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COWPLEXI TY ANTENNA ARRAY. 5 FI ELD OF THE | NVENTI ON The invention rel ates
general |y to conmunication systems and, nore particularly, to interference
reduction tesbnsopsess for use therein. BACKGROUND OF THE | NVed\iisohed83 I n a

cel lular comunication system a plurality of wreless base stations are
typically used to provide communi cation services to nobile users within the
system Each base stINTERFERENCHREDYCGION CHNGLOWCOMBIEXITY t hin a
coverage region or cell associated ANFENNAWRBAYe station. To allow nultiple
users to share a base station, a nmultiple access schene is typically

enpl oyed. One nultiple access technique that is becom ng 15 increasingly

popul ar is §ode di vision multipl m@@%ﬂ a CDVA- based system a
plurality o substantl aI ly ortho y taking the form of
pseudo- random n0| enc%% are dto sg: read sgect&gm nodul, aie user
signals wthin the W\" ea %g‘-‘ﬁﬁfa WYREAI YRS mOre ARV D ng
frequency SpeCl‘bﬁniﬂ’feMnTchredﬁdnﬁﬁtecllimqildk&ﬁ'&dthlﬁﬁﬁ signal s associated with the
base station. However, because the underlying 20 nodul ati on codes are

ort hogonal , each user signal can be independently denodul ated by perform ng

a correlation operation usingB G ! TIDN at | east one

CDMA- based cel | ul ar standard, each of the base stations in a system
mai nt ai ns & pi |l ot dhancdblat habmoocion sesiah,ya tpﬂlaadi;yridfswiaelqss ddet aativnn ek pi'I‘ot

sequence. These |l ot,.S | s may .t hen be uti ers inth

to perform fo pl%@g G0 pg)gadﬁﬁ%'ﬂrﬂé'?'caé'g? f%ﬁs%moﬁ&’n‘%’%@?tﬁwﬁiﬁSé'ftF'Bngac and/or
ot her functi onsse Ratioat»ﬂllfolﬁ@m‘sdﬁnée‘ Rukiple us&ra Séthitaaddverage RERn 0 0E! dstRSated

di stingui shed b g tbl nme offs?t Fetwe n individual base stations. Thus, a
i 1ot having o EpBePReStaipro 16l Mollileiers i, S1gs & e Gtatiah 24PUBPIE Aty o

r ef erence) Wi | schdpge Pm@w“canp dwr@e@orr@né rrﬁmlﬂecamsesemcuuegth&a&eb@doaﬁidgon As
can be géem at ed, copmuni cat i on, devi ce opera

tl
cel lul ar- ed““s’?ét“éh‘\ Bwulapp & n@“’ﬁ’é’"(’:ﬁf\wwqwesbf@ﬁﬁlﬁ)ecgﬁ QeCWérl?aé‘iS'pl ng
communi cati on sgitenad plufaliferdubsyamtidiBtohBgondl dddey @Rlall$ kirngaRe fBmBf psdlifler base

stations, etc.). These overl apping signals
random noise sequences) are used to spread spectrum modulate user signals within the
system. Each modulated user signal has an overlapping frequency spectrum with other
modulated user signals associated with the base station. However, because the underlying
20 modulation codes are orthogonal, each user signal can be independently demodulated by
performing a correlation operation using the appropriate code.

In at least one CDMA-based cellular standard, each of the base stations in a system
maintains a pilot channe! that continuously transmits a predetermined pilot sequence.
These pilot signals may then be utilized by users in the system to perform, for example,

25 channel estimation, handover operations, and/or other functions. Pilots from different
base stations are sometimes distinguished by a time offset between individual base
stations. Thus, a pilot having a specific time offset (from, for example, an absolute time
reference) will be known to have come from a corresponding base station. As can be
appreciated, a communication device operating within a cellular-based system

30 implementing CDMA will ofien receive overlapping communication signals from a
variety of different sources (e.g., other base stations, etc.). These overlapping signals
represent interference in the system and can degrade system performance. Any reduction

in such interference, therefore, may enhance the quality of the corresponding
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represent interference in the system and can degrade system perfor mant APRINRP06
reduction in such interfererfice, therefore, may enhance 'the quality of the
correspondiqg oddzHRRI L 2006 WO 03/ 034615 PCT/ |1 B02/ 04383 COBHFE#&%&& n |ink
or increase tﬂe capacity of the system Thus, there is a genéral "nee for

met hods and structures to reduce interference in cellular comrunication

systens. BRI EFcdafnnfaiafidn it éFinchédse DRAVNANGSofOhE byltern. Thus,ah&t 0] pehér@Onde@p Vi ew
illustrating a_cell u@r@ comuni catj on systemthat can wutilize the
principles of [PhEehpdsand stricturestp reghce pteerense incellulgr cammumicsomeStEMF-ust r at i ng
a receiver systemin accordance with an enbodi nent of the present invention

that is capable of achievi n%RﬁﬁgB%gERjP%@ﬁ@EﬁﬁﬁE §|,Rq]ﬁ53 is a block diagram

![Ihl ustratl?g_a re;:_el verF_sys il 3 areeT anen 10 tegbod:gmant of .
e present.invention; .Fiq. is a. rt i strating a nethod for

reducing interfer erfoége i %’"PE%%»}%Y%‘%WDB‘FP%B%SFis'h’l']ﬁfﬁma'e&'a?ﬁ'aﬂé%“w ff cam

enbodi ment of ithiee the @sirdipled sT\igprésentinantibn; Fig. 5 is a timng di agram

illustrating the tiinng. asspciated wi.th the nmethod of Fig. 4 jn accordance
with an enbodi ment ]'g?]fr%qﬁea EE’&'&%W“%U@?{W'%? TECTSE YR PREQTIRNGETYEND n t he

fol | owi ng det aihtedintkaseithdprent inveafiel BRGEcapsbiEAEhibAng fRBucRE GEFRAAYE; NY
drawi ngs that show,_ b R us,@rat Lon, specific enbodinents in which

. DY way of | . ! :
the invention may Flffe%[ﬁ aglOF'&@asramH NSHAUNGHTETENSH EXSterY i@ agedanrpwtih ppther

suf fi ci ent jglet @hdodin@nEorake SedehOa@naéh;Skilled in the art to practice the
i nvention. It is to be understood that the various enbodinents of the

i nvention, al t houghi&di4 figraflovchare ilswating ce gaethqd) fornisdurdng yntesfesenggiipea  For

exanpl e, a par{onfilnRatidrRiitt § acSdriahed Witkan GhboRRnASHES frelehGnital&T: Liked herein
in connection with one enbodi ment nmay be inplenented W thin other

embodi nents wi t houtFig- §dypatimingdiagragnifludiatingshe timingqerosiated avith thetrprshodiof Eig i on.
I'n addition, ijipiascdr@nOEwitnglfd Mnfweﬁéﬁ%hﬁveh%@t ion or arrangenent of
C e

i ndi vidual elenments wthin each disclose odinent may be nodified
wi thout depmrting fromthe spirit and scope of the invention. The follow ng

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings that show, by way of illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those

20  skilled in the art to practice the invention. It is to be understood that the various
embodiments of the invention, although different, are not necessarily mutually exclusive.
For example, a particular feature, structure, or characteristic described herein in
connection with one embodiment may be implemented within other embodiments without
departing from the spirit and scope of the invention. In addition, it is to be understood that
25  the location or arrangement of individual elements within each disclosed embodiment may
be modified without departing from the spirit and scope of the invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the
present invention is defined only by the appended claims, appropriately interpreted, along
with the full range of equivalents to which the claims are entitled. In the drawings, like

30  numerals refer to the same or similar functionality throughout the several views.
The present invention relates to methods and structures for reducing interference

within a communication system using a relatively low complexity antenna arrangement.
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detail ed description is, therefore, not to be taken in a limting sensapranthos
the scope of the present invention is defined only by the appended cl ai s,
appropriately interpreted, along wth the full range of equivalents to

whi ch the clwpo®omes entitled. In the drawings, |like 30 nuper/mososeser to
the sane or simlar functionality throughout the several views. The present
invention relates to nethods and structures for reducing interference

wi t hi n a commuhiecngthadn ard Smetyies s3nzs used: Srgxample. yvithive mebils erimupicaiat WHha

arrangenent. 21l appeﬁgllar %%ﬁon\é\petg.?/ég %ﬁ%ﬁthﬁ%ﬁ%?/pgé@t%%n%ﬁn@rfg?%r@é#ﬁlsand

structures can_be used, for exanple, W, i I I'e confruni ¢ unit
(e.g., a cell ulue oxwepregniemms elamentsyarg proyidefl iwiship p sommpaicatiopfdeyjer, ahlehshpney
interfering signadish hash I EeilERN ; I oM | ehhd @
communi cati on devi'ce,asat ? as_}satmaon%méfgmagﬁﬁﬂggﬁcgﬁpgﬁfﬁs%ﬁ‘gg%(’gm@(e. g.,
magni t ude ahd/asyusishlgsdgment($ieis wdantadt dusing tshisserd ogetptinnt inbd @maeres it e(kancdssa
adapted durin I | . al: | ect ed
interfer te nce- ?gfiaﬁ?) m_(? ;361‘ ] {eﬁéiygraf? Bpﬁ}%n?? ge}i{?l (LEIé%%ﬁgﬁqﬁtgiiﬁ%ﬁi %&%i& g&’g nd

noi se ratio ). enventiven piinceplgsr canc bpl iepleggntedheni aplas edifferen
variety of dif : HHHH. ti . Vi nd are lcularly
benefi ci al foréoﬁgng%&mf%ios ce% zﬁﬁldgﬁgest% §%}ér%?grrﬁl’%%llyg% ?fgcﬁaslsfossu ee‘rwrghwl Qn%[“?aarrrbnt I ng
CDMA t echni quetgpe dbhnfeingatich siysierss imipfapienfiigalDMapechniguesi | | ustrating a cel lul ar

comuni cat |,pn system 10 that...can util.ize the nciples. of the ent -
Covent i on: B i 11 ulth SeAepHicad ey SR RsR et sSion et fBFUdes a
plurali tyhof f bcaﬁeutgtzat thengrintiples 14f Ttl’ibatpreﬁtflﬁ phansibal 1A ilbksedted, bbé et hi N an
area. Each of the base statiqns 12, 14 a.correspondi coverage .. region
o ool TS o SrmRen pHEm 0 Se e PR OF S5 HRADE doe iRy cRpcaly O
comuni cat i on diGrigRgdwvigibart sredTORich ©f A8 Biist stafiGnsUZETH Rk laloftespbiting @ érage
servicing base station refers go tgee base. s[ﬁation that is presentlly

provi di ng conrGEPE 8% fnt bsithip which the base statiqnc {7 A¢ Prrvades witgless commpgication,; ¢
reference 19 HFeficed o Mebie usdrat AORed Herdifs, tRCleinn erating be S@fioH ©fchdo BRIRseSt at i on
for nobile user. 18 who is | ocat e‘&i wthin the cell 16 of base station 14.
Mobi | e user 18%@kop|that iy presently Prpudiag FEMENEIGA0R TS 40 RuPAsEtUlasfusEas £

stations 12 widxBple!With eitich& o Féb. i NoadOsafddill iORtidOastiheseBELiNg Bdsé SatRATEr
station 14. As described previously, in a CDVA-based system the signals

recei ved frommeRilewssril§ugorinloeated withip the GellyJ 6 ofbase stpiipn MhpMebjle user 18 will

typically receive signals from a number of base stations 12 within the system 10 in

20 addition to the servicing base station i4. As described previously, in a CDMA-based

system, the signals received from the various base stations may have overlapping

spectrums. As can be appreciated, these overlapping signals can negatively impact the

quality of communication within the system 10.

Fig. 2 is a block diagram illustrating a receiver system 20 in accordance with an

25 embodiment of the present invention. As will be described in greater detail, the receiver

system 20 is capable of outputting a received signal having reduced interference within a

corresponding communication device. In at least one application, the receiver system 20

is implemented within @ mobile communication device that is operative within a cellular-

based communication system. The mobile communication device can include, for

30 example, a cellular telephone, a pager, a laptop computer or personal digital assistant

(PDA) having wireless transceiver functionality, and others. As illustrated, the receiver

system 20 includes: first and second antenna elements 22, 24, an adjustable gain unit 26,

an adjustable phase unit 28, a combiner 30, a radio frequency (RF) receiver 32, a baseband
3
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spectruns. As can be appreciated, these overlapping signals can negatively

I npact the quality of communication within the system10. Fig. 2 is a bl ock
di agram i | | udOr03034635 a recei ver system 20 i n accordance w t RCIAB022@383
enbodi nent of the present invention. As will be described in greater detail,

t he receiver st em_20 of out ei ved sign havi ng
reduced interfB 8??5%( ?W‘?l%g"’gp '@&S’P&%‘mﬁhé& ﬂ?ﬁfﬁ‘l%‘ FERY 4RI '?"@él'e”leﬁtsat
| east one appl Rz,a4i Booperdive rf@&@cte\h@:ig ﬁﬁi&tfﬁsﬁhéhgy (RIS doipuRIkBRdneHenaist fFun the
nobi | e conmuni cat i otﬂ{ldevi ce th erative within a cell ul are@based

comuni cat i on SYEUBHTE GHEORBHT| Yoiratig Signalireesiveq by the rsiend seed 30 |

exanpl e, a cel butbrita elefleRtd 20184 may mameé, foreexhraple Obna dntOfro @IntMBa of
di gital assist agereat (PDA) having wireless transcelver functionalit and

others. As PII bage StE‘“I‘Fv‘;f's"r ¢ pdiustable gain uny Hpand ke adjusablg phase “'&Kas ¥&cond
antenna el emenbgeradie f&%nt@dlla@l‘j’]M?ﬁ@hh@m@@htﬂd@éﬂdtph&@; res&@n@dy Wslosible§ withase ‘

unit 28, a conbiner 30, a radio frequency é RF) receiver 32,” a baseband 3 11
APRI L 2006 WO 818/ f0sasginapiemenisiy The cembingr 38 sambjpesshe outpyy signafaofihefitgt PHase

control l er 36. sebBf dnkendd clachtS2C 9NghdRR IR Re &Jnﬂﬂ?c@ts%nalggthe% r@cfeﬁ/eppﬁr ative
for receiving radio frﬁguency (RF) communi cation signals fromthe

surroundi ng envi rontEnRY reeriverBS2c pieatssisciie i combiied rgng! e genaratel dpasebrsdf i r st
and second oant:&mau@ak.m@@ 2Fhe BAIRY droielsHdss pi&ess.% a%eoﬂaﬁa g%le gai n

conponents froma nunber 5 different 'base stations.
unit 26 and t hextesd| user apforngsiomesogiated Wit aruser oi)éleammum@nomdmlml Tl y

varying the m?ﬁ%{%ﬂ&'%%&% ik de&gépﬁm%r{nnesny(%eﬁg&gﬁ Augﬂtieeéskswah’f"sugﬁap‘?? L' rst st

ant enna el enen € conbi ner
and second angam il ;ﬂiammrelleﬁ 26. PHe gairdand ghase eouirctllhlé G(mnsmha etfomagmafrom o the

RF receiver 32 recelye 2 roc S e nbi ped. si ner at e
a baseband 10th50 a%ebﬁ'?% 6 54ﬁal "elrﬁt% %gnsgﬁa aa%r%)ggglsf)n %&F rg%reglges t he

baseband s !lgnahdjumble@atmmdtphmemts 24, 08.ntike gain amﬂspha:aeabr&d:l vmﬁbr’fnaaommeramﬂ t he
comum et on ReHS S TP SRR ARy el BB Eh SR T
gai n and phasemanitt fhatl tetiices hitaifeancd Withih ieaedebviet ORtehr Z0M Intahgefopadypreach,
eI KT R TR A S N A RN Y L
I nformation ger'b(iﬂtait@dhty criterion (e.g., SINR). In this manner, the gam and phase controller 36 can
20  adjust the position of the composite receive beam of the receiver system 20 to favor the
servicing base station while avoiding other base stations in the vicinity (particularly those
with high powers).
As described above, the outputs of the first and second antenna elements 22, 24 are
combined within the combiner 30 before RF processing is performed within the RF
25 receiver 32. Thus, only a single RF path (e.g., one intermediate frequency (IF) section,
one analog to digital converter, etc.} needs to be provided within the receiver system 20
even though multiple antenna elements are being used. Conventional phased array '
principles are relied upon to control the receive beam. Any of a wide variety of different
antenna types can be used for the antenna elements 22, 24. For applications within
30  handheld communicators, the antenna elements 22, 24 will preferably be relatively
inexpensive structures having a relatively low profile. Some antenna types that may be
used include, for example, microstrip patches, dipoles, monopoles, dielectric, printed,

inverted F, slots, and others. In at least one embodiment of the invention, two (or more)
4



by the gain and phase controller 36 is dynam cally adjusted during sSys@eRiL 2006
operation in a manner t:hat reduces interference within the receiver system
20. In a preferred approach, the gain and phase control information is

adj usted t oVPOIIMeA® a presel ected interference- rel ated qUIIIBYZ/EB8X eri on
(e.g., SINR). In this manner, the gain and phase controller 36 can 20 adj ust
the position of the conposite receive beam of the receiver system?20 to

favor the serdfTEem§yPeaianicpnn sIgpenhnre P¥d BN sogramnisationsiexice splseiadstier n ¢ he

vicinity (partquatity ahlednal Hgaent nvdythe e forRBYRERS )adjudsbiél QhehibashaRey R g t he
outputs of the first an%ﬂsecond ant,ennbile | enents 22, 24 are_ conbi ned Wi thin
the combi ner 36°PErlsmEntRE) Banhlopthe adjysty "E@?W‘gf)rf%&’ {irst ispent G- pvicedEIspacei ver

32. Thus, onl yriR fitehdd eleREnP Alithin(£ cSnmudi@ion REBENTEAI Ve e emeencHirbbi)
section, one analig%to digital converter, etc.) needs to be provided within

the recei ver $PHEHDH even though nultiple antenna el enents are being

used. Conventional 1Di3HE hedppRYiateB thAd Ghddt BRnAWE dnfehbhLEIMBAD chPbEANar @l the
receive beam Any of a wide variety of different antenna types can be used
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03/ 034615 PCT/22BRRA0%3GBed it the peavious ypbalinednt.afystann 40 edlsonmeindealore asmwdrewi t hi n

a conmuni cat i [ I el .. ' enpa e t . e used
for the non- %@fﬁ?ﬁ%ﬁgﬂ@ﬁf@gﬁﬂ% 42%%9‘5?9’ tng;éa(!() g%’.oﬁmﬁgseéohagleﬁnn@ﬁ{%a% t han
for the adj ustadpistable|pbaseninftsd6. ( Bugng sysiems opeeitiometht g@iB)and phasei @atroller $&.  The
ant enna el enen ithin onnuni. cati.on device cap have t.he sa or .

o Forant Cor eyt b o SRETSE A ERaE k6 SoeC BuBeE odiR Tand Psclunits
ant enna el Birernssciagd with edctedl theadjastableral@eneeelanhdnts 220 42, pAe dessiibadrabevt then as

| ong as at Ieas}I1 one %feth? nt.enn c)elec?lrrlﬁets.b has a. vari.able ni fude
and/ or phase t&Maf9oRh Beg%rgflg{gqrm 8 S@Eﬂr 4 lgf)rga'(!)'x hase gqnijoltes %6s'sa

dynamicaily adjusted during system operation in a manner that reduces interference within

the system 40. Any number of adjustable antenna elements may be used.

Fig. 4 is a flowchart illustrating a method for reducing interference in a

20  communication device in accordance with an embodiment of the present invention. The

method may be practiced in connection with, for example, the receiver system 20 of Fig.

2. The method will be described in conjunction with the timing diagram of Fig. 5 which

illustrates a number of successive processing cycles (i.e., cycles starting at n- 1)T, nT, and

{(n+1)T, respectively) within the digital system. The cycle time T may be optimized based

25  on, for example, the-current Doppler rate (i.e., the mobile speed), which can change in real

time during normal system operation. With reference to Fig. 4, a communication device is

first provided that includes first and second antenna elements (block 50). The first antenna

element has an adjustable weight (magnitude and/or phase). The outputs of the first and

second antenna elements are combined within a combiner. At the beginning of a

30  processing cycle (e.g., at nT in Fig. 5), a predetermined weight w (which may be complex)

is applied to the first antenna element and held for 7 seconds (block 52). As will be

described in greater detail, this predetermined weight will allow channel responses to be

estimated for channels between each of a plurality of base stations of interest and each
5



bl ock diagramillustrating a receiver system40 in accordance w th ard®nRBIL 2000

enbodi nent of 10 the present-invention. As illustrated, ‘system 40 includes
first and sege@odignna el enments 22, 24 as described in thRBHM4S4S
enbodi ment. System 40 al so i ncludes one or nore additional antenna el enents
42 each having a correspondi ng adjustable gain unit 44 and adjustable phase
unit 46. Duri n@ds’vsimabmtemerdnﬁeman 1hheouyaimicaanddphr&selncaonﬁtast(ﬁrieeppr3&h thel i vers

gain and phase ge(agg{gﬁ efd P"Eg{" l| gga{g?e&%ﬁ tl?.&‘j:j ‘siqaeb}r.rghggl n a&dﬁgnq S Zun| ts 15
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adj ust abl e ant applizd eioemntfsst rmrycdne clemmeht dFdrgg éachs scdshioycdyalet of | diffatitat i ng

a net hod for red C|n i,nterfere ni cati on device in
accordance wit R gﬁ%egdvh%’ Mgt ctaﬁ‘glegﬂrbsé'gﬁ?fswe%ﬁiion. The nethod nmay be

practiced in connecDmtng dhirition § QT (R prEpdng proicéiSing &Pete (S FY.S$)E Melédbnineli g.
2. The net hod descétlhﬁﬁ %‘r} conjunction with the g, di gram of

LG 8 stond iienoa Slements  seursaed (o ek pEGE b

cycles starti n@taﬁéns@fmle)'aét (bfobk 53)1Crhe cBrivBihdd chaffeP RShonYeSk Yhe rwpbhyera,fmamrﬂl gital
system The cycle time T may be optjm zed based 25 on, for exanple, .the -

current DopBl ePnd &cgnq pntgnna %‘%“Ff'oﬁﬂef Sorabjaalien WillHe dlie combineante sombined

time during nOEﬁ%helﬁyﬁb%@f&p@Pﬁ{;ém -bat®¥ §tdlioh G BN Usg thd .10440;@ received
comuni cation device is first provided that includes Flrs? second

ant enna el emenfiem(thatase staipn. Yiethods fog estimatingn shanae! apspprse ysiag ameoaﬂpfhelﬂqm e

wei ght (magni t wgde .anehodn. Pﬁé%ﬁée stz;lt_f&ﬁs prnféﬂztsfsm% bE @aecftédrlﬁt Aety oTfRdEht
antenna el enents are conbined wth nmbi ner. At the begi nRi ng of a 30

processi ng cycMayy df gdequae resqurees ﬂFﬁi ?Ua"@}e alhobthe hase statipnserithigethg system mapii ch
may be conmgkex), tr’eactecﬁpsobdsggtaﬁ&ts dgemzaegtstl n&ﬁa%gr%&mmmeﬂ%w Blse!

seconds (bl ock 52). escrib ter detail
predet erm ned weligsin W: Bxstem (ll @)V\Ihe hasastetions é@p@gﬁestrqnaesbeeceleeilgm\@dmf e

channel s bet vieetr, 8atuaf 4 Wbl Al DRSS (HEAL bPHRrd (e £5) pififleeach 5

11 APRIL 2006 _ | 383 1n ant nna el enent of the
comruni cati on dusgede. Al mistapf Iﬂ@ablgh@hew‘agpb@acmnonhes offere dedintpin¢dh exdthine 2 ght

wi Il set the ”@&H&EM&%OQE&J&%“JSE ﬁﬁeﬁ%ﬁ%m%f?gﬁ%ioﬁsq 1% §tfiPanother approach,

20  all base stations having a detected power level exceeding a predetermined threshold level
are used as the base stations of interest. In still another approach, the N strongest paths
from different base stations are considered and therefore define the base stations of
interest. As will be apparent to persons of skill in the art, other techniques for identifying
base stations of interest may also be used.

25 After the combined channel responses have been estimated, the channel responses
associated with the individual antenna elements are calculated for the base stations of
interest (block 56). In at least one approach, information associated with a previous
processing cycle (e.g., the cycle from (n-1)T to nT in Fig. 5) is used to calculate the
channel responses associated with the individual antenna elements for the present

30  processing cycle (e.g., the cycle from nT to (n+1)T in Fig. 5) by solving two equations in
two unknowns. The following two vector equations describe the relationship between the
combined channel responses and the individual antenna channel responses at time [nT,

nT+r]and [(n-1)T+ 7, nT) respectively:



effectively renmoving the first antenna el ement fromthe system for dunaPronoos
r . However, other predeterm ned weights can al so be used. The sane

predet erm ned wei ght may ‘be 5 applied to the first ‘antenna el enment during
each successvoesyalke or different predeterm ned wei ghts neyrieez/epd i ed in
successive cycles. During duration r of the present processing cycle (see
Fig. 5), the conbined channel response of the first and second antenna

el enents is estimated for each of the base stations of interest (block 54).
The conbi ned channel responsg b mresponse Ofﬁt f| rst 10 and second
antenna el enents after con‘o{S rom*w thin the cc[ Mer® ] The conbi ned

channel response for a part k(1) 3P baSelst at E6n -1 €5l imt ed usi ng the pilot
tone received fromthat base station. Methods for estimating a channel
response using a received pilot tone are known. The base stations of
interest may behesEh@Gli€thel ddnbinddichfind Ripofel & afant asst‘!@éf&i with badegioh &
resources are available, all of the base stations wthin the systemmy 15
be treated as Bhes ksb seTesprRIdpIo thesentingsbase sigfionhwhinl may by pastiowpusly lsatimatad ghest
pover base stahi@d&d lumng HEl RYoHnSRihtioR techhififesPRFH ;ﬂh@l;ﬂa%&h%\él ﬂath&e
strongest receive signals within the conmunication device) are selected as
the base st at i ¥ base siatierck tosgacly thé? antapnassatdimeds i The glsment 5 pf thamairit  of
the hi ghest powgs réa?eéam@tch ﬂélﬂe opsfetomer}ah@m'apﬁfé ith b leﬁ'haaele QO cat i on
device for use 1tnh perform ng operat I'n sti anot her appr oach,
20 al | base stiadsxonll afiaw brgo dergke thao tlkedmpdmun nluerbeﬂ ofé“mgerecn thg carrgspentdlinger mi ned
threshol d }eVelye RLRiek SRE veRor 2, PAGE L B g0 Dr B ahBhEL Sne thdfoRthdrltimeANOt er

approach, strongest path rent base s ns are consi dered

and therefore gabd fig-1yhe, laat;er}ﬁtvaétbxomsfepresentsmﬁeeweetsi gaer§ftH\é éﬂtenh@s BRpaeent to
persons of skill in the art, ot her technjques for identif _]g gbase stations
r @

of interest meRyedsiesminghweighiay thois apnligd atitime tewhndhisld f@h%ﬁ’iﬁél[" pohsB¥ have

been esti mat edyondbitd Gl'fh%ﬁ@?‘?éspé;ﬁéﬁ ?&Sumeﬁﬁ?%ﬁﬁ%ﬂs Mieh Qstﬁﬁ?ed'aﬂ&be‘ﬂdi“é@éh
antenna el enents are cal cul at ed 'T base stations of interest &bl ock

56). In at | edwse datien apipreaath; Tﬂwﬁwvfmfhétﬁ ans Woler the ewviprs fmeapgsiod ndu g
processi n9;§yCAﬁa¥e%9wn TSV eE%E Wahdt i QB4 fbrlr)eT( ﬂwﬂ :h*] tﬁleq;ené?m&lﬁdéd%d to

cal cul ate the channel responses associ ated dual ant enna

el ements for triew yweightdhat \»@@g@wm%nmg (WHH@ (se¢ Big, S)tahlé nol/the @redetomingfl t o
(ntl)T in Fig b %O&]ag fi9lleow ng
two vect or equ%%%hénghgg@é}r' ere jt):agﬁgﬁﬁdpoﬁeg?\xe ?ehméa %E?]r%g ‘channel
responses and dnaeai thelibegiohing 0§ptr®|dmif oﬁuwn@_tbercem}bmnéebanatl respanse[ (hilt)) is

different due to the different weight vectors ( W as opposed to Wy.p;yr). In order to

20  determine the channel responses associated with the individual antenna elements, the two
vector equations are solved for two unknowns at t=nT; namely, the channel responses at
each of the antenna elements Cy{nT). This is done for each path of each base station of
interest. Similar solutions can be performed for systems using three or more antenna
elements.

25 Using well known estimation techniques, the transmitted power of each of the base
stations of interest (Py), the pilot power of the servicing base station (Pg), and the white

noise variance vector o = (o, o,) at the antennas are estimated (block 58). A new weight

for the first antenna element is then calculated that maximizes a predetermined quality
criterion (block 60). In one embodiment, the signal to interference and noise ratio (SINR)
30 is used as the quality criterion. In this embodiment, a new weight is determined that

maximizes the following equation:



nNT+r] and [(n-1)T+r, nT) respectively: 6 11 APRIL 2006 WD 03/ 034615
PCTI | BO2/ 04383 hk(r)=WCk(r) 1-[nT,nT+r] |lhk (t) = W~OICk (r) r E[(n -1)T
+ r, nT) whePO 65| s t he conbi ned channel response at ti RCHIBEYESE at ed
wi th base station k 5 (where k=0 corresponds to the serving base station)
whi ch may be continuously estimated and tracked using well known estimation
techni ques. Ck(t) is the matrix channel response from base station k to

each of the antennas at tinme t. The el t));i of the matrix Ck(t
WEP e
represents thegsghannel response of the® ™ h hath at the i'th antenna

elenent. The j ind i\F fwcQf & 'a) " h P’ er of
fingers in the cor$F2°§Q)\%MF)d!r$§ Jiag F"Zﬁgaﬂté bV EVCJ tmg)){/sé@tc"g?éw\]];u?jn?w 1) is
the gain of the antennas during the forner time period [(n-1)T+r, , nT).
The vector Wrepresents the vector gain of the antennas using the

predet ermi ned weegtfF istielditot $pseading facend, thd oferation GeAjlreaind theduth Sfake gsolued [ NT,
nT+r ]. The_ canbin channel responseyhk(t) for tinme [nT, nT+ $. been
esti mat ed aBovéq‘(afeogﬂg%lgﬁme'g%&{em@ﬁ’é?‘fgn‘ é‘e F?fp‘égra@stfa"%o.ge qu’éarV’éﬁ(uwf Bhk(t)
aRd W f or tgef M&N&ﬁﬂﬂst(riﬂsﬁ@epﬁrdlmD((nitls}ﬂ_uld]n'é appreciate® thah GveNlast TtBen Wweeeor W
that is used for the - T+r . nT] tjnme period includes the new wejght
that was genergf"éc’d"'ﬁattértqr}r%g %’ﬁ'—"clqu‘#'r“l"(r§lﬂfs I’—‘?‘d.["t%galﬁ‘ﬂﬁ“ AYte ip ke geengbend W ned
wei ght. The i ndbné csad canbangioted. (Ot lqhalitatrittdethanshyte ds@Einélidd, Yof eR@fipled ar e
equal to the oqnes at the beq&r&g ng of,ger,i od n'&h wher eaééihe (f]onbi ned
channel respond¥ TFAR(SAYare freor ot Brpilgf Rignaly the bl egrof Faly BFR) Rbthg Ritpeedt or s
(Vs opposead t gheMbke reddiver, ahdoPErdeIn dn@ apgflodlRBE oW ReizhEs &RORAGomM SRR REES
associated with the individual antenna el enents, the_two  vector equations

are sol ved for °f REPIERIHBI I eights ByTusipg adinjte sehefl pprsiblserveiphis RyRRlsysiem each
of the antennacghpERRian bKfelded. This is done for each path of each base
station of interest. Simlar solutions can be perfornmed for systens_using
three or nore antenfifier @ EpNreight %h%sheﬁ'gd%mmq@nW‘%@t‘i‘mﬁl'é‘%tq weHslques,
the transm tteqdnRowedienitht RRAGR Bhahlte obﬁﬁ%mséﬁt%‘dc@ﬁﬁgc&%clk BleS tiSthe h&Ir- -t he

pi l ot power of the servici ng_ba_se station %Pd), andthe whi'te noise

vari ance vdét osecqgnds, asiflusirated an FighB (blacket?a$hegbevedastihed procgsslisohtn mpgatedA new

wei ght for subsequent processing cycles {block 64). In this manner, the receive beam of the

communication device is continuously adjusted to achieve a reduced level of interference
within the communication device. The above described method may be modified for use
in systems having more than two antenna elements (e.g., receiver system 40 of Fig. 3).

20 Although the present invention has been described in conjunction with certain
embodiments, it is to be understood that modifications and variations may be resorted to
without departing from the spirit and scope of the invention as those skilled in the art
readily understand. Such modifications and variations are considered to be within the
purview and scope of the invention and the appended claims.
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for the first antenna element is then cal cul ated that maxi m zes a 11 APRIL 2006
predeterm ned quality criterion (block 60). In one enbodi nent, the signal
to interference and noise ratio (SINR) 30 is used as the quality criterion.
In this enbodiment, a new weight is determ ned that maximzes the follow ng
equation: 7 11 APRIL 2006 WO 03/034615 PCT/ 1B02/ 04383 SINK - P, ~WCuf
(MC)"I" N1 PE(WC )1, (WG )-diag\WC,)". (WCJ) ) +SFEP, O((WC, )a. (\WC,)) 4

SF(WC, XWC, )a (oWrXaWwrTH) where SF is the pilot spreading factor, the
operation G A) returns the sumof the absolute 5 square of the el enents of
matrix A XH i SL&¥Sconj ugate transpose of matrix X, and XT is the nornal
transpose of matrix X. It should be appreciated that the last termin the
denom nator of the above equation relates to white Gaussian noise in the
channel and inl. sonk owdwd dan mwdudingonedere@hen qualontmunieatiper devicchat nmay
be used incl udenf _for exanple, the nean square error (NMSE) of the pilot

si gnal , t HE B 8error rate (BER) at the output of 10 the rake receiver, and

others. In one apprgeahingt heconanomeitight ddvices Bhafd efitstl hadN @cdidizh@nset  of
predet er mi ned wei ghts. E% using a finite set of possible weights, overall
system cORPFEX L acafiopliequergycrambingt tte copbimner@ipuie of Kid itiadndowsspnd

det erm ne Laht,: | | g : el ement for the

r emai ndergg rﬁ? %?“%P%g%‘h‘% ﬁrﬁ'?%géedsng%L%gggi/%%ﬁgl(#satgjuselp %)ef\ﬁ? et’ next T- r 15
seconds, as il ust rsatdecbmmuricagionSevich|fother 6i2ying Bhangle cado degeench€RBFpr ocess

is then repeated for subsequent .processing, cycles (block 64). Ln this
onnor | ES gt & wsn - Cnp ISR B G beebT atemitebs 5
adj ust ed §ignagchi eve a reduced level of interference wthin the

conmmuni catron device. The above described nethod nmay be nodified for use in
syst ens havi ng nor edetdminingindeviduahetanesl serpansss far said firpteandisoeond gpisnram 40 of

Fig. 3). hpug he:p .l nyentiLon., k e cl.i hed.li junction
i h cer t Srmehie Rk B AL RGN BY POk CHaTR 6 TARE MR eheERL o
vari at i onsoniayniteiongimal; et t o
determining a weight for said first antenna element that optimizes an
interference-related quality criterion based on said individual channel responses using

phased array principles to direct a receive beam.

2. The method of claim 1 wherein:
said communication device includes more than two antenna elements,

wherein said combiner combines the outputs of said more than two antenna elements.

3. The method of claim 1 wherein determining individual channel responses
includes:
applying a predetermined weight to said first antenna element;
estimating a combined channel response for a channel between a first base
station of interest and an output of said combiner while said predetermined weight is
being applied; and
calculating an individual channel! response for a channel between said first

base station of interest and said first antenna element using said estimated combined

channel response.



wi t hout departing fromthe spirit and scope of the invention as thosaiAPRIL 2006
skilled in the art readily understand. Such nodifications and vari ations

are considered to be within the purview and scope of the invention and the
appended clains. 25 a 11 APRIL 2006 CLAIMS 1. A nethod for reducing
interference in a conmuni cation device conprising: providing a

communi cati on device having first and second antenna elenents and a radio
frequency conbi ner to conbine outputs of said first and second antenna

el ements, said first antenna el enent having an adjustable weight; said

conmmuni cation device further having a single radio frequency (RF) receiver

path to receivg theﬂ&?ﬂ@ﬁ&?&%ﬁﬂ&ﬂy&ﬁa pd produce a baseband communi cations
g I ndi

signal ; determnin vi dual channel responses for said first and second
antenna el enents falcubtiop anfindividhalrcabirtey rasporsaseclsteatdetensinafs 4 neghest at

t he baseband. 0 ni,cati. si gnal ; .and deter,m ni. a.wejght for said first
et enaa obEHEHTY PRI i stidiss entend ¢IReEn ag] S0k SoiaPasvitrsy aplied welft o1 i on
based on galaRulafdiag deRidush@Re rdspeienses using phased array principles to
direct a receive beam 2. The nethod of claim1l wherein: said comruni cation

devi ce includes nore than two antenna el enents, wherein said conbiner

conbi nes the oyt put éﬂkﬁ%ﬂ&%ﬁﬁﬁ@l&ﬂ%ﬁntmn antenna el enents. 3. The net hod
of claim 1l wherein determning I ndvidual channel responses includes:

appl yi ng a predet ersaidnedigheisghtorhples ateibht ihagihg anhagimdetadirehtompaiehmat i ng a
conbi ned channel response for a channel between a first base station of

i nterest %W&PE%ﬁ“bﬁﬁ%ﬁﬁCQquggﬁd combi ner while said predeternined weight is
bei ng applied; and

6. The method of ¢laim 1 wherein:

said interference-related quality criterion includes a signal to interference

and noise ratio (SINR).

7. The method of c¢laim 1 wherein:

said interference-related quality criterion includes a bit error rate (BER).

8. The method of claim 1 wherein:
said interference-related quality criterion includes a mean square error

(MSE).

9. The method of claim 1 wherein:
determining a weight includes selecting a weight from a predefined set of

possible weights.

10. A method for reducing interference in a communication device
comprising:
providing a communication device having first and second antenna
elements, said first antenna element having an adjustable weight;
applying a predetermined weight to said first antenna ¢lement;

combining the RF outputs of the first and second antenna elements;

10



cal cul ating an individual channel response for a channel between said first
base station of interest and said first antenna el enent using said edtistBiled)06
conbi ned channel response. 9 11 APRIL 2006 4. The nmethod of claim3

wherein: cal culating an individual channel response includes determ ning a

wei ght previously applied to said first antenna el enent and using said
previously applied weight to calculate said individual channel response. 5.
The nethod of claim1 wherein: said weight is a conplex weight having a
magni t ude-rel ated conponent and a phase-rel ated conponent. 6. The nethod of
claim1l wherein: said.interfer e-related quality criterion includes a

signal to int et PEFEREHe cqm 1%8?{25;0 1% p(@“&ﬁ??. asfga“ﬁf thod of claim.l

wherein: said interdsgm@mgea cahbihed cikimadlirbipofidel fof 5di@ TirdtRGH Wetdad anfehfia €1 r Or
rate (BER). 8. The nmethod of claiml wherein: said interference-rel ated

qual i ty ctlFmeHs ghtherhashgad signpteilestpichpedaemyped weight isgbeingapphied f¥d of clai m

1 wher ei ng d685HM 56 i ght includes selecting a weight froma
predef i nedrssetS o} 1 posgléf)%ég wei ghts. 10. A nethod for reducing interference

in a conmuni cati on wkulatieg icdmdnalsihagnel pesponsts dgr ehanoehmbaiveahiserd Gisvi ce
having first and, second,antenn e ts, said_ first antenna el enent having
o a0 ust i 2Bl BHTPAgTT gt BB RRn Sidhe: FEPCERG eFITAR ant enna
el ement; contiddihagnd Repdtseaiitiput s of the first and second antenna el enents;
10
determining a new weight for said first antenna element that enhances an
interference-related quality criterion using said individual channel responses to allow

beam steering.

11.  The method of claim 10 comprising:
repeating estimating a combined channel response and calculating

individual channel responses for each of a plurality of base stations of interest.

12. The method of claim 10 wherein:
estimating a combined channel response includes identifying and using a

pilot signal received from said first base station of interest.

13.  The method of claim 10 wherein:
applying a predetermined weight includes forcing a magnitude associated

with said first antenna element to zero.

14. The method of claim 10 wherein:
said interference-related quality criterion includes a signal to interference

and noise ratio (SINR).

15. A method for reducing interference in a communication device
comprising:
providing a communication device having first and second antenna

elements, said first antenna element having an adjustable weight;

11



11 APRIL 2006 converting the conbined RF outputs to produce a baseband APRIL 2006
signal; estimating a conbi ned channel response for said first and second
antenna elenents at the baseband signal while said predeterm ned weight is
being applied for a first base station of interest; cal culating individual
channel responses for channels between said first and second antenna

el enments and said first base station of interest using said estimated

conbi ned channel response; and determining a new weight for said first
antenna el enent that enhances an interference-related quality criterion
usi ng sai d i ndi vi duaRPlY&HEahPErdelcaEspsh excht do pidofiyst peignmas tlementndpringla The
nmet hod of L : rising: repeating estimting a conbi ned channel
response %%%&Eg%%gfgﬁrﬁg i ndi vi dual channel responses for each of a
plurality of base stoathimngthefRE aitgriestthe fildt ankhecoet Anvchneklealeaism 10 wher ei n:

estimating a conbi ned channel r nse includes identifying and using a

pi | ot signal r%oéléfr\t/‘B%ltl"fercg?m E%ffjcﬁ&fs(? tsrﬁﬁ%‘{%?ﬁﬁ?ﬁﬁa’@fs@%{l’ere;t. 13. The
net hod of claim 10 shekghda camBin¥d BithnAelHEQRRELIHFLAE direingRbconAGhitdss forcing
a magnitude associated wth said first antenna elenent to zero. 14. The

met hod of clgmgitinfrom thpbassband sigiialwhike said predeterenines weight igbeing appliedifesr i on
includes g. Egg@{ati&pohg{e%sperence and noise ratio (SINR). 15. A nethod for
reducing Interferencé 1 n a’'comruni cati on device conprising: providing a
conmuni cat i on devi caldalwing gndividsd] chamtlelsresponsks doit chamiels edtesanndash ofaid fir st

oL, SRR ML S8 SR b AR5 RELH ™ 2
time period using said combined channel response;
determining a new weight for said first antenna element for said present
time period that enhances an interference-related quality criterion using said individual
channel responses; and
applying said new weight to said first antenna element during said present

time period to allow beam steering of the antenna elements.

16.  The method of claim 15 comprising:
repeating estimating a combined channel response and calculating
individual channel responses for each of a plurality of base stations of interest before

determining said new weight.
17.  The method of claim 15 wherein:
calculating individual channe!l responses includes using antenna weight
information from a previous time pericd.
18.  The method of claim 15 wherein:
calculating individual channel responses includes using combined channel

response information from a previous time period.

19, The method of claim 15 wherein:

12



present tinme period; conbining the RF outputs of the first and secondi1 APRIL 2006
antenna el enents; converting the conbined RF outputs to produce a baseband
signal; estimating a conbined channel response for said first and second
antenna elenents fromthe baseband signal while said predeterm ned wei ght

is being applied for a first base station of interest; calculating

i ndi vi dual channel responses for channels between each of said first and
second antenna el enents and said first base station of interest for said
present tine period using said conbined channel response; determ ning a new
wei ght for said fireglculptingindividpad pbannel mspenspainghdse frlving iveqpasions éh t hat

enhances @pmhaggﬁ£ggﬁgﬁggiﬁgﬁh%ggggg&hﬁ%lEr!terion usi ng said individual

channel responses; new wei ght to said first antenna
el enent during said present time period to allow beam steering of the

antenna eLenents. 16. The .method of claim 15 conprising: repeating
estinating'a dbﬁﬁpﬂgﬂpeﬂgﬁﬁbf??gﬁﬁWnse and cal cul ating individual channel
responses for @agikiRb iRl dhiinkl @fpdAasencidl sORmghe foNbRIRSYsBal@r e _
determ ning said new weight. 17. The nethod of claim 15 wherein: cal cul ating

i ndi vi duapqueheisfer Cr{egdonses i ncl udes using antenna weight information from
a previous tinme period. 18. The nethod of claim 15 wherein: cal cul ating
i ndi vi dual channel responses includes using conbi ned channel response

information froma p;pnguﬁgghne period,; k97 ,hhe,frethod of clai m 15 wherein:
12 11 APRIL 2006 calcul atind i ndividual channhel responses includes solving M

equations in M unknBWisT Kvherle(™ i s an? FHEPeder tgrdat er than 1. 20. The
nmet hod of cl aim 15 wherein:
where h;(t) is the estimated combined channel response for the first base station

of interest at time t, Wy,.;;r 18 the calculated vector gain of the antenna elements during

previous period [(n-1)T+7, nT), Ci(t) is the matrix channel response of the first base

station of interest for each of the antenna elements at time t, and W is the vector gain of

the antennas using the predetermined weight.

21.  The method of claim 15 wherein:
said interference-related quality criterion includes a signal to interference

and noise ratio (SINR).

22.  The method of claim 15 further comprising:
repeating applying a predetermined weight, estimating a combined
channel response, calculating individual channel responses, determining a new weight,

and applying said new weight for a subsequent time period.

23. A communication device comprising:
first and second antenna elements, said first antenna element having an
adjustable weight to allow receive beam steering;
a radio frequency combiner to combine outputs of said first and second

antenna elements to generate a combined signal;

13



cal cul ating individual channel responses includes solving the foll owingPRIL 2006
systemof equations for Cl(t=nT): ~h, (t) = W (t) t e [nT, nT +r] h,
(t)=W~_,)rC, (t) te[(n-1)T+r,nT) where hi(t) is the estinmated conbi ned
channel response for the first base station of interest at tinet, W"./ r
is the calcul ated vector gain of the antenna el enments during previous

period [(n-1)T+r, nT), C, (t) is the matrix channel response of the first

base station of interest for each of the antenna elenents at tinme t, and W

is the vector gain of t antennas using the predeterm ned weight. 21. The
met hod of claim 15 w_&glaﬁre%\’e& PP taf?%‘?eéﬁg%g‘fnélrla? %rlfalefar)? 3 61 8§ on
i ncl udes gcshd@fRénnk RlehihRtb BroANESs bAAMANAQIgAR; 4f 1 0 (SINR). 22. The nmethod of
claim15 further conprising: repeating applying a predeternm ned wei ght,

estimating a conbi rieePntigHamesIneqted oreseive gl basthend nignpinaid/fodwalroksithnel
responses dj?s%b% %i@hﬂg sé‘]élgﬁw %59?EIEmerﬁné%iaa(pogxlt%ilé]Qnaﬁhiq new wei ght for a
PR pert 0d. 93 AN evi F

subsequen nmruni cat 1 on ce conprising: first and
second ant enna el enefits unitaioddddrmide mdivetuah clednaserebpdnass fog said fidtdpndst abl e

wei ght to all pw recejve beam sieering;. a r.adi o frequency conbiner to conbi ne
out put s o?ecg’&fﬂ‘t?qnﬁkmﬁﬁ fg’é% gta W?aé‘ﬂh‘éifbéﬁ%ﬁgmné%? H‘tﬁésrﬁ'e"r“g?e a conbi ned
signal; 13 11 APRI L3 2Q0Rd 3nft! tBHctrRhe! £ GRIHE forPRAId fit? aARANL ElendcheHaP DI ned
outputs of said first and second antenna el enents to produce a baseband

si gnal ; asglinaizesomtinigtkencemrtoruetitytcoitaripoasing thenadiviakiebehatnd irggpeniseand t o
control said adjustable weight of said first antenna el enent, said
controller including: a first unit to determ ne individual channel responses
for said first2and Tisaoamuniditiondevied aroin3fcompeisial. of a plurality of base
stations of interest; and a second unit to determ ne a weight for said first
ant enna el ement t hait least one additional antenna element, wherein said combiner combines

outputs of said first antenna element, said second antenna element, and said at least one

additional antenna element to generate said combined signal and wherein said first unit

determines individual channel responses for said first antenna element, said second

antenna element, and said at least one additional antenna element for each of the base

stations of interest.

25.  The communication device of claim 23 wherein:
said controller repeatedly updates said weight of said first antenna

element.
26.  The communication device of claim 25 wherein:
said controller updates said weight of said first antenna element at
intervals that depend upon a Doppler rate associated with said communication device.
27.  The communication device of claim 23 wherein:
said interference-related quality criterion includes a signal to interference

and noise ratio (SINR).

28. The communication device of ¢claim 23 wherein:

14



optim zes an interference-related quality criterion using the indivi duaPRIL 2006
channel responses. 24. The communi cati on device of claim23 conprising: at

| east one additional antenna el ement, wherein said conbiner conbines

outputs of said first antenna el enment, said second antenna el enrent, and said
at |l east one additional antenna elenent to generate said conbined signal

and wherein said first unit determ nes individual channel responses for

said first antenna el enment, said second antenna elenent, and said at |east
one additional antenna elenent for each of the base stations of interest.

25. The communi cat iseid fiesti wat ofgubdrlyi apr2®s wheredetermisad dvaightt wokdiér fissepeat edl y

updat es sai.d we t sal first anten 26. The conmuni cati on
dovi ce. of et Elehy Rt p & Seleh Bl Rl ighe TR S el oht of o g
first antenna elenent at intervals that depend upon a Doppler rate
associated wth said conmuni cation device. 27. The communi cati on device of
clai m 23 wher eth: sHIEFOMRUREPR ARdcs ofickimd3 dd]érqmy criterion includes a

signal to interfer n device
of claim 23 mherelﬁﬁﬁﬁﬁm?ﬂ&tagg ngg%%ysaldaﬁ?fg%ﬁﬁkﬁgﬁﬁgg Qh&@%%glles a
pr edet er mmiegcoudi aglnng elesantd ubing 9tcomhm‘cé nimanell respense foosaidi Siest hmd sbeomt mi ni ng
sai d individual , chan onses. ?9' The conmmuni cati on device of claim23
wher ei n: @ﬁ?@aFﬁF§Pmﬁﬂﬁ?wg§$ 1888 Wi ndi vi dual channel responses for
said first and second antenna el enents using a conbi ned channel response

for said first and second antenna elenents for each base station of
interest. 15
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