5 OCT 2006 PCT/ CNOO/ Q01 * * AND PROCESSI NG METHOD BASED ON
SMART ANTENNA AND | NTERFERENCE CANCELLATI ON Field of the Techyql mgy The
present invention rel ates ﬂmmmmmm\WW‘MLa i nterference signal cancellation
t echnol ogy used in base st | ess conmuni cati on SRECHMHOPI6E h snart
antenna, and nore particul arl yiedi®* a baseband processi ng net hod based on
smart antenna and interference cancell ation. Background of the Invention

cormuni cat| onBASEHANT BROUESSINGMETHOD Bashy ON SMARE s: em
sensitivity andANTENNA ANDINTERFERENOEICANCELMATIONer eni ssion

power, smart antenna is used, in general. In the Chinese patent naned
"Time Division Duplex Synchronous Code Division Miltiple Access Wrel ess

Conmmuni catioﬁﬂﬁeﬁeﬂ@m Antenna” (CN 97 1 04039.7), a base station
structure of wrel'ess communication systemwi th smart antenna is
di sclosed. It iTkd peRentaitivertion L&Y g&iRlyStoes iﬂ&d&@ﬁa&ﬁg@h%ﬁ%ﬁ&&ﬁ””a

set of ¢

units, corresponding radio frequency feeder cables and a oher ent
radi o frequeftirology yErd-ip;base station of gritelessconymunicstion sysiem withrstartsanténhd, er ent

response to HdGRGE: pafifRifiany tofa" &c@&iﬂ'g’}?! gﬁ%&ﬂr gets
space characteri st ipc vect rog'n ﬁ@i’f. on *o tg?drp%g& agl?eﬁigﬁdsi gnal ;
then w th cdniedfeieneeccanedlatiomorit hm receiving antenna beamfornming is

i npl ement ed. Anong them any antenna unit, corresponding feeder cable and

coherent radgQ Qe 6¥ L.yer together is called a link. By using
wei ght, gett I ng beam form ng of each link, for down
link transmttygn eam f.ormn whol e functionality of rt antenna can
be i npl ement ed,f_n ﬂ%’g‘éﬁn tr 8‘5‘}“‘%&6@“ WB‘E’_&Q&FP"&HYIXOWm . WHEESHai n
part of nodeommunitatons systsiLiniofds: ite faise/ SR LdpadiBitd PaiseCHSRI UchdtilRN. AS

mobi | e communi catjon is working at a conplex and’variabl é environnent

(reference 38919 hayeofanhen commmnnicatione distagcq withy daves sceission (pewen smary

antenna is used, in general.

In the Chinese patent named "Time Division Duplex Synchronous Code Division
Multiple Access Wireless Communication System with Smart Antenna” (CN 97 1
04039.7), a base station structure of wireless communication system with smart
antenna is disclosed. It includes antenna atray 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 terminals, 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 feeder
cable and coherent radio frequency transceiver together is called a link. By using
weight, getting 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 wave propagation condition.

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
disclosing technical documents concerning about beam forming algorithm of smart
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and nul ti path propagati on have to be considered. In the patent said above
and many discl osing technical documents concerning about be&nmﬁoioﬁﬁ' ng
algorithmof smart 1 *@0001* OCT 52006 PCT/ CNOO/ 00169 antenna, th
conclusion is nore functionality will be with nore al gorit hPRTEDAPOERi ty.
Nevert hel ess, under nobile comrunication environnent, beam form ng nust be

conpleted in | and . kL | eted .[,inme i 1l,.crosecond | evel .

As linitati %‘{nt&g‘fL" thé eﬁlﬁﬁrgﬁéﬁgﬁﬁﬁﬁ 518 ,°‘8ia§%°f‘ g‘?‘gﬁ&?&

processi ng (eRytholess, ampén ombilo compemidation ierviegnRing Obeain’ forining AkChe Cannot
i

I mpl enent to x real. tine rocessi ng Wit hin such shor{ tipe period.
Facing with %?%%%|%$ é‘i‘f’ﬂ%@f@?ﬁ’&hﬁ%‘?‘ e i%m?rﬂi)iquémm‘il eveht Adn

envi r onnent , limitatisheofanodere alicroble@roaliRER OlightAPdifnal P @yp? qpl y
cannot sol ve tﬁe Juul tipath propagatjaon _problem  but al So canno ( hor oughl y
sol ve syst enfP® %@PWCB&%’EF%FH icpRnQt gnplemertdee eomplextealhimen t he

other hand, procegsifl® withh §ueh\sBork BRI Hefi "¥ing) Lﬂ% id RGve
pr opagati on, eoslﬁg deeply study tegcehggl ogl s%%]%s %(agdrece1 l\lll:édrer and

Joint  Det edhiSJRORjle corpauigation ¢nyirpnmente simipim andh teal sigmet dgonithm o frndre

comuni cat i Qitensy $hEBRSS Vi Sion.. el C W del v

Nevert hel ess, the RaEi(Ja@rcggg‘lg\?ngeoﬂrhé %Pﬁ%é’é&%@@ﬁ?@ﬁ% gﬂ‘h%ﬁ? 8@?’,“ sai d
above, canndhompighly salve $ysteuseapadity profilem ef CRMAMIGbia commuisid@ Bysleinn Snar t
antenna. The nmain reasons are: multiuser detection technology processes

CDMA si gnal of | &1 cha S t er. channel ti I on.and
matchedgfi | ter ,(BEI(?]Je &tg?rcﬁg?dé g‘r gp%kctg @&T’?/éﬂtezpvb?'?ﬂwi r‘?\rfg’ieé’é P?‘ﬂq Ahut  for
smart an]t enwmslﬂﬂgp:}?gyiﬁ deeplya tady g@hﬂblbgiefﬁsﬂgl ferﬂ%CfgcﬁG&ﬁaﬁdﬁiblﬁ
separately, s dj ffi 10 u i versity advantage brought in by user
nul ti pat h; Igacl%é:hg? & eﬁaﬁg?{k‘ﬁgc‘ﬁﬁbﬁ%‘iﬁl‘% r?ﬁ'Gs%% therm inyiebilepmmyaication
conponent , Isysterh bf Medé Divisiof Milfiple IAcatsivABAR! ReeRbYBSN 1R HakD Rétetlal bs Of

antenna array,.also with limtation_ of Rake  recelver principle, user

nunber is sHTHEAUET delegtion derhmolpgin waidkrabpys, epnnot be slireattesised inj mpbisi bl e to
nt enna t ochnol oy By ER U IR ANEES. Th e ol SR 2eB0f 1T
i nrat ur e anEF‘:g’EﬂWﬂYe yprocesses CDMA signal of multiple code channels, after channel
estimation and matched filter, all user data are once solved with inverse matrix, but
for smart antenna techmology, it makes beam forming for each code channel
separately, it is difficult to use diversity advantage brought in by user multipath; Rake
receiver technology composes user main multipath component, but it destroys phase
relationship between antenna units of antenna array, also with limitation of Rake
Teceiver principle, user number is same as spread spectrum coefficient, this makes it
impossible to work at full code channel circumstances.

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 must be
separated for each code channel; the result is that not only cannot fully bring

multiuser detection function into play, but also greatly increase complexity of
baseband signal processing.

Summary of the Invention




There is anot her nethod which processes nultiuser detection after using
smart’ antenna; but at this tine as each code channel has been separated,
processi ng nust be separated for each code channel; the resGI0CTi20b hat not
only cannot fully bring nultiuser detection function into piTaypodowsy al so
greatly increase conplexity of baseband signal processing. Sunmary of the
I nvention 2 5 2006 PCT/ 0/ 00169 In order to have higher system
capacity and bet® QFdehdpshav T [Syslerersppacity; snd bester perfommanes foro@DMAt em it
s necessarywitlegPasiuliition el  if BebekGRY 1ol RN thih SR SRl time
cancel | ation, net hod conveni enf for used In W el ess cormuﬁll @i on
based on snaiteristrnennsanceiiationt gnethodhncastvpmicnt dfor ttmedi iveCDMA ivairdless pr ovi de
a baseband psgeRes soRASE! smart antenna and interference
cancel l ati on. By&ggdsﬁia’aﬁgnég%g new gﬁﬁ]al si gnal processing nmethod, CDVA
mobi | e communi cati on systemor other wireless communication system which
use the met hod, TReefote; @n ohiget of she immention nsitogwovide a basebdndardcegsimpmerhbd on

interferenc | her object of the invention.is to
provi de a s?t’?%):fbhﬂgsw gl gl%wgdéﬁge%;eﬁ?eo%ﬁ%ﬂnnéym Bew digitehe ysed
i n CDVA nobi Signal provessingatiethnd SEDMAmUbile Goli@iunatie Systert OFBkHRE Gl

system and 0§ .éa‘ﬁg vagi ous mi)l)ti p&t h Etréo‘gagat i ong)ssi%nt erference ﬁi | e

usi ng smart BNt ennha Lot Fastenl, high, pseote methad canuss  sweatt sniggpanea &elvhased on
smart ant ennmuldpath propegation ittedarefRRE e lsarhé Bfe. CONPri sing: A with known
user training sequence, taking sanpled-data output signal fromeach |ink
antenna unit ang @gﬁl o fr quﬁgéy, transcei ver to nmake channel _ estimation,
then getting alf Isobigdy gxendion ishiqnpreFide B s§fi oficnewy digital signal

symbol ¢ | eybocssig o WHitPcaicrlsed T COAAI M bile toititunicalio SstenP g5 O

the said channel ,estinmation and using beamtformng of smart amtenna,
reconst r uct i"ﬁ&’ CmoNcaEon; systemy Aafl dan solve ¢iafious mukltipathi propdgatiarddi ng

scranbl e cod&erfémvgﬂwdsﬁgsﬁmtgn{eﬁﬂfl reconstructed signal;

The invention of a baseband processing method based on smart antenna and
interference cancellation, comprising:

A.  with known user training sequence, taking sampled-data output signal
from each link antenna umit and radio frequency transceiver to make channel
estimation, then getting all users response on all channel;

B.  picking up useful symbolic level signal from the said sampled-data output
signal, based on the said channel estimation and using beam forming of smart antenna;

C.  reconstructing signal with the said useful symbolic level signal, adding
scramble code, then getting chip level reconstructed signal;

D.  subtracting the reconstructed signal from the said sampled-data output
signal;

E. executing steps B to D repeatedly until recovery of all users signal.

The said step A is done by channel estimation module, the said channel response

includes matrix, which is related to each user training sequence and is calculated and
stored beforehand.

The said step B includes: making power estimation of response for all users on
all chanuels with power estimation module, calculating all users main path and



D. ‘subtracting the reconstructed signal fromthe said sanpl ed-data out put
signal; E. executing steps Bto D repeatedly until recovery of Lﬁl ﬂUUHJSGI’S
signal. The said step A is done by channel estination nodul e,‘q e said
channel response includes matrix, which is related to eachPQ&¥POPIRi ni ng
sequence and is calculated and stored beforehand. The said step B

I ncl udes: i p .|t | oR O sponse for all users on _all
channel s V\A%NB@?%I’ es rl%ﬁlon OFDEQJI%?&@'&EC anseﬁ%lpguggg?’iﬂ“ﬁﬂimwﬁéth and
3 OCT 2006 Pdstibhiay ©GiZial genstdtoriia gbnepnsveignal] which Bi¢hides chltulsRasises

w ndow; send;ﬁngﬂm | cu %taﬁlgpﬁomer distribution to signal, generator to
generate signar, ﬂ%ﬂﬁe@k e H&EWS%%ﬂP%ﬁ%ﬁﬂﬁemWﬁﬂ%Waﬂmbal ue
power p05|tlmd,gesd@s;&eaﬂaeﬁﬂwflaugi@mmewe}mﬁm ht@ﬁh@fgoriﬁﬂ'ﬂ get
de-spread result of all signal at the power point wth smart antenna

al gorithm Wenggal culating the sai d each user maxi rum peak val ue power
position, adj ugﬁ%n#mge%r“@?e@n‘&ﬂ dpaspum opeak svaliien powes POsHiPBNi tti ng
modul e of t hakustbait pamdmrrmssgnmﬁafﬁ% ié)éénbt&%n@hfihg%éﬁaﬁ. gge%f{)tgl%{%e?f ot her

users and without synchronized wth base station. urt her
conpri ses: s‘&%i%ﬁtd@wﬁﬁaemewm ths singm glokntob® otheat usors emd i wittoubn

modul e si nul &Hﬁgdywit@?gsgsﬁﬁbﬂlg all users signal/noise ratio, executing
steps C, D, continuously for user with | ow signal/noise ratio and

out putting sign_ﬁll result directly for user with high signal/noise ratio.

The said esti natiengid,gep Bfuther comprises: sending deenpraad sessit te aignal/motse ngticis er

power; decigJdinsk .ceptain field .valuye as effective
power; cal cul at ﬁ%hﬁégﬂg\ﬁgﬁ'gl&# er §h8§§1’?33’r°§a‘1511 useR DG FAUOs PEECPIRE power
at their corsteps 6o by iEepntinuoslyefor asdr withlow pgialnoisciReio And SuiphAme simer s Wit h
| ow signal /naise.ratio if their . square difference greater than preset
val ue, and ?%égg“ﬁ%r@”mﬁ"ﬁi%%&aﬂm%%e ratio if their square
difference |l ess than preset value. The said step C reconstructs ori gi nal
signal in signdhersaibesimaingiuser sipahiynoisanatio Eihiisba@RuBERP WG PowesS al |
users signaly ‘g%g %lltiogvath on eﬁlch ang eEng uni t. .

€ g that power greater than certain field value as effective power; calculating

square difference for all signals with effective power at their corresponding

constellation map point; deciding those users with low signal/noise ratio if their

square difference greater than preset value, and those users with high signal/noise

ratio if their square difference less than preset value. .

The said step C reconstructs original signal in signal reconstructing module and
calculates components of all users signal and multipath on each antenma unit.

The said step D cancels interference in interference cancellation module.

The said step E is executed in decision module, until number of interference
cancellation loops reaching a preset number, less or equal to length of searching
window, then stopping interference cancellation and outputting recovered signal.

The said step E is executed in decision module, until signal/noise ratio of all

signals greater than a set field value, then stopping interference cancellation and
outputting recovered signal.

The said step E executes steps B to D repeatedly with an at most repeated
number equal to length of searching window.



The said step D cancels interference in interference cancell ation nodul e.
The said step E is executed in decision nodule, until nunber cqtT 2006
interference cancellation |oops reaching a preset nunber, |éss or equal to
| engt h of searching w ndow, then stopping interference cant@INgxPEHh and
outputting recovered signal. The said step E is executed in decision
nodul e, until signal/noise ratio of all signals greater than a set field

val ue, then stopping interference cancel|atiqgn and _outputti.ng recovered
signal . The sai Ep’ét ﬁenga&?é?lﬁ B’é’c%qOé‘pé‘a'BL?aS‘ %’W?fe&f éﬁﬁfg W?Haqﬁr?‘”g}m nost
repeated nugdarhin@owiatiow JeAdth & thadé feresveshbid@ndl RERY sighal £Ehicked Gnd

PCT/ CNOO/ 00169 It 'is essential of the invention that beamformng of every
mul ti pat h wi $9rmRulatedasa pivagtagssof sRacectivarsityi @dmdwmmea«@rwos@mﬁ'ﬁ@ds usef ul

signal's are i @ieqapiden 3 QUBLA! Siliuptf AMARLBISH YnidnREE HhetRicikly and
tinme diversity are nostly utilized;, “in this way even i1n a severe nultipath
i nt er f er enc econditionnbetier msuls can alse bé goe Cakeulation dolinerf thetmethod s Emited can

ol ement od rE: oo e Bd iR ol REe CRink i o ot i pRRRa6 700 o)
or field progfiehkhprofremysbie gete ayay(FPGA).. The nethod of present invention
mai nly points to wreless communi cation system of code division nultiple

access i ncl udi ' i vision duplex (TDD) and.  frequency divisian duplex
(FDD). Bri ef Deng%% ybgﬁogn}‘%%r%ﬁlg B?'gxs'ﬂnggm‘g%yg@Pgtsl 9 é’&ﬁ%ﬁ cé’{né'ﬂnb‘ﬁgg? ructure
di agr am of vdysteiecfscode rdivision altiple Wedebs &ithiding Ak Aividlon Gulex €TBD) Sndn

i mpl ement i nq. skel et.on .di agéa’s f .smart antenna and interference

cancel l atio ¢y JlIvisipn dan i npl enenting flow chart of smart
antenna and interference cancellation nethod. Enbodi nents of the invention

Wth enbodi nBﬁede@lsc‘ﬁ@'ﬂQﬁ,théMmgtion is described in detail in the

Figure 1 is base station structure diagram of wireless communication with smart

antenna,

Figure 2 is an implementing skeleton diagram of smart antenna and interference

cancellation method.

Figure 3 is an implementing flow chart of smart antenna and interference

cancellation method.

Embodiments of the invention

With embodiment and drawings, the invention is described in detail in the
following.

Referencing to Fig. 1, the systems concerned by the invention are mobile
communication system with smart antenna and inference cancellation or wireless
communication system such as wireless user loop system. Fig. 1 shows a base station
structure of the system. It mainly includes N identical antenna units 201A, 2018, ...,
2013, ..., 201N; N almost identical feeder cable 2024, 202B, ..., 202i, ..., 202N: N
radio frequency transceiver 203A, 203B, ..., 203i, ..., 203N and a baseband processor
204. All transceivers 203 use a same local oscillator 208 to guarantee that each radio
frequency transceiver works in coherence. There are Analog to Digital Converter
(ADC) and Digital to Analog Canverter (DAC) in each radio frequency transceiver,



followi ng. Referencing to Fig. 1, the systenms concerned by the invention

are nobile conmmunication systemw th smart antenna and i nf e,;ggc&

cancel lation or wireless comrunication systemsuch as wirele @r | oop

system Fig. 1 shows a base station structure of the systcfR/NPUOHK? n| y

i ncludes N identical antenna units 201A, 201B, ..., 201, ..., 20IN, N

al most i dent ;¢ pdBRA8"5 2028 . 202i. ... 202N N radio

frequency transceli versm,%(%%%.@‘ﬁo E’B@fepcy_ transceites 03 ate digitdl stegaly

processor 2ty asjconnected svithi hasetmnd PRocesser by & high speed dlgitalsus|20at TR A8 t 0

guarantee th | .eqyency transceiver works in coherence. There
op R ubAE bl siffae

are Analog to gita ) and Digital to Anal og Converter
(DAC) in each radio frequency transceiver, 5 OCT 2006 PCT/ CNOQO 00169 so

al | baseband i njba inweutien pplyt distussea dinferftfeRcy eaeplidtion "FCRLM Pg Xhal i
digital si gnl%:bbanﬂb ar.e c%nnect e%.wi ih haseband processor by a high speed
di gital bus 209. ;é‘feégm&,s BP0tk *i801-s Matheut sousidering i tomsmisiing esignalrne

i nvent i on_ orprycesking: SuR#Sartétind i leARAALGRARPIloRlelBBe OnodIRAEA I RitcFhGDal 1 1
baseband pr chssh&% shown in Fig. 1, without considering tramsmitting

signal  prodBJ2iehYd PEeestor 2itenna i npl enent ation and interference
cancellation is performed in baseband processor 204. Suppose the CDVA

Wi rel ess comun§uppbieothe TDMA witelessKeodfifdiEfidn &&Hfﬂbaff( d&%ﬁ?\l%pa

systemis consisted of N antenna units, N feeder cables a
frequency t FEIREAMPRR System i congistad fsV antennm hits; o friedérrgbles mhd Nafadiar

(T s ) el rafifEivers £ 81 SRkl 6 cachspocinp i, Shfh Sfipade BRI © 1
_recgi)\?/)ilng L!‘*ﬂ%;er argnseaives; dtspousput adigital sigaats as Iairent& '(rt),sgz_ (ra,tce{, \8; 11, s.:.,gm@(n),gy (AD)C
in r adi transceimer, .i.ts . output digital signal . is Si (n),
which is i npﬁtc_ s?éﬁg{mﬁp' gg%égéncfeﬁ%%éygrgszﬁﬁ.”‘%ﬁ%l&béﬁﬂ SAmplisg ity 204
i ncl udes chaemingssignalhy ADC iw208; ¢adid Géquedd Bansceiver, fd-Sitput digital 2ah Whi ch
correspond ﬁso [?gf %&Ié' fr.equency #ﬂrﬂ nscei ver  203A, 203B, ..., 2031, ...,
203N of N I TH%: %*e& |SignaL;ton basehand prepasser:204n Baschendoprogesserriddi | at i on
modul §N2(11§ indiidps.tchagtied] dsfinatibed il 1210 12368, S, (Gbi, 22 BN, whiew ST (M),
. n) are s o c¢hanne

correspond to ragloafrequenCy transceiver 203A, 203B, ..., 203i, ..., 203N of N

links respectively, and smart antenna interference cancellation module 21 1; output

digital signals of N links $; (n), S, (), ..., Si (n), ..., Sy (n) arc sent to channel

estimation module 210A, 210B, ..., 210j, ..., 210N respectively, they are also sent to

smart antenna interference cancellation module 211; channel response Ssignals

hysiysys..hy which correspond to outputs of channel estimation module 210A,
210B, .., 210i, ..., 210N respectively, are sent to smart antenna interference
cancellation module 211; smart antenna inference canceliation module 211 outputs
synchronous adjustment parameter S, (K) to down link transmitting ‘module and
outputs interference cancellation result Sea+1,k (d) to channel decode module, where

b= [l by ..., Big).

When §; (n) enter channel estimation module 210i, with a beforehand known
training sequence (Pilot or Midamble), K channels are estimated and K chanmels pulse
response h;; are got , where i shows i antenpa unit and k& shows #* channel.



estimation nodul e 210A, 210B, ..., 2101, ..., 210N respectively, they are
al so sent to smart antenna interference, cancellation nodul e fzzrll%qﬂ channel
response signals which correspond to outputs of channel est i nBl 486 nodul e
210A, 210B, ..., 210i, ..., 210N respectively, are sent torCEENIN00ENt eNnna
interference cancellation nodule 211; smart antenna inference cancellation

nodul e 211 out pg,hs synchronous adj ustnent paraneter S. (K) to down |ink
transmtting no ?é‘P%fﬁc PREHIRSsP Br #hillowinge SUPRASE dn yseEu knovar a+| k
(d) to channsinilg eghendid i erecHst tuinihl ket rond MlorerRIL, Shen b1
channel estlgatlo modul e 210i, w th a beforehand known training sequence
(Pilot or M InYe 3); K channel s are esti mted and K channel s pul se

response hck are got , wherg 4 shows ith antenna unit and k shows 0O
channel . 6 OCT 2006 PQ@[(rINOY! Vo, 6P w 1§, SGOGIA C pr ocesgj)ng procedure is as
foll owi ng, Suppose kth usertiigsiknown tralning sequence I'S nk, received

trai ning sequence fromc}' antenna is e;, then there is formula (1): Kw
e, (n) ar'f m VRGBS chipsw is lengthvafeseerching swinddw alni o, is Whitd soigé h of
sear chi ng WirBewddrich /% antdnfia ik ' Lved fr it t enna. Fornmul a
(1) can be further rei\:\"/r%nttétné?f as '?gg%c%gbfg'?&%rer,&-mq ;gsn%?"?ﬂ“lﬁ, *(2) then,
channel estimation can be shown as formula (3): h;, _ (GTGQ-1Gre, =M (3)
where Mis a matrix, whe@# onky relates with every user(#)raining sequence
and can be calculated and stored in advance; as it is unnecessary to

cal cul at e i tthénhclfagnd] ebtiri@tion hd8 SRIwiRk!forRliA @), Wi | | be greatly speeded up.
According to procedure above, responses of a users in all channels can be
cal cul ated respectively, the results h4k are inputted to smart antenna

i nference cancel | ati énp F@0G' G, =Mjer further proce@ing, all user
signal will be recovered. Referencing to Fig. 2, it shows interference
cancel | at i owheredYds s imagrix) fwidetporly relates with every user training sequence and can be

calculated and stored in advance; as it is unnecessary to calculate it in real time,
channel estimation will be greatly speeded up.

According to procedure above, responses of all users in all channels can be
calculated respectively, the results h;; are inputted to smart antenna inference
cancellation module 211; after further processing, all user signal will be recovered.

Referencing to Fig. 2, it shows interference cancellation processing of smart
antenna interference cancellation module 211. First, channel tesponse /iy , calculated
by channel estimation module 210i, is sent to power estimation module 220 to
estimate power; main path and multipath power distribution of K users (with X
channels) in searching window are calculated, it is shown with formula (4):

N

power_user, (m) = Zazbs(h“E (m)) @

Then, maximum peak power point of each user is calculated; if a user most
powerful path is not at the same point of other users most powerful path, then it means ‘
that the user does not synchronize with base station; the base station will inform the
user in down link channel to adjust in order to keep synchronization with other users;
adjustment parameter is S(K) said above.



antenna interference cancellation nodule 211. First, channel response h4k ,
cal cul ated by channel estination nodule 2101, is sent to powg)T #8§ i nation
nodul e 220 to estimate power; nmain path and nultipath power distribution
of Kusers (wwth K channels) in searching wi ndow are cal cul BP0 5
shown with fornula (4): N power _user t(m abs(h,, (m) (4) Then, maxi num

peak power poi nian@fth, o1 el | . . ful path
I's not at the sanme pﬁgﬁﬁ%ﬁiﬁﬁﬁg%&@ﬁﬁ%@ﬁﬁg%‘gﬁﬁé'Pﬁsg%q%%gneans
that the useMindewds erdeulasoddtis skowmewith fannbky(S):st ati on; the base station will

informthe wuser in down link channel to adjust in order to keep
synchroni zation with other users; ,agjustnment paraneter is S8(K) said

above. 7 OCT 1006 PCPpéNg0/aboHH* abf(mémﬁb user maincpath and multipath
total power distribution in searc w ndow is cal cul at'ed, it is shown

with formula (5): N K power _ abs(m _ 2 2 abs(h;,k (m) (5) where mis a
poi nt- i n sealBHt fgS diPAEGIR seprching windovs ithe pawes ariis it ssnstogigahl geeeratoa2dl 221

to generate @iQRdhte sinal: e 1RAT el e sighaflNE nt to si | _generator
221, al so hat\%e e i’F‘gsponsee @%ﬁﬁaﬁi%@o ?@na& .gﬁﬁrﬁteg%o#f’%‘ﬁ putted
by each charihahned fdspaiit s ulg i :
respectively, and out putigg?lghi:rf[%f jg’l %gﬁcg%%ﬁmu%?yn%jcﬂchmegs{:ﬁ%ﬁ%\' .
sN(n) of N [thedule 2107, 216Bal.., a0k r.at 210N>R4pecfively; tand dupasdigitdlsighl HEgk val ue

point in po abs_j c ul me.:n?csand stored in power joint; at the sane
tinme, set p\cl)xe\ﬁ{g‘?"éb‘gnﬁp'dv@knsﬁs *=0to make it is unnecessary to

cal culate this point when nmaking next interference; then, de-spread result
of all signals latsignal gepevatnt 2R% fiyet, avpdsiion ol peakk Vakie poird! ifl GGowleh MbORs  t he

power _point; Jjt jg showm wth formula (6). N Q 5ca+,,t(d) h.trk ;S, ((d
D) 0 Cokpiseleialed = 8iredlnypopes oot e s tne, sokPoier Ght Grapes i um
code, pn coce kg make RGE aRkYcEssEYUB 1caﬁﬁﬁtektﬁﬂ)pom when making next interference;
then, de-spread result of all signals at this point is got with smart antenna algorithm on
the power_point; it is shown with formula (6):

N [
S gy (d) = Zh’,-,, Zs, (d-1)Q +q)C,, pn_code(l)+S,,,(d) (6)

where Cyy is & user spread spectrum code, pn_code(l) is scramble code, Seo(d) is
interference cancellation result of last time, initial value So,i(d) = 0 and output Sc;+1,1(d)
is symbolic level. Obviously, as users are not totally synchronized and there are

severe multipath inference and white noise in system, S...;4(d) is a rough result, at
initial.

Scas1M(d) is sent to signal/moise ratio estimating module 224 and signal
reconstructing module 222. Function of signal/noise ratio estimating module 224 is to
estimate each user signal/noise ratio; signal generated by signal generator 221 is a de-
scrambled, de-spread and demodulated signal; at this time, there are many methods to

estimate each user signal/noise ratio, onc of them is: for & user, calculate its power
first, it is shown with formula (7):

power_K = Zabsz(sk @d)) )



i nterference cancellation result of last time, initial value So(d) = 0 and
out put Sca+l,k(d) is symbolic level. Coviously, as users are (rgtyoggot al Iy
synchroni zed and there are severe nmultipath inference and white noise in
system Sc.+l,k(d) is a rough result, at initial. Spa+l, k(E¥/NOEEHt to
signal/noise ratio estimating nodul e 224 and signal reconstructing nodul e

222. Functio ' | rati j At i dyle 224 | s to estimate
each user sigrﬁ?%eggghéea 1|'o;%“sai gﬁ?%@ﬁ%g@ngﬁm&’ﬁmp HEVEPEYeD21 is a
de- scranbl efor alldhesgigualsi with ¢ fidetivechowat eslcstbgin!squit difftrénck ofRombdpen® ar e
many net hods r}i@ £l itml £ eachf._qu er signal/noise ratio, one of themis: for
17 user, cal CUlate e ayeR&map: i the squarg difterence, is-eregter thampresat yajue) themoyner K
- abs2( Sk(d) Ygralpoisd N 206 GRF/ ENGRAAIATLy Idw e WOUCT () GGater than

a certain field.value, then it is known as effective power; “for all the
signals wt h“"(lkg]fegghev@ b‘!ﬁ@?"“&?&l%ﬂ?@@@q issnogdediran de fobelraycH the square espond
poi nt of condiffeleh@! i@ Ne&BRhan fprdsbe arg.. di GIAIGe | reater an preset
val ue, then signal/noise ra;t }cpé of Vtiﬁly’s tﬁaesners 4[\3 conpe'i#‘sé)t %’\geﬁ]éls I“Sévpégd its
S,, +1,,t(d) Semrawtively hightaadiits Salbl«d) velue ishadievahle se interfenmet kadceltationds needed:;

on the cont rghVededf & iffierence.is lLess than preset valye, then
si gnal / noi se ratdle_o' gpl%tgﬁsgyusag ?@m@gﬁ%dﬁ'&? e§upetng; ﬁ’r‘?gﬁ]ﬁd‘si fogs L k(d)
val ue i s beldalsvlatibreof interfordnee tarcellatipnsaic il dndbdetary o catd) SRS@stendRUbPOSe Of
usi ng si g”aldeﬂwaﬁﬁsf 1o estimating nmodule is to sinplify calculation of

I nterference cancel I'on, as it is unnecessary to cancel interference for
bel i evabl e signal. Signal reconstructing nodule 222 uses Sa+l,,E(d) to

oyl ik s i ke s
ormul a o S=+ x(O(d - 1)+Q) -5.., rpn_code en, calcul ate
conponent s 6‘f“‘%‘6§@$§°‘8&ﬂ@§ﬂwm@§§m@a(®: ghown with formula (9): K S

Z

W~ ~ (n) -;S. +,t (n)h' (9) The recovered results of N antennas are sent
to interference cancels'Lga(Q@l@q%gégg(d)cq*pn_wde(l) ®

Then, calculate components of K users on N antennas, it is shown with formula 9):

X
S cani(n) = zsmu (M) e 9)

The recovered results of N antennas are sent to interference cancellation moduie 223
to cancel the interference, shown with formula (10):

S,(n)=S, (") =8 wsa(n) (10)

In Fig. 2, function of deciding module 225 is used to decide when interference
cancellation will be stopped with two deciding conditions: (1) signal/noise ratio of all
signals are greater than set field value, (2) numbers of loop of interference
cancellation reach set number, which is less or equal to length of search window and
within this range numbers of loop are decided by processing capability of digital
signal processor, FPGA chip and so on. When either of the two conditions is satisfied,

processing procedure of interference cancellation method of smart antenna is ended

and recovered signal S, (d) is outputted,

Referencing to Fig. 3, taking 8 antennas (N = 8) as an example to explain

processing procedure of interference cancellation method for smart antenna.



to cancel the interference, showmn with fornmula (10): S, (n) =S, (n) -
S .+lj (n) (10) In Fig. 2, function of deciding nodul e 225 isyygpdygo
deci de when interference cancellation will be stopped wt %}&?0%&% di ng
conditions: (1) signal/noise ratio of all signals are greater an set
field value, (2) nunbers of |oop of interference cancellation reach set

nunber, which iEuﬂmnaldﬂod;qsml cﬂmdt@r@aﬂ]@&m‘,ﬁ Pﬂ% f Wa%%n this
y ol dig

b ded b ' bi
st " pr occbede 2Bcefedl ol So?bnd S8 prat e ot s powsea | o
salisfied  Seeteamas AbaNeuL RuRhlaly WREERL RACABCRE 2 bR JRLASY O

smart antenna.is._ended and recovere put
Ref er enci ng ‘lé‘sﬁlf&fe@ePP’a'kM@nd‘ﬂdMMMentﬁ rmnltmrsemxarthd ﬂniemmgpl ain

processi ng P el l.ati o od.for snpr nt enna.
D e 5008 ReSERSS d UBLIEH TS 206 S bl 1 iEns izt
estimation MM%MOM& 2253)& flmQtloﬂaDHl@bESQZQGndﬁ syifchioABa a n303 and

304 search f vaI ower si gnal , generator nodul e 221,
cal cul ate dl‘%[ eréne ﬁo%ﬁggﬁq"ﬂ%ﬁ% én dyalculatesiits wﬁlPOFQﬂéS on

di fference phésat8 andmak@hamf bloBk Y9 g,jg&gctg r@mbg%g oié E?asaﬁf t he
sane. tine, to sumll{a?zégeratlo deci si on nodul

reconst r uct "R m 16qe Ve, date, d@éqsghmswbuup@mz&)ta thttmfunctmall bl ock
302 sends S)b'ltfch@@ﬂ't@ﬁﬂ:cﬁ&dl‘ﬁd@ﬁ@b%svﬁ%lﬁe é i%ﬁéﬂ@ﬁ anIBIﬂ ﬁiiﬁf?
nents 'on ese nas;

reconstructs signal and calculates its conp
functional SPeigss memitydemelsignalineissatio by signalmoBe aatioatenision afodulec22naidr uct ed

data from regiy, , Lesul t ei d then functi onal
bl ock 303 to fun%lﬂg&ﬁglsogfdgégé Bgﬁwmé’%(@(?ﬁ'fl%ﬁéwﬂ% dﬁf’q’\}%‘i‘@ﬁr i onal
bl ock 305 @eichalue cmagliu bsede sighalfiojsealkrdtiooihae Heai i satitfieds itBéia lihtB@érsacer at i 0
deci si on nD an ction 306 deci des, by decision npdul e
225, nurrbers 0 ?Pé@ga’r“gﬁlﬂ @8&@%”&?‘1‘” sswlélysi gnal / noi se
rati o has been satl Sfl ed, then interference cancellation is ended and

functional bl odhe 3ntion matxﬂy IpeihweDmd.Sﬁ&lbaﬁ comhffnichtidNdysRh fRiuding POi Nt's
CDVA wi r el eam mmnl c @S i ncl udj n time division duplex (TDD)
and frequency® W‘gF rfjl}g %% qw%%rl gp guplex (FDD) CDMA wireless

communication system. Any engineer, who works on development of wireless
communication system, has knowledge of smart antenna principle and digital signal
processing, can use method of the invention to design a high-qualified smart antenna
system, which can be used on various mobile communication or witeless user loop
system with high performance.
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comuni cati on system Any engi neer, who works on devel opnent of wreless
comuni cati on system has know edge of smart antenna princi I@Tamgt digital
signal processing, can use nethod of the invention to desié_g_ a
high-qualified smart antenna system which can be used on VUL %obil e
comuni cation or wireless user loop systemwth high performance. 10 5 OCT
2006 PCF/ CNOO/ 00169 dainms 1. A bas processi ng net hod based on snart
antenna and interference cancellation, 1T is characterized with
conprising: A W tA Kdienh s ai i ence. faking sanpl ed-data

out put signal from each Frﬁﬁ&a&%ﬁrﬁéﬁnﬁ ir?& SmF’F’gq"ﬂ@n AP S cei ver
to make chantf@rellatian,iitischaractenized withstprigingd | users response on al |
channel ; B. Picking up useful synbolic level signal fromthe said

sanpl ed-data out pgt S the sai d ,channel timati on and using
beam f or mi ng_ of srrart.%%?ﬁenna; E re osﬁg‘fernﬁec%]ﬂﬁgw&e PRfPRYienah g
usef ul synbolreml ¢ash dinksagtenha uail dindg radics rffeqirRy CRMRceive? e Bakd |cRandeli P
| evel reconsgsﬁﬁg&@dpjﬂ]%@ [aR subtracting the reconstructed signal from
the sai d sanpl ed- data AE R gy ppgponseon 2l chagpelng steps B to D repeatedly
until recovery of Rl pickimgsup ugstal symbolifaew Gighdl Fr8mCihaishidls 1@&@&@

rence

baseband progcessi.n t hod based qQn smart antenna and inter

cancel | at i orﬂ“ﬁ%bﬁalﬁgﬁlﬂﬁﬂsﬁgr’g these1d.cheapel stimationrand mviag bedwl forming of smat done by
channel estiamehhgin nodul e, and the said channel response includes matrix
related to each uigr traini ng sequence and cal cul ated and stored

bef or ehand. 3. Accor dFsgnsicengsignal withdhesaidivisfid spabaliclewet sipaalngddigs hod

based on SMaghmbREHEL Hhe: o cancel | ation, wherein it is
characterized that: t’he@%ﬁgségggﬁ?%ﬁw&§§!@%aki ng power estimation of
response for all %er@@n@ﬁ&ck&nﬂm@dﬁﬁéﬁdﬂ&ﬂ&ﬁeﬁfdéa‘@ﬁlé@dhmﬁiﬁhte,

cal cul ati nggglli. users main path and nultipath power distribution in
sear chi ng w doW, sending cal cul ated power distribution to signal

E. executing steps Bto D repeatedly until recovery of all users signal.

]

2. According to claim 1 the said baseband processing method based on smart
antenna and interference cancellation, wherein it is characterized that: the said step A
is done by channel estimation module, and the said channel response includes matrix
related to each user training sequence and calculated and stored beforehand.

3. According to claim 1 the said baseband processing method based on smart
antenna and interference cancellation, wherein it is characterized that: the said step B
comprises: making power estimation of response for all users on all channels with
power estimation module, calcnlating all users main path and multipath power
distribution in searching window, sending calculated power distribution to signal
generator to generate signal; generating signal process including: calculating each
user maximum peak value power position, storing peak value power position in power

point and getting de-spread result of all signal at the power point with smart antenna
algorithm.

4. According to claim 3 the said baseband processing method based on smart
antenna and interference cancellation, wherein it is characterized that: when

calculating the said each user maximum peak value power position, adjustment
parameter of synchronization is sent to transmitting module of that user with most
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generator to generate signal; generating signal process including:

cal cul ati ng each user maxi mum peak val ue power position, st O@In%mgeak
val ue power position in power point and getting de- spread e f all
signal at the power point with smart antenna algorithm 4. PRLEVINg to
claim3 the said baseband processing nethod based on smart antenna and

i nt er f er encepéwerfit hmtﬂopgbthg\,%g [ t d t.hat.
cal cul ating ?he sa:Pd each user d%tﬁ%%%ég%%%%ﬁ&ﬁggg BEIFﬁ‘iAh%ﬁgbasc

adj ust nent b‘é‘i‘%t er of synchronization is sent to transmtt| ng nodul e of
that user with nost 11 5 OCT 2006 PCT/ CNOO/ 00169 powerful path not at the

same point of oSheAcstz8ing t@@ﬁuwltﬁ]g %X&%Qﬁdm' zed. W t%%g%g&lgﬁg t
;

According to claiml the said base proces
ant enna and 9%402ad mi@éerelmq@emteaaumwhmamimmmﬁzaimataaic%aid%Ehat

the said stefrRer édth | end de-spread resylt to

si gnal / noi se ratio dsti natil?(gﬁé r?tg)'gfﬁcg‘? Fjrhr} t%‘é@@éﬁey'a g seamationgodule ysers

si gnal / noi sesmaltﬂ-mo“s@cemmggsﬂleﬁ&rﬁs@ayﬁmlc?ﬁgl @k'&td;a‘hg/ ] asey, )l :E | ow
resu Irectly r user w

si gnal / noi s t.ing. Si

hi gh si gnal / nélaé'{'a(a? tl Io%éé 388% Qi3 ratia ang outppiting signaltyesudidiredtly
processi ng rfet redwith hixh signabndsd ratigint enna and i nterference cancell ation,
wherein it is characterized that., the said estimating user signal/noise

rati o conpri sesg u). a us power ; deC| ding that power greater than

certain field vil u@lﬁé’s&"@ *oe@mgﬂffom basghand (Aregepsing mgthad daskidf doestaatte  f or

al | signal s anichita @hd aﬁfemﬁn&)\wﬁceﬁiudnh%ﬁer "1 99 Qﬂﬂq&gﬁzﬁoﬂﬁi hlgﬁagai n nap
r uare

poi nt; deci dl.n t hose users with | ow signal/noisera
di fference §FE% P55 fignplmoisst fﬂ%llcgmpnmd calbulatmgmser powet; h:lebidgig that

si gnal / noi sgowait @até,fthgmng%@{, nce | es han vaI ue. 7.
Accor di ng t? cl aglrm 1 the sal ase a‘lﬁs e%oéﬁ’eﬁ B’F?n%errart
ant enna and forralkbsigeale mith offective pesvéroat thatihemeésponding aoﬁsibﬂﬁﬁ&i fiap Zshet hat :
the said stgp,; (A1Xef) or.J Si I.n signal reconstructing
nodul e and cal%ﬂ’%at gsgéeggo*rer’pﬁ%?i%n é °§FFatg‘s’gFE°“sﬁq§¥f&Id'f£‘ﬂ€PWﬁt%éh@ on each
antenna uni preset value, and those users with high signal/noise ratio if their square difference less

than preset value.

7. According to claim 1 the said baseband processing method based on smart
antenna and interference cancellation, wherein it is characterized that: the said step C

reconstructs original signal in signal reconstructing module and calculates
components of all users signal and multipath on each antenna unit.

8. According to claim 1 the said baseband processing method based on smart
antenna and interference cancellation, wherein it is characterized that: the said step D
cancels interference in interference cancellation module.

9. According to claim 1 the said baseband processing method based on smart
antenna and interference cancellation, wherein it is characterized that: the said step E
is executed in decision module, until pumber of interference cancellation loops

reaching a preset number, less or equal to length of searching window, then stopping
interference cancellation and outputting recovered signal.

10. According to claim 1 the said baseband Processing method based on smart
antenna and interference cancellation, wherein it is characterized that: the said step E

12



8. According to claim1 the said baseband processing nmethod based on smart
antenna and interference cancel lation, wherein it is characteppgegjgthat:
the said step D cancels interference in interference cancell'ation nodul e.
9. According to claim1l the said baseband processi ng net hodP@&NeUNOwA smart
antenna and interference cancellation, wherein it is characterized that:

the said ste | ted in,deci.sion, mpdul ¢, until nunber of
interferencegcegﬁ%ug%lig% 1op Masule, prnl sjemplinoise yatin.ef; all Signgls ereqterdhans seequal t o

length of seeldivalug themslapping MERfernGPRinBdllatibA bR SufsuRiESe ARk oAk On and

outputting recovered signal. 10. According to claim11the sai aseband
processi ng neth ed on siar ant.enna_and i nterference cancell ation,
wherein it is cﬁgrgc é&ﬂ%é%lcgﬁ’éb:m‘f ﬁaégé’a%eaa%%rsc@mm@o@@mb%smm

PCT/ CNOO/ 00 1i#fennh aint irexfirextbe icanddBgtich] Sher@R iseohatdBielibedth@Nalk/s3Qisas g ati o of

all signals &rﬁeagt er t[}?n ﬁ set field value, .then stopping interference
cancel | at i on"SAHESHERS L 19 Ryepeatedlcwith am atjmast repeted avoberiequgl todemngthiofn 1 t he

sai d basebaruéamnjggeﬁﬁddw nmet hod based on smart antenna and interference
cancel lation, wherein it is characterized that: the said step E executes
steps Bto Drepeatedly with an at nost repeated nunber equal to | ength of
searchi ng wi ndow. 13
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