4 A METHOD OF CANCELI NG | NTERFERENCE BASED ON SMART ANTENNA Fiel d of the
Iechnol ogy The present invention relates generally to a wreless

conmruni cati on technol ogy, and nore particularly to a cancellation
processi ng technol ogy of interference in wreless base station with smart

cormun cati on & MEFHEBDF CANCHIING IV I EREEKENGEBASERn Syt am i n
order to raise system capaci tQN SMAREANTENMAensitivity and to have

farther conmuni cation distance with | ower em ssion power, snmart antenna is
used, in general. In the Chinese patent naned "Time D vision Duplex

Synchr onougSadse e/ lol tiple Access Wrel ess Comuni cation System

W th Snart%rrg—?%ﬁﬁ@ 04039.7), a base station structure of

wirel ess commgy) ' ' na_ i s di.sclosed. ]t includes
antenna array co s%gseﬁgﬁgolﬂogn%émg% Eﬁ?@éf tanEnyei‘%pﬁgsa ‘ﬁﬂwlflgl,“catlzo&tf"g?ﬂtﬂ%’i ng

radi o freqamhayoré gediiculathblea candeliationt protessinetketitioldgydbP ihteAEreRERC ih
transceivers. According to each antenna unit's different response to

C
signal, coffitflsss basg station withsmart aptenng arinmserfemmigalessor gets space
characteristic vector and direction of arrival (DOA) of the signal; then

with corre Gh ﬂﬂ{éiﬁ%n @ﬁei ving antenna beamformng is

I mpl ement emm na unit, corresponding radio frequency
feeder cable r o fr nc ranscei.ver .to r is called a
link. By usi ngﬂkﬁg%?%%eéﬁi%?%“ :')'t’%h&bn%ﬁ m, %lfyeil(}i ﬁ@%a}‘ﬂ’f’]ﬁf% ng of
each |ink, cofmunidatien systen, tin ddoRitd traiSdsyRERANCAIACHY, S, ralbh @Y ferh 4BAGHARA! I ty Of

smart antenna can be_ inplenented, under synmetrical radio wave .
propagat i ofRd 9\ haye; farther, corgmupication wistance cwith dayem emassiom peyen emars nobi | e

conmuni cat §;38hnaAS ublaPid &ps@fmuni cation is working at a conpl ex and variable
envi ronment (referente %ﬁeo I%uproposal ML225), severe influences of

time-varying and multipath propagati on have to be considered. In the
patent said afimthe Ghitesspatent stinsed "Tiae Division DiplexByaihlabss CRIRABWRId about

beam form al.gorith f.s t antenn the conclusion is nore
functi onal IRMC’J | wﬁ@%{e}?s @%%W%ﬂﬂ?&h&‘@ﬁmﬂ Antenna" (CN 97 1

04039.7), a base station structure of wireless communication system with smart

antenna is disclosed. It includes antenna array consisted of one or plural antenna units,
corresponding radio frequency feeder cables and a set of coherent radio frequency
transceivers. According to each antenna unit's different response to signal, coming
from user terminal, baseband processor gets space characteristic vector and direction
of arrival (DOA) of the signal; then with correspondence algorithm, receiving antenna
beam forming is implemented. Among them, any antenna unit, corresponding radio
frequency feeder cable and coherent radio frequency transceiver together is called a
link. By using weight, which is got from up link receiving beam forming of each link,
for down link transmitting beam forming, whole functionality of smart antenna can be
implemented, under symmetrical radio wave propagation.

The main part of modern wireless communication system is mobile
communication. As mobile communication is working at a complex and variable
environment (reference to ITU proposal M1225), severe influences of time-varying
and multipath propagation have to be considered. In the patent said above and many
disclosed technical documents concerning about-beamr forming algorithm of smart

antenna, the conclusion is more functionality will be with more algorithm complexity.



1 PCT/ CNOO/ 00170 Neverthel ess, under nobile conmuni cation environnent,
beam form ng nust be conpleted in real tine, and al gorit hrRCEENYVBI78d ti ne
is mcrosecond level. As [limtation of nodem microel ectronic technol ogy,
digital signal processing (DSP) or application specific integrated circuit
(ASI C) canppyerithaMse/mandert mobite rpimunieatibn ténvironpensc dsamnfprming sk beh short

t d. F th_ th | t d
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solve tine de tipath conponent conposition wthin a chip w dth.
Nevert hel eapphaanonslhmﬁﬁmdgrambcﬂ@ut @SIG) cannat impleraen teaeQrnRlex TepbHmee

environnment, tine dela % {.“in ath . propagation conponent is |arger,
anpl i t ude ﬂom‘?g‘ﬁé‘hﬂysﬂf: Bl?fdg ER “®ponent is higher, so interference is
still severe. This neans under this nobile conmmunication environnent,

sinple and reafading Rvile @B conflich Gaidl gsvvel ANsiadpls meaxtimanmt power n01nposltey
cannot solve the nultipath propagation inpt erference probl.em. but

cannot _ t Pmésnmgmly POt @ uobile SPpERIESO Bk N em}ﬂ%pfé
| | | nce
or obl em of 35S ?’iy%aﬁ%h s ﬁb‘? y%&@ glllt élgbeg&fj%lvEQIﬁé’ défa y St @ultipath

pr opagat | ply study technol ogi €s such as
Rake recei Vinpofent.bohipositibe twdthin amhnpnwn;‘leh Nathhalessmmmenm ehileuse
themin nobile cqomuni cation

f Code Di
Never t hel esSOMMYRHCARORL SYHER; \Pé‘agor‘m tqnﬁgglfmﬁ‘\é{ 3@?‘?0 ﬁtoﬁ“A@ng Sai d

above, can &, iRBlitude of QMIRHPALE Prd ﬁMﬁb@ﬂpﬂnehhlsanrt
ant enna. T[‘P}B%%%n reasglr%elgsr%%%ec nglggfl, aseﬁé ?rl; %agﬁe recel ver or

nul ti user dnghnr; s imtgrfcremdepis still peveresThis nopIR undes this Bebilapemmugisation

channel , pses or cancel | tipat.h pane enna
t echnol ogy KQEmEHL, SiplG ?R%%ﬁggﬂnl‘"m, ﬁ]Q §f %ga@ﬁ%nﬁﬂﬁaﬁ Sepdrately,
then after pasei ReIve RN eduligsih f’ﬁ%bpég&u@:ﬂcinféﬁfefdhed problesy, , buti glkal sanmibt al |
users are once solved directly i nvert.i matrix. There is a

t wo- di mensi ﬂmmugbh‘esplveémtemrcam% Iﬂfn@hl@fg;ﬂ Oéﬂ(lAimOblb qoﬁ‘“&“‘]‘@é’@&rsﬁﬂe@t age
and its algorithmis imuature and conplex. There is another nethod which

processes mul tig)Sefe RhChid) @l bfder U 88ive "fidrference problem of multipath
propagation, people deeply study technologies such as Rake receiver and Joint

t
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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 chdﬁﬁgl:;f the result is that not only



*antenna; but at this tinme as each code channel has been separated,
processing nultiuser detection nust be separated for eacHPCEEHYBHANNel ;
.the result is that not only 2 PCT/CNOO/00170 cannot fully bring nultiuser
detection function into play, but also greatly increase conplexity of
baseband sinpoalifully breg switjusesidetestion finctinn intevelay.i b alse gieady ingeasay e

hi gher syste d.better erformance for COVA w rel ess

comuni caf’?’t?ﬁrq%@g?gh?sgﬁn MB@&&W to search for a sinple and real tine
i nterference cancell ati on nmet hod convenient for being used in CDVA wirel ess

comuni caiGuRineASeof the Iiveationt enna. Therefore, an object of the invention
IS to provide a rnterference cancellation method based on smart antenna,

whi |l e CDIVA I n em uses
ef %f_ggiep @%ﬁpo m,sea?%m btterC aﬁ@é EGNCPIBA

smart antennaa si nple ite Igorlthm i nterference
probl em priceless edmipyunicakion systempitdp ageessasy tesearch foxra s;mplesmd/@dl timg a
better eff.ect. can be er ob t, of the i vent rovide a
set of nedMEifEfeRcH can c%ﬂatlxon ﬁ%ﬁ%@fﬂff‘ H8G Peing, ™ % qT’

nobi | e corpgipmnimatation basealonSnfakt an®nagr nobil e comuni cat ion system to rrake

t he nobil e comruni cati on system can solve interference of various

mul tipath propagation et¢., while using smart antenna. The inventjon of an
i nterference 'Elmferq, #0; et Hbe lwgeen & tos provideap interferencec eancellaliong: A

W th beam &Eﬂemgfnﬁrtagﬁhld ERbb égﬁnﬂﬁﬂl&ﬁdﬁr({p rdhdifife! thm

maki ng bea orm ng for output |g|t signa a recerver based on snart
ant enna, dohmmgmmn rsgstomsades csinad: gitérmia zmidgsimble mexineme powdr acmpbiitlen) ,

after bea ere k res nt|n channel and mrepresenting
Sl & polAROMER, SsteRaRRSR, PO, BOBRAH T IPHb P ORREOP S B8 ( he Set
of digi ta'soﬁﬂeﬂ@ﬁ&ab%(eﬁc@éah% gﬁgam form ng, getting another set of

digital signal, represented as Sk(m), which only includes needed signal
and al| interference si gnal , where k representing code channel and m
representi ng Aafasther pbjest of the daventinn g tprpravige tasetspfmaw digitalnpigasld

getting aldro&'déiﬁé %&ﬂbﬁ, #B2h can be used in CDMA. mobile communication system or

other mobile communication system, to make the mobile communication system can

solve interference of various multipath propagation etc., while using smart antenna.

The invention of an interference cancellation method based on smart antenna,
comprising:

A. with beam forming matrix, getting from real time beam forming algorithm,
making beam forming for output digital signal of a receiver based on smart antenna,
then getting a set of digital signal, represented 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 NSim) and getting all multipath signal
distributed on formed beam direction;

D. canceling multipath interference signal coming from other users in digital
signal NSi(m);



distributed on forned beamdirection; D. canceling nultipath interference
signal coming fromother users in digital signal NSk(m; 3ICHRCOGNGD 00170
E.” superposing nain path and nultiple path signal of working user term nal
in phase coincidence, getting a digital signal with interference cancel ed.
In the said sEp supeposingtmdlh pathaind pndtiple path sigrak of Wetking asee terntinal dmr t
antenna is in sanple level. The said_step Artjs gegrfor d in a base band
signal pr obkase gpincidence, patfinga digitalsignal with iptrigrenceeangeled i ng over sanpl e
for output digital signal of a receiver based on smart antenna;

de-scranbl i ng jp gk kT §85ANBupRCdiLitdIstinAlof 4 rebélvét BASEd\oif SRt afiBAfH Blin S gnal ;
form ng receiving beamof "every I'ink Wwth beamformng conposite algorithm
i n beam f osameple leyel getting conposite result. The said beam form ng
algorithmis a maxi num power conposite algorithm The said step A further
conprises: de u [ r u | , t eam
former, and dglec%a?é]gs%i éﬂ%l ée[rg&?g?gg ?%tgl&ob%l?d ?@?n?ﬁ%géssg}éuégg@égﬁl when t he
Si gngl - t 0- syrichsonizihg cagﬂ &ligﬁﬁﬁh@r o\tdneugniplv &&fmit%ht\édigivl\g, sigiﬂﬁ. ofeg eéoelivm dat a
S i rect utputted and the prqcedute i s gnded; ) n {he signal -to-noise
ratio is | gé‘:?a on-Sipart ApteRna; dg-sg ng < de-spreading,and @W&‘ﬁﬁg & iptoseachegde The

sai d step Bhdndki §6kalCRyHRA . | el ' @f e%#rg R | nes
fromother ter rr%t ngﬁS Users gzﬁgelivg@i n tg‘:’ef,h@g[r%’ng@E Blé%n? of wor E}%Hn@%bggé’
channel ; nalgorithm épbeancifospen andigetfing compositeldisnly. scr anbl i ng code to it and
recovering it to a sanple level digital signal; subtracting other users

mai n path si gnal se er Is greater _than threshold vaglue.fromthe
said digital Z@ﬁﬁ%ﬂp@é&i@é@fq‘w{nﬁ’é’ W ROKRSSOMPOsHa Bt < o) vi ng
mai n path of signal, which conmes fromother termnal users and is in
formed beam ofTheheaidvstefsi A Gurtited coaipaiseie [demodulating SR tdnes oughe sighal)ne!l s
signal ol tage‘é‘lsgvil6 I n_the worki ng code channel beam The said step C
further coRpPRYesbY hsam formaer,3pd dstscling pignalttpagise Talie Of AINiRe sequenses one
synbol and teh Qs ol £ 1 0l | j . L.0g: [ ion for
t hem wi t h ﬁg‘gﬁnthé;gﬁggﬁbﬁbi%&c% é%%%a%éttﬁﬁg“%uhﬁﬁﬁl%égé%/g&%ﬂ'tq%%tdg‘!\?ﬁ% h

ener gy directly outputted and the procedure is ended; when the signal-to-noise ratio is less

than threshold value, succeeding steps are executed.

The said step B further comprises: solving main path of signal, which comes
from other 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 NRy(m) and getting the said NSy(m).

The said solving main path of signal, which comes from other terminal users and
is in formed beam of the working 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 NSi(m) got in step



“greater than threshold val ue; adding known scranbling code to the output
and recovering nmultipath interference of nmultiple sets w kT/EMNE | evel ;
.subtracting multipath interference, comng fromother user, fromdigital
-signal NSk(m) got in step 4 PCT/CNOO/00170 B, superposing main path and

mul ti pat h Biisgpaposiig Hainfusinasd muhipathesignat of Hbélweneldn phase cgincidencs ande km

channel sanple yalge after interference cancellation de-scr | i ng, de-
spr eadi ng %ﬁ%‘&fgﬁkg G“%‘E‘P’rﬁj’@iﬁﬁlge rd’éte’g?reﬂfﬁ Wﬁﬂﬁgpn’ %%ﬁa’é‘i@\& Hg' the km
channel Sptag iSferdodbiRithg SARGR vaRR T # bl (e beitilg e ANyhanast tive

I nt eger. e sald searching Tn step Cis only taken withrn one synbol,

sear chi ng signabafterintedferdneseantellationwigre £ i anyaositiveyinteges. each chip, tines
spread spectrum coefficient then mnus 1. The said step D further

conprises: su [ | f LGLial &1 , ' er
Corm nal user oh% FRgHehbIh SEPCRIF offldpkdt wihfhe el Warching B

mul ti pat h ndedédéqual fsaenpié gmmbers,onitlig chetochip) thnes dpeeadi spadtruns eoetficiéhe sai d
step Dis taken on sanmple level, and signals concerned are converted to
sanpl e | e BN BYYSAL . The said step E further conprises: wth canceling
sanpl e value of main path and multipath interference signal, comng from
other users, gt didgiepdsRuftik eoaég'iée&:suﬁﬁa&fng,iﬂerfé&ﬁ&mgm@ag cBRiRPr eadi ng
wi th km spread spectrtm code, superposing main path and nulti path “signal
comi ng f r ofrommther tepminel nsers) from digifahsighal ES:)i got atisier B, to carag! myllipatng

out put ti n?ﬁ@i‘%’%nal after inte ferg&cz canaéel | ati on; after denodul ati ng,
getting IFOFR SN QPTRe P AP P ENRE U84 rcel | ati on. The said steps A

B, C, D and E cancel interference for all channel whose signal- to-noise
ratio is | essThbasidistepdS iiakervén sempld level; ahd sighslp sorteri@d e corverted fo ar e
used for interference cancellation in nobile comunication base station;
the said staEple gvelsignal.and E are used for interference cancellation in
user termnal. In nethod of the invention, for CDVA nobil e comunication
system Ravi NOTH. QA fep's Ririhel Soriiiie T bdlck iy Qlngle GATOLEalr/ bl AP
designed structure, as in real Il e communication systemn al I wor ki ng
code channmulipathcingeefeeanet gignalf comingcflom other users, getting each chip value; after

de-scrambling and de-spreading with #* 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.

The said steps A, B, C, D and E cancel interference for all channel whose signal-

to-noise ratio is less than threshold value,

The said steps A, B, C, D and E are used for interference cancellation in mobile
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



by multipath propagation etc., so signal quality can be pre-detected at
smart antenna output, i.e., detecting signal-to-noise rateparofNewwow code)
.dn receiving training sequence (Pilot or Mdanble); for channels there is
no error code- or'nunbers of error code are 5 PCF/ CNOO/00170 |ess than
set val ue jeskiRih Setrdahed, themoAfRthet Pebdessinpis neresbeded, iin thisi wayvaymberstofr s of
channel needed to be further processed is greatl ecreased and_conpl exity
of base Isharnelpegdsd t beduthsrpyocessed ’éa&f?ﬁsigfo&grea anq ¢p F”H%Of)gasf:he

i nvention, . ' Qﬂfit{# kon system having no |onger training
sequence Pﬂ%‘?%‘%%ﬁg | Fﬁ%ﬂ'desi gned structure, or for CDVA

nobi | e conmuni cati on system having | onger training sequence (Pilot or

M danbl e) i n Frmethod ofthgrinvkntion,for CDMAumolilecommunication sysiem haeing@oence and
severe error code channels, fhen it..is cessary .to use nethod of the

i nvent i on 1PRESE FAMIPE SrAEICH (P h"ti Pt é{[‘fi@‘?‘gﬁién Wﬂ@g‘f‘% HERPETE T

recei vi ng.cHRiA pbbiife EdiBmuiiéidn Sybtdih ARVERSloAge tminmr%aequem ORIk or
conposite algorithm which nmakes beam formng in synbolic level and can be
oper at ed iMidapble) iniframe designed stmictuts butothers areseyere miprderencenand seyeseon

t echnol ogy, Q t | | ' Lot er f ce
coring 1 SHEFROGe Efaght Won il HbisRlly (BRE diendl o WREiNe Pl il

i nt er f er ennsltiphthtinteferente nndetlte Havelwsrets roeeiviag.ay with integer nultiple of
synbol width, but its appearing probability is ow), so interference

i nfl uence of Qgﬂti pat.h prgqpa ation etc. is,canceled in a maxi numl.imt and
purpose of cMethad of cthe; vERHQN, prepases £ ségple MaximA¥Mm, BPVEle COMPPSE

| nventi on gisortil Whfbh Mhtldd beRhTRRingGR EYRbGAIevEISRd! dan R bpRfatdd 'R REENt ed

t hor oughl y.” Al t hough nmethod of the rrnvention points to nobile conmunication
system wi ttime.CDMA, but after sinple variance it can be conpletely used in
nobi | e conmuni cation systemw th frequency division nmultiple access (FDVA)

D avi ngs Fi guPste PR ioBlianFiERrick Mepiontiechifil Brodiind b AR
comuni catine¢htionj inbstsofaniltipath dmegference coming from this channel or other channels

is canceled (multipath interference that is not canceled, has time delay with integer

multiple of symbol width, but its appearing probability is low), so interference
influence of multipath propagation etc. is canceled in a maximum limit and purpose of
correct receiving is reached. Calculation volume of the invention is limited, with

present commercial DSP it can be implemented thoroughly.

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 ihéthod of the invention.



Figure 2 is a principle diagramof signal-to-noise ratio detection and
processing procedure of smart antenna output in Fig. 1. FiP§UEN0AHI78 5 f| ow
chart of interference cancellation nethod of the invention. 6

PCT/ CNOO/ 00170 Figure 4 is a structure diagramof user termnal for nobile
communi cation. Enbodi nents of the invention Wth enbodi mrent and draw ngs,

t echnol ogy of Higureidris @ stricsureidiagiam of nges terminal feriragbilejcommyumni¢ationowi ng.
Referencing to Fig. 1, it shows a typical base station structure of

Wi rel ess .cat | o st.e h as nobile communication system or

W rel ess uww,, SYSHer Jnyeﬁﬁ.ﬁ?. Bch with smart antenna It mai nly includes

N i dentical antenna unjts 20 A 2018, N al nost. i al radio
frequency feed®ithcemb 2’62?—‘\‘ technolggyélq}'\!#{p ABYFRHOR 8 %ﬁﬁ&’&‘?&m

transce| Velgsialdin fhe Bfldwing: - - » 203N and a baseband signal processor 204.
radi o frequency tran ce| vers 203A, 203B, ... , 203N use a sane |ocal

OSCI |l ator 208 to guarantee that each radio frequency transceiver works in
coherence. Al IR¢fal¢n@ngrquEEndy it showe @i tipicsl bewastatiostructure ob ygrelersy e

o nput et Risof ik Such o bR boffoilsl lioh 3 48R f g b Plogp)

digital sigpabm étadiwhichvithiemait dntenns Iemadilp mélﬁlibéN 2@stical antemﬁQﬂﬁtsar e
connect ed WI th baseband si gnal rocessor 204 by a hi gh e@% ital bus
209. Basi c 2WAki2Q&Bpr-i- n@pbﬁ eptical; mliquitequency  fee \wor ki ng

net hod of 5 rt a n 2B nese e gamed
"Time Divi SI on "QIR)QN, a(/ggﬁ!l?oﬁg n%é&h &\3&% (?'Rﬁ%h tiple Agcg:glgs reI ess
Conmuni cat |basebaﬁ(j/$igﬂl prdchssBr204. Alit mdiva frequ@dcy irahSetdRes 203A; BOIBf er.ence
cancel | ati t hod for rt ten receivi i gnal . of the invention is
al so i npl e%@ﬁﬁeé}sq [ £3me t}a@ %ﬁ"afait‘ﬂn%%t%%‘{% ‘?aﬁbeﬁfi}"oﬁr CABEEY not
make any ChgRe@ive? tvotlt®inlcoRditfana working principle and characteristics,

al so the invention does not discuss transmtting signal processing and it

only describes interference cancell ation nethod for receiving szﬁgnal

Ref er enci ng t oAHiradio fregnencyt tegnsceivers 2634802038, .Fi g03N haverdaelogde Digitalt i on
SLTUCtUre, converter (ADC) and Digital to Analog Converter (DAC), so input and output signals

of baseband signal processor 204 are all digital signal; radio frequency transceivers
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,



"shown in Fig. 1, smart antenna wor ki ng node, inplenented in baseband signal
processor 204, is described. Suppose the CDVA wi rel ess comROTENGPIIEN syst em
is consisted of K code channels, and the smart antenna system consist of N
antenna units, 7 PCT/CNOO/00170 N radio frequency feeder c‘gbl es and N
radio fr eqM eudly frequersy deader sableshand X radie frequenay trahscaiveiss theak e recaiyingn

exanpl e f | ption. Ste fter recei ving signal, from antenna
unit 201i, “ﬁls é“%&ﬁ%%"é@‘ﬁ@" ‘%ﬁ%ﬁp'&} to digital (ADQ), and sanpl ed by tt'
radi o frequency transceiver 203i, it outputs a digital signal, known as
si (M, where SidpS300:haffsrnigtdiviéig ” frsinemtaﬁﬁ usit 201i, 1dlxglcbﬂ¢emdgsyal si(m
I s synchroni zed and its over-sanpling glimnated by blocks 210, then a

chi p | evel analegyt t9 digitah,¢ADC), apek Sanml@ﬂ/\nl?)’ds 13dioj @Pﬂ“en%éﬁaés‘ﬁ“’ieér?péhéht s nth
chip; ste B 1 | ed
andpde sprg%télqg;z} lﬁélgﬁgbgﬁﬁg s’@g#lisl@ljgggg%gt l‘éaéﬁﬂhﬂgdi%t Ste g(r% of” code
channel sydigiihli sigrady;fh) msgmﬂiromkedcnndf 1tsawer;kampl?ng m/ekimmlatedrl?mmldsrﬁlﬂ I I
synbol 30 nu of cqde channe olic | evel,sjgnal pass
< bearm f or (ER 2 O 1oVek QBB PGBl 20f HAOVE S ALl TS § SPRPSRIICE RS 1 e

al gori t hm gbh80%:Atek Chi ?lé‘?&%igﬂaﬂﬁ%ﬂﬂ%m(hﬁsfd@fsmb?éﬁjad dlde- WQ@' lSlSck r esul t

s got, |t|sreresenedas *Wk(1 I - - N whe
2, ..., K205Antlke(m i} isisspayatashirito Mungquefm |cbmeb$yrmmlmdeved: mgnaieknownt h

i nk, wh wh
Kk (1) T oR o BnPO e Do s” RAR: bep o0t tnd Rufherd oF Sl ebdmafy "
matri x Wk wmﬁblﬁynbal slgndlgp@é K begfit formbier Z06-0cedpkctively, Qith WeRkin Bdant Mar t

ant enna stem In tine divisi onépupl ex (TDD) system when up |link (base

station re g@mp%@aﬁélaogt%rth% linle regpivingrbeamcis formpd andritsromposiéet | y
used to doyg?ulllm (1Pﬁ§g%r§§eﬂte'd%$ transmtting) beamformng, in this way
of s t> anténna 1s Tul i

pud

advant age ly got. After output Rk(l), said above,
is processed by such as denodul ation etc., receiving signal can be got.
R.(D)= ) x,(D)*w,(l) )
i=]l-N

where k= 1, 2, ..., K; wy(l) is beam forming coefficient of K" code channel in i*

link, when using maximum power composite algorithm,

Wy ()= x,* (1) @

where xi*(]) is conjugate of complex number x(l), therefore beam forming
matrix W, with symbolic level is got, where Ry(J) 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 Ri(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.



Referencing to Fig. 2 and 3, they show interference needed to be cancelled
in base station of CDVA systemw th smart antenna, and newcstcsmabi7o
processing nethod related to the invention. 8 PCr/CNOO/00170 Step 306,
smart antenna system out put signal Rk(l), outputted by baseband signal
processor 204 Staps3Q6e s lanteenk systens dutpad sigmal Re(l); atipottaf by basebaml sigmay

' det d. (traini ' j | i cati Qn system
s known, - Pt B0 i, 8eB0dund ad, FEipony TRia okt CLiHER SEHRGe 3674
207B, ..., ddectkd afuimg%;ﬂnﬁﬂaéimﬁsfﬁoﬁi&tm&ﬁwﬁoﬁ agx}h'ie'itnb}&}h}ﬁc%?ﬂw 221B,

., 221K; if_ the si noi se ratio of output sign IS greater than

preset thr&ahby ¢ crmgarisony thyp K3demadativony units P07Apr207Bbl .o¢ 207Ki andrdns i n

correspond; ' r co C.aunber of . error code
o' | oot niRARIBRRE ARSI ahRElcR inds 2218 IAB, G e Remm Boise Y of gna
i's directbfjouptisipiatds greare thaachrekat thréshold(Rig!t3 6p 307 aid PR diRiond ended;
I f the si a%é00|se ratio of output signal is |ess than preset threshold

(Fig. 3 st%c # meapspp porrespoadingiode shannel theraisrnosemgr @gs argumbst of ed:  go

to the neximsi cighs REOEERShAR! AF sbb 508 thEDE chebullf: i Fcllif SEAHSLCE 11

wirel ess conmunication system thenthére 1s nho nee
si gnal / noi dizeatlyt putpintied;t repeived dated i8Qottputtstie and Procegsing i i8 Jerided; 1N Ahé

Lt e i S A kb 5
channel us2diaiond BlodkShel SEFBOMs exbdibd: $8tto thd nexP Sgn g rb?g&%lg% ?tggér {eif’r M ng

matri x w, kl&llé) ,, beam formng 'of received digital sigfa ctly and
a set of 10 18 80 ArakRg AYquencefio wiraless Pmunjcaton §ystent, theh (hdde is Aoweed e k =1,

2, ..., K.,wk i . €. 0 od nnel beamformng matrix wthin
one frane, tomelfelc'ggigwﬂ !l:s\és\%ty?ﬁsge(p%()% aI’.‘ﬁt:"ﬁ?)a}v\,here L is synbol nunber needed
to be counted, obviously L nmust be | ess or equal to symbol nunbers of one
franme; defini Stepn3@f, gettir(g Jhei mpundigitalsignal (NR;(mp iafté) besm forming, this is

carried out in blocks 222A, 222B, ..., 222K. First, suppose processed code channel is

the code channel used by k* user terminal, with got K code channel beam forming

matrix wi(l), beam forming of received digital signal is made directly and a set of
new data NRy(m) is formed:

NR(m) = i-E«Si (m)* wy 3)

where £ =1, 2, ..., K; wy is mean value of #* code channel beam forming matrix
within one frame, it is:

“e=1{ 3m0) @

where L is symbol number needed to be counted, obviously L must be less or
equal to symbol numbers of one frame; definition of wy(J) 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



“mul tiple channel CDMVA signal received by Ith link, as shown in Fig. 1. The
got new data signal NRk(m is sent to K nmultipath processopPSI/CogRi70 223B,
..., 223K, it is processed with the new processing nethod of the invention;
the processing procedure mainly includes: first step consists of steps 310
and 312, sstepooshsists SR04/ thivd 3¢ep ensistsoafméps3t6 aild foveth staptconsisty of st ep
consi sts of s:;']gg;) 316 an].(ezlleqt.o#,rhth step consists of step 318; as shown in
Fig. 3. FiYeR>S eSO 8 thi n path conponent comes from other users, it
is included in signal level of e beamof input digital signal NRk(m after

beam f or m ng, FirktSstep?'cRfi®$ fialDpdlh e6mPoiicht bomeslfromalthdiluaéss, B lid included iai n
path signal in k beam  calculate other code channel signal |evel, which is
i n wor ki ngsigasddevelaph &l beame afninputedigitall signalt MRefn) 1after Yoppm forming,)ity 5) | -
-N where v_= . other code channel total power in Itk code
channel i§”°%§“§gf@ﬁ§?TT5%v *(1) (6) r_ -L where Fv*(l) is conjugate of
conpl ex nunber F, (1), L is synbol nunbers needed to be counted, obviously
L shoul d be | d}€alonlatecalbbthenmainepatly sigoal inukfiheam, célcdlate otheranode cliarme]

conpare pv_.w t hreshol d val.ue se t stem i.f there are U nunber
of val ues %@&V&EW@P&%&%WP%W#&?‘W%EE A ERFIYE si gnal s needed to
be cancelled, then it neans that there are U nunber of signals cannot be
cancel l ed by spatialg filt t antenna. For 1" s ol, this signal
out put can be repr esé’n{’Zai_;"ﬁbu(%t?) Maki ng spread spec‘%syamfor Fu(l) with
uth spread spectrum code and getting the spread spectrum signal fu(n)

after spread saRedy M 250) KeollBPELdR FRAnrclfal poWekin ¥ dok chanfitl i§ach si gnal
needed to be cancelled: - U=11F (I)I (7) "Lr_1-L R (1)

P = SEWO*F,*Q) ®

I=1-L

where F,*(I) is conjugate of complex number F,(l), L is symbol numbers needed
to be counted, obviously L should be less or equal to the symbol numbers of one
frame. Then, compare p, with threshold value set by the system, if there are U number
of values are greater than threshold, called U number of signals needed to be
cancelled, then it means that there are U number of signals cannot be cancelled by

spatial filter of smart antenna. For /* symbol, this signal output can be represented as
Fu()).

Making spread spectrum for F,(!) with ™ spread spectrum code and getting the
spread spectrum signal f,(n) after spread spectrum, solve mean amplitude, in &* link,
of each signal needed to be cancelled:

Lol ( IF..(I)I) o

L\4&4 R,()

where R,(I) has been solved by formula (1), u=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,()*pn_cod(w) = (§)

10



-where Ru(l) has been solved by formula (1), u =1, 2, ..., U Again, nake
spread spectrum for this signal and put the known scranbl eparamieo/ano it ,
then its input digital signal is recovered: s2u (n) =u * .fu (n) * pn _cod
(n) (8) 10 PCT/CNOO 00170 2) In NRk(m), canceling other nmain path

signal s, them)NGKNRL(ni)scaeelingSuthier atain 'pamemgmlsarthm NSa’mg) tinigat. Subfrac¢t di gi t al

| aft b f th i d t b
ahich onl yﬁq%ﬁefea%g:%h%&%emﬁw Stmah A" beant SRERRG 1ot ARBPLLTEA 1 | pac b
interfer ersgé?al G644 YeEmIBm 151 F)onlsy Maﬁdémhc nee?eﬁ JOHQ cﬁa%)lel (*-chaddepyr at i ons
above are I'ng on sanple 1ev I gnal shoul transforned to

sanpl ed Iemdlallmuitipathi’ntenfgrpn@ecmbagotz:an be consi der ed that every sanpled
value is evenly distributed. Step 2, search and solve all nultipath
conmponents in NSk(n). Search nulti conponents distributed on this

formed beam direct i oNS: @he= NRmIi 2.&”‘[)erforrred in t®k digital signal

NSk(m fornmed above, each tinme nove-%one sanpl e poi nt m and get a new set
sl k; (n); with _known scranble code pn code rre ot on
syrrbf)l)level QREFaHoRS (ahpYs aéﬁeg‘ag}gpgn %ﬂ"tﬂﬁ?‘%ﬂs&"ﬁ dé%‘p %B"l‘ld 31?9 * (n)
(10) wher rdvsformMi to Jsam%wa el fammm( f hérb) uc&ahpse CoRsidepeed evessynbol s.

In the above formula, only T nunbers o i nterference whose ener gy exceeds
t hr eshol d sagiplad valyeds eeenly disttibuteden scranbl e ykt (n) with known scranble
code pn_code(n) and get t h interference value in input data s3kt(n): s3k<

(1) = 1+ () Sieplcou58 Qi MmN Dokl 1 O Slrdmlphce

within one sy sear chi ng nunbers® nee equa [ Runbers in
each chi p ¢dnﬁpmeﬁ5 distributedhen ¢hiSforned beamatirectiqrs the saamlmg‘ﬁperfenned{ft ep 3,

cancel pat h s , cancel nultipath sjgnals comng from

ot her user ﬂ&g‘\j&lg%a&w) fSUB?“{&?P’e’I €ach fime TagNe "&a?f“é‘Pt"lfi%“atllg apd ge¥di ng

threshol d N&¢ 4& s1y(n); with known scramble code pn_code(n), correlated yy(n) is got on
symbol level and its total energy is calculated:

Bi= 334" ") (10)

where M' = M — 1, and M is number of all chips for counted L symbols. In the
above formula, only T numbers of interference whose energy exceeds threshold value
are retained, then scramble yy(n) with known scramble code pn_code(n) and get £

interference value in input data s3g(n):

$3,(n) =y, (n)* pn_ code(n) (11)
Obviously, the searching is only made within one symbol, searching numbers

needed equal to sample numbers in each chip times SF - 1, where SF is spread

spectrum coefficient.

Step 3, cancel multipath signal. In NS(m), cancel multipath signals coming from
other user and get SSy(rm). Subtract interference data signals exceeding threshold value
from input data signal NSi(m) getting at step 2, then multipath interference signals

coming from other users are canceled:

SS,(m)= NS (m)- N's3,(m) - - (12)

t=1~T

11



“frominput data signal NSk(m getting at step 2, then multipath

I nterference signals comng fromother users are cancel edecTeBSRo/qomp = NSk
M - s3,, (M ~ . (12) t- -T 11 PCT/CNOO/ 00170 The operation is going
on at sanple level, s3ka(n) should be transfornmed to sanple level to form
s3,u(m, here, it can be considered that each sanple value is evenly

di stribut ed. Bheepperatigretis guinguon RElsgplealevely s3@nk sharé vectramsforaiedabi on.
From sanpl e value . SSk(m,, i,n ich multipath,interference signals. from
o1 hor s rsSmHER ASveleion oLl il et Fic by BOTIdHr Tt b Sinle Shliscis
s4k(n) iseggﬂydmightgmth signal of /c code.channel is superposed with

mul tipath sighal, in phase coincidence, then with de-scranbling and

de-spread spectrum using km spread spectrum code, output signal RSk(/)
after interfSteprheget omiput RS« rafise interferemes cancellatinanduomasample, valusp 320, a

It aft ' | ' ' ty ' tted
hnd pr ooedredT CkhEh SRGR-AR Meta B el SbHBt usilS tavE Bedh el D1 ©
shoul d be egdeinehipdeével diimhsipns vahade/ghpispt; mushipath signat of kf codecitheneli . e. t he

process sai d above shqul d_be done K, tipes (sigpal-to- nojise ratiq, greater
than t hr edhRemRosed ayith sultinaths signaly in sﬁ%&@@c 0y {hen w#b dersereantlisgence f or
all code o ' : ) ' '

structur e%&g%&gé%%ﬁﬁﬁeg@%%ﬂg ﬁ%gﬁ%ﬁﬂowﬂmﬁgmﬂﬁ@g%g?@lo%ﬂr adi o

t r anscei ventedféencacaicelgd tan bk gptt al converter 403, digital to anal og
converter 404 and baseband signal processor 405. A nethod of the invention
will be inple ted,in eband signal pracessor. 405. In I s.structure,
out put of ana*ErE elrbdeat?(gfu?a} %%?R/%#(gélrm tf(}%ér‘fiﬁlgerﬁ??eec@flwfagg'ééf ﬁ’@ﬁlﬁg’ I nput
di gi tal sigjf;adatd\glﬁ(lfﬁma@aﬁdﬂaeghuaém\egdedgt%&pisog,erfer ence cancellation is
made by first step to fourth step nentioned above. During first step,

whi ch cancels _majn _ path signals comng fromother users, those main path
si gnal s F, (1) Ob¥iougly. therrreeasy sgigrabors shrauild be doge ifor, therrntize cadsr

wi thout St hivdtkdt doad, 1B Rd (1064 3R W80 Sholld beddHe 'R tffel Bal«Sr O

formula ( ment |1 oned above.
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 NRy(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 NRym) after beam forming; according to

e

12



“I'n the invention nmethod, beamformng is carried out at base station; when
the invention nethod is used at user terninal, receiving KT&Na/00t®cei ved
by user terminal itself is the nentioned digital signal NRk(n) after beam
form ng; according to 12 PCT/CNOO/00170 nunbers of code channel k needed
to be receaumbdrstnf codechannelhk needed to herrecdived bjunses tesménal,vaith thefewr siepsve,
interference cangel | ation. can be ceeded. Al thpugh technol ogy schene of

t he invenﬁ’%@ﬁ%‘ﬁeﬁvew%ﬁﬁe?%“dﬁiﬁ%m§°PE°8ﬁ?ﬁ(§ﬁ1 cation system but after
sinple variance it can be conpletely used in nobile comunication system
wi t h frequencx)itbbughSteclinoldgyt schbmie ®E ¢ls Mvaiitibr mathly puines PNCDMA tlgbile access.
Any technician, whose career is research and deyel opnent radjo

conmuni catcoBmnunjeAtion sysiemebut afige simplevariages Kican bp cempletelyusad igmehilsa and
basi ¢ knQyhesds i . S i . (Qgsgi e Ndididfnl tY
smart antenna sy%atﬁandéygigggr ';:hng gnt hgmrrsgté%g%ﬂg?%pr;%se EE{(/! ?ﬁehﬁhni\éenti on,
and use i tmultipleaadcesss Amybiechnicianjwhosec edreemissiesdasch and devilopmentrratiioop
system The nethod, of the invention ig. also a new digital signgl, processing
method,  \WGPEPRRICAHOBCSYSERY 41IFF OURTIRDBInE PRMHRIE LSBTt #Rlepls A dheBisy hor

radi o  COrgRiQA&iRk 0f QjgithP 5ighal prbceSHHE Tah AEsi AR SsnbliPdrdtedAlsghem and at
t he sane %e éh?%toer%%reniggﬂg‘r var%ié(;’us nulléiy.g%%rqgatﬁﬁsprppag%ti osg S

cancel ed aacdondingetoatheemethod rprepased by thh doygntion, amdbusti el vasfous fmobilevent i on
i s described here.. gut obvi OUC§|§G \{\(A’)tho.L | eaving spirit and scope of the

i nvent i on CFEPENGHOD 3¥FE\PLFFdl0, BT 100PSYBERY cNo0/ 00170 Tl aims 1. An
interference cancellation nmethod based on smart antenna, wherein the

][ret hod colrrpri':mﬁme@hod/\kl:f Iﬂxdogﬁamﬁc:cﬂﬁia_ﬂg) ﬁ?ﬁdw )digiglakigggilqpﬁommgeﬂl _ htlhbii#ne beam
ormng algorjthm , makin amforming for oytput digital signal of a
recei ver DRYEH eAR ?ﬁaPﬁedag‘E eﬁﬂMA IPE{%‘FF FOMmyECalion oysipm (prgother wdigna) |

r epr esent uti&tion Lar 1 WhekSn ! e
channel aﬁ(gm%ﬁrepresgx%‘?%gﬂsggn%?gh{)ﬁ{s{rﬁ@%.s can?gfelnﬁégg(g ﬁi@gﬁglgggﬁ%gi n path
si gnal i ndntedierence of veriome muitiplel pathtpadpagatipuak 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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‘NRk(m after beam form ng, getting another set of digital signal,
represented as NSk(m, which only includes needed signhal ®aUCI0j00170

i nterference signal, where k representing code channel and mrepresenting
sanple point; C searching in digital signal NSk(m and getting all -

mul tipath signal distributed on for}gia¢am direction; D. canceling
multipath interference signal comng fromother users in digital signal
NSk(m); E. superRosi ngeUni i t S f ikithe user
terminal in gﬁagg Coi e ¢ er?ggé,ehég‘?!’?f‘ﬂgg]‘&é’ %Sgﬂbgl lel%%g?hﬁtmwfﬂ?e@f erence
cancel ed. gethtdecoriprises] according to claim1, wherein it is characterized
that: in the said step A output digital signal of a receiver based on

smart antenna is i.n sanple |evel .. 3. The nethod .accordi |+ ,
wherein it is &hiithdeam g’é’&‘qgfﬁf‘t.m‘t ﬁ%t-{‘gﬁiff?m§ Bk e?“b@’??%‘%r@ggﬁl% base
band si gnal_. g ﬁé},gp B RE loalpho dighdD A Vf ! reekive based oMt amgnma er
sanpl e forll%a&%ﬁt |50|qtng SI 8%5{&901 a rgi(i:ei ver bz;sed on smart antenna;

de- scr anbl ithey, gettingspset efidigigalsighati irepresentpdias NRafre), afteribeamdarmping,wasre & gnal ;

formng receivipg beam of eve i nk w rmng conposite algorithm
i n beam f ofFRIPSCNULE, €O g‘?‘f‘?‘?ﬁa‘é‘%ﬁ F?eélw}légaﬁ?@.ggh{n&rhe met hod according to
claim 3, wheren chiicelifig ©ftif A8érs it Patthsignal tihcludad th thoesatrof digitahsigodnposi t e
algorithmis a maxi num power_ conposite al gori E"EQ 5., The net hod a&cordl ng
to clai m1NR(m) aftpcbeam forming, gritingcanothel st (Of Aigital | pienal,, repreSeptfd A4St ¢ her

conpri ses: ﬁ@g %@%% Qg‘.llé @1{1«%& NLRAER QP 4hd SHO i rferCatlePsiphfd whére REAM

former, an 0-nolse rat1o of tralning sequence; then
out put t i ng représen€iig COMOMANIC] @nd rrepresenting sargple gotntdi rect |y and ending

procedure, when the signal;:to-noi ti o eater than.thresho | ue,
and executing gué&%‘@ﬁ‘?‘ggﬁ“Qi%?‘%ﬂi&g@@giggﬁ’é‘gﬁﬁomﬂﬂg‘%g@ s‘?’é‘f E‘SL'}%EXC? t han
threshol d v T hod according to claiml, wherein it is
characteri z@ﬁ?ﬁ%ﬁe%ﬁcﬁ ' step B further conprises: solving main path

of signal, whiBh coocsbingfmultipathhisterferencerisiganl ceraing faors ather; ysersnin digitaled beam

of wor ki ng cod nnel ; making spread spectrumfor it, adding scranbling
code to it %&ﬂfﬁ"@@%‘&’enng it to a sanple |level digital

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 fo 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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*signal; subtracting other users main path signal whose energy is greater
than threshold value fromthe said digital signal NRk(n) B&HENPD1Png t he
said NRk(m. 7, The nethod according to claiml, wherein it is
characterized that: the said solving main path of signal, com ng from

ot her t er thenadceiving slamndiréotlyt amd fending dproessire, ovhenoHiei signadeaoisgatiel | is to

sol ve other code chanpel.s signal voltage |leyel in t ki ( channel
beam 8, %@%@B@gm}%ﬁgﬂ%&%@qﬁ% f:ceﬁﬁlé\ggteﬁs,i elnst%é)%lg{?%%? gl(ral%ged t hat :
the said rsdERsEhis tR&B6IERIueON sanpl e level. 9, The nmethod according to

claim1, erein it is characterized that: the said step C further
conprises: noving sanple point position individually within one synbol and

getting nul tig dheanethed agrordivgto laimal, wheesin jitis characteriged that:rihe spid with
k | ] d d_gett] Lti ] t
Chan ¢ b SXao ottt SRS sblyfe, Al oAt of Sigiald b clied! S8 dlercr, o1 o1

regoveri ngemﬁhzliltdseﬁt iEldi i@tiﬂrtﬁflf(ﬁﬂibd hmnof Wbﬂ:!ci@ emiescﬁlhahneﬂ; mkimfgespkadel ; I
subtracting mul ti pat dinterference, comng from ofher user m.digita
si gnal NSKpegirug foriity adding sgambling,eads 4o itﬁag WON%%&W%MF h"ﬁg‘ﬁﬁﬂgi gnal of

h | QL NGl ; t@m&l SR |
after i s‘iéhapr%ﬁﬁt?acﬁﬂ%'ae efﬁglﬁ?m% iy Otsg,enéggﬁspreadt?ng ar?goma e

! dl
after interference canc ation; e-schanbl i n

denodul at ivaipesiromitle said digitalfsignal NRg(mpend gettingithgsaidiNS(mhe k channel si gnal
after interference cancellation, where k is any positive integer. 10, The

met hod according_.to claim1l, wherein it is chajacterized at: .the., said
searching in Zt gg‘eénf' OéﬁPSPIglﬁﬁéﬂ c\*fﬁ“ﬁ‘f]ﬁ’ﬁ”’%ﬁ@flé ﬁbg}a’racieélgfpciﬂ}a&{gﬂ?isws needed
equal 10 SypgEhe 8f sighdl homiRS FBnCithéd ternliiRISuseR afd ¢h e 6rnicddBeam
coefficient then nus 17 15 PCI7 CNOO/ 00170 i1l The nethod according to
claim1, wfeverking ¢odechatmel,qis te solve othen gode chamnelaisignat egltage fenel i the
conprises:_subtracti interference digital signal, comng from other
termnal u¥ %ﬁg‘foﬁfﬁﬁ#}%{nﬁﬁeﬁp’si gnal NSk(m got at step B to cancel

mul tipath interference signal comng fromother term nal users. 12, The

met hod accor dg0drieomethad ficdorditetd &ildimi 1, whereidit acélRracteited fiadt: thelsaid sai d

step Dis taken on sanple level, and signals concerned are converted to
sanpl e 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 ¥* channel samplé value after interference cancellation; de-scrambling, de-
spreading and demodulating sample value of &* channel, then getting the X channel

signal after interference cancellation, where & 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. _ e
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level signal. 13. The method according to claimi1, “wherein it is _
characterized that: the said step E further conprises: w trtreRemeizn ng
sanpl e value of main path and nmultipath interference signal, conming from
ot her users, getting each chip value; after de- scranbling and de-spreading

wi'th kth spredd.specThe metislicaccotdfy @OGAif01,Wheteindt I charéterizbd tHagithe S gnal
com ng fromworking term nal user in phase coincidence, then getting
out put t i ngSifl steR Dafurther comprises; sybtracting, interfesence rdigital isignalicepmeing drammg,
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B, C, D anihtéfaremesignahtemihg froncethéerminkl wseennel whose signal -t o- noi se

ratio is less than threshold value. 15. The nethod according to claiml,

wherein it is _gharacterized that: . the said steps . A B, C D and .E are used
for interferenéd can T’Wf& ceprding,to aum, Lowherein dt isshampglesized that:dhe 16,

The net hodszg %&pd% Wtken h3hsmiplb: IVl C4fR ﬁgﬁaﬁs boncEfiRl Afd &rivEREd Ed*éa&n;?lé he

said steps B, G d E are used for inTerference cancellation in user
term nal . leyel signal.

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 &* spread spectrum code, superposing main path
and multipath signal coming from working tetminal 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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