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FOR FORWARD LI NK BEAM FORM NG I N W RELESS COVMUNI CATI ONS 5 BACKGROUND 1.
FIELD Th&oan@s®w: invention generally relates to the fielg@fsoWoisdl €SS

conmmuni cation systens. More specifically,

1801 1 METHOD AND SYSTEM <f§§
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the invention relates to adaptive

10 antenna array techniques for code division nultiple access conmmrunication

syst ens.

2. RELATED ART In wireless communi cati on systens several users

share a conmon IMETHOR ANDSY STENEFORFORWARDALINKSBEAMng from
several users transFORMINGIN'VERBLESS COMMUNIUACPEONS channel at
the sane tine requires the use of some formof nultiple access protocol,
such as code division nmultiple access (COMA). In addition to providing
.multiple access allocation to a channel of limted capacity, a protoco

serve opher functions, for exanpl eBASKGROUNLhg isol ati gy rom
each other, i.e. limting interference between users, an@zm@ wwmﬂlﬂul
.security by making interception and decoding difficult f -

can

ended

receiver, also referred to as |ow probability of intercept. T9Y*€DVA systens

each signal;is

Each user

ted fromthose of other users by coding the signal.
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uni quﬁ?igcodes its information signal into a 25 transm ssion

signal. The intended receiver, know ng the code sequences of the user,
decode the transhiesspresensi gnuentian r gensiraldy t relatenf do mtheé oficldThef witEless
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so that each user's signal appears as noise to the other users. So | ong as

t he decodi Bysigncess can achi eve an adequate signal to noise ratio, i.
separation of the desired user's signal fromthe "noise" interference of

t he ot her
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In wireless communication systems several users share a common
communication channel. To avoid conflicts arising from several users
transmitting information over the communication channel at the same time
requires the use of some form of multiple access protocol, such as code division
multiple access (CDMA). In addition to providing multiple access allocation to a
channel of limited capacity, a protocol can serve other functions, for example,
providing isolation of users from each other, i.e. limiting interference between
users, and providing security by making interception and decoding difficult for a
non-intended receiver, also referred to as low probability of intercept.

In CDMA systems each signal is separated from those of other users by
coding the signal. Each user uniquely encodes its information signal into a
transmission signal. The intended receiver, knowing the code sequences of the

user, can decode the transmission signal to receive the information. The

e.



the information in the signal can be recovered. Qther factors which affect
10 information recovery of the user's signal are different conditions in
the envi rqu®akobor each subscriber, such as fading due tgEhagdomsog and
mul tipath. Briefly, shadowing is interference caused by a physical object
interrupting the signal transm ssion path between the transmtter and
receiver, for exanple, a large building. Miltipath is a signal distortion
whi ch occurasicgding ofethgl infermatioa signalispreadstifsaspacuny smatitge dapdwidth of
different lengths and arriving at the receiver at different tines.

Mul ti pat h ithe @ng8déEhansRksich Signal is”ﬁu@h?%?@ét%i} Sun Be SASINAP BEMIWRRA IoFn
channel. Multipath fading may al'so vary with tinme. For eXanple, the anount

of multipath f.adi ng.can .vary idly as a t. of, the.signal reflecting
ot "of ' mouithg ‘BUBEHETCHERALS FER (BislpiRoR SSBRHbvirs detetnat “opren

Wi rel ess conmmuni cations, especially in voice con communication it is

.desi rabl e tspeptrom’dsodulationioc abdimg. bet ween two users in both directions
simul taneously, referred to as duplexing or full-duplexing. One nethod used
to provisde dupl ey By GPVA: s Wk S i In
frequengy divis?gﬁp%ﬁ%PXX|ng}§g%%%g§§g§é%ggﬂﬁggﬁxrgtﬁ%ghgﬂggﬁggﬁﬁhﬁgggtion
WO 112/IIII1II'I%13 PCT/ US021111801 from a base station to a user or
"subscri berth@fheaeh USer's cUSna) caPRESFsAaP dMO1eh 4P HBE  OHRH USRS heYo longyaerthy band
is used for conmmunication fromthe user or subscriber unit to the base
station, caldcedinghsrocegvermsechievaamatiequatd eignal tb A6id0Ratio M8y, s8p&atibE of
referred to as a "downlink" channel and a reverse channel 5 nay al so be

referred t n_ 3 b k" el ar »l: ink', Specific, .
i mpl ement a&h %?egl?e%ggélrn%&gﬂ%hﬁg&%gt ingﬂﬂe”ﬁfegfe??xjgc (}éfeq\ﬁgzﬁerf%P%rsﬁgn&#d
reverse channels. One collection of techniques which can be used to
i ncrease sithaainferapatig [n tthe j ignalf ean &¢ regoyeredpovidthet dactons "whish naffgct
stated, power control adjusts 10 the power of the signal at the transmtter
whi l e tibe shftfiedation BetdV@ryransthiet Gsek’s sishslerard OdiERMMIENTOhGitloRs MAItHENY
conditions in the communication channel, such as relative novenent of
different users and | tipath fading. ,One | ect of power. control is.to
keep the pdhRITOMIENL %‘i? s[ug)sgi@% eé}asa{a%ﬁgname g%ﬁﬁ?%&é‘?’g e Japltipgth.
maintain a reliable comunication link, thereby mnimzing the 15
i nt er f er encBrisftywsbadavingeiseinterference caisgddhys adilgsicsd ebjad duerrupting ekanpl e,
power control can be inplenmented on a forward |ink by having each user
recei vi ng 1 | OCH I i r 4 S
fati on {rargial PELLAL8n part RCtBRRG PRhRlie) BhAARENEE £F GlmacE
information is jn the formof a bit which is sent, every 1.25 ml|iseconds.
For exanpl €318% f3‘[“ ng; ¢ ipath 1§54 sigaa alswlﬁﬁowhlf, QGEAIS, g5 Aesplt of the
interpreted as information that the receiver

15  signal traversing multiple paths of different lengths and arriving at the receiver at

different times. Multipath is also referred to as “time dispersion” of the
communication channel. Multipath fading may also vary with time. For
example, the amount of multipath fading can vary rapidly as a result of the signal
reflecting off of moving objects such as cars or trees blowing in the wind.

20 In wireless communications, especially in voice communications, it is
desirable to provide communication between two users in both directions
simultaneously, referred to as duplexing or full-duplexing. One method used to
provide duplexing in CDMA systems is frequency division duplexing. In

frequency division duplexing, one frequency band is used for communication



has a weak signal, i.e. the receiver needs nore power transmtted to it,
and the -1 can be interpreted as information that the receiver has a strong
signal , iweo02/obfos ecei ver can get by on | ess power transmpciragkoddisoi . Thus,
the base station can adjust the signal power transmtted to each user
separately in order to minimze W (12311 QW92 PCT/US(12/ (11801 4 the
interference between users by optim zing the signal power for each user.
Adapt i ve arfreming base @I@npedﬁr?ouwgwrcéﬁb%ﬂr&@rwhs@all@(gthﬁ nforwaed t ghannel,
interference between users. Adaptive antenna array technol ogy can be used
to focus anghddianetiert freqgeasydbahd B tusédsfort ¢@dntingdtaion TEdmatheb@sed' ophi ch
can be 5 used to dramatically increase the efficiency of signal

.transm ssion., The shape of, the beam can he.altered. FEor,exanpl g, .the heam
can be. nadebsgniaer B voqthe' R’ SAhRC aatey 3 pattersiendRY & flrlfac ™,
different directions. The particul ar shape and direction of a beam

.t ransmi t t ecchianoed siay salse haackurredytoi as a Edewnkink’t chasnalhand aneeerse chaanml
pattern”. By narrowi ng the antenna beam 10 pattern directed to a specific

user, inf e%g%gdgl&fﬂesréf@ﬂlé&% £Y af! ‘*Lﬁili!ﬁ?{"e&lah%l %E[‘;ﬁr“r ?in}&’".i CBp&lific

out si de the ic user’'s antenna BDeam pattern, ereby helping to
mnimze the interference between user As interf.erence between usersg is
reduced, sy StRIRMERI3HEN; OF | CONRGE b spdulafion may éIlgf%Eg?eéWe%ﬁgéW afder s
are able to sinultaneously use the system 15 There are a nunber of

appr oaches fegerseshagnelslapt i ve antenna array technology in wrel ess

communi cation systens. Sone of the approaches are described in U S. patent

6, 006, 110 enti tl "\ £SS po%ﬁ;i ([oTal r .0 Ji:0e: Vs

Vect or Channel E%ggl %lgzlg |1§?1l For agtﬁ?%/e&@lggtelké\ﬁ ﬁ%tizﬁeng ilgﬁmggénd‘llg%s}i gned
to G sco Technol ogy, Inc., San Jose, California. 20 In one approach for

usi ng adaptieliabdity snrefered 49 as Sppwer egptrali. Samphy siatest, Powes contiel adivets
station estinmates the angle of arrival of the signal received fromthe

user. Tive b@sgowertofanetshaial usdse trigsminet eviife tierdipmdl i€ Yelri@irandrgitiedrif an
estimate for an angle of transm ssion. Wth frequency dupl exing, as

di scussed abave recei signal a t he nsmtted si e.0
i frorent | nab0inEPBoeRSREE vaE coRBEoRd B e B3 o HEa i il ol
radi o frequency channel differs for the two signals. Depending on the
degree of car redative omovemeltrefc tiféerene usrrs andhmultipatbhfading. s Que @bjeceradnt
frequencies, the estimate for the angle of transm ssion is a better or

wor se. appr o édiftrol 18 thMeefthe PoweF HanshiaPs exéiBidon d AiARAAAUEAIS 2

needed to maintain a reliable communication link, thereby minimizing the
15 interference between different users’ signals discussed above. For example,
power control can be implemented on a forward link by having each user
receiving unit periodically send power control information to the base station
transmitter. In one typical CDMA system, the power control information is in
the form of a bit which is sent every 1.25 milliseconds. For example, if the bit
20  has values of +1 and -1, the +1 can be interpreted as information that the receiver
has a weak signal, i.e. the receiver needs more power transmitted to it, and the -1
can be interpreted as information that the receiver has a strong signal, i.e. the
receiver can get by on less power transmitted to it. Thus, the base station can

adjust the signal power transmitted to each user separately in order to minimize



5 antenna beam pattern nust be used, limting the reduction in interference
bet ween users with this approach. In a second approach, the base station
transm t syg2@&déwogonal pilot signal on each antenna el enppi,Rf)/b1R6
adaptive antenna array. The user's subscriber unit determ nes the anplitude
and phase of each pilot signal, and the4subscriber 10 unit reports that
informati on back to the base station on the return |link. The base station
uses the i thoinigrference betvegem uscricby opiibézing the signalpawendfiod eacteuseger. This
approach requires extra bandwi dth on the return link to transmt the pil ot

si gnal anplitudeapdvehasenhd @R idcPRoldgye cal Al BRN ubdd @6 MRidifize he t he
return link, i.e. the reverse channel. To the extent that channel capacity

.i's used to.15rftFrans:Et non- user
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i,nformation, |ess chﬁn el ca% City |s
avai | abl o FUPHETRRE HAVERY USRS, AHRBH YR ANGANE aFAY, KERNQIGRYCARRE YRk ihead:
is incurred for signal transm ssion on the return link, and the effective
bandwi dt h ébduscamhdirect ther emesgy $s iactramsmitted sigdalrintd aritbeam”’rwehiichedhn be
Mor eover, this approach entails added conplexity at the subscriber unit,
whi ch can i rd b s U j cond
approach i lg Q%cgkd/&%ac War11 q?%rr‘?fﬁlg% f%%]gfﬁ?%&& hdef% g%rhaggrab’lﬁgném in}l]'n?%lgégl%ﬁ%é?it
into an existing CDVA communi cation system would require nodification or
r epl acenmenth@pedm eangee glipteed: Her exaaple; g beamtcans by made naymvewsneide. t o be
effective. Thus, there is a need in the art for reducing interference

bet ween usqhe BBsin cMO dkd (b CRGAtE POF/ Wwb2e §hldiffferentn direedomy SYRE em
capacity by providing signal transm ssion using accurate antenna beam

patterns. There.is .al so n the.art to formagccurate antenna beam
patterns \A}Pﬁb@[‘éﬁ ﬂi@rer ?l?a'n%raiﬁ%gﬂg? O(fraarl?gﬁl?lséf’%%n%@g?ﬁ@é’dagr?@ YUY A3 10 nk.
Further, there is a need in the art to provide signal transm ssion systens
usi ng 5 accelemed wnasrthe ‘satnnaabeamnnpatiann’ch By endseewing: thec entsana theanwi t h
exi sting systens and which do not increase the conplexity and cost of
subscrijper phftbinSdirect¥¥Pré hApediBclist? ZinferfiMMARY REIEEEE feﬁhﬁ&(ﬂéd f&otheesent

invention i's directed to nethod and systemfor forward [ink ' beam formng

need 1 USSRV e AUy U I BHES SHeNB Pl PALoB Gy ROIping

to minimize the interference between users. As interference between users is

reduced, system capacity is increased, that is, a greater number of users are able
to simultaneously use the system.

15 There are a number of approaches for using adaptive antenna array
technology in wireless communication systems. Some of the approaches are
described in U.S. patent 6,006,110 entitled “Wireless Communication Network
Using Time-Varying Vector Channel Equalization For Adaptive Spatial
Equalization” and assigned to Cisco Technology, Inc., San Jose, California.

20 In one approach for using adaptive antenna array technology at the base
station, the base station estimates the angle of arrival of the signal received from
the user. The base station then uses the angle of arrival estimate to form an
estimate for an angle of transmission. With frequency duplexing, as discussed

above, the received signal and the transmitted signal are on different frequencies,



Jforward lipk of a 15 Wifte%?j ess ni ca];tio system. A.con
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5 increasing systemcapacity by providing signal transm ssion using
accurate antenna beam patterns. According to one enbodi nent of the
i nventi oRyo@sAodd € antenna beam patterns are fornmed on tBerfiRu¥eiseh | | nk
wi t hout incurring signal transm ssion overhead on the return link. In one
aspect of the invention provides accurate antenna beam patterns for signal
transm ssion systens in a way which 10 does not increase the conplexity and
cost of sutssthat B ragie frequencywehaamel differs fomthe eniignalsl Oagiendingontheng
systens. According to an aspect of the invention an antenna beam pattern is
used to sefébrae CONMBUH <l bPNinS i difedtiohO batwissy -thEOfwEXMInRls e daienna
beam pattern can be fornmed using adaptive antenna array technol ogy on the
]g)o P rol signal from
the user iSCHEEE% mate 1orsfhg pagleco SEUSHDR 45 7 REUEL ALy BIPTSS gnal
can be a power control bit sent by the user on the return |ink. The
stati sti c approbenatiomyvelfaghe ofxteie thedvihe approxhation ivdhaesirareena sider
specified tine interval. The statistic is used to narrow the antenna beam
patterry a”ﬁ)tgh%éeoéeakﬁ ;%a?ﬁ@?ﬁ A€ HaS fbed Fpﬁﬁﬁﬁ@”ﬁlee redctiohN & "ﬂ?zrfergl?ce
al gorithm can be used to optimze the dntenna®béam pattern. AT Al |
has been conpl eted, an, optim zed antenna beam pattern specific to each user
can be st oP&WerBuselsevit ghis apREdachcal | in order to make the antenna beam
pattern optim zing process faster and nore efficient. WO 02/ 11C0092

PCT/ USI | 2/ 018UlI1Ba B&tdrid &PpBCRtIE ThObasd sthtibn BRAVWIINGInFhthigonhl Fﬂoﬁﬁignal
illustrative representation of a sectored cell, with an exanple of an

ommuni cat P hog apihod SEFBAF of P aByye Rucala ol TG i R

information in an exanpl e beam optim zing nodul e i n_accordance with one
enbodi ment Ut detesminessidgtamplivideiasd phasarofsachpilot yigual .cansk thecswbsorberat i on
system Figure 3 is a flowhart describing one exanple of a process of

provi ding @it vpyrs thapinfbanaficigback AFGRISHRB SN 6h AeeeAFRIFIKTE he Bhsd he
present 10 invention in an exenplary w reless comunication system

02/ 0(211(1l 2CT/ US112/1118(11 9 Al LED DESCRI PTI Qb THE P ERRED
EVECD NENTSRHTR U578 J06 P TERPLIER 0ot B BRI R QL1 OOt and
system for forward |link beamformng in wreless comunications. The
f ol | owi ng Hbiscappsoacinrepuiteai exdrasbandwidth ionf thenmtironliple to dransmit the pilet
i npl enentation of the
signal amplitude and phase information, i.e. non-user information, on the return
link, i.e. the reverse channel. To the extent that channel capacity is used to
15  transmit non-user information, less channel capacity is available for transmitting
user information. In other words, an “overhead” is incurred for signal
transmission on the return link, and the effective bandwidth efficiency of
transmission on the return link is reduced. Moreover, this approach entails added
complexity at the subscriber unit, which can involve added cost for the subscriber
20  unit. Thus, this second approach is not “backward compatible” in the sense that
introducing it into an existing CDMA communication system would require
modification or replacement of a large number of subscriber units for the

improvement to be effective.

Thus, there is a need in the art for reducing interference between users and



5 present invention. One skilled in the art will recognize that the present
invention may be inplenented in a manner different fromthat specifically
di scussedybohRePr esent application. Mreover, sonme of tReTARESHIsHE
details of the invention are not discussed in order not to obscure the
invention. The specific details not des&ribed in the present application
are wthin the know edge of a person of 10 ordinary skill in the art. The
drawi ngs i fon srgastrgesystepptapeaity &1y aravidingi sigaglcbapunigsiog wengiaceurate
description are directed to nerely exanple enbodi nents of the invention. To

mai ntai N bagkhhy beRinhSdtt@APOThERNsSa196 at iR di iRVBRtdrPtH Wgcé{ﬁﬁtet dMfienna

principles of the present invention are not specifically described Iin the

.present application and,15 are not specificall)y illugtéﬁted bg the,g esent
ok i SeTohbk

drawi ngs. PPRRALUETRY WHRORLICUrine § rangpis§iQrep Y. n a
sectored cell using adaptive antenna array beam formng in accordance with
one enbodi Ferther, Erenepisaa nesd $n ¢he 260tcs promide sighial traasrhissioms tystemesisirgy t - of
an exenplary cellular comunication system which can be, for exanple, a

20 wi deban 1M SA i SSea( 1 1) i i O : tem A
WCDVA % rrm‘di%cﬁggtt%l %intgl%r;ais ?’g ?nﬁluég al's g ‘rggfféglr ?rg db%dac&ggarﬂema% %g%fé ce{}(r1 %ﬁ}sg
comuni cation systeni. The general principles o;g§DNA conmunj cati on
systens, abyptems pad syhich dp noéncyeaserthe complexipy ard eent of snbscatbepnis. spr ead
spectrum signals for WO 112/11301192 10 PCT/ US(12/(118(11 transm ssion
over a conmmuni cation channel are described in U S. patent 4,901, 307
entitled "Spread Spectrum Multiple Access Conmuni cati on System Usi ng
Satellite or Terrestrial Repeaters” and assigned to the assignee of the
present invention. The disclosure in that patent, i.e. U S. patent
4,901,307, is 5 hereby fully incorporated by reference into the present
application. Mreover, U S. patent 5,103,459 entitled "System and Met hod
for Generating Signal Waveforns in a CDVA Cel lul ar Tel ephone System and
assigned to the assignee of the present invention, discloses principles
related to PN spreadi ng, Wal sh covering, and techni ques to generate CDVA
spread spectrum 10 comruni cation signals. The disclosure in that patent,
i.e. US. patent 5,103,459, is also hereby fully incorporated by reference
into the present application. Further, the present invention may utilize
time multiplexing of data and various principles related to "high data
rate" commruni cation systens, and the present invention can be used in "high
data rate" comuni cation systens, such as that 15 disclosed in U S. patent
application entitled "Method and Apparatus for High



Rat e Packet Data Transm ssion” Serial No. 08/963,386 filed on Novenber 3,
1997, and assigned to the assignee of the present invention. The discl osure

in that pgobeRlvs@pplication is also hereby fully incorporatpeg \RHRHEr eNCe
into the present application. ' 20 Continuing with Figure 1, exenplary

system 100 conprises cell 102. Cell 102 tan be, for exanple, one of a
nunber of cells in a WCDVA system Cells in a WCDVA system are typically
di vided into 3 sectors. Sectoring ofSYNBMMARYs provides various benefits
such as nore efficient allocation of orthogonal spreading codes, for

exanpl e. 1n the EycapRisenUHER@nti6n ik ldieted! ® ARthRINBRISYREN foriOrffPFAR92 11
PCT/US(12/018(11 in the present application, cell 102" is a sectored cell

.and includes segl or.104. Base station |06 provjdes communi a{hi on for. users
'n all sectGPI JPIBi 1 gyirelesy Comymincatoy.ar 1y Qhe S HEFbo hecliyplien
provi des conmuni cation to user i08 in sector 104. The present exanple

i | | ust r at esoveoeomes ¢t need imkhegripfacedicing mtdrferancel betwaeenetisers .aad forom
base station 106 to the subscriber unit of user 108. Adaptive antenna array

i cn 1 &0 PEHERE, Sl Eabiy B9 pRFide R ARG NARE Eicfris”

transmt a communi cation signal which includes user information that is to
be sent ac r"’@é‘%m’(aﬁé:%Rﬁﬂ?ﬁnéaﬁ‘iﬁ?r‘i‘@géﬁm&mmfhﬂ?@? of the inveBtieRAaEHTatAL | on

channel can be, for exanple, radio frequency transm ssion between transmt

and recei vensriranbem ipaterny el feemedosnnii é@twaed ks vittoufiiciniiag Reaiml
pattern 110 has been narrowed to focus the signal transm ssion energy in

encr oy acr b fiistaT b ag o B8 roblT BoRP TEHE Mol UhE BRI BB U «

other than user 108 caused by the communication signal transmtted in
ant enna bed¢CpEate @ntenna deaphpatierng for signgk trapgmnisgionr systams in at wWay evlyich
reduced. Thus, Figure 1 illustrates one exanple of a systemin which

adaptive anigesniotaiicidastetienebnplexity HE@LdsO ofi fibtABer AhASL fAIEMBCRGS Ween
mul tiple users in a WCDVA wirel ess conmuni cation system ' 20 Figure 2

illustrates ap. ex | e ten beam optim zing nodule in accordance with
one enbodi ﬂ’éﬁﬂwa@%%@%%ﬁﬁaxwﬁagﬁﬁsfﬁw shown in Figure 2 constitutes
part of a transmtter which may generally reside in a base station,
gat eway, or sat eh¢dardingdpeat aspecihafithe onvantionatn anteisa bedm pgttptnaisaised ta
forward channel. Beam optim zi ng nodul e 200 can be part of a base station
send a communication signal to a user. For example, the antenna beam pattern
can be formed using adaptive antenna array technology on the forward link of a
15  wireless communication system. A control signal from the user is used to
determine a statistic. For example, the control signal can be a power control bit
sent by the user on the return link. The statistic can be an average of the power
control bit values over a specified time interval. The statistic is used to narrow
the antenna beam pattern and direct it toward the user. For example, a dithering
' 20 algorithm can be used to optimize the antenna beam pattern. After a call has
been completed, an optimized antenna beam pattern specific to each user can be

stored for the user’s next call in order to make the antenna beam pattern

optimizing process faster and more efficient.



WO 112/11CU 192 12 PCT/USU2/U 18U 1 transmtter, for exanple, in a WDVA
conmmuni cati on system or spread spectrum comruni cati on system Beam

opti m zi OB 200, shown in Figure 2, conprises contr@ctaisghdse
nonitoring nodul e 202, signal statistic conputation nodule 204, antenna
beam pattern storing nmodul e 206, antenna 5 beam pattern optim zi ng nodul e

208, and adaptive anten r nodul e e flow of information between
nodul es i s indicated inggﬁgﬁgigg%lb éd.éisgﬂigﬁéNQQYQHﬁgﬁihe arrows between
modul es, which also indicate the direction of information flow Continuing
with Figure 2, dbgitreoll is gnaillustrakiver fepgesenthtion 302 LecRPEP deBleSwiR! fyvar e
for reading a control signal returned by the user on the return |Iink and

.maki ng thegk i i i Vat e he out put of control
o gnal’ moni T oL BF hiegh3 bt el ol EoR Bhan buinpars
power contral bit which, appears on the return |ink approximtely every 1.25
~ni|Iisecon&@?ﬂ§§‘ﬁVE%ﬁEE@Eoﬁﬁaﬁéanhe power control bits can be stored in a
15 buffer or register, for exanple, or can be passed directly to other

nodul es5i n the FHmiren2 il &hblegh aibgm%wingxm%phﬁwt%ﬁ%& tio‘hO”ﬁreﬁl
I ng

signals to illustrate one enbodinent, it is nmanifest at other exis

user feedb n I .S_can,he .used wthout,sacrificing the

i nventi on' gﬁgalgg?%npégﬂels&gﬁﬂﬁéﬁg ilﬁ%‘ihggslpn%fc? CexVith one emdodimpent; phéke uni t
and backward conpatibility. For exanple, the 20 data rate control ("DRC')
si gnal canPEsepsiayenionimin exemplagy vdrelessraomimanicatios ggstem, such as a hi gh
data rate ("HDR') communi cation system The details of inplenenting control

apparent Lo & porson of brarar elRbie HOLNPR & o PRESSEL BV °

apparent to a person of ordinary skil

present ex recontrol signal bits are output, WO 02/(I1C-Q(1J2 13
PCT/ usuzn%%? §§aviﬁoﬁ%flg sty ASFOIHBNGS S¥ith Preo gmbediment of sthgnatesent
statistic conmputation nodul e 204. The output of control signal nonitoring
modul el@02inventipg i prsemplary oviasless commmnioanion syhtefoni t or ed signal s". As
descri bed above, the power control bit can be configured to alternate
between +1 and -1 dependi ng on whether the 5 subscriber unit requires nore
or | ess signal power. Thus, the power control signal bits are responsive to
noi se in the channel such as multipath fading. The power control signal is,
therefore, a noisy signal which requires filtering in order to be useful

In the present exanple, the power control signal is filtered by averaging

t he power control bits over tine. An average value of the power 10 control
bits can be output by signal statistic conputation nodule 204 periodically,
for exanple, every 100 mlliseconds. As another exanple, signal




statistic conputation nodule 204 can keep a running average which is out put
and then reset each tine the value is read by another nodule. In the
present exgiRbéysi gnal statistic conputation nodul e 204 @etRIhSfs

average value of the power 15 control bits for a time interval which begins
after each tinme antenna beam pattern opt9m zi ng nodul e 208 reads an average
val ue fromthe output of signal statistic conputation nodule 204.

Conti nui ng wi t RESIAJLED DESEREFREONQH THE PRIFFERBED EMBODIMENA St or es an
optim zed antenna beam pattern specific to each user. The optim zed antenna
20 beam pat t er n TiRSHcséidy fdﬁé?:'l@s%ﬁ?é?nb'&ﬁhie'ilté)%ﬁavﬂﬁlé&egetb'métﬁoaﬁh%dgtyfﬁggmea(:h

specific . user. Then, at” the beginning of the user’'s next ca

.optim zed tenna be pattern specific,to that user, fromthe er'.s

orevi ous cafl ,E%BE‘&?F%i Tk PeATe) (Prising 4B Wit ass RmMUnESH IR cigpofﬁﬁl@wgﬁa s
fromthe base station to that specific user. The antenna beam pattern is

sr e- opt i mi zeltschiptiogcoftainsadpecifanmfatmation pedaiaing toBeldipleféathiioa of4he

PCT/ US02/ 1118111 the call the latest optim zed antenna beam pattern is
stored tor I ft ; . J): ot r I

user's fg)pt iﬁrrn&;%ggﬁgﬁp (talrkl)%é %%%“E@?t@?%&m&g\é’hﬁ@ Cg&’é&%@éﬁgeﬁ%re Btdf,}wghgsgndard
antenna beam pattern can he used. For _exanmple, a standard antenna beam
pattern carM¥kbempleraeed an agpennes stifferent Sropmthat speeificaily discysseddndhei r e
sector. The standard antenna beam pattern is then optim zed during the

call, and gredene applicatior. hdIsrabVert boemersf tHezpRcHitt 86ans BEMR RRiBbA dré
stored for the user. Thus, storing an optim zed antenna beam pattern

specific t er . ncr the effigienc f the, systel d.,short ens
the tinme r é)glacﬁg%lgg%d élt rﬂrggrg%@ﬁ Q5 sﬁ]im?eﬁlea ‘éﬁﬁgnbeipﬁ pggﬁ?lﬁcna?r%}ls 9%y s
that have a 10 previously stored optim zed antenna beam pattern. Continuing
wi t h Fi gur elescribask imnbe tpresent applicatiopareiwitlig thedkhewRoge befgia mersont of
either a standard antenna beam pattern or the optim zed antenna beam

pat t er nospegdinafy §i411tiighe'aftt fromthe user's previous call, as described
above, and optim zes the antenna beam pattern. In the present exanple, the

15 al gorithm us by antenna beam pattern optim zing nodule 208 to qQptim ze
t he antenna beaﬁﬂ‘ﬁa&'{a@f]ﬂﬁ in fhe. ertsﬁlétr ?E‘F@}l'cagpﬁ&mdtzm‘??r @ﬁ?@?‘%{ﬁ“&w&)a"'@ﬁé
dithering algorithmcan be illustrated by the foll ow ng exanple. A known
ant enna bealesq@atticar ard dirasted tbomerey sxiampde embodiineats of tled gnehtibn. tTe:
user. The known antenna beam pattern can be the standard antenna beam
patterns a oA r: FEVi QL r n, or
Phe. ant enndMioain bRG. Bd Bifhodind o 3R inSeliaY WHEL ¥ar it ith sl 8
optim zation. The known antenna beam pattern is then narrowed by renoving a
speci fic pdP§ PERCHyinventien are,nok specHicathyrdespribed 1n thfepissentapphisttien and
Ant enna beam pattern optim zing nodul e 208 then reads the average

15  are not specifically illustrated by the present drawings.

Figure 1 illustrates an example of wireless communication in a sectored
cell using adaptive antenna array beam forming in accordance with one
embodiment. Exemplary system 100 shown in Figure 1 constitutes part of an
exemplary cellular communication system, which can be, for example, a

20  wideband code division multiple access (“WCDMA”) communication system. A
WCDMA communication system is also referred to as a “spread spectrum
communication system”.

The general principles of CDMA communication systems, and in

particular the general principles for generation of spread spectrum signals for



WO 02/0(r01192 15 PCT/US(12/ (11801 value fromthe output of signal
statistic conputation nodule 204. If the value indicates that no change in
power i s wequjot@o: by the user (the user is still "inside" pciaugaabiset n) ,

t hen another slice of the beamis renoved fromone side of the pattern. If
the val ue indicates that an increase inlBower is required by the user 5
(the user is suddenly "outside" the pattern), then the previously renoved
slice of tHEANSERINOR PYalt Gr COMYBURIARIQML dhitivel o478 gesaritied 18 PatEDty om
the other side of the pattern. Antenna beam pattern optim zing nodul e 208
reads the aN@0Rge7 \oakitleds fSyread Speotrpat Mifltiple Adlcesst Eonshugicawon Byatanon
nmodul e 204 after each change to the antenna beam pattern. In this manner,
‘the antenn tern 4 S d_di. t war d
the user. OB SRR Kbyl REARES, Sh, ASIARA"K B ABEE SEHECT
i.e. optimzing the antenna beam pattern, continues_throughout the duration
.of the cal Ipresent ineentimyi ddei disclopurehid Bt paterieiopl.pi paignbAtIM R hdam
pattern is stored by antenna beam pattern storing nodul e 206, as descri bed

above. 35 GRdHy@HING iMEdBoldted s ferRHedinieRNpRIBA ApplRatidcRI MG ed¥ér,
transl ates the "antenna beam patfern information in the fTormof conplex

nunber val wei ght s. j | it ude.and phase.i.nf ornmati rovided to each
ant enna el ntp%gmt ﬁei(gi\gﬁﬁn tﬁlfeﬁaysﬁr}e’afd’é’% %ngﬁrhg‘ggﬁﬁa@f}ﬁagl}%@%
pattern of the signal transmtted by the antenna array. For exanple, the

ant enna bedWapefiormsnircan GOMA (eHdlar oTelephone t Systemfnahd cassignedi tog the t he
antenna beam pattern fromthe antenna array as known in the art. Thus,

Figure 2 Sgh?ﬂgn@é' o tRERrEsctlt iﬁvéﬁﬁ)tn? r&i§c*l‘8émaﬁle'§%‘éﬁuéd) tcfmgﬁlg%%ﬁgg m zed

formation nt enna beam patterns for co ation signa on in
a wreless ¢co nicatj on system.in order to mnim WO 02/ 0C0092
Walsht ¢

PCT/ US02/ 18lsh1 aqyeringer Paflerfeeigitiect? nEFRGIpice 4 a¥edchepRasrum
i ncrease system capacity. Figure 3 shows flowhart 300 describing one

exanpl d0of canpnogeationfsignaty/i Thediseiosuraire thee patdn) ing. 1g.S. parac §/103pE39, Wi t h
one enbodi nent. Flowchart 300 shown in Figure 3 describes a process which

can be perf.or ransm i C e Ly ] ] . hbase
station, galg e ‘s&tg?ég gﬁutélly?{fﬁcfegrbér%éeg’@ \?\%féﬁéﬁccgmﬂrﬁé?{élgt P%eﬁg*‘tg%P gﬁ?zﬁlg&pl ace
in a forward channel. The process shown in flowhart 300 can be perfornmed
by a beam dpirtherzihggpreseitl iayention meanwilize timeamutipexingtofodate aad swriovsr in
a WCDVA communi cation system or spread spectrum conmuni cati on system
principles related to “high data rate” communication systems, and the present
invention can be used in “high data rate” communication systems, such as that
15 disclosed in U.S. patent application entitled “Method and Apparatus for High
Rate Packet Data Transmission” Serial No. 08/963,386 filed on November 3,
1997, and assigned to the assignee of the present invention. The disclosure in
that patent application is also hereby fully incorporated by reference into the
present application.
20 Continuing with Figure 1, exemplary system 100 comprises cell 102. Cell
102 can be, for example, one of a number of cells in a WCDMA system. Cells in
a WCDMA system are typically divided into 3 sectors. Sectoring of the cells

provides various benefits such as more efficient allocation of orthogonal

spreading codes, for example. In the example used to illustrate one embodiment



10. Referring to Figure 3, at step 302 the process for optimzing an
antenna beam pattern begins with a user acquiring the system For exanple,
acqui ri ngwvbhewswsi em may conpri se several steps includi ngpihfishigeeim ssi on
of probe signals, conpleting various "handshake" protocols and "training
peri ods", and allocation of various systlém resources such as orthogonal

spr eadi ng codes. 15 Wien a user acquires the system the system has

i nf or mat i oAd tAapresent oplisation,calidfz iis ya §%0@6‘e€¢1¥ iaad ygehuides sectex it e, a
user specific mask or electronic serial nunber ("ESN'). The identifying

i nf or mat i oBazaRtdRNUEES pRtviddseiomdinicatid/ifer 13dis inil sb&toraof &l eONundeam
pattern has been stored for the specific user that has acquired t he system
.20 When a pat has_not been tpreV| uslr]# storedh t hen %0 roces roceeds
2t step 306 BaviCwAEn e AESheehiARRlES A HRL ot el 4B R e i
conmmuni cation signal back to the user prior to beginning optimzation of

-t he ant ennaet¢tonnOdat {Thenpregenainexamplet idlustrates ¢osemupication ukingsplacedn 4 hen
the process proceeds at step 30S, and a previously stored antenna beam
batterns VYR dibdohtl 192 fiomPbale SR 10E0b hesRREADG: bt dFeydpalos] S
used to transmt a conmuni cat i on signal back to t user prior to beg| nni ng
optim zation, of, t he ant enna be attern cri bed ove, the use of a
previ ous| y A4aptiyg Fuenng Wéﬁéﬁe B F?Féﬁs‘i ﬂ%“erﬂaﬂ?li‘ § f%]tq ARiZANg he
antenna beam pattern. 5 At step 310 the process starts power control bit
moni t or i ng bekavgattegnit Oobhibhtis divedted towmagrdogsep108es accessing i nformati on
fromthe power control subsystem of the w rel ess communi cati on system as

cxanpl o. ot hor  (yREang RHmE e PN §F skl ° Bty e IE oBeBF T

rate control ,or DRC information can 10 be used in a data communi cation
system as Ydpphriapludes usepdpismatipnoibat autg Becisent agrossh sheycommurication ess
of power control bit nonitoring continues throughout the duration of the

call. AD stchpniel 2ot iserPl08: esEhestamturi@WRin eRaYined|cahi be, Sfortdxatipts, radio
conputation. In the present exanple, successive values of the power control

aver agi ng. SEcaEtey dFeBuRIBa botiEed MR N RECilk shleohBh T8 » PR '

interval of tine, 100 mlliseconds for exanple, and the average val ue can
be out put epEHyuNiCAtion systens oAdtennasheany patierne k Hnphs beem @agroweddionipcus
conputation can be restarted each tinme an average value is read and

g ggt L_gufeg r ;ﬂlh'iﬁ 3] n?ﬁgagﬁﬂgsfgnﬁe@g% \t‘t/ﬁe’ ?gegg‘?ecgf%&\slgf H@er' 198 8atfler fiBA Piddhpoai n

the signal transmission energy across the entire width of sector 104. The

15 interference for users other than user 108 caused by the communication signal
transmitted in antenna beam pattern 110, which is intended for user 108, is
thereby reduced. Thus, Figure 1 illustrates one example of a system in which
adaptive antenna array technology is used to minimize interference between
multiple users in a WCDMA wireless communication system.

20 Figure 2 illustrates an example antenna beam optimizing module in
accordance with one embodiment. Beam optimizing module 200 shown in
Figure 2 constitutes part of a transmitter which may generally reside in a base

station, gateway, or satellite repeater when communication is taking place in a

forward channel. Beam optimizing module 200 can be part of a base station




illustrate the present exanple, other types of averaging can be used, for
exanpl e, wei ghted averages. The process of power control bit statistics
conput at iwo eeosobnues t hroughout the duration of the cal |l pefNysssgRos14 the
process starts antenna beam pattern optim zation using a WO 02/0300'J2 is
PCT/ US02/ (11801 dithering al gorithm as déscribed above. The process of
antenna begm pattern.optim zation c ues throughout the duration of the
call. At s'?‘@ﬁ‘e@i%ert h@rugé?mpfeer'tﬁ ﬁaﬁ&?% CHIPIMUNKAtIQR B EHERG OF hePIegdt em
resources whi ch have been allocated to the user. In a conmunication system

wher e user spectsirnopoemanenisiatadn opsiewm. tBeal bptializiapt invdatd Joearshpatt ¢nn of
the call correlates to the antenna beam pattern needed for the next call.

. Therefore, g ebfi i a it r t] e syst.em.i.s..
i mpr oved byFt 1@?& Phg&itrﬁéﬁ%lﬁsng n%(:;olt itSi zaédﬁl g’ﬁﬁgﬁﬁ% E@#\?“‘fpg(’?erﬂg??logﬂaflﬁ%%a| I
at step 318. After the optimzed antenna beam pattern fromthe call is
.stored at $PEPULN We oMs antennap peatni patisgn asiorng enadulse206,panteana
ends. 10 Thus, Figure 3 shows an exanple of a process that can be used to

provi des opbeme psitdral i nbiing mdHIE B8, BABNAAARLVE dierAl art ATHALAS 100

signal transmi ssion in a wireless comunication systemin order to mnimze

interferen b Ul tiple . users an her eby. i ncrease sfem capacity.
It is appr glglleaﬁzé‘ge%& lémglg%ge@%ese& Pi‘fﬁ ’?HB&‘CPF’F@ 1%61&@66% CE%@@%@& 15
met hod and_system for forward |link beamformng in wreless comunications.
Accor di ng agws 2 Myotlienamowsfbetweere madiiles; nwhichr alsodndicateethealiosetioniser
information is transmtted in a conmunication signal froma base station to
a user usi pgfoa@anbh YHwant enna array technology to forma narrow antenna
beam pattern directed toward a user. The antenna beam pattern is optim zed
for each particy ar. 20 usert h;)us ngi m zi ng signal interference between
nul tiple users i nHinge| Wik Fagweni2aCPBROL yuigRRh Jnenitering « mogule, 202

i ncreased system capacity. Mreover, according to an enbodi nent of the

i nvent 1@n despriseebamlveare fot teadingt doohted] sigral euiungedbyl il tis2€ bnnbe k&@rn
antenna beam pattern toward a user provides nore accurate beam form ng and

e/ Usog) oNBr B iE e it B e SRICHERNSBE ot A BEBAAT

CDVA system i{ wll bere dilg ap%arent to a person of ordinary skill in
the art hoWenal H9sitpringemo ule 202." For example, the control signal can be a power

control bit which appears on the return link approximately every 1.25
milliseconds, as discussed above. The power control bits can be stored in a

15  buffer or register, for example, or can be passed directly to other modules in the
system. Although the present example uses power control signals to illustrate
one embodiment, it is manifest that other existing user feedback control signals
can be used without sacrificing the invention’s advantages of not increasing
complexity at the subscriber unit and backward compatibility. For example, the

20  data rate control (“DRC”) signal can be used in a wireless data communication
system such as a high data rate (“HDR”) communication system. The details of
implementing control signal monitoring module 202 for a particular type of
control signal are apparent to a person of ordinary skill in the art.

Continuing with the present example, power control signal bits are output



invention in simlar situations where accurate antenna beam pattern form ng
is needed to increase system capacity and reduce interference between users
in a5 wiweloessesommuni cati on system Fromthe above descChichiistfoishi 1S
mani f est that various techni ques can be used for inplenenting the concepts
of the present invention without departildg fromits scope. Mreover, while
the enbodi nents are has been described with specific reference to certain
enbodi ment Py eorpesBgnalimeniprng ynedule |202ntor $ignalrstatisiioneemputation gnodalet hat
changes can be made in formand detail w thout departing fromthe spirit

and the scapd. ofhd bipud vERbhaB] sibakl R%aNBHAe Hbd(18eNtis WdStdraged eoaback
control signals, such as data rate control gDRC) signals, can be used as

.well as the_power control signal ,used in th resent, exanple. Al sp, for
exarpl e, 1 nebalohe o HaoRaB A s dRstribe BAGE mS B We conetBitsab
here, can be 15 replaced by other algorithns for optimzing the beam
.pattern. Tihe desfigitadd t@n@%@tha@ntb@t\mem t4l bendcehsdepeneling nom IMhethepethts as
illustrative and not restrictive. It should al so be understood that the
inventiqn i i ek : 1kl i d ri iin,
Ut 15 SapahP Sttt it S qiifes oD ir 1 ndl AP T dtfsh $RE oRRE, Qe

wi t hout departi fromthe scope of the 20 invention. Thus, nethod and
system f or S8 ﬂa gre KRSHWSHEr 9y RRISG 17 thenshannet sueth asimmilapathdiadingay dhpeen
descri bed. WHAT IS CLAIMED | S: WO 1)2/0(11092 20 CLAIMS 1. A nethod

conpri si ng polsersbansl signaPisT thér&foke/ Hh8RY s2gnd ivigchRequitey fiReSaM Baldrer n
to send a comruni cation signal to a user; determning a statistic using a

control sign sai.dalser . JRNRA i.0L statistis 0. N&r.ro aid
ant enna begér;lna% aP%ée}mf gfﬁldﬂtéoséqsgitc P ;(%'a ’%’ gﬁ? Zfﬁ)r‘l’ge rbéeog}#(%aélgg%lnlst ﬁitgléei\ﬁd %Xs er.
2. The nmethod of claim1 further conprising storing said antenna 2 beam
pattern af B¥eragng the inowarnepnital pbits over simet hda averageaivalue ohsheipovesai d
utilizing step conprises using 2 a dithering algorithmto optim ze said
ant ennagbeaphgal t Bit$. cah B'@eoﬁlphhoﬁyo‘si%ﬂaﬁi Safistiheé®hpudio asthl®! 264 9nal
is a power control signal. 5. The nethod of claim1 wherein said control

2
signal is t.a._fat contyol si . . The .method of claim1l wherein
sad stati 6 RuRelg Tl e ARbTevELT R0 mifisqkgnaly g rndioef cRnBhle s
interval of tine. WO 02/1) 301192

statistic computation module 204 can keep a running average which is output and

then reset each time the value is read by another module. In the present example,

signal statistic computation module 204 outputs the average value of the power

15  control bits for a time interval which begins after each time antenna beam pattern

optimizing module 208 reads an average value from the output of signal statistic
computation module 204.

Continuing with Figure 2, antenna beam pattern storing module 206 stores

an optimized antenna beam pattern specific to each user. The optimized antenna

20  beam pattern resulting from each user’s previous call is saved for each specific

user. Then, at the beginning of the user’s next call, the optimized antenna beam

pattern specific to that user, from the user’s previous call, can immediately be

used to transmit communication signals from the base station to that specific

user. The antenna beam pattern is re-optimized during the call, and at the end of



PCT/ US02/ 1118111 21 7. The nethod of claim1l wherein said statistic is a
runni ng average of 2 said control signal. 8 The nethod of claim1l wherein

sai d st atWeB60E a wei ghted average 2 of said control sigaglusoDersdhne
met hod of claim 1l wherein said antenna beam pattern is 2 formed using an
adaptive antenna away. 10. The net hod of4claim1 wherein said comunication

dapt i v thod of?cl arm sai d
117" The mel oo ecflesCobBAAF wiuefts Bendl e & Soriel ot ohe R, reco i <

a w deband code division nultiple access comruni cati on system 12. A system
conpr i si ngWas ng preyiops icalifgnalusems or tly isey’ snoptithized anténpartednt pat&gfiess a
control signal froma user; 4 a signal statistic conputation nodul e

.conf i gur ednéo i@ﬁg}/nﬁo?e@t@?étﬁﬁdeﬁg' ?ﬁtéﬁﬂa Deaffl R gcfaggggiﬁs%thed s gnal s

out put by said sign nonitoring nodule; . 6 an tenn m patter

optim zi ng n?ﬁ%il e_c nf(’i%arecl to gti | ize said statistic to narrow an antenna
beam pat t P PioH8 HFPGHEANIEI Hpam Rternean hpa 9@ degress wide pattem
further conprising an adaptive antenna WD 02/ 0(0092 PCT/ US02/ (118Ul 22 2

array roduwbichomdnsyuiteto the entinewectord The e@hdsd @t@%@ﬁ%W% Hﬁg” to
said user. 14. The systemof claim 12 further conprising an antenna beam

pattern 2 i cﬁﬂﬂig LgHr t @ Ld ant enna peam pattern. 15.
The syst emé%t%}fli Czié gi m 1 a)r?g%erf’ r?g gaal?ghélﬁ{lér?(rgéﬁ%ggfrlnq‘b%wgﬂz%{j%%f’mﬁq %?EHB

modul e uses a ditheri al.gorithmto optim ze said antenna beam pattern.
16. The syRAlEHR &% S@rﬁ‘{l]%?ﬂ@%@eiiﬁh@aisg’%@m @ptignigedh hnfeana beamepatferaont r ol
signal. 17. The system of claim 12 wherein said control signal is a data

rate 2 corspeoificsioggeh. ustBincTbases yisd efficiéncs! ofi the §9st8hE R hSRERS ﬁ'featridinﬁti cis
e

an average of said 2 sequence of nonitored signals over a specl

i nterval i e - he, s f_.claim12 wherein said statistic is a
runni ng a\c}]:gg{éfgrggiotl)% héélé.-\l%d ageﬁgﬁ@gaoﬁnﬁmnbg?@dpy%ﬁaf%_u% thatehaKesfem of
claim12 wherein said statistic is a weighted average 2 of said sequence of
moni t d0ed REYRHPLY storedomomized anenna beanPEens02/ | | 1R01 21. The system.of
claim 12 wherein said antenna beam pattern is used 2 to send a

cati . . o b f _clai i id
Communi cati on o gnal” 15 cent Bre 2, Faepld BeBM AR et iRt 308 °

conmmuni caty S em. 23, The system of claim22 wherein said wreless
comuni catﬂleg SHEEHiné&oa s andard “antenna beam pattern or the optimized antenna

beam pattern specific to the user from the user’s previous call, as described
above, and optimizes the antenna beam pattern. In the present example, the
15  algorithm used by antenna beam pattern optimizing module 208 to optimize the
antenna beam pattern is a “dithering” algorithm. Operation of the dithering
algorithm can be illustrated by the following example. A known antenna beam
pattern is used to transmit a communication signal to the user. The known
antenna beam pattern can be the standard antenna beam pattern, as described
20 above, or the user’s previously stored pattern, or the antenna beam pattern used at
any intermediate stage of the optimization. The known antenna beam pattern is
then narrowed by removing a specific portion or “slice” of the beam from one

side of the pattern.

Antenna beam pattern optimizing module 208 then reads the average
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antenna array as known in the art.
Thus, Figure 2 shows an example of a system that can be used to provide
optimized formation of antenna beam patterns for communication signal

transmission in a wireless communication system in order to minimize
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~aBVK@'!! | Howghg-300 shown in igure 3 describes a process which can be performed at

5 a transmitter which may generally reside in a base station, gateway, or satellite

repeater when communication is taking place in a forward channel. The process

- shown in flowchart 300 can be performed by a beam optimizing module, for

example, in a base station transmitter in a WCDMA communication system or
spread spectrum communication system.

10 Referring to Figure 3, at step 302 the process for optimizing an antenna
beam pattern begins with a user acquiring the system. For example, acquiring
the system may comprise several steps including the transmission of probe
signals, completing various “handshake” protocols and “training periods”, and
allocation of various system resources such as orthogonal spreading codes.

15 When a user acquires the system, the system has information that can be used to
identify the specific user, for example, a user specific mask or electronic serial
number (“ESN”). The identifying information can be used at step 304 to
determine whether an antenna beam pattern has been stored for the specific user
that has acquired the system.

20 When a pattern has not been previously stored, then the process proceeds
at step 306, and a standard antenna beam pattern is used to transmit a
communication signal back to the user prior to beginning optimization of the
antenna beam pattern. When a pattern has been previously stored, then the

process proceeds at step 308, and a previously stored antenna beam pattern
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the antenna beam pattern.

5 | At step 310 the process starts power control bit monitoring. Power control
bit monitoring comprises accessing information from the power control
subsystem of the wireless communication system as described above. Although
power control is used to illustrate the present example, other types of feedback
information can be used. For example, data rate control or DRC information can

10  be used in a data communication system, as apparent to a person of ordinary skill
in the art. The process of power control bit monitoring continues throughout the
duration of the call.

At step 312 the process starts power control bit statistics computation. In
the present example, successive values of the power control bit are averaged. As

15 described above, a number of different methods for averaging exist. For
example, the average can be computed over a specific interval of time, 100
milliseconds for example, and the average value can be output every 100
milliseconds. As another example, the averaging computation can be restarted
each time an average value is read and continued until the next time an average

20  value is read, restarted again and so forth. Although a simple average is used to

illustrate the present example, other types of averaging can be used, for example,
weighted averages. The process of power control bit statistics computation

continues throughout the duration of the call.

At step 314 the process starts antenna beam pattern optimization using a
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5 wireless communication system.

From the above description, it is manifest that various techniques can be
used for implementing the concepts of the present invention without departing
from its scope. Moreover, while the embodiments are has been described with

- specific reference to certain embodiments, a person of ordinary skill in the art
10  would recognize that changes can be made in form and detail without departing
from the spirit and the scope of the invention. For example, different existing
feedback control signals, such as data rate control (DRC) signals, can be used as
well as the power control signal used in the present example. Also, for example,
the dithering algorithm presented in one embodiment described here, can be
15 replaced by other algorithms for optimizing the beam pattern. The described
embodiments are to be considered in all respects as illustrative and not
restrictive. It should also be understood that the invention is not limited to the
particular embodiments described herein, but is capable of many rearrangements,
modifications, and substitutions without departing from the scope of the

20 invention.
Thus, method and system for forward link beam forming in wireless

communications have been described.

WHAT IS CLAIMED IS:
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determining a statistic using a control signal from said user;
4 utilizing said statistic to narrow said antenna beam pattern and to direct

said antenna beam pattern to said user.

2. The method of claim 1 further comprising storing said antenna

2 beam pattern after said utilizing step.

3. The method of claim 1 wherein said utilizing step comprises using

2 adithering algorithm to optimize said antenna beam pattern.

4. The method of claim 1 wherein said control signal is a power

2  control signal.

5. The method of claim 1 wherein said control signal is a data rate

2 control signal.

6. The method of claim 1 wherein said statistic is an average of said

2 control signal over a specified interval of time.



OOBPPPOQQIE] _@s! 109& ()- y' #109& ()- FY%! 109& ()- "s!109& ()-3 s! 109& ()-

9s! 109 ()- QQQ RRROSAE] _@s! 109 ()- Y5' 109 ()- fL3#10%& ()- 0s! 10% ()-
109 () -w@02b00s () - 2SSSSSSSSShC " L10%&: () - 109K () - 10%& @h,@saz,mm

10<! 109%& () - Y:s!10% ()- SMITT2UUVaBbCY&s! 10% () - @GB10%: () -

L! 109 ()-2Z! "' 109%& ()-3M 10% () - FLM 109&' () - 4VW?WANSXt XdEbCO' #100/& () - G3$M

1 1098 () - 9 M 10% 109&. () - Z10%&
ooy ditheng albbith o deseobed j2PaVe 1 Tob@rqaese of antenna beam pattern
F. L! 10%&' () - 33+M 10%&' ()-33) M 10%&' () - ZGZZZZZZ7Z[ bCl0%&. ()-s10%&' ()- 10 10

10L<109%&' ( )opHEadidaton conthhcsOfEofghodl thd Hhﬂtioﬁiﬁﬁﬂﬁ@féb@/@( ktep 316 the user
1100 ()~ 110%& ()-& 1 10%& ()- ! 10%

' 'é%/lo (i/%‘yéc) ( ; \ qEQ %Mf%&éﬁk‘@“ﬂg@%g@ Q})l 5%8&%)%\’%1%‘ h(l}/e been allocated

*M 10%& ()-y' #10%& (ﬁm YOG 1098 () - #M 10%& (
M 109%&' () - OIS’rthe aisery alu EisomIInigaieon )systemiwrlme( yseg locations are stationary, the
109&' ()-f  3#109%& ()-1M 10%& ()- .M 10% ()- abbbb(brbbb{\=t!10%& () -

910%& ( }- 'fﬁial%nﬁkedﬂﬁeﬁdrﬂﬁﬁﬁerﬁ)oﬁﬁh%oceﬂlp correlates to the anteqna be eEPat ern
10<M 109’ () - bGecc2d] dddE(\ =100 () - St1100& (). S!100& () t &1 fer

F@10% () need%«? f/ or ti’lzt ng)cclf &a qff ’i‘f‘ngr% c\)r:: &1ocy 101e>ncy Eg{(\i I1r]1“1(%10ai§(re(sponsf&es’tllr%x(e):({)diS [ﬁ%

system is improved by storing the final optimized antenna beam pattern from the
call at step 318. After the optimized antenna beam pattern from the call is stored
at step 318, the process for optimizing an antenna beam pattern ends.

10 Thus, Figure 3 shows an example of a process that can be used to provide
optimized formation of antenna beam patterns for communication signal
transmission in a wireless communication system in order to minimize
interference between multiple users and thereby increase system capacity.

It is appreciated by the above description that the invention provides

15 method and system for forward link beam forming in wireless communications.
According to an embodiment of the embodiments are described above, user
information is transmitted in a communication signal from a base station to a user
using adaptive antenna array technology to form a narrow antenna beam pattern
directed toward a user. The antenna beam pattern is optimized for each particular

20  user, thus minimizing signal interference between multiple users in a wireless
communication system and resulting in increased system capacity. Moreover,
according to an embodiment of the invention described above, the method of
narrowing and directing the antenna beam pattern toward a user provides more

accurate beam forming and better optimization than other methods. Although the



t!1109%& ()- Lt!109%& ()- #10%& ()- rffg\gzgg hdB{\=!xI5 109%& () -
T3#10%&R ()-110%& ()-.s!'109%& ()- S, 109 ()- * !109& () -
hZhhhhhhi G fkie¥e& () - L10%& ()- 10 10 10<s!10%& ()-1: ! 10%ioso2/B §LO%&' ()-
iiiiij& sjdeEbC SH109%& () - 109%& ()- f!1109%& ()- !'109%&k ()- t!10%& ? -
"T10%& ()-sjj kVKkkKI dEbC! & 10%&' () - 3f #1Q¥& ()- !'109%& ()-,!109%& ()-

s 10%& ()-3ss!109% ()- KlallllmmdEbC,,s!10%& ()-4)s!109%& ()- f'#10%& () -
Fos! 109& ()- "I109%' (The mbME ¢f claimynwhedeiro}did BECRistit A9& rapning 'alBfage(of-
FHYS' 109%& ()- !'193" 109%&' ()- 0s!109%& ()- .s!10%& ()- o0o0o00000pTpbC ! 109%& () -
"S10%&' () - 10Yd-LAs Y%&1()- 10 10 101 <109&' ()- Tpppl ggq@ dEDCM 10%&' () -
sM 100/&,(2%)?591{%(&%%%]3?{{?&1. M109%&' ()- f'10%& ()- !109%& ()-

- @rrY%ksssdEbC'109%&' ()- "!10%&' ()- & !'10%& ()- y#109%& () -

10%&' ()-M 109 ()- sAttt+uyuudEbCO !10%& ()- .M10%& ()- ,, !'109& ()-

) 109 ()- y'#109%&' ()- 3%10%&k ()- uvhvvwOMPwQMWaVK@ 10 10 10<M 10%&' () -
F: M 109@' () - 7" ! 8.0% The mdiiRod 6Y8lanr 1 SRHR%EA drariflie Monwughebd ARAE

10f M 109&' ()-M 109 ()- !'109%& () -

" ! - R’ 20 R’ - b R’ - T R’ -

" Isiggjg g_ 1o /sd%ic{ «)sont%&éqg‘glgz}l. \ xxxycyyzdEVK@ 10" ! 10%& () -, ! 10%& ()

9. The method of claim 1 wherein said antenna beam pattern is

2 formed using an adaptive antenna array.

10.  The method of claim 1 wherein said communication signal is sent

2 over a forward link of a wireless communication system.

11. The method of claim 10 wherein said wireless communication

2 systemis a wideband code division multiple access communication system.

12. A system comprising:

2 a control signal monitoring module configured to access a control signal
from a user;

4 a signal statistic computation module configured to determine a statistic
from a sequence of monitored signals output by said signal monitoring module;

6 an antenna beam pattern optimizing module configured to utilize said

statistic to narrow an antenna beam pattern to be directed to said user.

13.  The system of claim 12 further comprising an adaptive antenna
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14.  The system of claim 12 further comprising an antenna beam pattern

2 storing module configured to store said antenna beam pattern.

15.  The system of claim 12 wherein said antenna beam pattern
2  optimizing module uses a dithering algorithm to optimize said antenna beam

pattern.

16. The system of claim 12 wherein said control signal is a power

|38

control signal.

17.  The system of claim 12 wherein said control signal is a data rate

2 contfrol signal.

18.  The system of claim 12 wherein said statistic is an average of said

2 sequence of monitored signals over a specified interval of time.

19.  The system of claim 12 wherein said statistic is a running average

2  of said sequence of monitored signals.

20.  The system of claim 12 wherein said statistic is a weighted average

2 of said sequence of monitored signals.
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22.  The system of claim 21 wherein said communication signal is sent

2 over a forward link of a wireless communication system.

23.  The system of claim 22 wherein said wireless communication

2 system is a wideband code division multiple access communication system.



