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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 channel 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 often 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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the invéhtion. The following detailed descriptionis, therefore, not to be
taken in a limting sense, and DEIAISEDBESHRIPHON present invention is
defined only by the appended clains, appropriately interpreted, along

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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with the full range of equivalents to which the clains are entitled. In the
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acting as tE08errlilpgvithinswhish ahe base siation IﬁaﬂﬁlPéOW!@%rWIWS&ﬁ@nﬁngnlpait@at ed

wi thin tlg'e &?Ylkesjtgmggllé)@s%r% %s%éf*cp réll thé\@ml L&an@grbasje%ha%Mr ferE Yoot'hgﬁilsje .
recei ve signals froma nunber o as€ stations ‘e system 10 in
20 addi t i onstationt thet ssepmmtlng)rcba@eg sommuoigation. seAgcadetoca ipbreidulpr aser. oulédry, ina
CDVA- based _s Ste r f,r.o the Yari ous |ons may
have over | appal% g mithtret}?rencquﬁ beag %) 109 14 [SaC etsei_rl\élgnerzlgg%sgrs aaxonbl fg

signal s canmnm@amsleweﬂ yxho mplaczltedt\hehm cmeadelltlﬁ ocﬁfoasecsmmumna;aMcfblﬂe wkdr 8 nmtlhe
system 10. ifagramil lystratin g ceiver seystsm 20 in
accor dance WP om a~number of base stations 12 within the system 1

20 addition to the servicing base station 14. As described previously, in a CDMA-based

gﬁllyaﬁecelve sngnals kfr

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 a 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



25 enbodi nent of the present invention. As will be described in greater
detail, the receiver system 20 is capable of outputting a received signal
havi ng r esomam3domt er f erence within a correspondi ng comMmumRCTABI2I3gBevi ce.
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magni t u and phase, respec sociated with the first antenna
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second ant eeﬂﬁcﬁlu%ﬁﬂfoﬁmgt?on Zhociell dhethi ¥ ek& dthehe CMMRALiSA UBiLe.t OTHehe RF
receiver 32. The recei ver 32 processes the conbi ned S|gnal to generate a

baseband 1b356?ﬁﬁ'ﬁ1j’mc€§9i &halse gelaers irfeemasioaciseyrd e dheshassbandisigpad dedges t he
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conmmuni cati on devi ce. aseband processor 34 also delivers information

derived frothet bfaéehya@en@masoslﬁnm gensrath gaingaiidn pbasel gohaeleindnetian Ifer 86, The
h 6, h
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processor erate gain an phase contr ormation
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rel ated quafeilat“ifjI P?é;r“feélr‘? K%g I\PR% K‘i%h P3Pngth f r@ glp a5F @ i é;i‘f?a phase
control ber sfust @i 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)
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20 adjust the position of the conposite receive beam of the receiver system
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in the viwomsg4eiparticularly those w th high powers). A®CcagBevi4bssd above,
the outputs of the first and second antenna el ements 22, 24 are conbi ned
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different 5 polarizations. It _should be appreciated that npre_than two

ant enna el eAddiienaaiensa cleaentsidd cagl bayingah exTeipandingidiusiabls gan ynifrandon as

long as at hﬁ@sﬁbl@}ﬁﬁas@‘cunﬁt% anhﬁﬁ@@yseénerasaat%nh% gain Ad ipRke &oRRAINE t3gde
and/ or phase’'to allow beam steering to occur. For exanple, Fig. 3 is a

bl ock di agr deHvers| gaje randi phgsea consiobiinfermasips t tentha (rdjustable cenini #A¢ ehaset WNikinot her
enbodi mgat 955031%&11 Bin REGSS e hdrzé{s‘?eﬂatlé egﬁengﬁ‘élelnle usbrat e%s de%&? e@%él\% jHacl udes

first and second antenna el ene scribed in e previous
enbodi nent . ga?.ysmémha@: edngrol infioimatiers gerrveatest bmbheegaladdd tnh@s@a¢onanltl@rﬁ6als

el ements 42 ,each pavin correspondi i n .
adj ust abl e 8 rgléne'cau afiju%%éidlﬂ? s%geosy% rerl;‘Fslﬁnoper aﬁl (Srtlhat %ﬁuc%s mér{?eren © W glge

control | er 8 sydahudo.ensy ganter afdjphbianecant erlahenmﬁwhmiseabn to t he
adj ustabl e gain l?igd phaseﬂgvgclzhtart 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



15 associated with each of the adjustable antenna el enents 22, 42. As
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(bl ock 54) LenbI ne annel "resporise 1I's e response o
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+7]and [(n-1)T+7, nT) respectively:



10 and second antenna el enents after conbination within the conbiner. The
conbi ned channel response for a particular base station is estimated using
t he pil otwDmam34setei ved fromthat base station. Methods fPam/IBeY(4088 i Ng a
channel response using a received pilot tone are known. The base stations
of interest my be selected in a variety of different ways. |If adequate
resources are available, all of the base stations within the system may 15
be treated as base stations rest. In an proach, the N hi ghest
power base stations in't (gy? f’f i.e., the® @’gh’éf§ tlons havi ng t he
strongest receive signal s/ htp. .ﬁﬁe(t) comalfr <t iramIdevi ce) are sel ected as
the base stations of interest (where Nis a positive integer). A list of

t he hi ghest power base stations is often nmaintained within a comunication
devi ce for %@re'ﬂq(tp%rtfhg %Bﬁe@gmgélf reSiRRLAL GRS ¢ a%s'acﬁtrehl thaslagg hEfiofRPT 0ach,
20 al |l base stations having a detected power |eve exceedi n

pr edet er P né\wemk&mne@poméwlthe servng ieasel statdon) médrich asay lEtcantlrolnsslméstlmtedr est .
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responses asls}omllabﬁm w td lairgee thandlha/md;umhnmarnmﬁjaﬂaf ﬂnh@tmlnttﬁe edrﬁbspkﬁlldtl@ at ed

for the pase station ere_s ck 5 I n at ast one approach,

i nfor natl{j)onmﬁgé%s'ivgtt iﬁe vﬁcf‘ﬁ kit e b epﬁaﬁ‘c%étéel EW&’“B? ugng @egmme{ Becycl e
from(n-1)T Ei I I nses
assoct ot ot B UL RalT) dhey BoR hebRe BN chily € ARG PR
processi ng predétermiimdgysightt lnethatyic hgplibd artinmeTt=h'D afdkeld iforiparicEi [T, 151)+zb]y Twel vi ng
two equations ,i.n nown vect or uat i escri be
the rel ati oﬁ%l?"bedbtéhf"(}\'k?gﬁ“?‘w&e ﬁké%#d%%% th'\ﬁ#ﬁfgll ha“@% SRUBReS Ve K2 P50 vi dual
ant enna chab#e |staﬁ@$gfg?&§‘ét6lé)t Thd:C!}?ue[sgg/hk(t) gg%‘w fonetd p[rf(vl'bul)tl-rlfrbrpﬁrlﬂdTD(n l)'li
respectl 4615 B 4 nT, nT
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(where k=0 corresponds to the serving base station) which may be

cont i nuousl y/elégtt i iadividual channels (Ci(t)) at the end of the (n-1)T period are equal to the

ones at the beginning of period nT, whereas the combined channel response (hg(t)) is

different due to the different weight vectors (I/IN/ as opposed to Wg.p 7). 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
clements.

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 (Py), and the white

noise variance vector o = (o, 0,) 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:



and tracked using well known estimation techniques. Ck(t) is the matrix
channel response from base station k to each of the antennas at tine t.
The el emrewD oB@B461y} ;] of the matrix Ck(t) represents thePchaRoi43sesponse
of the j'th path at the i'th antenna elenent. The j index will often be no
| arger than the maxi num nunber of fingers in the corresponding 10 rake
receiver. The vector W" _J)T= (w, 1) is the gain of the antennas during the
former time period [(n-1)T+r , nT) g vgcetor Wrepresents the vector
gain of the t ennas using the pre@@? %Ed wei ght w that is applied at
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of interest k). The val ues of hk(t) an Wfor the previous tine period
[(n-1)T, 15 nT] are known. The vector Wthat is used for the [(n-1)T+r, ,
nT] tinme pe ' : t

(n-1) T+r ( s%ggrgigg ng Eté qjglﬁtdypn%fl mg ?ﬂt&eﬂggg@%%tn@n%(g@%t%gﬁ{e%ﬁddﬁe 4 f‘!’\}‘?téum
channel s5 ( Ckquaje)ofghe ¢lpmergnolf rmitrlx e X(Hns 1h)e'K:oszgatoctalapae@di wwirix ¥, ardeX” Bnes at
t he begi nni f s it nbln re onse hk(t))
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i ndi vi dual ant enna el enent s, ﬁ v gtor i on ar e, s | ved ﬂor t wo
unknowns. at (PR ree S BTTR R ' Bfer B FEGHR e BHEhe BRI BB

el ement s Ck{heean Bhuase éﬁor({MS@) bﬁrheqﬁlohsngmll hheobit eaairald dBER} hiathé ompaxf of

i nteres Sim l.ar sol ut| erf d for, stem; hree or
nor e anﬁ%nngle rAfe ARG an 8&’ EQOWBWO ngw e Isé‘ﬁle‘ft%cgﬁ g ite S¢lh e
transmi t t edop preéte@iingiabighk. tm}eubiaga ﬁﬁiteaﬁdt Qfosdible n&eeglwtovéﬁk)systénhe pi | ot

power of the serV| Ci ng base station (Pd), and the white noise variance
vector 6 = PHNPlgoly cah b¢ Keducsht ennas are estimated (bl ock 58). A new wei ght

for the first anigange %Eﬁ%"éht'v@h&sh@é%n%{eﬁﬂﬂn@& qfe WRrht B‘f’aé)bﬁédz%sth@ first
predeterm ned quality criterion (block 60). I'n one enb ment, the signal

t o i nterf er &fewagimenbios gherrgmpindgr I KIR) pregni ogesweg exsle (e, udhd vaxtdriteri on.
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= 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.

25



SFP, G( (WCa) H=(WC, ) - di ag( (WCO) H+(WC0) ) ) + SF PkQE (WCo) H+(WC1) ) +

SF(WC, ) (WCO) H( (6WI') 16WI) HL where SF is the pilot spreading factor, the
oper at i orwQ(0)p346¢3 urns the sum of the absolute 5 square eCTuhRe/@Bsnents of
matrix A, XH is the conjugate transpose of matrix X, and XT is the norna
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¥hatisglipedisses can be ignored. Other quality criteria that may
be used |nclude for exanple the nean square error (MSE) of the pilot
signal, thelbit #megrodiagedycoeryterferenchén deamyneniestion devigscomprEngecei ver, and
others. In one appyiaRAgh coh%nﬁ@l‘%n"@:’vggha\h% fist %‘&ts%nﬁ F('ghﬁaa eflénﬂ:'ngseané%t of
predeterm ned weights. By using a finite set o 0SSl over al
system conpirebingryo gembipe oytagts ebspid st and se¢nad memnmlgmntaxvsmgr%eetnnna

det er m ned, elg,lﬂgm\ﬁg{,lg bn hdjuRRR \;Vggﬂto the fi rst antenna el enent for the
remai nder of the preSent processing cycle (i.e., for the next T-z 15
seconds, as il | udetarmindng jimdiyepl @Pnr(eblrmphnﬁi)for Fhid fitsb\aed desandi beenmar ocess
s then repgghed, k. SURSGANARY ALECEIRRG RURLES Dl ock 64). I n this
manner, the receive onmmuni cat1 on device is continuously

adj ust ed to achi Mmmmgadwegdt foesadd fisf antérine efeareatnbd optimiZes an inkeeference-

conmuni cat i gn d .The qvye descri b be nodified for use

in systens Kaf nad’aﬁrgrce”el“ﬁ%ﬁaﬁe%“& ‘f'é‘ﬂﬁéd% %‘Ff@ﬁf ?SQOQXCQS recei ver system 40
of Fig.1®8). 20 Although the present invention has been described in

conj unctioon2w t ITieandtkdédof cRihadiberii:s, it is to be understood that

nodi fications and. vari ati ons (ﬁmij}ﬁbe resorted to WIthOl1lt dep aLtI ng fromthe

spirit and scope oM HUUNITER elidPhipete taag e apiert qeRengy VherrBaai v

under st and. combiRer@BEbint @t b@pss andidvasrt @lah GG aréaeRMehider ed to be within
the purview and scope of the invention and the appended clainms. 25 8 WO

03/ 034615 PCT/1B02/ 04383 What is clained is: A et hod for redu0| ng
i nterferencd i n Eecoibrdnickim dnvhge @er@mﬁﬁln@wﬁgal chimgliegnopggs includes:

communi cati on deyheg Wbd&%nﬁﬂn‘%éke%ﬁﬂo%ﬁ@@i%a:ﬂ@r{n‘%réfbﬂxeﬁﬂ enents and a

combi ner to conbiné outputs of said first and second antenna el ements, said
first ahdenna Ssématinem combinadghammebigpnesscalor e chasingiHetween 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

20  response.

4. The method of claim 3 wherein:
calculating an individual channel response includes determining a weight
previously applied to said first antenna element and using said previously applied weight
to calculate said individual channel response.
25 5. The method of claim 1 wherein:
said weight is a complex weight having a magnitude-related component and a

phase-related component.

6. The method of claim 1 wherein:



determ ni ng i ndividual channel responses for said first and second antenna
el ements for each of a plurality of base stations of interest; and

determ niwg oa/oswsiiyht for said first antenna el enent that @gTIIBI2ZE@3S3AN
interference- related quality criterion based on said individual channel
responses. 10 10 2. The nethod of claim 1 wherein: said comunication
devi ce i ncl udes Wisvigtetfpgnceriplyted gralitneritetiamipeiudes awigapldp intgfrence ansthsisser
conbi nes t hggysjiys of said nore than two antenna el ements. 3. The method
of claim 1l wherein determ ning individual channel responses includes:
applying a gredeternined weight to said first antenna el enent; 15
estimating & conbieredhedefishén Ivdsibtise for a channel between a first base

station of int e{aﬁlslhteﬁ@lgn&,[}ef?déﬁHg%itférg?@dgﬁa@lggqg'a% rerr}‘)pllaleQBﬁﬂ

id
predeterm ned weight 1s being a culating an |%dividua
channel ¥esponse for a channel between said first base station of interest
and sai d5fiBst ahteanethodedfehmmtl wisteiny sai d esti mat ed conbi ned channel 20

. 4. Th [ ~Wher el n: I [ I pdi vy dual
channel 7 esponserrRpsiedEp R ol RER Do il S LB ABVLG To cai d

first antenna el enent and using said previously applied weight to
cal cul at e s@i d iTicinétbladadf cianvdlerciresponse. 25 5. The nmethod of claim1l

wherein: said wejght.i.s a conpl ex, wei,.ght havi a_magni t.ude-rel at e
Cormonont *and o defitbinide £ E BTGt S e b AR s8Rt & RFOl5ner i n.
9 WO 03/ 0344Gd#heCT/ 1 BO2/ 04383 said interference-related quality criterion

include? a signal to interference and noise ratio (SINR). 7. The method of

claim 1%herein: said interference-related quality criterion . includes a bit
q y
error r&fe ((BER)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 element;

estimating a combined channel response for said first and second antenna elements

15  while said predetermined Weight is being applied for a first base station of interest;

calculating individual channel responses for channels between said first and second
antenna elements and said first base station of interest using said estimated combined
channel response; and

determining a new weight for said first antenna element that enhances an

20 interference-related quality criterion using said individual channel responses.

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:
25 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:

10



5 5 8. The nmethod of claim1l wherein: said interference-related quality
criterion includes a nean square error (MSE). 9. The nethod of claiml
wher ei n: wetoatsdomi ng a wei ght i ncludes sel ecti ng a wei ght pCTaBv2zo4ps3edef i ned
set of possible weights. 10 10 10. A nethod for reducing interference in
a conmuni cati on device conprising:. providing a communication device having
first and seconoﬁpamr@rm%re@t%mé&elgéginaluﬂwfgqcmamrwnauc@aés?éﬁtedh\aﬂbismg an

adj ust abl e R} $Hidnna @RRIeNi 9@, Predet erm ned weight to said first antenna

el ement; estimating a conbi ned channel response for said first and second
antenna elenments 15 while said predeterm ned weight is being applied for a
first base $tatiDw® refthedufetagtl0 whemgingul ati ng i ndi vi dual channel responses

for channel s betyrefeselfd ekl @il SAEAIANANAE el TR GROhAHA (11 st

base station of interest using said estinate ned channel response;
and det e? m rtingSIARlew wei ght for said first antenna el ement that enhances
an 20 interference-related quality criterion using said individual channel

responses. . T . cl.ai 0 i Sing.. 2at | .estimating a
conbi ned chiérLinelQﬁlgg%gggﬂe%w%égtﬁg%%%f iqrﬁgpc{r’l}lrﬁél'@?a&ﬁg‘ﬁ&?%ﬁgﬁﬁrel%ﬁé'esponses for
each of a pl uralproyidiog alrasenusicationodegicethaving Erseanid set¢éhd ahte@nareleineds,shidcl ai m

10 wherein: f2‘t5 (—{:sti ting. a conb&.n(% chanﬂel response includes identifying
. iisTanfenna clementhaying an adjusts le weig . .
and using a pifto si'gnal ‘recerv romsaid first base station of

interest. 13. Thepplyirighod @redbtemhiatdrwiightdoesaii first Afend DSnEhB46dM: a present
PCT/ | BO£QO4§83 a(glpl ying a predeterm ned wei ght includes forcing a
magni t ude al968Fft%d with said first antenna elenent to zero. 14. The
met hod of cl ai mebfimudgy £éomibined channel response for said first and second antenna elements

while said predetermined weight is being applied for a first base station of interest;

calculating individual channel responses for channels between each of said first
and second antenna elements and said first base station of interest for said present time

15  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

20  period.

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.

25
25 17. The method of claim 15 wherein:

calculating individual channel responses includes using antenna weight

information from a previous time period.

18. The method of claim 15 wherein:



said interference-related quality criterion includes a signal to
interference and noise 5 ratio (SINR). 15. A nethod for reducing

i nt er f er eWO®3ji08u6aS conmruni cati on devi ce conpri sing: provi ¢CAIB@/04383
comuni cation device having first and second antenna el enents, said first
antenna el enent having an adjustabl e weight; applying a predeterm ned

wei ght to said falcvfatiane wdividual Shame! despPisss ainpudsse yeing 199mbined pannely;

estimating g IR FhaGORREE b pFRRRONME pbiddd, sai d first and second antenna
el enents while said predeterm ned weight is being applied for a first base

station of interest; calculating individual channel responses for channels
bet ween each?-of Ehfimethed aficlayinds sdewsitd ant enna el ements and said first base

station of int er&?ctulaftiﬁé iB@Ldudl’ 83/ tjéép'gﬁses ?iﬁclﬁ’d)e'%! %@L{:&@SM%%ioﬁs qm’i?i ned

channel response; determning a new weight for sai I'Tst antenna el enent
for sai dd pr eakaawns, iwhere Més angotegdigreatenamdées an i nterference-rel ated quality
criterion using said individual channel responses; and applying said new

wei ght to sghd f4 .during said present time 20 period.
?}% 9 Oﬂeéfetﬁ‘&‘ %&&@8 95 GHER .

16. The met alm nprising:. repeating estimating a conbi ned
channel responsecaimtitioglircliMidital plgninal desppbamincludésasohiirlg the §pPlomseessystom efach of
a plurali tyeof tibasfgﬁé&@%jrons of interest before determ ning said new

wei ght. 25 baivd ‘ me)t'hod of claim 15 wherein: cal cul ating individual
channel responses includes using antenna weight information froma
previous time period. 18. The nethod of claim 15 wherein: 11 WO 03/034615
PCT/ | B024 04383 cal cul|&MOmf”Crdi vi dual chatmBirTredponses incl udes using
conbi ned channel res (Ar(s)e—_;imj])pclr@ti on fremmaigreykeys tinme period.

where h(t) is the estimated combined channel response for the first base station of interest
at time t, W,.r is the calculated vector gain of the antenna elements during previous

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

15 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).

20
20 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:
25 first and second antenna elements, said first antenna element having an adjustable
weight;
a combiner to combine outputs of said first and second antenna elements to

generate a combined signal; and
12



19. The method of claim15 wherein: calculating individual channel
responses includes solving Mequations in M 5 unknowns, where Mis an
i nt eger gweatms4sihan 1. 20. The nmet hod of claim 15 wherei RCTABOZM4BES | NQ
i ndi vi dual channel responses includes sol vi ng the foI | owi ng syst em of
equations for C, (t=nT): 10 Jh, (t) —V\Cl(t) E[nT, nT + z h, (t) =
W' I)TC (t) t Ecpymelier torcoptrel sajdradiygiableeWrightt of say! figbansennp tc,selﬁlm ned
channel respétidfediféudif@ first base station of interest at timet, W"_J)T
is the calculated vector gain of the antenna el enents during previous
period [(n-1) T+z, nT)? fict Cnif to deteraingrindividuat ishamnel resrosprsrioe sof firsieand; r st
base station of sleéomjrwemasamwﬁs RRERN Bfa LGB SRR BbAER S dla h' me t, and
Wis the vector gal n of antennas using t pr edet er m neg ht . 21
The nethéd of claim PSSW eninto defprenineng eycight é@rc@@ érsatae@mmjdbm@y tb«'rtl terion
i ncludes a si gnag tlmzésr%? rnfte(?feﬁerﬂgeere?a% 5\9:1'11 crltEr%rf gsn( lthR)ndN%anal ngé The
nmet hod of clalm fur conprising: re ealng appl yi ng apre et erm ned
wei ght, esti matimgpoasesonbi ned channel response, cal cul ating individual
channel responses, determ ning a new wei ght, and applying said new wei ght
for a subseguent iogn device conprising: 25
first and sg%:londﬂgnc{gg]r?ﬁ%gcgﬁ%ndeeﬁ%e ,Oﬁcslgl ?gu g’?gl drit enna el ement havi ng an
adj ustable wei ghtleasaor(eoembltmeal aheneoetnene, Wherginiksaid @bmbiatdednibigs oapdtssecond
ant enna nt rate a. ned signal ; and .12 WD 03/0 461
pCr 1 B0 0a e iR Al SiEETaReaR dau B ST e e Srheddiosd o
first antenmderihelitht toSgnerateGaidt dodbired sighgll dndiwl@iein 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:
15 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:

20 said interference-related quality criterion includes a signal to interference and noise
ratio (SINR).
28.  The communication device of claim 23 wherein:

said first unit regularly applies a predetermined weight to said first antenna

element for use in determining said individual channel responses.

25

29. The communication device of claim 23 wherein:



a first unit to determ ne individual channel responses for said first and
second antenna el enents for each of a plurality of base stations of

i nt er est ;wand/oxeas second unit to determ ne a wei ght for saca/1BiveEsssant enna
el ement that optimzes an interference related quality criterion using the
i ndi vi dual channel  responses. communi cati on device of claim 23
conprising: at Iséé@slﬁr%h@‘ta‘%féﬁr?‘l“&hé?‘ddﬁ‘?‘éﬁﬁﬁ @raneb fespoyse e srid dird a¢dnbi ner
conbi nes  outdebkd antdfthaflentedtdudidg $ LoRbh&N BinRliSEBRhse HRissld IRGOM *AIANNa

el enent, and said at | east one additional antenna elenent to generate said
conbi ned si yHeIM2&lementidorarch bass dationo§fnteiestt det er i nes i ndi vi dual channe
responses for said first antenna el enent, said second antenna el enent, and
said at |east one additional antenna el ement for each of the base stations
of interest. 25. The conmunication device of claim23 wherein: 15 said
controller repeatedly updates said weight of said first antenna el enent.

26. The conmuni cati on device of claim25 wherein: said controller updates
said weight of said first antenna elenent at intervals that depend upon a
Doppl er rate associated with said communi cati on device. 27. The

comuni cation device of claim23 wherein: 20 said interference-rel ated
quality criterion includes a signal to interference and noise ratio
(SINR). 28. The conmuni cation device of claim23 wherein: said first unit
regularly applies a predeterm ned weight to said first antenna elenent for
use in determ ning said individual channel responses. 25 29. The

comuni cati on device of claim23 wherein: 13 WO 03/034615 PCT/1B02/ 04383
said first unit determ nes said individual 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. 14

14



