2 7 MAR 2006 RECEI VI NG DEVI CE AND CHANNEL ESTI MATOR FOR USE I N A CDVA
COMVUNI CATI ON SYSTEM 5 BACKGROUND OF THE I NVENTION Field of the

| nvention The ion relates to a receiving deviceg -f

receiving a { mmmm“\‘mm. on Multiple Access) signal in aQéD%B Z_OUPO
comuni cation systemqpd a channel estimator included in the receiving
device for correcting the deterioration of the CDVA signal ascribable to
nul tipath propagati (RECBEVENCGODEMICE ANTECBRANNEIVBS TAVAEORT0oday, ext ended
researches are under way on a CDMA conmmuni cation system capabl e of

enhanci ng the effi cikOR USEINfA COMA«SOMMUINICATIOBVSYSTBME Wi th nobile
comuni cation. In the CDVA communication system multiplexed interference
signals other than a desired wave and received fromthe other transmtting

20 stations and F signals ascribable to multipaths are dealt
with in the saml||||wmnmm“|mm hermal noise in a spreadi ng/ despreading
progess. Wth this sghgse, the CDMA systemallows a plurality of
traAsmitting stations proportional in nunber to a process gain to share

the same I HoQRAROUNBGE THE INVENTION

Field of the Invention

The present invention relates to a receiving device for

receiving a (DMA (Code Division Multiple Access) signal in a (DMA

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
(DMA 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
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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
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25 spread spectrum comruni cati on system essential wth the COVA systemis
disclosed in, e.g., US Patent 5,228,056 to Donald Schilling, assigned to
InterDigital Technol ogy Corporation and entitled 1 2 7 MAR 200&AR 2006

" SYNCHRONOUS SPREAD SPECTRUM COVMUNI CATI ON SYSTEM AND METHOD'. Thi s
docunent teaches that nessages of different kinds are spread by use of
spreadi ng codes of different kinds and then despread to turn out the

ori gi nal me'SSANEIROBNIOWS tSRREAK! SPEETRAIVO CONER NI CAMTON SYS PR A ND

there is an increasing demand for adaptability to nultinmedia radio

transni ssi A ETHODt.edfleis dobsniébetesepasithyt MEsDis €Wt d FFHHENE R)in JGDVA
Is a radi o access system neeting the above 10 denmand and is a prom sing

candi dat e faore kpFeddnbygrnaei ohapriading codd eofndiffiécaii &igds28AQ/ ERENTS
(Future Public Land Mobile Tel ecomrunication Systens) and other third
gener at i on dggpread tohévruseutothd togigingh eesagesty utilization efficiency.
| MT-2000 is discussed in, e.g., "IM-2000 Radi o System Standardi zati on
Prodess", 15 the Proceedi ngs of the Institute of Electronics, and

I nformation Conmuni cati on Engi neers of Japan, May 1998, pp.473-478. In a
DS- COMA syst em I\Rhﬂ]% ne X4l ghneTatyonfmabile epmmpaieatings arnshereqgiseany,
each of them spreads a,si r@ to be transmtted by 20 use of a particular
code. A redBffHYnsét atq%‘Hgai cag%FbI ca@pptakilttyat itey anddéimediai gmadipy
despr eadi ng a_received sigphal by use % th% sanme code as the associ ated
transmtti nGAEPEIFHON | A5t acBiCHCT hdRRIEHIDCI nt ERPAFENce noPSe 6PHECE due

to cross-coiialdided? PHMRSYs a radio access system meeting the above
10 demand and is a promising candidate for IMT (International Mobile
Telecommunications)-2000/FPLMTS (Future Public Land Mobile
Telecommunication Systems) and other third generation systems

because of its high frequency utilization efficiency. IMT-2000 is

discussed in, e.g., "IMT-2000 Radio System Standardization Process",

15 the Proceedings of the Institute of Electronics, and Information

Communication Engineers "of Japan, May 1998, pp.473-478.

In a DS-(DMA system, while a plurality of stations share the

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

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
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codes assigned to the individual stations, intersynbol interference, 25 and
the autocorrelation of nultipath of a desired station, limtin t he
subscriber capacity. An interference canceller technology is2 @RI @b e for
reduci ng the influence of the interference noise. An 2 2 7 MAR 2006
interference canceller installed in a base station allows the cel

capacity tqQ be increased and al|ows the transm ssion power required of a
mobi | e terankeferenpe eaxuerlder instaladtiinna bhase istadohendloves ctneetdBr
enhances accuracy with which the path of an 5 acquired desired signal is
tracked. SEAPAEHIei WA nheddliceasedr amhnadwisinitbat itsanshuissexamplasyer each
I ncl udes a correlator or a tched filter. The problemwith this type of
convent i on&FquAEed va[‘lg"1 daatide  terimirali fpebrereédaweto alnr alddition,othe
transmtting stations othei t han desired one increases, with an increase in
the nunber IBICEESRES 5aRSe lsgoenbaprray aosarag¥nsith schich sbeipath of ame
receiving device to a,critical degye . Jn light of the above, sone

di f Perent PAABIEE, deeledatdidlels Tas tens have heretofore been proposed,
but each of them has sone problens |eft unsolved, as follows. A parallel
interference canceller, for exanple, estimates and cancels interference in
parallel and t I hpal i nterference cancel |l er,
however, cannot§§%%$%3égﬂﬁ§%i%€gr éﬁéﬁbgﬁ%gﬁé%ﬁﬁPﬁénB%Vf§?yﬂ%¥eéaﬁﬁﬁe’

[ ecei ving gkhChd1RaRYSE ddrr@HidRbeSs AndteRbNHIAE. dhe PiRMIEM LHG:
stations at the sane tinme. To I1nprove the "iInterferénce cancelling ability,

paral l el ipheyf Cof CltbPehfohal rBcefv it HHviRe $ENEIE: NAVRrPEE hce

proposed and generally classified
10 ascribable to transmitting stations other than desired one increases

with an increase in the number of subscribers, aggravating the

demodulating ability of the receiving device to a critical degree.

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
N

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
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into two kinds. However, one kind of cancellers with a weighting 25 schene
cannot inprove the ability to a noticeable degree. The other kind of
cancel lers with a wei ghting scheme are not satisfactory in p2dcHAR Q006
because a wei ghting coefficient for 3 2 7 MAR 2006 i npl enmenting the opti nal
performance depends on the nunber of transmtting stations and received
power. By contrast, a serial interference canceller, or SIC (Successive 5
| nt er f er enden SRiaeh tiey; _th@a@pﬁheapbe?%l%hh'cegdbp’éﬁrdfsebﬁnf’rﬁe %ﬁ{mﬂjoéry Jdras an
advantage that its ability increases with an incftease In the nunmper of
stages, i.drandthiatingnbantiohst an@sreceivétenpdwledti on. The seri al

i nterference canceller is disclosed in, e.g., Young C Yoon et al. "A
Spr ead- Spectrum Mul ti - Access Systemwi th a Cascade of Co | o Channel
Interference Cancellers for Miltipath Fadi ng Channels", |EEE Second

| nt er nati onal SyBypoentrasin aSpedadl ifipecferemce Teamed lieis sorST CAB ¢&alsi 9ES

(I SSSTA '92), Novenber 29-Decenber 2, 1992. This docunent discusses the
chabact eri Jniterferenie €encaller),ncaphbierafecsacein grinter ferewcel Ratialipdi ng
environnent. 15 However, the problemw th the serial interference canceller
is that ithasapnotdpantagenthas stabiityomenedseaneétl atri dncrdasd ihetifer ence
with two or nore transmtting stations at the sane tine. As a result,

del ay noti CSHBDET| ofc sE38eS WP+ Hhennumebensef times efhdemotedation. The
transmtting stations or the nunber  of _stageé., Assumng thirty
transmittingT@ldpteHeranges sancedieés disHeped Ha, eah Xpune &edduB@tsahbol s,
I.e. 50 3 {del f about .th

R S(pr%aﬁysgec?ruollﬁ MUIES Access System with a Cascade of Co-

10 Channel Interference Cancellers for Multipath Fading Channels",
IEEE Second International Symposium on Spread Spectrum
Techniques and Applications (ISSSTA '92), November 29-December
2, 1992. This document discusses the characteristic of the serial
interference canceller in a multipath fading environment.

15

However, the problem with the serial interference canceller is
that it cannot perform the estimation 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
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further increase if a delay time particular to a channel estimator

were taken into account.



synbols for a delay cancelling unit) = 450 even in the ideal case. Such an

anount of delay is not practical. The deI ay tinme would 25 furtbqrMA@czg@ase
if a delay time particular to a channel estinmator were taken into account.
4 2 7 MAR 2006 For exanple, the delay tinme of a conventional channel
estimator is nore than half a slot (0.625 ins/2) for a station. To reduce
the delay tinme, there has been proposed a hybrid interference canceller

(HI CK which is theorcoehamgileonthe adelayal tishe5 dfnter tenesaeimediceth ginel
featuring short delay and a successive interference canceller featuring

hi gh perf or nestimatBorist reotd Ghanr dedf verssotsi(OUEL Bdmal 2)sfsis'a stafibans By e
divided into groups which are connected in series. The receivers are
arranged in ypahwatd ethen dedagh ¢imep. tlibis Kiawl bfesichpmeposedever L ghnidbot
achieve a 10 satisfactory ability unless the nunber of groups and therefore
the delay andeifanesasedanssleanme HIQt wanichCB ¢hat esrhdrinacimnCaifcel perallel
System) is used to increase the subscriber capacity. Then, although
denodul at i onintérfarsaice icanpedlemt Seatwyngheshas, delaychend aar amgedssiveund
the I1CS for, acquiring synchronization and DLLs (Delay Lock Loops) for
executing syRt¢eriafénset cAaBREHET hhgatumisigr hight perhon adegr adBar the HbHCan
increase in the, nunber of uysers constant|y hol ding K communication, i.e an
i ncrease i n HGREEY $EY é’rfé‘é‘te hRs YSEIH $bations Ql)evﬁllt"ﬁ Fldelméb@ifptlpéf “dHCh

access channel; to insu ({Je accurate eceipt, the _transm ssiaqn power f. an

access chanfdl® fPRReHE ﬂ@a?%‘?lctsha he SRGERI§TohATC Ad VBt Barallel in

Interference, p group. This kind of scheme, however, cannot achieve a
10 satisfactory ability unless the number of groups and therefore the

delay are increased.

Assume 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 1CS
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, 1.., 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

25 The invention is defined in the independe-nt claim. An

optional feature of the invention 1is defined in the

dependent claim.



25 SUMVARY OF THE | NVENTI ON The invention is defined in the independent
claim An optional feature of the invention is defined in the dependent
claim 5 2 7 MAR 2006 BRI EF DESCRI PTI ON OF THE DRAW NGS The ol 2MAR 2B
features of the present invention will becone nore apparent fromthe
consideration of the follow ng detailed description taken in conjunction
with the acconpanying drawings in which: 2 7 MAR 2006 FIG 1 is a block
di agram schematically showi ng a base station enbodying the present

i nvention; ESCRIP] @qrg_[)dpq}m WAW%ng showi ng a specific

confi guratigk@E DES ncrude ustrative enbodinent; 5 FIGS. 3,
4 and 5 are SCheT'E Qbﬁ%chn@' Mt@i‘fésrﬁﬁpﬁecpiv’@é%t Hheeh tioma will dlecome
second and a thi ge included in the H FIG 2; FIGS. 6 and 7 are

schematic biogk @ r%rﬂ& TeeReQties Yo sidBeution off ithel folldw img ed 6 eaibate
Cancel l ation Unit group and a 10 second I CU group belonging to the first

stage of FI &%s@n?ﬁ'oﬁstal@ex@fiﬂ ébrHue ceiiewithetibd ackod pan aimg rdasivent gl y

showing a first 1TCU group and a second | CU group belonging to the second
stage of Flghidp: FIGS. 10 and 11 are schematic bl ock diagrans respectively




15 showing 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 di agrans f e%#vely
showi ng searcher bl ocks included in the HHC of FIG 2. and asks Sﬁ’@d o the
first 1CU 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 H C
of FIG2 for controlling the first to third stages and searcher bl ocks;
FIGS. 15 and 16FAfelsishetderk dlagsrmiisgheansticepasdiawing a baswi sigtéemr cher
bl ocks respectiyely assigned to, the first and 25 second |ICU groups and
each being® Y10t égetbfeééﬂé MY¥entiARee nultipaths; 8 2 7 MAR 2006 FI G
17 is a bl ock di &:aﬁn schemat 'bcall , sri)clivm' Eg(ﬁ specific configuration of
one of | CUs sho n?Fl&sa @cifmptie blgcks Hageamathewingcld dsngeHie
showi ng a speeific,. confiqu |.0n. 0 ne qf fjnger .circuits included in the
| CU of FI Gclgﬂgl,g“réthPGo{Q" iﬁ? %Ih'é‘iféfi@ ﬁ]%éu“gﬁréﬂyﬁmeé]ﬁéﬁphﬁ‘eé‘%peci fic
contiguration Oﬂﬁﬁd ci sion,Circuit incl uged I, N th&. ICUof FIG 17; FIG 20
shows a sl ope c i dire talbgr i B¢ afCheing iy plack,; diggrams g eiReGHBR)Y

i ncl uded i eci si i rculty of Fl 1% FIG 21 sh how a limter

i ncl uded i rﬁ]hb&g}“%eéiglf 4 %f“&ﬁédlg““fé‘%‘#%t §E}§% 6{5?@{@@ Ancths H;anF
schemati c ck.di agram showi ng a specific configuration of a respreading
and filter Ccrrctit included in the ICU of FIG 17;

FIGS. 6 and 7 are schematic block diagrams respectively
showing a first IQU (Interference Cancellation Units) group and a

10 second ICU group belonging to the first stage of FIG. 3;

FIGS. 8 and 9 are schematic block diagrams respectively
showing a first ICU group and a second IQU 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 sécond 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 CPU (Central
Processing Unit) also included in the HIC of FIG. 2 for controllipg 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;



FIG 23 is a schematic bl ock di agram showi ng a specific 15 configuration of
a first channel multiplier included in the I1CU of FIG 17; FI Q?leARsm
schemati ¢ bl ock di agram showing a specific configuration of a nulti pa?h
adder included in the ICU of FIG 17; FIG 25 is a schematic bl ock diagram
showi ng a specific 20 configuration of a second channel multiplier
included in the ICUof FIG 17; FIG 26 is a schematic bl ock di agram

showi ng a correFbGonl 7 iiscd udlecki diapeami nghencatically shoWifg 48spEkfFie? is
a schematic bl ock di agram showi ng a channel 25 estimator included in the
finger circonfigotatios of neFpGICYs shawscheiGSc 6bl dck di agram showi ng a
subtracting section included in the respreading and filter circuit of FIG
22; 9 2 7 VAR 2bbG. H& inai sche matéermbileck| digraimgshovsingyi ngspecific
respreading section included in the circuit of FIG 22; FIG 30 shows a
format of @oBfigHgatiercef wag of Singerapisenitsi imsludeditinothe ISUEPGFIG 17;

denpnstrates th vement of w ndow assigned to the channel estinator,;
FI g 32 shows aﬁr&})étqrgw bt Mt pblegK | dthsrazmd shomung @ espepifi¢ oss

wi th respect f.0 a w ndow si,ze;. Fl G,33,sho el ati on_bet ween a_w ndow
conlégp%qnp e8¥vﬂb¢‘l’®slé)r“r SArayat tm\é\ﬁlcgrdr tB lﬁ’ﬁelcl:p@f Fl@sl734 and 35

size and a
respectively s system capacities . . .
P y hﬂ’b 18" SHowta slope” coefficient particular to a slope circuit

(Projection) included in the decision circuit of FIG. 19;
FIG. 21 shows how 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 ICU
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 I1CQU 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 shdwing a subtracting

section included in the respreading and filter circuit of FIG. 22;
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determined with two groups and three groups defined in the HHC, FIG 36 is
a schematic bl ock diagram showi ng the connection of user #1 to user #k
searchers set up for initial synchronization; 15 FIG 37 is a 3tHAR200E

bl ock di agram showi ng an alternative enbodi nent of the present invention;
FIG 38 is a schematic bl ock di agram showi ng another alternative enbodi nent
of the present invention;, FIG 39 is a schematic block diagram show ng a
further 20 alt &l Rati%ds entsehiematicobladke dingsant showeitg an;reBp@eadinghows
t he connection of the HC to an access channel receiver; FIG 41 shows the
path acqui seetion incbbded | in thafciecuibafchiés. 220t acconpani ed by an H C, and
25 FIGS. 42 and_43 show the path acquisition probabilities of a searcher
det er ni ned wi t hFAR: BiDcshawvisng tommat of fgsignaldreseived fimumi tipfyméttén gges,
respectively. ,10 2 7 MAR 2006 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Referring tsgatFPGSﬂ of the drawi ngs, a receiving device for CDVA

co nication e dying the present invention is shown 5 and i nplenented
as d base stati ?.E& %Heg&%%n trates thegapeyament of ja, window 3 Henefnios. A
CDMA si gnal Ricorri ﬂg in tt}roygh the antenna 4 is fed to an RFU (Radi o
Frequency U t9hannehi e ima4t9dnency unit 6. The RFU 6 denodul ates t he

G anal BB 1015 FIGH) 7r RO FRe ek boRs bR st Ao DP BRI iR de caR ok SARE Al D)
8. receipt loss with respect to a window size;
FIG 33 shows a relation between a window size and a
10 required Eb/No error particular to the HIC;
FIGS. 34 and 35 respectively show system capacities
determined with two groups and three groups defined in the HIC;
FIG 36 is a schematic block diagram showing the connection
of user #1 to user #k searchers set up for initial synchronization; ‘
15 FIG 37 is a schematic block diagram showing an alternative
embodiment of the present invention;
FIG 38 is a schematic block diagram showing another
alternative embodiment of the present invention;
FIG 39 is a schematic block diagram showing a further
20 alternative 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
25 : 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.
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The A/D 8 digitizes the baseband signal BB and feeds the resulting digital
signal to an HC 12 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' synbols 14. 15 FIG 2 shows 237 MaRCI00§ C
configuration of the H C 12. As shown, the HIC 12 has three serially .
connected stages 16, 20 and 24 by way of exanple and estimates the users
symbols 14 with nmultiuser type ICS. Specifically, the first stage 16
performs co detectlon and HBX|nun1rat|o conbi nation with the
recei ved si g&a) X 3 REK MBOBPEMENTS rcuits built inits

| CUs, executes i naL corr on and deC|S|on with the resulting signals
in order to est ITIRGetQ ﬁﬁ&) dudt therdrawingsl @ Ispeafndgf d@dwscehﬁor
synbol s he second st.age 20 e sane configuration as the
f?/rst 25 st 844600'%’%“%%%8%5?&};%0%"é%t‘i tRECSERd imvientidmalis uslkkown

nbl 22 fee m;ito the third stage The third stage 24
thi matses t |%Pg?‘8&é’1 cgs8s st statien. aﬂﬁ‘eogf‘ﬁﬁt%tatt%}n ganer#llypR, 2006

Wi l'e ?&ZZ@%QEEJW Mg R o, e SR Roiittoin o ecuete thene
umber of st Agat &1 ATHA" (BH P 0 SO CRBS AL S Ve b gt high

number of st ages shoul'd not” be exce f e cra) 10

st andpoi nt sp | WF | l.rst, sta

I ncl uged [ nfr{éﬁ Cg]%\gﬁt??\ t sﬁpgt%éaén%&cﬂ &lé% reec[eﬁgegl rgael %
and thereby outputs a baseband signal BB. The baseband signal BB

10 is fed from the RFU 6 to an analog-to-digital converter (A/D) 8.
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 IQUs, 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



is assumed to receive signals fromeight users' transmtting stations and
to cancel interference by dividing theminto two groups. As shown, the
first stage 16 is made up of a first I CU group or interferengﬁ @ﬂggﬁ'ﬂkling
unit 26 and a second I CU group or 15 interference cancelling i The
first 1CU group 26 generates a synbol replica for each of four users #1-#4
fromthe received signal Rx Data 10 and renoves the synbol replicas from
the signal with the samoe qniigupationi e thid Ifits¢ amd essecomd stages rk@randt i on
interference cancellation hereinafter. The resulting residual signal 20 28
output fro AQ.he first 1 CU group 26 is applied to the second ICU group 30.
The second | CU group 30 generates synbol replicas for the other four users
#5-#8 and renove themfromthe received si gnal Rx data 10, thereby
out putting.the ré’ﬁ |du signal or users' ngols 18. .25 FIGS. 4 and 5 show
the configurati dRE1EFt Ws@é’éﬁ&uét‘éﬁétﬁﬁesah 40 r@%t%eﬂlﬂs own in

hown in Fl t he second 12 .2 7 006 st

res ectlvel has a
e O (<o éEcaq«\a'xalsth%aWPcﬁgmetfps&%gew@ inclided, vt dAEC12-
generates nbol bl cas f§ th users #jﬁ§bﬁ out f t he resi dqual signal
18 fed the %CVFB fle NAHRRSG P Gar g ntorte Fi FECCSENFEY1&8 CRenpves
t hem f rom cel S deI ivers the resul ting residual signal
34 to the é\é? ro{}%rﬂgé’m?@he second | CU group 36 opgrat es in theg

sanme nmanner as the first 1CU 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 ' FIG. 3 shows a specific configuration of the first stage 16
10 included in the HIC12. In the illustrative embodiment, the HIC12
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 IQJ group or
interference cancelling unit 26 and a second IQU group or
15 interference cancelling unit 30. The first IQUJ 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 ICU 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.

25

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



first 1CU group 38 and a second | CU group 42. The first and second 10 | CU
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 sane nmannéf MAR QW6
above ICUs 32 and 3 6. Wth the configurations shown in FIGS. 2-5, it is
possible to 15 construct a H C of multiuser type capable of generating
user-by user synbol replicas and renoving themfroma received signal and
of multi st atpga ¢Pehaapabiret Y gsenpi Ad avdoawegonghl&lUngndep 6. (Thees. In
practice, | CUs included in the consecutive stages each needs a searcher
and DLL cofisShdQbBresp Syn@ensaates tsydukiodremlicas hotgh emarsegiofid -ifd FI GS.
2-5. Such an arr ngeme,gt AN bE dzs&ri bed in detail later_along with the
speci fic cORf e besidn] dgaphdiohedrthetstoifr gt thei secanhddngioup n the
fol |l owi ng scription, the HEC 12 is assuned.to be an 25 eight-user,

t wo- gr oup gﬁdoé Fﬁ"eél@ltééégﬁﬁécvarrﬁfngé@ﬁ mfrgan dﬁ et q614§6r Sigmlmang st age
typge, as stat.ed ahove. Specifically, thre I one at st age, .are
ass? gned tSeL}é{&ﬁSdgérfﬁ%ﬁ?’d‘e&rﬁwﬂé{%l&dgiéfﬁ%%ﬁem%ﬁaﬂgmv&%ﬁce
estimati ong.S0.t hat  t - foug | | 0 .tot are present for, eight users.
The | CUs aggl‘%g%eegoa}i% Igg%bgﬁrg%@%rdat% f!bﬁh&:{aéaei W"‘lﬂ?%{ 138} ”éggﬁr%ﬁ ngl e
group. That~H1s € 18 L\, ded, I Q8P y_four and
Pheor oupe! SPeETSHH 37 JREeBETRILTE S ealt SBE U FAlb Xk S AR oy AL,

stage and 5%%%55@51 9noupng axoav@r?ﬁ @Sfcvﬁévaligaag&}ceg{ﬁ gﬁ{é gl ly

connect ed. I's constructed such that searchers

igﬂf?(r)loln: ﬁgﬁfr'kpl‘(l]"ﬁljdlﬁp Blg 8n@X£SEESN YA 205401 aai I @ir st R ER% cond
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.practicc, IQUs 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
25 eight-user, two-group and three-stage HIC and assumed to be of
multiuser and multistage type, as stated above. Specifically, three

I1(Us, one at each stage, are assigned to each user for demodulation

13



fingers included in the ICUs. 10 Reference will be made to FIGS. 6-14 for
describing the HHC 12 in detail. Inthe HHC 12 to be described, a single
multipath is assumed for the sake of sinplicity of descriptidch? NARG®
shows the first ICU group 26 of the first stage 26. The 1 CU group 26 is of
15 residual transfer type transferring a residual signal left after

cancel lation and estimated received synbols (Present Data) to the next
stage, so fhdt imterderémee exstaingrtadn padpiliatt tweritiyefou eViQUs instegd arel an
estimated signal to be fed to the next stage exist together in each I|ICU
assi gned t praspat forwightuseers. ThEhe dddis edsPgned grnakack foustuseed apet he
first 1CU group of the first stage 16. ICUs belonging to the first |ICU
group 16 egennpetshinp aialied as iaonin glet graupn Fhdt nexthemight isersmpiaat i on
based on Rake, recei pt and estimates the respective user's received synbol
by the coflteidahnndad tWeri iU Hnb¥hdongsulanhgthe ggeoupesare Eedally; when
the_received si na(Je Rx D@_téa Ois fed tothe [CUs of the first | CU group
26, the | CERNBEEH ®ABCRAEY AUBeTel al Woh g1RuPs7atigRChoDR afenact itherafere

maxi mum rati o _conbi naé{on based on Rake receipt and ihen estimates_the
recei ved SyHo8fOBPS (et BECS GOSSHUIES HPESS: dhitas EGeoOnEAd - dddI®i on.

outputs iTAC BAH PhRSedcab el Ra: 3¢astharyechiiye (o chaon atian
symbol's arg pifed pit.s "exéEle | S cRTohdG s"%ethRIAZS HHRGRLY c\émﬁttrr]ol(fl}}lagnnel
fingers included in the ICUs.
10
Reference will be made to FIGS. 6-14 for describing the HIC
12 in detail. In the HIC 12 to be described, a single multipath is
assumed for the sake of simplicity of description. FIG. 6 shows the
first IQU group 26 of the first stage 26. The ICU group 26 is of
residual transfer type transferring a residual signal left after
cancellation and estimated received symbols (Present Data) to the
next stage, so that an estimated signal output from the previous
stage and an estimated signal to be fed to the next stage exist
together in each ICQU assigned to a particular user. The received
20 signal is first fed to the first IQU group of the first stage 16. I1Q(Us
belonging to the first IQU 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.

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

[QUs of the first IQU group 26, the 1(Us each executes correlation

14



estimates respectively associated with the estimated synbols. The
interference estimates of four users belonging to the sanme grou are added
together, and the resulting sumis subtracted fromthe 10 ori gﬂEaMARrEﬂBéi ved
signal as the interference estimate of the first group to thereby cancel
interference. The timng is, of course, adjusted such that data appearing
at the sane tine are dealt with together. The signal from which the

i nterferendetdrambeand maximerni satiopubnt biddigosebased | 6 Bakerrae iyt t he
first stage. 15 The received signal RxData 10 may be expressed as: r(n) =

EEECK, 1(i )ar{a theinNestimkafgsSkhe- teseivedk Giy)n bl of ilFO dssBckated asrlsy to L
Eq. (1) 20 u(n) =1 0 <n <N =0 otherwi se Eq. (2) where P denotes the
nunber of sgnhbl sorfreickion r andnideddionK dEhet d€U hegaimbarodidlatser Shel
denotes nunber of paths, and C.,I1(i) 25 denotes the channel of the kth
user and lestimatadf symbel ibh s¢spoeading sio, an@dn)theanaiwep wtsf inchs oanf or
openi ng each synbol only once wthin the entire transmssion tinme, Sk
dendtes a @peetediengecegtimatez 7SWAR o6 bigsi spied stimatedksmisels, adle(i)
denotes the jth data synbqgl of the kth user, a(n) denotes noise, and n
denotes a f%idnitﬁur?ﬁén&s@ﬁi 3‘1?% rﬁe‘h ther (hekt * tiage itogethersantht ichanarela
delay particular to the kth, user and |th ga h. 5 The ith data_synbol of
the kth us"eﬁlnﬂé‘ltﬁﬁﬁFﬁBCFHVﬂ% Fssogiated with the estimated symbols.” The

interference estimates of four users belonging to the same group
are added together, and the resulting sum is subtracted from the

10 original received signal as the interference estimate of the first
group to thereby cancel interference. The timing is, of course,
adjusted such that data appearing at the same time are dealt with
together. The signal from which the interference has been
removed is input to the second ICU group 30 of the first stage.

15

The received signal Rx Data 10 may be expressed as:

(n) = ZZZG 1(i)u(n - iN -1, 1)Sk(n-t,1)dk(i) +z(n)
i=0toP,k=1toK/I=1toL 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 Ith path for the ith symbol.
Also, u(n) denotes a function for opening each symboi only once

within the entire transmission time, Sk denotes a spreading code

15



group 26 of the first stage 16 has a correlation val ue produced by:
Y1,1,k(i) = SkH(i)r(i) Eg. (3) 10 As for the kth user belonging to the
first ICU group 26 of the first stage 16, the (corrected) interffﬁrf\nﬁé:e
estimate of the nth chip is expressed as: 15 ell,I,k(n) 27 MA

=Ef x(VY1, 1, k(ik,1))Sk(n - "tk,1)Ck,1(ik,1), 1 =1to L Eq. (4) where fx()
denotes a function of correction and decision. 20 As for the first |CU
group 26 ofasshgnédrisr theakth n6sern, ik (if adenetetsetheiivhed i er ayerbestdfmphes of
the nth chip within the group are given by: All,1(n) = ED'1,1,k(n) k =1
top 1 Eq. (&Hh me\ﬁhélr(é)pgemyebemlepr esdntredidjwtkelseausﬁmnunheronmclhlip
first 1CU group l~2 7 .MAR 2006 An err(btf signal, i resi dual signal
at the nth' Wiep r’r’ddf’elro'clt hdS TERZBHEN {atiy §refup a&fpﬂhécﬂi&rstosth&gét}m is
expressed as: gi =r(n) - All,1(n) Eq. (6) In this manner, the ith
data of the'Sef naRddt ﬂb’lt@ngl ng to t he gth group of the nth stage has a
correl ation val ue produced by: 10 ymag, k(i) = SkH(i)em g, k(1)

+Hx€Ym 1,9,k(i)) Eq. (7) As for the kth user belonging to the gth group of

the inth stage,-the orrecte i rference estimates at the nth chip are
9€The zth((c:iata sym%)ol ontlﬁlc?c ﬁ user %elongmg to the first IQJp

group 26 of the first stage 16 has a correlation value produced by:

y1,1,k(0) = SkH(i)r (i) Eq. (3)
10
As for the kth user belonging to the first ICU group 26 of the
first stage 16, the (corrected) interference estimate of the nth chip

is expressed as:

15 Aly,,kn) =Zfx(y1,1,k(k, D)Sk(n - 7, 1)Cx, 1(ik, 1),
=1toL Eq. (4)

where fx(-) denotes a function of correction and decision.

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

are given by:

Aly, 1(n) =ZAIg1 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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expressed as: 15 Aimg,k(n) = E{fx(Ymag, k(ik,1) -fx(ym1,g,k(ik,1))}Sk(n
"tk,1)Ck,1(ik,1) 1 =1to L Eq. (8) 20 The total (corrected) interference
estimate at the nth chip of the gth group of the mth stage is produced by
Dimg(n) = Ebdmg,k(n) k =1 to pg Eq. (9) 25 An error signaly gkg gl dual
signal input to the nth chip of the g+1 th group of the mth stage is
expressed as: 17 2 7 MAR 2006 emg+l,(n) =1e,,,,09(n) - "Img(n) Eq. (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 5 associated DLL for
ef fecting synchr 8moesr ar signalgi.eThre sidwaBiigmer dothe /Rakehiedepat tosilgnal
correction and deci sion, res(s)readi ng and channel reproduction with a

si gnal sent seqand dkd) geeup 30 ofdthet %Hsétsyayeriérésexprmle'dcatsdata (1/ Q
44.' The replica data (I/ Q 44 is fed fromthe ICU 31 to an adder 68 as a
negative value. Further, 10 the ICU 31 generates a signal Present dat (1/Q
45 subjected to _cofrect;j Oi] ang dfcisi on and an esti mat gd recei ved synbol
Present datl (|?1'€§“)46 r&% i 001dk% o the user #1 and tE®éO9ed to the next
stage. 15 A user #2 ICU 33 is identical in operation with the user #1

In this manner, the ith data of the kth user belonging to the

gth group of the mth stage has a correlation value produced by:
10 Ym,g,k(i) = SkH(i)em,g,k(i) +fx(Ym-1,g.k(i)) Eq. (7)

As for the kth user belonging to the gth group of the mth
stage, the (corrected) interference estimates at the nth chip are

expressed as:

15
Alm,g,x(n) = Z{fX(ym,g k(ix,1)
-£X(¥m-1,g,k(k, D }Sk(n - 1%, 1)Cx, 1(ik, 1)
1=1toL Eq. (8)
20 The total (corrected) interference estimate at the nth chip of
the gth group of the mth stage is produced by
Alpg(n) = XAl g x(n) k =1 to pgEq. (9)
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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| CU 31 except that it receives a chip clock 48 together with the received
signal Rx Data 10, generates replica data (1/0) 50 particular to the user
#2, feeds the data (I/ Q 50 to the adder 68 in the form of %Uiave

val ue, and outputs a signal Present dat (I/ Q 20 51 subj ect%g W
correction and decision as well as an éstimated received synbol Present
datl (1/ Q 52 particular to, the user #2 and to be sent to the next stage.
A user #3 | CU 3Smigs! 81sF gl cdtlme(Nhperation with E4e (dr #1 1cU 31
except that it receives a chip clock 54 together with the received signal
Rx Data 10, generates 25 replica data (I/ Q 56 particular to the user #3,
feeds the data él/ ) 56 to the adder 68 in the formof a negative val ue,
and outputs a <2p¢mihicathyegenshamn in/F§p. G7aswige#leiCUo3 Eorgesdviesnthend
decision as 18 2 7 MAR 2006 wel| _.3s an_estimated received synbol Present
datl (1/ qjessgvegastgnal Iatend Qedrd za ghtp 1o Zéntowtawthérmaxtlt%tage.

51 Scept LHRCHCG dobby B6r CERREHTE it Gty Qi HaACKin g ¢ hh oLGlad b
signal Rx Datfa 10 ner at es Ee Jica} data (1/ 2) CﬁZ e?articul ar to the user
#4|, feedsdPﬁE Qféi’?%‘%f © OCEIP o> 18T A © /é‘"} nhd ‘BF’rﬂrgfr%SP &e

, t i . . .| i t ti
o s S ELPERMUELEAN L GR0E) BRI 00 0
64 i .
30 Stores ety geReiifes TopHR BARTIP A4S THE adpieqHlanlifr a4 e
replica daf‘safeq fréh 169 356&53@9 g?%%@f%é%@ a eQMiNe VAR . 3FuriRer3° and

37, respectively, to the adder 6
10 the IQU 31 generates a signal Present dat (I/Q) 45 subjected to

correction and decision and an estimated received symbol Present
datl (I/Q) 46 particular to the user #1 and to be fed to the next

stage.

15 A user #2 IQU 33 is identical in operation with the user #1
ICQU 31 except that it receives a chip clock 48 together with the
received signal Rx Data 10, generates replica data (I/Q 50
particular to the user #2, feeds the data (I/Q) 50 to the adder 68 in
the form of a negative value, and outputs 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 IQU 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

0]
N

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



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 |ica data
(1/ Q 44, 50, 56 and 62 fromthe received signal 66 and deﬂlvHR% 2006e
resulting residual signal 28 to the second 1Q group 30 of the first stage
16. The circuitry constituting the first 1Q group 20 26 is controlled by a
control si gnal 69 input thereto via a bus 317. FIG 7 shows the

conf i gur at Mol oflst B8 sedmatedu reipedo sofmboke Priesentstdagd 1@/iQ) fed ai | .
As shown, four S]s ar respectlvel assigned to the users #5-#8, and each
execut es RR@&tiCHIBT b0 “§1 ysar #5 tedie seNAnk® Hreindxdnstage eskiunthtamg a

recei ved synbol %b ijJé to the associ ated user, and agai n nodul ates the
esti mat ed y%‘?ﬂ ; gr SRETALES AN dhdeFame SR ARNGE ah th@t seeerithddU

esti mate. 2 7 MAR 2006 interference ti mtes produced by the ICJ

or oup 30 ard sieRe thal &nae@mﬁsswimaccﬁ KGO soBnthen griah e ety ahe 1 )
ro i i~dual .out put e firgst group 26.
'?'hegpuser Biglhdsle}r{xg%tl pecg‘?rb q\? pténé/wefga EH&Hﬁéllar $0eHtg mat es

iéﬁgﬁbsffbeg%f?%@e g Jgkfaﬁﬁal@@oﬁfeﬁfg PreddRe ¢Roiushe L ‘!P’éﬁﬁp?z‘%hgnd
)T R

recel Etc SRSy a BT Sh 8o Ao Tend) PrBebratds (7 Qe ERufieRted

Fopl i ca dars T EeHOR MR s WAL Ao B st Pa SECARERRIHBLE" .,

adder 106 pgegemedatiV@/ Q)%M?ar'ﬂtﬁﬂﬁ?rto t%@u'sgdf@aﬂ%f“%%te%%ﬂt%

Present dat (1/0) 83 subject to correction and decision and an estl mat ed
rec@i ved next stage.

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 IQUJs 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 1QU 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

o
wn

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
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15 synbol Present datl (1/0) 84 particular to the user #5 and to be fed to
the next stage. A user #6 ICU 72 is identical in operation with the user #5
| CU 70 except that it receives a chip clock 86 together w't %RZQW
residual signal 28, generates replica data (I/ Q 88 particular to e

user #6, feeds the data (I1/Q 88 to the adder 106 in the formof a
negative value, and outputs a signal Present dat (I/ Q 89 subjected to
correcti oniael fdeenet estbn ades Iprasl weeddty tine ddU ereuped Osynbald d & espnt
datl (1/0 90 particular to the user #6 and to be sent to the 25 next
stage. A ugad Hren cubtsacted dsom dhie signadeingtu tono wiehl Cegumep 3 &5i.6GU 70
except that it receives a chip clock 92 together with the residual signal
28, gener atk8 regduad sjlsml(EEQ)ougnuFSafnqmuﬁhﬁ figst HEOD eroup MMR. 20Di6e user
#7, feeds the data (I1/Q 94 to the adder 106 in the formof a negative

val ue, andUé6fpRYsuseisi gsimptedentecedved / 6y msolsupprdt etheiro ebanaeti on
and_decision.as well as an_.estinmate ceived s ol Present datl (I/ Q
96 Parti cuf8HMases hare,also ﬁf?jatﬁdt‘i’% SEAVPE o© sepend stagge. A user #8
ICU 76 al so operates in the same manner as the user #5 ICU 70 except that
It receives a chip clock 98 together wth the residual signal 28,

O o opL! SRR 1P R o 0 e B8 s e TR AP

cutputs @ phae LB Hfdl@uiRh RS S0 BT EY. o,

oL LRI, TR LED 907 B e e a7

10 decision, respreading and channel reproduction with the signal sent

from a user #5 and thereby generates replica data (I/Q) 82. The
replica data 82 is fed from the IQUJ 70 to an adder 106 as a negative
value. Further, the IQU 70 generates a signal Present dat (I/Q) 83
subjected to correction and decision and an estimated received

15 symbol Present datl (I/Q) 84 particular to the user #5 and to be

fed to the next stage.

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

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

20 residual signal 28, gerieratcs 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

o
h

next stage. A user #7 IQUJ 74 is identical in operation with the user
#5 IQUJ 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



15 When all the replica data (I/ Q 82, 88, 94 and 100 are fed fromthe | CUs
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 regi;dmh @;gpnal
104. The adder 106 subtracts the replica data (1/Q 82, 88, 94 an 0
fromthe received signal 104 and delivers 20 the resulting residual signal
18 to the first group I1CUs 32 of the second stage. The circuitry

consti tuti mger &7 stmaahd thE€Warto b/ QB 94 aot rind laddi dry 1D Comtehad £6f gnalf 407
input thereto via the bus 317. FIG 8 shows the first | CU group 32 of the
second st agegadivienvahte dendi butpwstshosign al fRresenandiad CLY §F 9ge sadibased
substantially the sanme configuration and operates in substantially the sane
manner  as temorreetdon| Qul of ocisiee asf walk afsi aste stimge e di6r e e ede siyablol
signal 21 2 7 MAR 2006 or_error signal resulting frominterference

cancel | ati Ficsenedasd By Qe pansicidas douthes & seC# hraoubso dfe sart ftior dte st age
is input to the first |CUgroup 32 of the second stage 20. In the first

| CUSgroup BRXtseaggecHnHSEr JQ@AIR 230 apgsaterindheesamicom annect aon

value of the 5 errgr sj and the estimated signal input fromthe first
stage fi nég?' er#ﬁgﬁ&gﬁba"sxcted’téh%ut FaseIvieh aahip eloeki A8t together

Chor by coti it S6ot RESHUEE) VHgNalnBa: BFRERBLEs sboF leeddaser (b Q hd 0%econd
cstmated BACHEMEtTerFEtk HR: BRA R da Al e St Se LB by
respreading, 3¢ eHAULE 4 We MW N £ ME offp &Y a signal Present dat
10 (I/7Q) 101 subjected to correction and decision as well as an
estimated received symbol Present datl (I/Q) 102 particular to the

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

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, td 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 IQU group is

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

FIG. 8 shows the first IQU group 32 of the second stage 20 in
25 detail. As shown, the second ICU 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
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interference estimate. Corrected user-by-user inference estimates 15 out put
fromthe first 1 C) group 32 are added up within the group. The sum of the
interference estimates is subtracted fromthe signal input 2d MAB 2006 st
group, i.e., the error signal resulting fromthe interference cancellation
effected at the first stage. The estimated received synbol and channel
estimate associated therewith are sent 20 to the 1Q of the next stage

assi gned t ®r't ¢y crasignad eve sulthin g ifgowal in tender efoee damtced Fadi @maffeatext byt i on
is input to the second ICU group 36 of the second stage. Mre

speci fi cal Itb,e 3%0 SRHRACH HL VIR| %E,gfw%ﬂf#helmﬁtls_@gezﬁ igeet veghtehéirst
residual sigpal 18 and the chip clock 43 for synchronous tracking. Further,
the I CU 11(5%1@%@?%531 id Ehgsgcondr e 28at 1ni theyfive KYj growe afothe
correction and deci sion a 22 2 7 MAR 2006 previous, stage as Previous
data (1/Q S&560n nﬂar‘a’@céiz\f%'s&maégér the cosgelatior e esdiond smef Hesent

datlL (1/Q 46 out.put fromthe rrevi ous stage .as Previous datal (1/Q 46.
TheSI CU 116 5eherinal andpihg actlimated sianal japuitc o thet ke sisskala and
feeds it tQ.an 5 dde%r 148 in the form.of a negative val.ue. Fuyther, the

| CU 110 ggH’egeé't e@ya U &ffal SPr 8SedP &?{egtl /MAXTHEENS A et SQM BIR/YPBet i on
and decisign _and an esti matecg.recei ?d sv.nbol Pr.esent datl (J/ q?) 12
particul ar elxgcgﬂeés G5B WO U H'nepc*/ c?ctl%loph8nn£}13<? f§§338.“81 s %2 | cU

racking. - Euet gy STHHFes thE2RecRe 000 MIRI°E he BsBhlialdd fhef Y51

subj ected L. & rsqggg.on and decision at the previous stage as Previous
data (I/ @ 51, and“receives the

10
Specifically, each ICQU again modulates a difference between
the estimated signal output from the previous stage and the current
signal by respreading and outputs the modulated signal as an
interference estimate. Corrected user-by-user inference estimates
15 output from the first IQUJ group 32 are added up within the group.
The sum of the interference estimates is subtracted from the signal
input to the first group, i.e., the 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 ICU of the next stage assigned to the same user. The signal
undergone interference cancellation is input to the second ICQU

group 36 of the second stage.

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

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

22



user #2 estimted received synbol Present datl (I/ Q 52 output 15 fromthe
previ ous stage as Previous datal (1/0) 52. The I1CU 112 generates replica
data (1/0) 130 particular to the user #2 and feeds it to the aZjaeMAREZ@Gi n
the formof a negative value. Further, the 1CU 112 generates a signal
Present dat (I/ Q 131 subjected to <correction and decision and an
estimated recei ved synbol Present 20 datl (1/Q 132 particular to the user

#2 and to haefddutostalge asrevdbagedatn bLQ) #35 | £l Ilekeiives dbrt ugal #1
operation with the user #1 [1CU 110 except that it receives the chip clock

54 toget herespithhtédere2zivedi syalbel Prekei8, datdc ¢l M@y 4 ensipynalr dineskst dat
(I'/ Q 57 as Previous data (I/ Q 57, and receives the estimated received

synbol datgreMibu®)stag@eods tRrevisars d8talut(plQ) roam The eV ldugesteagaecas 23
2 7 MAR 2006 Previous data (1/Q 58. Then, the 1Q 114 generates replica
data (1/ 08plda datai(@dQrl24 paetigudar #0, threeadsrt#hé amnd afeelds 0B ta3snt o
the adder 148 in the formof a negative value, and_outputs a signal

Predent datadder 4348137 thupjfesiet @ pegating yeland Huctheonths MAVI1 B 5 an
estimated recei ved synbol Present datl}fglag 03 138 particular to _the user #3
and to be eMerases Resigaal kicseat dat (hek) 12 usuplecteday conpe djpen and in

t he sane ner, as the user #1 | 110, except tﬁ]}t it receives the chip
clock 60 t 1HON GREhaRnestigks receiyed symbol dusisgas daid £I4Rx1% esent
dat (1/ 03 63,.as,Previous data,(I/ ,0 0 63, .and receives the estinated
recei ved syWBHFULE: |to(tﬁ21)e Bée%}lofa"fjhgo Jqfsg?d 49 tgﬁt peft $F3%8+t he previ ous
stage as Previous data (I/ 03 64. Then, the IQ 116 generates replica data
(I'/ 03 142 particular to the

10 A user #2 IQU 112 receives the residual signal 18 and the chip
clock 43 for synchronous tracking. Further, the IQU 112 receives
the signal Present dat (I/Q) 51 subjected to correction and decision
at the previous stage as Previous data (I/Q) 51, and receives the
user #2 estimated received symbol Present datl (I/Q) 52 output

15 from the previous stage as Previous datal (I/Q) 52. The IQU 112
generates replica data (I/Q) 130 particular to the user #2 and feeds
it to the adder 148 in the form of a negative value. Further, the
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



user #4, feeds the data (1/03 142 to the adder 148 in the formof a
negative val ue, and outputs a signal Present dat (I/ 03 143 subjected 15 to
correction and decision as well as an estimated received synb@7 MARRe2jggt
datl (I/ 03 144 particular to the user #4 and to be sent to the next
stage. A buffer 118 stores the residual signal 18 for a nonent. 20 Wen
all the replica data (1/03 124, 130, 136 and 142 are fed fromthe |l CUs 1

10, 1 12, ¥i4.a8ds ddfra (BSOS Velkent Ochkh?(ﬂd‘f]?ﬁ #gﬁgéégfs r%i)gicgafs d;atil(8

reads out the residual signal 18 and feeds It to t

residual siigng) 1340 patbradeqlo IS Bt kaCleelbaLhk! tpsgl 124,
130, 136 argd ?)42 frg%the resiodual si gnal 148 agtd eggaéglag\//e sp%ﬁe{or ggglti ng

resi dual siaghdr 348 dnt bkeSRAGAD 08" PUPe £4tiv 52136, ah d nd siAgR- The
circuitry constituting the first group %% l24 2a7 MAR 203)21@?:%59 gzﬁs

control | ed Brgsancanitr@/ @i pAAl suldR ctodulo ¢harert oY ad dt Bechiisn Ik w1l s
shows the second | &J group 36 of the second stage 20 5 in detail. Briefly,

t he5second anCels grmae d36e ceiwed tsyanbiol Rrds@htgdaup F2Q)eb3 BnpaLtiba bir foy- user
recei ved synbols, again nodulate differences between the estimted synbols
and the sytholwsere#liamd do be semd tar tHve mesxtsttage . byFurehpr padi seg, #4nHOU
thereby outputs corrected interference estimtes. The corrected 10

i nt er f er endd$ aperadesdnuphensame gnonpescaartdet nsarstibt @0t 840 ferxcept he

si gnal inpuéatq the second group. The estimted received synbol of each

user and thBatAbhAgesives ithet ehir cloek Hleizesher witdo thentetid wtalesigGal of

th t e to, th .
© nex Stl%gere%se?\lfgsn%ge (s)ignael ﬁ?gfe#ts?irat (I/Q) 63 as Previous data (I/Q)

10 63, and receives the estimated received symbol datl (I/Q) 64 of the
user #4 output from the previous stage as Previous data (I/ Q) 64.
Then, the ICU 116 generates replica data (I/Q) 142 particular to the
user #4, feeds the data (I/Q) 142 to the adder 148 in the form of a
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 IJs 110, 1 12,_114 and 116, respectively, to the 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 (1/Q) 124, 130, 136 and 142 from the residual signal 146 and

19
w

delivers the resulting residual signal 34 to the second group of IQUs

36 of the second stage. The circuitry constituting the first group of
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Such a procedure is repeated up to the last group of the last H C 15 stage.
Synbols estimated by the last 1CUs are the user-by-user synbols

denodul ated by the HIC. Specifically, as showmn in FIG 9, a user #5 |W 150
recei ves the residual signal 34 and the chip clock 80 for syhtM8n2G
tracking. 20 Further, the ICU 150 receives the signal Present dat (1/Q 83
subjected to correction and decision at the previous stage as Previous

data (I/ QI@¥ 3@nik ceaeisksdtine asont#dl esgnabldd iepat vidbrespndid tReesent
datl (1/Q 84 output fromthe previous stage as Previous datal (I/ Q 84.
The 1 CU 15MgeBdriates replica data (I/ Q 25 162 particular to the user #5
and feeds it to an adder 186 in the formof a negative value. Further, the
| W150 generates a signal Present dat (I/ Q 163 subjected to correction
and decision and an 25 2 7 MAR 2006 estimated received synbol Present datl
(1/ Q 164 partilK@ & showhéheusanonb [&ARH groupe3 fedf thetsrcankistagagad A
user_ #6 | CU 152 receives the residual_ signal 34 and the chip .5 clock 86
for Synchr onodetait.acRiiedly .Adve peeond Y \grostp Bécdikeshenkirst §RbI grevpent
dat (1/Q 89 subjected to correction and decjsion _at the previous stage as
Previ ous datd (§5tiyatgo uaehr Rudbislesreseiveatsesymbels i fada reved wiade

datl (1/ 90 oqutput .fromthe evi ous e as Previ ous

nggfl (:D/r %Scfig%grem@q Qe tE9eR o theénet HiB2 ey Fl‘,g’rl%%l]tsa z(q‘?t Eg‘‘316%}’'g’%"&?‘i’liscuI ar
(011 L 8T SR ol S0 R Sad L, P
subj ected tQ, ALY eGhi 00N dRTFRALAN SRR 0 T 458 Vet Pulheh
10 interferences are added up in the group 36 and then subtracted
from the signal input to the second group. The estimated received
symbol of each user and the channel estimate of the symbol are
also sent to the ICU of the next stage assigned to the same user.
Such a procedure is repeated up to the last group of the last HIC
15 - stage. Symbols estimated by the last I(Us are the user-by-user

symbols demodulated by the HIC.

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

residual signal 34 and the chip clock 80 for synchrdnous tracking.

20 Further, the IQU 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 IQU 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

25



datl (1/Q 170 particular to the user #6 and to be fed to the next 15
stage. A user #7 ICJ 154 is identical in operation with the user #5 1CJ
150 except that it receives the chip clock 92 together with the residual
signal 34, receives the signal Present dat (I/ 03 95 as 20 Pre¥%iToMAR @¥ba
(I/ 03 95, and receives the estimted received synbol datl (1/ Q 96 of
the user #7 output fromthe previous stage as Previous datl (I/Q 96.

Then, the lesyimsredigaeeited syapbiot Pigseat dayl G/ Qrd 6faparticudar tto the user
#7, feeds the data (I/ 174 to the adder 186 in the formof a negative
val ue, and US@F (it $ngd ﬁg%fe(téoﬁﬂlésémﬂ G488¢1/ Q 175 subjected to
correction and decision as well as an estinated received synbol Present
datl (I/ Q 176 particular to the user #7 and to be sent to the next

manner a8 the ueNSRE AQICLEDS Gishsiv EE Rhe 1651 BabPUBkal 8 BAA S SbP 9
0 301 s AR &% RV F Fof O gragkif Fechithe o b S dC sl Teeeiv e
o ovi ous asiP ERt) g8t HAnELAREs o BHRER o EPUCTHiOE PR G ST &
180, Part cul i ity VoBlaghos EAlIe ALl b 801 ba hgepdty Toe
rocei ved syibol” Br ESURTAR BRIy F BRIty SRt (LS SRty 16
be sent tofife BRapAdvidhs frapd berPAictOlata 1 NG/ (FS98YaTnY 908 13% for 2
10 generates replica data (I/Q) 168 particular to the user #6 and feeds

it to the adder 186 in the form of a negative value. Further, the

IQU 152 generates a signal Present dat (I/Q) 169 subjected to

correction and decision and an estimated received symbol Present

datl (I/Q 170 particular to the user #6 and to be fed to the next

15 stage.

A user #7 IQU 154 is identical in operation with the user #5

IQJ 150 except that it receives the chip clock 92 together with the

residual signal 34, receives the signal Present dat (I/Q 95 as

20 Previous data (I/ Q) 95, and receives the estimated received symbol
datl (I/Q 96 of the user #7 output from the previous stage as
Previous datl (I/Q) 96. Then, the ICU 154 generates replica data

(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

[0S]
(94}

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 1QU
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Wien all the replica data (1/Q 162, 168, 174 and 180 are fed from 15 the

| CUs 150, 252, 154 and 156, respectively, to the adder 186, the buffer 158
reads out the residual signal 34 and feeds it to the adder 186_as a
residual signal 184. The adder 186 subtracts the replica datal{IMARQPNE62
168, 174 and 180 fromthe residual signal 184 and delivers the resulting
residual signal 22 to the first 1Q group 38 of 20 the third stage. The
circuitry d%r%tqptqnaitﬁg inhéhgeting PTANGEdURS 3Be nserdhd ridUel5Byeacepht r ol
si gnal 187 LHFUt thereto via the bus 317. FIG 10 shows the first 1 Q) group
38 of the thakdt Seagly em thepelipr icdegk W8 Aogenbon withuthe nesidoal 1ggnal
receives the residual 25 signal_ 22 and the chip_.clock 43 for synchronous
tracki ng. PAdntIREEIVES Iﬁéel%&gﬂgd)rﬁéééit\/@%t {HQs i §lans Bresdausadata (145 125
subj ect ed %5 correction anﬂ deci,sion at the Q{evious sta?e as_Previous
data (1/ Q)L‘ 7 G IGERIRDEN oS timpfedoberaivs & prmBel datlodyiQal 88 of

Provi ous akhauser FECpuipUE el |18 PEBVEUHLARIES TLEFFEOURAR L (LED 200
Vel v, 5 FdPPher ket ltBE 56, ERiecate < PoRle R o (VT 8087 P Beblth and
out put dat 1 n3E Sef oEbederas o ARt ROl 180 e AdfRe Taboth A¥ i a
For synchr beaiett P R ARG A E R R ST AR R I AR CCont

dat (I/ Q j egt HO sdlech si at, .t p, i t age
as Previ ougégiﬁcz'é(@l ?gq%lér%,cggﬁj ?ggeirﬂvegds]g!tcﬁg 48! Wellhs' i PESithAte P
10 received symbol Present datl (I/Q) 182 particular to the user #8

and to be sent to the next stage.

A buffer 158 stores the residual signal 34 for a moment.

When all the replica data (I/Q) 162, 168,174 and 180 are fed from

15 . the IQUs 150,252, 154 and 156, respectively, to the adder 186, the
buffer 158 reads out the residual signal 34 and feeds it to the adder

186 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 IQJ group 38 of

20 the third stage. The circuitry constituting the second ICU group 36

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

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

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

o
(9]

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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user #2 estimted received synbol Present datl (1/Q 132 output 15 fromthe
previ ous stage as Previous datal (I/Q 132. The I1CU 192 generates replica
data (1/Q 204 particular to the user #2 and feeds it to an add#sR 208 as a
negative value. Further, the ICU 192 outputs a signal subjected to
correction and decision as denodul ated user #2 data 206. If desired, the

| CU 192 may out put 20 data not subjected to correction and decision as the
user #2 datl&5 Aanderee@ivieGUthomser itdertsitimnlated operiatdosywi b bl tHresener #1
| W190 except that it receives the chip clock 54 together with the

resi dual sidptdl (P2Q) d@deioetputhérangnhe presvents daagé lds Grerbdduasdabal

Previ ous data (”285 137, and receives the estimated received synbol datl
(1/0 138 &i/€hd 2fserThe 164 J R0 geasrabes peplicaudata(by@) 29 Pparitiudadat |
(I'/ @ 138. Then, the |1 CU 194 generates 28 2 7 MAR 2006 replica data (1/Q
208 particlPathe disedeHdsandydeads feteian welden 218§ 1as @ negative thaluzedder
218 _as a n qti]ve val EI?QATPS | CU 194 outputs a_signal subjected to

cor Pect i on FA&NAECHRS sl 9QecpBtRuEY & sigal subiestsd2to. conregsan eand t he

| CU 194 nmay, out.put 5 data ,ngt sybject 0 cqrrection and decision as the
user #3 datdg.CISIR"ug%tdeﬁﬂoFléﬁﬁ&eég“léﬁérif tianaplge éﬁr&%ﬁﬂeﬁhég@ﬁé%er #1
| CU 190 except that it receives.the chip clock 60 together ,with the
residual sigh Ioﬁgl?ufe(i%ﬁz\/&mt ﬁ&bé?%tﬁé{] 8 GETR IR ?’?ﬁ %Fcls49“a§5 Brevi ous
data (1/Q u%é‘xs’#lagﬂtﬁecei ves the estimated received 10 synbol datl (1/Q
144 of the user #4 output fromthe previous stage as Previous datl (I/ Q

144. Then, the I CU 196 generates replica data (1/Q 212 particular to the
user #4 and feeds the data

10 A user #2 IQU 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 I(QU 194 is identical in operation with the user #1

IQU 190 except that it receives the chip clock 54 together with the

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

25 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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(I/ Q 212 to the adder 218 as a negative value. The ICU 196 outputs a
signal subjected to correction and decision as 15 denodul ated user #4 data
214. If desired, the I1CU 196 nay output data not subjected to _correction
and decision as the user #4 data. A buffer 198 stores the res?dubfR 2nal
22 for a noment. Wen all the replica data (I/ @ 200, 204, 208 and 212
are fed from20 the I1CUs 190, 192, 194 and 196, respectively, to the adder
218, the Bepliva dota (24} 208 particekirdtaithei ysed #32aaddféedsshie dasat he
adder 218 as a residual signal 216. The adder 218 subtracts the replica
data (I/ Q1LQb,1264to20me andder 224 Bomst Be neggitiigl valiugnal Thee I&RH 194
delivers the resulting residual signal 40 to the second group of ICUs 25 42
of the thi QutPUdge. a TheigdialcuptPye@sdst itout P‘h’@fetctﬁ@%eo’fvﬂg | dgcisgpupass is

SN e I N R S RN O T s Ry
heschi p oIiJeR BBt RADIEGH OhE0LT4stheki PO HLFISIRN 2% RGCI BEF5 HDARKei ves
(he st anal L1838 Ruds TotileRiRl % SO ESHA UL O S0 ET 200,
coti o0 ot SRV IRE 7 Shehes ol PRI 0%, 1 AT bimBIEY ©°°
(119, 252 REcho G 3o 12 Rt Th et €8 drdoag, sty P s 2
correct | on pad iof§Cliaten (FPQICTRdY! ahed HivES #REA e3inatld IgRckRkat e
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 ail the replica data (I/Q) 200, 204,208 and 212 are fed from

20 the IQUs 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 seéond 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.
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may out put data not subjected to correction and decision as the wuser #1
data. 15 A user #6 |1 CU 224 receives the residual signal 40 and the chip
clock 86 for synchronous tracking. Further, the |1 CU 224 recei v2% MARMZ006
signal Present dat (1/ Q 169 subjected to correction and decision at the
previ ous stage as Previous data (1/Q 169, and receives the 20 user #6
estimated recei ved synbol Present datl (I/ Q 170 output fromthe previous
stage as Previous datal (1/Q 170. The I1CU 224 generates replica data (1/
Q 236 particular to the user #6 and feeds it to the adder 250 as a.
negative val ue. FEGr { Aefhowisethecseoond 1Y g0y pad 2i efnth e ¢hiydstage 26t in
correction and, deci sion as 25 denpdul ated user #6 data 238. The | CU 224 may
al so out pudedatla Afothewd).ctusgr ity d&U 2 saceivesddrs sesidual signalstd #6
data. 30 2 7 I\/Aﬁ% 2006 A user 67 I CU 226 is identical in_operation with the
user #5 | Wighshexehip clogk §9 fascaypebroneusnirackinek Fnrthge: e Wlh the

resi_dual si.gnal 40,, receives the signal Pregent (L/ 03 175 as _ Previous
Gats (11 o3 thsréctiyeSeahtosiaa Bietanadabe sl LRl 463 mssblented (fp0)

176 of th 47 frs i Pr evi d /" 03
176. “Then, OREvoteen 33¢f flnat Bcal TPBLETERIGus SIHY o8 Rty g dain 41/ B« no

uaer P and ceegg s ofd by 83 F0APAIEAHRETE e LMK on
o5 10 e 94 B, i Vg SR . P B
(I/Q) 164. The IQU 222 generates replica data (I/Q) 232 particular
10 to the user #5 and feeds it to an adder 250 as a negative value.
Further, the ICU 222 outputs a signal subjected to correction and
decision as demodulated user #5 data 234, If desired, the IQU 222
may output data not subjected to correction and decision as the
user #1 data.
15
A user #6 IQU 224 receives the residual signal 40 and the chip
clock 86 for synchronous tracking. Further, the IQU 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 I1QU 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

demodulated user #6 data 238. The IQU 224 may also output data

o
(94}

not subjected to correction and decision as the user #6 data.
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A user #8 I CU 228 operates in the same nmanner as the user #5 ICU 222
except that it receives the chip clock 98 together wwth the residual
signal 40, receives the signal Present dat (I/ 03 181 as 15 F&ewARu0Biat a
(1/03 181, and receives the estimted received synbol datl (1/03 182 of
the user #8 output fromthe previous stage as Previous datl (1/ 03 182.
Then, the 1 CU 228 generates  replica data (1/03 244 particular to the user
#8 and feeds thehdised #{1 [(D32244is idemdcabideropsintisn awidyathieve seal #8. The
| CU 228 20 odégtrjts a si gnal subj ected to correction and decision_ as
denodul at ed 28 X884 thad. 1t Fecedups dhe ehip el D tagethiepuvithdabe not
subjected to ¢orrection a(Sj deci sion as the user #8 data. A buffer 230
stores the rreéé‘i?ﬂﬁ ISlg‘ilﬁha‘P 40 eCEHVES hpsesignabPnasentadrtt d Qepl 78aadat a

(1/ 03 232, 236, 240, and ate fed fromthe | 222, 224, 226 and 228,
respect i velBEEHIQUSH aéadéﬁ é@sofﬁéheanﬂuflffé}elﬁeé thadestimated reseined

S ol Z‘Zfsfis@‘&ﬂb%iﬂciaeﬂf £%8Qéf3ﬁ? Pact Ltff’qiéazsfeép%ip%"tg%tﬁ ey wé%%fe%%é"g,shmo
d 2 #o- # ' i
fosulting SeAERE Lignans Ft T A Fhedndire féﬁﬁﬂ&:ﬁe&%&%ﬁeicﬁb
2 1S | 251 | '
317" ns st AN ok D 240 AN AR ARG T b, KA Bt Bala® ™
re sent 1 eh Tarros IoURY et TET0 KRR e R ORIl o T, TER M8 et e

are sent fromeach stage to the nex ge. ol I'ows

tsi)g'?ﬁle ngtaust g]ggl tegfsgrg?ﬁixggﬁ%ﬁjuﬁgdan@o AleoreSLtidal €A 9P cikforP® Qit put
10 demodulated user #7 data 242. If desired, the ICU 226 may output
data not subjected to correction and decision as the user #7 data.
A user #8 I(U 228 operates in the same manner as the user #5 IQU
222 except that it receives the chip clock 98 together with the
residual signal 40, receives the signal Present dat (I/Q) 181 as
15 Previous data (I/Q) 181, and receives the estimated received
symbol datl (I/Q) 182 of the user #8 output from the previous
stage as Previous datl (I/Q 182. Then, the ICU 228 generates
replica data (I/Q) 244 particular to the user #8 and f.eeds the data
(I7Q 244 to the adder 250 as a negative value. The ICQU 228
20 outputs a signal subjected to correction and decision as

demodulated user #8 data 246. If desired, the ICU228 1ﬁay output

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

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

buffer 230 reads out the residual signal 40 and feeds it to the adder
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| CU together. FIG 12 shows a searcher bl ock 260 for feeding the chip clocks
15 to the first 1CU groups 26, 32 and 38 of the first, second and third

stages 16, 20 and 24, respectively. As shown, the searcher bggc§$ %@@
i ncludes a searcher (SCH) 262 which receives the replica dat 3 200

and residual signal 40 fromthe user #1 ICU 190 included in the first ICU
group of the third stage, acquires synchronization, 20 and delivers a rough

code positi@3Q asaa Pekiual cogmeldd .t el €tadl d @S 230 RBeraer s’ enelara fYyeder)
position data 270. The DLL 272 <controls the fine fluctuation of the chip

cl ock to bedappl (IEQ)t @3the23useR 401 an@Us2 84, of 1 eanskckQ0#6E #8h gy i Sthd CU
groups of the first to third stages by tracking control and feeds the

control | ed cesidudlosignzl 23 & amndeod (Pists3theliOswhih d 9@sidnaFlGeadl paly a
single chip clock line 43 is shown because a single nultipath I's assuned
in relationTh?2 @GrzuMAR cnostitwtiRgkeh e eceompd .1 QLhgpoaptd Zds canptolladiby of
chip clock Ilines 43 will be arranged because a plurality of nultipaths
exi s? in maAynuatedgnain 2§¢Hinput rtheritoeyia tthereywd il data (1/ Q 204 and
residual 5 signal 40 fromthe user #2 ICU 192 of the first |ICU group 38 of
the third stage, acquires synchronization, and delivers a rough code
position to a DLL 276 cann cted theretg as PN position data 274. The DLL
u@&?&‘t

276 control s theffi H@te q'oFP%fre_csl*u@“éhiségBPde@%)fgﬁle dﬂépr_ﬁfbfql‘cpet he

PhiTd st agett BoeRTURR A GoRe B AtRY FESkiY ohe ) BHANE of FEteRh Bkt 08RAS to

Lhe 100 S3p LR Bul e el ol BorkPeaciVeke8 (HRY RexPiRagt oot kifIgwt® '
10 that an estimated signal input from the previous stage and an

estimated signal to be output to the next stage exist in each user

ICU together.

FIG. 12 shows a searcher block 260 for feeding the chip clocks

15 to the first IQU groups 26, 32 and 38 of the first, second and third
stages 16, 20 and 24, respectively. As shown, the searcher block

260 includes a searcher (SCH) 262 which receives the replica data

(I/Q) 200 and residual signal 40 from the user #1 ICU 190 included

in the first IQU group of the third stage, 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 IQUJ groups of the first to

third stages by tracking control and feeds the controlled chip clock

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

line 43 is shown because a single multipath is assumed in relation
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stated in relation to the SCH262. 15 An SGH 266 receives the replica data
(I'/ Q 208 and residual signal 40 fromthe user #3 |ICU 194 gz(ﬁ/gggqu'@rst
| CU group 38 of the third stage, acquires synchronization, ers 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 ICUs 35, 114 and 194 of the first 1Cl<J groups of
the first to Rekedesespes by practiieng qdutradityaofi chépddotkelineont3 oflind
chip clock 54 to the 1CUs 35, 114 and 194. In FIG 12, only a single chip
cl ock |i ne bssairgnghdwb eicgrusehe pduraityeasfomudtipath ait exdst inrmbayi caséo. t he
SCH262. 25 An SCH 268 receives the replica data (I/ Q 212 and resi dual
signal 40 fromthe user #4 I1CU 196 of the first I1CU group 38 of the 33 2 7

MAR 2006 third stage cqui res,synchroni zation, and delivers a rough code
position to a DAN %Q{ Mé@tcéélv@héﬁ’@t sepdicand pesi(l{ @) 204 sard2residial DLL

284 _controls the fine fluctuatio f_the chip.clogck to be applied to the
useP #4 | CSIS ,4é1 Oé{fhdflfgesslf &3@5#3"@ oEWhgr bispt [Sbgromp 38 raf the

the 1tk SURITE 6 AR FORUIPRS Aien CRE0n G Gf o A IR ERT Ao GSIEN | 9080 | 5
2bove circHORISCRILR Ehilr 27 § rRUEE et AR BLR. A2eg Y Positiny Gitac2bg
E?gf;rkngéi ggr%l Pidg_gizir’lféﬂot oel{%%:i%ttgle\éigﬁ%é HulHPaclod “of ThE cﬁ?p SHQUR f Sp& cher
applied to the user #2 IQUs 33,112 and 192 of the first IQU groups
10 of the first to third stages by tracking control and feeds the
controlled chip clock 48 to the IQ(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 ICQU 194 of the first IQJ 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 IQU groups
of the first to third stages by tracking control and feeds the
controlled chip clock 54 to the I(Us 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.

An SCH 268 receives the replica data (I/Q) 212 and residual
signal 40 from the user #4 ICU 196 of the first IQU group 38 of the
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to the second I CU groups 30, 36 and 42 of the first to third stages. 15 As
shown, the searcher block 290 includes an SCH 292 which receiz%RtC?@g
replica data (I/ Q 232 and residual signal 14 fromthe user 22 of
the second I CU group 42 of the third stage, acquires synchronization, and
delivers a rough code position to a DLL 302 connected thereto as PN
position data 300. The DLL 302 20 controls the fine fluctuation of the chip
cl ock to bethapgpl staget, cacqeiresseyn#brofiztion, Ba0i aceli222sod tbeghecode | CU
groups of the first to third stages by tracking control and feeds the
control | ed pedipionctock IHOLt 28 4 heon Teksterd, thies@tanals PAE. positFGddn, 282y a
single chip_ clock line 80 is shown because a single nultipath is assuned
in 25 rel atTlht PLLR2&4¢ centiqds.the fpnactluctyatiopl of athie ¢hdp chigk ¢bobk
lines 80 will be arranged because a plurality of nultipaths exist in many
cases. 34 applhiekteotde Rsescit 16y 3deild am%l&éoqudézedétrat I erespsand
resi dual sitgnal 14 fromtge ser #6 | CU 224 of the second | CU group 42 of
the X hird tfadgde dépsi test %&h?@rﬁ%ath)bn?f%nﬂelqoﬁéfgl a2pdudpedsddhs

position to a DLl 306 connecgt t her et PN positio ta 304, _The DLL
306 cont rolcaonttﬁghFan‘g"ﬂ GE?%%%%&OO?}‘Q ﬁéﬁ%ﬁg’ \Oﬁéka‘@a ggé-ajﬁl FLG. 112 + he
user #6 | CUs 172, 152 angh222 of tlhe s&gond CzZJ rougs of the first to
third st aged ¥y 2 $IBEE ngh i f0dF 1ine 9%t SR n it £BP| 83T TEASPBCRS86 t o
the ICUs 7 2.an n..Fl «~L0 only a single chip clock Iine 86
IS shown fgsgaeeaelggg\ga%f@slc?nﬂges%@ép dinrelation to the SCH292. An SCH
296 receives the replica data (I/ Q 240 and resi dual

10 The above circuitry constituting the searcher block 260 is

controlled by a control signal 285 input thereto via the bus 317.

FIG. 13 shows a searcher block 290 for feeding the chip clocks

to the second ICU groups 30, 36 and 42 of the first to third stages.

15 As shown, the searcher block 290 includes an SCH 292 which
receives the replica data (I/Q) 232 and residual signal 14 from the

user #5 IQU 222 of the second ICU group 42 of the third stage,
acquires synchronization, and delivers a rough code position to a

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 [QUs 70, 150 and 222 of the second IQU groups of the first

to third stages by tracking control and feeds the controlled chip

clock 80 to the I(Us 70,150 and 222. In FIG 13,o0nly a singl'e chip

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

o
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

cases.
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signal 14 fromthe user #7 I1CU 226 of the second I CU group 42 of 15 the
third stage, acquires synchronization, and delivers a rough code position
to a DLL 310 connected thereto as PN position data 308. The E&? ﬁ%ﬂ
controls the fine fluctuation of the chip clock to be applied®to 3mﬁser
#7 1 CUs 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
| CUs 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 SCH292. An SCH 298
receives the repAncdCHa284( recgvesathameplésd disdh (IZ%)s2dbahni¥ residm dhe
user #8 | CU 228 of the second I CU group 42 of the third stage, acquires
synchr oni zatiigon]! kthdres itheryserr dlggé’d’é afodie iseaond BCOLgr @iy 4£2nofect ed
thereto as PN position data 312. 35 2 7 MAR 2006 The DLL 314 controls the
fine fluctutdts bhirgr stage ARQRIEES WY R eh 1 izapiom, amd dedivensserr orggh ©od €76,

Lracki g coPetisiona f dokb SRS TeBRecerd cHiHAte ab SN DESItéon IO 46,
the oame 1 obbbDLL 30Bacantiols! thactiBh fluctiatn sboth b ipaclostorer beal | y
the i sttt BlieRitd e oo R ALl Gor '5R02RE 2E Sioihe” sheordniib; *
2 the busttiip e ofe BESE hHnif Xiazas My RatkindBonHS pelfeoas TRt e
first stageon$eNdd LR CI0LE H6 SIPPRE FQRS 122 1 1525868N812hCU 19 94, 30 of

the first
10 only a single chip clock line 86 is shown for the same reason as

stated in relation to the SCH292.

An SCH 296 receives the replica data (I/Q) 240 and residual

signal 14 from the user #7 IQU 226 of the second ICU group 42 of

15 the third stage, acquires synchronization, and delivers a rough code
position to a DLL 310 connected thereto as PN position data 308.

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 1QU

groups of the first to third stages by tracking control and feeds the

20 controlled chip clock 92 to the IQUs 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 SCH292.

An SCH 298 receives the replica data (I/Q) 244 and residual
signal 14 from the user #8 I(QUJ 228 of the second ICQU group 42 of

o
(%4}

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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stage, sends the control signal 149 to the first 1CU group 32 of the 15
second stage, sends the control signal 187 to the second lCUZ%L%ﬁ ﬂﬁ” of
t he second stage, sends the control signal 219 to the first Bru b 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 aSS|gned to the first group, and sends, 20 the control signal 315 to
t he searchebhe|Bek 344 §§§tgﬁbdth@ ﬁﬁé flgstwationcof gt phipTiboak teuber y
beginning with the first roup.of the first stage shown in FIG 6 and
endi ng wi t ARRHedetdride @:'Lsegr %@p 16Ust A& . 255 bhpnd 22yeofsihbensepordcl QU 1,

the searcher bl ockf ogn in F GS 12 rlyl?’ and the control system shown
in FIG 14 $81be0 tﬁﬁl rehiad W‘ FAAERArRY it ackEn & 6Pmtne! an d ggedsathepca
or a DSP. 36 R 2006 nce W | d o] FIG |ng a
sear cher bq%ﬁlioyg/ﬁ ?lHPctCéﬂcelfggf Eh%aljrg‘?%f%h&% ?&M Gugg%gfl he
fII’S to third sta enf Rakg,recei,p ree f|n rs coping

5 thre%nwatﬁw%elﬁsc B oCkTiBRag! & SHBHoler thheSame dRason ok
generally3 i ncl ude, S h receives the replica data (I/ Q
200 and res] ﬁ{f’gl 181 ﬂ%ﬁloﬁotq ﬁg%%%i | CU group 38 of the third stage,
acqui res synchroni zati on, generates PN position data 322, 324 and 326
respectively neant for the first to third pat hs, 10 and feeds the data 322,

324 d 326 t DLL
328- ggz genergt e%lgl p gsl h:}iiﬁ %&ﬁ§g§%§?§§glty§fe§ ﬁpo&%ﬁ Oggﬁé chm
gg ;23 gge(r)tw%l flid¥SandlseddRdandl 9ol ps! Beechd rhmetal ﬂ?ﬁdl $th gEPURE 126,

10 searcher blocks. As shown, the control system includes a CPU

(Central Processing Unit) 316. The (PU 316 sends, via the bus 317,

the control signal 69 to the first IQU group 26 of the first stage,
sends the control signal 107 to the second ICU group 30 of the first
stage, 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 ICU
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 ICQU 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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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 1CU group 38, acquires synchronization, generat es) f‘%ﬂoms' i on
data 342, 344 and 346 respectively neant for the first to thi patnhs, 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 themto the user #2 I CUs 33, 112 and 192 i ncl uded
inthe first ICU groups 26, 32 and 38 of the first to third stages,
respectively, f&efer¢mee-willbRakadreetei BIG 15 for S3tBimreaeiseaschhe
replica data (1/Q 204 and residual signal 40 fromthe first ICLJ group
38, acqui r &dogk rotmsshn oted oo cagpexachvar theoBr ste helagran: rNof dbiet fiost dat a
362, 364 and, 366 respectively ant for ,the first to third paths, and
feeds the dBitd stpges3gq ozpp Rake peeeipdowitlhtbrapdingers oping withy. | n
r esponse, tge DLLs . 368- 3% ener%te chip clqcks 374, 376 and 378
respect i veltPTe&ARUSERALES theAY 4% oftexaragle »3Asciewas theiseanch eroklogkol uded

[ he fi Ccy 2 32 ' . ird ,

respoct | veigpner af1y’s RRednplide RaeSCEL 2D, Wikihstéeig s di fopiindarep i ca

dat I/ ' ., 1 ' I f the fi | CU .

equi 1 es syLERT o0 BRARE gt SeBatad Seain b He el GBrond] Thiptathe

espect ivehkiPath gk Oacquifed '{Ph ch ot fRat bR bR er KL TS ol 0243582
322,324 and 326 respectively meant for the first to third paths,

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 I(Us
31,110 and 190 included in the first IQU 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 IQU 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 ICU
groups 26, 32 and 38 of the first to third stages, respectively, for

three-path Rake receipt.

| O8]
W

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

signal 40 from the first IQU group 38, acquires synchronization,
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DLLs 388, 390 and 392, respectively. In response, the DLLs 388- 392
generate chip clocks 394, 396 and 398, respectively, and send 15 themto
the user #4 ICUs 37, 116 and 196 included in the first 1CU of OUMR 286 32
and 38 of the first to third stages, respectively, for three-path Rake
receipt. FIG 16 shows a searcher bl ock 400 necessary for each of the 20
second | CU groups 30, 36 and 42 of the first to third stages to perform
Rake recei pEengkaeshtNep asitipsr datad 6y, Wb dhandees respeciaely. masnthioen, an
SCH 402 receives the replica data (1/ Q 232 and residual signal 14 from
the second theufissutp 4bid paths.t anddfeedgeheadqinr 2625\ ehr ondz 3t

generates PN posjijio at a 404, 406 and 408 respectively neant for the
first tot ﬁsbiaé%sgﬂﬁﬁﬂdfzggc%’ tmwwebzz,lrezasanasezsﬁ/conlssMBe, 412
and 414, r ectively. In respon the DLLs 410-414 generate chip cl ocks
38 2 7 MAR gﬁ@@%&%‘,“&l@"%&? ,%%ébp‘elﬁi%dyW%nae%@%mnéYn andt hendser

#5 | 70, 150 and 222 of, .t S nd_I,.CU gr s, 30, .36 and 42 of the

fir to tHeR & Hyedisere Beﬂ@%gfi’, ?iéra@&rﬁg p‘&lcg‘-‘%aemr teeifirst 50dn scH
422 receives. the plica data,(l 36, and r.egidual signal 14 fromthe
second | CJ &0R Zg ia%tﬁﬁ e§8s%é??oﬁ?i%lttpoﬂ}‘rag%%&eét’ é§%PIQC}BB’s‘°11fr’i’ d8Tdat a
424, 426 ang.428 I.es | . reant for the first to third paths, and
feeds the :}g{%@i)ﬁﬁ %éaxgbéﬁ?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 the user #6 |1CUs 72, 152 and 224 of the

second | U groupen S8 B0 bedves’ '3 Dl dhea (¥ & £1298%d residual

respectively, for t
10 signal 40 from the first IQU group 38, acquires synchronization,

generates PN position data 382,384 and 386 respectively meant for
the first to third paths, and feeds the data 382, 384 and 386 to
DLLs 388, 390 and 392, respectively. In response, the DLLs 388-
392 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 IQU
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 ICU 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
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path Rake receipt. 15 An SCH 442 receives the replica data (I/ Q 240 and
residual signal 14 fromthe second I CJ group 42, acquires synchronization,
generates PN position data 444, 446 and 448 respectively neadt? MAR 20068he
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

cl ocks 456, 458 and 460, respectively, and send themto the user #7 |W
74, 154 andtbosdbB amd 420omaspeotiyedypand3ggndahem urthé wder #S $0Uso
third stages, respectively, for three- path Rake receipt. 25 An SCH 462
recei ves t hil s bpPiand ded qfivhegyeoamd dKdJ gsoupsald 0, 36gamd 42 dfr tne tiwst
second | CU grﬁ]gp 42, acquires synchroni zati on, enerates, PN position data

464, 466 ard Wkl rdaghset faspegtivehne foprthgeepathyifakmaeceipt.first to third
pat hs, 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

of the second | &P % 35%uet JRF 8puieh A8 (100 AP 6 rrud evigamt
cont 1 qur at 158 8F 14n0F G B S BNETET BrBhu La- e kBN e WL G R o hown
aroup 32 o SeLeAs BoRRiSR 4449 %r 25 al A2 e N e mefpRdhTio
resproad - thaurset oy iR RathS, W feedk SR APE DA AT 888 2
DLLs 430, 432 and 434, respectively. In response, the DLLs 430-
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 ICQU groups
30, 36 and 42 of the first to third stages, respectively, for three-

path Rake receipt.

15 An SOH 442 receives the replica data (I/Q) 240 and residual
signal 14 from the second IQU 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 IQUs 74, 154 and 226 of the second ICU groups
30, 36 and 42 of the first to third stages, respectively, for three-

path Rake receipt.

o
It

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

generates PN position data 464,466 and 468 respectively meant for
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a (corrected) interference estimate. The fornmer half of the I1CU 110 15 up
to a signal correction and decision circuit nmainly has the conventi onal
Rake receipt function, and additionally has a function of prbtd¥R 26t he
recei ved synbol estinmated at the previous stage and a function of
estimating a channel. The latter half of the ICU restores the synbol data
recei ved and subjected to decision to the 20 sane conditions as on the
channel , andh§ dirsthia thitdopetiasand fesshs ghei datauh6di, oh0Gaandadh8 o on
filter filter, a function of subtracting the estimted received synbol
output fromPbhe 470 edilGuang: 474, raspestivalot.i dm otsponseptlenBLilsaddé-
information, 25 The circuitry of FIG 17 assunmes three nultipaths by way of
exanpl e and?{fes@n &rade elripugtacknAdd .14 hgeard 2080, ngszpacrtdvagﬂ. an@thee8GH 320
and associ at.ed DLLﬁ 328, %%g Zggi 32 included in the 40 2 7 MAR 2006

sear cher bl Qranangthy uses #% I §6bﬂé ping 228cRE thgasezgnd 460 g388ptso t he
fingers 490, .4 an 4, respectively, .The finger 490 receives the first
est i%?rat ed r%gegéeangyﬁéolof é‘%&ér\ﬁtoi% tbé‘f&l“@&"%} ragpepdvelrufar thaeene
user #1 fro h revi ous,.stage, chip clock 334, residual signal 18, and
hard deci silg‘JHh ﬁ‘&t&ﬁ @f&elﬁm ch will be described later. 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 496.

Shecs oo L S SHR 055050 oo S, SR PERRCT " o
the PL:;’LO‘gggf%@Qﬁ’inatm HIEPRNeTh CPOUTEH n APEIESTRAW 358GnPL T BeOn @
10 the user #1 IQU 110 included in the first ICU group 32 of the second
| stage by way of example. The IQU 110 assigned to the user #1 has
two major functions, ie., a Rake receipt function and a respread
modulation function, and outputs an estimated received symbol and
a (corrected) interference estimate. The former half of the ICU 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 IQU
restores the symbol data received and subjected to decision to the
20 same conditions as on the ch.ann'el, 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.

(]
L]

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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15 The PN generator generates a PN code by using a PN code position
sel ected by the searcher as an initial value. The PN code generation
timng of the PN generator is controlled by the DLL tracki ng2{fh¥AR i2008
fluctuation of the PN code. Wth the PN code, the finger 490 executes
correl ation processing or despreading. 20 Specifically, the finger 490
estimates a channel by the addition of an estimated received synbol output
from the pseasiches Blomge3 lthef FEGed ep plyxtheinclript chocks3idnht BE16 wintdh t he
pat h- by- pat h data gj n this case, three paths at maxi num by use of a
conbi ner, M tot then fimgersit 430.c4P2eandodd4naedpectivehyon the received
signal. 25 Subsequently, the finger 490 executes respreadi ng, transm ssion
filter processing and multiplication of channel information in order to
restore the received signal to the same conditions as on the 41 2 7 MAR
2006 channel . AEhe firger t49Qnrecsivest the ifixr cetionaie dirgeaivedr symbal to
data to be_ transmtted fromthe base station is produced fromthe i nput
recei ved shimaiouss dptalcndnidl 4 i particydag nto j the spabol #df e, ritie
stage, kth user and |th, pat V. expressed as; .10 K, 1 (1) =.2/(i -
i 0) zOm k, A{SKIOUs=Stage, ShPP ‘30%@(?‘? 15 ldé\fe?lsm%nii/l\&szglﬁ A ad d@eision i - v
toi-1 otherw ) 1) re to is,equal to [Li/ Ss]Ss, [ denotes an
i nt eger eq‘ﬁ%ﬁa Sj 853‘”1@@’{@? %éi]e%ré"eahgtﬁfea&é’set \?lr]ﬂ%rgé‘rg% KX SSes a
slot size ddh b B ¢38n calculation, channel estimation and so forth with the
above data and signals and outputs channel data 498 and finger
10 data 496. Specifically, the finger 490 includes a PN generator, a
correlator, an adder for adding the estimated received symbol
(Previous data) output from the previous stage, and a channel

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.

[Re]
wn

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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15 of the nunber of synbols, and W denotes the nmaxi num w ndow size. The
tenporary channel estimate of the ith synbol of the nth St@i’w gwbjser
and Ith path is produced by: 20 Cmk, 1(i) = Edv*mg, k(i) [ESk("M™M"™

Tk, 1)emg(n) +x(ym1,9,k)(i))Cml,k,1(i)] Eg. (12) Estinmated data to be
used for the ith decision feedback 25 relating to the inth stage, gth group
and kth user is expressed as; d"mg, k(i) = dk(i) nod(i, sz <Np 42 2 7 MAR
2006 =dm s, Wiapnel.hehpiasstesylt, @n3pstimeate dikigrfaepmwee sigmal palrtioudasrticssi on
data relating to the kth wuser and known data because it is a pilot signal,
dm g, k(i) déaba 48 ke groasmeitied ifvem thenbase Hatipndécipgiosm qeal fromedhsi on)
of the ith data of ,the inth stage, gth group and kth user, and Np denotes
the width BPU4 FRacdvedystgdlalsection in terns of the nunber of symbols. The
finger 492 receives the second estimated received synbol 10 Previous data2
(I/0O 46b particular to the user #1 fromthe previous stage, chip clock

336, residual sighal .18 a hard deci.si,on. data . ~The finger 492
execltes correl atPorfiE S[Fﬁ%?tecﬁgnweq ’theéﬁ'f’hg%’f&ﬁ RS "EUT 56288, dithh t he
above data and signals_and ts..channel data 502 and finger data 500.

Li kew se, t hierts AR e&l]@%hl%]%ic q\%gr?%‘gﬁt rd estimated recei ved synbol
Previous data3. (1/0O 46c particular to the user #1 fromthe previous
stage, chip clock 338, residual signal 18 and hard decision data 518

relating to the ¢ (1) = 1/( - i0) ZCm k. 1(W) w =io to i-1
mod(i, Ss) <Ws
10 =1/WsEC. pnx,1(W) w =1-Ws to i-1

otherwise Eq. (11)

where io is equal to [i/Ss]Ss, [x] denotes an integer equal to or
smaller than x or the greatest integer, Ss denotes a slot size in terms
15 of the number of symbols, and Ws denotes the maximum window

size.

The temporary channel estimate of the ith symbol of the mth

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

20
G x,1(1) = ZdV' m g k(i) [ZS*k(n - 1% 1) em,g(n)
+ X (Ym-1,g,00))C m-1,k,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, g k(i) = dk(i) | mod(i, Ss) <Np
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user #1. The finger 494 executes correl ation cal cul ation, channel
estimation and so forth with the above data and signals and o7 pMARS 200680
channel data 506 and finger data 504. A conbi ner 508 conbi nes the finger
data 496, 500 and 504 and feeds the resulting conposite signal 510 to a
decision 512. Specifically, the conbiner 508 adjusts the delay timnmes of
the signals 25 output fromthe fingers 490-494 and adds_identical synbols
(maxi num rati o combi nati chfimgk(idhe poweptBerwigeone of Eghel3)ingers
490-494 is lower than a presel ected conmbination threshold, 43 2 7 MAR 2006
then the signal output fromthat finger is not added. The fingers each
corresponds to a particular nultipath detected by the searcher. Paths
greater in wheserdtkXndenetesxdiheurthurbesnoissiamglate relamng te the kth

denodul ated. Further, if the nunber of, paths .detected 5 by {he searcher is
smal | er tha‘hsqrhénHu‘iBQrw’bf 34 §EFaUSEHEHSSY ?%tf S1g ’fjinngééls dgnetefor pe

used. Even when the nupher of pﬁéhs d(,-ipss'i gned ?i t he, searcher is |ess than
three, the UhaSsHghivedharom thephard degistonytf/  deeisiomy of id e dibidada 508

negl ects the, signal, output fromthe ynassi gned p 0 The deci sion, 512
execut es co‘?fré‘tﬂt o éﬁ%lg‘ge%‘i}kigéﬁu(?naf‘ﬁeﬁt@d’%&ésiaﬁg &Pg#silnoﬁé tg‘@bj“@@t"@d to
maxi mumrati, 0o coybi nation by.. t he conbiner. 508, while disti I shing the |
and Q phase%to%rplpotceh%yﬁ'ﬂb?g So%t‘t%e 18, tGHRs Q{dgfr%‘w’gﬁnpg(fngag%f ficient in
the 15 drawing). Specifically, the decision 512 nornmalizes the input
signal 510,

The finger 492 receives the second estimated received symbol

10 Previous data2 (I/Q) 46b particular to the user #1 from the
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

25 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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mul tiplies the normalized signal by a coefficient corresponding to a 20
slope, and limits the resulting signal with a threshold corr@JpblARIi20 to

t he maxi num val ue, thereby correcting the signal 510. Wth this procedure,
the decision 512 outputs a corrected signal 520. This noticeably

accel erates the convergence of the canceller and thereby inproves the
denodul ating ability to a significant degree. 25 The conposite signal 510

i s appliedthenathe sigaedi eugrusieont sbatThiegen/isindecidded. 5Thepéinfaarss
hard decision on the input signal 510 by use of a preselected threshold
and feeds tai€ly eatnaspands bgiacBRryticubar mubiprainReroow d bygtlealspatckéar d
decision d ai}éSlS to the fingers 490-494. For the hard decision, the 0/1
deci si on 5T AS| EEEAth N NYMRpradhangdher massnumet hain bachof efimigesd dat a
is +1 or -1. The yesuylt o this cision,is a received synbol determ ned
at this st&gdénd &Gr fa1od Wi g de h i ﬁeésﬂﬁ thei sumber of paths atetegtede
decision feedback system the fes |t of decision is_ _used as the data phase
of Jeach syWboNerGATENER; IS8 etrhé“b‘htt epmugrb ath of fim gees.dd esi game 520

out put fro%t h?. deci si OU 512 i,s fed ,10 out as,the correct %d silognal Pr esent
dat (1/ Q "PS5TEFTEeV ULt (8F e pr EXfithgV8sA fthie sumRsspodan ahsi | )

Fesproad: ng Sial 5 1T b sE e et ETMaotite, i i Salacs i d qratts s e
oionl Presel SRLics! br 48, CSRLeOlSTeBN S b A cAE, A oz, gh o0
The respr ou pot anq (fe PAE532REEIpath] T2 1 o"a Fiver channel
10
The decision 512 executes correction and decision on the
composite signal 510 subjected to maximum ratio combination by
the combiner 508, while distinguishing the I and Q phases or

channels of the signal 510 (represented by coefficient in the

15 drawing).

Specifically, the decision 512 normalizes the input signal 510,

multiplies the normalized signal by a coefficient 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 toa 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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multiplier (1st Ch Multiplier) 530. The decision signal output from the
previous stage, i.e., the previous data at this stage or Prezsprl{AREébgésjata at
the previous stage is subtracted fromthe above decision sigha ent
dat; the subtraction is effected with identical synbols. Wth this
subtraction, it is possible to cancel a difference between the current
signal and the signal cancelled at the previous stage as a corrected

i nt er f er encdogstalirdt €h aidydaicisiont Hiagay5d@eto Thiesfinge2d 430109 d Bor the
spreadi ng (respreading) using a PN code and transm ssion filter processing
in the sanehpadndecisioar the Q/lndeicisiong $16e.sedsctz oMBR 20Gfag and
Subsequent |y, the synbol -by-synbol channel estimates on the individual

pat hs out puéeff‘rfdﬁﬂ%\\‘b@ﬂwf iedich gecehvathelataess iHraor orl .ci Thaiteaflttdle | Q
110 are multiplied.in order to restore 5 the sane phases and anplitudes as
on the chantts. defdsigngnisl sa Eaepivied deysykal i detasaninedceatnithist ldadel ay
of the assogi ated pa en the paths are _added together in order to

h, nd t o]
output a c ‘t”f@(?tredvﬁlﬁf‘eflﬁép CHIM PR i JRAIC SIS d Qi Bdicosgoigiono t he
same group putputs such a rrected interference esfimte signal, 10 The
i nt erferenc%’escﬁb?éﬁ §y§>{]ﬁrﬂuﬁﬁpr5‘ﬁ§‘ﬁﬁe°t{] 153p% 1§ @s thedata phasgrafup,
and the resul tin um ks subtracted fromthe. . input to each ICU At this
i nst ant, théf;actst\ 5%51303()?] t?)ruf’ﬁffbmtaﬁé‘& nthr'v Y%aPhd%Gs of the sane group are
del ayed such that interference cancellation occurs at the same sanpling
period. 15 The first channel nmultiplier 530 nultiplies the signal 528

The corrected signal 520 output from the decision 512 is fed

10 out as the corrected signal Present dat (I/Q) 125 and delivered to a
respreading and filter (Respread & Fil) 522 and a second channel
multiplier (2nd Ch Multiplier) 544. The respreading and filter 522
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

15 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 firsf channel
multiplier (1st Ch Multiplier) 530. The decision signal output from

the previous stage, i.e., the previous data at this stage or Present

20 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

[BS)
(4]

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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output fromthe respreading and filter 522 by each of the channel data
498, 502 and 506 output fromthe fingers 490, 492 and 494, res?ecti vel y.
The resulting three products 532, 534 and 536 are 20 applied td! MARLIE pat h
mul tiplexer (Miultipath Mux) 538. The nmultipath nultiplexer 538 multipl exes
the input signals 532, 534 and 536 and outputs a nultiplexed signal or
corrected interference estimate signal 124. 25 The second channel
mul tiplier 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
estimat ed recei 8tbst6] et lynR po ogy mybdleby - Py aseolt cdetrin e dats2irande daba
(I/Q 126a, 126b and 126c to be sent to the next stage. To control the
circuitry dbestimdividwal hpathguouspebnfrom phe i fareneacdaloor Bhsanmtlef )
540 receives the control F?gifgnal 149 via the bus 317 and, in turn, outputs
1

a control Ss§Ha@teyp cirpuit ofithe d&ls 1d G gaei miwdtipdied durexd on tof restorei nger

490,  FIG 17, although it alsp appljes to the other fingers 492 and 494. As
shown, the Mien§aM &P A5RS lﬁﬂi‘g gnpdpudes: 36 spathaghamnel. aTheusigmpalser

i gnal 16 A PIETNESED BFATBANGE Y iEbihegde Ay Of Uiriageheinted BAG.
resul 100, BGRBRRSTho il Bk SOl gL, PRt IR B oy R
FLC 15, oA 3o L0ARRRSS EN YR, g B SO P L
same group outputs such a corrected interference estimate signal.
10 The interference signals output from the ICUs are added up within
the group, and the resulting sum is subtracted from the input to
each JQU. At this instant, the signals input to the individual I1QUs of
the same group are delayed such that interference cancellation
occurs at the same sampling period.
15
The first channel multiplier 530 multiplies the signal 528
output from the respreading 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.

25 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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Specifically, the PN generator 550 sets the PN code position of the

mul tipath sel ected by the searcher in its register as an inigyayar ygsue and
generates a PN code matching with a particular station 20 and a particul ar
pat h. The pseudo random code to be output by the PN generator 50 nay be

i npl enented by an M sequence by way of exanple. Because the timng for
generating the PN code varies in accordance with the channel condition and
t he devi at symbbls Bt oodmst detheeatd andndatd t(&f Qi Gay é26ibvand 1126 Db
corrects the 25 fine fluctuation of the PN code by tracking control. The
searcher &edsont teithe mextesirgebedlo codétal the atiecuitThecanktputtiPy tlogle and
i nput data _each is a conpl ex nunber and has two phases, i.e., | 47 2 7 MAR
2006 (| nphd&d) aaeentool balsdinterfacei&sa) Bumén trf) D 4@ riegpive s dhehwon triohger
490 is nultjplied by the conjugate conpl ex nunber of the PN code, and the
resul ting SEWhci49 sVlilnEh@g?bé‘tSeg]Eyalﬁ%em ABEYr aREUIS58 cqmirel gégnaloSéfX.ect
correlation detection. The integration tine for 5 correlation detection
corPesponds to one synbol. For the above purpose, the integrator 558

receives a prod 57. fromthe tiplier 556 so as to.integrate it
synbol by syrrbo#i:h Tesheig @ sperHiegoadigr s iof theifinger bt KG

dol ay 562 1i's MUBORE oit SISl aPedieY Nl Mo her o 10ERts A4 i QehPhon A
anorher ShuROTACRE 408 Gkl LTRURIoF S8 SHReTTE R0 O
delays I\ INBREES st ey ag StaaI0 SSgine, MECTRIBRINA PS5 form
10 multiplies the residual signal 18 by a PN code 552 by complex
conjugate "*' and delivers the resulting product 557 to the
integrator 558. A PN generator (PN Gen) 550 receives the chip
clock 334 from the DLL 328 of the searcher block 318,FIG 15, and
outputs the above PN code 552. The PNcode 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
N

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., I
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fromthe signal 564 and delivers a residual 572 to a channel estimator (Ch
Estimator) 574. As stated above, the estimated synbol signal ﬁé@\ﬂt@@om
the 20 previous stage is added to the correlation result in

estimate pat h-by-path synbols at the current stage. At the first stage,

esti nat ed
esti mat ed

stage. The(Iephhss) afndadQi (Qawd rainesqrhase)est That dasa 258chapoel tanchd o

synbols fromthe previous stage exist. The previous stage
synbol signals are added to the sane synbols of the current

no

restore phases. That is, conjugate conplex nunbers resulting from channel

esti mati onfargemdif Oiigl madtipdiest dor tho coagtgate cohep lelxasasn bet aiferh PN he
channels to the phases of the original data. 48 2 7 MAR 2006 The channel

estimat or 5Pder a8di Ues relseltingdptednst oh inbkegr8ed hiydthednitept @toma 5&tnnel
on the basis of the residual 572, thereby outputting the channel data 498
and finger MaRdeq960 sffect corgelaidon despetdoni c Thenfingegration timengor

deciisi on 512, I

ci réuit

output fromthe conbi ner 508, adjusting the gain of the signal

outputting the resulting signal 582. A slope coefficient circuit 10

by & ol ope. coot FPELBR LAREE RN FROLE biis dRlet aiofnaf Bctaceinea s product

by a sl ope coef

graph sho
and an ou

10

15

20

OS]
(9]

The result of integration 560 is applied from the integrator 558 to a
delay 562 and delayed thereby. The output 564 of the delay 562
is fed to an adder 566 included in a subtracting section. Another
delay 568 receives the user #1 estimated received symbol Previous
datl (I/Q) 46a output from the user #1 IQJ 31 of the previous stage,
delays it, and feeds the delayed signal 570 to the adder 566 in the
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
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
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.

48

G 17. As shown, the decision 512 includes. a gain control
(EArwjatey fefechofe PR RANS tanenaysyaakelof the signal 510
510, and
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The sl ope coefficient circuit 584, FIG 19, is followed by a limter 588.
The limter 588 limts the output 586 of the circuit 584 vm'th %
preselected limt value and outputs a |limted signal or deci 7 Rs?@ﬁal
520. FIG 21 is a graph denonstrating the limting 20 function assigned to
the limter 588. As shown, the signal 586 is limted by preselected limt
val ues x and -x. For normalization in the correction and decision step, use
is nmade ofTleetdham tdieestotradtopay®4 1fcetines paiehh byd phddisiindaeh £bgegshinat es
or the noving average of the power of the decision input signal. The
result of destimiadesandchahmed pnodheed dxys nof til yiesgdubbe57@suthepéby
deci sion by the channel estinmates of the propagation 49 2 7 MAR 2006 paths
are sent tooutpatvingt the ajeamsekdgtaad98Pardefingentdaadd Pbesent Datl. The
signals Present dat are used in the fingers of the | Qs of the next stage
as previous stage estimated received synbols. Wile the correction and
decision step is_assuned to be executed 5 with each of the I and Q phases,
thedimter 588 by Ik showcanspeaéicerprdfiganatipniaf the dsicigiont 54 24ddG@r
formed by tePZ | and Q phases although this alternative schenme wl|
ri

somewhat  d HurOVRe W rQerisive Thd Mnbdiesate gae constolucifaHt 10

FIG 17, ALGHBISEU fof rECEPUbE e Jrind | QPEsest e rigeal 10cpuyposy.
ISR AN R URERT N e S A TR R O S
Teootive v B yfls W ulting HBhaP™N3° °R EFE 250rifieht® HAIRO" 2
10 (Projection) 584 multiplies the output 582 of the gain control circuit
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

[ £S]
‘AN

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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adder 590 subtracts the delayed signal 594 fromthe signal 520 output from
the decision circuit of the current stage and feeds the result of
subtraction 596 to a nultiplier 598. A PN generator (PN Gen)2 6(NARr 26&i ves
the chip clock 526a and PN data 526b, outputs a 20 PN code 602 in the form
of a conjugate conpl ex nunber, and delivers the PN code 602 to a
multiplier 598. The nmultiplier 598 nultiplies the residual 596. by the PN
code 602 ampdithsease iseatoa phie noxt staogects 6Qhale Rreseartsdassinah Bridseart ( Tx
Fil) 606. As a result, a signal 528 lying in a preselected frequency band
i s passed thatdugiThesignmalsiPresantcdat e Rsgd AR RO g4 1G. of3hehldlids af
specific configuration of the first channel multiplier 530, FIG 17, for
channel rephéduaXtorstage stowdleyimls cHameel cstiinatpdi arecsdoved nslyudbsls.

mul tipliers, 610, 616 and 620 to _which, the sigpal 528 output fromthe
transmi ssi oMhile tBe edgecsion jafitdecifion iSteP FarRSBRMhI0 84t £x498tedecond
path channel, data ,502 and third,path channel, dat.a 506 tput fromthe

fi nger 490 Witp) gachy ofythes Jo and ﬁ)ﬁ)‘b@%ﬁﬁs Sfl?,El@’i’éeéng%ézzl}lar}’es'ib‘écf’Pvel y.

h del 612 del h h d 8 d feed | d si | . 6

T Y SRR e SR Phe B30 SR U gl o1
t he del d,si |,.614 t put . duct 532. t at, f th

e 06l v L R A T P S 2 0 B A el

h | d 5 d i | 6 h [tipli 616. Th
chimel, S, R A ahEE SR, oh R P Lo A o, LR o1, The

out puts a product 534 15 representative of the restored channel of the
second path. Further,

10 FIG 22 shows a specific configﬁration 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 (I/Q) 45 output from the ICQU of the previous stage as a Previous
data (I/Q) signal 524, delays it, and feeds its output or delayed

15 signal 594 to an adder 590 in the form of a negative value. The
adder 590 subtracts the delayed signal 554 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.

D
W
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t he delay 622 del ays the channel data 506 and feeds a delayed signal 624
to the multiplier 620. The multiplier 620 nmultiplies the signal 528 by the
del ayed signal 624 and outputs a product 536 representative 27 MAR 2006
restored channel of the third path. 20 FIG 24 shows a specific
configuration of the nmultipath nultiplexer 538, FIG 17. As shown, the

mul tipl exer 538 includes delays 630, 634 and 638 to which the signals 532,
534 and 534 ouFpGt 2 whawe aulspiepifiercoBfigur ftionand 686 4irstr ekpaatkilvel y
25 applied. The delay 630 del ays the signal 532 and feeds a del ayed signal
632 to a combltmelie64330) FXEni KB, fohechdal mgl 68prdduayiont.heAssslgoain,584e and
feeds a del ayed signal 636 to the conbiner 642. 51 2 7 MAR 2006 Furt her,

t he del ay 6B8ndelapsiitipdiesi i) iBBbudas maddip liemsebdyrd6 16 gmad 620 to the
conbi ner 642. The conbiner 642 conbines the delayed signals 632, 636 and
640 at thevwhieh thei signad 32 8t ®utpudddcema ther itean s is sioar ffeltenc@06stis nat e
signal (replica data) 124. 5 FIG 25 shows a specific configuration of the
secdnd chahhRbt. nliheifirstepashach el datas488oviecomse patnsblanmelt dpta er

L BL N MBI R AT R TR A
dect o1 on SFORl 1539 Lo bEal 14 esBEh ILFARRS o0 Bt Sttt L o

esent dal )1 4260, 19,08 GANAALAALE S8 and AT VRIS A

614 to the multiplier 610. The multiplier 610 multiplies the signal

10 528 by the delayed signal 614 and outputs a product 532

representative of the restored channel of the first path. Likewise,

the delay 618 delays the channel data 502 and feeds a delayed

signal 620 to the multiplier 616. The multiplier 616 multiplies the

signal 528 by the delayed signal 620 and outputs a product 534

15 representative of the restored channel of the second path. Further,

the delay 622 delays the channel data 506 and feeds a delayed

signal 624 to the multiplier 620. The multiplier 620 multiplies the

signal 528 by the delayed signal 624 and outputs a product 536

representative of the restored channel of the third path.

20
FIG 24 shows a specific configuration 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
25 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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520 by the second path channel data 502 output fromthe finger 15 492 and
feeds a product 126b as a user #1 estimated received synbol PR@sHAR 2008t 2
(I'/ Q 126b to be sent to the next stage. Further, the nmultiplier 654
multiplies the decision signal 520 by the third path channel data 506
output fromthe finger 494 and feeds a product 126c as a user #1 estinmated
recei ved synbol Present data 20 (1/Q 126c to be sent to the next stage.

FIG 26 shdwathespele fdelago6Bi8gudelaps thk timaloi3 6l ai@rieRits a Hefaydd. As
shown, the correlator 554 includes a multiplier 556a for multiplying a

residual sisggmhl 64 Ophast)e dinbacer ek .f rDhvet demdn pr ev4 Qusositsigie sboyha PN
code (Q phase) 552Q and feeding a product 553a to an adder 5551. A

nul tiplier dedapedubigmilse$38,r 63i6dumid 640nalt (2 phane) tliBGhgesei wedtdHrom
the previous stage by the PN 52 2 7 MAR 2006 code (Q phase) 552Q and feeds
a product Ps8Huce &leremded bteiferefne adtarats5sigmddaephear datajudl24si gnal
(Q phase) 18Q and PN code (Q phase) 552Q and delivers a sum 5571 to an
accOmul ator (AOC) 5581. The accunul ator 5581 integrates the sum 5571 for
every 5 synmbol of the chip clock 334 input fromthe DDL and outputs the
resul t of integfa3 dP 560w ax spesitie|canfdgusetient phriheuspoendTokannel

P

TP e Rali P G| L3l UPATSS raebees vt oo
161" ocei vERRAROHP I TBRLUPBEES P3G By i bnd S4as0( olpintee heogbd
;gggf a pr%%%%ionS%“:’gdné[lOS&Beié'idadpeprligé?%é rr]r(lau{t%fpeg%gon? Lzliftii[\)/ﬁe\s/a{hug' The

10 decision signal 520 by the first path channel data 498 output from

the finger 490 and feeds a product 126a as a user #1 estimated

received symbol Present datl (I/Q) 126a to be sent to the next

stage. Likewise, the multiplier 652 multiplies the decision signal

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

15 492 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

(0]
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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555Q subtracts the product 555d fromthe product 553c and feeds, a 15

resi dual 557Q to an accunul ator (ACC) 558Q The accumul ator 5280QMAR 2006

i ntegrates the residual 557Q for every synbol of the chip clock 334 1 nput
fromthe 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 incl udes

nul tiplier so860(@nrh#6)) 56 2iachl thedsesiplualu @735 potthiy addidie 5 5adder
566, FIG 18, is applied. The nultiplier 662 nultiplies the hard decision

data or coffjluegatidecoipbéxaddsrivhe (dsid Dl 5ign by (Qheh 28 ) 28 Ward BR2cadel
feeds a product 664 to a snoothing filter or noving average filter (Sm
Fil) 666. (RQepbawo} BidQfindedeB66r§id tsam 56Ad pr eaduaicchbfuhndro(Afd) s the
result of snoothing as the channel 53 2 7 MAR 2006 data (I/ Q 498, while
del i veri ngSti#d.chBheehcaamalator QG 58bsinte grates rhlet isphi e5 5860foThevery

mul tiplier 660 nultiplies the channel data (I/ Q or conjugate conplex
nunBer "*" syo8bel of Hdrer gbiipuelock7334ninputtisoms thigeDDEsaintd oy tpuddutite as
the finger.data 496. 5 FIG 28 shows a specific_ configuration of the

subt ract i ngesWbcel bHegvatiphcPABLdas @ ¢orelasion edefeatjoRn@UEPNter 522, FIG
22. As shown, the subtracting section 591 includes an adder 590a
receiving the signal (I phase) 5201 output fromthe signal correction 10

I A e T B W N R U I
Present Datreécl,ljve(a) fﬁgmogﬁguﬁrg\;i%rﬁqst QteagleQI])yOfa f’plecode (I phase) 5521 and
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 553¢c and feeds a
15 residual 557Q to an accumulator (ACC) 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 specifié configuration of the channel estimator
574, FIG.l 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

25 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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previ ous stage as Previous dat (I/ Q signal 524 and then delaying it. The
adder 590a subtracts the del ayed signal 5941 fromthe signal 15 5201 and
outputs a residual 5961. An adder 590b receives the Q phase igpgk ﬁ&OQ
output fromthe decision circuit of the current stage and a Q phase

del ayed signal 594Q produced by del aying the above Previous dat (1/0Q
signal 524. The adder 590b subtracts the del ayed signal 594Q fromthe

si gnal 520Qat (H @ 498 .swdiite 8 edpetinige tieerdhannel deta dfl/ Qied 88! to plhicer
598 included in the respreading and filter 522, FIG 22. As shown, the

mul tiplier WHogtipdiataddQp Fheunmilpipliars EoBam sogrie s9de arithimosh, datand
adders 599a d 599b. The multiplier 598a nultiplies the | 25 phase

resi dual Sdé?%bﬁrpﬁ@nﬁ’rgﬂfﬁet semqUsxrmem ey séctddnbyothenasidwel §7ghasd PN
code 6021 and feeds a prqduct 597a to the agdder 599a, The nultiplier 598b
mul tiplies PHEUEDNASI¢BEHBEaIPTOIHES Kis the Aivgsapdatotd@he 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 transm ssion filter

cireul L e midPheerieads WiLekbes (s SPhase, oh L S300 by e
and del | ver' DA daciTaRARY BT e ShERR « 0By BRCHRAII . sl RS Ree”
products S 3Rd PREA stttrdetinge’ Se@isH™ s P4 Gbd ¢ WhA"ZHLRS OFobla! t e

circuit. 10
receiving the signal (I phase) 5201 output from the signal correction

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 IQU 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 596I. 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,598¢c 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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How t he channel estimator 574, FIG 27, executes channel estimation wll

be described in detail. The above H C type interference cancel ation system
is effective in any kind of channel estimation system Becauge; afar 2006

i nterference cancel ation receiver 15 hel ps the base station estinmte
channels, it is not necessary to use an advanced sophisticated channel
estimation system although the receipt characteristic, of course, depends

on the abi ltheyQojhhke PNe_@&ié“HOZQOX\ﬁHef’echsh@UfI)fjo&E@t W@g? t?@é;%&B@P“e'

estimati on schenme involving a considerable delay be appli

interferens® @ cameelddder thooavarddd theoGhsH v @sdslan, wiid dsbeerigdgcal Iy
great; assumng the two-group, three-stage H C descri bed above, then the

processi ng deédieerswaul sulre Gidt upd ethe npagsmBesiausefifeeh drcail ay Teéays
not only data denodul ation but also the input of signals to searchers, the
assi gnment nofilpplibs 398 € imgdtipliey theeQAvh ssarebitsal S9G€) Byethe AspRafesul t,
the duration of a condition wherein correct paths are not assigned is
ext énded, PiNroadsi 62Ihansb f2ed sMARp2ODGcErT DY c rtat the Faddehi 399®asdhhe a
channel estimator with a m nimumof delay is required. Wile the channel
esti mati onmsyitiphetep@Bds addst tthe b pbasenreddiah $961eandn@ pheawecIPN
configuration, hereinafter will be described a systemfor inplenenting
channel estPagt PORQ and idelbyers @ »roaddectnddsl hoktHvewadd enal 39bpi IBhe
synbol s) ar i nserted in traffic channel by time division. 10 FIG 30
shows sl ot §%§§§i §§8 £ ds éh‘él&r%uﬁ@ gr%]_r?sﬂi_‘@t 887 daandsodivers vranm i s
made up of 6B4B) Y6 the 'tfaftmission Fificr Sorcuit "9 ©f
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 HIC described 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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pil ot synbols, a signal (TPQ for controlling transm ssion power, . data or
information, and pilot synbols. Eight pilot synbols inserted in each slot
of data to be transmtted are known 15 beforehand and used to &&tNARa?2086 a
channel . A conventional Rake receiver estimtes a channel by using the

pil ot synbols of several slots. This systemwould critically aggravate the
del ay of channel estimation if applied to the IS In light of this, the

channel  esgimgat PAted 7 ForSEfist Fen i 2 RAMAMN ] @g‘tiﬁmo%'»oghi 8 i JdR of
realize 20 delay-free channel estimation. Because the data portion

i ncl udes boddélayhés pbgaéreaf. a channel and the phase of data, the phase of
the data is elimnated by use of the result of signal decision. This wll
be referred to as decision 25 feedback. The noving average of, anong the
correlation detection data whose data phase has been elim nated, several
synmbol s is out pthids ¢hanneharsaeil medstomatidor npistom Tdwpendbe ¢@r rgleati on
56 2.7 MAR 2006 detection output is nultiplied by the conplex conjugate of
t he 5 channe¢oragn itmigatoon i sif stemat and. clapnedsadnfi gwr a0 only die rie$n afdegutyilf r om
a finger. The result of signal decision to be used in the follow ng
procedure iBet kescethad & ppsiemecfan oimplemamntnpy ¢handeD/ ettiteativnon
516, FIG 18. annel estimation is executed with the individual nultipath
or indivi dAPPHERBLY togd \Gase pehgeey jlpeawm sigaads | (piloteisyanbels) Tae

i npl enent t.he abave pr ogﬁpure decj sion, on the data 10 shoul d be executed
first. Therl@FEFEd dRZhHAfIEscharneloPyudime diMigiate pil ot symbol section is

executed first and used to restore the

10 FIG. 30 shows slots assigned to signals to be transmitted. As
shown, a frame is made up of a plurality of slots each consisting of
pilot symbols, a signal (TPQ 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

25 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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rotated phase of the first data synbol inmmediately following to the pilot
synbol section. The data synbol is denodul ated by the individual finger
circuit. A signal appearing in the pilot symbol 15 section ig7i mmigo the
novi ng average filter 666, FIG 27. Subsequently, a hard decision value
derived fromthe denodulation of the data is fed back to the channe
estimation «circuit of each finger in order to elimnate the data phase of

the 20 next deeé¢tgbat baepdet RCtmanipliedutby Thige r 86MF1ERY cBaRehfe | HPUELL O
the noving average filter 666. At 9thi S s){ ageeof pr%cselsggﬁg?g?ﬁge gﬂg‘té

symbol sect chanaedl estiinngien datfer mden. eXTIsd 1dyullbia of ipodfu &66s 6&’%?&@”-

The filter 666 produces a nean of the pilot synbol secCtion and data synbol

as the resuftomf acfimgmnt. cThrneksedt idfahir%ml e cliongan Hes sl iy @ach
finger to denodul ate the second data synbol followi ng the first data

symbol . Thi follswiing | med dur et fie theares it oo dairdg desigivacekecudd by had i r st
data synbol. Such a 57 2 7 MAR 2006 procedure is repeated to sequentially
estifmate the/¢hdecision &fl G hElGeb8seChanneldestamsytidiolis exe cusedofvithethe
current data and past data. Consequently, the nunber of synbols input to

t he novi ng irdiznidpagantiltipathees indivéduel fingen, abewillnber defscr ipsd oin t he
filter 666. After the nunber of synbols has reached the nunber of taps,

the filter 8e8®@lbodesginati€ial noving averages. FIG 31 denonstrates the
novenent of a wi ndow available with the filter 666. As shown, a w ndow 670
slides in a slot froma pilot synbol 10 section 680 up to the |ast data

cymbol, o he SLpk AT ind SSGEL B bIEDR! Lo SR AE
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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synbol has been denodul ated, information input to the filter 666 is

cl eared. Then, channel estimation is repeated by using only t;lmfé' st

pil ot synbol section 680 and data synbols following it. That2 1 sé B he

wi ndow size of the filter 666 is sequentially increased, as represented by
the wi ndow 670 and successi ve wi ndows 672-678, until the nunber of synbols
coincides with the nunber of taps of the filter 666. This novenent of the
W ndow i s repead i o] u&QHt t4 t , F 2 1is
a graph sho@i ng d:llﬁjrréé":l%{}ie nc&{gg?w{e%tglgg Dop%flg?| dl:érlltglgxatgftcllsré mna@%gkéﬁﬂe%ei pt

| oss (dB) dedrededufied Rdatyagpihbeld | heS! f hannglst eghidmat or
574, FIG 18. As shown, the)MDoppI ?Msﬁmﬁgé\?/%@itegaﬁo 16 @,Su%&ﬁ;? 100
Hz, 120 Hz, 160 Hz, 240 Hz, 25 and 316 Hz. T denotes a synbol period. A
single slot had forty synbols. Denodul ati on was i npl enented by QPSK
(Quadrature  PhaGensdydén Hyithg) .nhebdd Gfhad nebsisné pust e@e RN Anldiing
paths 58 2 7 MAR 2006 and accommobdated a single user. Transm ssion power

conty ol wasaverdgeffileet €b6 Thereosks ap oo that aunabe? of 19p2.off bhE! GHte32, a
curve wth squares, a curve with crosses and a curve with circles are

respecti vel 6 6eprdsentheivendie cbéisgon bolshassedehednilred whbleraobtap sdow
size of ten synbols, a wi ndow size of twenty synbols, and a w ndow size of
thirty syndies. filtelasit@hd- dotpets varsual r spreinent avierages. a cHiGcet 2li stic
derived froma w ndow size of forty synbols. As shown, when the Doppl er
frequency i%emEANRLr §kqsy the o oveiaendsef jas wiadowwam il alelenmrigbwt lse Zdlties
twenty synbé)ég toQ X ) ) )
. 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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10 forty synbols than when it is ten synbols. Wen the Doppler frequency
Is relatively high, the | oss increases substantially in propgrt@&g\%@d& t he
Doppl er frequency without regard to the window size. 15 FIG :Z a

rel ati on between the wi ndow size and the deviation or error of a required
Eb (bit energy)/ No (noise energy) fromperfect channel estimation. The
relation was determned by effecting transm ssion power control and

sel ecting aarddecomprodates aofinkle ude. TramiBiSdont pewahiscoaseoll ndiscat es
t he wi ndow size 20 (nunber of synbols) while the ordinate indicates. Eb/ No
(dB). A cureteeffiechedr odhescode reapoeseatieatiase? of 1802 Nol erFIB. 3 Daa tauwawlear to
an HI C havi ng’1 two stages. A curve with squares is representative of Eb/
No errors pith cguarese arcHV® hdvihgrossee andgescunveumith eirclesciarel es
is representative of Eb/No errors particular to an H C 25 having four
stages. Furtasdectiy edyr vépriespnhatize; gifs charaetgrisent detagnate &biNoherr or s
partjcular to an H C haying fiv stages. As FI.G 33 indicates, the HC

Wit It hree ¥RGRY p3Ei ebdBRys s bols, g 1ndesy rdae st WRB LErsombaddsmpaded t o
the HCwith two ,stages, i.e.,., .increasing the nunber of stages is i
successful & oWBAON ™ SHE ePFth’créy SEMRRIE; carft gbééiléé!‘dmﬂ CH& VuntSer of
stages i ncreases, \t’\gg er_r.or hanzfges littli desgite a change. i n w,ndo

size. 5 FI Gebi SSRBIATYSSPEn (IpAaGeatstic deriveld Eom @ Wiheie Sife O

cCCorToge gy ST At ot PR AR orerb iR P
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 s
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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for a synbol Eb/No (dB) normalized by noise while the ordinate 10 indicates
C (nunber of users)/PG (Process Gain; spread nagnification f% S| Xt een
times), i.e., user capacities normalized by a spread nagnif MR8 The
code error rate was assuned to b e 2 x 10-2. Transm ssion power control was
effected slot by slot. Power fluctuation was mai ntai ned bel ow spread 2.4
dB. The 15 wi ndow size was selected to be twenty synbols. Under these
condi ti ons, rednoesletlny eheomelcoasparedi oo whe dHCuivéth The Jddapelserigndex
fdT was assuned to be 0.0625 (100 Hz). A dotted curve is representative of
per f or manceipereristng ahet nuthleer ofrstagesosasu Redsa fabeoinetd d@chhel ©m6r fo
point (1, 1) shows a case 20 with a single user and a group size of 1, a
point (2, 13 sigmificantadegredt h Whenusbes namibargobustaziese iwér elaseandttee
point (3, 1) shows a case wth three users and a group size of 1. A point
*(2, 1) shotwox ehangesnilitHeadenmtthanichgngesimgrindomagsizand with two users
and ga group size of 1. At the point *(2, 1), a slightly higher C PG than
the 225 conventional C/PGis achieved. 60 2 7 MAR 2006 In FIG 34, a curve
With crosses is rgsen ative of performance achievable with an H C

havi ng three st - Sfneshowe systedlesapiaghides: hgn caPakiEieaseapable tab

stages. A point (10, /) on this curve shows a case with ten users and a
group size i‘)?c‘g!l&ho‘%attf%]lgvgsﬁﬁ SlGa R WL swi'é‘praé‘sjﬁt%tqlv‘édmg PESESr bbbt e

PRt LSOl b G o 8O ML PLSSERIGLR SRS RSB, YO T
HIC  havi ngedf e 5LAPSE B¢ FB)S n%'i’ﬁ?}iﬁ%cilaﬁlyyngps% G th e ok 5 55
10 indicates C (number of users)/PG (Process Gain; spread

| 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 waé 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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with four stages. It will therefore be seen that the illustrative 10
enbodi nent realizes a subscriber capacity nore than three tinmes as great
as the conventional subscriber capacity. FIG 35 shows systﬁmlﬁgpg@sties
determined with an HHC dividing users into three groups. | , the
absci ssa and 15 ordinate respectively indicates the sane factors as in FIG
34. Zero delay channel estinmation was executed under the sanme conditions

as in FIG 34. The Ep@p! 84,i ndexufvd WaRkhagat s sessigedrdor e n At P25 of100
Hz). A dotted curve is representative of performance particular to the

convent i onglerfRake diteiaphié egbrovpigh. aA HOCHa v g (Bred)stalgews ther fpopoance
particular to an H Chaving a single stage. A point (3, 1) shows

per f or mancds aotdrehdgher whiam imrtbe cssr svahdivao gagep. sizeodht 11045 6h PG
is slightly higher than the conventional CPG 25 In FIG 35, a curve with
i nclined crthsseurive shpvesentcaseve it tepenfser sreace acgricavaldiee vof 15.anAH C
having two stages; the GPGis far higher than in the case with a single
stade. A poiuntve( &yith) sounasas As 7r R se00ative ofcpeviorghenseap satieuldr Hosi x
users and a groz:p size of 2. A point célg 3) shows a case with nine users
and a grouprsHI& baving Aovar stages; the /dRGds awen dighsentha yp dfe case

performance particular to an HHC 5 having three stages; the CJ PGis even
hi gher thanVith thiee §6a8%8 ¢ WAt Gr &8 ayith citclag ireraproseriative ¢fsan HIC

representative of .an H C hayin ur stages;.a,pojnt (12, 4), shows a case
w h buel v ABRSTIV i agegs ol G 6 1S W SRR il ShPraarigsas in: the €3seovon
hi gher thar1vith 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 JPGiis

far higher than in the case with a single stage. A point (6, 2) on
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in the case with three stages is achieved. A curve with circles is 10
representative of an HC having five stages; the CIPGis sli ?Iyt WR éﬂﬁsgher
than in the case with four stages. FIG 35 also indicates, the
illustrative enbodi ment realizes a subscriber capacity nore than three
times as great as the conventional subscriber capacity. 15 Functions
required of the receiving device of the base station, including the HQ

wi |l be destlrisbedr hersimabt arcasthenithheitiuSers anded gponpcsgasefthe A
subscri ber capacity, the performance of the <circuitry for denodul ation
around the pb@hti.e., the searchers for acquiring synchronization and DLLs
for synchronous tracking is the 20 question. Because the searchers are
expect ed t o(%ehy shohwwr at¢ase pashtniores uskrpatind sagdowpsiiga ¢hd8m tA duherd CUs
before the HI C starts receiving a signal, they cannot be inplenmented by an
H C (1 CS). witlatcrosses he repaesssitativef of hee rfeanvarese mpasttiqrlacede an HIC
cancel lation. ~As for the performnce of conventional DLLs and searchers,
onl y9 25 t hehaubsgthsee dagss: theaddP Oniseevenchighets thantimthetGareith
assuned. Oiginally, however, the searchers have perfornmance of utnost
linmt. Ther&¥8ré&tagss -H aﬁiﬁ‘if‘edwﬂél t HB1 3K dReFePiRisRtadeve of am HES

i ncrease interfergnce at the receittpt §ng‘ra d woul d obvi o,usléﬁ deteriorate
the demodul BRYHYE 4BRFistdgesaidi PRI §1<p & SheWsi 8iGigea W khgtelv ey wseisgh
the DLLs can he arranged i

| G a5 contit BHap Sireidt 4o Aiia pOHLEI 3. A ety Bafusnoishie tha

RIS A, TR NG S SN o T

stafgon is Ny KEhgGtHe 'oF LRCHIC $avih@UPive 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

25 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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of the first stage. This is also true with the receipt on an access
channel ; the transm ssion power on the access channel should 9e’ﬂﬁ*ﬁ19

i ncreased for accurate receipt, aggravating interference. I n2 [ W he
above, the illustrative enbodi nent adapts the DLLs, searches and an access
channel receiver to the HHC In this condition, the individual receipt
processing is executed with signals 15 free frominterference so as to

I nprove thdnceesseviingeafidarioe oit tilee abowiptc@ind i andntwouddeqtvizalsly.
each searcher functions to establish initial synchronization between  a
transm tterdetedioratecthoedem ddulasmpgcabdtyt,ofailiy cedetand ftexed@iggt a when
the delay of a multipath (phase of the PN code) sharply changes, the
change and sigf ok nsAltheof gingeres IDELs t dwen absoaiedreged Gh ath endRukwil ¢ gesiph
positions. Each user has the respective searcher function. 25 First, there
i s detern mertEts of r i etindnv b aleb0Ua a 2 ominvech tish ghalh edandab Ht yPis cxddes of
different phases in the search window (preselected tinme franme of the
phades of R¢teotwared Theeausedbiepfired gzonpviaR theofirsd\edn gof iseiiche Bk thhase
is determ ned. To determ ne the receipt power phase by phase, a_ nethod
accurate enB@giRng GveHORaeNhdGissE asanvaditionalsresedveaiseto eegeipta iet hod
using a great correlation length or a, method producing a nean of power

det er ni ned B&caN ss igdaEfedsmcs at aay statden is Aneingifected gat Hie fustegkouRd by
the positiqng of.. the tPhaseﬁ];}o.f t he PN codes .%ee}{ er in,power than a
certain thO&sHH dirshustagSat N iSqlsals o thUGpSHth Fhedeceiilen A acsepsct ed

in the decrenenti,ng, order with.respect to r. The
c‘ﬁannel; 9he ransmission power onp%% 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 PN code 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.

8]
W

First, there is determined a correlation between a received
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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mul ti paths selected are sequentially assigned to the fingers of the 10
I ndi vi dual users. More specifically, the initial phase of a PN code, i.e.,
the initial value of a shift register is given to the PN gener®af MAR g0s €ac
finger. Because the HI Cincludes, in each ICLJ of each stage, fingers each
corresponding to a particular multipath, the paths are assigned to the
fingers of the consecutive stages in the sane way. 15 Although the above .

sequence Of oav@oloft &aeh SPNdphiakeals detbpininedf qr@d%lt&ﬁnﬂ_ecmaemdaﬁel
Rake receipt, the H C and conventional Rake receipt are different I

signal s inpewép plhgseebyChpdrase, Them axdivinddauiralte Rali6ushCc RbPlo weionde
received signal itself and therefore 20 causes the perfornmance of searchers

to fall whamiseaadf fadingeis availablepbscra eetlcodasiny a pee sagesrelbrise! ve
this problem the illustrative enbodi nent uses signals each having the

ot her " user ¥ngth gmahsnoattos | prbdaycinige aHG: Hovofsipgrvaé s d et dren imgdit wtich t he
searcher algorithmare generated will be described in detail 25

her 2i naf t esome @rrehtRoroben gih .t hémiod g antiltipash s ore pii eseudedd tear ther

for a certain user, the received signal undergone cancellation is no nore
than a si gpasitienatefi thagphmsescahddie dNecodes geasesdnspoiwer silpmlai s
sequentially transferred, an error signal or residual signal output 5 from
the last sfap@iBnthigsdaldonaudtipadhisagnsslt iy suymbarn tenthe sfingessotral | of
t he users copnt ai as. an _uncancel | ed siggnal Thi s, uncancel | ed signal _contains

not only eStlaried o dhdedtgmenting ordes ghih Geepect fiyPawennd The

unasst gnedlnntlljitgf)fﬁ{[shge e'cqggl are sequentially assigned to the fingers of the

10 individual users. More specifically, the initial phase of a PN code,
i.e., the initial value of a shift register is given to the PN generator
of each finger. Because the HICincludes, in each IQU of each stage,
fingers each corresponding to a particular multipath, the paths are
assigned to the fingers of the consecutive stages in the same way.

15 |

Although the above sequence of algorithm is identical in both
of the HIC and conventional Rake receipt, the HIC and conventional
Rake receipt are different in signals input to the searchers. The
conventional Rake receipt uses a received signal itself and therefore

20 causes the performance of searchers to fall when interference, ie.,
subscriber capacity increases. To solve this problem, the
illustrative embodiment ﬁses signals each having the other users'
signals cancelled by the HIC How signals to be input to the
searcher algorithm are generated will be described in detail

25 hereinafter.
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However, signals other than the assigned users' signals are derived 10 from
sudden changes in paths or are extrenely weak. Particularly, unassigned
users' signals are extrenely rare for a search tinme while un2gsMaRogs

mul tipath signals bring about a mnimumof interference. Therefore, the
error signal undergone cancellation has a high S/N (signal-to-noise) ratio
fromwhich interfering 15 stations have been excluded. By nonitoring such
an error signal InitheiBlQaosifiger atdoncdisoussadse griadr,skort af cerbaanusser new y
started transm ssion. The searcher algorithmitself is identical with the
convent i ondhe pexeavgdrsignml wsdetr gord emrddltation isioughorédhsirgmakignal
undergone interference cancellation naturally brings about a del ay,
conpared taonthéningceant wheanceldedel enrogarti Barause o steh HAC sigmal s
interference canceller of the illustrative enbodinment is negligibly small
for the opéqaadialiriradsderied, saaesrer ssignsl mrGregl whbwikgn dle oudpmdct i on
of the HC 12 to . the user #1 searcher, 320 to the user #k searcher 462 set
up Por ini tiram ehe lasinstagsosnd ndRdstigeae ¢ancalladigwnth nonegh eallqhe
signal 14 subjecte tﬁ {;gé_%rference cancellation is fﬁd fromtEe l-1.C 12
to the usert#§es sehralhep i S S diontging o r Bncapce Heds paghabni Aison

UGS AW P S R TR R R O e g
f%?frgfngiﬁmf%ﬁé@égf g.ﬁs:e &ﬁlrffgﬂgks shige! analsgigtnheed a?ﬁﬁftiﬁ%?ﬁ'sgusrighla ! For

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 #1

searcher 320 to the user #k searcher 462 set up for initial
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error left uncancelled is input to the searchers. However, in the 10
searcher algorithm it is necessary to detect, anong nultipaths indicated
by PH phase positions greater in power than a preselected treMMl gigs
mul ti paths equal in nunber to the fingers in the decrenenting order, as
stated previously. Because the conparison involves paths having al ready
been assigned, a sharp change in any 15 nultipath subjected to initial

sear ch cannytnche ondpedomi t PAsINileswn ,t fige poveidwefl absiAnad paftrecepd the
power of a newy detected path are conpared. However, if only the error

signal is iinpetferoneachasesliation, is AR dt Heont hkhesdIChEL eanmRs Walect] t he
assi gned pat hs because such paths have al ready been cancelled. It is

t her ef ore seaeskar B 20Min taideratr acquing i ftéa lasgn ginesh izat v Byr sbeeuset hod
when the searcher selects the baths in the decrenenting order with respect
to power. #lhsignalowdher residmad sigphl 4di safed ttbeheensehe2 akgoché hRAD

al t hough not inpossible. An alternative enbodi ment to be described

her @i naf t etoadtise t huser gntks searelseyneti6 Pat hisa o far saeaqaohieing 66ndtidl VAR
2006 Wy the error, signal_ undergone cancel|lati on does not contain the

si gnal s~ of s¥Bshigigapanndor ghenusersdfgniki gignalshave been cancel | ed.
Therefore, if only the signal of the station concerned is 5 restored, then
a signal fromwhich interference ascribable to the other stations has been

removed can be inplllt tg t he searcher, a#ssoci.al d with the agbove stat.ion.
This can be doneRiihaPR¥C GULAZULALIAY ¥R symahdonigatiopsiondyt He | cu

has been shown o )
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

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

searcher.
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and described as determning a corrected interference in such a 10 nmanner
as to cancel only a difference between the current interference and the
cancelled interference, the alternative enbodinent determ nes7 AR 19
cancelled interferences and adds themto an error signal. The alternative
enbodi nent will be described with reference to FIG 37. 15 As shown in FIG
37, the residual signal 14 output fromthe H C 12 after interference
cancellation is input to adders 672 and 680. Further, a synbol estimate
678 determ ned at the last stage is fed fromthe HCto a nmultiplier 688
i ncluded in a ud¥hyzthe@rreretigandnved ¢ epenel wanicehlagizg dalesongppidnddino t he
multiplier 688 is a user #1 PN code 686, The multiplier 688 nmultiplies the
synbol  estlfatséS®rs Mo FN18BEE aAB®tENdISt dddd shehr edgnalnghpvedueeeB90
to an FIR (Finite |l | se Response) filter 692. The FIR filter 692 filters
out needl e§§ngpbﬁé|-gpf§wdecf@m ONdY| thea shgitels Qhrtyiesptdon en cernegl s
mul Lipliers 696, 698 and 7Q0. nnel estjnates _.676a, 676b,, and 676¢
ot & i ned 165 Lats | thah <t Y&NALA OBy PANRhaRbic &6y hcsmaseRIbANIE 19 (et he
mul tipliers EQG, &98 and, 700, respectivel,y. The 67, 2 7 R 6006 mul f]i El iers
696- 700 r eSHRET i TEAYONYI PP heBe "ERROBED GRS JF Ate tOf thEeSegashGhq
pat h- by- pa | esti e a- Q76¢c andr.del iver ,thejr outputs,or
products 7 gsg%zggn(f]%g{ﬁ% ggl%é&s g&&“'?lghégdéﬁZPer éfsod’ecctW\} y!:he
Del ayed si r aysy A r ppl | e er
720 and adgggﬁﬁ%ggtﬁtgg&.&%&eh&r ggél rléﬁjg ﬁ%ﬂﬁgh?s?@dﬂ%‘?ogneéﬁegggg’&? 720
to the addgh 464 RFi¥d 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
25 to multipliers 696, 698 and 700. Channel estimates 676a, 676b
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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interference particular to the user #1. The adder 720 adds the sum 720 to
the residual signal 14 and feeds its output or sum673 to the user #1
searcher 262 so as to allow the searcher 262 to 10 acquire 27 MAR 2008
synchroni zation. An interference particular to another user #k is
reproduced by a user #k interference reproduction 682 identical in
configuration with the user #1 interference cancellation 670. The 15 out put
of the reprBulldiplber 662 6-g Caedpeetiviedy rmsiltipdy tdiegtiae ol pint 69 Heofativer
680. The regulting sum683 is input to the user #k searcher 298 and used
to acquire gli&?d‘hrf?g)?ﬂzéﬂidorpa%é)&@ﬁhﬁl sclragseht edm atespui7 6 a o6V ke arcls of
the last stage 20 are subjected to respreadi ng usi ng PN codes and
filtering. d’ﬁgvﬁfgﬁbﬁ% @ gRetRt ofaPr 9@upted@d2andOfi 2andr2dbate dedapeciDBel y
-synbol, channgl estimates output fromthe channel

(rans“t .t Imra)tlt Ioreg Hots %’:}TBFJ&L&YE?%QCBXFW pyDslayedtsignaly onspusrfiram thicedsdmps

o et ayed TH2adDY: aancpRlefl (hamaapior 20 aget ARAhn pahRrebynaihe al |
oo encl B TR0 o B RSESTI0 R B R0 6

nosi gned. o T E AR 1o S, ¥ 20aThenAd don 20 d i e
he oy cneb A 990 R0 PRR Aol in oA Sand IR AL e Al 038 B bR

t he searcher are entrrel ee ominter ry of
FI G has congeihealigdrof185eRFcREPMES 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

1]
wn

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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subjected to interference cancellation at the MQ use may alternatively be
made of error signals fromwhich all the users' 10 signals hav@ a@R 208 | v
renoved. For exanple, the searcher for the first group of the |ast stage
may use the signal to be input to the second group after having the signal
of the first group renmoved. In addition, such a signal may be used for
initial synchronization. Another alternatively enbodi nent practicing this
kind of schéwe r¢produkcetieinesdererdevwes tinfecrs¢geel tao dlthe 21PorAgighamn in
FI G 38, the residual signal 40 output fromthe first 1CU group 38 of the

| ast st age fobm hehicl ladl the assignad twsédsd pstooma ieCh egoue hé e drive
sane stage and to adders 672 and 724. 20 The user #1 interference

repr oduct i ovildFd prodduess inpart hoeth @rsamehgr4abiiottdd s eam ylomedofaphlei es
it to the adder 672. The adder 672 adds the residual signal 40 and the

i nt er f er enoeses4 thandalletlie siga alesimputhgostne srarcherher esentifélysefreeher
262. Likew se, a user #4 interference reproduction 722 determ nes an 25

i nt ex f er endeom2énigfereiter to the user #4 and delivers it to the adder
724. The adder 724 adds the residual signal 40 and 69 2 7 MAR 2006
interference 726 and applies the resulting sum 725 to the user #4 searcher

lasi stage 15 | OHhTls BamcrirgRUTdnat A GobBs CRTXen UATTH oR [ SHsc S Emels
iser 5 13 WRIREY nlodhib RN, BRYTRHRLAY, afadnBcHES; olfh “wial 14
and i nterfeqgngs (P2 ¥ 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 séheme

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 ICU 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

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

[£®)
wn

adder 724. The adder 724 adds the residual signal 40 and
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feeds its output or sum 733 to the user #5 searcher 292. The user 10 #8
interference reproduction 682 outputs an interference 684 particular to
the user #8 and feeds it to the adder 680. The adder 680 adds2t?hMAR €806dual
signal 14 and interference 684 and feeds the resulting sum683 to the user
#8 searcher 298. 15 In the above alternative enbodi nents, the signals
cancelled station by station are reproduced by use of channel estinate

i nf or mat i onimret fepe reeli 720 careapgrides hhe pohiddinto sulne 725 oro shen@ter Gt put
fromthe H C How t he out put of the respreading section included in any one
of the | CUssedrchiee RaSt stage is used will be 20 described hereinafter by
way of exanple. To reproduce a cancelled signal, use may be nade of an
arrangenent identical with the respreading section of the ICU as stated
earlier. Information necessary for the reproduction are the 25 user-by-user
PN codes, pat h- byhgatasidnahségnaki #neu tgsu ofnqutthef socondd @hanoelp 42t ofmat or
of the ICU of the |ast stage, path-by- path delays, and synbol estinates
out pat fronmflpeladststagggds f%‘i to 2ddemprd 8608 ndkspread sédfi.on 4fn the
| @ of the |ast stage ecutes respreading with information substantially
the same as!hifdfapeies %%r%‘ﬁn%omhé HSEr e{fidééeﬁg‘ﬂtﬁﬁlﬂe #ppredugsion

oot a8 R o RS e AT oy e
| ast st i d, w i dual. duced hy. sub ti I
cati mt o oubBIEY THantodd Pevt SRl SyeRAToh: RRaL e ECh bt & Doantl
fromthe | f‘esédssﬁéggmﬂﬁtfo?'él?ﬁﬁsﬁlga[o 'tf\etlpseeroﬁspyéarséh%r}ab9g. t”Pﬁc user

respr eadi ng
10 #8 interference reproduction 682 outputs an interference 684

particular to the user #8 and feeds it to the adder 680. The adder
680 adds the residual signal 14 and interference 684 and feeds the

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(Us 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 IQU, as

stated earlier. Information necessary for the reproduction are the

(%]
(9]

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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section of the last stage is multiplied by a ratio of the synbol 10
estimate output fromthe last stage to the residual, then a cancelled
signal can be reproduced for a searcher. By adding the resi dl[éa} NZF%E
fully undergone cancellation or a signal undergone cancell atiio & group
to the above signal, it is 15 possible to input a signal fromwhich only

t he ot her users' signals _have been renobved to the searcher. Still another
al t er nat i ver e dhissd ingnseasion f fhreed €bt of thednsbatdgr epeautéciagptdidimghene
will be describe? with reference to FIG 39. 20 As shown |n FI G 39,. a
synbol est i Watl 18 graation gihyantialythen saae ofs the qbe\;(elol&sfo?zggﬂ?anﬂ
undergone carrection and, decision is applied to a user # _of the

| ast gt age. ﬂ‘ﬁ é:‘rfg"srpde?e!S ttﬁét l)‘é’éﬂe#@bq e pradustiopuet theconmeedteati signal

i nt erferencF timate 744, and feeds it to an adder 746. A calculation 748
25 produces'¥ ﬁigLﬂet‘"?QGro‘ﬁ exgcied withothe symbol estimate wuput frémom

catitmte ouliast SEher STRARRIIR bbb e T Qfotha dastsotase 12 excoumrl 2006
L A T ol M G
inder gone. 1 earrBRCREed o 31 le HORRL h2s upior e e ShsRUT ohimmnen o
950 P the. adast Alagelote ALY STHAS i the] BT SiBhARS Dtchindsidfilie coas
the resul tingtid Wlthe’I8st QtagdSH HAITHAIED By R0ratio of the symbol

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

hp = > i

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 ICU 742 of the last stage. In
response, the user #X IQU 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 I n the above configurations, one searcher is allotted to each user at
the end of the HHC (or ICS). Wile one searcher may, of course, be
allotted to each Rake receiver circuit as in the conventiongl7 MAR 2
construction, such an arrangenment would assign different paths to the Rake
receivers between the consecutive 15 stages and woul d t hereby degrade the
ability of the MC (or ICS). Wth any one of the enbodi nents shown and
descri bed, fed ite tlpossubdiplieo 246 grTHdansdrip lieat fid & entibdpliés g owgdrout
the consecutive stages due to the unprecedented short delay tine and

t her eby i np#¥veortrieetadiiniteyfer2t den etstiemiak & U4 4asnde tkabobbenissuh §60 al
interference canceller and a parallel interference canceller are conbined
in a hybri dandslelivgratheresnltisgnprpducy 756 tthean e axf 74 4serFuat thand aa
parallel interference canceller may be conbined with a searcher alone. 25
Thi s al t er ngsiduat osigngdr amidat goare ainder fensnaeengandedlatéant ouctamner mirown
in any one of FIGS, 36-39 so.long as the canceller is of error 72 2 7 MAR
2008 t r ansfEBNAY pl Gririom awhdeh od grqummiintepfergmicenhasi beps temravediamal s
have been renoyed is avagilable. Further, the_ illustrative enbodi nents each

i s practicdfitelastestage s IR RHECHPrat Adder of 54i mlhagr addeai Vo adds the

I nterference estimat jgpal s .are reprogduce omthe outputs of all the
receivers i‘?{TSFdé}gmﬁos}pf%d%g éﬁeer $ ‘é?tg%a{i Apg IfFﬁasofthzf}edreéHéng
algorithm j.e& - kind aof archer ¢ e used because the input to the
sear cher rgyﬁﬁgtcmit e?é’cf% oggi %F&fﬁﬂ%??@@lse the S/Nratio.

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 ICUs 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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10 The connection between the searchers and DLLs has been described with
reference to FIGS. 12, 13, 16 and 17. Wil e each searcher copes wth sharp
changes in path, the associated DLL or tracking circuit correcd g MARe 2005 ne
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 transmtter and receiver. The DLL causes, with a higher

resol uti onidyadfelrhey psast’ #hah et g#%lfﬂdﬁ‘rcﬁﬁnﬁ’h%' 1] {thil gg?ﬁé'bgl@aﬁlﬁ

receiver to track t'he fluctuation e recelved signal

thereby adhdsti PG &R0 vt Eea Philapge PN code. This allows the received
signal to be sanpled at positions where the greatest power is avail able.

The DLL is inplenmented by two correlators. A PN sequence (early code)
whose phase is earlier than the phase of the PN code 25 used for the

respreadi ng/ det Fatrtlogr othe Héusteavie eingbaldilbemsldach i€ hiractiedbde ANen
sequence (|l ate code) whose phase is later than the above PN code by half a

chip are resiphcideceryelatpns bo shmilawo rézedver VAR 2006 fepenekatedtimatet he
DLL. Usually, the DLL produces a difference between a correlation value
det er m nedsiygnalstare reptgdyoeid fanth ahecautpai 5t 0D allvidleuee ceitverri imedraet h t he
| ate code. PN code generation is controlled such that the PN sequence
gener at i ont@Hawwl 6cg An eargodesigfali heAnpokéndi of seanchersalgmiithme {.ehe
early code is  greater than the |ate code), or is advanced if it is
negative (BRY kHrd of seafches eambeusedahecause dhe tupre toTties seancher done

by, e.g., increasing the. cloc Ldth of chip c ks lied to the PN
Y d may be congidcred to s%m\giy increase tﬁe gﬁ\? ratfaolo.IO

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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generators of the fingers when the PN code should be retarded or 10
reducing the clock with when it should be advanced. The above contr ol
surely synchroni zes the PN sequence to the received signal anﬂ?nﬂ&&ﬂﬂﬁns
t he synchroni zati on. 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 nmaxi num power of denodul ated data is

hi bl e. ' dgpengs 1o Lndi Vi |
il L path, Che oy ol et o e 1 Recpade Rt v R of ' dtfkrengger
of the indbeithenn dsesrrelftibheyahoy ¢ RARRNCE WitnDhe LAY EBALARRYT £5 1O

both the HC (or ICS) and the conventi e receiver ¢ ver,

the signal conmlation thelidL dbtetaiimed omi@hsyﬁieemh&ir na%a'é'.e HI SN O&?decs)

to a systemnot using it, as in the case of a searche n-increase 1n” 25
subscriber ganachtipnniatenirloflecestith hiat (hlPOr 828 8chBe Y didltion pifhisrough
one DLL may be assigned to each finger of each Rake receiver circuit,

recebpt in tsheetarded gifotipe ohbohe Hiffetentcagns iposeraet lec7_Aea2rI?r %ﬁez%m
the sane as receipt in the absence of an HC sinply resulting I'n the same
ability as gheatesnthamn itbndhtc)lcbde\)\hbtéstahb/ﬁwéd&lfitOisnﬁa’gaﬁQ‘éUfﬂhtd ahiw
increase fromone stage to the next stage, sanpling the “signal at a
particul ar pd¢ tisosmallencthan dde ete dcade pri Thas ecdmebe Sdoneertf el enee
cancel ling ability of the HGC (or, ICS). It will be seen fromthe above that
the DLLs of”‘toﬁéa\s?/qﬁgeﬂteoﬁlocdq | WiHdhc ofs echip veloskagep pliwd| doi ndiecaPd t he
sane pos'tlgcnherlgto?s 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 aﬁd 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 I1CS)
toa 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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time difference (delay) between the consecutive stages of the H C 10 (or
ICS) is great, then the DLLs of the fingers of the stages may sonetines be
required to indicate different positions. However, in the ill&i#tMAR 2608
enbodi ments, the hybrid ICS has an unprecedented short delay, as stated
previously. Therefore, if use is nmade of a signal fromwhich the other
users' signals have been cancelled by 15 the 1-11C (or ICS), the SINratio
of the inpthetsaméasDidcedpd infdreehbsence nsfeaheib@csincghcebkilgn ghinl thy i s

i mproved, as in the case of the searcher. It suffices to input to the DLL
a signal |eamiengbihity ahetheigmatenfionhé BEEociWihdle sthat iSIN antibawiang t he
other stations' sjignals cancelled. For this purpose, the input to the

sear cher c&gqpen 11pgy G as eeleaun| gne lséagan® Henhmaxt Spgei, saaapling toy one
of the confjgurations shownp in FIGS. 37- 39 each outputting a signal neant
for the sedigdidratrdyPBeticHdar payition etnegchestagei yrmddt dedactonaikt that h of
each user and 25 applied wth the sane input signal as the searcher.

Al t2rnat | vEIGTICTEREC DERN “tgoflgblét)’s@gquhieeé‘nﬁ ¢ 168).synchroni zati on
acquisition signal output fromthe searcher, in which case a received
signal or a 75 2 7 MAR 2006 signal input to the ICU of each station wll be

of "the 100, 1t Hewiliee oo fE98° FhS; ahive shdscdie, L1 gRahcofingestgRbl
tracki ng virtE cBseFRfle SRhRRT crual i aBoths Safer BosidiRoct iy
om0 B A BER b BL R The'Bonbhaf STl
10 (or ICS) is great, then the DLLs of the fingers of the stages may
sometimes be required to indicate different positions. However, in
the illustrative embodiments, the hybrid ICS has an unprecedented
short delay, as stated previously. Therefore, if use is made of a
signallfrom 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

2
[

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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il lustrative enbodi ments to an access channel receiver 762. The 10 receipt
of an access channel is an essential process to be executed before each
user sets up a call and before interference cancellation. The2 gaowarengosonal
access channel receipt exists in parallel with the station-by-station Rake
receiver circuits, so that the sane signal as signals input to the Rake
receivers is used as an access channel 15 signal. As a result, the receipt

of an accessgwdlaimmit $6ghal ICUideehbl staerdrreheill Bedaphliedtd fteSDINORbA
systemusing the ICS to a system not using it. Again, the SINratio

natural |y dectoeazesutd tiacking ooneesieov ér sHbseliippelodkaatithy. [Rer ¢t gkse,
shoul d a signal undergone interference cancellation at the ICS, e.g., HC

12 be used,alsa@ptdseible&mmpdtfaairbcenzmrsﬁgnmiomtaersﬁ%s@nmpgmq)ethetiw with
stations other than stations assigned by the ICU. Specifically, assune a
station sewdieaghastadiaress thicabhél, ahal to wensicy tersiygiohatdn atcedin gieeh t he
| Cs _does not cancel the signal of 25 such a station (access channel signal
itself). Asha pignalt acqmdredcbys thehasaecher gridlerbbiyng ffeotingontshekiny
appears in the signal of the station assi%ned by all the IW and undergone
i nt er f er enéentrgl over\re zhap dagke|afaheokCUi . e., "the error signal or
residual signal 14 output from the |ast stage. Therefore, if the access
channel signal is input to the access channel, then the signals of all the

aceess channel ENGhAD 180Ws; Fie doodiestiamiatetne ST 12 OFamy mna of Hhes ¢ he
receiver 762 to_.detect,the access channel signal wth a,high N ratio.
The receiv uStfééwrf’af[?Qggil%ntctﬁe?%&bsas“@ﬁén%éﬁmgp ﬁ&lceFﬁe{ghﬂégganéﬂkﬁmner
asio receipt of an access channel is an essential process to be executed
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
15 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 ICS,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 searchers shown in FIG 36 receive the signal fromthe H C 12. 10 For
the canceller, use may be nade of an ICS other than the HC e.g., a
serial 1CS or a parallel I1CS. FIGS. 41-43 each shows the pathy %gu; sition
probability of the searcher of any one of the illustrative enbodi ts
determned in 15 a particular condition. FIG 41 shows the probability for
the searcher to acquire both of two paths at an adequate timng in a case
| acki ng t heangadlatdonThe . pitcb &l bt tsignab otet evidivnddignah lad cuytpaad fosinn (N)
of 16, eight (k) users, a window width (CL) of 20, the maxi num Doppl er
frequency f(h®|§as:tfst@,geanéfhaeltﬂfock,_xfftﬂmeacces;s) changel 8igritieisomgi wate thred

absci ssa respectively indicate the acquisition probability and Eb/No (dB)
for a pathaco®sgothamnelithenahle signalsdof allr the atatipnsgactomehynication
representative of a case withqout TPC and a_case with TPC As FI G 41

i ndi cat es, & ieghencelded; ¥y ordar tor Bipwt ondy the acpess abranelesignal to
trz;snsn’i ssiqn power control is 25 effected fhan when it is not effected. 77
2 P MAR 200 preesyx 1 reeeivedndbid.i t Yhisopllomes $Bar eeegivies ddquitce bot h

of two paths, at an adequate tinjng in a.gase Wit e HC 12 having three
consecut i v‘iegetcégtil’se. a%%sp?}b%%ﬁﬂ F?%P %a%’lébf‘elilrﬁhngélwﬁﬂfé?- The Eeegiver
41. The or e _and abscjssa.,5 respectively indicate

condi tion in FILG di n% i S

t he ?cgui 275?0%&;% 55§B}Y?tt§}eaﬁﬁce§r§/ af‘Bgf $epa ?np%%ﬁaﬂp‘%ldﬁtaé’d‘%ra\?e Snd
( . o) ) =

gagg :NI tﬁ%égs%r%\;‘mkﬁpaﬁ&edv}s{géyn Ftlﬁ‘;? %te ﬁ%%ﬁ)l qlfe gﬁgt%agtc rfsigehmt%sﬁ?{?el 2 and @

acquisition probability, conpared to the characteristic of FIG 41.

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 () 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.
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10 FI G 43 shows a probability deternmined under the same conditions as in
FIGS. 41 and 42,.but with the HC 12 having five consecutive_ stages. As
shown, a slightly higher probability is achievable with the #H/CMAR 2608vi ng
five stages than with the 1-HC 12 15 having three stages. As FIGS. 41-43
I ndicate, the acquisition probability of the searcher increases with an

nvent s on has HEAG: d2scPPREGERF RFShab IRAEY th¥issaToher  Guabiui botha i ve
erood et e o P 3tat &0 e AT £ LIRS Regs BRSO IR  h” *°
erbod Ment sy b4 Nl e ARPRET AR O L PERRENRY GBL LA Sl Ly B ssent
2006, CLA Ve Sams 868 KE° VTS, 3P 9rle PR’ ST 464 00sn 0
oiopal andespdatachpihtanienelededeitibe ol obbu P AaBY) K8 (FRIRLL S 19
si gnal recei yerth.andAchistiel esirveting d1egeRdf Qi gki At gg@ggg{}gf of

the data portion by decision feedback, producing a noving
several synbptesaftaaivewfputcafe sRitd ot TP(RAHQMN gfatsﬁcwipg TPENSLESvill
out put o

channel estimate information, and nultiplying sal sai d
be seen that the HIC 12 almost doubles the acquisition probability,
compared to the characteristic of FIG. 41.
10
FIG. 43 shows 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 acquisitibn
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 istobe appreciated that those

skilled in the art can change or modify the embodiments without

departing from the scope and spirit of the present invention.

This application is a divisional of SG 9803366-5.
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correlation detecting nmeans by a conpl ex conjugate of said channel
estimate i nformation wherein said channel estinmating neans first e éi tes
a channel by using only a pilot synbol portion, uses the chani@l“g P Rat ed
for restoring a phase rotation of a data synbol next to said pilot synbol
portion teq fhereby denpdul ate fingers, feeds- a signal in said pilot

synbol portion to a moving average filter, -uses a hard decision v%l ue
derived from a redudevite dararersiydngat sdgnad feQmt falkanSBALARE) Station
elimnates a data phase of a next output of-said Egﬁrel

F _ 3{.i n, deltgecti ng-
means andandmstimating @ chagroek byt usHegpHot §YIRPOIS nHHRY BV SBEWA ter,
causes said noving average filter to-oytput, a an of said pido ol
porti on asignade ated aasydhdia ,PQE@@nsaJi&PLiU i g&”ﬂeﬁ’cﬁﬂﬁalaﬁ&qf o?e’iy‘g’gcond
data synmbol, as counted from said pilot synmbol portion, by said fingers,
uses. a resmprigghghiard ‘decision derived fromsaid. second data' synbol for

channel estimation, ,and restorgs a phase of, a next a_ sy s . Nput s

sai d phases tcofacdatigni ngedestings fr?qetaé}S_ 7815 ,Be%&%‘éﬂg gggkﬁg\%dgg in

accordance with cl aj , Wherein a .nunbe of synbols in said noving

aver age. 9gtectpn évi'tg]cehfa%anﬁ r%exgeggu _edr of taps of said noving average

filter, wherein said, noying,. Ay 3 t e dyiey age
eqqmatq]réc] ﬁamgtmaé’%ggﬁs kot &1 rﬁ?ﬁﬁﬂh@;a Hake BIVtR

processi ng wher i Synbol’s T eaches- t he “nurfoer of taps, wherein

s sequaprtibhy 0l ARBLISR RedFalk prpaLER e g .

pilot symhole NY"dy Aol ¥ £hNok B Q8 TBE £ 8 Rk sélaNGon W exdictinpraeans as
channel estimate information, and multiplying said output of said
correlation détccting m.e-ans by a complex coﬁjugate of said channel
estimate infﬁrmationwhcr-cin said |
.chz_mn'el c‘stiméting means first estimates a channel by using only a
pilot symbol por.tion, uses the channel estimated for r.esForing_ a
phase rotation of a aata sym'bbl next to said pilot symbol pqrtion to
thereby demodulate firfgers, feeds a signal in said pilot symbol
portion to a moving average filter, uses a hard decision value

derived from a result of data demodulation to-estimate a channel,
eliminates a data phase of a ‘next output of said correlation
detecting means and inputs a resulting output thereof to said
moving average filter, causes said moving average _filt'cr to-output a
mean of said pilot symbol portion an-'d_ one data symbol, uses said
means for demodulation of a second ddta symbol, as counted from
said pilot symbol portion, by said fingers, uses a result of hard
decision derived from said second data’ symBol for channel
estimation, and restores a phase of a next _gata symbol and inputs

said phases to said moving average filter.
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average filter is cleared when a | ast data synbol of 'the slot preceding-

sai d next pilot symbol portion. is denmpdul ated, and wherein said ? el
estimati ng means repeats channel estimation only with said next 2; 2006
synbol portion, 80

2. A device in accordance with claim 1, wherein a number-

of symbols in said moving avcragc filter is irncreased up to a
number of taps ‘of sald moving average filter, wherein said movmg
average filter -performs usual moving average processing when the
number of symbols reaches.the number of taps, wh.er,cin'a size of a
window representative of a moving average -processing section .is'
sequentially exténded in a-slot until said window reaches a next
pilot symbol portion, wherein inform.étion existing in said moving
average filter is cleared -when a last data symbol of the slot

precedmg said next pilot symbol portion is demodulated, and

wherein said channel cstimatin-g means repeats channel estimation

only ‘with said next pilot symbol portion,
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