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[B{)&ﬁ uen ergless networkmg systems have become a prevalent means by which a
majority of people worldwide has come to communicate. Wireless communication
devices have become smaller and more powerful in order to meet consumer needs and
to improve portability and convenience. The increase in processing power in mobile
devices such as cellular telephones has lead to an increase in demands on wireless
network transmission systems. Such systems typically are not as easily updated as the
cellular devices that communicate there over. As mobile device capabilities expand, it
can be difficult to maintain an older wireless network system in a manner that facilitates

fully exploiting new and improved wireless device capabilities.

[0004] More particularly, frequency division based techniques typically separate the
spectrum into distinct channels by splitting it into uniform chunks of bandwidth, for
example, division of the frequency band allocated for wireless cellular telephone

communication can be split into channels, each of which can carry a voice conversation



techni que that effectively partitions the overal

system bandwidth into nmultiple orthogonal subcarriers.
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termnal can transnmt data to the base station or
coverage area and one or more mobile (e.g., wireless) terminals that can transmit and
receive data within the coverage area. A typical base station can simultaneously
transmit multiple data streams for broadcast, multicast, and/or unicast services, wherein
a data stream is a stream of data that can be of independent reception interest to a
mobilc terminal. A mobilc tcrminal within the coverage arca of that basc station can be
interested in receiving one, more than one or all the data streams carried by the
composite stream. Likewise, a mobile terminal can transmit data to the base station or
another mobile terminal. Such communication between base station and mobile

terminal or between mobile terminals can be degraded due to channel variations and/or
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embodiments in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.

[0003] According to an aspect, a method of calibrating an antenna array in a
wireless network comprises determining calibration based upon at least first and second
calibration tcchniqucs, and then sclecting to calibrate bascd upon onc of the techniques.
[0004] According to another aspect, a wireless communication apparatus

comprises at least two antennas and a processor coupled with the at least two antennas.



Wi rel ess network conprises determ ning calibration

based upon at least first and second calibration
woeaitiseguaes, and then selecting to calibrate baseasupenco49s

one of the techniques. [0004] According to another

aspect, a wireless comruni cati on apparatus conprises

at least two antennas and a processor coupled with the

at | east two antennas. The processor is configured to

determ ne calibration for comynication including the
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[0012] FIG. 4 illustrates aspects of logic that facilitates calibrating an antenna array

to compensate for gain mismatch.

[0013] FIG. 5 illustrates aspects of a system that facilitates calibrating an antenna

array to compensate for gain mismatch.

[0014] FIG. 6 illustrates aspects of a methodology for calibrating an array of

antennas.

[0015] FIG. 7 illustrates aspects of a methodology for calibrating an array of

antennas.

j0016] F1G. 8 illustrates aspects of a receiver and transmitter in a wireless

communication system

[0017] FIG. 9 illustrates aspects of an access point.



antennas. [0016] FIG 8 illustrates aspects of a

receiver and transmtter in a wireless comuni cation
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point.[0018] FIG 10 illustrates aspects of a
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[0021] Furthermore, various embodiments are described herein in connection with a
subscriber station. A subscriber station can also be called a system, a subscriber unit,
mobile station, mobile, remote station, access point, base station, remote terminal,
access terminal, user terminal, user agent, user equipment, efc. A subscriber station
may be a cellular telephone, a cordless telephone, a Session Initiation Protocol (SIP)
phone, a wireless local loop (WLL) station, a personal digital assistant (PDA), a
handheld device having wireless connection capability, or other processing device

connected to a wireless modem.



access termnal, user term nal, user agent, user

equi pnent, etc. A subscriber station nay be a cellular
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Protocol (SIP) phone, a wireless |local [oop (WL)

station, a personal digital assistant (PDA), a

handhel d devi ce having w rel ess connection capability,

or other processing device connected to a wirel ess

modem [ 0022] Moreover, variousgaspects or features
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the cells 2, 4, and 6. Controlier 50 may
communication with access point 44, and access terminals 38 and 40 are in

communication with access point 46.

[0025] Controller 50 is coupled to each of the cells 2, 4, and 6. Controller 50 may
contain one or more connections to multiple networks, e.g. the Internet, other packet
based networks, or circuit switched voice networks that provide information to, and
from, the access terminals in communication with the cells of the multiple access
wireless communication system 1. The controller 50 includes, or is coupled with, a
scheduler that schedules transmission from and to access terminals. In other
cmbodiments, the scheduler may reside in cach individual cell, cach scctor of a ccll, ora

combination thereof.



contain one or nore connections to nultiple networks,

e.g. the Internet, other packet based networks, or
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information to, and from the access termnals in

communi cation with the cells of the nultiple access

W rel ess communi cati on system 1. The controller 50
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schedul es transm ssion fromang to access termnals.
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frequency space may e uti Jze leu 0 or in combination with physical sectors.
Such an approach is depicted and disclosed in copending US Patent Application Serial
No. 11/260,895, entitled “Adaptive Sectorization In Cellular System,” which is

incorporated herein by reference.

[0030] Referring to FIG. 2, an antenna arrangement 100 comprising a receiver chain
102 and a transmitter chain 104 in accordance with various aspects described herein.
Receiver chain 102 comprises a down converter component 106 that down converts a
signal to a baseband upon receipt. Down converter component 106 is operatively

connected to an automatic gain control (AGC) functionality 108 that assesses received



frequency space may be utilized in lieu of, or in

conbi nation wth physical sectors. Such an approach is
wdepi7osed2 and di scl osed in copendi ng US Pat ent PCT/US2006/060495

Application Serial No. 11/260,895, entitled "Adaptive

Sectorization In Cellular System" which is

i ncorporated herein by reference. [0030] Referring to

FIG 2, an antenna arrangenent 100 conprising a

receiver chain 102 and a transgitter chain 104 in

accordance with various aspects described herein.
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thereof, reciprocity of the equivalent channel and/or transmitter/receiver variations may

not be assumed. When calibrating an array of antennas 100, an understanding of the
magnitude of variations, in terms of the effects on the phase and/or amplitude, of signals
propagatcd along the transmitter and receiver chains and their influcncee on the accuracy
of a reciprocity assumption may be utilized in order to facilitate the calibration process.
Furthermore, in the case of an antenna array, generally each antenna 100 has a different
transmitter chain 104 and a receiver chain 102 than each other antenna. Therefore, each

different transmitter chain 104 may have different effects, in terms of phase and/or



by an up-converter 126. [0032] Antenna array 100 may

exi st for each antenna of both an access point and
waceeEgsed7er mi nal . As such, there may be a noti eeahise006/060495

di fference observed between transfer characteristics

of transmtter chain 104 and receiver chain 102 and/or
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assunmed. Wen calibrating an agray of antennas 100, an

under st andi ng of the magnitude of variations, in terms

z@ﬁplitb@e akheg bthed ﬁaﬁshﬁttﬁhm aint] regpeatipdly t We sadé can be true for

nal o) 0 e transmtter and receiver
1@ VﬂéiﬁﬁﬁlﬁﬁggFa? ??ﬂﬁ%é@ on the accuracy of a

pro y assunptl be u |I|z in,or.d to
DEEP! 0 S pRERHIES i Be Ftosd Eat bt ik ReP R b e of the
dnliéhnaave, &fmﬁjheﬁﬂﬂﬂféf’e’hcas’ bayi,nugﬁféﬁbﬁbﬂhyr ﬁawﬁs aﬂﬁ@fmﬁmatches
100Q ha a different transn.tter. chain 10%
8RS TherarrioitHalrouating sHpes. tapeeriests: m@?ré"?%.laowledge
Ftdmaitl1b&4tBAS, At ARSI drldedr A MishOAcHIRuBAY 8ntenna cabling, and
di fferent effects in ternms of phase_ and/oranplitude,
the likpy Asidifimally.arismotehes canly fucliopardwas Siemeys r trapsmitter chain

ﬁﬁ%dﬁﬁ‘}egﬁvérrcﬂ%nf Q2 a8k ¥REnthBI01SFokQ2a@h1£ 86dh mismatches can
antenna 100. [O The mismatches in the effects can

hveasgerdated w1ﬂveaq@hg& iltexh, Iome (2 tmbadanyfe. phase andon gaingpigmatch of a
1 8!5‘%& ﬁlﬁ S 2SS amPifid iR H{Ebcq{angf v&idﬁ% ofn"’lﬁkgﬁﬁr effects, efc.

es can I nclude, for exanple, nutual

[@@3‘@ in QIO?faB 86de3s phAVRS it 8klsach ’trETPﬁﬁlft @ﬁa{m kH 2698 onding

el ement | ocations, anplitude and/ phase
Im:@ﬁaph,m §i.¢ tlee ro60ian chaingoTatTiondme tarﬁmc faee tena) independently
ﬁgg Rﬂi% a
el enme spél in&ﬁl ng %ﬁ{] ?Q{%ﬁ% i h 184 5 eoer ngg%%sgrrly specific
%h@cnklﬁ»z fofwaedbhk grneningon00.pilbty, uesdiopreyersuitk transmission, for

S ches ¢ i i .
R e e A3RRLAN T, L It e, bor any given
dabiwationgetiaepimited based o kplth ﬁs farmpdriifané reviemsd liweks, there is some
egrrﬂoatl‘ a{g %%%c%r tl))?rgﬁe cr:]l? nnglgnaler%.E g en egéﬁg : ?‘g%rsefﬁr? 1L\ severlﬂ aspects one
(bﬁrﬁoné(]:rahb&}ﬁmﬂ dat[tg Grbﬁﬁﬁted&bﬁh aumbén ofadiffetvat ameen te&mnals are

ch ii orr n FATe le'@”g 5 n%ggetss%omtfor
P %ﬁadffi é‘rf?%lcf t

?J@Eﬁﬁon ﬂBLtﬁiehﬁ} rall cﬁﬁlb[e &mlew t%trﬁlnﬁsg df? aéekain hopectsn lthWo%bmatlon

i nk transm ssion, ots,. use or revegse

3y RRHTHLYE 3R 2VFigRe aﬁ%ﬂ 8# e r AR B TR T RO GO B?re’a?al
dRhlRicA SRith Bie 4088 PR or J0MRE Fle@E@rmingd sabiet.Oh WBBther aspect,
calibration ratio estinated based on both the forward

the gomgingtiss mayrhiesdoneria pdoint oigRFaten Hshionrwis drchspnel

&B@su@é?ﬁéiﬁ@ FroMPdrdafol @ALhAREeddAeBBnal HRE t6HBIRd th BstifME hdingle
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without calculating an individual calibration ratio for each access terminal.

[0035] For any given access terminal, the access point uses its reverse link channel
estimates for that access terminal as well as the forward link channel estimates , which
are performed at the access terminal and fed back to the access point, in order to

estimate or calculate the calibration ratio, based on that access terminal.

[0036] A forward link channel estimate, hAX% , may be estimated at the access

terminal for transmissions from the access point’s 7-th transmit antenna. However, any



conbined in order to obtain a single calibration ratio

to be used by the access point for transm ssion to one
wono@idse@t t he access terminals. In certain aspetis2006/060495
t he conbination may constitute an average of all of

the calibration ratios for each access term nal

communi cating with the access point, or sone

predet erm ned subset. |In another aspect, the

conbi nation may be done in a j@ nt optim zation
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WISER id4BE phP@ALA) chhifincl between the two antennas being measured, and the noisc

v, of the channel that is part of the channel estimate.

]0038] In order to calibrate the antenna array the mismatch errors between receiver
chains 102 and transmitter chains 104 of antennas 100 therein is shown below in
equation 3. It should be noted that other methodologies and mathematical relationships
may be employed to achieve array calibration in conjunction with, in lieu of, the

mcthodologics and mathcematical rclationships described herein.
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whi ch is the physical channel between the two antennas

bei ng neasured, and the noise f of the channel that is
weoaod7/osé67t he channel estimate. [0038] | n order PCD/US2006/060495

calibrate the antenna array the m smatch errors

bet ween receiver chains 102 and transm tter chains 104

of antennas 100 therein is shown below in equation 3.

It should be noted that other nethodol ogi es and

mat hemati cal rel ationshi ps may;ip e enpl oyed to achieve

array calibration in conjunction with, in lieu of, the

nmet hodol ogi es and nat hemati cal rel ati onshi ps descri bed

herein. r - hn L wP _a AT PbAP _ v bA (i P} - v n

(3) nhAi T) PbAT a (i P) a A( i P )In Equation 3,

BIEquatibhs, @,Vigf’@113g)vfeiaﬁﬁ’ﬂisgia]t@&tﬁﬁ&nb&%mmefﬁﬂﬁm ﬂsfﬁﬂsksions and

trans si ons .an orward. link transmission, g is the.

fﬁ%%&mdif traRsmEsSEIL, ¥ pthg éﬁ“ﬁ@a‘&@tr%%ﬂfs@s £AEYS; Retvagfg transmit and

18564 Viisd 68 S ablest REMAGE S 7 £ 1Y MRhat@NEtidloR$hel RB6eive and
msmatch ratio of the receive and . .

transmit chains for the ith antenna at the access point. It should be noted that v is
substantially constant for each antenna pair at the access point. Also, in some regards

Equation 3 is idcalizcd, as the noisc cstimatc is not includcd therein.

[0039] Thce calibration ratios ¢,,i =1,...,M , where M is thc number of antcnnas in

the access point antenna array can be grouped into one vector €, for each access

terminal, which may be termed a “calibration vector.”

G ™ Z
c
e=| 2=y 77:2 | 2 =y-n+n 4)
Cor T Zy
[0040] In Equation 4, the entries of vector € correspond to the estimates for each

antenna of the access point with respect to a single access terminal. It should be noted
that the elements of vector & may be complex numbers including both the amplitude and
phase mismatch for each transmit and receive chains of the access point antenna array
as well as common mismatch corresponding to the transmit and receive mismatch of the
access terminal transmit and receive chains. It should be noted that while Equation 4,
describes a vector that has entries for one access terminal antennas, it may include

entries for multiple access terminals.

[0041] The noise vector n includes effects of channel measurement errors (MSE)
and also the effects of channel measurement de-correlation, since the measurements of
the gains are performed at different times thus allowing channel variation over time as
well as temperature and other variations to effect the measurement.

j0042] An estimated calibration vector €, corresponding to access terminalu , may

be determined as shown below in Equation 5.

¢, =71 &)



transmt chains for the zth antenna at the access

point. It should be noted that g is substantially
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Al so, in some regards Equation 3 is idealized, as the

noi se estimate is not included therein. [0039] The

calibration ratios ¢ ,i =\,...,M, where Mis the

nunber of antennas in the access point antenna array

can be grouped into one vectorioc , for each access

termnal, which may be terned a "calibration vector."
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Equation 5. = Uu (5)where gu is the gain m snmatch
corresponding to the access termnal transmt and
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generate an er& | or conﬂl calibration ve&$o
One way to do"theq cdnblnatJ “4s to average a t he
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I? gho u[iga{)e noted that, in certain aspects, the normalizing element may be any element
of the calibration vector, as long as it is the same element for each calibration vector
estimate, ¢.g. the first element. The sum of the normalized elements is then divided by

the total number of elements U of the vector €.

[0046] Another approach that may bc utilized to combince different calibration
vector estimates may be based upon combining the estimated vectors in a matrix. For
instance, in certain aspects, it may that that each calibration vector estimate is a rotated
and scaled version of the same vector 1 and the rotation and scaling are due to the

different access terminal mismatches y,. One way to get rid of this scaling and rotation

is to first normalize each calibration vector to have a unit norm. Then, a matrix Q



[0044] In this approach, each calibration vector

estimate includes a nultiplicative factor, gu , which
wooatioséeeeent for different access term nals. PATASZ@EO60495
where one or nore access termnals have a very | arge

gain msmatch gu , sinple averaging nmay lead to

results s bias the average toward the access termnals
having the | argest gain m smatch - [0045] In another

aspect, each calibration vectoyz esti mate,

corresponding to a specific access termnal, is
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terminal may be related to the reverse link channel vector estimate h,, , measured at the
access point. One approach, utilizing the calibration vector 1, and the access terminal

mismatch 7, is depicted in Equation 8 below.

—J Ty

gi,k,u = 7u e : diag (hi,k,u ) ‘N + ni,k,u (8)
=Viku" Zi,k,u mEn

In Equation 8, Z, , , is a diagonal matrix whose diagonal elements are the elements of

—] &%,

the reverse link channel vector estimate h,,, and 7,, =7, - . The subscripts i.4,u,

are the tone, time, and user indexes, respectively. In the above equation, the unknowns



the individual access termnals. The calibration

vectors are then conbi ned according to one or nore
wdi2dd7@seatt mat hemat i cal processes. [0048] An  PCT/US2006/060495
alternative to calculating nultiple calibration

vectors is to utilize a joint optimzation procedure

using nmultiple access point and access neasurenent as
follows. In sonme cases, the access term nal and access

poi nt may generate their channgl estimtes for

different frequency tones and at different tine

ar SHedualibratiotviebior m dtbthe ad®yss bemindlispedific etismatchfy, f K A feature
bet ween the access point and the wth access term nal
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e B FE aretedetn o PE R L8 By DRuRREF Mk BaR MR i
rﬁ’shiamlt @Jeho Uhejad’vemtafrﬁdlahtraﬂshﬁt asCessivp Oh:nhs. One way to obtain a
approach, utjlizi.n %allbratlon vector, h, MES

] Ot & & it g‘h’étﬂ QRHEULCEY BT BT approach

eqhovv. if%E u;mn@(u eJ '"tudia k,u) h+i B In Equation
b : Ryl i ! iagonal matrix whose di agonal elenents are
the el ements of the reverse I|nk channel vect or

estl mate hik>tt and g m%‘kﬂ?k e~ g 13|Ee subscripts
.k, u, are the tone, ’ f l’jser Xes,

respectively. I abov ti e known&ar e
the calibrati or{ﬂiigee‘t oTﬁ{M‘L(ﬁe?" g)cetgg tlgﬂmqnal
specific msmatch gi . A“eature of Equation 8 is that
access termnal msmatch includes the effect of the
Jdlwtiony fat anendch .h ansielen givie badiswetopdy heloand t he
access termnal in addition to the gain msmatch due

e, vy e ol o A R o Lo Tor

utilize a mni num nean squareg error (MVISE) appr oagb)

as shown in Equation,9. ={_g4_rkl§_,%ﬁof‘ut| ons for and g . u
maybe gi ven by Equat| bh 10 g;;e,lg;)w, h Dm ni nal

ei genvector of F = =7z -U-Z1 where, for a vector

wh re,fqtgg ag; ! 1’?)9 %o Q? ( ?_v‘gﬂw[éggl%lgﬁrg_{%c? 1685 éer%é)g ggggl){yaﬁeedeﬁned as

msmatches the calibrati og%»ratl os may be used to

alter the gain, in tld}esl oth or dilther the phase

and anplitude, of the tran§rﬁtter chai n of t he access
i [ t he . recejver ch

[@Eh ]f/a|t nc?c{;r%]egls%fs ﬁag rthe Wésnéa&pl}ps ffhetoﬁ ratlon ratios may be used to alter

the gain, in terms of both or cither the phase and amplitude, of the transmitter chain of
the access point to match it to the receiver chain or equivalently to alter the gain of the

receive chain of the access point to match it to the transmit chain.

[0050] In certain aspects, it may also be desired to calibrate the gain with respect to
phase only or both phase and the amplitude. This is because, in certain instances, any
calibration technique may make the amplitude mismatch worse. This can be easily seen
by considering an extreme case where there is no phase mismatch and only amplitude
mismatch is present in the gain mismatches. In this case, the beamforming gain with
calibration is worse than the beamforming gain without calibration, which means that
the amplitude mismatch is now worse. A method to improve is to use phase only
calibration for beamforming, instead of calibration using both the amplitude and the

phase for calculating the calibration weights. In this case the calibrated weights



receive chain of the access point to match it to the

transmt chain. [0050] In certain aspects, it may al so
woeodiaséa7ed to calibrate the gain with respect PCO/USh®s060495

only or both phase and the anplitude. This is because,

in certain instances, any calibration techni que may

meke the anplitude m smatch worse. This can be easily

seen by considering an extrene case where there is no

phase m smatch and only anplitude msmatch is present

in the gain msmatches. Tn this case, the beanform ng

t@ahﬂomiﬁh@ afdaldulabd G Ijtﬁbev\mlge Arhapetthd thieappoach fig MRC

é} n wi .t hout cal i bration, h means that the
PERAS et i Feuatioh S&- A nethod to inprove
is to use phase only cali br for beanform ng,

i nstwpg ofiiagghj)ohatlhjon, ybj=rghbdt h t he aforIMRGd&12nd
the phase for calculating the calibration weights. Tn
wirs diag@,) FadizalCipr-at ed wei ght sbeanforming are

cal cul ated for phase only. An aspect of this approach
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sampled over a range of times and réceive chains.

[0054] FIG. 4 illustratcs aspccts of logic that facilitatcs calibrating an antcnna array
to compensate for gain mismatch. The system 300 comprises a calibration component
302 that includes a mismatch estimation component 304 that analyzes models receiver
chain output signals and/or comparisons between receiver chain output signals and a
calibration calculation and dctcrmination 306 utilizes multiplc calibration techniqucs to

generate calibration weights, e.g. using vector 1 for different types of calibration, and

then selects one calibration type based upon the extent of the mismatch that results from

using the different types of calibration. In certain aspects, this may be done using phase



[0053] As can be seen fromFIG 3, if nultiple channe

estimates fromnultiple access termnals are utilized
woOher7vséage and drift associ ated nay be reducedPor/UaR006/060495

| east sanpl ed over a range of tinmes and receive

chains. [0054] FIG 4 illustrates aspects of |ogic

that facilitates calibrating an antenna array to

conpensate for gain m smatch. The system 300 conpri ses

a calibration conponent 302 thgf includes a m snatch

estimati on conponent 304 that anal yzes nodel s receiver
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recei ver chajn t and a call ration
sHMERiAsA? colsuatsd ?lﬁ;}r 3 15306 utilizes nultiple
ues to enerate

i.bra . chn| li.pbratio
l@@%ﬂm stFllg'na‘ iy soResiopt hoyRm &?aﬁ?%ﬂéﬁ%{ewﬁ‘é@ﬂm an antenna
&yl tBIcatripefisatcfol ghideisBRk@C t BhedyBteth 0DERhp s a)R6cessor 402 that
based upon the extent of the m smatch that results

i pperatiEsly gotllﬂéd 0 #5 aptgpga Etrfﬂé’e‘kod'o fPrecqss o 443 G defgymine calibration

W&EHRIHAs SRRt GuiBR¥ioR SRS PR RRA IO Tidther comprises a
esfimates to calculate the calibration weights or

qsibrrgioptragwons Afphatsalgetseseicalbretor trrediastl wpan thpgxtent of the
R PR L ORs R 194 Sisinl %Qﬂé éﬂffe'fér@ty%r sidrlchighlafbses aspects

of a systemthat facilitates cal ating an antenna
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criteria fo{ ﬁ gctugﬁ di fferent types of calibration
TEEHITERYES™S her suitable infornation rel at ed

alihratin nt en arr 404,

fisfie; SR bRandelhhty 5o it SasPyRBd i eonerating
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cei ved .b cessor, 40 essor .t hat ontro

B R BONBRE'S B o3 FAE DD, SR g s catiration,
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NAny RIS METOrFEBY B of dllstratigpcndines {imi{pgiog monvolatile memory can
include read only memory (ROM), programmable ROM (PROM), electrically

programmable ROM (EPROM), electrically erasable ROM (EEPROM), or flash
memory. Volatile memory can include random access memory (RAM), which acts as
external cache memory. By way of illustration and not limitation, RAM is available in
many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and dircct Rambus RAM
(DRRAM). The memory 408 of the subject systems and methods 1s intended to

comprise, without being limited to, these and any other suitable types of memory.



400 can enpl oy stored protocols and/or algorithns to

achi eve antenna cali bration, techni que sel ection,
wanw7mseate smat ch conpensati on as descri bed her BCmUSki06/060495

will be appreciated that the data store (e.qg.,

menori es) conponents described herein can be either

vol atile nmenory or nonvol atile nmenory, or can include

both vol atile and nonvol atile nmenory. By way of

illustration, and not |limtatij@n, nonvolatile menory

can include read only nenory (ROM, progranmmabl e ROM
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alpbANh arteh icElibratiéis indd TEX & ledirofra6ManTOFIM enByomayntOin OFDMA
illustration and not limtation, RAMis avajlable in
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ropekspayr AAdhayr acsesrcthe pelmrwomwmomcmﬁn the AEC ptote witlzqut

shown, and scri bed herein. For exanple, those skllled
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woatagirflé fgieor ANBRRRE krandiBissidhd sinbé ﬂ}‘étdaﬁbﬁﬁoﬁ%&off&y for the
be required to inplenment a nethodol ogy i n accordance
AMiCrstaspavas obtapred. eifbodiayrba systenqRbaditerTor way vaiyrbased upon

cﬁﬁlﬁx?e‘itcﬁndﬂSH%’atg i‘&%nggaéﬁtﬁé quﬁmf%{?e calibration vectors

or eac eve anplification, of the

In 15 (e g éﬁl&s%“aa%ssa! mgt?lg?(ﬁlﬁgg f(?l‘r % )Egtl?l%' 'k a&h}? antep%larls for

pr oc]essor m access vec r Ccu
ttamemANGons tGltagnoli etshmates for the forward link are received from access

terminals, block 500. As discussed above, these channel estimates may be generated

from forward link pilots transmitted by the access point. Additionally, channel
estimates for the reverse link information, e.g. reverse link channel pilots, are generated

by the access point, block 502.

[0061] After both forward link and reverse link channel estimates are collected,
calibration ratios for each access terminal and access point antenna may be determined,
block 504. In certain aspects, the most recent forward link and reverse link channel

estimate with respect to each other in time is utilized to form a calibration ratio. In such



performng a calibration. The decision as to whet her

to performan additional calibration or access a prior
woabi7msed7e on vector ¢ for a give transm Ssi on Ray/USe006/060495
based upon a tinme period or nunber of transm ssions
since the calibration vector C for the AGC state was
obt ai ned. This may be system paraneter or may vary

based upon channel conditions, e.g. |oading of the
channel . [0060] FIG 6 illustrgtes a nethodol ogy for
calibrating an array of antennas for transm ssion.
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[0066] Also, in some aspects, the calibration weights are utilized for a particular
AGC state and not for other AGC states. As such, block 508, would then only apply to
the AGC state during block 500.

[0067] FIG. 7 illustrates another methodology for calibrating an array of antennas
for transmission. Channel estimates for the forward link are received from access
terminals, block 600. As discussed above, these channel estimates may be generated

from forward link pilots transmitted by the access point. Additionally, channel



t he approaches di scussed with respect to Equations 5

or 7. [0065] Each transm ssion from each transm ssion
wohei7vsed72t he access point is then wei ghted w POT/US2006/060495

wei ghts based upon the conbined calibration ratio for

that transmt chain. Al so, a conbined or joint set of

calibrations weights may be utilized for one or nore

transmt chains of the access point. Aternatively, it

is possible to transmt this cgrbined calibration

ratio or a calibration instruction based upon the

Bamataa ddr thahreddrad lixdninf@tdabiohOe.gnevase ik ehatebpitots, are generated

term nal s. access termnals would then apply the
tﬁlﬁﬁ‘r‘%esﬁﬁglé‘&%ﬂ‘b‘g‘n(’e e conbined calibration ratio to

[ﬂgg di n ggft ran %&S%dgrgﬁgg%@ﬁ%\ég e{ ﬁstépn?atgscgrgségllected a

@ﬁbfdﬁbﬁtrawmaeu@lhﬁes nall8plétchhhiet dstifitea f&aﬁﬁllt@w R eATiminals
9(g(te and not for other AGC states. @f‘(mh bl ock

Ub U FRBYPSBRTLY BORIOS Rt Hervret ok apd reifrergk channel

Qtittle WA redpPOGEkadt]l Gher/ini tirhd!BtutAl88. BIAIARIases, multiple estimates
nmet hodol ogy for calibratin n array of antennas for
1OF ARAYFPSPO teTeBtEny spihimed PRed YaRe qBPeRNIge Fhifac! estimate

s OFEGRYE Unk bAMTALERIBKIQFiaRR] S, bl ock 600. As
di scussed above, these channel estimtes may be

[9866) at ek ditQmdOpuRrdpLink FiG! DlfeltiRRSH {detib 1£g1§emeen the
access poi nt. Additionally, channelesti'mates for th

¢ orons ealpplagonsrmgrtrasmeions. Furthery tedunetionalishion h};crcks 600 and
iﬁl Bh% oc@hr %u&g‘{}ﬁ a"ﬂ? %ﬂnﬁi’anteaﬁs PQ@(ﬁff@%n@ Eme@ If&ctﬁe Q%e or
006 After orward

and reverse
ffarenbicassy icrmingts. él“rl@rq,f@tq, cézanncd catampisp maYd?rv deggrimgned for a

%109& aé&a&g ﬂelzrﬁﬁla As%ij B%ﬁn gﬁ%ﬁ@fésﬁﬁrcattés@{tﬁé erWardT}ﬂﬂz hﬂ?& feverse link

ccess term na n certal n aspects,
trstmissepsribatiorenrmay hetkbearraisemiize setilienk chann eI
estimate with respect to each other in tine is
[0079) zedheljping glibretasrestio mdst hepdtdainsd byratiigingrjomt optimization

&JOXe%Q af ﬁgéﬁe% Sy ﬁlec 10€ ng %f Q)r%{ﬁg Baged upon

consecu I've C anne |rrate rs orvvard i nk and

[:: 09 r Se ]iacﬂtﬁﬁ %&h{g%h%&m L:Qc% :%) sﬁss%nsgﬁﬁr? gﬁtg\g” ab%s\%gg]ﬁlt is then

here may be sone tine
Whgh’@dfvﬁ@r wnighbdbased apimoths jeintcdlibartsm =60 dorsthaFmrtshet ¢chain.
Q 0

éﬂ { rﬁ)fa {f%rji 11}{1: S cglfr‘1 cea|(1)1g>S Iglong V\% a%%qgm? ibree iz <If ?Toléso Or more
ttdmrrﬂmhalrmrofdhé ﬁcmem;bmm: o@wnmremy naisg)oss'lfhbrteftmnmutttﬂne joint
channe t er,m

PR Rar SR RaRe e SeERE e e Tk SRR to one
drithidreaia dess @Mﬁﬁﬁzﬁb I T[‘hé( atdes®ffinRalsonsultihbén apyly die weights based

not Ple conse utJ ve &
upon the joimnt c ratlon rat10 to decoding of the transmissions received at the access

terminal.

j0072] Also, in some aspects, the calibration weights are utilized for a particular
AGC state and not for other AGC states. As such, block 608, would then only apply to
the AGC state during block 600.

[0073] Fig. 8 illustrates an exemplary wireless communication system 1300. The
wireless communication system 1300 depicts one base station and one terminal for sake
of brevity. However, it is to be appreciated that the system can include more than one
base station and/or more than one terminal, wherein additional base stations and/or

terminals can be substantially similar or different for the exemplary base station and



[0070] The joint calibration ratio nmay be obtai ned by
utilizing ajoint optimzation process as di scussed
wonodr/osespect to FIG 2, e.g. to Equation 8. [ ©0TA}2006/060495
Each transm ssion fromeach transm ssion chain of the
access point is then weighted with weights based upon
the joint calibration ratio for that transmt chain
Al so, a conbined or joint set of calibrations weights
may be utilized for one or norg transmt chains of the
access point. Alternatively, it is possible to
ttaﬁﬁﬁﬁltﬂdscﬁlls&c%bejlmmln additibii,dt 1500 be apjn@gﬁted&hﬁﬁhé Ibaset sitatbn and/or
nstructi on ba upon n i bration at|
P el P Rl BETR GRS TTh i rdeaipds dHiggiee7 oF 10
d@@@ﬁ%dtﬂweﬁna@Eﬁcmthﬁé@m\ﬂﬁb@moﬁnb&ﬁ&ﬂldﬂﬁﬁ&et%@wb@i nt
calibration ratio to decoding of the transm ssions

[00T4 VeReBdrrinfQoACodES. 8,nM dakvard[lHk2dnsAliSion, lahadR@BEpoint
aspects, the calibration MEIghtS are utilized for a
I&é?ét # Branspit (8BS deta proceatpr i 0 Feseives-Hermataeadesinterieayes, and

A& ated (R G nfBBma Wﬁ‘f ik ﬂﬁf& a‘ﬂﬁ'rﬁ‘oxﬁ@@i Mholl@aliB® syMebols (“data

state dur|ng bloc Fig. 8 illustrates an
ﬁéﬁ‘f‘iﬂé‘ﬁ a8¢ renss3e3he datpsymbols and pilot

iRl L8R ;&QW&I% %dﬂi’ 8f %B&Qﬂ A3Q0h e PASluPat ONE3 d0ARRItiplexes data
Station and one termnal” for saké of brevity. However,

and rilot symbls ap sheptioneesibepraiers, eovidestaevigns valus @f gare for each
JIRs& élﬁ)@ V\Eednka%@a d Qgét% éfﬁ%{s%t otk ﬁﬁ'r{hg Wesubcamers for each

t er m nal erein a d|t|on ase atlons and/ o

swrh«vl pamcgi cBsrhbemnsutitstyaritol alayybesi dntd symbel. o pflﬁ*eﬂmol, or a signal
PR HEUSHREE A7) 0 G Sk M Erhiderion 1
wblélsl@ m@m@nd thadl therpitot eymbelsinmeyl bectame dimsion niplexed (TDM),
utcreur',rjg &15}1 sl muﬁtlp?gxc r@ﬁ?\d)f mfth(r)] ?xé?xF gcsnc %ﬁwsi%n ntugzlﬁlcxcd

eln nmmunt ca
(’Ofé)M) h@ﬂwée\nsmfl &ﬂflﬂ]}leM @(IIDM)gemoﬁymboFmgdulﬁtordGZQ can

f d | t t 1305 .
GRE $och 155 AL PR D s Sl b BRGERE BP0 RSk Bt idhoint TFFT 1o
shedde s, “tlansfermhedtVesnbao itht mﬂiﬂmﬁméMOMﬂbMpsnﬂpﬁﬁ)ol modulator

traffic data and provides ol s

ERsen G reRed raBriomot el G aed eHIdR Okt  corresponding

FHBOES TRS rdpheted dbaichyiRkAbEM aed cpblh eﬁxrﬂaal1§umdo combat delay
provi.des a stream of synbols. A sy nodul at or 1320

$NFQQ‘BW@¥@EB¥Eﬁ QEH@-pllot synbols on t he proper
arriers, rOV|de é val ue of zero for each
iR umam’@oﬁ?ﬁ rEpeYEt aBf AP g HRRTEeam of
szyxr&m #itd e 8ol a%ﬁhfgaéﬁéﬂaﬁ a&xdfﬁfthﬁa&ﬁ d&&ﬂﬂ@% gp %hiph‘ﬂies filters,
ach transmt sy e a data synbo

rmuﬁwupgogv rthwrai%g Henals joponehie ﬁ.fmafé yﬁ% siegal suitable
ORYaRENBEBE 0F@NhE RHRUSL ¥hidheEathe BYWRA] 1iR€LiERM is Hen transmitted
through an antenna 1325 to the terminals. At terminal 1330, an antenna 1335 receives
the forward link signal and provides a received signal to a receiver unit (RCVR) 1340.
Receiver unit 1340 conditions (e.g., filters, amplifies, and frequency downconverts) the
received signal and digitizes the conditioned signal to obtain samples. A symbol
demodulator 1345 removes the cyclic prefix appended to cach symbol, transforms cach
received transformed symbol to the frequency domain using an N-point FFT, obtains N
received symbols for the N subcarriers for each symbol period, and provides received
pilot symbols to a processor 1350 for channel estimation. Symbol demodulator 1345

further receives a frequency response estimate for the forward link from processor 1350,



will be appreciated that the pilot synbols nmay be tine

division multiplexed (TDM, frequency division
woubdazipgéeexed (FDM), orthogonal frequency divi SPOWUS2006/060495

mul ti pl exed (OFDM), code division nmultiplexed (CDV,

etc. Synbol nodul ator 1320 can transform each set of N

transmt synbols to the tinme domain using an

i V-pointl FFT to obtain a "transformed" synbol that

contains N tine-domain chips. »gynbol nodul ator 1320

typically repeats a portion of each transforned synbol
peffofhi ditd damodilatispon dhdgcsyaddhta sfm®olsap edtagl dﬂ@ {nbal

is known as a cyclic fix and i.s used,t
<P CRhER AR Fottc B butefian fel SVEPORGA brovides the data
syiBOB&tint s talintR X EMERrods3dst 1386 v @ﬁd)d@mfesql@tgs stygﬁml

nal s an

st r eam of s]érrbol S into one or nore analo

depephlefleintigrrsomd decoges thy data symbel eértrm% &% go regengr the

tfah SAHRRAGYarHP ARAY %%%}oéeaﬁngwls%bél GRd fuldBr ORNLARI IR Aata
forward |ink signal suitable for transm ssion over the
DPlipGeasas oS58 pmpraplenepiary tortha PEpacsiRe BY gyrapol modwater 1315 and TX
d%fa%@@s%&@?h 1@{&5&!&@& Q{‘éc%eﬁ%)oh%zl%obo the termnals.

t er m nal 330, an antenna 1335 receives the forward

bﬁ'ﬂi’} Si @Rehe ?&Qré%rlﬁﬂd qu Bath HPEIVKRS lgbgPﬁiceI}s@s @affic data and
recéiver unit (RCVR) 1340. Reéceiver unit 1340

peoyides dadmsyrpbolg. A syithé mpdulaien §305asceivesntmagltiplesys the data
g&wgfs%om@ gg&e sytn{b% x:gxt%;tlnn a&aﬁ% aa%ﬂ p%‘gh%‘fﬂoa??c?cawsfsymbols

It1on S|gna sanp
Themilet banbels m&i)erteamm%ect %esxdssc@me@:s maéhavs@ Lepp epdgiebdito terminal

1%@5 01513* [H[E%ﬁb F@l%ﬁf WhaR + @ﬁﬁnﬁ&ﬁcﬁ" p\ﬁ%g slMc@ Jr? fdﬁ%:rleverse link

tot requency domal n using an 0|n
rmbﬂm ﬂhs satnﬁen.: énﬁﬁfedntimm dhesmirobertdf @ik sﬂabelarrers for ¢hef forward link.

e%g rﬁl¥tnc? 1t 9?}6 81%11 réac ngg ocos c§%16| thecanf (!)tl ma/%mbols to gencerate a

processor Por  Evanne

r&mskrohnldmgﬁduhfhidhns tr3ddmittad bipelic sreeeiaviss Sao tiegpeessqyoint 1310.
response estimate for the forward |link from processor

[0BB0, peAftacesss @aina 18 Eh vk iteatiso ﬂlinkxmgnhlafromctehniﬁdl tit0ais received

Sy, dat a ich are
R RaBab LA A PG Riresieh g dr 1 Shei B A symbol
dermodubies 1336 that prosssstothe esmpréahﬁg pfco/lm rB¢idat gilot symbols and

BBy a4 g By S UL RS tog AT Dyfossses the

dat dyfreiop %stirﬁaté@fd)n%edlsvdém@e féﬁflﬁé&ﬁtat ﬁ‘%@rﬂlﬁ&g by t‘erﬁhd&ia’i 133heA
processi.n 0 enndul at 1345 and RX a ..
Pﬁ?‘&?&%’é’sléf’g 1’%{8“%4% SHER{IGR jor Goh AETYST faﬁrag@fﬁgnwﬂmg on the
r&yErolintodul at or 1315 and TX data processor 1310,
respectively, at access point 1300. [0076] On the

[0€78" S e The Pkocedsol X39@hRiyRNRCRSEMIF gdGo m&m@e&ﬁ@ﬁpk calibration
traffic data and provide é}ﬁdata synbo

torbavst & calegate the wieipbds o galiRipion @sseh‘féy%if%tghts calculated

according to one the techniques as discussed with respect to FIGS. 2 and 10.

[0079] Processors 1390 and 1350 direct (e.g., control, coordinate, manage, efc.)
operation at access point 1310 and terminal 1335, respectively. Respective processors
1390 and 1350 can be associated with memory units (not shown) that store program
codes and data. Processors 1390 and 1350 can also perform computations to derive
frequency and impulse response estimates for the reverse link and forward link,

respectively.



synmbols with pilot synbols, perforns nodul ati on, and

provi des a stream of synbols. The pilot synbols nmay be
wonremgsed7t ed on subcarriers that have been assPguas2(06/060495

term nal 1330 for pilot transm ssion, where the nunber

of pilot subcarriers for the reverse Iink may be the

sane or different fromthe nunber of pilot subcarriers

for the forward link. Atransmtter unit 1370 then

recei ves and processes the strgam of synbols to

generate a reverse link signal, which is transmtted

[bgsajhe M@ﬂﬁgtdﬁw 9 Oari PR eBGLAR Tap QbMipridSd Gaaif ORI (3MU) 1450

At, ac t 1 rreverse, |i.nk nal from

PIATHS 73 6 U010 T il A5 Band gribonents of an

HRESS @aﬁﬂ d be’eﬁarﬁlﬂé EVIVET1430Ndah iAd¥8e h BadBhid BorspbiIn€340Fand a
synbol demndul ator 1380 then processes the sanples and

i) Mg ieis e ) RPRBOIE R A 0: PIjffis|processing unit
ﬁﬁg'él'@taﬂ%l Jrestieal RV BR8] [daRket 2a AMntE&BL 18 f&hﬁ@xﬁﬁrstﬁf performing

proCesses the data synbol estimates to reco
supl fynchpps es Ghering, chanslizpgdmpguletensang so fork, RN 1475 includes

tRé Qﬁeﬁéépefdﬂﬁﬁ@s et Q&GRS ?&ﬁ{‘ ngh u§e§f hFBih | QPadqu’{mﬁ 8Cfe analog
active termnal transmt on the reverse link
p QTS Ph en peesseReigE ongbor ttmy OfirarRscE CE @tﬁflmgmfédiwcst or indircct
al,c
&ﬁh&dt&)ﬁ t #@%e%a@?df%% (?ezltulct)ér%%g E]:@dﬁékgjoﬂ& % (fegm%e A V\ga!d%tﬁréﬂ typically
sgties alpaﬂwleat@c@tpmm@ cemymynisatipre syséehnFquewngge, RU 1475 can
USELSRE0 s SRBS S R GRo f Hhhd gy LU
recavidi nadtie conmma@@,tioes Eron xmpbﬂasu’tmnn‘aetr wits e $1s apespect, one or
10..an e na respect i vel ct|
B heBE AP kg Hous “BIREEL SR LR Bt
Qirtested m@t’ecehi@m;?:(l Ba Sshiopetopdigignl D pcas et 1 4125 A/D converter

P 1390 and..1350 | f Tput gt j .
VSGBRTTL e aneloRBypiaramriptioDoty e Bnd Wt v a0 B dieeat
ihbet foeweissdiomio Bazdbdral mm;ﬂmleanOeres pRgtal IEbI}OCE.Qﬁ&O(]mt 1410.

fe an access an CO ri se
AR 7S =R R o a e g e 2 ROyretibae SR the same or
diftefnt mém&emstshar da@nhatnghaaﬁ%ﬁﬂngﬂwm b %caa‘ss @fiminals.
access  poi nt. ncl ud

exa
Grpasstsh do E&ﬂ%ﬁéﬁi"’%‘h’@@ daalaaléowglloga@?f-\h t:wﬁgar M]é D/A
doh Qe NaY 5 ChiyerRy 188 855N orHMiuhicdAidt reb¥i9éd Bbnl Faseband component
ocessing unit 1410 digitall processes radi o channe
Tg’é’éaﬂaa@g&ﬂl iFmrePWé@lgatnét k184n %’r?@?l(’@)ﬂ“ﬁé*tff@f Hfgrisiento the

rBHlB‘i?é éu%&?n‘t%? uﬁité t ﬁ{éd?ﬁia aspbag naellnhﬁiﬁ&qer gty i’cﬁftrhﬂﬁple%ﬂ% of
forth 75 includes the anal og radio parts of

mhlélpb?c@@@@elrﬁ@grwﬂs anssmyKimdexies ef avargety géipignyainclpding gevoice
h 9% 5 ag{a%lé?ﬁﬁ LR &B&Qiﬂpr@&é\sg&sl RY if Eo@le@{%ﬁlrﬁlﬁﬁtel A0 and

anscel ver station wt direct I ndi'r ect
Rad10 Unit for controlling various proccssing wh1ch includes the processing of voice or

data signal.

[0081] FIG. 10 illustrates aspects of a methodology for determining a type of
calibration to apply. Calibration weights are determined for approaches are performed
using phase only mismatch information, block 500, and using phase and amplitude
mismatch information, block 502. Phase only information may include only the phase
of the calibration vectors, channcl cstimatcs, or the like to calculate the calibration
weights. Phase and amplitude information may include the phase and amplitude

information of the calibration vectors, channel estimates, or the like to calculate the



connection to a nobile swtching center or

correspondi ng device. Aradio unit typically serves a
weoaodriosed7ar sector in a communi cati on system POT/US2006/060495

exanpl e, RU 1475 can include one or nore receivers

1430 connected to one nore antennas 1435a-t for

recei ving radi o conmuni cati ons from nobil e subscri ber

units. In an aspect, one or nore power anplifiers 1482

-a-t are coupled to one or norg antennas 1435 a-t.

Connected to receiver 1430 is an anal og-to-digital

caAbidtion aveigts.eThd dalforatinDy eightsand ebe dA2Haea hiesd EronHRformation

nal og .radi o comruni.cations, recej ved iver 1430
R S s est PTG e JRaR i SRk e g IGR, Hana 7'

QReI, tA4OBaY ba fbndidfédmdtionoP8s SESldWbctRitbrdifdi0. RU
1475 can al So include one or nore transmitters 120

[oo82)eCt edsdi@tRnti@lentniflcSRNE wiictick BEwenbihts&ata@pryabﬂdb&So4 This
for transmtti ng radi o conmuni cations to acc

delsrprnaiios mapphdate Aated wppafdsher de W@uﬂ%masmatch after utilizing

dliBtatidh WeRoragaligeh tdyde RMYRED &/thd 4d&Rss Fhiflt, PR W&Ee than
1415 converts the digital comunications received from

Vbt sAliratem oleserme1 28 st thisdngl babaspe op thsciedlomarg Bapgtion 13:
1410 into anal og output for transm ssion to the nobile
subscri ber un#}.s=nhax (sx;n@,;}is pedt sola #min(lopgl eg}r 14818)
for nmultiplexing of multiple-channel signals and
mul tiplexing of a variety of signals including a voice

[pogs)al MNegaEH B, 9, gélx@lcqenﬁ {68 B Blude REES S bdABh iR
coupl ed to main uni t and Radio Unit for

wsiEtrateriang cvhleratﬁéév%g@é dersihp frappmid hainaf thfeantenne of the access

PRARGHI Y, ReprelentOhe Qn{%ﬁlt\gﬁtcﬁff@ﬂeﬁ@teﬂ%gﬂ)%ungbﬁbmég and calibrated
Il lustrates aspects of a nethodol ogy for determning a
weiplts ot e redsivet dhein efthe ppteyna chihieBeeass painheThenr & defeamination
ﬂ%{ & ﬁHaH@ ‘J/hfc ﬁ? BL QQ&Q& §01"ﬁ% Mg{oé(g g&ﬁﬂcﬂj ?‘dlﬁ:gorﬂn S €i:or cxamplc.
y msmatch 1 nformation and usi ng
velredherrthd minidemnissgraztehthan they matirom biplsook pS@Eter@hna@eor system
d . 1

A TRRII LT ke B BRnhirtG BPAREIRL ohelBr bpih. of o
andl op ekededs stime @addetnrannecdnhmhcgﬂt Sin qﬂn@%s%ndﬁf&m@t inteasderements

f gcga?r’gj atloﬁx mrms}/r{aﬁc Cl(%t%%ﬁxé)ﬁcgs( ghe?agéx?afglpg ma igh#gﬁzed. The selected

xﬂﬁgMﬂaﬁempnappﬁmbbkmkéoﬁo cal cul ate thecalibration
wei ghts. The cal i bration weights may be cal cul at ed
[be8Hd upFonainnfltplercess shstem (B1gl, tal fdqmency éivsidremuitipdé-access

cribed with re ct to EIGS. 6 gnd 7.
EPPARRSTE1 37 ey R ve" Bt ST el BipeppfOEDMA) system. a
cdtledlvisiat aedisplt ecodss {CDMAPSA e Sithe division hmlﬁﬂeraccess
h set.of weights t bl o

s to whi o appl . .
CFRAGAGEreti 10t PR B ROE b SR L Bl RETR G i verse link.
Forghit &l Sstéth StRaipabt @fblcetrictd b Bk Blehred among different terminals. The

channel estimation techniques may be used in cases where the pilot subcarriers for each

terminal span the entire operating band (possibly except for the band edges). Such a
pilot subcarrier structure would be desirable to obtain frequency diversity for each
terminal. The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units used for channel
estimation may be implemented within one or more application specific integrated

circuits (ASICs), digital signal processors (DSPs), digital signal processing devices



calibration weights, which may be cal cul ated at the

access point, is now worse than w thout calibration.
wonowoses7aspects, this nmay be based on the fol POWUSZ06/060495

Equation 13 : x = max (s ) and = 1(s ) 13 10083J In

Equation 13, sa represents the anplitude difference

bet ween the uncali brated and cali brated weights for

the transmt chain of the antenna of the access point

and s represents the anplitudeydifference between the

uncal i brated and cali brated wei ghts for the receive
(OSPD3) Oirofdagtmadtile opic ddvicdsePRDBE SRl Ppiagtamhble gate arrays
&ﬁk@éﬂination q%élbﬁ made whet ef t hese exceed s&ge troni

IIFACesRPrS R IleTs) TGrB R Bl P E R RETSEo TR R R e ctronic

e debiheHd fesfoRmant GinctibaNddsbabEEKIrBNILDY c&@BEation thereof.

predeterm ned or systemcal cul ated factor, e.g. 3. In |
Withepltegtss s lgnyatadionican ¢ dosh ediles (e gn @?006#u11§6t44?0ﬁ0n8= and

fong AP SR MEERHSH SRR iR HLLAT M8 sbitd82NREs ma Be stored in
ot her cases, different neasurenments of the calibration

MPEAET WHE andresHs by theprocessarsi B8 rknad 3RBy be
utilized. The selected weights are then applied, block
198831 [ 00yt bep poep decribyst dhoe drdudesyrspmpl i gne ogmore
dhAIHSBEY. B iV oH BBt RESLRES 8&ribE My &¥84i98ble @Bmbination
ort hogonal frequency division nmultiple-access (OFDVA)
cfrommenenis epaethndelagiesforpmppinsal degwaihing tomrempstierd
Sollddiefts Wt 10 OFB{&M{, SKACH RS ik L%kc@ﬁﬂz@eﬂu Shy further
multiple termnals may transmt_ concurrently on the
qoavhinafions apk peartaenstofyagpet enpodimentsi dro possiiieascrerdingly, the
J@ij&% &Mdﬂeﬁt@@in@énfdgg& OhblaE T @@éi’?alte]r_d Iﬁbﬁ%ﬁﬁicaﬁons and
estimation techniques may be used in cases where the
wirlatons hbclatlvwighis thiospiatatl sceperpfithe apperdedindaimst Fugthermore, to
rat i nd_(passibly. except . .
EEERCLL A% BB% ARFmR s FGTR i e b AR He B RER or e
dlansphaihriedon equendyd i einshisivefio e neamler sierikar tathe tde

techni ques descri.bed, herein be i npl enented by. .
PRFPE s n ORI BEPTe P bt ey Ty tiggal word in a
dlafpl.enent ed i n hardware, software, or a conbination

t hereof. For a hardware inplenentation, the processing
units used for channel estimtion may be i npl enent ed

Wi thin one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs),

di gital signal processing devices(DSPDs), programable

| ogi ¢ devices (PLDs), field programmabl e gate arrays
(FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic units designed to
performthe functions described herein, or a

conbi nation thereof. Wth software, inplenentation can

be through nodules (e.g., procedures, functions, and

D
P



so on) that performthe functions described herein.
The software codes nmay be stored in nenory unit and
wexerwsed2 by the processors 1390 and 1350. [ 0088T/U8b@b/060495

has been descri bed above includes exanpl es of one or

nore enbodi nents. It is, of course, not possible to

descri be every concei vabl e conbi nati on of conponents

or net hodol ogi es for purposes of describing the

af orenmenti oned enmbodi nents, bufs one of ordinary skill

in the art may recogni ze that many further

conbi nations and pernut ati apsA®MS/ar i ous enbodi nent s

are possible. Accordingly, the described enbodi nents

are intended to enbrace all such alterations,

wodi kictatk@ns and variations that fall within the

spirit and scope of the appended clainms. Furthernore,

to the extent that the term"includes"” is used in

£i theg hhigodlst @mb%r%%%aﬁla%a9rcdmm@ﬁgl ms, such

termis intended e inclusive in & manner similar

to t hécterarimngsalipretion myistas for @omptansh ggay bgsed upon a first

' en enployed as a transitional word in a

(% gﬁ%@ é%%@%% is clained is: 1. A nmethod of

cal i bcilca@rlrrngmgmahhrtaeim avcaghtafor ap @nfrming iarrgy basedeipenaisegond

i.ght. ed upon a

e T L S e

wei g hdsserfrrumngrwlmhheerm apply by chds®bnupeigh@ fs@s ond of the first
a nigque that is different calibration

t%%%hgeﬁﬁegeS&% é%é%%?hing whet her to apply the

calibration weights fromone of the first technique or

diner oFBEREMR R A1t T adiserin fofonas Ped Bar 1 s gpfforation

teeatiqucgeniNgp deteAtintlgl Rl OpHgphas odiviptsnpiase only
i nformati on. 3. The nmethod of claim2, wherein

determ ni ng based upon the second calibration

3.echnTEdiR c4RART cEhes 2 Qﬂ@fdﬂl QbREMRASLBasHP ABoP tlfbss%c&ﬁﬂcahbration
anpl.i tude i nformati on. . The method of claim?2

SIS CIRI 1SS dlETBIRIRE ‘Par% FReR PRASe epfprpsibulednianmation.
estimate information. 5. The nethod of claim 2,
wherein the phase only information conprises a

4 onpohigngthefl of clagm;2y mer% thephage onlydniggmation semprises channel
RhAsE: ARSARBhLI t ude information.

5. The method of claim 2, wherein the phase only information comprises a

components of a calibration vector including both phase and amplitude information.

6. The method of claim 1, wherein determining compriscs determining based upon
a ratio of an output provided by the first calibration technique with respect to an output

provided by the second calibration technique.

7. The method of claim 1, wherein determining comprises determining a difference
between an amplitude mismatch between uncalibrated transmission and an output of the
first calibration technique and uncalibrated transmission and an output of the second

calibration technique.



6. The method of claim 1, wherein determ ning

conpri ses determ ning based upon a ratio of an out put
wonrowvicded2by the first calibration techni que WPCH/US2006/060495

respect to an output provided by the second

calibration technique. 7. The nethod of claim1,

wherein determ ning conprises determning a difference

bet ween an anplitude m snmatch between uncal i brated

transm ssion and an output of fhe first calibration

techni que and uncalibrated transm ssion and an out put

gf t hEhseetnd of3ldidriatvherit delithiteg: Compies Aetehathigs a difference

claiml1l, wherej.n determning conprises deternjning a
beTv ey B TEE Perdidrirnce PP 61“11%1“&%@10%?% ATEH prateh between
uNicRlihRaBd Afansihi BRI dnll bAup i BRI FIREE MR dA e St i DA RM

transm ssion and an output of the first_calibration
ungahbiptddraasaissiveadsnauitof theseread eaibasipndgchniqysyend

Rhxitdien §P&Pﬂﬁpﬁ@hé BlighkOR bL&FRA luﬁlz’ﬁ_ibr?t@g @ n SRk 18H Bh A fan output
an anplitude m smatch between uncal i brated

of thn 51t salitgptiemschni qeeepslincstibraped ranssissien sk e pwput of the
L LG Ea B ¢ald brated transm ssion and an out put
sogﬁgﬂe secongeggﬁ ration technique. 9. The nethod of
claim1, wherein determning based upon the first
2! | DAL QR eERAUE AL ALELIT % 03550, HRAR! Dfibration
second cal1 bration téchnique conprises determ ning
thcimeghagndeterironimg hased wohythé seonnd calitrglien tecbeigse comprises
1. N ... The F?Eh f [ erein. .
Jg g%r[e{'rurln%% fbﬁ %e%bu sog iy po ﬁge%én‘f‘/i rs rancS éf%l%g%elgsotﬁ e }1 ni que
and determ ni ng based upon the second calibration

echnjgue conpr.d ses .determ ning based upon info tion .
e R R P 12 ST B AR St R bR P ation
tedlfﬁ:idglelan.d\/\ﬁwdfrﬁﬁﬁng ehesdnipoh e km:sgdi chﬂﬁlﬁﬁti@hﬁ:cfgﬂﬁh&é comprises

i bration techni que conpri ses determ ni ng based upon
dErrmniag fasse ORI TR WAl T M DIR A0GERY AEuals.

communi cation apparatus conprising: at |east two

nt enpas; an rocessor coupled with the at |least = .
ﬁwo_ a eeﬁﬁ‘g@,g o R o dEBrT gL kased goer ther st gration
t6cH i PleAdonBitisey B@teﬁﬁinﬁr%%a)éed ﬁ?&n FIREURE GATplANMehiPmbNSn.
two antennas, fromat 1east two calibration types...

13. The wirel ess comunication apparatus of claim12,

Mher eAR wARGeds dbiidABn b PSR MBHpsREecal | brati on
type conprises calibration based upon phase only
i nf orataedsbivo aufentEseang r el ess cormmuni cati on appar at us

of cl Qf.)ﬂ@cés%or %lﬁn‘i&i RiARY NGLastAld Qﬁt@ﬂﬂa@pthe processor configured to

determine a calibration type to apply, for communication with the two antennas, from at

least two calibration types...

13. The wireless communication apparatus of claim 12, wherein one.calibration type

comprises calibration type comprises calibration based upon phase only information.

14. The wireless communication apparatus of claim 13, wherein another calibration

type comprises calibration type comprises based upon phase and amplitude information.

15. The wireless communication apparatus of claim 12, wherein the processor is

configured to determine the calibration type based upon a ratio of an output provided by



type conprises calibration type conprises based upon

phase and anplitude information. 15. The wirel ess
woammeseaat i on apparatus of claim 12, wherei n POEUS2006/060495

processor is configured to determne the calibration

type based upon a ratio of an output provided bya

first calibration technique with respect to an out put

provi ded by a second calibration technique. 16. The

wi rel ess conmuni cation apparatygs of claim 12, wherein

the processor is configured to determ ne the

aCfidst uldkdtion tbytpigzasall respedt ta afliolifpat prstdddsie sdtoad calibration

anpl.itude m smatch between uncal i brated transm ssion

LB out put of a first calibration technique and

uncal i brated transm ssion and an out put of a second

calibration technique. 17. The w rel ess comuni cation .
1Qppar RUSTBFS IR RIRISatiopgmarai ¢elaipb basredreinghe processor is
BANEh@H e detbAnme s Sibea ddaaysebidl %\bbﬁ? B di¥Penb26&H een an

upon a difference between a'ratio of a difference
aperlinedamigmatel brivree vegalinried Eanseniviaendan oepwerlp first
cHIIEALibR tRhERub bAE SRk 8HkA8d BRGFRiO hRY bn Bﬁtﬁﬁt bt & $dcond

cal i bration techni que and uncal I brated tramsm ssi on
cghbrratian sashpigiicof a second cal i bration technique, and a

maxi mum of an anplitude m snmatch between uncal i brat ed

transm ssion and an output of the first calibration
I7ec hrifhgueirelngs comaiuibatitmeabpiaradwsofi daino 2, avkbrein thuppgessor is

' ' t ' oy iLeless _ .
R BB L A FF R Goo gy BT racio of
aptitfergsobetiveer e miinguure df to adgliardsi mismiaheh eawedr andatibrated
. ed ,upon. inforpatiopn, only froma single.access .
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apfl aploatput dPa sedvad ehlibiation prehaigss omdiasmeginfing of ed ainplitude

determ.ne the cal.ibration type based n.informtion.
et e et e i 46 S SR BisRpaAegton
téahniqueldnbuatalitgated tantiRkion aht ay oufREPF thel s8eond®diBsation
t%g%ernining calibration weights for an antenna array
E¥°upon a first calibration technique; neans for
determ ning calibration weights for an antenna array

gased upon a second calibration technique that is )
181 f f eFentirelats ruPRIRHECHIRREGESOL IR hpavfiereig the processor is

c}?ﬁﬁ@lﬁl@ﬂ b H'?ef&ﬂﬁiﬁ% REY call®raARR tYpd Bl ApbPD EAFbHRRIMEAN EDm a single
rom on
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19. The m wireless communication apparatus of claim 12, wherein the processor is
configured to determine the calibration type based upon information only from multiple

acccss terminals.

20. An apparatus for calibrating an antenna array, comprising:

means determining calibration weights for an antenna array based upon a first
calibration technique;

means for determining calibration weights for an antenna array based upon a
second calibration technique that is different calibration techniques; and

means for determining whether to apply the calibration weights from one of the

first technique or the second technique.



first technique or the second technique.21. The
apparatus of claim 20, wherein the neans for

wdeb@roseae ng based upon the first calibration pPeThS2®aO60495
conpri ses neans for determ ning based upon phase only
information. 22. The apparatus of claim2 1 wherein
the nmeans for determ ning based upon the second
calibration technique conprises determ ni ng based upon
phase and anplitude informatieg. 23. The apparatus of
claim 20, wherein the nmeans for determ ning whether

200nmp rTm@mmoﬁmmﬂm evhekdih fig: Dase ot pOBrminiai H’ae@.e@hpon the

n ov&ggl prqvi.ded b the firs allbratlon éechnl
HIpEdiadec “§r?° ISt MBPBVOH ety inebased yRer Phase only
ieRribfigd.i on techni que. 24. The apparatus of claim 20,
wherein the neans for determ ni ng whether conprises
neans for determning a difference between an

22l i Fhde, ot P CdhaiRes F‘@ﬁ&eﬁﬂ&%‘d&h@?&ddett&ﬁﬂ&%%héﬂhpon the
and an output of the first calibration technique and

sapridl qabbeation teataimricosscndricminmghssed wpon phess aedpgplitude
iG@Bfas i on technique. 25. The apparatus of claim 20,

ereln the neans for determ ning whether conprises
means for determning a difference between a ratio of

di f 0
R
coutppises weaner fleteshingzd hdsedtpoma ramhef apueitputgrovided by the first

S n y

AP ALRI R P TLER: Ry PR BYaR by 3 (BT BERon
teghsmqtech bet ween uncal i brated transm ssi on and an
out put of the first calibration technique and
uncal i brated transm ssion and an out put of the second
2dal i brisd appardtecdivlgue20, 2herdih éhappaisafor detefmibhiad whfier
wher ei n the ns for de m ni based he fir
BTBFTEnT DEaRRTRORE ST aRe DR AP Lds FHmigh between
Lmasmﬁawaafan@mgﬁ%f@ﬁd aarqutput Bl thel MEOEABEALRIA. techhiq and

r ocess readapl e i nstructiqns, stored.on. a processor

ygalibypte gtwgamgsmranéaawﬂ@ﬁ o ﬂ]ﬁé@é@%@%&aﬁ%’?@mﬁ
callbratlon wei ghts for an antenna array based upon a

first callbratlon techn| ue; detern1ne calibration
2Rei ghtle gnperagps o RfoR detegaingpgwhether

ct%ﬁ{plrf@, ERnl Qi foe @Qt@hﬁfﬂ?né b &itffe'rélc@ Ibfe{v@éeﬁrat rafi8lof RladfréBRce between a
ecnni ques,
mmlmumqof an amphtude mismatch between uncalibrated transmission and an output of

the first calibration technique and uncalibrated transmission and an output of the second
calibration technique, and a maximum of an amplitude mismatch between uncalibrated
transmission and an output of the first calibration technique and uncalibrated

transmission and an output of the sccond calibration tcchnique..

26. The apparatus of claim 20, wherein the means for determining based upon the
first calibration technique comprises means for determining based upon phase and

amplitude information.

27. A processor readable instructions, stored on a processor readable media for
causing a processor to:
determine calibration weights for an antenna array based upon a first calibration

technique;



determ ne whether to apply the calibration weights
fromone of the first technique or the second
woealTrisepIe. PCT/US2006/060495

29

determine calibration weights for an antenna array based upon a second
calibration technique that is different calibration techniques; and
determine whether to apply the calibration weights from one of the first

technique or the second technique.



