‘%%a‘%:ﬂg‘nﬁl:?fegtaéév%)§‘gé?8§s%2?% ecrjegbgvggeSpeci ?incaﬁs;s/tme
th | CUs , i f oy | gt i
13 %0 5 Thn oS J IR IC, Tela DR My bonCa° iy iGOW LI IPT BT

tqtpl are ﬂgﬁﬁﬁﬂt lIFg/IrN@iegp(gr Ft?ﬁ:iﬁ-ulﬂ_lheto' {fids (pesi gned to each four users are

connected in para as a single group. That I's, the ei ght users are
divided into tvggy oump yndouss, Pé'!ﬁ)éd%?vélgouﬁﬁowe s3RteA | YCaﬁ)chqf‘i@@Ct ed
to each other.. Two groups at each stage and thereforé six groups at three

consecut i detetm@esd andtls efwal drisuponaed tiddee TheouPsCdtPined dangiler BIRd such
that searchers acquire synchronization while DLLs execute synchronous

tracki ng, ther &iyG Gtisad |schenh b tigeb ockndlin i phohdnlgCllse ddéhiReédoance
will be made to FIGS. 6-14 for describing the HHC 12 in detail. In the H C
12 to be desesdrbéd, t@ausengdile seataliqrat ket sipafmuimdtial aryridte cadkatiam;
sinplicity of description. FIG 6 shows the first 1CU group 26 of the first
stldge 26. The IKG.gFbup 26sdhemntic blodsidiagram sharvein g yaoe altemsidvei ng a
residual signal left after cancellation_ and estinated received synbols
(Present Cunhpdimenheohdhe presgdt BYy/ amaenan esti mated signal output from

t he previous st d an estinated si | to,be fed tgo the next stage

exi st toget her Pﬁ%e%&n ICU2ast Eé“tcoglénlaoﬁgrt?ilﬂﬂré‘lmu ) WiThg raé’c,cgﬁ‘\‘?gd 20
signal is first fed to,the first_l roup,of the.first stage 16. |CUs

bel ongi ng HEEHREIVE r&pbdp nﬁf‘&uﬁffgge&ﬁﬁeﬁérﬂb‘fwl%r rel ation detection and

especti ve user O ddeiod SR Aty tHe-EorkaeriBh SrovaRE & ofiisherne
r%ﬂ ting flit&r?laaltive embodiment of the present invention;
FIG. 40 shows the connection of the HIC to an access channel
receiver;
FIG. 41 shows the path acquisition probability of a searcher

not accompanied by an HIC;and

¢S]
h

FIGS. 42 and 43 show the path acquisition probabilities of a
searcher determined with an HIC having three stages and an HIC

having five stages, respectively.

10



In FIG 6) when the received signal Rx Data 10 is fed to the |ICUs of the
first 1CU group 26, the | CUs each executes correlation 14 0 3 JAN 2~3
detection and nmaxi rumrati o conbi nati on based on Rake rece‘%tJAt!ithQ hen
estimates the received synbol of the associated user by signal correction
and decision. The |1 CU again nodul ates the estimted synbol by respreadi ng
it and then outputs it as an interference estimate. Such user-by-user
estimated synbols are fed to the user I1CUs of the next stage together with
channel estinmates respectively associated with the estimated synbols. The

i nt er f er end2ESSRIPHIN Qff Tty PRIFFEERRETS EMIBORMENTSe same group are added
together, and the resulting sumis subtracted fromthe 10 original received
signal as the i RedefEingnde ELG; natef dhet Heapiings, gr deseivinghatabicec fatel
interference, The timng is, of course, adjusted such that data appearing
at the samCHVAe comibaicatign e mIqEHEE t#ﬁepéﬁ%‘l InvEMLig cts shewn
interference has heen renpved is input tot second | CJ group 30 of the
(5t ot ag@ndISPRIET LT AT & BASE ShAtish o oS A enstaiphe 884784 Fon) -
EEECK, | (i) u i N - Tk,

o U e Ciaed ang dnerh ' 1 0% CORKA' degaf O, dowt s iRofhrstagn g€
d h f. ls ful i 1. K . f

dsers. L aoRSPRRE, i EPe Jondln TREVEIRAA® Fu altSRaL Pra BhnBrens ¢ ne
ot el ahedbBnRs Uil " Nfh b1 REEYBOMEm i e (e GEBEHAR AiEHATIRR" 1O

openi ng eac only once w en ransmssion t
denotes a f ! SBRhgN t hqs R, pAEk(i)
denot es th?ﬂf@%g@%ﬁgﬁmsﬁ Q)t%g Kt dzgg%}ﬂ g?h) qﬁgﬂ%%%@@%ﬁ?ggiﬁﬁ%fﬁ
dengt es a i MieqUify ORE-thR REWNE- t& U Nifalolgktol Figi@R’ €580E Aldrv g ATDR gdel ay
particular to the kth user and /th path.

The A/D 8 digitizes the baseband signal BB and feeds the resulting

digital signal to an HIC12 as a received signal Rx Data 10. The HIC
12 cancels interference contained in the received signal Rx Data 10,
and estimates and outputs a plurality of users' symbols 14,
15
FIG 2 shows a specific configuration of the HIC12. As shown,
the HIC 12 has three serially connected stages 16, 20 and 24 by
way of example and estimates the users' symbols 14 with multiuser
type ICS. Specifically, the first stage 16 performs correlation
20 detection and maximum ratio combination with the received signal
Rx Data 10 by use of Rake receipt circuits built in its 1(Us, executes
signal correction and decision with the resulting signals in order to
estimate the individual users' symbols 18, and feeds the symbols
18 to the second stage 20. With the same configuration as the first
25 stage 16, the second stage 20 estimates the individual users’
symbols 22 and feeds them to the third stage 24. The third stage

24 estimates the individual users' symbols 14 and outputs them

11



5 The ith data synbol of the kth user belonging to the first ICU group 26
of the first stage 16 has a correlation value produced by: y 1,1,1;(1) =
SkH(1)r(1) 10 Eq. ( 3 ) As for the kth user belonging to ﬂrﬂaJﬁNrWICU

group 26 of the first stage 16, the (corrected) interference estinmate of
the nth chip is expressed as: 15 Ol ,I,k(n) =~fX(yl,I,k(1k,1))Sk(n -

"~k I ~k, I (I'k, 1)~ 1=1 toL Eq. (4) Wnere fx(.) denotes a function of

correct i onwatll thecksinm Cozglgﬂksrtftmfbntchsathsrﬁwsl @u dgiseapn A6s tafgetshé 6f iamsk
stage 16, the (corrected) interference estimates of the nth chip within the

group are %pven by: ~11,1(n) _ ~~I 1,1, k(n) k =1top 1 Eq (5 25 where pl
may be represented by the user nunber in the first ICU group 26. ' 16 03
JAN 2003 An error signal, i.e., residual signal at the nth chip input to
the 5

While three consecutive stages 16, 20 and 24 are shown in
5 FIG 2, the crux is that two or more stages be included in the HIC12.
However, the number of stages should not be excessively great

from the delay standpoint.

FIG 3 shows a specific configuration of the first stage 16

10 included in the HIC12. In the illustrative embodiment, the HIC 12
is assumed to receive signals from eight users' transmitting stations

and to cancel interference by dividing them into two groups. As

shown, the first stage 16 is made up of a first IQU group or
interference cancelling unit 26 and a second ICQU group or

15 interference cancelling unit 30. The first ICU group 26 generates a
symbol replica for each of four users #1-#4 from the received

signal Rx Data 10 and removes the symbol replicas from the signal

Rx data 10. This operation will be referred to as interstation
interference cancellation hereinafter. The resulting residual signal

20 28 output from the first IQU group 26 is applied to the second ICU
group 30. The second I(U group 30 generates symbol replicas for

the other four users #5-#8 and remove them from the received

signal Rx data 10, thereby outputting the residual signal or users'

symbols 18.

FIGS. 4 and 5 show the configurations of the second stage 20

and third stage 24, respectively. As shown in FIG 4, the second

12



second I CU group 30 of the first stage 16 is expressed as:

el, z(

n) =r(n)

~11,1(n) Eq. ( G) 10 In this manner, the ith data of the kth user

bel onging to the gth group of the mth stage has a correl
Qquﬂrz aAs for

produced by: Ymg, k(i) = SkH(1)em ?, k(~) +fx(yml,s,k(i))
the kth user belonging to the gth group of the nth 15 stage,

t he

(corrected) interference estimates at the pith chip are expressed as:

m e, k(n) =thBX(3IGKal Krbd 1OUXgNoMp, 12 klrldk al33dokd M CU “griodlp-B.6.(Iknb) 1

Dl

l1tolL Eg. ( 8) 20 The total (corrected) interference estinate at the nth
chip of trfmsthGUggnmppoMtgnenmadesssygeboh1ppd>1duseﬁbrbtlchh§1ers~(#1]) #4

=EDIm ~, k(n) k =1 to

as: 17 0 3 JAN 2003

Eq. (9) 2~ An error signal or residual
i nput to tdet af mhcmqmbﬁai lsegwadll Bhfegh obprofo fiemi the sesoadel O gxgupssed

si gnal

30 of the first stage 16, removes them from the received signal, and

5 delivers the resulting residual signal 34 to the second ICQU group 36.

The second IQUJ group 36 operates in the same manner as the first

[QJ group 32 except that it deals with the users #5-#8 and outputs

a residual signal 22. A shown in FIG 5, the third stage 24 has a

first IQU group 38 and a second IQU group 42. The first and second

10 IQU groups 38 and 42 are respectively assigned to the users #1-#4

and users #5-#8 and output residual signals 40 and 14 in the same

manner as the above ICUs 32 and 36.

With the configurations shown in FIGS. 2-5, it is possible to

15 construct a HIC of multiuser type capable of generating user-by-

user symbol replicas and removing them from a received signal and

of multistage type capable of repeating demodulation a number of

times. In practice, I(Us included in the consecutive stages each

needs a searcher and DLL combination for synchronous tracking

20 although not shown in FIGS. 2-5. Such an arrangement will be

described in detail later along with the specific construction and

operation of the illustrative embodiment.

In the following description, the HIC 12 is assumed to be an

QO]
N

eight-user, two-group and three-stage HIC and assumed to be of

multiuser and multistage type, as stated above. Specifically, three

ICQUs, one at each stage, are assigned to each user for demodulation

13



e~",g+t.() = en,,g(n) - Din,,b(n) Ed. ( 10) Specifically) as shown in FIG
6, a user #1 ICU 31 receives the received signal Rx Data 10 and a chip
clock 43 output fromits associated DLL for effecting synghronous tracking.
The I CU 31 perforns Rake receipt, signal correction and d&@i JAN 12003
respreadi ng and channel reproduction with a signal sent fromthe user #1
and thereby generates replica data (1/Q 44. The replica data (1/Q 44 is

fed from thed lifkk Bk red cane addeatios  ao ehAeaadiveg Mfauwel OBy rinheprall@rthe | CU
31 generates a signal Present dat (I/ Q 45 subjected to correction and

deci si on gk sam tefdri sbdled useeei vathesYAUe! af¥igaedt tdlatath( F6G} déemanikkcul ar
to the user #1 and to be fed to the next stage. 15 A user #2 ICU 33 is

i denti cal domrogeedtinopanaileltaliea udegletErodp. 3Thaxcaptthehaighitt useceiares a
chip clock 48 together with the received signal Rx Data 10, generates
replica datixidedQinBD fpuot igcohips thy t fensseand2 theegdsuipise adat seridlly SO to
the adder 68 in the formof a negative value, and outputs a signal Present
datd (1/Q xmmctedbjecash pohenr r dov pogr cipls déctatlorstagewend dsemafore
estinmated recei ved synbol Present datl (I1/Q 52 particular to the user #2
and to be SBrErQUPS A6 thaRe spagecunivigsgtages pee g islyarenneaeat.i cBhein
operation wth the user #1 | 31 except that it receives a chip clock 54

t oget her vﬁ“% lt%ésr‘é%bﬁt\‘iéét%‘i?ugfd-h? Fbb atas gaTd e T§ehed Wirds YR chapniizatigat a
(1/Q 56 partjcu to the user #3 feeds the data (]/ 56 to the adder 68
1 Che f oriste aDRLsate RS (o MO put i e 3D ePE BForROMEOTHNED | 57
subj ect ed 1J,o corre(iti ﬁﬁ angpdegih@i on as , 18 0 3 JAN 2003 well as an

esti mat ed TREESVEY §9 of! PPEs S-dat | (I/Q 58 particular to the user #3
angyto be sent to the next stage. Further, a user #4 |1CU 37 operates in the
same manner as the user #1 ICU 31 except that it receives a chip clock 60

t th ith t ' i i 0 . i
(17062 parti dUTeFEfSL i hE #fle o ERGS, 82440880 R SR iR M, o
in the formqf, gepsgat (Nl WeC I?Z‘QOOHEPS'{:fmg!S)EUg%a'si_%lgs?ﬁ‘ﬁlt?'@h}('ig Q 63

subj ected to correction and decision as we an estimated recelve

synmbol Presamtmeatfor(iH&kakt BASIMPIIALy (of dd&rigaion?4 AT ¢ ehbw $¢AE tO
the 10 next stage. A buffer 39 stores t'he received signal Rx Data 10 for a

I
monment . Wﬁflstalmgﬁompp%cafdai@ fitdtQtabt 24, PheahQUb2raup 26did rgdm t he
| CUs 31, 33, 35 and 37, respectively, to the adder 68, the 15 buffer 39
rdads out tesédueteiraedfer gnapeRtrbatferiingnad fresdduial tignidle lafidesfted as a
recei ved signal 66. The adder 68 subtracts the replica data (1/Q 44, 50,
56 and 62 damouallatéon exed veestimiagadl rééeciaed deim belss (Phesemrs iatiangta ¢bedual
signal 28 to the second I CU group 30 of the first stage 16. The circuitry
constitutimext Keager 80 (s gmo@stnoaredi sigaddt ewip el fispma dentpr@viougnal * 69
input thereto via a bus 317. FI.G .7 shows th? configuration of the second
| CU group H086f aide aly et Badgd se2nal det el fedstq Nexfustagesesisd

respectively assighed t sers #5-#8) and .each execut Rake r.ecei pt,
Gonal b ideeiBer Bneant oLl SRSIEne ook RATIRATAr Scar vad Symreved ¥

pazrdi cul arsitg?laﬁ qg t?rssstofeicflttgdthues?{fstapala %iuri) %?Ctlﬂleatfﬁsstts@gggsi Brratl%ssynbol
belonging to the first ICU group 16 each performs correlation
detection and maximum ratio combination based on Rake receipt
and estimates the respective user's received symbol by the

correction and decision on the resulting signal.

(8]
¥4

In FIG 6, when the received signal Rx Data 10 is fed to the

IQUs of the first IQU group 26, the IQUs each executes correlation

14



by respreading in order to produce an interference estimate. The 1.9 03
JAN 2003 interference estinmates produced by the I CU group 30 are added up
and then subtracted fromthe signal input to the I CJ groupg3),JAN. @03 the
residual signal 28 output fromthe first 1CU group 26. The user-by-user
estimated received synbols and their channel 5 estinmates are also fed to
two | CU groups of the second stage. Specifically, in the second | CU group

30, a usergetdclich mdre&@xﬁﬁ%lﬁ heatﬁ@sm%lmatmalba?s%daw, éRﬁm prefdet?ﬁk 80

for synchronous tracking. CU 70 executes Rake receipt) signal

correcti onnndhdl €aGinsdteR, tlﬁ@&w&adbﬂgsﬁﬂﬁb&héﬂr!ﬁb h@pééiqwealegleww the
signal sent froma user #5 and thereby generates replica data (1/Q '82. The

replica daign8R dogréedohr amd hdelc@ion0 t Than bOUeragh@h asodulgosy i viee val ue.
Further, the I1CU 70 generates a signal Present dat (I/Q) 83 subjected to
correcti orsaimatedi sy mband yanr esyiriemtiag iecendedhdh synpalts Piesantagat |
(I1/Q 84 particular to the user #5 and to be fed to the next stage. A user
#6 51 CU 72 inseifdeanceat stim atper abu on wiaih biyher seser stitn A@d 70 evbosdpt atbat it
receives a chip clock 86 together with the 20 residual signal 28) generates
replica dded (tO/Q)e8aSQarﬂCglsl af thet mexisstags, togethen hwithat chdnh@l 88 to
the adder 106 in the formof a negative value, and outputs a signal Present
dat (1/Q cs9irsabeeewRicetdveby raéépptmednwﬁaaéhg oftigsatesl syazsbals.esthemt ed
recei ved synbol Present  datl é?) 90 parti cuI ar .to the user #6 and to be
sent to tABLS eﬁ@swesq%t@@atﬁsu% our nberyhe §n.ga@at'iq:aﬂhe. A2BPeriqHh wit h
the user #5 IC;}J a exce t hat e"ih recei es a Chlﬁ) k 92 ‘%ofg_et her, with
the resi ddde afgRdt nei eréﬁﬂl 30 g By 0 Jaﬁéﬁ Omrthe the

2d0n or 2 e 3@6”%%57 SiEitbaspUne H@ﬁjﬁﬁ@?é‘%&eﬁﬁ % Wi e oGt "

Symhor o dionp 8B FAeRy "6t EEL IhEi B ehBe: naThECH TR ot LR (o

the S ”exgﬁyg%’d sAlc Sﬁ%%f%iatt é@eﬁ} PecrhaetE tg@ toggfq]é?i@”% ifgs the

user #5 | excep |ves Chl p c er wth the

resi dual, ogBmhe?S PRACTALARIT ERbnCandALe (th]/eQ)mlJ%QQ;aaé&eecuha@ tipd e user

#8, feeds the data ( to the adder 106 in t orm of a negative

val ue) andegitld -'iselngugrt@l tHY 88€dhd dHIU]ngﬁb/le&ittfdJlﬂr%GtsQﬁgbo correction
and decision as well as an estimated recelved synbol Present datl (1/Q 102

pdryicular to the user #8 and to be sent to the next stage.

The received signal Rx Data 10 may be expressed as:

(n) = ZLEG (Dun - iN -1, 1)Sk(n-1x,1)dk(d) +z(n)

i=0toP,k=1toK,I=1toLL Eq. (1)
20 u(n) =1 0 <n <N
=0 otherwise Eq. (2)

where P denotes the number of symbols fully transmitted, K

denotes the number of users, L denotes number of paths, and G (i)

25 denotes the channel of the kth user and /th path for the ith symbol.
Also, u(n) denotes a function for opening each symbol only once

within the entire transmission time, Sk denotes a spreading code
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A buffer 78 stores the residual signal 28 for a nonent. 15 Wen all the
replica data (1/Q 82, 88, 94 and 100 are fed fromthe ICUs 70, 72, 74 and
76) respectively, to the adder 106, the buffer 78 reads out {$ejANespFual
signal 28 and feeds it to the adder 106 as a residual signal 104. The adder
106 subtracts the replica data (1/Q 82, 88, 94 and 100 fromthe received
signal 104 and delivers 20 the resulting residual signal 18 to the first
group | CUss32oiwéd teketisechrtd @éeﬁg%kq}w@dt@w tHe ielnpd dat YiiB ol i slggond

| CU group is controlled by a control signal 107 input thefeto via the bus
317. FIG &tthawer{ henf)i dshotdd) rwioepadd of dehetsecond inidgan20nien cRip
detail. As shown, the second |ICU stage 32 has substantially the sane

conf i gur attilgye.adth IdPerates i$ mepiipse avittive 1of a i[delasnparaonkar b thieekthr st

| CU group 26 of the first stage 16. The residual signal 21 0 3 JAN 2003
or error gisgnatnd dtluipathg frominterference cancellation effected by the
two consecutive I CU groups of the first stage is input to the first ICU
group 32 of the second stage 20. lii the first | CU group of the second
stage, each I CJ adds the correlation detection value, of the error signal
and the esti matlte sihydata; sipard alrefvthad thi nser dredga gin aderthy ffrusmqle(rﬁso as
to effect naxin3n1r€tio conbi nati on, executes signal correction and

deci si on o¥FOURe 2peglithe firsti gaae , ladast acosmlaEen valus pieducedeibied synbol
of the associated user at the second stage. 10 Specifically, each ICU again
nodul ates a difference between the estimted signal output fromthe

previ ous stage .and t:he_ eugs:enty signal by respreadi ng tputs the
nodul at ed si gn N'&§&Zﬁ'?htg§ﬂé?ence esti mate. Cbrrectggﬂég§r-by-user

iqf rence estimates | 5 output fromthe first ICU group 32 are added up
within the group. The sumof the interference estimates is subtracted from

the signal TnPULs s LG, KbE Stsdt Billon bin: 1o e BELOY OB 864 pro6Ube LY 11 om

the interference cancellation € he first sta he” est I nat ed
recei ved h e [ ; j i t n to
Fhe | QU o Re B e P e Y I L T 508 gone
interferenge6aesedd ajd.on is input to the second I CU group 36 of the second
stage. More specifically, as shown in FIG 8, a user #l ICU 110 25 receives
the residual signal 18 and the chip clock 43 for synchronous tracking.
Further, the ICU 110 receives the signal Present dat (1/Q 45 subjected to
cdry ecti on and Ltl]elci,s(lﬁn=aﬁf?¢(h’e,l,k(Bal)%Sb(IB -JBNEe0Bkp).evi ous stage as
Previous data (1/Q 45) and receives the user #1 estimated received synbol
Present datl (1/Q 46 outlpul torbm t he previ ous stage &% .Fdevi ous dat al

(1/Q 46. The ICU 110 generates replica data (1/Q 124 particular to the
user #1 and feeds it to an 5 adder 148 in the formof a negative val ue.
Further, the 1CU 110 generates a signal Present dat (I1/Q 125 subjected to
correct i onwhaEe dedisdeiPtanda dnnedi o et €Qrressian, édds geaiIopr esent datl (1/Q
126 particular to the user #1 and to be fed to the next stage.

20 As for the first IQJ group 26 of the first stage 16, the
(corrected) interference estimates of the nth chip within the group

are given by:
Aly 1(n) =ZAly,1,k(n) k=1topl Eq. (5)

where pl may be represented by the user number in the first IQU

group 26.
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10 A user #2 I1CU 112 receives the residual signal 18 and the chip clock 43
for synchronous tracking. Further) the ICU 112 receives the signal Present
dat (1/Q 51 subjected to correction and decision at the predibuydNs08ye as
Previous data (1/Q 51, and receives the user #2 estimted received synbol
Present datl (1/Q 52 output 15 fromthe previous stage as Previ ous dat al
(1/Q52. The ICU 1 12 generates replica data (I1/Q 130 particular to the
user #2 and feeds it to the adder 148 in the formof a negative val ue.
Further) the ICU 1 12 generates a signal Present dat (1/Q 131 subjected to
correction and decesionsindalhi.cestdsiuad sigcel vedhsynthoth iy éspat t30iat |
(I1/Q 132 particular to the user #2 and to be fed to the next stage. A user
#31 CU 114 setatehtliCdAlgronp operaf thenditsh sthge uldens £xpessed0 asxceptt hat it
receives the chip clock 54together with the25 residual signal 18) receives
the signal Presentdat (I1/ Q 57 asPrevious data (1/Q 57, andreceives the
Stage as 25 05BI9PN2003 PALV IR data (11O 56. Thed«Ae 10U Ti4
st age as ' i ata : er,

generates replica data (1/Q 136 particular to the user #3, feeds the data
(1/Q 136 to the adder 148 in the formof a negative value, and outputs a
signal Present dat (.I/ 137 sybjected to corregtion ang eci sion as well
as an esti nat ed Pe’t!’é?\}%%otl%43r’@béfﬁtadaflt[‘el B ysgd &??W‘%lﬂ%artot@et he
oo o s 0B RSB BL P A B3R oo B et ves
the chip clock 60 together with the residual signal 18) receives the signal
Present dat (1/Q 63 as Previous data (1/Q 10 63, and receives the

b evi ous st age S8 EERPobe Ahtn e Dy PE AR IR, TOB Y generat es
replica data (1/Q 142 particular to the user ;#4, feeds the data (1/Q 142
to the adder 148 in the formof a negative value) and outputs a signal

Present dat (1/@l4g suby qniedskt WRISARNPE o0 angiflegiciProRsngell ps an

estimated received synbol Present datl 144 particular to the user #4

and to be geage ! ohéh@diesttsd panteAfdreinfcer edlin stey e the hehi oWy stgnal
18 for' a nmonment. 20 When all the replica data (1/Q 124, 130) 136 and 142

are fed frerpréssedClds; 1 10, 1 12, 1 14 and 1 16, respectively, to the adder
148) the buffer 1 1 8 reads out the residual signal 18 and feeds it to the
adllér 148 as a residual signal |46. The adder |48 subtracts the replica
data (1/Q 124) 130, 136 an{g 142 fromthe residual signal 146 and 2>
delivers the re&lhgd§)ras{dsbymaidhal) 34 to the second group of |CUs 36 of
the second stage. The circuitry constituti the fir gr.oup of 24 03
JAN 20p3 I CUs 32 is controll éd%wmal@é&il‘ﬂ(r]a?}%i(ﬁn'afck»ll ,ilébdﬁ) thereto via

the bus 317. FIG 9 shows the feclorgd ﬂCU group 36 of tf}seq s(eégond stage 20
=1 to .

20 The total (corrected) interference estimate at the nth chip of

the gth group of the mth stage is produced by

25 An error signal or residual signal input to the nth chip of the

g+Ith group of the mth stage is expressed as:
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5in detail. Briefly) the second ICU group 36, like the first 1CU group 32,
estimate user-by-user received synbols, again nodul ate differences between
the estimated synbols and the synbols estimated at the previ ods dAgai3by
respreadi ng, and thereby outputs corrected interference estimtes. The
corrected 10 interferences are added up in the group 36 and then subtracted
fromthe signal input to the ﬁecgid r(gup. The estinmated recei ved synbol of
each user and thegehddnglCuesd) maddmal Whe synbol are 3ol k@ht to the 11U
of the next stage assigned to the sane user. Such a procedure is repeated
up to the last group of the last HC 15 stage. Synbols estimated by the

| ast 1CUs are the user-by-user synbols denodul ated by the H C. .

Speci fically, aéb@dg%“b’m ag ghoyn g Jd& 8;‘5’)9 user 1% e hagcehees éBrdual

signal 34 and.the chip.clock 80 r synchrqgnous, tracking. 20 Further, the
| CU 150 ré@éﬁe\ﬂéggt figngilg ésiﬁt ag Z{IC%@) Sg’cé"ub‘}icg‘éﬂ"t‘b 9T eHi on

Tho ey ioliated BLEVEGH te? enﬁ;fsyg@svré%%&gﬂg%ﬂ"ﬁg@ e 15, 10y r§| o the
i R i . (1 L 50 . i

Gt e (17 0P SHorBEs KRG 34RafFt olighe R éutlin g hrogsThiBhy o Sidaiifenss 1

the form Oz{n@#%ﬁﬂ'&:g\éle%%ﬁ%de‘lggteigHr(ﬂ?ﬁ)atst?gnﬁpyeﬁ?%%ﬁ?eﬁ%t ‘?l%eg g%ggéh 0 3

Present da to correcfion "and deci sion an

JAN 2103 :ﬁé&-@%ﬁgghgggié@e% Y308 o Ff §3£0) wt'TﬁélreﬁI%%ﬂfgxgﬁﬁw agqto the

riser #J to the next stage. A user #6 cerfves the

residual sisona fiifmatd (08 SR &hofdkd 86 dPhsSYAERBLPRRUS ali8CKFRYth ERIr t her,
the I CU 152 receives the signal Present dat (1/~ 89 subjected to correction

agig deci sih@n [@U twpd@reyﬂ_a@% at 8 a'?ISPE’éeé’h@LtﬁatdﬂﬁQﬁ|45?*s§%'ec’ﬂt@‘d recei ves
t he user #6 estinmated received synbol Present datl (I/ ~ 90 ltpllt from

the previ ctgreteign asdPdecisiva gwdahn (¢4tinBedThecdi®ddls® ndb o dhersatngs
replica data (I/ ~ 168 particular to the user #6 and feeds it to the adder
186 in theddor (lH6) ot hegatticelaratoetheFursehe# ] 2hd t&Wd G2dgeoerhat e et
signal Present dat (I/ ~ 169 subjected to correction and decision and an
esti mat ed stagei ved synbol Present datl (I/~ 170 particular to the user #6
and to be fed to the next 15 stage. A user #7 ICU 154 is identical in
operation with the user #5 I CU 150 except that it receives the chip clock
92 together with the residual_ signal 34, receives the signal Present _dat
(145 <795 as 20 Pressodt? d&dd 33 /s Jdentigalyin QRGRAER h%lﬂbtthﬁavéerr%éei ved
synbol dat

d
P evi ous HEW 117Gt Hha, e Feodie? Po4hiriaPakedsy Epwe e tadt O 1he- 174
par ool a4 B9, S8l R 580 18, FBie RS, DB S8l e
oub) ot o9 S8 ARLI5cHd e ka8, 700,30 bl 20 BB TRCRABREAEH
the next syipgeqr GUbERCheRtiVSelatife ! SWdSutputs a signal Present dat (I/Q)
20 51 subjected to correction and decision as well as an estimated
received symbol Present datl (I/Q) 52 particular to the user #2 and
to be sent to the next stage. A user #3 1QUJ 35 is also identical in

operation with the user #1 ICQU 31 except that it receives a chip

clock 54 together with the received signal Rx Data 10, generates

2
|94}

replica data (I/Q) 56 particular to the user #3, feeds the data (I/Q)
56 to the adder 68 in the form of a negative value, and outputs a

signal Present dat (I/Q) 57 subjected to correction and decision as

18



0 3 JAN 2a03 156 operates in the sanme manner as the user #5 |ICU 150 except
that it receives the chip clock 98 together with the residual signal 34,
receives the signal Present dat (I/~ 101 as Previous datd §IJAN 2003 , and
receives the estimted received synbol datl (I/ ~ 102 of 5 the user #8
output fromthe previous stage as Previous datl (1/~ 102. Then, the |ICU 156
generates replica data (I/ ~ 180 particular to the user #8, feeds the data
(1/~ 180 t\&eﬁ)hewaduér ew@nmd heecohmbf s pmizelatRrasend! udat lanfl/ddt pdBs a
signal Present dat (1/ ~ 181 subjected to correctl on and deci sion as wel |l
as an estiMitéeulargo teeiweet gyndbr t Bsetntgse ithel next sgagpar Fusther, to

t he user #8 and %% f@ t to the next stage. A buffer 158 stores the
residual st gr&r £ r?tteSVWehh%ISI”‘”t‘ﬁemraéqucésd & Ysien-#165Wies,

lt Z)4t ngﬁégg} ?ﬁ%@fpetdtﬁféltuafrﬁgﬁlﬂi%% o i gﬁa&ﬁ Al Ginan gy @%&asirze?c%z%hée: ceds
deI | Lg?sdf&e}g ((?1 ) %fgi faqG?% %ﬁ %1%(&?3'6%‘?%% IP/EQ?%?&)UHI wsllr Ghal© %éﬁf agg
the third LE% rr% gragl pg%lcfl g?%tzut%lgngg Qledséeljccé‘;gtcl {]gj % f%ﬁ‘ﬁ% 3
chovis_t he 1E%a ?V?éﬁ‘ g%lm"é*%ﬁ“ﬁﬁ%eﬁ Shedaf DRESORL Y (7S, 5’“%%5‘&9 own,
a user #1 ddtot RRUGE AP digionCat ARl 79 ofi gea%%gt@metcg?v&@'%ﬁ k 43

for synchronous tracking. Further) the 1CU 190 recelives the sig resent

dat (1/ ~ BeZdsesitbi g€l Qﬂ/gﬁ)éqo hecichdy ehdheecisl 8a ahdideoBrav Pb@ thkage as
Previous data (1/~ 27 N 2013 12~, and receives the user #1

edt) mat ed feaekwatk.synbol Present datl (I/~ 126 output fromthe previous
stage as Previous datal (I/ ~ 1 26. The ICU Il 90 generates replica data (1/
~ 200 particular to the user #1 and feeds it to an adder 218 as a negative
val e A buffer 39 stores the received signal Rx Data 10 for a
moment. When all the replica data (I/Q) 44,50, 56 and 62 are fed
from the IQUs 31, 33, 35 and 37, respectively, to the adder 68, the
15 buffer 39 reads out the received signal Rx Data 10 and feeds it to
the adder 68 as a received signal 66. The adder 68 subtracts the
replica data (I/Q) 44,50,56 and 62 from the received signal 66 and
delivers the resulting residual signal 28 to the second IQU group 30
of the first stage 16. The circuitry constituting the first IQU group

20 26 is controlled by a control signal 69 input thereto via a bus 317.

FIG. 7 shows the configuration of the second ICU group 30 of
the first stage 16 in detail. As shown, four IQUs are respectively

assigned to the users #5-#8, and each executes Rake receipt, signal

3]
n

correction and decision for estimating a received symbol particular
to the associated user, and again modulates the estimated symbol

by respreading in order to produce an interference estimate. The

19



Further) the I CU 190 outputs a signal subjected to correction and deci sion
as denodul ated user #1 data 202. |If desired, the I1CU 190 may out put data
not subjected to correction and decision as the user #1 data. 10 A user #2
| CU 192 receives the residual signal 22 and the chip clock 48 & ¢AN 2003
synchronous tracking. Further, the 1CU 192 receives the signal Present dat
(I'/ ~ 131 subjected to correction and decision at the previous stage as
Previ ous dattar{arence3astigmateasepepdusedhly uder G g pratdreecédeddupynbol
Present datl (1/ ~ 132 output 15 from the previous stage as Previ ous dat al
(11 ~ 132.antdhegusubrragied: fxen thelsignabanputito the zI%Z.J gaotipcdDari.eto the
user #2 and feeds it to an adder 218 as a negatjve value. Further, the ICU
192 out put'diea I§isitian! supnpakied eotRwt feem dheadir sdettNi group dénodThat ed
user #2 data 23}% | f desired, the ICU, 1@% may %ut put 20 data not subjected
to correctY Y B \BEEi s¢ timatedhe rgseived datmbols ygdad yiheay rhannel
identical in.operation wt he .user | CU 19 xcept that it receives the
chid cl ockesgﬂntq et‘nﬂgrakﬁptﬁ’i Ae tpv&iIG@gl%qusngg tEE, sqeond vEdgehe si gnal
Present dat (I/ ~ 137 as 2~ Previous data (I/~ 137, and receives the
estimated received synbol datl (I/~ 138 of the user #3 output fromthe

b3 hAN 2013 r e AR e 55aondl RO B po 3T S AR, 2Bs” e
data (1/ ~elegdv® thBer &ddera1%i8nas Z?Erﬁ?lgiatd' é’lﬁg\’ lo‘éﬁ'8p2f%ﬂdggnjc%‘g§%§@ms a

signal subjected to correction®and ci sion as denodu ser ata

210. If detsriarczﬁ‘ijn§t h?hh%%O”@Xe@ﬁ‘Eé’s‘J‘l{aﬁed%%ﬁfl% gﬁg@il?%?ﬁeléﬁopﬁ!éﬁgghgon

and decision as The user #3 data. A user #4 | erates

e i er  asdé&igi b Sfe sk ela@in £9%9n @A néNaépt bd 6 €GBh VR StH fﬂﬁecﬁgﬂa@s‘?ﬁh 60

together with the residual sSignal 22, receives the signal PreSent dat (1/~
143 as Preftiooysa datea #5/ ant43hecasbyr geeevae st hepHei i datLed]l F @5 e yedThe
synbol datl (Ilk 144 of the user #4 output fromthe previous stage as
Previ ous datpli¢d data B2 is TadrfronhehleQAUTIB tgamenddes T@plica wagative/ ~ 212
particular to the user #4 and feeds the data (I/ ~ 212 to the adder 218 as
a negat i vevahleue. Fumitb eir Cth 9b6Cd Ut @ ugen er agegrealsignidl) Boeeeint d atofl/ €@t 88n and
deci sion as 15 denodul ated user #4 data 214. |f desired, the ICU 196 may
out put datsiisctedbieceers ecdianrardt idesidnod dacd sironestdmate duswacetdedat a.
15 symbol Present datl (I/Q) 84 particular to the user #5 and to be

fed to the next stage.

A user #6 ICQU 72 is identical in operation with the user #5

IQUJ 70 except that it receives a chip clock 86 together with the

20 residual signal 28, generates replica data (I/Q) 88 particular to the
user #6, feeds the data (I/Q) 88 to the adder 106 in the form of a

negative value, and outputs a signal Present dat (I/Q) 89 subjected

to correction and decision as well as an estimated received symbol

Present datl (I/Q) 90 particular to the user #6 and to be sent to the

[ 9]
W

next stage. A user #7 IQU 74 is identical in operation with the user
#5 IQU 70 except that it receives a chip clock 92 together with the

residual signal 28, generates replica data (I/Q) 94 particular to the

20



A buffer 198 stores the residual signal 22 for a nonent. Wen all the
replica data (1/ Q- 200, 204, 208 and 212 are fed from20 the ICUs 1 90) 1
92, 194 and 196, respectively, to the adder 21 8, the buffer 3899ANEass out
the residual signal 22 and feeds it to the adder 218 as a residual signal
216. The adder 218 subtracts the replica data (I/ ~ 200, 204, 208 and 212
fromthe residual signal 216 and delivers the resulting residual signal 40
to the second §rodpeds theUdazs dZ Qf 94 ho theratd dengldd 6 Tinetlee fouirt rof a
constituting the second I CU group 38 is controlled by a control signal 219
i nput thert@gativya weehun Bontpads a eigh alARrogps BrG(11Q) $howb jelséedecond
| CU group 42 of the third stage 24 in detail. As shown, a user #5 |CU 222
recei ves tifecoEgicion agidydgicisonans wal ahiap esdexagal receixad mondnd
tracking. Further, the | CU 5 222 receives the signal Present dat (Il k 163
subj ect ed ki seantraztli 6H @hdO0geerdrBiarato the lbsrf‘évgau%ngtt&g@e S thes data
(I'/~ 163, and receives the ggeg@%gsti mat ed receij ve}g%synbol Present datl
(1/% 164 JEPust¥&ComA HESr &P 80 LP PGS o tRfatSAM ¢ | N AnNEF4 A5 The

S 222 RN 5 R SR s FRRRTE b Ehi ORI
[ I bj,ect,ed to . | deci si depmd d d
‘333'. jl”? 0 SMECHR SR o3 RED! GER ek sod BB AT R Ep i on”
oo I .
Fesi dual s orar 6 R StaPs” i 0n Pl ER L LGRSt AR RE "R her
the | QU 224 §ReSiorsy siha RegadlyvPeRER! offf dibuts1B%isHA 95l d0da
eci si he p g gs E’ us data (1/~ i69,

correction an on at previous stage revi
andp recei vgg (hhg 020 ¥sBjedtEdesbl miredctignei pdl awehabn Praasapbldaid fh/ -
170 output fromthe previous stage as Previous datal (1/ ~ 170. The ICU 224

gener at es ¢apmia¢adddaicei(ed sy AIoIPRfédenid antt Q1 B WEZ)ﬁQi@mdrfﬁﬁfdﬁeit to
t he adder 250 as a negative value. Further, the ICU 224 outputs a signal

subj ect ed tiserc#8r&ed itonbanndndeol ieomeas stzgdenodul at ed user #6 data 238.
The I CU 224 may al so out put data not subjected to correction and deci sion
as the user #6 data.
A buffer 78 stores the residual signal 28 for a moment.
15 When all the replica data (I/Q) 82, 88,94 and 100 are fed from the
IQUs 70, 72,74 and 76, respectively, to the adder 106, the buffer
78 reads out the residual signal 28 and feeds it to the adder 106 as
a residual signal 104. The adder 106 subtracts the replica data
(I/Q) 82, 88, 94 and 100 from the received signal 104 and delivers
20 the resulting residual signal 18 to the first group ICUs 32 of the

second stage. The circuitry constituting the second 1CQU group 1is

controlled by a control signal 107 input thereto via the bus 317.

FIG. 8 shows the first ICQU group 32 of the second stage 20 in

[0S]
It

detail. As shown, the second IQU stage 32 has substantially the
same configuration and operates in substantially the same manner

as the first IQU group 26 of the first stage 16. The residual signal

21



30 0 3 JAN 2003 A user #7 ICU 226 is identical in operation wth the user
#S | CU 222 except that it receives the chip clock 92 together wth the
residual signal 40, receives the signal Present dat (I/ ~ 17(3agARrogi ous
data (I/ ~ 17S, and receives the estimted received S synbol datl (I/~ 176
of the user #7 output fromthe previous stage as Previous datl (I/ ~ 176.
Then, the |1 CU 226 generates replica data (I/ ~ 240 particular to the user
#7 and feeds erher gagmal Ires@itiagdfriom tihée sftdenc2 Sta imce léa tiegat fieetwdl bg. The
| CU 226 outputs a signal subjected to correction and decision as 10

denodul at eldieusero @m .ﬁmtetmazlj.aj grdaps rafdih et fig st Sth @26s mapuduioptite datsa not
subjected to correction and decision as the user #7 data. A user #8 |CU 228
operat es i HWigsosamd 2nafinbe secame siage 25 lautheofiexicépl ghawpi of theei ves
the chip clock 98 together with the residual signal 40, receives the signal
Present datteqand stagd, aach Hlbraddsudegaemelprion dgiectipn vakbes vefs thhe

estimated received synbo atl (J/~ 182 of the user, #8 output fromthe
preVi ous stdq¥ ég‘ﬁ}g@il%é?‘@atqsg{mﬁm 8%1.g“1‘h|eH‘,P‘fhécfP@1J é!ﬁg fdestersines
replica datt.a él/ ~ 2#14 articular to hhe user #8 and feeds the data (I/ ~
244 to the!B@Er B¥sp ‘3§%5 F&gaty vE° vaITGE! Fdxigbogatiy o‘iﬂ‘ﬁﬁ’tlgaél%q’gnal
subj ect ed rrection 1.SL0 s denmpdul ated_ user. #8 data, 246, |f
desji red, t%’ge%széi@n?}éycz%gg?gﬁlt%ndﬁpg ﬁS?lséﬁbjoéb?i}& f%Slgl(SW%éﬁ%ﬁl’a?lﬁd
deci si on : § r kesl |, S] | 40
for = momete ¢ SRENTE.E ik 1BgBH 48 sy tof FPAA5 SRS Ranch O3e v e
fed fromt;y;coll]%t‘ , 224, 226 and 228, respectively, to the adder 280,
the buffer 230 reads out the residual signal 40 and feeds it to the adder

3190 O 3 JAN 20p3 250 as a residual signal 248. The adder 250 subtracts the
replica data (I/~ 232, 236, 240 and 244 of the users #5-#8 fromthe

residual si gnal Spdésfrad yQué 4l S Qe dags uld dd@lartesi Audiffei and bikw B8
circuitry constituting the second | CU group 42 is controlled by a 5 control
signal 251thepstint hexdtigvalaot tyeu bfl dn3he phsvidied ethgband, thdeuresndual
signal undergone interference cancellation and estimted received synbol s
Present Datignahdbfr eespusabdatg and satpufts otheanhoduhgedt cighal next ast age.
It follows 10 that an estinmated signal input fromthe previous stage and an
esti mat ed Bitgnidrencepestm pua. t@nrieteknisest hye ugki sinfene e he atsmrate€U
together. FIG 12 shows a searcher block 260 for feeding the chip clocks 15
td I he firewtpwuiewuple Aérst3bCdngr 89 312 ake ddded  upeardridnatite tgrioudp st ages
16, 20 and_24, respectively. As shown, the searcher bl ock 260 inc]udes a
sear cher (Beepsuipooiipheintaekargase: aetipgdesds gertaacted £ronp thegsigasildual
signal 40 fromthe usef, #1 |ICU 190 in%l uded in the first | CU group lc.‘)f t he
third stag’é’,p‘h‘ccﬁﬂi e @ﬁ&rﬁr@rﬁpza’c'?on') e error signal resulting from' the

interference cancellation effected at the first stage. The estimated
received symbol and channel estimate associated therewith are sent
20 to the IQU of the next stage assigned to the same user. The signal
undergone interference cancellation is input to the second ICU

group 36 of the second stage.

More specifically, as shown in FIG 8, a user #1 IQU 110
25 receives the residual signal 18 and the chip clock 43 for
synchronous tracking. Further, the ICQU 110 receives the signal

Present dat (I/Q) 45 subjected to correction and decision at the

22



20 and delivers a rough code position to a DLL 272 connected thereto as PN
(Pseudo random Nunber) position data 270. The DLL 272 controls the fine
fluctuation of the chip clock to be applied to the user #1 IgGJsaflagggl0 and
190 of the first 1CU groups of the first to third stages by tracking
control and feeds the controlled chip clock 25 43 to the I1CUs 31 , 110 and
190. In FIG 12, only a single chip clock Iine 43 is shown because a single
mul ti path pEE VENLATSEL &0 arSegachussziatao(IﬁQ)m +~pB dt ve Raikve sr doiyser #i
practice, a plurality of chip clock lines 43 wi|l be arranged because a
plurality oftimateidpaeesivead stympiol| Pregant daéés(l/fx}) 40reu pput feowi wds t he
replica data (J/ ~ 204 and_residual_ 5 signal fromthe user #2 | CU 192 of
the first PCEVHOUPIEEE o Previdns dadndg /@c‘ﬂqﬁr r ddiesiibht bAi gamebatesand

posi {1 on dEB1ey Aaten6l B 1276 RebHErERS rfoZShf‘%?&%eﬁhﬁiphﬁfké%gaﬁ?;q@a@m p
g 8553::5025@2?% §8- it ths”ti o of agisaiy e ré%ﬁmg titfed) thig Ibeéﬁéloiﬁ‘é
‘réilﬂtg[ o shi B UrERE s sadnat Peefal AR Qe Zanifhibiteg t§l Saufsebign i(ﬁgdy .
and resi dug §?%I§S‘fl4%6'ﬁlr 5’#? ﬁgtgéje_lr&%g F&Jﬂié’? ﬁf% |rdgl?1 d@(ﬁ%} %QS 38 of

the third BAARSIARCHIKAE SN 20 28 bOTedd tHIP AR Stalcl OUOD cOde

position t connect e ereto as position a 278. The DLL
280 controls the fine fluctuation of the chip clock to be 20 applied to the
user #3 ICUs 35, 114 and 194 of the first I1CU groups of the first to third

stpges by trackjngs&ogbr PUJaPﬁZfl%iﬁvéthﬁqusfi@hhP@lg}ﬂllpl 8|zﬁf'd<t§é difipt he
| CUs 35) 114 and 194. In FIG 12, only a single chip clock line 54 |gshown

for the samcmeasomoﬁ%ﬁidim]¢lns rtehdkidg tRutthe rSCh262QU~F 1 Anr S64 w248
receives the replica data (I/ ~ 212 and residual signal 40 fromthe user #4

| CU 196 of thidieignakPréSih grdap(IF8Q05 1t hieb23ted &t 063cdAN RId3 athl i@ cédiage,
acqui res synchroni zation, and delivers a rough code position to a DLL 284
connect ed ahghet pragichs pdsigei o Bt wiods2daThe(IDQ) 284 anahtrecksvedhahfei ne
fluctuation of the chip clock to be applied to the user #4 1CUs 37) 116 and
196 of theuferdt2 | cUigraiges rscoivedesyinbal Pregatit dadd agedQby 2 ratipitig

cont rol and feeds the controlled chip clJock 60 to the |CUs 37, 116 and 196.
Inl¥Fl G 12fradpithe rsrefvgpmcﬁti%edaéclzrwmsadatgls(ﬂém 53r The teleld@ason

TR LIRSS SRR B éhﬁa”értz%é Eﬁgﬁéeﬁd‘r‘él eto
o ocks o ko sbeonfdrdul dhodpsthd TO5E! diad A5 BT RV RN, Hurihen dhE ages.
IQU 112 generates a signal Present dat (I/Q) 131 subjected to
correction and decision and an estimated received symbol Present
20 datl (I/Q) 132 particular to the user #2 and to be fed to the next

stage.

A user #3 IQU 114 is identical in operation with the user #1

IQU 110 except that it receives the chip clock 54 together with the

25 residual signal 18, receives the signal Present dat (I/Q) 57 as
Previous data (I/Q) 57, and receives the estimated received symbol

datl (I/Q) 58 of the user #3 output from the previous stage as

23



| S As shown, the searcher block 290 includes an SCH 292 which receives the
replica data (I/ ~ 232 and residual signal 14 fromthe use éﬁ AN 222 of
the second I CU group 42 of the third stage, acquires synchroni zat1mon, and
delivers a rough code position to a DLL 302 connected thereto as PN

posi tion data 300. The DLL 302 20 controls the fine fluctuation of the chip
clock to be applied to the user #51CUs 70, |50 and 222 of the second | CU

groups of piwefibustdstd f(ill'%tiigl.eSTh)ént,rta%iI@JCQﬂW endtécadplidie data
control | edchi pcl ock 80to the ICUs 70, 150and 222. In FIG 13, only a

si ngl echi gd/ @K 36 npam18icu larstwehebesau s , fesdngite: mhalthi (1#1Q) 136assulred i n2
> relationto Rake receipt. Inpractice, a plurality of chip clocklines80

wi Il be araddhged Rcimutbe poumaldft g pegativtei patlhs, eviidstou tp utBnycasgasal 34

0 3 JAN 2003 An SCH 294 receives the replica data (I/~ 236 and resi dual

si gnal 14 Rresentthda tuslrQyé 317Csub ot eds ta her mud vonl andudgeimipn4®s wfelifas t hird
stage) acquires,  synchroni zation, and delivers a rough code 5 position to a
DLLY 306 coﬂh@étrenatmrr@mlagdwmltPmsm&alfeé4(1/%@)e1@BLpaosicudm ol s the
fine fluctuation of the chip clock to be applied to the user #6 |1 CUs 72,
152 and 22hcopsehd sapento besebtpdhernexnestagest kurthsirs ¢ wiegéd bEU

IR UER I R E R S
o SR LR o AR P B T U 1
e Seeonch A LA oad) I P, PR BRI BRRL TR
DL o0 9 Sy s et Al A PO B0 N 2,
0L0UPS, P I LBy PRy g o oafd €500 0, 2

single chipyehopke TNE19% %én%'i’@%‘s ??gli‘éﬁeﬁ%”ﬁér@gglﬁgcgﬁa%gl?ﬁé[t_hc2344 and

rel _ation to t_he SCH 292. An SCH 298 celves t
residual 2ps&i gnalfeddsfimdtahie 4s€) 21U ReGddert ha 8seeand fédhospdp 42

of the third stage, acquires synchronization, and delivers a rough code
negative value, and outputs a signal Present dat (I/Q) 143 subjected
15 to correction and decision as well as an estimated received symbol
Present datl (I/Q) 144 particular to the user #4 and to be sent to

the next stage.

A buffer 118 stores the residual signal 18 for a moment.

20 When all the replica data (I/Q) 124,130,136 and 142 are fed from
the IQUs 110,112, 114 and 116, respectively, tothe adder 148, the

buffer 118 reads out the residual signal 18 and feeds it to the adder

148 as a residual signal 146. The adder 148 subtracts the replica

data (I/Q) 124, 130, 136 and 142 from the residual signal 146 and

o
N

delivers the resulting residual signal 34 to the second group of I(Us

36 of the second stage. The circuitry constituting the first group of
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position to a DLL 314 connected thereto as PN position data 312. . 35 03
JAN 2003 The DLL 314 controls the fine fluctuation of the chip clock to be
applied to the user #8 I CUs 76) 156 and 228 of the second lnlﬁj 1%{ou s of the
first to third stages by tracking control and feeds the co ot Bhi p
clock 98 to the I1CUs 76, 1~6 and 228. In FIG 13, 5 only a single chip
clock line 98 is shown for the sanme reason as stated in relation to the SCH
292. FI G N@Usdieimtdonak biledhbwsa acarnnol sligsybtiem iepueotiaidtiol v tthe first
and second I CU groups of the first to third stages and 10 searcher bl ocks.
As shown, bieddrit.rol system i ncl udesa CPU(Central Processing Unit) 316.
TheCPU 31G sends, via the bus 317the control signal 69 to the firstlCU
group 26 of the firststage, sends the control signal 107 to thesecondl CU
group 30 of the_firststage, sends the control signal 149to thefirst 1CU
group 32of thelH G ohidves 26, seeonid kP gronypr 36 of ghal saamd stages@fond
I%roup 36 of the second stage, sends the control nal 219 to the first
group 1318 detailheBr ifly, thageyondnkeUt growp b dik %ltgﬁafITQSi%gtfhepsecond
| CU group of the third stage, sends the contro ignal 285 to the
sear cher cke%ﬁlfé%esl YieH- IPB EHET f FFEPIVI élyéﬁbo %noﬂ&@ﬁdsl@@dﬂiﬁ
control gr}? 315 t e sear cher b .0ck 0 assjgped tq the seco {
gr oups. ?’Fecrlﬁetsry T) V&Fﬁﬂl n'g! S Fﬁ lflh%tef rS¥Y0 sgr%‘&ﬁ & héym st age

vvlth the secon rou st age

Shown iﬂ E"f%"nftgﬁd Fold PLEDISLS SeGa L Oy fegPﬁFgﬁl‘:}%’zd% & rgytpe
4

Con Ol VB kel At TR Offcd RESIREL GG, DY AR Boffedlg ToTm

P11, [0 REEEIAR 505 SRMABAT ol OFURETSKGHFIRY § A CRISE £AGT: Bheh

first I CU groups the hird s 0 perform Rake receli pt with

three flngﬁro%nq%' E‘%nvﬂltl:ﬁgfl}tt%‘%ﬁe%édrﬁﬁt du "‘Pri/c%fstg};i;ﬁg | focA9eqhown,

t he searcher bl ock, “gene y 318, includés an SCH 320 recei ves the
replica daj@m(ldl~oRRAchneseeshidakhei chedAl] foseimbbe df the 5EEhBHPURe38 of
the third stage, acquires synchroni zation, generates PN position data 322,
324 arid 3ZBor espeabi ved YIOBaok ther ntke sftugatamohbdr dopaidarde ardrf eeds
the data 322, 324 and 326 to DLLs 328, 330 and 352 respectively. In
response, Streh DLIpi@281&321genpmauedchppt@ItdncektaéiBgroGﬁGOErtMeB:Bﬁst HIC
respectively, and send themto the user #1 ICUs 31, 110 and 190 included in
theSfirst stagegr dypsbads eRimrededs bof thieeldstr ${Usoatdi the susgedy-user
respectively, for three-path Rake receipt. 15 An SCH 340 receives the
replica daswymppls dmadafmedeshyd@m Hl(énal 40 fromthe first 1CU group 38,
acqui res synchroni zati on, generates PN position data 342, 344 and 346
respectively neant for the first to third paths) and feeds the data 342,

344 and 346 to Specifically, as shown in FIG. 9, a user #5 IQJ 150 receives the

residual signal 34 and the chip clock 80 for synchronous tracking.
20 Further, the IQJ 150 receives the signal Present dat (I/Q) 83
subjected to correction and decision at the previous stage as
Previous data (I/ Q) 83, and receives the user #5 estimated received
symbol Present datl (I/Q) 84 output from the previous stage as
Previous datal (I/Q) 84. The ICQU 150 generates replica data (I/Q)

o
‘N

162 particular to the user #5 and feeds it to an adder 186 in the
form of a negative value. Further, the IQU 150 generates a signal

Present dat (I/Q) 163 subjected to correction and decision and an
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20 DLLs 348, 350 and 352, respectively. In response, the DLLs 348 352
generate chip clocks 354) 356 and 3S8, respectively, and send themto the
user #2 I1CUs 33, 112 and 192 included in the first |1 CU groups 26, 32 and 3
8 of the first to third stages, respectively, for three-p@8hJAhi83r ecei pt.
An SCH 360 receives the replica data (I/ ~ 204 and residual signal 40 from
the first 1CU group 38, acquires synchroni zation, 37 0 3 JAN 20p3

gener at es dNimasetircedatd SpRbA6Rraswh 366t €3pEY LI 64 Ipambantarfay thbe
first to third paths, alld feeds the data 362, 364 and 366 to DLLs 368, 370
and 372, respe&di med yto be fedsirotise nexiestBigles 368372 generate chip cl ocks
374, 37G and 378, respectively, and send themto the user #3 I1CZl s 35, 114
and 194 included in the first I CU groups 26, 32 and 38 of the first to
third stages, respectively, for three-path Rake receipt. An SC~i 380

recei ves the replised #atllY 1152 pecennts theirasmualosignghdl4 aodf tloenchiip fir st
| CZJ group 38 qui res synchroni zatiaon, generates PN position data 382,
384 and SS@OstgchvaéW‘C afeusofr agkdng; r Surthesnthe) 14 k) 2 airrerizeds t he

data 382, 384 and 386 t L 0 and 392, tively. In re

the DLLs JasEndntreted cArp Qf b9 0B )calel anosonctipaepbst foeisyohand
d1l1~th to_the. #4 | 37, 116 d included in the first ICU

Groups 26, 53NEnQT SHIAT SHLER (TS IASiOR dnGk AUS) SbsbRat rogry et ohe”

th - pat ipt. EIG 1 h h I f

cach of 1t 90 b EaTRres 0l oS3 TaBal 308 FREFRI/ED PB°BRIPc: ages

t f Lt W, t i i ; h tr hs. As

shoun,  an ST 405 Peeaioft staBty £5 Fred Gy SR A% o0 " FRe I PER g

1 th 1 : t i , i

Syt oni 25 Tanes detigl 8uRg 11/ €D 1A Bt lCR)Tt 4Ten FRRELE pggl feeds

respecti veiltytdv?ﬁ@taa@{irtmsf i the! flbltlﬁi bl apﬁtegﬁlilxﬁeﬁdqlafla%ds FuR¢nh g2l #nd22,

324 and 326 to DLLs 410, 412 and 414) respectively. In response, the DLLs

410- 414 ger@yal §2¢ e e51a®6kSa 38ign 2 Préddn208a: 448 A1E A fiFfected to
respectively, acid send themto the user #5 I CUs 70, 1~0 and 222 of the
second | Clbgrregpion3@nd3deaiof2and ahecdtinsdtetordédvivddstgaebol Paereqti vel y,
for three-path Rake receipt. An SCH 422 receives the replica data (I/ ~ 236
and resi dudhtki(§hQ) 174 fpari¢cilarsexahd w Gt giioapd4fo e dedr s the next
synchroni zati on, generates PN position data 424) 426 and 428 respectively
melkht for stagefirst to third paths, and feeds the data 424, 426 and 428 to
DLLs 430, 432 and 434) respectively. In response, the DLLs 430 10 434
generate chip clocks 436) 438 and 440) respectively, and send themto tile
user #6 1CUs 72, 152 and _ 224 of the second  |CU groups 3Q, 36 and 42 of the
first to third Atadfis# 7 dEEbdPidy ds ydensical fipeepat atiraKw It ddieptise1s#an SCH
442 receiv t replica data (I/ ~ 24Q and.residu si gn 14 fromthe
second | Cl}e(;[rjoﬂgo @Zz,)ceé)éqm‘?'eét g?ﬁ%‘ﬁr"énafat‘;ﬂbﬁ’l,Ciaglﬂgdr%tté’gea\leﬁo‘gftth dfCdat a
444, 446 and ié48 respe meant r the firnst to ird and feeds

the data 4FFICAR SR ilad ol TG asoReastingly Fisac Rt cdbod PR\ s THS
ot vel by e 4 8RA (PRohe, E SEENFe St ated p el 885

For thr copafht Ay Q8aRfrtie 1eslt ST pliphdl Lol thecpTEORETs (GRTRT (7)Y
synchroni 2at s oay SR LR R BRI (Y BB AR e G dan ey
meant for (I/Q) 174 particular to the user #7, feeds the data (I/Q) 174 to the

adder 186 in the form of a negative value, and outputs a signal

L]
n

Present dat (I/Q) 175 subjected to correction and decision as well as
an estimated received symbol Present datl (I/Q) 176 particular to

the user #7 and to be sent to the next stage. Further, a user #8 I(U
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39 0 3 JAtV 2003 the first to third paths, and feeds the data 464, 466
and 468 to DLLs 470. 472 and 474, respectively. In response, the DLLs 470
474 generate chip clocks 476, 478 and 480, respectively, an[g s\?@g @Remto
tile user #8 1 CUs 76, 156 and 228 of the second | CU groups 8, Whd 42 of
the first to third stages, respectively, for three path Rake receipt. FIG
17 shows a specific configuration of any one of the ICUs included in the

H C12. Thd JCWshemssi in Ehe $dmies masnegdat ahlke uk@rt#8 LSEr 180 k&dept 10
included in the first 1CU group 32 of the second stage by way of exanple.
The |1 CU 110aasisimgredve o thieechserclgtk S togetiey owifhunbei nesid uialesignal Rake
recei pt function and a respread nodul ati on function, and outputs an

esti mat ed e caogede sythisosigarad Brgseortr dat 8 Q) dtlek fasrRirecei carst datia 1/ Qe
former half of the I1CU 110 15 up to a_ signal correction and decision
circuit ndithl yamdsraaeavesrthenesbmanteghikece bead py mbatdadd, (W 46& ofonal |y
has a function of processing the received synbol estinmated at the _previous
st age and thef upex iﬁgﬁn Ot Paidt ?rrﬁifli Hye d1ervdpnel stagreas direarionsidavk {h&)1 cu

g
ot atso RGFUEE St e 4 DD s gl o o
mul 1 pat ha OB iyt Be LAk 8 S SR Ut F el et b an! (EERLTEb. oo
gg‘; :E:sé%ﬁ:?gﬁ%@ <5y SRFEEREAY b Hrtistih a3 B 4 uy SobiB R soa”

¢ ?\Ilé@es;lh'?ﬂﬁr 90 ¢ 43¢ 1208 éﬁ;‘lﬁ%%ﬂg&tdlyﬁl bé]a tEQeFF?Egﬁ%aA'go

receives the rst -estimated recel ved sy VI OUS tal
parti cul araﬁdoééh?e g@ﬁ:{ t8hnkr A% { Q@agé_evi ous stage, chip clock 334, residual
har

signal 18, an decision data ~“18 which will be described |ater. The
finger 490 executes correlation calculation, channel estimation and so
forth with the above data and signals and outputs channel data 498 and

finger 10 data A9%uffegediss ceddres the rep@RIal4dkndicBudedraaPiheaneiator) a
correlator, an adder for adding the estimated recei ved synbol (Previous

dat a) out pwthédr abh the rppéicaocdist s (8H0) 16k b6 8hhfidehndst 8 Gaae fednit om

denodul ates signals on a nultipath basis. I S The PN generat or generates a

PN Tode bythesl@gsal 30 263e Ifokiandd Xel recspedtbielyhé¢osbar etlderab8anthaiti al

val ue. The PN code generation tim ng of the PN generator is controlled by
H

the DLL t rlaeffiengl 3 B efaidseonit theummsidnabsigmel PN agulidee e tih toHhepaddede) t he

finger 490 executes correlation processing or desgreading. )
6 as a residual signal 184. The adder 186 subtracts the replica

data (I/Q) 162, 168, 174 and 180 from the residual signal 184 and
delivers the resulting residual signal 22 to the first IQU group 38 of
20 the third stage. The circuitry constituting the second I1CU group 36

is controlled by a control signal 187 input thereto via the bus 317.

FIG 10 shows the first IQU group 38 of the third stage 24

specifically. As shown, a user #1 IQU 190 receives the residual

1~
N

signal 22 and the chip clock 43 for synchronous tracking. Further,
the IQU 190 receives the signal Present dat (I/Q) 125 subjected to

correction and decision at the previous stage as Previous data (I/Q)
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20 Specifically) the finger 490 estimtes a channel by the addition of an
estimated recei ved synbol output fromthe previous stage, then executes
maxi mumratio conbination with the path-by-path data (in tpigJsrspgy t hree
pat hs at nmaxi mum by use of a conbiner, and then executes correction and
deci sion on the received signal. 2> Subsequently, the finger 490 executes
respreadi ng, transm ssion filter processing and nultiplication of channel

i nf or mat i oh2bi,iarot derceive s edteonset hié ] r estdinete dsirgnalvad styhm bsdnrexpidi ti ons
as on the 41 ~1 JAN 2r13. channel. As a result) an estimted

i nterferendetki(dh&d) babtbutpat firomiathe tporebvdous astsuget aedPf & vroushel drade
station is Iproduced fromthe input received Slgrlal. The channel estimate
of the ith(dydbb?0of Thieel Gt h9 Ot geyesratiets terkicadatnt/ §At20 Grayabécekpr essed
as: Cn,,~;,1(i) = 1/ (i, - io) ECn,,~ ,~(W) w=1i0to i-1 10 nod(i, Ss) <_W
= 1 / WsE® thg user fthyand=feeds/dttg pn. addere hiBsas @y nggative) vaduaher e
o LS equ t I/ Ss denotes an, i nteger, equal to or snaller than x
or {he grg{;%‘b&f'[riv tt@gkfi} é%%@é‘s‘saasﬂgﬂ] ig‘bbleﬁt? rifs COFT ¢ HdORuABEr of
synbol s, apd W denotes the, maxi mum w . ndow size. t enppr ar I
estimate of CtHEOR t4y 9%%‘?“8?&%%5@—5\%%%%&5?@2(3,IEEFHH rﬁ‘agﬂgﬁla?a(apath

I s produced. by: FR ~d~ ) [~S' k(n,- T> .1)en,. s(n)

+x(ym |, g Z‘JXi‘j‘}q:B‘ﬁ} |d,(f't£?°‘| Bi°)‘~5‘g§%°§§é) tés??rr{%tcéldmdﬁtnéjl (P HSTUR A e ¢ he

' th deci sign.f ggdhaek

10 A user #2 ICU 192 receives the residual signal 22 and the chip
clock 48 for synchronous tracking. Further, the IQU 192 receives
the signal Present dat (I/Q) 131 subjected to correction and decision
at the previous stage as Previous data (I/Q) 131, and receives the
user #2 estimated received symbol Present datl (I/Q) 132 output

15 from the previous stage as Previous datal (I/Q) 132. The ICU 192
generates replica data (I/ Q) 204 particular to the user #2 and feeds
it to an adder 218 as a negative value. Further, the ICU 192
outputs a signal subjected to correction and decision as
demodulated user #2 data 206. If desired,the ICU 192 may output

20 data not subjected to correction and decision as the user #2 data.

A user #3 IQU 194 is identical in operation with the user #1
[QU 190 except that it receives the chip clock 54 together with the

residual signal 22, receives the signal Present dat (I/Q) 137 as

o
W

Previous data (I/Q) 137, and receives the estimated received
symbol datl (I/Q) 138 of the user #3 output from the previous
stage as Previous datl (I/Q) 138. Then, the IQU 194 generates
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2J relating to the z th stage, gth group and kth user is expressed as:
d~me, k(i~ = dk(1) nmod(i, Ss) <Np 42 0 3 JAN 2003 =dn,,~,~; (1) otherw se
Eq. (13) where d(k)i denotes the ith transmssion data relaﬁ ng Pghe kt h
user and known data because it is a pilot signal) d",, ~, )3 dAeno es a b
val ue derived fromthe hard decision (0/ 1 decision) of the ith data of the
mth stage, gth group and kth user, and Np denotes the width of a pil ot
synbol secltEIlvglmCﬂ o ater (e Q)f298epnuhbeiamﬂ0§mgbsx #heutd dged s4dx rdatai ves
t he second est| mat ed received synbol 10 Previous data2 (1/~ 46b particul ar
to the used/&) {/dmtonshpr edidsus 2dtlages acmegativekvabes. r ddicdddUsi §dal 18
and hard deC| sion data,~ 18. The finger 492 executes correlation

cal cul ati oM tRKNENn@ 6581 ¥t isoIgptESo Hor CRITFEHOR headBHov 6 egagignandts

Fi nger 404198 GdBtlsRodaTcRard#in 240 o Sirgey ven 1881 el ot wat a3
5380 rosi diats S04nd oIt dntd RiratauehShbH Gabk iBhats é?‘&a%ﬁﬁftgg atiecr
gédf fl“f hlg&qﬁfqrﬁﬁﬁaﬁé\? 0 fgﬁ%ﬁﬂéﬁ'&?‘%{ngﬁg@@gaﬁ%b&% It Eg»;ﬁ?g%&”?%ﬁzn:”d
504 andgf elegg ?ﬁggél &H&I Eg Ig%npoggte godgl{r}g Cg(?(g(t @g&g%m $ oﬁvgi}Z ?’

Speci fi cal leysqﬂhtifi ﬁgﬁtm nggoﬁ%fqgjﬁgs{lg%tsﬂ%ﬂ%l P}’e%érpﬁa%ﬂf g}]@lslggal R 2”

output fromt ers entica xi mimPat i o

corbinat |l b o o ) st e B e 1
10 symbol datl (I/Q) 144 of the user #4 output from the previous
stage as Previous datl (I/Q) 144. Then, the ICU 196 generates
replica data (I/Q) 212 particular to the user #4 and feeds the data
(I/Q) 212 to the adder 218 as a negative value. The ICU 196
outputs a signal subjected to correction and decision as

15 demodulated user #4 data 214. If desired, the ICU 196 may output

data not subjected to correction and decision as the user #4 data.

A buffer 198 stores the residual signal 22 for a moment.

When all the replica data (I/Q) 200, 204,208 and 212 are fed from

20 the IQJs 190,192, 194 and 196, respectively, to the adder 218, the
buffer 198 reads out the residual signal 22 and feeds it to the adder

218 as a residual signal 216. The adder 218 subtracts the replica

data (I/Q) 200, 204, 208 and 212 from the residual signal 216 and

delivers the resulting residual signal 40 to the second group of 1QUs

25 42 of the third stage. The circuitry constituting the second ICU
group 38 is controlled by a control signal 219 input thereto via the

bus 317.

29



then the signal output fromthat finger is not added. The fingers each
corresponds to a particular nmultipath detected by the searcher. hathS
gl'eatel’” In Ilillnber than the 11l1lax1lllul n nunber of fingeié annot be
denodul ated. Further, if the nunber of paths detected 5 by t K®BBer is
smal | er than the nunber of fingers, then sone of the fingers wll not be
used. Even when the nunber of paths assigned by the searcher is |ess than
three, the unassigned path is held in its OFF state, and the conbi ner 508
negl ects the skﬁnal out put fromthe unassi gned Eath. 10 The decision 512
execut es corredd (ol laglowectlse sacondt He aswyasfdeostlypdhing otagpjZtind to
maxi mum ragi o,conpi nati on by the iner.508 ) while distingujshing the |
and Q phasdtef‘s‘aélr- gg%.lsl 8MEN of Ued %gmﬁ%re%me&@h@ é'&slfil“%gé\‘%‘ﬁf@i e i
the 15 draw . Speci fical L) .the decision 512 narnualizes, the jnput signal
510, "t ¢ 1] S FRTS AR QT SuacisprRlsobtadkingnt Foihepohal FUt o a
20 sl ope, limts the resultingessigna i_.th r ld ¢carresponding to
£he i mAtval§et ater nb SSaETPRGSRRE Yedndl BOTRF: ubir e odbaure.
t he deci si 2 _Qu t I d sigmn i i.ceabl

accel o at SO RETOB Y e QaRf HFRERCRREERLs SEnee PRI Y Q
denodul at i abi Ly t P L gni 1 25, & 0 1 i l. 510
is appliedﬁg%’ghg/E%Cég@?%?%%n%%%Pgﬂiégﬁgﬁ§$8? ecegnggﬁﬁgbéglﬁg%?g}ns
hard deci 4 i ' b esel h | d and
nar d et S0 0 ofa A0Sl ORRP 1A PBressal Jupkeaelmalaguhugins

deci si on day @) 168 tPheeAiZmEre tIAt494epiRia SR TR &) deX2 g ANicdlae 0/ 1

deci sion 516 selects only a flag and determ nes whether each recei ved data

is10rl or -tb thdhgsdresd tanaf felids tecosawradden 280eiyed nsgmhove dehhren ned
at this stage. Further, when channel estimation is inplenmented by the

deci si on flaedhack thgsi €0) 22Reonepults ofsigerai sudrjecsedisedcasr ddtéonlahadphase
of each synbol for elimnating the data phase The corrected signal 520
out put frahedibmdesiddmodilated fsed #6 data 234 .helfcdeswededhei hodl 2PResent
dat (I/ ~ 125 and delivered to a respreading and filter (Respread & Fil)
522 and a meagomdtphandeta nudt i pibject¢@ntb corkbttiopl nad) derdisiothas the
respreading and filter 522 receives, as the Previous data (I/ ~ 45, the
si gnal Preassgtit #Hadat@./ ~ 45 corrected and deci ded at the previous stage,
receives a chip
1N
A user #6 IQU 224 receives the residual signal 40 and the chip
clock 86 for synchronous tracking. Further, the ICQU 224 receives
the signal Present dat (I/Q) 169 subjected to correction and decision
at the previous stage as Previous data (I/Q) 169, and receives the
20 user #6 estimated received symbol Present datl (I/Q) 170 output
from the previous stage as Previous datal (I/Q) 170. The ICQU 224
generates replica data (I/Q) 236 particular to the user #6 and feeds
it to the adder 250 as a negative value. Further, the ICU 224

outputs a signal subjected to correction and decision as

Q]
N

demodulated user #6 data 238, The I(U 224 may also output data

not subjected to correction and decision as the user #6 data.
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15 cl ocks 526a and PN dat 526b, and executes respreadi ng and transm ssion
filter processing. The resulting signal 528 output fromthe re spreading
and filter 522 522 is applied to a first channel nultipliegrg (Jaft 26
Mul tiplier) 530. The decision signal output fromthe previous stage, i.e.,
the previous data at this stage or Present 20 data at the previous stage is
subtracted fromthe above decision signal Present dat; the subtraction is
effected with igenddrcgl7 $Qbebs. idddntibhb isubbéaaibRnyiilf the Bessi ke to
cancel a difference between the current signal and the signal cancelled at
the previ oL@UgmeemIpa dortr Beieskives ahfecckiir elosk i9mttegstwoalwath thes
stage. This is 25 followed by spreading (respreading) using a PN code and
transm ssimgsiflubl esigpabekBsimgeive $ desaign shriheyseas datt b Q) apgsi ki ng
side. 45 0 3 .1~N. 2003 Subseduently, the synbol -by-synbol channel
esti mat es Brevivasi nbitai ddaQ)pdfids amtdoutederigest hbef @stan abedf recethadnel
estimation circuit of the ICU 110 are nultiplied in order to restore 5 the
sane phasesy@idladpt i tJd&d &d6owft Hee aheandi7 orH@ Wi dnains thaclprieyidekayed
in accordance with_the delay of the associated path, and then the paths are
added togeild&e pa Breeious dddpll/ @ doté ectlden .nthee f Hdnda beganamagesi gnal .
group, out puts such a corrected interference

Each 1 CU bel onging to, t
estimate sigasa %I‘Ga'mé%nf‘ggﬁéfi‘@ﬁ@él%i &fhé‘t@ Wit/ ARgnfedds thes data added
up wWithin and the resylLting sumis subtracted om.t i hput to
each | QU &{?‘@ﬂ?%"ﬁgt Qh?)ﬂﬁﬂéfsgéhal AnpGeaty & YA v%ﬁalldﬂg%fgf t he
sane group ag)e del ayegl&)u&h th%t. i nterference c%ncel at,on.,occurs at the

|

sane Isarrpl PRP B i 84, he SPPASE CdnariRel C?ﬁfletc R elra%‘éo %E’csil?m ﬁé‘st he
i 528 i . | 5
oHnel da‘i?%“‘ﬁf%‘a@%@rnﬁ#ﬁe%?%ﬂf 2402 1B M4 ‘L“gee??ﬁ%%,%%i’@zvogﬁﬁﬁpiéﬁ d
i ' ‘ . 5 i
[oSPerL i Takta KT {$Ocbdtd ofFe gl decisiGhifieDdlep i TPalPl! ©
538 nul ti phexesr kiger N g t8s 33 2h O34mANth PeRe AL P gf’s‘eirzﬁS Ing

mul ti pl exed signal or corrected interference estimte Sign The

second chappel eRuépt Rihaqr i644 B dd RiheeehipeclRk SiPncHedRdr fAehbyheach of
t he channel data 498, Q2 and 506 and outputs the resulting three products

as user #lreiduabtddnabciOyadcdbves Ghd bidh 2D0F exemolat P(Es@Nt] glat hs dat 2
arid data (1/~ 126a, 126b and 126c to be sent to the next stage. To control

t hied ci r cui Preyvimursstd dtat i (g Qhd 811GUanal cosdeaioksbukei riseithaced ( Gepe i Bed
Intef) 540 receives the control signal 149 via the bus 317 and, in turn,

out puts a smtbhradl dat hndl P4282 of the user #8 output from the previous

stage as Previous datl (I/Q) 182. Then, the IQU 228 generates

replica data (I/Q) 244 particular to the user #8 and feeds the data

(I/Q 244 to the adder 250 as a negative value. The ICU 228

20 outputs a signal subjected to correction and decision as

demodulated user #8 data 246. If desired, the ICU 228 may output

data not subjected to correction and decision as the user #8 data.

A buffer 230 stores the residual signal 40 for a moment.
When all the replica data (I1/Q) 232, 236,240 and 244 are fed from
the IQUs 222,224,226 and 228, respectively, to the adder 250, the

o
N

buffer 230 reads out the residual signal 40 and feeds it to the adder
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i FI G 18 showsa specific configurationof the finger 490, FI G 17, although it
al soapplies to the other fingers 492 and 494. Asshown, the finger490
includes a correlator 554 nmade upof alllultlpllerS56 and angBndAgh@sor

5S8. The mul tiplier55610 nmultipliesthe residual signal 18 by a PNcode 552 by
conpl exconj ugate"*" anddel i vers the resul ti ngproduct 557

t ot hei nt egrat or 558. APN generator (PN Gen)550 receives thechipclock 334from
t heDLL 328260 then sesidahel bigickl 248, HI@ hddand26W pubsrddte dhove phidacode
552. The PN code 552 is applied to the 15 multiplier 556 in the formof a
conj ugat e datpl X QuiB&r, 2806, Bpbcihidcdl44/, of hhePNsgene# ot #8 FbOmsethe t he
PN code position of the nultipath selected by the searcher in its register
as an initiasiduallueigand déieraatdsowt RNscoble netudhing) nwisidual paghiatul 4r
station 20_and a particular path. The pseudo_random code to be output by

t he PN gendhgt @ cBUrregombe it hiihgntdrer secand deveseypehi ds ispningllod Exanpl e.
Because the timng for generating the PN code varies in accordance with the
chatnel coﬁﬁmfgi)rﬁlﬁ%ll @gé éi’éﬁ'i“attﬁéﬁﬁéf véd dBksbbelebn a transnitter and a
receiver, the DLL corrects the 25 fine fluctuation of the PN code by
tracking control. The searcher and DLL will be described in detail later.

e ouL Pt PN ERLES Ao Y SOl RSk R AP B IR e
d 8 i .he fi =190 | | t.iplied b h ' I
cat 2 18 4 "BihcbRn bR, S RhERAE, PR SRS A SprRBLHER EOTRLE
ey ot er RO PREASl ool PG, S00KS1RKE 28 4865 Shaadler{ PUAEGALL
ponds®t o one symbol . °For above

puwosﬁ t t‘l?%i Yi£ 98 i Al 2 2P srigﬁ%ﬁ Vﬁfp@yﬁggﬁ}’cﬁhel&n%egiﬁﬁ%h‘éié’g%sfj?ﬁdofan

mul tiplier 556 so as to I ntegfate I by s

integratio i ! f i e t 5 sgel ay
del ayed thgrsgg(g?!e?hgpgt?ggg ggzb%pﬁt]%gbdg}riyﬁ%}%ﬁ?&séfggu%“gneg%(?je"?ﬁgf%

included i ICH ddthagt i ng section. Another delay 568 receives the user #1
estimated received synbol Previous datl (I/Q 46a output fromthe user #1

| CU31 of the previous stage, delays it) and feeds the delayed signal 570 to
the adder 566 in the formof a negative value. The adder 566 subtracts the
signal 570 fronFiGel 3i gnaw s5b64candheebluek 2 G0 fesifdedlingihetchip chaoksel
estimator (Ch Estimator) 574. As stated above, the estimted synbol signal
outhut frotwtithe PioseIChr gvoops 26ade@ andadiBeof thetfiestcsecehdt and thid t in
order to estimate path-by-path synbols at the current stage. At the first
stage, no &tagafatldd 39 ndod s24; gespretiyedyi ods shayd .ebhistseaTrbeprielackus
stage estimated synbol signals ar dded to the sane synbols of the current
stage. TheZ20&s i ¢lydsss ad%ﬁ%ncdwraﬁgcﬁée?o&owwh ﬁ&@él\éﬂ%ﬁaﬁn@phﬁ@ Ba

ot mati onCLrQ) A00 AR Esianaliaenal 40 bcarmr e Recprecd oL IPG: biFluiedo”
channel s " ttrlluee ?ﬂ%%elsCl?fgrtle% %rfi Lglilé]a%hirdc?tsetlagé?acquires synchronization,
20 and delivers a rough code position to a DLL 272 connected thereto
as PN (Pseudo random Number) position data 270. The DLL 272
controls the fine fluctuation of the chip clock to be applied to the
user #1 ICUs 31,110 and 190 of the first IQU groups of the first to
third stages by tracking control and feeds the controlled chip clock

25 43 tothe IQUs 31,110 and 190. In FIG 12, only a single chip clock

line 43 is shown because a single multipath is assumed in relation

32



13 JAN 2pp3 The chancel estimator 574 receives the hard decision data 518
and eStllllateS a Channel on the basis of the residual 572, thereby
outputting the channel data 498 and finger data 496. FIG 190 QR 203
specific configuration of the decision 512, FIG 17. As shown) the deci sion
512 includes a gain control circuit (Gain) 580 for receiving the | and
Qohases of the signal 510 output fromthe conbi ner 508) adjusting the gain
of the sidgmaRakgoreceaiptoul puptiacigce he pheallitiyngf sihgpatiosB2linassd dpwill
coefficient circuit 10 (Projection) 5 84 nmultiplies the output 582 of the
gai n cont ry} agranged 5goanse a pluspdty oef Mulitigathandxisutipunsiny prasdect
signal 586. FIG 20 is a graph show ng slope coefficients. As shown, the
rel ati on between an input and an output is represented by the slope
coefficients b

15 Th | ff i | G 19,
fol | owed by a Ié‘ﬂﬁgﬂ g@é ?ﬁ@%}%ﬁnflggrr%ﬁlgceqn}d,ﬁ%g&w gaf‘pﬁﬂ%sesﬁi‘dfﬁhe
i it 584 w ted | t | d |
dedt i on_siighal w5 6F0; e arsars 2 TP deaioflis ‘%ﬁrﬁ‘@@é?@oiu.m&% ab g
f ti d to the | 586 | d
oo o Sl Flade bofuiel STt ronifRidHo g | JEITEASh PREchocrug | on

pat - by- Z;é’ﬁSIEtOiﬁﬁs TRLE 7 egbrgr v Rciaheho SR RCEE s Pon i dor cne
deci sion | TRUIDRL 999k, THeRSROML AhedPRIARAANDr Al S iB aflted DY

mul ti plying he resu déci si on annel

br opagat i ofy fffed 31 114:2093; et % af poSERd 192 treuietir s$URYS uﬁisgna' s

Pr esent dat Present S| gna S resent ar e USG

fingers ofof r“'tfhe' Qstoftd h%lﬁ&xrstdgé‘@eb?s t P4 &YinQU Sc i 139 QﬁH' rf%te%‘i rfggei ved
synbols. Wiile the correction and deciSion step is assuned to be executed
controlled chip clock 48 to the I(Us 33,112 and 192. In FIG 12,
only a single &hip clock line 48 is shown for the same reason as

stated in relation to the SCH262.

15 An SCH 266 receives the replica data (I/Q) 208 and residual
signal 40 from the user #3 ICU 194 of the first IQU group 38 of the
third stage, acquires synchronization, and delivers a rough code
position to a DLL 280 connected thereto as PN position data 278.
The DLL 280 controls the fine fluctuation of the chip clock to be

20 applied to the user #3 IQUs 35,114 and 194 of the first ICU groups
of the first to third stages by tracking control and feeds the
controlled chip clock 54 to the ICUs 35,114 and 194. In FIG 12,
only a single chip clock line 54 is shown for the same reason as

stated in relation to the SCH262.

[0S
(94

An SCH 268 receives the replica data (I/Q) 212 and residual
signal 40 from the user #4 ICU 196 of the first ICU group 38 of the
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5 wth each of the | and Q phases, the limter 588 may be so constructed as
tolimt the size of a vector fornmed by the I arid Q phases ahthou h this
alternative schene will sonmewhat deteriorate the performance r¥d Y8 n?ﬂ3i cate
the construction. 10 FIG 22 shows a specific configuration of the
respreading and filter 522, FIG 17. As shown) the respreading and filter
522 includes a delay 592. The delay 592 receives the signal Present dat
(1/Q 45 othidt stagmm akquitks ofy ndhe oprieations andgd ediy easPrevioagh datde (1/Q
signal 524, delays it,_and feeds its output or delayed 15 signal 594 to an
adder 590 PASttRN ftor i BLLa 28y sonve ofed uth e meie aadBKI positiont data s28Re

del ayed signal 594 fromthe si gnal 520 output fromthe decision circuit of
the current N§t Phd 284 reoadsoinéheetine fhrctyasiamefi e 5g6ipt ¢lacknta it i er

526h, " out pUBBTA 2P BRECEHT B2l CHS HE 1 bBrA LS 6o Uifatir Soliah B¢ litoer -
i 1 pl 1 <08 nlhG ol Hock® Kty SREEPAPOAESHo o Gohs ol gt ths

528 1y g Pr 6 ek SFLE GRRTGALLN Ehenletssi 17 338 amt AR Ly ma " B e
channel mul PR i el Fipcelppk PR 6B 3R Obh SRR AR AE gy the

channel nmultiod i 6f +Q30 nNEH UflES jpliers 610, 616 acid 620 to which the
si gnal 528 out put *rg%otnhg #rgnggn}qsselsgh filter Q6 is input. The first path

channel data 498, second path channel data 502 and third path channel data
506 output fromthe finger 490, FIG 17, are applied to delays 612) 618 and

62p) respectivelle ThevdelcaycGiry d@é@%%tdﬁiﬁﬁch%‘”?éapéﬁ@r BAND fgess a
del ayed signal 614 to the nmultiplier 610. The nultiplier 610 nmultiplies the

signal 10 b@Btrbyleih®ydelcurecblskigmal T3 iapdt otepeitcs aprtrdbels 337,
representative of the restored channel of the first path. Likew se, the

del ay 618 del ays the channel data 502 and feeds a del ayed signal 620 to the
mul tiplier 616. The nultiplier 616 nultiplies the signal 528 by the del ayed
signal 620 and BlUGpl3 showsadeeardser bloclepiods fot £eeden gftheheh e sl ocled
channel of the second path. Further, the delay 622 del ays the channel data
506 and feteldhg srtandd @i gnanpe240t &6t AndnfiRt pbitherfist0 to Thdr dng tigelsi er
620 _multiplies the signal 528 by the del ayed signal 624 and outputs, a
prbduct 536\ shodsRnttine \s& agEhehe blegk 028§ dRghHées cant REH K934 pahich 20

FIG 17, ASCCHIRY theneRlich: Rkl 858 Yhandusssistn ysizaad. |45 Oamctisag 1 o
L 1o SRR S PP 23R e TN LB 5 P 1G 810 o
eede. 2, e ai S05LaRa i S BOOPER oL S Foh B BEHEN o
51 DLL 302 connected thereto as PN position data 300. The DLL 302
20 controls the fine fluctuation of the chip clock to be applied to the

user #5 I1CUs 70, 150 and 222 of the second ICQU groups of the first

to third stages by tracking control and feeds the controlled chip

clock 80 to the IQUs 70,150 and 222. In FIG 13, only a single chip

clock line 80 is shown because a single multipath is assumed in

8]
N

relation to Rake receipt. In practice, a plurality of chip clock lines
80 will be arranged because a plurality of multipaths exist in many

cascs.
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0 3 JAN 2043 Further, the delay 638 delays the signal 536 and feeds a

del ayed signal 640 to the conbi ner 642. The conbi ner 642 conbi nes the

del ayed signals 632) 636 arid 640 at the sane timng so as to produce a
corrected interference estimate signal (replica data) |24. 3 §I@n2 hows a
specific configuration of the second channel nultiplier 544, FIG . As
shown, the channel multiplier 544 is made up of multipliers 650) 652 and
654 to all of which the decision signal 520 is applied. The nultiplier 650
multiplies the 10 decision signal 520 by the first path channel data 498
out put from t heAni 8¢EF 24900 raneliviesedb e ar gpplocuctata 2@d @s23 6uaerd #&sedbi almat ed
recei ved synbol Present datl (I/Q 126a to be sent to the next stage.

Li kewi se, signatul4ifponerthesasanl#6 pl(leL2heofdde seonndi ol gi5R0p bi2 t i
second path channel data 502 output fromthe finger 1 ~ 492 and feeds a
product 126be abid ssege #acgyinesns each eemizasivns yrshbid ebrvesysna 1datgh (dodeQ)
126b to be sent to the_next stage. Further, the nultiplier 654 nultiplies
t heddeci si BASHigha0 82DPLby 30 comnartpdt bheretonas BNt postéonudpte 304m t he

Progent daTRe2BLLI POS SRTPL SBootine (DiaihatimbaolethaEhip oG Ghdi o
i fi fid i f th I 4, Fl : h , th
iﬁf‘ﬁ'ﬁ| ;fofﬁﬁsil%m%Lﬁg%}s%mfﬁéﬁi@ o613 om&{% ﬁa%a%f“e@epbuihagi gnal
I 18I ' 5 [ P
5520 and  ECorRS o tbatiet s Bfir s B ERs B 3RS Ropdr ol ppacfes Gy fhE
Lt ol i . . h ¢ h .
E‘g Ehgdkﬁsg%\freoélegf?ksﬁ'z AN @%E%ﬁ?ﬁ%nﬂé??é-aelafk‘m?@%h:?ﬁ
.. Tk .~ : ' ' 8
PN Qode. (QOnbhsky a8 ipogRickedar, 808 1SS AVR, 8L Y% safh & Mo S5
The accunukatog Bllatidneqhathes stippp §9m 5571 for every S synbol of the chip
clock 334 I nput from t]he D%L ang outputs the result of integration 5601 as

a correlation detection output. The nultiplier 556¢ nmultiplies a residual
signal (Q phase) 18Q received fromthe previous stage by a PN code (I

phase) 5521 andAX0STBEAY @ rpeotied th83feplcan aaddel/ QSSP0 Andirbspdu gl 556d
mul tiplies a residual signal (I phase) 181 received fromthe previous stage

by the PN sixeal( T plrese)thz2@sand# T ebds 2L profdind s856ddt bPCUhgr ewiplet 2 SESQ n
the formof a negative value. The adder SSSQsubtracts the product 555d from
t heSproducth&38dr dirsda geedequirks seschivenizasitR ,tam dad edboansud atcargf Aede58Q
The accunul ator 558Q integrates the residual 557Q for every synbol of the
chi p cl ockp®3itipmplet af Phdy t3H) mon nededutbersto he PRsppsitodni daeyrd@8on

The DLL 310 controls the fine fluctuation of the chip clock to be
applied to the user #7 IQUs 74, 154 and 226 of the second ICU
groups of the first to third stages by tracking control and feeds the
20 controlled chip clock 92 to the I(Us 74, 154 and 226. In FIG 13,
only a single chip clock line 92 is shown for the same reason as

stated in relation to the SCH?292.

An SCH 298 receives the replica data (I/Q) 244 and residual

o
n

signal 14 from the user #8 IQU 228 of the second ICU group 42 of
the third stage, acquires synchronization, and delivers a rough code

position to a DLL 314 connected thereto as PN position data 312.
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560Q as a correlation detection output. 20 FIG 27 shows a specific
configuration of the channel estimator 574) FIG 18. As shown, the channel
estimator 574 includes nultipliers 660 and 662 to which the reS|duaI 572
output fromthe adder 566, FIG 18, is applied. The multiplilc} JA&

mul tiplies the hard decision data or conjugate conpl ex nunber (I1/ Q) 518 by
the 2~ residual 572 and feeds a product 664 to a snoothing filter or noving
aver age fi [liher DIdm3¥i4 )c@ol.0lTHbes oot Hlmg ufatioerofbéhef chiprdothet pripguct
664 and outputs the result of snpothing as the channel 53 0 3 JAN 2003
data (I/~ 499 listhitoetliel iserihy I@dsdﬁgndeﬂG datd 228Qpf 498 tsecomel 1 CU
multiplier 660. The multiplier 660 nmultiplies the channel data (1/Q or'

conj ugat e &5APPSOItMddir st to ol doytages gé’sttﬂ%ﬂ“B?@MrﬁMmth&sdtshﬁw
resul ting product as the finger. data 496. 5 FI G 28 shows a specific

conf i gur at C8RtR1I¢hehdppelasks Pﬁgtgé@t@i $6Us97 65 Adituded i22 § hel n delfpedding
and _filter 532 FI.G . 22. As f%ﬂ?(vw] R)a%subtractl g sectl on 591 includes an
adder 590a MNd¥ed SiRGle Hed i NG AL el 51291‘”’0 Pputh & rgvneneeas Qhads
correction ﬂ&{ ceimd de i Si o C|lrc$&_h2 the current stage and an | phase

del ayed si GHHF 5§hlre Opiia Zyed signal 5941 is produced by taking
in the signal Present Dat (1/Q 45 output fromthe I CU of the previous
stage as Previ ous dat (I/Q signal 524 and then delaying it. The adder 590a

oot daot Ssonr . (HIE/3S Sefmangdls Lé@%?ﬁé 08 SRR 180 oBlt Bills 2om

he d f 594
e dieed bolgct léﬁf"nf‘g“‘?hswﬁlo%@ or LA DR R (ORI NI WHaheX! I ©94Q
599 subtraghschée lS’l%'c%)éed msg@ﬁbwﬁ%%éf%mﬂhﬁ %ggg@ﬁn 515991 g9 Kl epi#9

shows a specific configuration of the multiplier ude In the

respreadi ngCaner d1i PiR¥e s382g Uhli® 3%, Asheh@w.3 td8enulst ivihitde B8 3 $7made
up of multipliers 598a, 598b, 598c and 598d) and adder$ 599a and 599b. The

mul tiplier th88eomutloligikhas 69etd the pirasel MEsd DO ehepfirst ramgehe
subtracting section 591 and the | phase PN code 6021 and feeds a pr oduct

597a to t heeadderhe588ntr dlha gmall tliQY itertlkx08bcomd tTQW igesutph8 0Qphahe figsi dual
>96Q by 54stage, sends the control signal 149 to the first IQU group 32 of the
15 second stage, sends the control signal 187 to the second IQU group
36 of the second stage, sends the control signal 219 to the first IQU
group 38 of the third stage, sends the control signal 251 to the
second ICU group 42 of the third stage, sends the control signal 285
to the searcher block 260 assigned to the first ICU group, and sends
20 the control signal 315 to the searcher block 290 assigned to the

second ICU groups.

The circuitry beginning with the first IQU group of the first

stage shown in FIG 6 and ending with the second ICU group of the

25 third stage shown in FIG 11, the searcher blocks shown in FIGS. 12
and 13 and the control system shown in FIG 14 may be

implemented by hardware in the form of an LSI, an FPGA or a DSP.
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0 3 JAN 2003 the Q phase PN code 602Q and feeds a product 597b to the adder
599a. The adder 599a adds the products 597a and 597b and delivers a sum
6041 to the transmission filter circuit. The multiplier 598c multiplies the
Qphase residual 596Qby the | phase 5 PN code 602l and feegs 3anragguct 597c
to the adder 599b. The multiplier 598d adds the | phase residual 5961 and Q
phase PN code 602Q and delivers a product 597d to the adder 599b. The adder
599b adds the products 597c and 597d and delivers a sum 604Q to the

transm ssion filter circuit. 10 How the channel estimator 574, FIG 27,
execut es channeReéstama ivoill wid Im bdedes drlitbell5 i forddeactibiigea aboarechdiC t ype
interference cancel ation systemis effective in any kind of channel

esti mat i onbdgek eansBatetaset maai pe exafchr ehtlee darst dI@Y igonupecef thee s thial ps
the base station estimate channels, it is not necessary to use_an advanced
sophi st i cately dhtasivsl teParkar MoRakgsteeginpt t Widghh kefe figasispeoping with
characteristic, of course, depends on the ability of the receiver. However,
shodl d t hetREsk EnbIdpathTRanvaY e5ExtRPE sORSHOW Ryt isggrahesrdiogks abl e

el ey be SRR E0uSs 18 LN SROSCE Gl ¥Rl L R oeant 19
descrl bod R A0SR, PE BRSSO A 0 B0t 28 eFSp
o o el > eSSy S Dol BAE e NS R,
correct paghs 25 94nghd259k690eSh bEiF Ll Rdnt AR CRE APt 6 fifira BaindsN
10 and feeds the data 322, 324 and 326 to DLLs 328, 330 and 332,
respectively. In response, the DLLs 328-332 generate chip clocks
334,336 and 338, respectively, and send them to the user #1 I1(Us
31,110 and 190 included in the first ICU groups 26, 32 and 38 of
the first to third stages, respectively, for three-path Rake receipt.
15
An SCH 340 receives the replica data (I/Q) 204 and residual
signal 40 from the first I(J group 38, acquires synchronization,
generates PN position data 342,344 and 346 respectively meant for
the first to third paths, and feeds the data 342, 344 and 346 to
20 DLLs 348, 350 and 352, respectively. In response, the DLLs 348-
352 generate chip clocks 354,356 and 358, respectively, and send
them to the user #2 IQUs 33,112 and 192 included in the first IQU
groups 26, 32 and 38 of the first to third stages, respectively, for

three-path Rake receipt.

[}
U

An SCH 360 receives the replica data (I/Q) 204 and residual

signal 40 from the first IQJ group 38, acquires synchronization,
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error rate. For this reason, a channel estimator with a mninumof delay is
required. Wiile the channel estimation system depends on the conmuni cation
system and channel configuration, hereinafter will be descrghegad ggystem
for inplenmenting channel estimation applicable to a case wherein known
signals (pilot synbols) are inserted in a traffic channel by tine division.
10 FIG 30 shows slots assigned to signals to be transmtted. As shown) a
frame is npelerenptaxf PN pbsitédn tdataf3 62086 Jeantl TOhiespiendi vafly pinleain tsfurbol s,
a signal (TPC ) for controlling transm ssion power, data or information,
and pil ot slyerforst. t&itgrirdpplachssypmidolfsednstrd ethtian36ach3 §hotndf 3dehd aact 0 be
transmtted are known 15 beforehand and used to estimate a channel. A
convent i onBLLRak68r, k) vagrd 372 miicepeetizhinnel n by spoinsg, the Pllst 368rbol s
of several slots. This systemwould critically_aggravate the del ay of
channel es3/AageBarate ghppidacks 1hé, B(6 and KV@htreéPeﬁhW;@,l}’t nadcisandel
estimator 574 uses the data portion of the slot in order to realize 20

del ay- f r eetkaminhe thesysemiidod (Used audd 4 RedgaP4 puilvded imehedtissbd t he
phase of a (_:hanne,J agg t he g&as? Cif ata, the phase of the data js

el i mi nat ed€hYUBE e &f 3€ndndesd Of oth&sitiisdl taybbirg sk gemi eesngqtivelh.efar r ed
to as decision 2~ feﬁggack. Thg novi ng average of) anong the correlation
det ecti on H¥CE RAUSeRAEP S GHFARE has been elimi nated) several symbols is

out put as channel estimation information. Then, the correlation 56 ~ 3
JAN 2003 detection output is multiplied by the conpl ex conjugate of the
channel esti matiyon ci I LOR: ., Al e oy 0 h$ H0 .

finger. The res/l}l%t Sgﬁ gﬁéﬁﬁa?:?glechgﬁl&% f%ﬂ)%zéygisagé &ch)hgﬁgolf{?@\fmﬁﬁé{%%edure
i syhe res f 4lpan e GiLs) X . 1.degi.si FI G
181.(t)ChanneFigté]s€?i lrlrgt ifg%ﬁill ghéﬂ'xcef?usﬁeg@\c/y\jt %ﬁotgﬁegi%ﬁd%/(ﬂédﬁ% gﬁf’?f‘ggf‘ﬁz%‘?én’

i ndi vi dual &£} bkiti ct g bedgign tag (" r i fg3! enment
t he above %Iraggggfﬁse?ﬁd c%istlngﬁ %ﬁ%%ggag?é‘ %gssﬁ%ﬁlrg%ggbgyeeggtlggaﬁtrf;Ht}.
Therefore) tlg@aipg! t8StHiTBt pARhYSaRd FekUst e Rid@t 38PNDYR 4SRRI OB E Sto
executed first and used to restore the rotated phase of the first data
symbol i mBijLat 888, f390amd g3 92, tbepptiivotlpynholrespenisen.thEhblLdat 3 8R¢mbol

i s denodul ated by the individual finger circuit. A signal appearing in the
pi l ot synb8D2 generate chip clocks 394,396 and 398, respectively, and send

15 them to the user #4 ICUs 37, 116 and 196 included in the first ICU
groups 26, 32 and 38 of the first to third stages, respectively, for

three-path Rake receipt.

FIG 16 shows a searcher block 400 necessary for each of the

20 second IQU groups 30, 36 and 42 of the first to third stages to
perform Rake receipt with three fingers coping with three
multipaths. As shown, an SCH 402 receives the replica data (I/Q)

232 and residual signal 14 from the second ICQU group 42 of the

third stage, acquires synchronization, generates PN position data

25 404, 406 and 408 respectively meant for the first to third paths,
and feeds the data 322, 324 and 326 to DLLs 410, 412 and 414,

respectively. In response, the DLLs 410-414 generate chip clocks

38



15 section is input to the noving average filter 666, FIG 27.
Subsequently) a hard decision value derived fromthe denodul ati on of the
data is fed back to the channel estimation circuit of eachgf4 ngRryggn order
to elimnate the data phase of the 20 next correlation detection output.
The resulting data is input to the noving average filter 666. At this stage
of processing, the pilot synbol section and a single data synbol exist in
the filt er4@%64tlo°gé1tnlﬁief1.20m'eeSfpielctté‘fel%@nﬁir se0dethemntanhef useie #si (I6Ussymbol
section ang dat_abesyrrbfl as_the result_of currené channel estipation. 25 The
mean is uséf: By Gab $24gef the s¢crpdul Y2ttt sd0er® andaddypbbhe fidrstoni ng

the first dat ynbol . This is followed by the s processing as executed
with the ff% éﬁraaﬁggﬁnﬁSfPe%&ﬂya g"/r ﬂ’r(?eSPQtiN ggg% 15€8¢Bture i s repeated
to sequentially estimate the channels of the consecutive data synbols by

use of the current data and past data. Consequently, the nunber of synbols

[ t toth [ fjlt 666 i th 1g9) f t

of The fi1ter obb it 3% REC s Fh e EhNBEI TR0 XD 0 SRRC R o °°
moverent of S0k Hiobom A 3 oA, 1P T e, "Bk ks S RBRTOR RN 670
lid [ ' 1 j t l.ast t
Symbol. of ERaCE s FRLBaR g e B s P et Rt el £ g2
After the ghovgrdas tfmmohah%, hean fdeapanlatdmda 4o4OrABEI QRdl ARE (o0 the
filter 666 is cleared. Theh, channel estimation is repeated by using only

the first mLmt4§EM2&ﬁfdi43314,68@sépm_idatﬁ SMﬂHfé's?oanhL QWeNPLLL- 4Bt 1 ~
is, the window size of the filter 666 is sequentially increased, as
10 434 generate chip clocks 436,438 and 440, respectively, and send
them to the user #6 IQUs 72,152 and 224 of the second IQU groups
30, 36 and 42 of the first to third stages, respectively, for three-

path Rake receipt.

15 An SCH 442 receives the replica data (I/Q) 240 and residual
signal 14 from the second ICU group 42, acquires synchronization,
generates PN position data 444,446 and 448 respectively meant for
the first to third paths, and feeds the data 444, 446 and 448 to
DLLs 450, 452 and 454, respectively. In response, the DLLs 450-

20 454 generate chip clocks 456,458 and 460, respectively, and send
them to the user #7 I(Us 74,154 and 226 of the second I(U groups
30, 36 and 42 of the first to third stages, respectively, for three-

path Rake receipt.

25 An SCH 462 receives the replica data (I/Q) 244 and residual
signal 14 from the second ICU group 42, acquires synchronization,

generates PN position data 464,466 and 468 respectively meant for
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represented by the wi ndow 670 and successive w ndows 672-678, until the
nunmber of synbols coincides with the nunber of taps of the filter 666. This
novenent of the window is repeated with each of the consequji Q(Pjna sl ot s.
20 FIG 32 is a graph showing a relation between a Doppler 1ndex t1dT and a
Rake receipt loss (dB) determ ned by varying the w ndow size of the channel
estimator 574, FIG 18. As shown) the Doppler index was varied to 16 Hz) 40
Hz, 100 Hzthel Zirstzio t&ordzpaduQ aizd Peedndhdldaiiz. 454deh®besnd dyvdbab
period. A single slot had forty synbols. Denodul ati on was i npl enented by
QPSK (Quadbhiard7@hdde shid 4 eyt erpectinelyHl Enhadspossagtiee sDhlis 4Ad-t hr ee
pat hs 58 0 3 JAN 2003 acid accommpdat ed a _single user. Transm ssion power
control wad7#i generdteceltp clokcddd .«478randidllasespactivedy, andFrsend32, a
curve with squares, a curve wi.ith crosses and a curve with circles are

respect i vetljeelt hentsari #8 YU A At @ringt 228 @btthens aran ilidy) greugisndow
size of ten_ s ol s w ndow si ze of twenty synbols, and_a w ndow si ze of
thi?ty synggl' érgjﬂ“(ﬁaé‘& éﬁdaﬁ‘btﬁﬁ}r te tihéi{\geﬁtaé%mfﬁﬁP@‘é“Bﬁlh’ Epartddeesri sti ¢
derived from a w ndow size of forty synbols. As shown) when the Doppl er
frequency P&t &akei (R4S Ptow, the 1oss is | ess when the w ndow size is

twenty synbols to 10 forty synbols than when it is ten synbols. Wen the
Doppl er frequency is relatively high, the |loss increases substantially in

Pl &35 shovs a Hotal o bbbl T eIk Ll S8R e SfevbEIRE TEL o
of & reaul (e B InE RO, Mhd neXoey BRST BRI O PeTean e

estimation ere I on was “determ ned cting transm sSion power

copgrol ar‘ﬂlé‘ﬁls@?t#PQCﬂP?gein"c'lﬁ%drzig\t ﬁeﬂétﬁgﬁgg%é%'o&ﬁﬁesgggnd

absci ssa i ndi cates the w ndow si ze unber

ordi nat e i aigaboswkh BpekdRipled CEHYT QM {1 (ChOSERSd Bo tREM €86 KAl hug Of

Eb/No errors particulfar to an H C having two stafes. A curve wth squares

i s represepyat invoef ftﬁbétl}@ng,rﬁ.@t,sapaﬁkbcﬁé@éifttof@ﬁlcﬁbﬁ havl g relpeeadt ages.
A curve with circles is representative of Eb/ No errors particular to an

H C 25 havimgldlawiomsfagesonfFantdheulpatcanves tiintdtedstediskd smbol and
representative of Eb/No errors particular to an H C having five stages. As

FI G 33 indi(catextetihenHtGenenhetdntan ase agdb enfutricenthlatf of3he 1CQU 110

15 up to a signal correction and decision circuit mainly has the

conventional Rake receipt function, and additionally has a function

of processing the received symbol estimated at the previous stage

and a function of estimating a channel. The latter half of the ICU

restores the symbol data received and subjected to decision to the

20 same conditions as on the channel, and for this purpose has a

respreading function, a transmission filter filter, a function of

subtracting the estimated received symbol output from the

previous stage, and a function of multiplying channel information.

o
‘N

The circuitry of FIG 17 assumes three multipaths by way of
example and therefore includes three fingers 490, 492 and 494.
The SCH 320 and associated DLLs 328, 330 and 332 included in the
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Q 3 JAN 2003 reduces the error, conpared to the HC wth tw stages, i.e.,

i ncreasi ng the nunber of stages is successful to reduce the error to a
significant degree. Wen the nunber of stages increases, the error changes
little despite a change in w ndow size. 5 FIG 34 shows systlkf JApaeBti es,
i.e., capacities capable of accommopdating users determined with an H C
dividing users into two groups. In FIG 34, the abscissa indicates

transm ssisemrpbeerblook 218y mifoFl Gb/ 6NappdB)throrcimpi cledkly3 Bdi,s33 hiahé t he
ordinate !'0 indicates C (nunber of users)/PG (Process Cain; spread

magni f i catdddh tofthsi kingens t43Bs4#92i ard ,4Uberegaacielyes normal i zed by a
spread magni fication. The code error rate was assuned to b a 2 x |0-2.
Transm ssion power control was effected slot by slot. Power fluctuation was
mai nt ai ned bel qw spread 2.4 dB. The 15 wi ndow size was sel ected to be
twenty synbol s. Thohdergehek0 cargiivesndie farsé extimatedanaetived | siamibod was
execut ed. The Doppler ind fdT was assuned to be 0.0625 (100 Hz). A dotted
curve is riggreeust datad Jﬁ);@rflﬁaﬁéétlﬁgf% cif aﬁ‘q ou e %dn\féﬁm ohBE Rake

2 aroup siBE0PUT StaZporhtb 30t houes duadsasn { B8y i Gard dadisionr oup
size of 1, and.3 point (3,.}) shows case W th thhr e user§) nd a group

i AR whieh T Ge deSerted e aThd Bnering OF Siades:
:1In§iew|pth two,ap Ieir. agag? 5r Sp i QB%..At tﬁe Oj Nt *g}g)ll %J)Wa Iigﬁtely
i gher G PRIt AL PR DTN R SHiEEn ShyesePaiol A o 6t th s akfiS003 1 1
FIG 34, it ' ' f i bl
wi th an’ MOl Rt An 378681 SAERARAN AN e B A R Rt e

Wit two Sdﬂgxea-96°.‘fp3g;5é‘§fgc]agldrr,5?h@“fih Ef £00VEn s 2 P@ﬁgfﬂega&ﬁnausers

and a group size of 5. ve withZsquares 1's represent v

per f or manc&paldtorylaf hadar HbEhavidiagl eNe ShkageRied hee&diFed evam Hulgher
than in the case with three stages. A curve with circles is representative

of an H C (Rm¢viiguti 4ets) ageput e oel P s gu@sicﬁnstisala@z,tmdsw RBagdhidln the
case with four stages. It will therefore be seen that the illustrative

estimator, and demodulates signals on a multipath basis.

15 The PN generator generates a PN code by using a PN code
position selected by the searcher as an initial value. The PN code
generation timing of the PN generator is controlled by the DLL
tracking the fine fluctuation of the PN code. With the PN code, the
finger 490 executes correlation processing or despreading.

20 Specifically, the finger 490 estimates a channel by the addition of
an estimated received symbol output from the previous stage, then
executes maximum ratio combination with the path-by-path data
(in this case, three paths at maximum) by use of a combiner, and

then executes correction and decision on the received signal.

1o
N

Subsequently, the finger 490 executes respreading, transmission
filter processing and multiplication of channel information in order

to restore the received signal to the same conditions as on the
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10 enbodi nent realizes a subscriber capacity nore than three tinmes as great
as the conventional subscriber capacity. FIG 35showssystem

capaciti esdeterm ned with an HI Cdi vi di ng usersintothree groups._|NFI G 35,

t he absci ssa andl1l5 ordinate respectivel yindicates the sa é@'ﬂ as in
FIG 34. 7~rodel ay channel esti mati on was executedunder the sane
conditionsas in FIG 34. TheDoppler index fdTwas again assuned to be 0.0625
(100 Hz). Ahdotnedd Ag verésultepnesstritatiedeingier perdioraraigiealppatticular tbo t he
conventional Rake receipt technology. A point 20 "(3, 1) shows performance
particul ar dadaato Mechaynpmibtesd Agbm shageasa spation {3producskofiom the
performance achievable with three users and a group size of 1; the C PGis
slightly hilghet teggivathesigddyenti onal /PG 25 In FIG 35) a curve with
inclined crosses is representative of performance achievable with an H C
having two stages; the GPGis far higher than in the case with a single

stage. A point (& 2) on §1 .~ 3 JAN 2003,this curv hows a case with six
users and a grng‘esici‘émd\‘equtA”bHienp (té)e H#h §H%&aogé§§ % thh sk $fe g‘éérs
and a group size (gf li Acurve with crosses is representative of

per f or manc e SFar $1E IR PR Sy ke ﬁé@f?ﬁ&eahﬁée stages; the G PGis even

hi gher than in the case with two stages. A curve with squares is
representative of an H C having four stages; a point (12, 4) shows a case
with twelve users apdina-g p. $4 f . t the i - 14), a GPCGeven
hi gher than in t(%é“’gﬁatég V\nrlgﬁ t?\é)égcg?"é‘égy\i S achﬁgvegﬁ Q%%c&r ve with circles
is 10 representative of an HI C havi v s; the GPGis slightly

hi gher than in the case with four st@g%c{e(g’. Sﬁfé@gg al so indicates, the
illl@strative enbodi nent redl/iWeE(Ca. sybsdmi)ber capaciwy= idWe tohanl t hree
times as great as the conventional subscriber capacity. 15 Functions

requi red of the receiving device of othertvase station, iE@.I(qdjpg the HG
wi Il be described hereinafter. Wien the HHC is used to increase the
subscri ber capacity, the performance of the circuitry for denodul ation
around the HG i.e., the searchers for acquiring synchronization and DLLs
for synchronbheset imdki aquiad tdefil8spsedk] aren desaasae i tegeyearqhelr $oaoe
expected to search for the positions of paths and assign themto the I CLTS
bef ore t he sthallsr ahtan xemretivergreatssyindiegern8y dearntes deldtnyizenantesdnby an
HC (ICS). That is) the processing of the searches nmust precede

caddel | ati of. thre Fwmhare ofesy arbrlacandf Worlaneticsndie DuR&immdNs waAnEsY s,

onl'y size

The temporary channel estimate of the ith symbol of the mth

stage, kth user and /th path is produced by:

20
Cn k. 1(]) = ZdV'm, g k() [ZSk(n - 1 1) €mg(n)
+x(ym-1,g,100)C m-1,%,1(1)] Eq. (12)
Estimated data to be used for the ith decision feedback
25 relating to the mth stage, gth group and kth user is expressed as:

d¥m,e k(i) = dk(i) mod(i, Ss) <Np
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2~ the subscriber capacity and interference without ally H C are assuned.
originally, however, the searchers have perfornmance of utnost I'm&.
Therefore) an H C applied to the searchers would , 62 03 ngé Sy 2003
increase interference at the receipt end and woul d obviously deteriorate

t he denodul ating ability, fai ling to start receiving a signal. Al though the
DLLs can be arranged in th IE];; receipt circuits of the |nd| vidual 1CUs as
conventional, their abilFt9migglB so 5 d&t@eiTdrided beckdséldhe fir st group
of the first stage is in exactly the sanme environnent as the conventional
receiver as to receipt) i.e., because interference of any station is not

effected in the flLSt group of the first stage. This is also true with the
recei pt onWAIFTEc 84kl dRapien; thhelthr Hidhi & AAN gkt Ihating hecdiss dhannel

gt ot Reck B X H B Ge BoRLA nURPUBIEL IR L.»”%E”er (R hes
ochipt - pr SOLAE AR oFER e WA Gebion W'k ?ig%?sf”lghbn [t 1Eh 8 <o s
cach Sear cREPTPURG Shev o hobidl P e BYE AT 0 DAL -
he dol oy o ke EFERII®betten AFRRRE (Pl dé‘?ﬂ%‘ﬁ e bR, ﬁétchQﬂSE

and infornms the fingers of the associated I CU of new nlultipath positions.
Each user has the respective searcher function. 2~ First, there is

e LT 2 SOTVBIMREn S ey s edom opaind KM pganel
of | &N COdeg’}evirdlﬁsﬂ,diiﬁpzél o/ Q) 686b Q)aitge%i‘ﬂail% the user #1 from theIO
previous stage, chip clock 336, residual signal 18 and hard decision
data 518. The finger 492 executes correlation calculation, channel
estimation and so forth with the above data and signals and outputs
channel data 502 and finger data 500. Likewise, the finger 494
15 receives the third estimated received symbol Previous data3 (I/Q)
46¢ particular to the user #1 from the previous stage, chip clock
338, residual signal 18 and hard decision data 518 relating to the
user #1. The finger 494 executes correlation calculation, channel

estimation and so forth with the above data and signals and outputs

20 channel data 506 and finger data 504.

A combiner 508 combines the finger data 496, 500 and 504
and feeds the resulting composite signal 510 to a decision 512.

Specifically, the combiner 508 adjusts the delay times of the signals

o
h

output from the fingers 490-494 and adds identical symbols
(maximum ratio combination). If the power of any one of the

fingers 490-494 is lower than a preselected combination threshold,
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power of each PN phase is determ ned. To determ ne the recei pt power phase
by phase, a nethod accurate enough to overcone noise and fading is

avail able, e.g., a nethod using a great correlation | ength or 03 <ANH0G}
produci ng a nean of power determned with 5 some correlation |Iength. Among
mul ti paths represented by the positions of the phases of the PN codes
greater in power than a certain threshold, nultipaths equal in nunber to

t he fingersham ahgeként €dounpubefrdeer drenfinig rofsdantwad e des M fliPgdawer .
The nul ti paths sel ected are sequentially assigned to the fingers of the 10
i ndi vi dual easlercerr dp endpdoi 4 ipraltioular heuiltiptitiald qteased dfy ahBNexadberi - €. ,
the initial value of a shift register is given to the PN generator of each
finger. BePatlse gremtelr Cimchudeberi bhamcthé QU aofimaanh natadgeer fafndarsemsach
corresponding to a particular nmultipath, the paths are assigned to the
fingers of cameotdesasuniodelstediesFunthen i§athe waynber of padhghdehectaldove
sequence of algorithmis identjcal in both of the H C and conventional Rake
receipt, tR¥ thcsapchoniesinsher tharethedsipbes el tingessethen somegred s

i nput to tge srgar chers., The conventi ona,h Rake recei pt uses a received
signal itsH¢ HAGCTheWdtlonotoBecaiseds  Kueperths bt e mRer chlerRaths fal |

when interfer.ence, ,i.e., subscriber. capacity,increases. To solve this
probl em tﬂ%SIigPIeﬁspﬁ'afelil?/eseé‘ﬁﬁﬁﬁirn’esnle%sgka%itgﬁﬁlast SchnRsHAEAE & RE At Fer

ear cher MOT it ar @ Geridtar i i 11 b BOGRRT o303, AClEH th Sinal

herei nafte 0.3~ ~ | R]e {ljﬁgonfi guration discussed earlier, for
a certain é[slgaﬁﬂ tffloemr gbeeil\%lés&rge allg_| ergone cancellation is no nore than
a phgnal containing an uncancelled error. Because such a signal is

sequentially transferred, an error signal or residual signal output from

the |ast stage R WAdsigANS LANGRELALS OTLdrieeush alld [HEcRIaReBONRLL of

t he users contains an uncancelled signal. This uncancelled signal contains
not only egbiPdditd s§EhaT S PYts i RRt&BES YRS UBL StiS| WHbn Af16n, by
unassi gned nul'ti pat hs™signals. However, signals other than the assigned
users' sigfigé Sc@ndideri SIR 1@ hilemdisddenishianoand M RAIDSQplaTRsexdrr enel y
weak. Particul arly) unassigned users' signals are extrenely rare for a
search tinehahhkds uofssh@neimall t5 bat lrepgyseingelr ibng abefficia nni ihmtdpeof
interference. Therefore, the error signal undergone cancell ation has a high
S/I1N (signdrawongdi se) ratio fromwhich interfering 15 stations have been
excl uded. By nonitoring such an error signal, it is possible to acquire a
signal sent froma user newy started transm ssion. The searcher algorithm
itself is identical with the conventional 20 algorithm as stated earlier.
Al t hough the signal undergone interference cancellation naturally brings
about a del ay, coppared to the.recei end, the delay particular._t he H C
fvpe. i ot or T ARl EaNYel the: it i 111 Ak PHITAIZeSnHoti ITHL SERBYIT Dby
smal |l for the operatjon gericid of the garcher?. 25 FIG 36 shdows %he
connect i Onlrbqltipﬁléeﬂt 1Bormalized, spgnal by a coeificient corresponding to a

20 slope, and limits the resulting signal with a threshold corresponding
to the maximum value, thereby correcting the signal 510. With
this procedure, the decision 512 outputs a corrected signal 520.
This noticeably accelerates the convergence of the canceller and
thereby improves the demodulating ability to a significant degree.
25 The composite signal 510 is applied to a 0/1 decision 516 also. The
0/1 decision 516 performs hard decision on the input signal 510 by

use of a preselected threshold and feeds the resulting (logical) 1 or
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searcher 320 to the user #k searcher 462 set up for initial

65

03 J~~

2003 synchroni zation. AS ShOM |, the residual signal 14 subjected to
interference cancellation is fed fromthe HC 12 to the userg %Aﬁeﬁwher

320 in order to acquire initial synchronization for the user

1 signal. The

residual signal 14 is fed to the user #2 searcher 340 to the user #k
searcher 462 also for acquiring initial synchronization for the user #2-#k
signals. |{oghmlatdoteaabdicicgsioat damaf 61 & o tthal fisgeehr@0 2634 onFoprthy t he
error left uncancelled is input to the searchers. However, in the 10

sear cher ahgodi tdemision,i shaeddssadecidodet®t6, sebecty rodly pat lifa g ndindat ed
by PH phase positions greater iii power than a presel ected threshol d,

mul ti pat hsdetgrahines nowbtret @ache recegerd datat ise +Hlleor enentTing asddt , ofas
stated previous|y. Because the conparison involves paths having already
been assi gHeld, deabhi@np shanvgseraivead s$gmbbli patdrmimgéctadd thdsi mitagal
search canpot be coped with unless the power of assigned paths and the
powdr of aFREWISE . detied ehapaed @fdnrdapar sdimpdamatted O orihe desisionor
signal is tﬁnﬁ% t.0 each searcher, 20 then.the slggéiher cannot detect the

Hee A0S b Wy AR epBe Halthef, d e41SieR iy

assigned p

asaHeedadg. phase sof

t heref ore negessar tg ta?.e account .of .the gssigned paths by some nethod
o S

when t he sE3rEREMA WA, sthe, daje

“ementing order with respect

to power. This) however, would sophisticate the searcher algorithm 25
al though I1Qx inpossible. An alternative enbodi nent to be descri bed

2003 iy e er 13F S §Rared bl C XL o R SRR R i dpg” T
si ggal s of oftf 250 § fgﬂmeasfig&%lt%@ﬁ' g7eke dgf%ezsbgﬁra a3nsRe@dto a

Ther ef or e, e signha stat1on concerne

is restored, then a

signal f romggﬂ&mihrgt ﬁhheﬁﬂﬂé&e (R%‘égiréﬁé' & Fﬂ)tﬁfz%ﬁeg ﬁZéi%dl%%mppen

renoved can i nput” to the searcher assocliated wt

ove station.

This can b ¢efiflidy {Pnlheh ¥uRfipaHT) S 4 4ncThenr ©pididinUanWhiil @t he2l CU
has been shown and described as determning a corrected 1nterference in

such a

15

O]
|9,

receives, as the Previous data (I/ Q) 45, the signal Present dat (I/Q)
45 corrected and decided at the previous stage, receives a chip
clocks 526a and PN dat 526b, and executes respreading and
transmission filter processing. The resulting signal 528 output
from the respreading and filter 522 522 is applied to a first channel
multiplier (1st Ch Multiplier) 530. The decision signal output from
the previous stage, i.e., the previous data at this stage or Present
data at the previous stage is subtracted from the above decision
signal Present dat; the subtraction is effected with identical symbols.
With this subtraction, it is possible to cancel a difference between
the current signal and the signal cancelled at the previous stage as a
corrected interference estimate signal of this stage. This is
followed by spreading (respreading) using a PN code and
transmission filter processing in the same manner as at the

transmitting side.
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10 manner as to cancel only a difference between the current interference
and the cancelled interference, the alternative enbodi nent determ nes al
the cancelled interferences and adds themto an error signal. The
alternative enbodinment will be described with referenceIJJQ?(%ﬁ@?m315 As
shown in FIG 37, the residual signal 14 output fromthe H'C 12 after
interference cancellation is input to adders G/2 and 680. Further) a synbol
estimate 678 determned at the last stage is fed fromthe HC to a
multiplier 688 included in a user #1 20 interference reproduction 670. Al so
applied to the dubs¢pneatlesshessamisel byt spm bobleclo®sn e Ihes tim atiesl icer 688
multiplies the synbaol estinmate 678 and PN code 686 and feeds the resulting
product 69b1¢ oihivEARAd Fipdithe 1awtiude fReBpotie) feimesr ledlf. oTheclriRIe] | ter -
692 filters qut heedl.ess, signals_and delivers only a necessary signal 694
2~ to nmul t%ﬁlﬂb?rtéoe%,fcwsogrﬁ e7 @6aﬂfﬁem‘é]§ﬂi’ﬁrﬁ@e@ 6768 WB7EBSEIE 676C

detfrn‘i ned b% t he Iaﬁt stage paé&bﬁéqﬁ)ath are ffd fromthe HC 12 to_ the
mul 2i pl i er h@gdmgoBhasas7apd ¢ 92138 ophdhgzchapngly _Theysgdgnals
111111t 1pller,S.696-,700 ,respectively multiply the t out put 694 of the
fliter 6o20aMy ISAIsRgdnt Rochidtare dtith e dedbu.plels Baac it patlhe .
out puts or _pro s (02, 4 a 7 el a 708, 710 arid 71

respecti veflg.d g@%‘yé i %%ﬂf% gﬂ? pggdfgﬁoﬁotgﬁgﬁalél %50589521906’“3%”@% i ed
to an adde d; K The, LeSl I IS from
t he adder E}%%!%% ct)g?hlelﬁgggéejl}&g%%géﬂgﬁt?n EP:‘:[ g’r e%"(%éel}plgiﬂfg‘[I ?%jétﬂogéqflg E‘%gﬁ] ser
#1. The adgdep, ¢/ d es] j d.f s its
out put or gﬁmeﬁ 0?? ?Hgﬁg_stz;w?f}zgegre%%e%gdtcség?grséﬂtl%@gﬁté\ﬁvaﬁﬁemégﬁbher
26ppto 10 @ﬁ‘&uixft%r?é/mé)@ig@ﬂso@utpﬁ!ﬂt PSR £108 IR B?E%&H’Eérugowﬁg?itnh_er
user #k is reproduced by a user #k interference reproduction 6382 identical
in configutlagi@rowp t inthehsadsuilin isaih efseBe Bt eatedl FAdnONhe7MhpibhetolS
out put of the reproduction 682 is added to the residual signal 14 by the
adder 680. edblk I@SUl At nhisum3tadd, the ishpnialstin gihetoiske ifld i9edui gheCU298f and
used to acquire synchroni zation. The signals Present dat output fromthe

| CUs of thehtasimst ggeudd are delajyed exlicho thespierdifage nse ngafbeHatiem and
filtering. The signals Present dat respread and filtered are respectively
mul ti pl i edobgursyabohe mamsy ndsehpléhgnpericbt i mat es out put from the channel
estimators of the last stage path by path) thereby restoring the sane
phh@es and anplitudes as on the channel. Then, the 2~ restored signals each
is delayed in accordance with the de|lay of_a partjcular path., Finally, all

the paths are adbBediusti ghapasl mogltidiogurt0 amulbinkes theavicaaled2d

' nt erferenggtgﬂIf%l}netﬁleglngslpregdig% and filter 522 by each of the channel

data 498, 502 and 506 output from the fingers 490, 492 and 494,
respectively. The resulting three products 532, 534 and 536 are
20 applied to a multipath multiplexer (Multipath Mux) 538. The
multipath multiplexer 538 multiplexes the input signals 532, 534
and 536 and outputs a multiplexed signal or corrected interference

estimate signal 124.

1o
wn

The second channel multiplier 544 multiplies the decision
signal 520 by each of the channel data 498, 502 and 506 and

outputs the resulting three products as user #1 estimated received
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0 3 JAN 2a03 the reproduced interference estimate signal and the error
signal fromwhich all the assigned users' paths have been renpved are added
and then input to the searcher allotted to any one of the us r & JANKDBS al |
the signals input to the searcher are entirely free 5 frominterference.
VWhile the circuitry of FIG has concentrated on error signals subjected to
interference cancellation at the H G use may alternatively be made of error
signal s frymbhicRrasent datdsatas? a0dsidghdl(d/ RAVIE2 baeh26l ayn dr d2deto For
exanpl e, the searcher for the first group of the |ast stage may use the

si gnal tobfesEnRpup the textsetagtd gfeo@enafekthpasir engite fecan gntutiog the first
group rempved. In addition, such a signal nay be_ used for initial

synchr oni 2&4. dncomied rhats alllteefrfﬁﬁﬁi(\félng RBipdateont 4 Brigeei e hghersan tiohd of
schenme 15 wil |l descr.i bed wi reference to FIG 3 8 . shown _in FIG
38, the rééglaﬂlafggigwaﬂmg)%uﬁéﬂt andl o (tHEN £ (OUSRUSCA ?ﬁrbta@ls 38803 SHe | ast
stage of the HC 12 is input to the second IC(.| group 142 of the sane
stage and to adders 672 and 724. 20 The user #1 interference reproduction

d i .0l the. . | i '
Ségef”§7§?eihé¢i§dﬁﬁ8€%}*§\§§%§s%@ﬁ%sﬁo ﬁééi?ﬁf?tgﬁé&gh%pazéﬁi $00etE ence
a user vy ueREPERCE LY AHINPLo e AR hinEr P8 "FhachPs, o 20

particul arsthQvﬁ!‘Eth‘é?g'in ér a&'éod‘?iégl‘{ﬁd%s I 6&r§ﬁg‘i‘d‘3@4 9%d eTLl?p]ggF'eﬁ 724

adds the residual signaf 40 and 3 JAl interferenc and

appl i es thﬁuqﬁgwetri M5 GUANES i 4 49&br #4 5 Chgle 2R 11K €5 gl
signal 14 output fromthe second I1CUgroup 42 of the last stage is fed to

adder 680 @pdiphicaddes rSAduaANsighAr 18r e3ca 180 @ Ous SLr N adiaple #5
interference reproduction 728 and particul’ar to the user #57is fed to the

adder 732.cohfjegatder*732nddddelivers eshduaksailgngl prbdanst | Hi59r fry erice 730
and feeds its output or sum 733 to the user #~ searcher 292. The user 10 #8
i nterferenneegepoodicBi.onA6FN agdpertas oan(PNt écher 8h0eré8diviear theukhipto the
user #8 and feeds it to the adder 680. The adder 680 adds the residual
si gnal 14 clock 334 ftemetbe BBE 328 défechie sehechesdlockg3 E8nFEE3 1659 aé user
#8 searcher 298.

outputs the above PN code 552. The PN code 552 is applied to the

15 multiplier 556 in the form of a conjugate complex number "*".

Specifically, the PN generator 550 sets the PN code position of
the multipath selected by the searcher in its register as an initial
value and generates a PN code matching with a particular station

20 and a particular path. The pseudo random code to be output by
the PN generator 50 may be implemented by an M sequence by
way of example. Because the timing for generating the PN code
varies in accordance with the channel condition and the deviation of

clocks between a transmitter and a receiver, the DLL corrects the

o
tn

fine fluctuation of the PN code by tracking control. The searcher
and DLL will be described in detail later. The output PN code and

input data each is a complex number and has two phases, ie., |
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15 In the above alternative enbodi nents, the signals cancelled station by
station are reproduced by use of channel estimate information and spreading
codes and then added to the error signal output fromthe H Cigoya rm]aout put
of the respreading section included in any one of the ICUs of the |ast
stage is used will be 20 described hereinafter by way of exanple. To
reproduce a cancell ed signal, use may be nmade of an arrangenent identi cal
with the rdsplesdiingnded} (Qaudiratheel fhasay. sildteed war [1i&rinpud abmahieon
necessary for the reproduction are the 2~ user-by-user PN codes,

pat h- by- pafih gehalftelis esnltiplied bytthet cdn prpatbecarhpherin estberabbehof PNhe | CU
of the | ast stage) path-bypath delays, and synbol estimates output fromthe
| ast st agecodrheavd theOr 8sulabn @ 0D duestpisendierzy ased th yrthef in tegriaCor of 58he

| ast stage executes respreading with information substantially the sanme as
t he above infosdant ioreifaee carr¢lattncaétectivat. whhEeintiegradinrodints diorof t he
cancel l ed signal for the searcher is executed with the synbol estimate
output froPRBelkON goteetiayecoriesppadsi f#y aby sy®bady of the last stage is
executed with a residual produced by subtracting the synmbol estinmate out put
fromthe previous stage fromthe synbol estimate output fromthe | ast

stage. It foll that .if the output, signal of the respreadi ng section of
Thaltast st age T HIF @AY PP ot dhfo T aplob I ere (oe Mo BiRtout

eproascect S FRTETAR AU o Wt L EAREE LT SRR Uk

cianal it 7s YestIChERT e tAIRRR00 S ARRIG PO T aRtERRy R 858 BB

usgss: S 9pglss, B4eaRAch TATDY G eiRbhne FFE g Sk br ARl B, &l sgpnati ve
i present 1Thvention for practicing this scheng I e

descri bed ju F{H rt%%ﬂ det %568 Gnchuded o %fﬁﬁﬁ?{"%fbt!ir?%':s‘e%ti&%) @séﬁ%tﬁg?'

estimate sign out put from an e previous stage an er gone

correctionjend 966 sd dves @RPUsEH #10 edtitaie d XebbH dd3 yoh bl P deAsbust age.
In response, the user #X | CU 742 outputs a corrected inferference estimte

744 and fegdsl (I/ Qp48a @ddeait Tém thealseul#Hl 1QU F48R2bh prpadudessatagsyl t
750 of cal culation of (synbol estimte output
delays it, and feeds the delayed signal 570 to the adder 566 in the
15 form of a negative value. The adder 566 subtracts the signal 570
from the signal 564 and delivers a residual 572 to a channel

estimator (Ch Estimator) 574.

As stated above, the estimated symbol signal output from the

20 previous stage is added to the correlation result in order to estimate
path-by-path symbols at the current stage. At the first stage, no
estimated symbols from the previous stage exist. The previous

stage estimated symbol signals are added to the same symbols of

the current stage. The results of addition are used to estimate a

o
N

channel and to restore phases. That is, conjugate complex numbers
resulting from channel estimation are multiplied in order to restore

the phases rotated on the channels to the phases of the original data.
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fromthe |ast stage)/ (synmbol estimate output fromthe | ast stage synbol
estimate output fromthe previous stage). The result 750 is 71 0 3 JAN
2003 fed to the Il1IIIItlpller 746. The nultiplier 746 multi @3 ANty user
#X corrected interference estimate 744 and the above result 750 and
delivers the resulting product 752 to an adder 754. Further, a residual

si gnal undergone interference cancellation or an error signal 756 from

which a grolp dinimidee engeattass Paeredeaveyaticahatdeld@stobidade 5581 aRYt to
an adder 754. The adder 754 adds the error signal 756 and the product 752

and feeds ¢dwmrasyl hi nhapmduch H& tods usertifX seddalér 576Q0. thlreby
| nt heabove configurations, onesearcher is allottedto eachuser attheend of
the HI C (ooutpa$)inghithe olmensehdatrerdiBy andf fingesejdteallDét.t ed to each
Rakereceiver circuit asin the conventional construction, such an
arrangenment woul d assign different paths to the Rake receivers between the
consecutive 15 stages and woul d thereby degrade the ability of the H C (or
(. Wth any bi{e b9 shiesv embopeeidin sonfigunating eeskeidrepidn S5ilL,pokGi bl e
to assign the sanme paths to the | CUs throughout the consecutive stages due
to the unpléeeddht ownbr theedggisipned 4Rd iReleidasy & rgaisy comieohmiredit. 20
In the illyustratji enbodi nents, a serial interference canceller and a
paral | el o 6 BT aveay I thrd CoRORAIASES & F.Gswane Rl PN,
Al ternativg] i t her one of ser,.al .and.a paral lel . interfer e cancel |l er
ey be contidibaths (Forablzer S A uRRn 85t e B8 oEthat SUERHontilguf A on
can al so i nt t C tyruction sho in any f .S, 36-.39 s0 | ong
as the can hﬁgﬁlég Eﬁeef‘?i"}ﬁ%g ?]_%n?q\]gggll?)%\ r%lﬁgge%o?ﬁdgﬁ&t icfl_rcollﬁﬁerror
siggal fromyl)betion)’s 445 HTaSies 8k B HAYB PEEE FMNCLLA & AL AR ©
580 by a slope coefficient and outputs a product signal 586. FIG
20 is a graph showing slope coefficients. As shown, the relation
between an input and an output is represented by the slope
coefficients b/a.
15
The slope coefficient circuit 584, FIG. 19, is followed by a
limiter 588. The limiter 588 limits the output 586 of the circuit
584 with a preselected limit value and outputs a limited signal or
decision signal 520. FIG. 21 is a graph demonstrating the limiting
20 function assigned to the limiter 588. As shown, the signal 586 is

limited by preselected limit values x and -x.

For normalization in the correction and decision step, use is

made of either the total power of the path-by-path channel

25 estimates or the moving average of the power of the decision input
signal. The result of decision and values produced by multiplying

the result of decision by the channel estimates of the propagation
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Further, the illustrative enbodi nents each is practicable even 5 with
decorrelators or simlar receivers if interference estinmate signals are
reproduced fromthe outputs of all the receivers in order ta& ®rdadgme3an
error signal. Any kind of searcher algorithm i.e., any kind of searcher
can be used because the input to the searcher nmay be considered to sinply
increase the S/INratio. 10 The connection between the searchers and DLLs
has been desdrs hed seintthid eher RBRE st QgEl4Ssighvals re skhtaddt hfvd Wresengach
searcher copes with sharp changes in path, the associated DLL or tracking
circuit cdpatdct sThideignab Heysaii datidre heephaseh offilbde 00de the hayyegn a
transmtter and receiver ascribable to a difference in the oscillation of a
quartz osaihlel atext bettvgeernad hprevamss $tage antimexedvareceThed Disly mbuwdes,
with a higher resolution than the searcher, the PN code generation tuning
of the rec®hity the tormdctitie dndicd eaisiam Wk pt e asevsi add osibgnalxepat &d by
pat h, thereby adjusting 20 the phase of the PN code. This allows the

redei ved sViffaleadh bef stdriplledand gdsphasgs wWher dimiergdddk estaspober sos

avai l able. The DLL is inplenmented by two correlators. A PN sequence (early
code) whos@nsiasetad asatoilanit Khe sie phasaestor Hermeddue the lsaadfQr t he
respreadi ng/ detection of the actual ,signal by half a chip and a PN sequence
(late codd)%%\ﬁﬁfséﬁ%‘r%b@ ite1$ éﬁ&ﬁ'rfl%ﬁet%@%ﬁﬁwlhﬁ%ééﬂb@ﬂ KEteT EPTAREp are
respectivehg ingut to the t 73 .. 0 3 l.JAN correl ators of the DLL. Usually,
the DLL priBuPedoxmfincee itk SopRpliedls e Srithi¢WRNval ue determined with
the early code and a correlation value determined with the |ate code. PN
code generation is controlled such that the PN sequence generation phase is

(I e | e BT M E TR AT A AR TR heR BT BB
|1 he »l  Thi N ;
ST i "SR EIGERED oot SRS ErsBF s Bis Sithe, 409 RERTRATE o

the PN Coqﬁcﬁ?ﬁgé gb%lﬁgt gioded Phe 1l HHWI DG ddasy €5 e Wik Ra MR skl Shoul d

be advance ove tontrol surely synchronizes the PN Sequence to the

recei ved sjgnal/ @nls r@dt’ﬁ@ﬂ ﬂ§01hhﬁ1§¥@ﬁépﬂﬁéﬁiﬂe%ou§_@a§’€| SCHURMGH 013N
therefore track changes in paths ascribable to the 15 difference in

oscill ati amatet(ieen siigﬂatnumtt; dslaiyls! af,oigdansedadtHbugut at dehgy saxi num

power of denodul ated data is achi evabl e. Because the change in phase

dd@ends orsighel iSt iodaal addletri Ah)intfiee dontr @f a snegedueedainéh The PN

generation of each finger of the individual user. 20 The above sequence of

DLL al goriaddendf0 esub trdnss hthded¢da@ed signal 594 from the signal 520
output from the decision circuit of the current stage and feeds the
result of subtraction 596 to a multiplier 598. A PN generator (PN
Gen) 600 receives the chip clock 526a and PN data 526b, outputs a

20 PN code 602 in the form of a conjugate complex number, and

delivers the PN code 602 to a multiplier 598. The multiplier 598
multiplies the residual 596 by the PN code 602 and feeds its output
or product 604 to a transmission filter (Tx Fil) 606. As a result, a
signal 528 lying in a preselected frequency band is passed through

the filter 606.

[ 0]
(9]
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(or 1CS) and the conventional Rake receiver circuit. However, the signal
input to the DLL differs froma systemusing the HC (or ICS) to a system
not using it, as in the case of a searcher. An increase in 2% s#us%ngber
capacity naturally results in a decrease in S/ Nratio. Ath ag one DLL
may be assigned to each finger of each Rake receiver circuit, receipt in
the first group of the first stage is exactly 74 0 3 .YIN 2003 the sane
as receipt in tPEGapseraewws @nslbr;@:é},fi@cm'f}’gtfﬁﬁ%ﬁ' 88 e tpsSaBa @il ity
as the conventional DLL. Wiile the S/ Nratio may sequentially increase
from one shageigltert 58 (eRI Gstlggefors ahmnined td1er &dwiabnat s RAdW AUl e
position at each stage would deteriorate the 5 interference cancelling
ability ofclidentd @ (bipli€s) 530t imcliddmwe madriplicom 6 b6, apbgeahidats ZeDLLs
of the fingers of all the consecutive stages should indicate the sane
position. whiahtthe dghhtrEd8eogdphayjrdrt veenttamsmmssienufilve KEEes of
the HHC 10 (or ICS) is great, then the DLLs of the fingers of the stages
mayd sorret i ingsuthe Fhegydinsédp ath icidirume ke daith 49 8nseposdt pank. clHomeerdatan t he
illustrative enbodi nents, the hybrid ICS has an unprecedented short del ay,
as stated pPévindsthirdThatfehannet dage $96mateput faos giled fimger WB@h t he
ot her userﬁ' Sjn nal s have been cancell ed bﬁ 15 the HHC (or 1CS)) the S/ N
ratio of tHEG guﬂr%@nnﬂéemt@ dednyY hérlek.of E8i merG 22 erespeatiasllyi ndhsbi ity
is inprove cher. It suffices tq input.to the

iy warowsiatoalit Bk T Rrsandtiend Sudvaonanilin
searcher c _’ﬁbté’ {}}eednﬂ 1p eéx@jﬁl yﬁﬁe%‘éﬁbp%hﬁgﬁ I%Bgtépheéaﬁheg,“%y one

o 15ne-contagua | o8, ShOUDein HS Y28 SO GHIRUL 1S AU, ST
A tornat VTS ERRBe" e el or3 AR AR, 1 AR 4185 o bAFans AP §e,

o anai or WSSy QLIRS RERREN Rot 0P RIS R 11 e

applied tosithe] @0 $0 the huRKFEsE & 16 ACKhBAnwINDIRr 8% i FRiSHEP thleoCkS
of the ICU. "It is also possible to input a received signal or a signal

input to téienaCS528 epcthetdélaged aighel BA0 Andl dlDt[ﬁN%Clatgr%ﬂ'ﬂl(‘elﬂrQBﬂUS
tracking with 5 the signal acquired by the searcher, thereby effecting
treEki ng coepraemderve be thbinescbped chinddleof Ch skelcon 4P ashowFulribker,
connection of the HHC 12 of any one of the illustrative enbodi nents to an
access chatineldeleget62@ d&daysTtiee 1¢haenel ptatal 586 acaksfeedramealelayedn
essential process to be executed before each user sets up a call and before
i nt er f er ensignadfded tattihenm whipléiened Qi obht madtpdiech@ddein ubiplips tduei st s
in parallel with the station-by-station Rake receiver circuits, so that the
sane si gna$igadlsidBaby theudelay adhesigmak 0%t andreu ipd tss@dpaodarst addéss
channel 15 signal. As a reﬁult, t he recei p& o{ an g,ccess hannel signal,

li ke the skeTEReRtathee el thejinestereds RSy GBITHg 8. 1 C~ to a system
nﬁ% using it. Again, the S/INratio naturally decreases with an increase in
S gcri ber capacity. Therefore, should a signal undergone interference

cancellation atpfhe J Sy, 8y )aHls%e%lzfigecgﬁ?idg)uration of the multipath

multiplexer 538, FIG 17. As shown, the multiplexer 538 includes
delays 630, 634 and 638 to which the signals 532, 534 and 534
output from the multipliers 610, 616 and 620 are respectively

0]
h

applied. The delay 630 delays the signal 532 and feeds a delayed
signal 632 to a combiner 642. Likewise, the delay 634 delays the
signal 534 and feeds a delayed signal 636 to the combiner 642.
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20 the 1CS would fail to performinterference cancellation with stations
ot her than stations assigned by the | CU. Specifically, assune a station
sendi ng an access channel for newly originating a call. Then,g§henN ¢ does
not cancel the signal of 25 such a station (access channel signal itself).
As a result, the access channel signal being sent constantly appears in the
signal of the station assigned by all the I CUs and undergone interference
76 0 3 JARetli21Q3headerly @I ®n.délags. tnmlﬁmom@ gnal fesdg %su@%&eal gnal
14 output fromthe | ast stage. Therefore, iT the access channel signal is
i nput to tdignatdes® twhaheetomitiaprtdw2si Jhal somfbiakh 6h4e sbaibinss ithe
communi cation can be cancelled in order to input only the access channel
signal to delayedoigsalchEhbel6Iecendec4D6at Thessaowdniing rseceisveb 762
to detect the access channel signal with a high S/ Nratio. The receiver
762 may rep@iduget heccircetss anaenﬁelermegrﬂﬂtlmmtet rseg s nérephivae id ass) t1H
searchers shown in FIG 36 receive the signal fromthe ~I1C 12. 10 For the
cantel | er, use nay be nmade of an ICS other than the HHC, e.g.) a serial ICS
or a paraIIeI |_CS. FIGS. 41-43 each shows the path acquisition probability
of the searcherFl§s %ﬁyslamwsml ﬁmmuﬁq aen figuiraeloaned divie es oaet @Emnnmi in 15
for the searcher to

I d h babi |
2ot re bofH o {6 SgdbnEl Gt 14n dMeciens Ehﬁné‘h%nhéYdagétxlpm Sg4ne H
12. Th b I it t t f 1@, ht (k
users, © pro i yPﬁa’(“dc_jli lﬁfg}fgeéjﬂye%ai f‘rﬁ %Spg?t:é{] ?l)eﬂﬁeWiVC](‘fél eof(O)
and a cI oc 9 et_. 2 ‘m nate a ab sa res ectl
i ndi cate the lél%h sd gi)l‘?o%)q % EPP 3‘ bl l?i“ﬁf §§rosénﬂéilﬂ 1C& (!Ig?t ed
d h
CHY'S, NS BTl THES 0 YRS Sl ATt A Rt
babilit f ted
Phan when 1° TUFES, B Erd by A PRRAYRRTLRRE s BT AL TS ©
babi It h t t
Flr?n ﬁgl | In 1ge%gggﬁw§¥ﬁﬂ?ﬁglﬁreé% éaﬂgsﬂl /9t 128k HS"OanEQEtat MeaRegyat
stage. Likewise, the multiplier 652 multiplies the decision signal

520 by the second path channel data 502 output from the finger

....
n

492 and feeds a product 126b as a user #1 estimated received
symbol Present dat2 (I/Q) 126b to be sent to the next stage.
Further, the multiplier 654 multiplies the decision signal 520 by the
third path channel data 506 output from the finger 494 and feeds a
product 126¢ as a user #1 estimated received symbol Present dat3

20 (I/Q) 126¢ to be sent to the next stage.

FIG 26 shows a specific configuration of the correlator 554,
FIG. 18. As shown, the correlator 554 includes a multiplier 556a

for multiplying a residual signal (I phase) 181 received from the

o
N

previous stage by a PN code (Q phase) 552Q and feeding a product
553a to an adder 555I. A multiplier 556b multiplies a residual
signal (Q phase) 18Q received from the previous stage by the PN
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three consecutive stages. The probability was determ ned under the sane
conditions as in FIG 41. The ordinate and absci ssa respectively indicate
the acquisition probability and Eb/ No (dB) for a path. A dotted curve and
a solid curve are respectively representative of a case wi t hbdt IAP@End a
case wth TPC It will be seen that the HC 12 al nost doubl es the
acquisition probability, conpared to the characteristic of FIG 41 . 10 FIG

43 shows aqd@abphaty) SIPOMNEdeeiden Hhedsams s3dot 18 i S, 41
and 42, .but w ?%b{)he I—ﬁ C 1€Qhalvi ng five lEJ:onsecuti ve stages%%els%ojv_\_jhéa

slightly ITlgherd daobatsill 8y si theaebsiMalll Sgwial (Q PRakE Ll SZ)[ Aad P Ebie
stages than with the HHC 12 1 ~ having three stages. As FIGS. 41-43

i ndi cate, (Qehace)i 552 Qandr dedibvidiist ¥ of mt 156 Eleas cheradouahedses WAd)an
increase in the interference cancelling ability. Wile the present

i nventi on ha81bedihedascuinbethtwirt b 5i3df én trgrates the suant SGWlarfor | Eustyati ve
enbodi nents) it is not to be 20 restricted by those enbodinents. It 1s to
be Jappr ecigtiad ol hedt theodeipskilodled 34 inpartaftomathc RPlgead owdidts the
enbodi nrents w thout departing fromthe scope and spirit of the present

i nvent i on.resglt of igtegriapiopoPd GMHARS| & cormiptipn| detestiosc edwipnt.devi ce for
CDVA (Code Division Miltiple Access) communi cation, conprising: receiving
means for receiving signals for CDVA sent froma plurality of transmtting

TR o SO IRl SEPRRGRS Seetiof R Rt O
T e RS foce S LATOLE e %IRRT BASRES s S31 Sagon o
10 feeds a product 553c to an adder 555Q. A multiplier 556d
multiplies a residual signal (I phase) 181 received from the
previous stage by the PN code (Q phase) 552Q and feeds a product
555d to the adder 555Qin the form of a negative value. The adder
555Qsubtracts the product 555d from the product 553c and feeds a
15 residual 557Q to an accumulator (AQO 558Q. The accumulator
558Q integrates the residual 557Q for every symbol of the chip
clock 334 input from the DLL and outputs the result of integration

560Q as a correlation detection output.

20 FIG 27 shows a specific configuration of the channel estimator
574, FIG. 18. As shown, the channel estimator 574 includes
multipliers 660 and 662 to which the residual 572 output from the
adder 566, FIG. 18, is applied. The multiplier 662 multiplies the

hard decision data or conjugate complex number (I/Q) 518 by the

[0S
(4}

residual 572 and feeds a product 664 to a smoothing filter or
moving average filter (Sm Fil) 666. The smoothing filter 666 filters

the product 664 and outputs the result of smoothing as the channel
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io transmtting stations, wherein said first group of interference

cancel l ation stage includes N (integer greater than 2 inclusive)
interference cancelling units (1CUs) each for estimating araad' NaR' tion
interference ascribable to interference between the despreadl ng codes, and
estimates interstation interferences in parallel, cancels the interstation
interferences and estinmates the signals sent is fromsaid Ntransmtting
stations idapar(dl Q149 &n haile abwolide gimguph ofclianee F dn¢acd/€Xndé O8I svitdre st age
for estimating, fromsignals fromwhich the interstation interferences have
been cancemwdipyersdl@Ofi rEhe gmoulpipien nd@Pf erelicplieantde | cltd ome ktdafa,
interstation interferences in parallel with M (integer greater than 2

i ncl usi ve) (I/&sor gangegaingommplexnngmsber i'dn 428 bt 6r¢ aesideal add estd mat es
signals sent fromsaid Mfransmjting sLat',ons in parsl l el , and outputting
signal s freBtRHsnthhdermhttrg REAdIcti As & @etlrlaa%gi,at% Bin a plurality of
interference cancellation stages each conprising said first group of

i nterference cancellation stage and said second group of interference

"hterT erence cahEGh 14 DotBAME BnbRREHL| TPILAE U TRBR ARt JhET JURIEATEREnce
nterf or entee 1o anentebl B PETsIRTEARM S F RS T G22. s
i vi aual oS nbr QPR P R 1C AR aesr . WRegr 5808 ui ¢
out put 17 ony e R ae e R R BEE P RO L G TR A B o o eRelch
10 and decision circuit of the current stage and an I phase delayed
signal 5941. The I phase delayed signal 5941 is produced by taking
in the signal Present Dat (I/Q) 45 output from the ICQU of the
previous stage as Previous dat (I/Q) signal 524 and then delaying it.
The adder 590a subtracts the delayed signal 5941 from the signal
15 5201 and outputs a residual 5961. An adder 590b receives the Q
phase signal 520Q output from the decision circuit of the current
stage and a Q phase delayed signal 594Q produced by delaying the
above Previous dat (I/Q) signal 524, The adder 590b subtracts the

delayed signal 594Q from the signal 520Q.

20
FIG 29 shows a specific configuration of the multiplier 598
included in the respreading and filter 522, FIG 22. As shown, the
multiplier 598 is made up of multipliers 598a,598b,598c and 598d,
and adders 599a and 599b. The multiplier 598a multiplies the I
25 phase residual 5961 output from the subtracting section 591 and

the I phase PN code 6021 and feeds a product 597a to the adder
599a. The multiplier 598b multiplies the Qphase residual 596Q by
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cancel | ati on stages, and channel estimation, for the channel estimation use
I's made of a known pilot synbol portion and a data portion incl %ﬁe%pi n each
of the signals received fromthe transmtting stations; a si aPNcAP} ect i on
and decision circuit for executing correction and to decision with signals
output fromsaid finger circuits; and a respreading circuit for restoring
signals output fromsaid signal correction and decision circuit to sane

condi ti onsthas PphasehPMhebdcagd2 @ and fesdd ch brogact 5 ITHi ts thachddsli mat es
a channel by elimnating a phase of a correlation detection output by

deci si on f¥28bhackI'basedden & XY%sudddef tlar produdscisgibn ontpdtd 75 oandai d
signal correction and decision circuit, uses a noving average of several
synbol s ofdslavdrconr slati ocmOdét ¢ot ithre ocutymstin msichafidedr estricodt.i onThe
information, and nultiplies said correlation detection output by a conpl ex
conj ugat e 1Bfulsipilierch3Bgam udsiplins ton Qnh@rsnaltﬁS@dauabSMéabytlpcd)d/pdaasa
finger output. Zo é A receiving device in_accordance with claim1l, further
compri si ndplgc@@%% Gahnandr eed vimpredas $8r crexdhei ag deie 59%mnal $heut put
fromsaid | ast, interference cancellation stage and free frominterferences,
and det ectd tl&é@és§9§$§n4£¢lss“benaﬁ Phsse resihialne d6ddiondifdiphasgshiNi t i ng

stations. czosde 63(?2Qrzt1§d2 g?ivse}s a product 597d to the adder 599b. The
adder 599b adds the products 597c and 597d and delivers a sum

604Q to the transmission filter circuit.

10

How the channel estimator 574, FIG 27, executes channel
estimation will be described in detail. The above HIC type
interference cancelation system is effective in any kind of channel
estimation system. Because an interference cancelation receiver
15 helps the base station estimate channels, it is not necessary to use
an advanced sophisticated channel estimation system although the
receipt characteristic, of course, depends on the ability of the
receiver. However, should the conventional channel estimation
scheme involving a considerable delay be applied to an interference
20 canceller, the overall processing delay would be critically great;
assuming the two-group, three-stage HICdescribed above, then the
processing delay would be quintuple or more. Because such a
delay delays not only data demodulation but also the input of
signals to searchers, the assignment of paths to fingers by the
25 searchers is delayed. As a result, the duration of a condition

wherein correct paths are not assigned is extended, increasing the
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3. Areceiving device in accordance with claim1, wherein said finger
circuits each first estimates a channel by using only the pilot synbol
portion and restores a phase rotation of a data synmbol next to said pil ot
synbol portion to thereby denodul ate a finger input, inputélah@‘ LN
synbol portion to a noving s average filter, returns a result of hard

deci sion executed with a result of denodul ati on of data to a channel
estimator ¢o drheseby RJri tfiisatensordat ahphasd «ftia afextw RAr £ &hah iAA Hesect i on
output, inputs a result of data phase elimnation to said noving average
filter, préclagess aeqearedf said pilot synmbol portion and one synbol of data
in said noving average filter and uses said nean as a result io of channel
estimation for denodul ating a second data synbol as counted from said pil ot
synbol section, returns a result of hard decision executed with a result of
denodul ati on ofWauilel dbeondhdanalsyeiam sdico tsysteind alegraveds esdri mather to
thereby restore a phase of a third data synbol, and inputs said phase of
said thir cCURMRAVBYGAIHPN t 1Y $igid wbdi elyannel apafiguragion| deseimaftecemiling
device in accordance with claim3, wherein a nunber of synpols in said

movi ng avePagdascrikedi ¢ sayatami afory implemsastting thanmehbestionatigps of
said noving ayerage filter, wherein said noving ayerage filter perforns
usual nnvi%@pﬁﬁé gbéxbﬂbé@§§ TYNGREH tRBOWINDEENSHS S\PHRY $ Y28 bodak EE t he
nunber of 1aps dyvherein ﬁPmABdOM/{qu?sentglLve of a section of the noving
average had'S§T€d, dnsaiadHei SPAYNE) By itime divdsi1qlh to a next pilot symbo
portion, wherein information existing in said noving average filter is

cl eared when a | ast data synbol of said slot preceding said next pilot

svfipol 15 1 ul L EgemIuiAled: 30 (e CHANElenSIt |86 Wahnd SPERT CALN Y

sai d next, Sy por
shown, a frame is made up of a plurality of slots each consisting of
pilot symbols, a signal (TPC) for controlling transmission power,
data or information, and pilot symbols. FEight pilot symbols
inserted in each slot of data to be transmitted are known
15 beforehand and used to estimate a channel. A conventional Rake
receiver estimates a channel by using the pilot symbols of several
slots. This system would critically aggravate the delay of channel
estimation if applied to the ICS. In light of this, the channel
estimator 574 uses the data portion of the slot in order to realize

20 delay-free channel estimation.

Because the data portion includes both the phase of a channel
and the phase of data, the phase of the data is eliminated by use of

the result of signal decision. This will be referred to as decision

Q@]
wn

feedback. The moving average of, among the correlation detection
data whose data phase has been eliminated, several symbols is

output as channel estimation information. Then, the correlation
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0 3 JAN 221x13 82 5. A receiving device for CDVA (Code Division Miltiple
Access) communi cation, conprising: receiving neans for receiving signals
for CDVA sent froma plurality of transmtting stations tqg thereby output
recei ved signals; a first group of interference cancellatﬂHhJéNé@é f or
estimating signals sent fromthe transmtting stations fromthe received
signal s by using despreadi ng codes correspondi ng to spreadi ng codes
respecti veldgtassbgnedtpatt e ihudtiphietd i by smatbom§ﬂewhebﬁﬁWg5aidofiIWé
group of interference cancellation stage io includes N (integer greater
than 2 inckchanne)l ¢stierdtéomniodocamatabni ndllumi tessu(lti@gs )p realaictf o5 estpuat i ng
an interstation interference ascribable to interference between the

despr eadi ndrewdeas fimgar .esiliveatresulhtafr signalord daisionf dioerbsesu sed par athel |
cancels the interstation interferences and estimates the signals sent from
sai d N trahghpminggpsecad wits i5 thgarasulsl of vad degisionopyegntad oy the
interference cancellatjon stage for_estimating, fromsignals fromwhich the
i ntSrstati OF i AEEHARR enbes Fha b8 boh Addflct §tadh ayor dp EXaqdedgpdth dre
interference,cancellati.on stage,.ipterstatjion interferences, in paral] el

Wi th M (1 niegEnagadaRaiitinath 3t indngiva) HogsT. aanvall hig AeRTHrRart at i on
inten eren eg.?qg estipptes signals sent fromsaid Mtransmtting stations
in 20 paraIF $ LHE848 tting signals free fromthe interstation
interferences; wherein a plurality of interference cancell ation stages each
conprising said first group of interference cancellation stage and said

second group of HntErfRISOGE FRANCELLIL! P oRbANT D §ERISA 'oh GHeghEd to

construct a hybrid
10 should be executed first. Therefore, channel estimation using only

the pilot symbol section is executed first and used to restore the
rotated phase of the first data symbol immediately following to the
pilot symbol section. The data symbol is demodulated by the
individual finger circuit. A signal appearing in the pilot symbol

15 section is input to the moving average filter 666, FIG. 27.

Subsequently, a hard decision value derived from the
demodulation of the data is fed back to the channel estimation
circuit of each finger in order to eliminate the data phase of the

20 next correlation detection output. The resulting data is input to the
moving average filter 666. At this stage of processing, the pilot
symbol section and a single data symbol exist in the filter 666
together. The filter 666 produces a mean of the pilot symbol
section and data symbol as the result of current channel estimation.
25 The mean is used by each finger to demodulate the second data
symbol following the first data symbol. This is followed by the

same processing as executed with the first data symbol. Such a
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I nterference cancelling unit, and wherein said plurality of interference 2,
cancel l ati on stages each estimates interstation interferences while the
ICUs of a 0 3 ,~~ aoo3 83 |last one of said plurality of jint *fﬁﬂence
cancel l ati on stages output the signals sent fromthe indigﬁddg 3
transmtting stations; wherein said | CUs each conprises: finger circuits
for perform ng Rake receipt, processing of estinmated s received synbols

out put fropreceaem oigepratoll sxisdqplewtdl il e sefmiahé ahfecchnga glanselhat i on
stages, and channel estimation; a signal correction and decision circuit
for executd¢mgecativectdaom sindbdbcitsi ase voft thescgnans dutapuindf pHast skdwh.fi nger
circuits; and a respreading circuit for restoring signals output fromsaid
signal io correction and decision circuit to sane conditions as on a
channel ; and wherein said signal correction and decision circuit normalizes
out put signal s @fnsajweiitlygethecimemittes, ofubynph dlesimspirtl outtiet miogriaks
normal i zed by a coefficient corresponding to a slope, and limts a result
of Jwul ti plaeexagm filieh 6bQ Hneshases agr teshendumben of taxs mfntvalfilter1 5 6.
A receiving device in accordance with claim5, wherein said signa

correcti orP@fd Adépsitbs rupthet obsysubelts has merchadi dre wurnbestef tapwer of

channel esti mates of |tipaths,
the f?lter ggG gutputs usual moving averages. FIG 31

demonstrates the movement of a window available with the filter
666. As shown, a window 670 slides in a slot from a pilot symbol
10 section 680 up to the last data symbol of the slot immediately
preceding the next pilot symbol section 682. After the above data
symbol has been demodulated, information input to the filter 666 is
cleared. Then, channel estimation is repeated by using only the
first pilot symbol section 680 and data symbols following it. That
15 is, the window size of the filter 666 is sequentially increased, as
represented by the window 670 and successive windows 672-678,
until the number of symbols coincides with the number of taps of
the filter 666. This movement of the window is repeated with each

of the consecutive time slots.

20
FIG 32 is a graph showing a relation between a Doppler index
fdT and a Rake receipt loss (dB) determined by varying the window
size of the channel estimator 574, FIG 18. As shown, the Doppler
index was varied to 16 Hz, 40 Hz, 100 Hz, 120 Hz, 160 Hz, 240 Hz,
25 and 316 Hz. T denotes a symbol period. A single slot had forty

symbols. Demodulation was implemented by QPSK (Quadrature
Phase Shift Keying). The HIC had a single stage and three paths
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20 7. A receiving device in accordance with claim5, wherein said signal
correction and decision circuit executes normalization with a noving nean
of power. 8. A receiving device in accordance with claim 1l g3 0A¥i20035,
further 0 3 JAN 20p3 84 conprising a plurality of searchers each being
assigned to the received signal froma particular transmtting station for
acquiring synchronization with an interference-free signal input thereto
fromthe |asd groupnoddated laasin gleageer 9. Tean anés siongp deadiceon br glcearsdance
with claiml or claim5, further conprising a plurality of searchers each
bei ng assigotdffartede fduecodd sirgrarate oasa2 padOi-éul in FiGsdy 4 tduny e
station for acquiring synchronization, said plurality of searchers
respect i veWyth egpiatiatg sueroé watld ¢resees enndce- tneeesivgblal cimatquutarfer om
said last group of said |ast stage and signals representative of station-by
i 0 stationf$5Retivelondepresentativec ofvichgraetgdsticsdr d epmanimode Whithi si on
Mul tiple Access) communication, conprising: receiving nmeans faqr receiving
si ghal s foW@%ﬂ%‘i’ SEft Of rtEm éﬂﬂ‘@l?%vifk yisdqw sizafnt Wenty symboss and
t her eby out put. received signals;, a first group, of, i nterference cance|l ation
stage for %SPYWéfQ‘Hg Séf%né’?s%é’?@ fﬂf)mst?‘l"llg‘tr sﬁiiatsﬁ]‘i'ﬂ_ﬁds'fjé)tti G Vi ofh t he
ng:'svfgszlg%]f%;%l@%é%z% go&egegﬁafﬁgt'ewst%(c)dc?gri%%rdr %Bx%ndz{ qgil%&)ogvprs?gglo
forty symbols. As shown, when the Doppler frequency is relatively
low, the loss is less when the window size is twenty symbols to
10 forty symbols than when it is ten symbols. When the Doppler
frequency is relatively high, the loss increases substantially in
proportion to the Doppler frequency without regard to the window

size.

15 FIG 33 shows a relation between the window size and the
deviation or error of a required Eb (bit energy)/ No (noise energy)
from perfect channel estimation. The relation was determined by
effecting transmission power control and selecting a code error rate
of 2 x 10-2. In FIG 33, the abscissa indicates the window size

20 (number of symbols) while the ordinate indicates Eb/No (dB). A
curve with crosses is representative of Eb/No errors particular to an
HIChaving two stages. A curve with squares is representative of
Eb/No errors particular to an HIC having three stages. A curve
with circles is representative of Eb/No errors particular to an HIC

25 having four stages. Further, a curve with asterisks is
representative of Eb/No errors particular to an HIC having five

stages. As FIG. 33 indicates, the HIC with three stages noticeably
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transmtting stations, wherein said first group of interference

cancel l ation stage 20 includes N (integer greater than 2 inclusj ei“g
interference cancelling units (1CUs) each for estimating an G heds %i on
interference ascribable to interference between the despreadi ng codes, and
estimates interstation interferences in parallel, cancels the interstation
interferences and estinmates the signals sent fromsaid Ntransmtting

stations iredaced | gle endr, Gompifdd 2003tlss dlsecenéh orwup sefig ot erd erence
cancel l ation stage for estinmating, fromsignals fromwhich the interstation

i nterferennasechaiteg beemearieed bédthyesds dfdaest figh ompediucienties fegrencs
cancel l ation stage, interstation interferences in parallel with M (integer
greater thansiZnifichusidegrdeCUs Whancehei ngmber i of etagesi drcrientses{ ethences
and estimates signals sent fromsaid Mtransmtting stations in parallel,
and out put eireg shapgdss littleed¢spite t hehianger bt atindow rsizef er ences; wherein a
plurality of interference cancellation stages each conprising said first
grodp of interference cancellation stage and sai d second group of
interference cancel |l ation stage are serially connected to construct a
hybrid io interFpedde det¥al BY il MnicAP agHAC Shdfei RABAFH IS LsaR able oof
interference cancell ation stages each estimates interstation interferences
whi Te the FERRMIoda iag USRES o1 CTMANATIIEIT ol Y feieh & S8 antHA at i on
stages output the signal fromthe.indivi,dual transmtti.ng stations;
2nd wher oi PV GRS T ot SIGht it VRS HOIGibo fbFees BARNRISSBR PaT
transmtti 15 stat] | ong\ng Lo id,first grou f id | ast_stage
are added F‘% élnSVH?%P?}?DE(%%-@%E)e%SqI&ﬁgﬁZ%%t thf)%(?mvggﬁﬁ ?ﬁFstg B of
sajg last slade.Jes '{gﬁgg}s@&ﬁ e TESARSI PYE! YPTElel® SBRIENC Sread

respectively dassigne

magnification of sixteen times), i.e., user capacities normalized by a
spread magnification. The code error rate was assumed to be
2 x 10-2, Transmission power control was effected slot by slot.
Power fluctuation was maintained below spread 24 dB. The

15 window size was selected to be twenty symbols. Under these
conditions, zero delay channel estimation was executed. The
Doppler index fdT was assumed to be 0.0625 (100 Hz). A dotted
curve is representative of performance particular to the
conventional Rake receipt technology; a point (1, 1) shows a case

20 with a single user and a group size of 1,a point (2,1) shows a case
with two users and a group size of 1,and a point (3,1) shows a case
with three users and a group size of 1. A point *(2, 1) shows a case
with an HIChaving a single stage and with two users and a group
size of 1. At the point *(2, 1), a slightly higher PG than the

25 conventional C/PG is achieved.
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transmtting stations of said first group for acquiring synchronization,
signals representative of interferences of the individual tr@@sggﬁt' g
stations belonging 20 to said second group of said | ast stage are added to
an interference-free signal output fromsaid second group of said |ast
stage, and resulting suns are respectively fed to searchers respectively
assigned to said transmtting stations of said second group for acquiring

synchroni zati onln 2§I1GL. 34 r egeicvirng dentice crossd3PMY (Fogee B ivi&iiop My tiple
Access) S~ 0 S ~u~ 200S conmuni cation, conprising: receiving neans for
recei ving pegfmhsafioe ddiBvadie widmam HIG hhiviyg athreeassigestithg €V ®G ons
to thereby output received signals; a first group of interference
cancel | ati snegtageigher Hsannat ting caisgralith st s fagem. t e goiang(tid,t3 hon
stations fromthe received signals by using despreadi ng codes correspondi ng
to spreadi Hyiscodese rdspest vesdse askhghel usernshendr angnoupi sigesbhits .ond,
wherein said first group of interference cancellation stage includes N
(i nfeger gfeBY@rvitladq2angs isir¢ey epen tatiee epl @ eddprmianiasg pait cst 141 O0s)
each for est Iﬂglaél ng .an interstation i régéerf,er ence ascribable to interference
i 0 bet ween?BHRl GdsiriBEAf YT c68ES: ed (6EG Hagusn| Intedvegt Bhannin pher¢ascences
in parall eh}. cagcel s the interstation jnterferences and esti mabes e

fth ¢ ag nd

signal s se FEEaIta 8RSt r ANSHIVEI WYtR(CAEGlgRds inepsgsantativean
group of ipterference cancel,l atl stage for .estinatin fromsjgnals from
Shich the AR ELET GhTERT L ital Abst TadaNuaiTit shtie oy Rhihe ddst
with four stages. It will therefore be seen that the illustrative
10 embodiment realizes a subscriber capacity more than three times as

great as the conventional subscriber capacity.

FIG 35 shows system capacities determined with an HIC
dividing users into three groups. IN FIG 35, the abscissa and
15 ordinate respectively indicates the same factors as in FIG. 34. Zero
delay channel estimation was executed under the same conditions
as in FIG 34. The Doppler index fdT was again assumed to be
0.0625 (100 Hz). A dotted curve is representative of performance
particular to the conventional Rake receipt technology. A point
20 *(3,1) shows performance particular to an HIChaving a single stage.
A point (3,1) shows performance achievable with three users and a
group size of 1; the PG is slightly higher than the conventional
C/PG.

25 In FIG 35, a curve with inclined crosses is representative of
performance achievable with an HIChaving two stages; the CPGis

far higher than in the case with a single stage. A point (6, 2) on

61



~s first group of interference cancellation stage, interstation
interferences in parallel with M (integer greater than 2 inclusive) |CUs,
cancelling the interstation interferences and estimates si gnal.sa SRRt20d3r om
said Mtransmtting stations in parallel, and outputting signals free from
the interstation interferences; wherein a plurality of interference

cancel |l ati on stages each conprising 20 said first group of interference
cancel | ati ehistagecaggdosal d sesondigy aiR wiersnhadf ar epsgpcangeldrapi on st age
are serially connected to construct a hybrid interference cancelling unit)
and wherei podaitd plurality of interference cancellation stages each
estimates interstation interferences while the ICUs of a |ast one of said
plurality ¢9,Bhtsdrdves enceseanitdl ha ¢ arsestsaged oyt pup size of gnals Asrsent
fromthe individual transmtting stations; s~ wherein said | CUs each
conpri ses: wish~¢ros2003isf i epresenitatin g ff per fogmt an ot nma Rakelareceigt ,HIC
processi ng of estimated recei ved synbols output froma previous one of said
plubal ity bfaviingetfrere ptagesaride Cé%/’i(bis stvagpeg,iglam tbhanmelthestasmtwaoth f or

t he channel estimation use is made of a known pilot synbol portion and a
data porti 6WQ ridRgaed ih ewevicoithesdngnes sisr sepiresentatinet o anaddiftting
stations; si,gnatl correction and decision circuit for executing correction
and deci si 83 W8N TgRtAEE R PRINE rdrd shi ahevgdr ca36 lths twgdyeausers

respreading circuit for restoring signals tput f said si,gpal to
correcti on%‘a“ﬁildacgéﬁuﬁ SiEecPt &ui tA‘?bhgg?ﬁ}“ééﬁéi’% ofts &Y & Z‘Hgﬂﬁélt; 4hd

wherein ratios BlA of s | estimates B output fromsaid I .0of , sai.d | ast
Stage Lo dif fBCeREse WItbEISER SARS feachiaTed: ofk SHECPr it Sas Rols gt
10 representative of an HIC having five stages; the (PG is slightly

higher than in the case with four stages. FIG 35 also indicates, the
illustrative embodiment realizes a subscriber capacity more than

three times as great as the conventional subscriber capacity.

15 Functions required of the receiving device of the base station,
including the HIC will be described hereinafter. When the HIC is
used to increase the subscriber capacity, the performance of the
circuitry for demodulation around the HIC i.e., the searchers for
acquiring synchronization and DLLs for synchronous tracking is the

20 question. Because the searchers are expected to search for the
positions of paths and assign them to the I(Us before the HIC starts
receiving a signal, they cannot be implemented by an HIC (ICS).
That is, the processing of the searches must precede cancellation.

As for the performance of conventional DLLs and searchers, only

3
i

the subscriber capacity and interference without any HIC are
assumed. Originally, however, the searchers have performance of

utmost limit. Therefore, an HIC applied to the searchers would
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correction and decision circuits of said ICUs of said |ast stage and synbol
estimates output fromsaid | CUs of a previous stage are determned, is
interference estimate signals respectively output from resﬁr%a)&Nn@ﬂ%i rcuits
of said ICUs of said |ast stage are respectively nultiplied by said ratios
B/ A resulting products are respectively added to interference-free signals
output fromsaid |last group of said | ast stage, and resulting suns are
respectiveincrappti édtdrdeseacehar s thespectipyel yndsaindned duddt heb v fansli tting
stations for 20 acquiring synchronism 12. A receiving device in accordance
with any odetexfiordt@ mhe8 deli pdhlatihgr abdtipyj Shilin g r eckstagt neansiviiog a
executing synchronous tracking on the basis of signals acquired by said
sear chers gigntater édyhexgbutbet Dhdksi ngncdret moranged ohi th@sRzk eckecegah
being used by a particular one of said I CUs. Q 3 JAN 20D3 88 - 91 13. A
recei vi ng deonte oh thecordiandsahil®schai eoriyeftionhdr thairpabslityy israkski ng
means for executing s%nchronous tracking with the received signals or the
si ghal s i npetenior s@idd biecay sef thendinstagsa p tofhgh & tfagstosia geo is har ebgcdyf ect
tracking control over ,chip clocks each being used by a particular one of
said s | CUd1e sameAepydepRING ldayitBe Gan werUPBAhERCHIVIET ahyodiksedPt.cle ns 8
- 11, further conmprising tracking nmeans for executing synghrqnous tracking
with the r E%W%Qj“éi%fﬁ?%“%? Ocl%h‘é‘?%iséﬁéll% Inpet et%gecttﬁg H%Lt)ge fArghgroup
transm ttlgp tﬁteah'r(s){]sstggej[h"f“hllagsi'ssalso true with the receipt on an access

channel; the transmission power on the access channel should be

10 increased for accurate receipt, aggravating interference.

In light of the above, the illustrative embodiment adapts the

DLLs, searches and an access channel receiver to the HIC In this
condition, the individual receipt processing is executed with signals

15 free from interference so as to improve the receiving ability of the

above constituents,

Specifically, each searcher functions to establish initial
synchronization between a transmitter and a receiver with respect

20 toa PNcode and to detect, when the delay of a multipath (phase of
the PN code) sharply changes, the change and informs the fingers of

the associated IQU of new multipath positions. Each user has the

respective searcher function.

First, there is determined a correlation between a received

[89]
(9]

signal and the PN codes of different phases in the search window

(preselected time frame of the phases of PN codes). Then, receipt
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~0 of the signals acquired by said searchers to thereby effect tracking
control over chip clocks each being used by a particular one of said I CUs.
AR ACAA A% AYS. Al% A A A[LA A% As. A AH . A& Ah. A5. A% A% AL A3 A. AH. A5
CALLA DA A%BA A9 AL A AT AR ALY A A{SWA LA ARA A %A . Ah. Al A Ah9. A A
& AS.A{ . A AA A A Ah. A AHL. A A{y. ASL. AH. A9. Ah. A. A A{. As. A{L. A A A Al.A A .A
. AY. AU% AY. As[ . A& A& A9. A’ s. AA. Ah9. As#OWruQG xD\ f;
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However, signals other than the assigned users' signals are derived
10 from sudden changes in paths or are extremely weak. Particularly,
unassigned users' signals are extremely rare for a search time while
unassigned multipath signals bring about a minimum of
interference. Therefore, the error signal undergone cancellation
has a high S/N (signal-to-noise) ratio from which interfering
15 stations have been excluded. By monitoring such an error signal, it

is possible to acquire a signal sent from a user newly started

transmission.

The searcher algorithm itself is identical with the conventional

20 algorithm, as stated earlier.  Although the signal undergone
interference cancellation naturally brings about a delay, compared

to the receipt end, the delay particular to the HIC type interference
canceller of the illustrative embodiment is negligibly small for the

operation period of the searchers.

FIG. 36 shows the connection of the HIC 12 to the user #l

searcher 320 to the user #k searcher 462 set up for initial
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In the above configuration for initial synchronization, only the
error left uncancelled is input to the searchers. However, in the
10 searcher algorithm, it is necessary to detect, among multipaths
indicated by PH phase positions greater in power than a preselected
threshold, multipaths equal in number to the fingers in the
decrementing order, as stated previously. Because the comparison
involves paths having already been assigned, a sharp change in any
15 multipath subjected to initial search cannot be coped with unless

the power of assigned paths and the power of a newly detected

path are compared.

However, if only the error signal is input to each searcher,

20 then the searcher cannot detect the assigned paths because such
paths have already been cancelled. It is therefore necessary to

take account of the assigned paths by some method when the
searcher selects the baths in the decrementing order with respect to

power. This, however, would sophisticate the searcher algorithm

(]
wh

although not impossible. An alternative embodiment to be
described hereinafter adds the signals of assigned paths to a

searcher.
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other stations has been removed can be input to the searcher

associated with the above station. This can be done with the

respreading function of the IQU. While the IQU has been shown

and described as determining a corrected interference in such a

10 manner as to cancel only a difference between the current
interference and the cancelled interference, the alternative
embodiment determines all the cancelled interferences and adds
them to an error signal. The alternative embodiment will be
described with reference to FIG. 37.

15
As shown in FIG 37, the residual signal 14 output from the
HIC 12 after interference cancellation is input to adders 672 and
680. Further, a symbol estimate 678 determined at the last stage
is fed from the HIC to a multiplier 688 included in a user #1
20 interference reproduction 670. Also applied to the multiplier 688
is a user #1 PN code 686. The multiplier 688 multiplies the symbol
estimate 678 and PN code 686 and feeds the resulting product 690
to an FIR (Finite Impulse Response) filter 692. The FIR filter 692
filters out needless signals and delivers only a necessary signal 694

to multipliers 696, 698 and 700. Channel estimates 676a, 676b

o
wn

and 676¢c determined by the last stage path by path are fed from
the HIC 12 to the multipliers 696, 698 and 700, respectively. The
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10%%& ()-702-706 are’applied to an adder 720 and added up thereby. The
resulting sum 720 is fed from the adder 720 to the adder 672 as an
interference particular to the user #1. The adder 720 adds the
sum 720 to the residual signal 14 and feeds its output or sum 673
to the user #1 searcher 262 so as to allow the searcher 262 to

10 acquire synchronization.

An interference particular to another user #k is reproduced
by a wuser #k interference reproduction 682 identical in
configuration with the user #1 interference cancellation 670. The

15 output of the reproduction 682 is added to the residual signal 14 by
the adder 680. The resulting sum 683 is input to the user #k

searcher 298 and used to acquire synchronization.

The signals Present dat output from the IQUs of the last stage

20 are subjected to respreading using PN codes and filtering. The
signals Present dat respread and filtered are respectively
multiplied by symbol-by-symbol channel estimates output from the

channel estimators of the last stage path by path, thereby restoring

the same phases and amplitudes as on the channel. Then, the

[R]
N

restored signals each is delayed in accordance with the delay of a
particular path. Finally, all the paths are added up in order to

reproduce and output a cancelled interference estimate signal. If
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5 from interference.

While the circuitry of FIG has concentrated on error signals
subjected to interference cancellation at the HIC, use may
alternatively be made of error signals from which all the users'

10 signals have been fully removed. For example, the searcher for the
first group of the last stage may use the signal to be input to the
second group after having the signal of the first group removed. In
addition, such a signal may be used for initial synchronization.
Another alternatively embodiment practicing this kind of scheme

15 will be described with reference to FIG. 38.

As shown in FIG 38, the residual signal 40 output from the

first IQU group 38 of the last stage of the HIC 12 is input to the

second IQU group 142 of the same stage and to adders 672 and 724.

20 The user #1 interference reproduction 670 produces the
interference 674 of the user #1 and applies it to the adder 672.

The adder 672 adds the residual signal 40 and the interference 674

and feeds the resulting sum 673 to the user #1 searcher 262.

Likewise, a user #4 interference reproduction 722 determines an

I~
U

interference 726 particular to the user #4 and delivers it to the

adder 724. The adaer 724 adds the residual signal 40 and
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resulting sum 683 to the user #8 searcher 298.

15 In the above alternative embodiments, the signals cancelled
station by station are reproduced by use of channel estimate
information and spreading codes and then added to the error signal
output from the HIC How the output of the respreading section
included in any one of the I(UJs of the last stage is used will be

20 described hereinafter by way of example.

To reproduce a cancelled signal, use may be made of an
arrangement identical with the respreading section of the I(U, as

stated earlier. Information necessary for the reproduction are the

8]
w

user-by-user PN codes, path-by-path channel estimates output
from the channel estimator of the ICU of the last stage, path-by-

path delays, and symbol estimates output from the last stage. The
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\(v)ith a residual produced by subtracting the symbol estimate output
from the previous stage from the symbol estimate output from the
last stage. It follows that if the output signal of the respreading
section of the last stage is multiplied by a ratio of the symbol

10 estimate output from the last stage to the residual, then a cancelled

signal can be reproduced for a searcher.

By adding the residual signal fully undergone cancellation or a

signal undergone cancellation in a group to the above signal, it is

15 possible to input a signal from which only the other users' signals
have been removed to the searcher. Still another alternative
embodiment of the present invention for practicing this scheme will

be described with reference to FIG. 39.

20 As shown in FIG 39, a symbol estimate signal 740 output
from an ICU of the previous stage and undergone correction and
decision is applied to a user #X IQU 742 of the last stage. In
response, the user #X ICQU 742 outputs a corrected interference
estimate 744 and feeds it to an adder 746. A calculation 748

25 produces a result 750 of calculation of (symbol estimate output
from the last stage)/ (symbol estimate output from the last stage -

symbol estimate output from the previous stage). The result 750 is
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10 In the above configurations, one searcher is allotted to each
user at the end of the HIC (or ICS). While one searcher may, of
course, be allotted to each Rake receiver circuit as in the
conventional construction, such an arrangement would assign
different paths to the Rake receivers between the consecutive

15 stages and would thereby degrade the ability of the HIC (or ICS).
With any one of the embodiments shown and described, it is
possible to assign the same paths to the IQUs throughout the
consecutive stages due to the unprecedented short delay time and

thereby improve the ability.

20
In the illustrative embodiments, a serial interference canceller
and a parallel interference canceller are combined in a hybrid
configuration. Alternatively, either one of a serial and a parallel
interference canceller may be combined with a searcher alone.
25 This alternative configuration can also implement the construction

shown in any one of FIGS. 36-39 so long as the canceller is of error
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Us! 9%0%& ()-3 ‘ﬁs! %0908 ()-3 yYdow& ()-GX| [: NA4, 94010 | 10% % & ()- s
%% % & (With :deoosrlatens or similar receivers if interference estimate
signals are reproduced from the outputs of all the receivers in order
to produce an error signal. Any kind of searcher algorithm, ie.,
any kind of searcher can be used because the input to the searcher
may be considered to simply increase the S/N ratio.
10
The connection between the searchers and DLLs has been
described with reference to FIGS. 12, 13, 16 and 17. While each
searcher copes with sharp changes in path, the associated DLL or
tracking circuit corrects the fine deviation in the phase of PN code
15 between a transmitter and receiver ascribable to a difference in the
oscillation of a quartz oscillator between the transmitter and
receiver. The DLL causes, with a higher resolution than the
searcher, the PN code generation timing of the receiver to track the
fluctuation of the received signal path by path, thereby adjusting
20 the phase of the PN code. This allows the received signal to be

sampled at positions where the greatest power is available.

The DLL is implemented by two correlators. A PN sequence

(early code) whose phase is earlier than the phase of the PN code

25 used for the respreading/detection of the actual signal by half a
chip and a PN sequence (late code) whose phase is later than the

above PN code by half a chip are respectively input to the two
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210008 () -coMrAdiQHm Lt A% %816 minMHO% I8 (the late code. PN code
generation is controlled such that the PN sequence generation phase

5 is retarded if the above difference is positive (the early code is
greater than the late code), or is advanced if it is negative (the early
code is smaller than the late code). This can be done by, e.g,
increasing the clock width of chip clocks applied to the PN

generators of the fingers when the PN code should be retarded or

10 reducing the clock with when it should be advanced.

The above control surely synchronizes the PN sequence to the
received signal and maintains the synchronization. The PH
sequence can therefore track changes in paths ascribable to the

15 difference in oscillation between the quartz oscillators and fading,
so that the maximum power of demodulated data is achievable.
Because the change in phase depends on the individual multipath,
the control is executed with the PN generation of each finger of the

individual user.

20
The above sequence of DLL algorithm applies to both the HIC
(or ICS) and the conventional Rake receiver circuit. However, the
signal input to the DLL differs from a system using the HIC (or ICS)
to a system not using it, as in the case of a searcher. An increase in
25 subscriber capacity naturally results in a decrease in S/N ratio.

Although one DLL may be assigned to each finger of each Rake

receiver circuit, receipt in the first group of the first stage is exactly
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signal from which the other users' signals have been cancelled by
15 the HIC (or ICS), the S/Nratio of the input to the DLL and therefore
interference cancelling ability is improved, as in the case of the
searcher. It suffices to input to the DLL a signal leaving only the
signal of the associated station and having the other stations' signals

cancelled. For this purpose, the input to the searcher can be used

20 in exactly the same manner.

Specifically, any one of the configurations shown in FIGS. 37-
39 each outputting a signal meant for the searcher may be used.

One DLL may be assigned to each multipath of each user and

o
w

applied with the same input signal as the searcher. Alternatively,
the DLL may not be supplied with the synchronization acquisition

signal output from the searcher, in which case a received signal or a
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before each user sets up a call and before interference cancellation.

The conventional access channel receipt exists in parallel with the
station-by-station Rake receiver circuits, so that the same signal as
signals input to the Rake receivers is used as an access channel
IS signal. As a result, the receipt of an access channel signal, like the
searcher and DLL, differs from a system using the ICS to a system
not using it. Again, the S/N ratio naturally decreases with an
increase in subscriber capacity. Therefore, should a signal
undergone interference cancellation at the 1CS,e.g., HIC12 be used,
20 the ICS would fail to perform interference cancellation with stations

other than stations assigned by the ICU.

Specifically, assume a station sending an access channel for

newly originating a call. Then, the ICS does not cancel the signal of

25 such a station (access channel signal itself). As a result, the access
channel signal being sent constantly appears in the signal of the

station assigned by all the IQUs and undergone interference
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the access channel receiver 762. This allows the receiver 762 to
detect the access channel signal with a high S/Nratio. The receiver
762 may receive the access channel signal in the same manner as

the searchers shown in FIG. 36 receive the signal from the HIC 12.

10 For the canceller, use may be made of an ICS other than the

HIC, e.g., a serial ICS or a parallel ICS.

FIGS.41-43 each shows the path acquisition probability of the

searcher of any one of the illustrative embodiments determined in

15 a particular condition. FIG 41 shows the probability for the
searcher to acquire both of two paths at an adequate timing in a

case lacking the HIC 12. The probability was determined with a

spread gain (N) of 16, eight (k) users, a window width (CL) of 20,

the maximum Doppler frequency (fd) of 0, and a clock offset (fO) of

20 0. The ordinate and abscissa respectively indicate the acquisition
probability and Eb/No (dB) for a path. A dotted curve and a solid

curve are respectively representative of a case without TPC and a

case with TPC  As FIG 41 indicates, a higher acquisition
probability is achievable when transmission power control is

25 effected than when it is not effected.

77



| 94090& ()- YM 109%& ()- YM 10%& ()-9% (1f11]1, n"|[: NA41010 4%A0%& () -

1 2°1109&" ()- 10:110%& ()- |/:110%& ()- 3 & 10%& ()- F+

1090@&' () - NAAAAAAANS yUAL0 Y409BYBS () - #L1098& ()- 10940%0% 3; 109%& () -
y89! 1099&' ()- 69! 109%&' ()- ~ @bKcdWezZe[e|[:-410% F; 310W&3&Jm 003

Kc!“' 10% WBr & ()- <d! ' 10%f$c& ()- 3! ' 109ZD$Z& ()- YA0%IKS () -
vd09BYBE ()-[ e\ e] ej ee, f bf df bA410% sS109&' ()- | 1098& ()- | ! 1098& ()- |
t110%& ()- @ ' 3+ 1 QY4 POl f ik ¢ %8, Y0% W& ()~ . AKOQWRE () -
8 00" L& (). w%ﬁ%ﬁ&i%%@@ﬁmo lﬁ);fgly(gﬁﬂ'ﬁpe/sga/éi?e@' {‘oghc((fmre LI

S 1099&' ( )yfitw ] ), ; 00 (k= d QYO0 b, W&, () 5

2l 1000 (17 M Tooae () Er A e e i e W M s T T TR e

L! 1099& (xhred%Wé8eultive stdgeQVWE& -ptdOIBMity) was3 determined under
1008& () - MMO+n=nTn-">bUA10 ° &1008& (5 - &10WE () - &1008& () - §1000& () - |
1098&' () - thed Q¥®e (dodidheing napnih <PUALQ 1. The ordinate and abscissa
#3Z881090& () - 810%&’ () - &LOW&' () - &L09& () - #3Z&nnnnnndHobU410

#3381090/& 1€} p#BUAKS1P U@ €2 teSTRBOME | O is&HOMOBL ¢ a Rl 13®4Rh ) EbONoo{ dBp4oe CbU410
#81099& () - RLOYM& () - #3Z&&L0YM&' () - &L0YWR' () - ( &1094& () - 40Fo”0. 0" oonp_>bU4l
0 # Y '&hopwtl()- A dotted curve and a solid curve are respectively
8109 () - &1098& () - #3Z8&81098& () - &LOYW&' () - npppqqqqqq| obU410

L$SL1090& (Epreeeaoatoontya a;@wegsvégholstamm)wa' ¢)caskBOWETPC It will
11094 ()-qqrrrssOt| [ bUALO  S:! 1008 (z)- & %0%& ()- s!109%& ()-
494099& ()be sgeni1dvatlis -HES 1ok ¢st- doubleuthoiqqwistion e obabilaky.() -
F+OA00& ()- #M 1099& ()- 9! Y4090& ()-_ f1090@& ()- 3:!1090& ()- DX
xxxx| obU4TOMparseke to)the gbavartovistic. efobla 4} - y8" 1008& ()- 6 ! 1098& () -
84%L0%E ()~ xVxxygyyzz| [:bUA10 L1090 ()- | ! 1098@& ()- ~FOLOWA& ()- Y
“1¥00m& ()- Y 1109%& ()- | M 10%& ()-z5{{WB}}}|[:bUs10 69! 1098& () -

0, 0, ! - ! () ! -
49.09%8& () UFI@Oﬂ&s@ows a probability determined under the same

conditions as in FIGS. 41 and 42 ,but with the HIC 12 having five

consecutive stages. As shown, a slightly higher probability is

achievable with the HIC 12 having five stages than with the HIC 12

15 having three stages. As FIGS. 41-43 indicate, the acquisition

probability of the searcher increases with an increase in the
interference cancelling ability.

While the present invention has been described with

reference to the particular illustrative embodiments, it is not to be

20 restricted by those embodiments. It isto be appreciated that those

skilled in the art can change or modify the embodiments without

departing from the scope and spirit of the present invention.
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a first group of interference cancellation stage for estimating signals sent

from the transmitting stations from the received signals by using despreading
codes corresponding to spreading codes respectively assigned to the
10 transmitting stations, wherein said first group of interference cancellation stage
includes N (integer greater than 2 inclusive) interference cancelling units (ICUs)
each for estimating an interstation interference ascribable to interference
between the despreading codes, and estimates interstation interferences in
parallel, cancels the interstation interferences and estimates the signals sent
15 from said N transmitting stations in parallel; and
a second group of interference cancellation stage for estimating, from
signals from which the interstation interferences have been cancelled by said
first group of interference cancellation stage, interstation interferences in
parallel with M (integer greater than 2 inclusive) ICUs, cancelling the interstation
20 interferences and estimates signals sent from said M transmitting stations in
parallel, and outputting signals free from the interstation interferences;
wherein a plurality of interference cancellation stages each comprising
said first group of interference cancellation stage and said second group of
interference cancellation stage are serially connected to construct a hybrid

25  interference cancelling unit, and wherein said plurality of interference
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lation stages, and channel estimation, for the channel estimation use is

made of a known pilot symbol portion and a data portion included in each of the

signals received from the transmitting stations;

a signal correction and decision circuit for executing correction and

10 decision with signals output from said finger circuits; and

a respreading circuit for restoring signals output from said signal

correction and decision circuit to same conditions as on a channel; and wherein

said finger circuits each estimates a channel by eliminating a phase of a

correlation detection output by decision feedback based on a result of hard

15 decision output from said signal correction and decision circuit, uses a moving

average of several symbols of said correlation detection output as channel

estimation information, and muitiplies said correlation detection output by a

complex conjugate of said channel estimation information to thereby produce a

finger output.

20

2.

A receiving device in accordance with claim 1, further comprising access

channel receiving means for receiving the signals output from said Iast

interference cancellation stage and free from interferences, and detecting

access channel signals sent from the individual transmitting stations.

25
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one symbol of data in said moving average filter and uses said mean as a result

10 of channel estimation for demodulating a second data symbol as counted from
said pilot symbol section, returns a result of hard decision executed with a result
of demodulation of said second data symbol also to said channel estimator to
thereby restore a phase of a third data symbol, and inputs said phase of said
third data symbol to said moving average filter.

15
4, A receiving device in accordance with claim 3, wherein a number of
symbols in said moving average filter is sequentially increased up to a number
of taps of said moving average filter, wherein said moving average filter
performs usual moving average processing when the number of symbols

20 reaches the number of taps, wherein a window representative of a section of
the moving average has a size sequentially slid in a slot up to a next pilot
symbol portion, wherein information existing in said moving average filter is

cleared when a last data symbol of said slot preceding said next pilot symbol is

fully demodulated, and then channel estimation is repeated only with said next,

25 pilot symbol portion.
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from the transmitting stations from the received signals by using despreading

codes corresponding to spreading codes respectively assigned to the
transmitting stations, wherein said first group of interference cancellation stage
includes N (integer greater than 2 inclusive) interference cancelling units (ICUs)
each for estimating an interstation interference ascribable to interference
between the despreading codes, and estimates interstation interferences in
parallel, cancels the interstation interferences and estimates the signals sent
from said N transmitting stations in parallel; and

a second group of interference cancellation stage for estimating, from
signals from which the interstation interferences have been cancelled by said
first group of interference cancellation stage, interstation interferences in
parallel with M (integer greater than 2 inclusive) ICUs, cancelling the interstation
interferences and estimates signals sent from said M transmitting stations in
parallel, and outputting signals free from the interstation interferences;

wherein a plurality of interference cancellation stages each comprising
said first group of interference cancellation stage and said second group of
interference cancellation stage are serially connected to construct a hybrid
interference cancelling unit, and wherein said plurality of interference

cancellation stages each estimates interstation interferences while the ICUs of a
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decision with signals output from said finger circuits; and
a respreading circuit for restoring signals output from said signal
10  correction and decision circuit to same conditions as on a channel; and
wherein said signal correction and decision circuit normalizes output
signals of said finger circuits, multiplies said output signals normalized by a
coefficient corresponding to a slope, and limits a resuit of multiplication with a

threshold corresponding to a maximum value.

6. A receiving device in accordance with claim 5, wherein said signal
correction and decision circuit executes normalization with total power of

channel estimates of multipaths.
20 7. A receiving device in accordance with claim 5, wherein said signal
correction and decision circuit executes normalization with a moving mean of

power.

8. A receiving device in accordance with claim 1 or claim 5, further
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from a particular transmitting station for acquiring synchronization with an

interference-free signal input thereto from the last group of the last stage.

5 9. A receiving device in accordance with claim 1 or claim 5, further
comprising a plurality of searchers each being assigned to the received signal
from a particular transmitting station for acquiring synchronization, said plurality
of searchers respectively receiving sums of said interference-free signal output
from said last group of said last stage and signals representative of station-by-

10  station interferences.

10. A receiving device for COMA (Code Division Multiple Access)
communication, comprising:

receiving means for receiving signals for COMA sent from a plurality of

15 transmitting stations to thereby output received signals;

a first group of interference cancellation stage for estimating signals sent
from the transmitting stations from the received signals by using despreading
codes corresponding to spreading codes respectively assigned to the
transmitting stations, wherein said first group of interference cancellation stage

20 includes N (integer greater than 2 inclusive) interference cancelling units (ICUs)
each for estimating an interstation interference ascribable to interference
between the despreading codes, and estimates interstation interferences in
parallel, cancels the interstation interferences and estimates the signals sent

from said N transmitting stations in parallel; and
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interference cancellation stage are serially connected to construct a hybrid

10 interference cancelling unit, and wherein said plurality of interference
cancellation stages each estimates interstation interferences while the ICUs of a
last one of said plurality of interference cancellation stages output the signals
sent from the individual transmitting stations; and wherein |

signals representative of interferences of the individual transmitting

15 stations belonging to said first group of said last stage are added to an
interference-free signal output from said first group of said last stage, resulting
sums are respectively fed to searchers respectively assigned to said
transmitting stations of said first group for acquiring synchronization, signals
representative of interferences of the individual transmitting stations belonging

20 to said second group of said last stage are added to an interference-free signal
output from said second group of said last stage, and resulting sums are
respectively fed to searchers respectively assigned to said transmitting stations

of said second group for acquiring synchronization.

25 11.  Areceiving device for COMA (Code Division Multiple Access)
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communication, comprising:

receiving means for receiving signals for COMA sent from a plurality of
transmitting stations to thereby output received signals;

a first group of interference cancellation stage for estimating signals sent
from the transmitting stations from the received signals by using despreading
codes corresponding to spreading codes respectively assigned to the
transmitting stations, wherein said first group of interference cancellation stage
includes N (integer greater than 2 inclusive) interference cancelling units (ICUs)
each for estimating an interstation interference ascribable to interference
between the despreading codes, and estimates interstation interferences in
parallel, cancels the interstation interferences and estimates the signals sent
from said N transmitting stations in parallel; and

a second group of interference cancellation stage for estimating, from
signals from which the interstation interferences have been cancelled by said
first group of interference cancellation stage, interstation interferences in
parallel with M (integer greater than 2 inclusive) ICUs, cancelling the interstation
interferences and estimates signals sent from said M transmitting stations in
parallel, and outputting signals free from the interstation interferences;

wherein a plurality of interference cancellation stages each comprising
said first group of interference cancellation stage and said second group of
interference cancellation stage are serially connected to construct a hybrid
interference cancelling unit, and wherein said plurality of interference
cancellation stages each estimates interstation interferences while the ICUs of a
last one of said plurality of interference cancellation stages output the signals

sent from the individual transmitting stations;
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wherein said [CUs each comprises:

finger circuits for performing Rake receipt, processing of estimated
received symbols output from a previous one of said plurality of interference
cancellation stages, and channel estimation, for the channel estimation use is
made of a known pilot symbol portion and a data portion included in each of the
signals received from the transmitting stations;

a signal correction and decision circuit for executing correction and
decision with signals output from said finger circuits; and

a respreading circulit for restoring signals output from said signal
correction and decision circuit to same conditions as on a channel; and

wherein ratios B/A of symbol estimates B output from said ICUs of said
last stage to differences A between symbol estimates output from said signal
correction and decision circuits of said ICUs of said last stage and symbol
estimates output from said [CUs of a previous stage are determined,
interference estimate signals respectively output from respreading circuits of
said ICUs of said last stage are respectively multiplied by said ratios B/A,
resulting products are respectively added to interference-free signhals output
from said last group of said last stage, and resulting sums are respectively
applied to searchers respectively assigned to the transmitting stations for

acquiring synchronism.

12. A receiving device in accordance with any one of claims 8 — 11, further
comprising tracking means for executing synchronous tracking on the basis of
signals acquired by said searchers to thereby execute tracking control over chip |

clocks each being used by a particular one of said ICUs.
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13.  Areceiving device in accordance with claim 1, further comprising
tracking means for executing synchronous tracking with the received signals or
the signals input to said ICUs of the transmitting stations to thereby effect
tracking control over chip clocks each being used by a particular one of said

ICUs.

14. A receiving device in accordance with any one of claims 8 — 11, further
comprising tracking means for executing synchronous tracking with the received
signals or the signals input to the ICUs of the transmitting stations on the basis
of the signals acquired by said searchers to thereby effect tracking control over

chip clocks each being used by a particular one of said ICUs.



