1+, €3e#8#| 4456p7T 868T8Pb8! / METHOD OF | NTERFERENCE CANCELLATI ON BASED ON
SMART ANTENNA Field of the Technol ogy The present invention rel abeh N 2003
generally to a wirel ess comuni cation technol ogy, and nore parti cuI ar Py
a cancell ation processing technol o interference in wrel ess base
stati on WMETHOD OF ENHIHERFEREDE%E CANCELLASEEQN BASED ONe 1 nyenti on
In modern wirel ess comuni caigMARTSANTENNAci al |y in COVA wirel ess
conmruni cation system in order to ralse systemcapacity, to
sensitivity and to have farther conmmunication ditstance with ”"‘mmmmmm@"]on
power, smart antenna is used, in general. In the Chinese patent nane
Di vi si on de Division Miultiple Access W r el eSY
Conmmuni ca'ItDuFie? oftfieTeiHiiblo t Antenna" (CN 97 1 04039.7), a base station
structure of ’ ' ' it SR scl osed.
't includes a h?%rt %Hg@n%?%%s%ng%ﬁ%?\}&e} \ggﬁ%ﬁiﬂ:ﬁaﬁft&%nna uﬂrlllmogy
correspondi and mads parfticalatlyreoya icemdHation ptoesssingdteahmobagyo bf dnteeferende imadi o
frequency transceivers, Accordl ng to each antenna unit's different response
to signal, WielessPase gationawith smarhanienna op Iusk iegminal, cossor gets space

characteristic vect or and direction of arrival (DOA) of the signal; then

Wi th corres t ei ving antenna beamforming is

i npl enent ed.B-g—ggé h B nioh a unit, corresponding radio frequency

feeder cable apd coperent .radio nc [ r to caI l ed a
t ?jﬂf“ i L{Pg#ﬁg q?l %ﬁ)@ﬁh |1\'7| %ﬁ\@g ¥ni ng of

link. By using t&® Rl yam

each [ink, domeiavdtiohispitern] aNordes (oi ke Bpasmiapavitpgto MS@S@S&M%I&&M@I ity of
smart antenna can be i npl enmented, under symetrical radi,0 wave propagati on.

The main paand i mjéarﬂww qommenpicatign HistARGE Mith loyer emission,pawpr, smart

conmuni cat i $§ g &?#num cation is working at a conplex and variabl e
envi r onnent re erenc’e 0 U proposal ML225), severe influences of
time-varying and nultipaath propagation have to be considered. In the
patent said abm/&c@hﬁlcﬁ@?ﬁ(cﬂhmb@%dmmhhplmmu§mmﬁm about

beam form n orithmof smart antenna he conclusion is nore
functi onal iﬁ}‘;‘ 4 A%\WFﬂ%@WWWWﬁﬁYﬂW@% Antenna® {QN.9'NL»[ ~)1.'3
PCT/ CNOO/ O WV?%@E@&% sy'g&Ff prefesg%mnsaab& aeﬂ]' Wik "ERke beam

form ng nust ecorrplet time, and algorlthmcrrpete time is
M cr osecondantenelis diggosed it inchidenansénnawtiay consistednflone o phird antenimglitsgy ,

0,05 o1 SRR BB R ARBLSAMT T R Sebbd RO L5

time peri odiransédiversl AddoRdihg)€ e&dhf drtéiina it differcet re@p@ﬂs&ﬂb asigial icomingpower
conposite algorithm pointed to nobile communication spst emw 1 h code

di vi si on nmAteMIsEr ‘ﬁ%&%lsbaﬁ‘%a‘lﬁlslliﬁ“s?oc’ gets spage daragtesistic,vectonapd digeehipn: o,
sol ve tine gelay, | SpaRfAShde! dt h.
Nevert hel ess, 1 nalgrbogﬁp of %i gﬂgg&n%%m cat ?%ﬁ;ﬁ%ﬁelmﬁgleggmm
envi r onmentbeam fopmiteg laympfemmtcdl aatohg;thmagm antenng o nemespondingaradior |

anplitude of nulti pagat jon .c ent is,_higher, i nterference is
still sever‘fé “?ﬁ?ysf%ﬁ‘i"éﬁ%{’@ {‘?{F%t W@%%P@ug% % tﬂgcg% it Sﬂ{"fg

si npl e and KfiQBytsi® wasgt) mﬁ;m bt HolDiip hﬁmdeéwﬁlgme&mqafmmg@f &ieh Liak) y
cannot sol ve the multi ath ropagatl on interference problem but also

cannot thorfﬁﬂgh\‘ﬂ} ligk !ro@smmmm ,Wlpﬂl@ﬁqnémwty@jmmma can be

conmuni catl GE r to solve interference

pr obl em of I pa? %(98 %ga ﬁ%c%l%%n@o epl' eg{“gﬁstudy t echnol ogi es such as
Rake recei ver and Joint Detection or said Multi User Detection and use them
i n nobi | e commilihe cmmmrpawsdfenmﬁenf:oﬂmlﬁ;s/iainmumutmhplsgstﬁncessmoblle

Nevert hel ess, the Rake .recejyver or nultiuse etection chn sai d .
above, canrGPUPNIcAtOR, As\ mplilecommypication hso g 8k Pd“ﬁ“@‘%ﬁ @'Fd Mﬁ/‘ﬂl ®smart’

ant enna. T%vmmaeﬁt%aeeﬁc@{oerm BRIpOSI 4 (g?ﬂi&@&c%ﬂﬁﬂié&s b fifdle Naryiny

mul tiuser detection principle, proCesses nal of multicode channel,
conposes orandamuléipathpaopagation hqtyattdm bg@fmymm dn tmatMﬂltd abavedifam®¥chnol ogy

makes beam ointed to ach epar I n after
passi ng cha(illg(g{;gegq?mf gﬂc%ed] SRS & %lf(}%grb% r}gﬁ%ﬂ‘% @? rﬁﬁl au%s eéars‘]{sar e
once sol vedaniérn@Ctht YortYusidhVi§ hioré funGBdrality willles with fofe dlpOritin@ngplexital smart
antenna technology, but it is in a research stage and Its algorithmis

i mmature and conpl ex. There is another nethod which processes nultiuser
detection after using smart antenna; bul at this tine as each m\
has been separated, processing nultiuser detection rrust be sedwmmﬂmmmm
each code channel; the result is that not only 2

-
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' PCT/ CNOO/ 00170 2 ~ ~~N i cannot ful | y bring nultiuser detection fun@®é cuN 2003
into play, but also greatly increase conplexity of basebanBCT&MNgpeN70
processing. Summary of the Invention In order to have higher system
capacity and better perfornmance for CDVMA wirel ess comuni cation system it
i s necessaXeverthelgwsarunder gobile sqompypenigation, enyironmegt, | heagy fmupg angsheel | at i on
met hod co ' . baing ' h%‘ MeLS! i€ QR i baged on
smart ant er‘b\réﬁgaleq%el{lgl%gr g%n@ar?i{ggﬁ%dgp of etl&ﬁ\/tgﬁfil%n 'S %(%%Brlg\%ld?&a
I nt er f er erimitativacst! maddro MmitRiekotokiaseshnologs Ndigitalssigread paocesding DS nobi | e
conmuni cation or other pobile cpmrg&irsca:snicon system uses snmart antenna and
si npl e me)APRUSALSBARFCIHS HiteaIted CRFHLAS ncannet Bpplemenidao somplex ival BMSduced by
mul ti path Js .ol ved and a better effect can be got. A
further oﬂﬁé%ggg?%ﬁgl ﬁfr?\ﬁ/glﬁ?rlggﬂleitﬁgr@% provide a set of new digital signal
processi ng nmet hods, which can be used in CDVA nobile comuni cation system
or ot her nobi Facing withnithea tconflics saikle apoviep ansingpl¢ hpaximipinl powemtomipositei on
system can _solve interferenge of vari,ous nultipath pr ation etc.,, while
a1 g Srar Sl RRerh 40 TRl FRRBRICHIPT, YL o h G0k ARGER dBFURle et hod
based on sjgRgds, fMHKRANS isCRSTRSIP 'sﬂﬂft,le,AbutV‘ﬁlE@ cREaBvE Qfid HG1aYBas inkltipdft t i Ng
fromreal tine beamfor.m ng algorithm making beam form ng for output
di gi tal sicpmponeiit campesision evithiras ehiipovidthri¥eversialessnia, modesm CIRMAImepile set of
digital signal,. .represented as NRk , after beam.forning, ere. k
r epr esent i l%rﬂ(éﬁg’ﬁaﬁxr%}Fmar“flaerml?ébgleeseé’mr?%e@antb‘f’% g%lfgt ?}(\hBr_.n“@'&’ﬁg‘el i ng

ot her usergropapiatioR @bMpshdhdad 1drgs] ipHtude of ieulipith Propligaiism bohpaieat is\NRK( M)

after beam formng, r%gtti ng anot her set of digital signal, represented as

NSk(m), whigheros interigrenceds sHH sgeate. sThis aneans ynder thisrmebilec cpmunisatinga| |

where k re | N . ' ol pt. . C.

sear chi ng TSTaTrRa e HRERR: O R FESAEH OPuiRT RageROdn

di stri but egnfiét kelveEthe b GRMGFAH E;ﬁbﬂxagﬁﬁioxp- inRefefeAtd NFobld, | At Hlso néadndter ence
signal conming fromother users_in digital signal NSk(m; 3, ~ ~ .~~i~ [UU3
PCT/ CN0O/ gbarpugkly selygsyyermicapacityProblem of Szm«tgthﬂﬁlce%waélpg A¥sterBf  wor ki ng
user termnal in phase coincidence, getting a digital signal wth
interference eange! @her! Rarld)GnSaiddr SheBoife iRKtRHNcH! SHhbRin _%'fgmitgfaﬁ, a

recei ver based on smart antenna 1s in sanple level. 'The said step Ais

per f or ned propagatias,epéuplel deepjpadtudyr tevhsslogies csueprassRake receiver and Joint

Detection or said Multi User Detection and use them in mobile communication

-

system of Code Division Multiple Access. Nevertheless, the Rake receiver or
multiuser detection technology, said above, cannot be directly used in mobile
communication system with smart antenna. The main reasons are: technology, based
on Rake receiver or multiuser detection principle, processes CDMA signal of multi-
code channel, composes or cancels main multipath components; but smart antenna
technology makes beam forming pointed to each CDMA code channel separately,
then after passing channel estimation and matched filter, signals of all users are once

solved directly by inverting matrix.

There is a two-dimensional smart antenna technology, but it is in a research stage

and its algorithm is immature and complex.

There is another method which processes multiuser detection after using smart
antenna; but at this time as each code channel has been separated, processing

multiuser detection must be separated for each code channel; the result is that not only



« synchroni zing and elimnating over sanple for output digital sianal 208 Jan 2003
recei ver based on smart antenna; de-scranbling, de-spreadipr%r/cgﬂ(%'oﬁpvi di ng
it into each code channel signal; form ng receiving beamof every link with
Beam f or m ng coml)osi,te al %gri thmin heam f or ner, ﬁﬂd etti na congosi te
resul t. TKannokitully, bepg mavlipsey defegtion dwngtion into play ‘Fﬁ%ﬁﬂ/\éfea HipUEdste
al gorithm i : npri ses: denodul ati ng smart ant enna
out put si gﬂépfe%g;ogﬁs%g@d@é‘%[eg%%ésgrﬁ%er and detecting signal-to-noise
ratio of training sequence; when the signal-to-nbise ratio is greater than
t hr eshol d Siahweary bf thedaventiondata is directly outputted and the procedure
is ended; when the signal-to-noise ratio is |less than threshold val ue,
succeedi ng stipsrder @ RAEE Bigddr syhiemSaipacitl aid Befter péresmpasd fors€EPMAO! vi ng
mai n path of signal, which cones fromother terninal users and is in the
formed beariredgss Kommunication Sysemnitds neepssarndo searemiprspamplesd sal fime addi ng
scranbl | g, ¢adEnt0 hdce AR SEAUE! IcBvdrlent FoP RATPLEed S oA diMIes] Onal
subtracting other” users naln pa S|gnaﬁ 0Ose enhergy Is greater #Ran
t hr eshol d cemimimidationbaded onantrtdingnhal si gnal NRk(m) and getting the said
NSk(m) . The said solving main path of signal, ‘which cones from other
termnal users and is in formed heam of .t he vvor4<e|ngq code channel,.is to

t

sol ve ot her cbRf&eiora#etbicectiofthe musntion ds (@ peqvi Merfgrspes Fancelationc hannel
beam The i | ISHIA i [ eTol! iifaON

i ndi vi dualrﬁe;:/lh(\s/j\nd ﬁ??‘ﬁ\)"‘gﬁ‘fé‘g‘?yaﬁ%‘ z9’2‘{1}?‘:’9& ti nggprg?tg?rg@gm s?gttl@p(?:r%%&%ﬁgle si gnal ;
sol vi ng c@ommhmidation fsystemheses \simatt dntenma andr simiplei mgxicuue pawsr gemposity
multiple sets. output with en reater. than .threshol d .val ye; addi ng known
Sor anbl | nd RM; Gpreens: BDISHoPiogRsLpY BHaRE: BRBRRHER it ecBhde of

nul tiple s8fved%hd P oediRERcl @48k gogUbtracting nultipath interference, comng
fromother user, fromdigital signal NSk(m got in step 4 PCT/ CNOO/ 00170

B, superposing main path and nultipath signal of kth channel in phase
coi nci dence afdfugtser ohjgct b€ the Hinvemtiomds teaprovide vaisefe Obmewr digitalesignalence

i channdiocestigs MG PR EREW OPMR AR bR BR e’ * ©

cancel | at icther nibtsleccokrh$niedtionB9stein| Wemaké a@anobileconsiticaivarsybiegeann step C
is only taken within one synbol, K searching tines needed equal to sanple
nunber s, iPIRiiAteEateRcecHf ygrions mullipathy Rrapegafien eicy Wil MF1Ng SMaRANIERBH i nus 1.
The said step D further conprises: subtracting interference digital signal,
com ng from ofrfieinveRfidH Bfhn YReFerenéd eRcEilMiohdhethbdbabed NGk 6iihrt SRfend, Step B
to cancel nmultipath interference signal corning fromother termnal users.
The sai d swepriBings t aken on sanple | evel, and signals concerned are

converted to ganpl. evel si.gnal.. The .sai.d step.E further .conpri.ses: wth
cancel i ng san%rev\’/@] ﬁ“é’“bk%‘?%mmﬁ%ﬁ"hggtﬂagﬁﬁm feﬂg eibﬁ?@&?@?l@ﬁé ogy ral ,
com ng fr qRaldh$ Beany FGHnfing GG dutpit dREital siphhlPofvAtedeivetbdsed ofl SmaAft!ahbdana,Ng and
de-spreading wth kth spread spectrum code, superE)tom ng main path and

mul ti pat h tBemeeiting» petied digitohsigral iieprgsantadas¥Re(mb aftes beaprissmingowheredence,

then getti : ' ' ce cancel |l ation; after
dem)dgl at irﬁ&e?&gﬁ%@#?sﬁ%ﬁ%@%ﬂ%ﬂ?g@ghﬁ@?ﬁ@é%&%ﬁ{e@@f@ ence cancel l ation. The
sai d steps A BB, dancdlingrughdr users ardin ipathesigrenl énmchedeticn thel det @f aligial sighalse
signal to-pgise ratio is_less than threshold value. The said stegs A B, C
D and £ arlRiel #ee bepm, farmiiee eling. ARalReradet i FITHOBERY. SERSAIEAES on base

station; tAsmAl Whith iy BncldesPnéddidd Kigilaf dnacsll fipterteRh&d ke Glhere & _
cancellation in user termnal. In nethod of the invention, for CDVA nobile

communi catlepigsenfiag enddehanne and m representing sample point;
C. searching in digital signal NSi(m) and getting all multipath signal

distributed on formed beam direction;
D. canceling multipath interference signal coming from other users in digital
signal NSy(m);



" longer training sequence (Pilot or Mdanble) in frame designed stru2Bubsigy 03
as in real nobile comunication systemnot all working coRETENEMREDPs are
severely influenced by nultipath propagation etc., so signal quality can be
pre-detected at smart antenna output, i.e., detecting signal-to-noise ratio
(error code) E.n swpeeposinggmaingiathi angl eelgipterpath §ipndl@f varking asersemyinaliior
channels there (s,po error code or, nunbers of error cpde are x s . SUN 2Q03
5 PCT/ @Rﬁf@/‘@ﬂ‘f‘fgn?eeggtt*‘ﬁ&rﬁﬂ§@§)81\gﬁﬁdg, 'r“ﬁ%%?f?'ﬁ?ﬁﬂé%ﬁar ocessing i s not
needed, in this way nunbers of channel needed tot be further processed is
greatly decr egggdsadstes ATBLREL Hisitdf sigi$ 6f Radtdivet B4kl oR A IRieNfa isSingr eat |y
degraded. In nethod of the invention, for CDVA nobile conmmunication system

havi ng no samplgdevel.r ai ni ng sequence (Pilot or Mdanble) in frame designed
structure, or for CDVA nobile conmunication system having | onger training

sequence (Pil . A i a ] [ u .o.are
severe int erfﬁeeg%gMéﬁ)gxggs\e/é?ﬂef&ééidogpggﬁgé gﬁggn%’%?%%ﬁéeeﬁso?’t E(l)lg&ﬁ%c ’ssary to
use met hodyndhroriging rand ndlindinatiny owe¢rceimpiellfoi patpht digital Signalnofairacaiveder to

have correct receiving. Method of the invention proposes a sinple maxi num
pover compasad en smah 2RteRRa; c&mﬂmseéeﬁaraﬂémsrangﬁgﬁ&ﬁggymw ¢dfe| and

can be op T 1 vy B ' AN : el lation
t echnol og%“%‘?“%ﬁ%ﬁ g%jl’ Wléépé%ﬁl\ye I on, 8%@&2@%1& Pé&%ﬁ&?‘{ﬁ?@%‘gﬁﬁ%e com ng
from t hi s atdonitire lin beanofdimer, ahd geiting compositeaedudtd (nul tipath interference
that is not canceled, has tinme delay wwth integer nultiple of synbol w dth,
but its appeali ng.probapility is.|low), so.interference influepnce of

nul ti pat h prgﬁ’a{"ggf E’.“"}g)s/al%oéﬁh‘@}q%aWaﬁlrﬁuWWﬁﬁ?ﬂW?Wtf‘a HH’Ebrpose of
correct receiving is reached. Cal culation volunme of the invention is
limted, w thTRY 6@RtepCANIRIE Imp?iRes:| dentiiildbing i sifidircamedmdodtharsisan y.

Al t hough net hod of the invention points to nobile comunication systemwth

CDMA, but oztpusied dyrheam foamernrand detecting signakionpnite wfip of Seaining saguentes

conmuni catj | f u VARSY e . (F and
time divi ts“u“%‘ﬁ fﬁ%ﬁ!@%%@%@aﬁﬁ(ﬁ%@ e e‘ﬁai@%r :“%{"1 %‘gcrg‘?aflﬁé awi ngs
Figure 1 idiredtlpatpustédand theSprocedfuty B dhidady whemthe Sipdal-rmhoike rationiguesscat i on
with smart antennpa. Figure 2 is a principle_diagram of signal-to-noise

rati o det dban Bresheld valugcusssedingsicps ars*ecyed-spart antenna output in Fig. 1.
Figure 3 is a flow chart of interference cancellation nethod of the

i nvention. 6 /Q?()ﬁ/ i s UGt i1a ser
termnal for 'FT!(,) |?%esc mmtﬂ%gr??d;mnﬁkéﬁb%g{lﬁ%%%agﬁggﬁlt ﬁgﬁ nvl’eﬁdth?dg]nwvn\;#h

enbodi mentframdthdr tenmings usersarthis inthe fofmadteaimmfovarking code deamnel; allingn det ai |
in the foll ow ng. Refc;renci to Fig. 1, it st@owa at Pi caL base sltation

St ruct ur e SBFEA; PRSI Kroth pting, SoramBLOE beds 1o eng SERQBRNE 90 RSAPRY  f on
system or |l @igs sighslf shiRtiny StHRMuH e manhpah signahwhodR dnefit iSpicatdrt mai nly

includes N identical antenna units 201A, 201B, ... , 201N, N al nost
.identical thamthieshold yakusdiom thesaid digital signalg¥ity(mpardgetting the spid N (k. r adi o
frequency transceivers 203A, 203B, ... , 203N and a baseband si gnal

processor 204gy, 5¢ing 5%2{81&‘ ?Ht‘ﬁr}ff)éirgtnﬁfi‘ Qﬁl?étﬂhég?ﬂeg af%%%rgtggfgﬁﬁinal users andO3N use

a sane | ocal oscillator 0 guarantee requency
t ranscei ves imforined beans ofitheemarking code channel, is to solve other code channels signal

voltage level in the working code channel beam.

The said step C further comprises: moving sample point position individually
within one symbol and getting multiple sets chip level signal; solving correlation for
them with known scrambling code and getting multiple sets output with energy
greater than threshold value; adding known scrambling code to the output and
recovering multipath interference of multiple sets with sample level; subtracting

multipath interference, coming from other user, from digital signal NS,(m) got in step



* A1l radi o frequency transceivers 203A, 203B, ... , 203N have Anal og 2® JUN 2003
Digital Converter (ADC) and Digital to Anal og Converter (BDSTEN0SB79 nput and
out put signals of baseband signal processor 204 are all digital signal;

radi o frequency transceivers 203A, 203B, e 203N are connected with
baseband Bj supatposingaeais path2@d ninyltipath sighalsgfde dhating] ingphabeeoinddenciand c

wor ki ng principl ey of base station with spart antepnna and worki.n t hod of
arar t ot B5iHAE Pose Gowmiel susel vaBa et wraReon SaieE et A2 sefRinbling, e

Di visi on Eup)fixe s 88HhERAt e REBIOVMLS bPR* MidrnePkiRn th¥Vi hesiel

Communi cation Systemw th Smart Antenna” (CN 97 104039.7), interference

cancel | at signalrafiehinterfesence cancellatiane wharerkeis @ny peritive igieaer. of the invention is
al so inplenented in the base station structure. The invention does not nake

The i nvent o MG seafehYECACRAP Fris AP IR oAl RAF sGRBAC SRR e ° 00,

descri besnédiee re&ﬁl e eanpla hugibess! Within®ich eHipf dmes epread spegtreingioafficient

Ref erencing to Fi 1 and steps 301 to 304 of Fig. 3, under base station
structurethesmyphs fn Fig. 1, smart antenna working node, inplenmented in
baseband signal processor 204, is described. Suppose the CDVA wirel ess

comuni cati o Y. i i { : : ant enna
cyatem consi SYESARERD £ colpisst, slbuf3plfh ARARYS gkl gk, Qb 20

f eeder calfdoasotherctenhinaldiserst fremudipital signahNSginy gotsat stehdhta cahcelemdiipathg | i nk
is taken as fim exasgllfie for ?escri tion, Et eg 301: after receiving signal,
fr om ant eMHEfI%IRRGe coming;irom giReitefaipalNselsn o) ogy to digital (ADC), and
sanpled by i h radio frequency transceiver 203i, it outputs a digital

si gnal, knowTiRssafd t&p D iveekes oflshpl® 18vel 2dhal sigifilsRdnBérne P are Rorittedadt er
digital signal s~(nm) ‘is synchronized and its over-sanpling is elimnated by

bl ocks 216ampladevebsighdlp | evel digital signal is got, known as si1;(n), where
n represents n h chip; step 303: after chip level digital signal sl i(n) is

de-scranbl ed - o] X , (o .t oK
nunber s of co’g{e% gﬂﬁsﬁ?@??@?hé%p%g R?éévé’?‘%sﬁa}é%gp,g Simnglanﬁglg aO)% @a?lg?%tﬂ\ﬁﬁgr e |

r epr esent smiltiputh yritex@rencet signal Ldmihd froth setisidesess, gétting dachcdtap Ralue;saftpol i ¢

| evel signal pass K beam formers 206, respectively, with certain beam
forning céfmseambling pad Ae-sprepding with Ay spread spectum4ods, Seemrsiae PR and it s
conposite e a9 o ( = eaindidence Liher H r~
(1) (1) © ahé piliipdt st ‘id,“t“ﬁ,ésff&.“? %?%ﬁgxtkéﬂl i )“S&gn ase f‘g?’%ﬁ%’b&b%hg?fi ci ent
of | ~h cogettingawtmitting)sighdl dftemkinterfbrencal sanvgllation; aften domedulgingp geliting

al gorithm S (1) =%, ~ * 2) where x~*(1) is conjugate of conplex nunber
xk~(1), tﬂﬁ‘\?lg@pdé%atﬁ@ﬁfﬁnf%k%’?rﬁfﬁ Cﬁ'é“teﬁ?t}(m\?\k with synbolic level is got, where
Rk(l) is the output of smart antenna system In tinme division duplex (TDD)
system when The daid¥tefsiRSE, CPhh&®B dafsR iinbiiendecforll Shdn@el®Rose Winglht  Of
each link can be directly used to down |ink (base station transmtting)
beam f or nitPrg§ois¢ Fatiotip leshihan shrosholdyduef smart antenna is fully got. After
output Rk(1l), said above, is processed by such as dempdul ation etc.,
receiving si gigl %@@&e&eAQBE C, ?g{r@;% Qfé'nﬁgd 6t iftlefferefic@BfhcatioR G nifbRW

interference needed to be can I
communication base station; the said steps B, C, D and E are used for interference

-
-

cancellation in user terminal.

In method of the invention, for CDMA mobile communication system having
longer training sequence (Pilot or Midamble) in frame designed structure, as in real
mobile communication system not all working code channels are severely influenced
by multipath propagation etc., so signal quality can be pre-detected at smart antenna
output, i.e., detecting signal-to-noise ratio (error code) in receiving training sequence

(Pilot or Midamble); for channels there is no error code or numbers of error code are



< base station of CDVA systemw th smart antenna, and new signal processiqy 2003
nethod related to the invention. ~ 6 JtINI|~ 8 2 ~ au ~UpPCT/EN00/00170

PCT/ CNOO/ 00170 Step 306, smart antenna system out put signal Rk(l),

out putted by baseband si gnal processor 204, is denodul ated and si gnal/noi se

ratio of ids§ thzfna!sd]'\f’aﬂleSQﬁ’dheﬂﬁﬂlet ?rddﬁssﬁfgt ROndtt iedded, g tBﬁWﬁﬁnbﬂsaﬂy nobi | e
communi cati on syst emis nown can be Ot by a conpari son

b
denodul at channghheesled o he feriwes, processed lzczmtlardfcmaqugm ¢cmpl§)@% 9{ base( s/ N)
detection by 21A if the signal/noise ratio of output
signal is S?deég% pf‘??ﬁf‘?‘%‘é%@“?ﬁ?ééﬁ%&d (Fig. 3 step 307 and Fig. 2 dianond
bl ock), it nmeans in correspondi ng code channel there is no error code or
nunber of er rlarmeheEof the limeatidhdor CEMAaabile comerunidacipn Siffern daving nexecut ed:

the receiving signal is directly out g?utted recel ved data i s out pgotted and
processi ndNesT draiupg Spquepfie (Bilofnen Midanalle} i ifrgmsr designed : Staichiss) of 101) ess
than pres@ipyfar arak héhication! §Rtedf hadil g f(z)h t?'alﬂl ?el?!eoﬁﬁﬁot dehen step
305 is executed: go to the next I gnal ces ng st ere 1s no
traini ng Migambleg in framier ddsigned sunciure b,latthem sy s¢veng lmérﬁmendeamd fegemao need

to detect signal/n se r 0. i.n ste 6 and 307 tep 305, ett t he
oo aF et SR Rt e ep s i oftesais B mediod of Ber Bvention; eage’

bl ocks Zz%ltlﬁﬁgﬁxterferenoe 13%%rtd:hz{v%tcorr§é{9&%§ﬁn§rOcessed code channel is the
code channel used by k " user termnal, wth got |~" code channel beam
formng matrix w, k(l1), beamform ng of received digital signal is made
directly and Methed of thewnamtmnNmkqpﬁ)ses il fsunpiedmammum npower~ cEnpesige’ "

(3) i- -N , n de ¢ annel
bonm f or Ay el ks besrm Toipe e pirfp QR yed Al 2a bp pperald IR SN o |
i s synbol timerber needed to be counted, obviously L nust be |l ess or equal to
symbol nunbers of one frane; definition of W,k(l) is in formula (1); s~(m
is multiple channel CDIVA Si 8nal received hy i as shown in Fig. 1.

The got new de#iBg sheyhanulipatf nnterie r%ﬁthnselﬁtihm t@?*ﬂ@!quppweg@mbx o3 A
223B, ... mveﬁxaéﬁ( ' mbsk oﬁmﬂﬁ%ﬁ réhdeto }rpﬁ’ ml tﬂ{f%ﬁﬁl?é] 09 offie} BRhnels ¢t he
t roce n f I

i nventi on; € processing ure nal rst step consists of
st eps 310 imnahcaled, (nasbtipatid iflerferendd thAf\is 2ot TalEledChiXOfime Idétyswith imtegesi st s of

step 314, third ste nsi, s of ste 316 a urth step consists of step
318; as sl%‘aﬂ ftFﬁgmgé F‘ft SP“‘sftépa %{mgeprq%g?lﬁtypéﬂ,o oHeHterenttes from
other us efiﬁﬂue'nbe bﬁmhnﬁ;iauqﬁepagan& et@ais chiféRld iRk dfaxh}nmqml@ﬁnd Pifbsedtfa! t al

signal NRk(m after beam'form ng, processing procedure is: 1) Calculate
all ot her caupet jeeeivingi igrigached. Cahub@amwbamwf aheemytenmn mﬂmlt@d,awﬁél Si gnal

L oel T " el bSP iR Be AMAEm hoER, - & oo culare Py (1)

K, ot her code channel
total power in k'h code channel is
Although method of the invention points to mobile communication system with

CDMA, but after simple variance it can be completely used in mobile communication
system with frequency division multiple access (FDMA) and time division multiple
access (TDMA).

Brief Description of the Drawings

Figure 1 is a base station structure diagram of CDMA mobile communication

with smart antenna.

Figure 2 is a principle diagram of signal-to-noise ratio detection and processing

procedure of smart antenna output in Fig, 1.

Figure 3 is a flow chart of interference cancellation method of the invention.



S P~ ~Fv(l)*F~ *(1) 1_ L where Fv* (1) is conjugate of conplex nunb@m Jun 203
F,,(1), L is synbol nunbers needed to be counted, obvi ous|dTCNEWOIPd be

| ess or equal to the synbol nunbers of one frame. Then, conpare p" with
threshol d value set by the system if there are U nunber of values are
greater than threshold, called U nunber of signals needed to be cancelled,
then it neangigirad is mehrmctmeilagrmmﬁeserma@ﬁalmombmommmaca@ancel | ed by
spatial filter of smart antenna. For | h synbol, this signal out put can be
repr esent ed i ng spr.ead spectrumfor* F'(l) with u h spread
spect rum &4 RCAAY A¥CRHPB, 4 spectrum signal f"(n) after spread
spectrum soI ve nean anplitude, in 1~" link, of each signal needed to be
cancel | ed: 1 With embadiment and_ dawingswieshaolmey [0f thednvysation 4% (descaibeg i or mul a
(1, a Agai n, make spread spectrumfor this signal and put
t he knom%‘?éﬁ&'h%\eé"@%‘gé‘gon it, then its input digital signal is recovered:
s2u (n) =a * fu (n) * pn _ cod (n) (8) 10 2 B JAN 200a PCT/ CNOO/ 00170 2)
I n NRk( r’r) c Rufelencigg ab hEig. mMyiin shaws asiypial baset statio\Sle@ctprei of gdtelesSubt r act

interference fromtotal input di ital signal .after beamformn t hen i nput
it al | SPGREIRTIGR SHiebeh A APLIIC/SPRANGHRYOR SETSTRAE WHREASHEROB ode

channel ( Eyﬂerﬁ hao 'Wllu%h th %&rt %leﬁh? A Phaldly %cfll?cfeg "N Gdenfiédl Qﬁerﬁgtumtysx (m

NRx (m) - U Operati ons above are going on sanpled |evel,
si gnal 32‘2()11(), QﬁtBJ d. ,b@OIN;aNsﬁhnosedddm!cdampiioeﬁeqmy feéder mabES(Z&A,her e, i t

b red anpled value is I str Step 2,
oo 0o o R S, SRS Rl At AR B L 5
conponent g,glbgdd i Ble rofaéhsbhamfmmﬁdmbﬁeqneﬂ d,r by tahé@verd D@3 geaIMI Ng s
perfornmed 1 n the si gnal for ned above, each tine nové one

sanpl e poQﬁSNmmnd me elomvmcélatcgl Z(D&(tﬂ)guawltw Kred veach cradieb ffrsqeands pn

code(n), orsr | at ed Aty (r}]ﬁ s _got on synbol level and its total energy is
cal cul ate (‘%yerzvm S0 ere;ncE:.n) (1~) n_ where M = M- 1, and Mis nunber

of all chips for counted L synbols. In the above formula, only T nunbers of

i nterference AMesdo gRQUENCY AraRESIvers DORS 03B, 2] 2E3N heve Ahslop ad Dififdn
scranbl e yx~(n) with known scranbl e code pn code(n), and get t h

i nt er f er eif@avertar (DG and Rigital do AnglogiGonyerter{DAQ)ps0 inpyt and(qyfput sighalscode( n)
(11) OCovi Qpghyehahd'SigiROPr60s08 264 28/ EBRA sifdall AdB Heqi¥BPlransi&oES N NI

nunbers
203A, 203B, ..., 203N are connected with baseband signal processor 204 by a high
speed digital bus 209.

Basic working principle of base station with smart antenna and working method
of smart antenna have been described in the Chinese patent named "Time Division
Duplex Synchronous Code Division Multiple Access Wireless Communication
System with Smart Antenna" (CN 97 1 04039.7), interference cancellation method for
smart antenna receiving signal of the invention is also implemented in the base station
structure. The invention does not make any changes of smart antenna working
principle and characteristics, also the invention does not discuss transmitting signal

processing and it only describes interference cancellation method for receiving signal.

Referencing to Fig. 1 and steps 301 to 304 of Fig. 3, under base station structure,
shown in Fig. 1, smart antenna working mode, implemented in baseband signal
processor 204, is described. Suppose the CDMA wireless communication system is

consisted of K code channels, and the smart antenna system consist of N antenna units,



"needed equal to sanple nunbers in each chip tinmes SF - 1, where SF i 36 ayN 2003
spread spectrumcoefficient. Step 3, cancel nultipath si gnBtT/CNOgOONSK( m) ,
cancel multipath signals comng fromother user and get SSx(n). Subtract
i.nterference data signals exceeding threshold value frominput data signal
NSx( 1) getN radip Atquenepfcdder dublesrml N paiohfréquency wamoeivers; themi’sreceivingg f r om

ot her users_are_ cancel ed: $SSx =NSXx (m - ~s3,~(m (12) r_"~'r_ 11 ~

, ~1~~ ~~~ linkts %@P%@W@ﬂﬂﬂf%%b@&ﬂ% is going on at sanple level, s3,~(n)
shoul d be transformed to sanple level to forms3k~(m, here, it can be

consi dered t hgepeAbh S$RIMEQiVMAE Yhnab PR Mn¥erklh Sirid DO1ieG iSStevefted Bt OUL put
RSk(1) after interference cancellation. E;'om sanpl e value SSk(m), i'n which

nul ti pat h analogy fterdigital (ARG andfsampled: ber” uadie Sréquorcybtrensceizer 803d it each
hip level digital .sjgnal val k i t 7 nai th,si of | ~h cod
channer |+ ouGii Riedl SR Rt St Madshats ' hinlioB PosiRia: Bher o, °°%
w th de- S%ﬁtﬂ?kéﬁkl?llwfiéﬂ@yxﬁzﬂf&%d%ﬁe% Wéﬂ-é&ﬁipﬂﬁ% hrailﬁma@%fym n4g) code,
a

out put signal RS ter interference cancel ed can be got. Further,
denpdul at dh¢ma shipplegelodigitalr signal ds goti knowmae 5§69 ewberegnmpseseatsizonchip; fi nal |y

rocess ot S Bt e YY) BoREIRS o1 o 06 SerPoRl e R Sprel SO v
error code0sj then ittib sepRENEEHt0 Kaiuthbelfeodd chindelzgnmbolie 1d¢el sigwat, Kivmgnal - t o

noise ratio greater than threshold value) to achieve the purpose of
cancel i ng 3rtd s whesgck rapsesents 1 cymbob et eP4: therfomumbgrs: of epdp channgk shows

CDMA user \; td i Ian. P udes

ant enna. 4oL HEPLG teveY S s #°4Ban TEIRE 05, reifect R AR coldin' il

digital tcfommgmgmposiwealgenithﬁf)%eaﬁdiﬂkmedﬁaimg bsargrisformed @ad s rcodiPbsiteA met hod
of the invention wl| be inplemented in baseband signal processor 405. In
this strudf %‘?gehﬂtdﬁlfepé?segﬁglaﬁg to digital converter 403 can be directly
used for input digital signal NRkK(m) nmentioned above, then interference

cancel | ation i s made,by, fitst  step, 4,0 fourth step nentioped above. During
first step, which caﬁ’c@Ei N“r(?)pé‘taﬁbsi gnhal s com ng froncn?gt her users, those

mai n path signals F~(1) can be directly got by de-scranbling and

de- spr eadi ngm%m% 1%;191% VD) isaoof@foﬁﬁﬁgilcgagﬁieﬂpew 80 dhbnril ¥ 6

directly fromftornul a ne ove. e 1nvention nethod, beam

f or m ng i dinkawherdsing maaimirapewst composite aligerithnhhe i nventi on method i s used
at user termnal, receiving signal received by user termnal itself is the
menti oned digital signal NRk(l after beam f orm ng; acc(g)r ding to

Wy () = x, *(
where xu*(l) is conjugate of complex number x(l), therefore beam forming
matrix W, with symbolic level is got, where Ri(l) is the output of smart antenna

system.

In time division duplex (TDD) system, when up link (base station receiving)
beam is formed, weight of each link can be directly used to down link (base station
transmitting) beam forming, in this way advantage of smart antenna is fully got. After
output Ry(l), said above, is processed by such as demodulation etc., receiving signal

can be got.

Referencing to Fig. 2 and 3, they show interference needed to be cancelled in
base station of CDMA system with smart antenna, and new signal processing method

related to the invention.
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received by user termnal, with the four steps mentioned aleoE00/00170

i nterference cancell ation can be proceeded. Although technol ogy schene of

the invention mainly points to CDVA nobil e conmunicati on system but after

si npl e vari argiep 306, smartmtennapystdnt bytpussignal R buipaited byrbasebard signay st em
with frequency division nultiple r@gc_ess and tinme divisi,on nultiple access.

. i
Any t echnPEICEIHOr ZRfs és @59196?14%@ ands BIERRLMOISH qrage R U HEAIRING jgApence 18
conmuni caty) : ad) daedd ; a and
basi c know} %@8@@#‘3@?5 ?{l%ﬁ%es .HE%@{ ﬁ%@g%%ds}g?ﬁgﬂ,cagdﬁ )ﬁtggf gﬁaﬁ%hﬁq%hgp?t y smart
ant enna syget by acoarpdrisen)t by tkhelemetblatiop nmite 207 AHy207s i.Hv2IVK @and Knd use

it | i bi | i cati ' l t Th
et hod  of SEHRAGRRALS G deisras s onteh oF - eLakitt e SHBSl s BB hod,
whi ch can opﬁuﬁbﬁﬁgggiﬂ] SN TR Qew IRREEHOSR LIRS $i4p 130 43l F3g B HiahRMH O

conmuni cati on sys I't makes the system uses snart antenna and at the
same ti meblackkrif meamcin edrrespendingscadel chapied theae lis pe eprayaedecer numbesrefel ed and

h bet t t . Al t hough ' f the | tion | i bed
nor 6, “but cBBUPRIH IS5 RE Vo DA TER e R by Freduil W PR sleBalle0r ¢ per o
are many w&eé@n%squt@@,_ received adita ~is" SutpMEl Gh8O0prB6kERg Clsaleni@edy , if Athe

interference cancell ation nethod based on smart antenna, wherein the method
conpr i ses signal/Raiserratie afrptpnidigngl iscdessithan preset ithreshotddig.castep 3@kanskléigs f or nmi ng

algorith ki n form f.or t QU lgltal si f.a jever
based on n?rfﬁ?a'{m cﬂ?lgﬁlﬁg}’hep ﬁ@ﬁ %gg tl%)f’f‘neghjtﬁg's%q gotﬁé h?’g is?gdngpé’ﬂoaﬁs&n’g SF@% ifgs ent ed
as NRK(m theaé isaio 41 s8GuEN0Ein WheleS donimpiiCfidatsystem thée thde el nsedd m
representi ng sanpl e paoint; B. canceli nﬁﬁﬁt her users main path signal

i ncl uded ithdetpet sigmal/pgiseiiagip i step POhand 3N n) after beam forming, getting
anot her set of digital signal, represented as NSk(m, which only includes
needed si gnal si@n@031 bethifh thd Gl (Rgitul Siklal NRYGH)Catter IaRE R HiAg) AnfkOHE
channel and m ?ﬁe]pre’s %tllﬁ%g sa Igﬁ%oi n%g;%ac. é‘@gr%hirng In digital signal
NSk(m) ancagiettouhin blodksAA2A, 2228, s.i, §A2K. First suppeseguocssseidaode dhanpehis
directi °"the code channel used by K* user terminal, with got & code channel beam forming
matrix wy(/), beam forming of received digital signal is made directly and a set of

new data NRy(m) is formed:
NR,(m)= ) S,(m)*w, 3)
ju]l-N
where k= 1, 2, ..., K; wy is mean value of ¥ code channel beam forming matrix

within one frame, it is:

e =g Zm) @

where L is symbol number needed to be counted, obviously L must be less or
equal to symbol numbers of one frame; definition of wi(l) is in formula (1); si(m) is

multiple channel CDMA signal received by i link, as shown in Fig. 1.

The got new data signal NRy(m) is sent to K multipath processors 223A,
223B, ..., 223K, it is processed with the new processing method of the invention; the

processing procedure mainly includes: first step consists of steps 310 and 312, second
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digital signal NSk(n); E. superposing main path and nul ti plog/opedidoi’i gnal of
wor ki ng user termnal in phase coincidence, getting a digital signal with
i-nterference canceled. 2, The nethod according to claiml1l, wherein it is
char act er s@epctoh&iats ‘of istept 314, Slditdistep epnsists ofisRpt31diapdtfelirts isgpadonsikts dfr ecei ver
based on smart antenna is in sanple level. 3, The nmethod according to claim
1, wher ei stepB1Bsasshayvadn Eig 3ed that: the said step Ais perforned in a base
band signal processor, conprising: synchronizing and elim nating over
sanpl e for ouk I Qb al Sl I i Al na;
de-scranbl i nglggét-eg'pérgga |nrl1a;ih%2§1 %’?ﬁ\ﬂogf{rifg&iﬁ%eg?{%}Pgaglggﬂ&g%ggﬁéé%%ﬁﬂsi gnal ;
formi ng r eignalvievgl éakf béanevetr inphi wigital tsignak MR fmyr afterg beamfoshing, atsgor i t hm
in beam forner, and ttjng conposite result. 4, The nmethod according to
claim3, RHSEIRE POGUEICKar act eri zed that: the said beam forning conposite
algorithmis a maxi mum power conposite algorithm 5 , The method according
to claim1l or))&alaMé &il Biiek nain pARIBETaE i BEBednhadalcul i€ ofdt Bodet @andelf ur t her
conprises: denodul ating smart antenna output signal, outputted by beam
former, astgnakleet whighds igreorking-cade ehanpelth” dbeam, 1.¢.galeulate sequence; then
outputting 14 PCT/ CNOO/ 00170 the receiving data directly and endi ng
procedure, when the iBna st 0 gpi s& rati o greater than %hreshol d val ue, and
execut i ng succeedi ng"své Ep, FukiénWi & signal-to-noise r&)io I ess than
threshol d value. 6, The rnEthhod according to claim1, wherein it is

characterized that: the said step B.further, conpti ses:.solvi mai n pat h of
signal, whi Chwé%ﬁigs— #’:}orﬁ’x’ﬁél?erfgqefﬁwelﬁi@r%ow}ﬁbn ?sc?q‘f c?'ﬁlém?%r med beam of
wor ki ng code channel ; maki ng spread spectrumfor it, adding scranbling code
to it and recovering,it q;Q)sFmpg | evel digital sign?g subtracti ng ot her
users main path signpaﬂ yng ener g is greater than th e)shold val ue from
the said digital signal NRk(nm) and getting the said NSk(m. 7, The nethod
accordi ng to whek P, 4() i$eshj8dte of céxﬁ;#@f'ﬁﬁﬁﬁé@]’v'(l?,wistéyﬂibol hi¥abé&raneedzal vi ng
a

mai n path of signal, comng fromother termn users and in the forned
beam of wd® lbergpuaisdeokviauhelL, shosld be dass e equaleto the sypmbphawabess Hif gl

vol t age | i Ki ng..C, I t ccording to
i ai s, dgeei e bRl oo SpRE e BRI shrerl JF uBRARY ARG a”on
sanpl e | el valtks dibegrerteh ahanacliroshdid)gcalled A adumblr ofhsigBals rekdddSto be
characterized that: the said step C further conprises: npving san%Ie poi nt

posi ti on icARGeUEgLiAen §t MEans; thatoWeresareitonumper ofetignaly) cannot bp cancslied by p
| evel sig : j { H ' ' ' and
got ting Pyt b EnEERRENAL FOLF Qintl, s o R AhARIENBE RIS, 2
addi ng kndwf).scranbling code to the output and recovering nultipath
interference of nultiple sets with sanple level; subtracting nmultipath

i nterference, mong. fraom ot he Jromdiaital signal K ot in
.step B, super%‘ég’inﬁgggf?ﬁflﬁpfﬁé?' Q%ﬁmi‘”ftﬁ‘d‘aﬁ?“‘s“?’g*ﬁs?mg?%R‘?"- a‘%ﬁ%ﬁ(’lﬁ%ﬂ g’I“’n phase
coi nci dencpread dp&hiubi §igndl FinKaffer Gprad spechiaii lselve ahdad anipliudel 0f 2t figk ence
cancel | ati gn; de-scrampling, despreading and denodul ating sanpl e val ue of

| ~ chann&fﬁaqmaé@?ﬂeﬁgogﬁ@anﬁel dchannel signal after interference

cancel l ation, where k is any positive integer. 10, The method according to
claim1, whereinit is c arTIgt rized that: the said searching in step Cis
only taken within on@=s&f; I,u(éﬁarchi ng times needed eqy}al to sanple
nunbers, wthin each cliilp£tRfBs spread spectrum coefficient then

where R,(l) has been solved by formula (1), #=1,2, ..., U.

Again, make spread spectrum for this signal and put the known scramble code on

it, then its input digital signal is recovered:

s2,(n)=u*f,(n)* pn_cod(n) @®)

10
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claim1, wherein it is characterized that: the said step DrdTiONDG®E70
conprises: subtracting interference digital signal, com ng from other
termnal users, fromdigital signal NSk(m got at tstep B to cancel

mul ti pat h i ntZy eNRppg, cdngelidg othot nguirf patin sigruds; ther MSHad) isiger. Subfract The
nmet hod according tqQ claim 1, i i

] erein it _is characterizeq that: the said
step D is intgHienes, frogintal l@yg’ﬁ}glﬁLé‘@P’gﬁé‘F%g@Bﬁ%@HB& B ’EB‘H\/‘%‘S’(‘@d to

sanple le ] : ; I i Ridheidt 1S
char act er | Boar pR Heam Xomihg St 0RY MEBALCIP el daolt Phame RTCRAICD)

sanpl e valand allfmuttipath praédferemos, canlticigott h i nt er f erence signal, com ng from
ot her users, getting each chip value; after descranbling and de-spreadi ng
with J~ spread spectrum code, supglposing main'path and nul ti path signal
comi ng from wor ki ng ¥8(m)ralVR (g0 ;S%Iﬁme coi nci dence, (O hen getting
outputting signal after interferenm€® cancellation; after denodul ating,
getting needed result after interference cancell atjon 4, The t hod
according to OPHAHONS abpvs &g, gQing sog g rlpved signal :sjztt(ﬁ)s Q‘Qpﬁesbteeps A,
B, C Da ' f n I aj; . £ =0l se
Patio s ISESCFREET ehBpRl B R S R e Bt e v
wher ei n i tsampledhatmads evanhedistribated. t he said steps A, B, C, D and E are used
for interference cancellation in nobile comunication base station. 16, The

t hod dj l.aim 1, wherein it is charactewized.that: th id
Cepa B " oA 2 Beatif il Boivd B o adth ob B BReHE oL ASY AT SRyl
E gr@g\lYg $|_ W)cg @h%rlkts disfribufeddn thidfohRed\beAn diicEtiohy; fhe Darching ik phfoiddiin. A
/ g8} xs ni d _the fligitplsignad NSe) dpungdabpee jeael] Hmf aeqve Mne supplg|poit aragdgdt@a) cal ca]

A al ¢A ! e Kf - Uid Z
Tonv] cal caupesgteTobiorER bR SRutOr <k I ST Pl sk P ca e
ca] c"a] ca]syaitbtrutlcanl ¢ \thiabenezg3\s calculated:

SIT"["p" X" " #N##" % ¥B% % %8Bkt 0) e Zi d_ZUV] caV] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca
] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calca]ca]ca]ca]ca
UARRRT' E ' (X(((Prs* Qi) * y * (n) (10)

.. T0001{vqgl gb] XV] ] ca] ca}€#] ca] ca] ca] ca] ca] ca] ca] c$a] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] caV] ca] caj ca} ca] ca] ca] ca] caV] ca! 1123a334544445a5f 5g5v555A66889
Q- where M" = M - 1, and M'is number of all chips for counted L symbols. In the

<v<<=r =t == alca c c alc al.calcal cal ca] c”al c
a] ca] ca] caﬁ%}cgg% é’%]\"% béﬁiﬁ%&gﬁ% §ﬂni?q%e§?%c§]%lé%°?% §\§J=’§&=§%]2§SL slf‘}@(lm"(aﬁl% L‘]????l?%
@ a@ar hed Stibrb kos@mblecya(s)awith MnowhaeMntbl ¢6dd palcodd(hs abd gbicéV] ca] caV
] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] caV] ca] caV] ca] ca] ca] caV]ca

AAAAAAA- BIBIEHS BB pdnpYda PEUEVEbEQEE~F| wr | gb] Xhb] XSl g] ca] ca] ca] ¢
a] cal] ca] ca] caU] ca] ca] ca] caV] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] caV] ca] caV]

(l:f/} g:\lj]] e 111 1S IR N SRR KKKz oj d_¥Hhb] xsi g]1 cav] ca] cav
IV o] ca) L avPBiichdl o el alcbihe.s b malk SRUHIE Rpe SUbakSERELDS MHTDRAIN- NN

OOX0O OOz : a :

)Y ca\?]qcaﬁ:ea\/] ca lgaz'ii\r}]t)ca] i;ag] ﬁb/]g%:rg]ll%:ﬂae\%@%ﬂacf@a?@gi caj c;ﬁ}’g\gh r%aEiF c%as] %:péiaga] caV] ca
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10%¢& () - FR&OfOGrdal- spactrum using K* spread spectrum code, output signal RSi(l) after

interference canceled can be got.

Further, demodulate in step 320, a result after interference cancellation is finally

got; data is outputted and procedure is ended at step 308.

Obviously, the process said above should be done for the entire code channel
which have error code, i.e. the process said above should be done K times (signal-to-
noise ratio greater than threshold value) to achieve the purpose of canceling

interference for all code channel.

Referring to Fig. 4, it shows CDMA user terminal structure using method of the
invention. It includes antenna 401, radio transceiver 402, analog to digital converter
403, digital to analog converter 404 and baseband signal processor 405. A method of

the invention will be implemented in baseband signal processor 405.

In this structure, output of analog to digital converter 403 can be directly used for
input digital signal NR,(m) mentioned above, then interference cancellation is made
by first step to fourth step mentioned above. During first step, which cancels main
path signals coming from other users, those main path signals F,(J) can be directly got
by de-scrambling and de-spreading without using formula (5) mentioned above and it

starts directly from formula (6) mentioned above.

In the invention method, beam forming is carried out at base station; when the
invention method is used at user terminal, receiving signal received by user terminal

itself is the mentioned digital signal NRe(m) after beam forming; according to
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munication system or radio user loop system.

The method of the invention is also a new digital signal processing method,
which can be used in CDMA mobile communication system or other radio
communication system; it makes the system uses smart antenna and at the same time

interference of various multiple path propagation is canceled and have a better result.

Although an embodiment of the invention is described here, but obviously

without leaving spirit and scope of the invention there are many variances.
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- vhere.
109% & () - therf getiing @set pf argttat\slgﬂdgm@ented as NRy(m), after beam forming, where k
representing code channel and m representing sample point;
B. canceling other users main path signal included in the set of digital signal
NRy(m) after beam forming, getting another set of digital signal, represented as
NSi(m), which only includes needed signal and all interference signal, where &
representing code channel and m representing sample point;
C. searching in digital signal NSy(m) and getting all multipath signal distributed
on formed beam direction;
D. canceling multipath interference signal coming from other users in digital
signal NSy(m);
E. superposing main path and multiple path signal of working user terminal in

phase coincidence, getting a digital signal with interference canceled.

2+ The method according to claim 1, wherein it is characterized that: in the said

step A, output digital signal of a receiver based on smart antenna is in sample level.

3. The method according to claim 1, wherein it is characterized that: the said
step A is performed in a base band signal processor, comprising: synchronizing and
eliminating over sample for output digital signal of a receiver based on smart antenna;
de-scrambling, de-spreading and dividing it into each code channel signal; forming
receiving beam of every link with beam forming composite algorithm in beam former,

and getting composite result.

4. The method according to claim 3, wherein it is characterized that: the said

beam forming composite algorithm is a maximum power composite algorithm.

5. The method according to claim 1 or 3, wherein it is characterized that: the
said step A further comprises: demodulating smart antenna output signal, outputted by

beam former, and detecting signal-to-noise ratio of training sequence; then outputting
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terminal users and is in the formed beam of working code channel; making spread
spectrum for it, adding scrambling code to it and recovering it to a sample level digital
signal; subtracting other users main path signal whose'energy is greater than threshold

value from the said digital signal NR(m) and getting the said NSi(m).

7+ The method according to claim 1, wherein it is characterized that: the said
solving main path of signal, coming from other terminal users and in the formed beam
of working code channel, is to solve other code channels signal voltage level in the

working code channel beam.

8. The method according to claim 1, wherein it is characterized that: the said

step B is executed on sample level.

9. The method according to claim 1, wherein it is characterized that: the said
step C further comprises: moving sample point position individually within one
symbol and getting multiple sets chip level signal; solving correlation for it with
known scrambling code and getting multiple sets output with energy greater than
threshold value; adding known scrambling code to the output and recovering
multipath interference of multiple sets with sample level; subtracting multipath
interference, coming from other user, from digital signal NSi(m) got in step B,
superposing main path and multipath signal of ¥* channel in phase coincidence and
getting the K* channel sample value after interference cancellation; de-scrambling, de-
spreading and demodulating sample value of K* channel, then getting the K* channel

signal after interference cancellation, where k is any positive integer.

10. The method according to claim 1, wherein it is characterized that: the
said searching in step C is only taken within one symbol, searching times needed

equal to sample numbers, within each chip, times spread spectrum coefficient then

minus 1.
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13, The method according to claim 1, wherein it is characterized that: the

said step E further comprises: with canceling sample value of main path and multipath

interference signal, coming from other users, getting each chip value; after de-

scrambling and de-spreading with k* spread spectrum code, superposing main path

and multipath signal coming from working terminal user in phase coincidence, then

getting outputting signal after interference cancellation; after demodulating, getting

needed result after interference cancellation.

14, The method according to claim 1, wherein it is characterized that: the
said steps A, B, C, D and E cancel interference for all channel whose signal-to-noise

ratio is less than threshold value.

15. The method according to claim 1, wherein it is characterized that: the
said steps A, B, C, D and E are used for interference cancellation in mobile

communication base station.

16+ The method according to claim 1, wherein it is characterized that: the

said steps B, C, D and E are used for interference cancellation in user terminal.
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