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nej cgisis oigreeglet worbdwide haecome 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
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@data stream is a stream of data that can be of independent reception interest to a

mobile terminal. A mobile terminal within the coverage area of that base 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

interference power variations. For example, the aforementioned variations can affect
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more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.

[0010] According to an aspect, a method of calibrating an antenna array in a
wireless network comprises receiving estimates for first communication links, for
communication to at least two terminals, from the terminals and determining estimates
of second communication links, from the at least two terminals. Then, a calibration
ratio based upon estimates of the first and second communication links is determined.
[0011] According to another aspect, a wireless communication apparatus
comprises at least two antennas and a processor coupled with the at least two antennas.
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[0016] In yet another aspect, a wireless communication device includes a means
for determining, based upon the transmission interval since the last calibration, whether
to perform another calibration for the AGC state or to read a prior calibration vector or
weights from a memory for the AGC state to calibrate the current transmission for the
AGC state. The wireless communication device may also include means for reading
weights, or a calibration vector, from a memory for calibrating a current transmission if

the transmission interval is less than some criteria and means for performing another
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[0024] FIG. 7 illustrates aspects of a methodology for calibrating an array of
" antennas.
[0025] FIG. 8 illustrates aspects of a receiver and transmitter in a wireless

communication system.

[0026] FIG. 9 illustrates aspects of an access point.
[0027] FIG. 10 illustrates aspects of a methodology for calibrating an array of
antennas.
DETAILED DESCRIPTION
[0028] Various embodiments are now described with reference to the drawings,

wherein like reference numerals are used to refer to like elements throughout. In the

following description, for purposes of explanation, numerous specific details are set

5



comuni cation system [0026] FIG 9 illustrates

aspects of an access point. [0027] FIG 10 illustrates
waspeai@sdf a net hodol ogy for calibrating an aPCHYSNG6/015726

ant ennas. DETAI LED DESCRI PTI ON [ 0028] Vari ous

enbodi nents are now described with reference to the

d6: @G 8er 14HRE RN oG IhAIHAERRGRINR YIRS bS mBlfertftfimbis. It may

refer to like elenents throughout.” I'n the follow ng -
e s¥idept hewever dhatpyeh embedipfent{)phanbe pranticedumighautithese specific

I fi aj forth i d t i de .a
TREL ot BhaeR o R b Hebcren i erkBs Brebhva i plock
aigrde fevi desitier tb Gavivate, debdidting tidoraibre GnfBRirisnts. MY
_&@r acticed without these specific details. In other
[

Inces, Afised knBisrarelicationythe deramd campprsns,” s ystenndwnd the

iy ' r ' Ci.bi t ..

1R Bl o0 Of BB Al Su Sl My pgprtgoaionof
hhvids aepald sofitwiaoe) softWere} e subtwagoiies8eution. Fos¥sdmgie,'a @hthonent

t he Iige.are intended . to refer to a conputer-rel ated

BHyihey butds P?Fémﬁféfte g, 2 RIQSEIFIMARAE 6R APHOIPEIMbPIECesHer, an

SBfebivah BxechRbleNd fifeadlsf é@éﬁt%{)ﬁ Pfd?grﬁﬁ,%ﬂfdr%%on@%eg One or

exanpl e, a conponent may be, I's not limted
B¥ire gomponsnisgaajsresida nithin oprogegsrandes soead of xeoteasnd a

' . bl e, t hread, of . execution, a
I S TR L -
tempaterswiAlkd, thede bbl‘ﬁ?@fi&ltsﬁd&ﬂ/&éo&@erﬁx@aﬁBu?&&ﬁwtéﬂ@a@dﬂﬁ media

conponent may be localized on one conputer ‘and/or
E?‘é{lg VHirus datsetinearestsigged therasne The epmpenents may opmirhasete by

vArl onput.er r.eadabl.e
SATRTE B BEUAS LT Y SR FEALIRY e onc o
Tivee doaparkerst(s. giyaltadoomont cahporleyit M@ta@fnghﬁﬂﬁénoﬂmﬂ/c&ﬁlponent
a0 e o HOMEChl §mp B i Ageverketl RS Gremet with
6MEPSRRMs Uy & SCht g%nm)t h anot her conponent in a
I bu

| ocal” system °distr ted system and/or across a
HW30br k suEbrtkesmoree vhmousrengtodith¢itts achiescribed herin dyconmattion

f. .t signal).. [003 Furt hernmore,, vari ous )
Bl o RERPE hion R St stEFaf s pist B Rl cohytgm  subseriber
snih gesbilestativh ahbBilb, réinétd BREbh, RRECsS ik, HAsE &R, 3GnRE terminal,
called a system a subscriber unit, nobile station, _
5Bt termipalypies taypangl giser agenb serpaiipmenbase A saliscobgr station

' ' . .m nal
SET8 S cLAA BbnodCEAR A (550 STLRRprolE o

agent, user equip
pene, wiklesalocildbep(WIE) statien) adeadfalt dbieN A@antIPDA), a

G Sy b el LA o i BeonS e
édildted B a wireless modem.

[0031] Moreover, various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer readable media can include,
but are not limited to, magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart

cards, flash memory devices (e.g., card, stick, key drive...), and integrated circuits such
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élégttade@énrg{lé?t%glglﬁféﬁrés 812@ ﬁ]gs%gsegp r&t@%&{@g Kmi Ibalsg I o{ﬂq

epbadihents \tbé shedwermmak sestdedh emhqndﬂﬁhmhédmr B%dhi s@btof 6f a cell, or a
access termnals in conmmunication with

Oﬁngm&aé §h€3?eft he nultiple access wirel ess
[0038YUNi CatlnQRd& XS tRMtdte MGG Bl ssRAs kG UdSs . tePhinals,

is coupled with, a
it is helpful to calibrate the access point gain calibration loop to deal with mismatches

due to the transmit and receive chains of the access point. However, due to the noise in
the channel, any calibration estimates based on the signals received at the access
terminals, forward link, and transmitted from the access terminals, reverse link, may
contain noise and other channel variations that may call into question the estimates
provided used to provide the calibration. In order to overcome the channel noise
effects, multiple calibrations on both the forward link and reverse link are utilized for
multiple access terminals. In certain aspects, multiple transmissions to and from each

access terminal are taken into account to perform calibration of a given sector.
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schedul er that schedul es transm ssion fromand to
access termnals. I n other enbodi nents, the schedul er
woregoenemssle i n each individual cell, each sectpPeT/082086/015726
cell, or a conmbination thereof. [0035] In order to
facilitate calibration of transm ssions to the access
603512l S, thledkdin Q?e@fsuéltﬂeigt}féé%fdn tfai1F (RCERES epfbﬂit'?ﬁ“ receive
gain calibration p to deal wth msnatches du
tchaintof dresacicess poiht mm'd]ewahbﬂamdn §“hma‘ mbjpbe dowe $&r gremple, by utilizing
the |se annel , an iy . )
aefibetion Bt sb EntieisdRe REue ghitt nE NE M resk oMY iuirs cymagpt chain
toh 8aldz 68 $6s trsMifHat tofiP§ YRERelchiik, TABRalitBfSdHatibeshy then may
fromthe access termnals, reverse link, may contain
meiugilizethio cotibrate thp transnit okain af thernscash a@mhalyre@&aw clain of the
% e%%)bgtg the estinmates provided used to provide the
al I'on. In order to overconme the channel noise

¢0639<}t s, MAsispd Bere, bl bédebOPSintOMaPpé B fikb@sth@svaded for
link and reverse |ink are ut|I|ze for nultiple access

CerURigadng piththe fe&‘iﬂﬁlab%%?éé?%}’ alpr e Toftreed: tp apsAd dagledpssome or
;| tﬁé‘ﬂmﬁﬁ&{?ﬂlw 'a @5& 65 Woﬁ@b Qf SrhPERE: tRhRology. An access
account to ormc a rétlo a given

saotimd n[l&@l(lﬂsﬁi bd n&farfedtta a$) aad pexhlcb soaietdrat] thdhBunttiansing 6f, a user
chai n ofghﬂe acc oi nt. or ceive cha n of k@

SEWREE) GS%C “B’Fﬁ?%l V4t E?HELHV emajifestatiogor some

%&@m@ﬁhnﬁw)ut|I|2|ng a calibration ratio to calibrate
the receive chain of the access point toit's transmt

0038 or cdi shonkkhe nqtecbthtatr\ahMIG dhdépicts phygica S¢<é@fe,| ivehaving

cal i br t then be u
R T T e R
leREapN utdivamaftipldexac beass Pl ¥ach Lo diffAentised of the cell in
herein, an access point nmay be a fixed station used

fsAuTsHTDRAcARRY broutiizer in el ofe Pranrembingiien yeth phystsabsectors.

Slfr:]lgtﬁ : %?prf)&:h‘fﬁ d?ﬁg'tgd 6a§ gﬂgl?%%%ﬁg%oﬁén%gg I'éb?\tegF Agglrlrczéltlon Serial
Nchéi /260,889, mnhdgg/ “Adaptive Sestorizationi In dlelloizy Ssbtem, behich is
referred d i nclude some or all the

Fllﬁ%ﬂqr%tﬁ‘é?i?r?w ]?ifre AY€er equi prent (UE), a wirel ess

¢oUBINi cat iRRRHRY LFEIG. tZeﬁﬁThﬂ@ﬁna dird 'ﬂg&h&ﬁ 1@b%¥)in?ﬁsﬂﬁ a recelver
sone ot her term nol ogy. It should be n

whiihd 0Fp@l a transieitiecehsup H%mcaabméetmewsh varjiogs amtsrdgscnbed

i fferent a r different sectors
B o SRy M T BTl ceBoris Rl S R gpint 106
bt doWh@ofiverRd sidiRpivss bdsstaetnd&@@ﬁ r€c@il DAivinfcdh dtter abﬁgﬁnem
of the cell_ in frequency space may be utilized in lie

3P0 ispperativelyrasnhratedie A AP Faagoniiel (APE) fts@@ﬁnaéw 108 that

SRRLAAL 3 P St 050, M SOPERBA o e
Sifydalpd invantSmatori verahaiar OR iwithéh its hssociSed limear opetutioh rarge and to

provide a constant signal strength for outputting through transmitter chain 104. It will

be appreciated that AGC 108 can be optional to some embodiments described herein
(e.g., automatic gain control need not be performed in conjunction with every
embodiment). AGC 108 is operatively coupled to an analog-to-digital (A/D) converter
110 that converts the received signal to digital format before the signal is smoothed by a
digital low-pass-filter (LPF) 112 that can mitigate short-term oscillations in the received

signal. Finally, receiver chain 102 can comprise a receiver processor 114 that processes



i ncorporated herein by reference. [0039] Referring to
FIG 2, an antenna arrangenent 100 conprising a

WO e@eilv@s3 chain 102 and a transmitter chai n 10BCT/HS2006/015726
accordance with various aspects described herein is
illustrated. Receiver chain 102 conprises a down
GREWEREIVEd siSRATRAN @AY C&Qﬁuﬁﬁ% tﬁjé)éli/gnzﬁ COYEE 61311’181'6%09'#)%& r%@ of
a baseband upon recei pt. erter conponen
itengipisieachaieilQ4.connect ed to an autonmatic gain contro

func 108 hat assesses rec ived s
30010t " o RGRn) 42 PO S et Beppr St 16 tha
trbuei ves @8l gralifrsing8edivér@hABI 102 2. B., (rBE@hief reb&idédh s]igl?al that was
within its associated |inear operation range and

Priginal recebisA Dy dpeel i ghain 182 ¢ gltmeqt@firtoomlpu& pnon@ﬁses assoc1ated

t\ﬂf}f)ﬁ{%\@gg%ﬁgga%&%é gg : 'grﬁé%ter RIO cessglhﬁl% gveE}y coupled to a

else shiped 1 he:thei mn(famgtate AdhipuRtihg a gRinkl ©RltFAkmRREduch that the

SIRBBH R IDAGE b 04 A DB cotsans pila it gatng andlor
@ﬁﬂﬁ&ﬁm&@ntgl‘ erﬁl%l 11(t@llfala &Ortyﬁre sﬁ%peq:ll@lets@tal &a?ﬂﬁﬁéxtg% digital-to-

t he received “si gnal |g|ta
sngnalDily) 0@nm‘81he dbyla)D/a\ @bngmtteﬂ 120befqrabeingistibjected tcP&)

| I at
Plall <SRG 10% TS S BRI LR Emsiier e df or smoothing
Gopylsd @;ﬁplﬁld&mb u@ﬁp&feﬂ@m&h abdyfhify BRI puNcRSERS BSbREup-
recei ved signal and can conmuni cate the signal to one
6PnYEEYRN toghe bawherd b an vpaemvetteel26chai n 104. [ 0040]

ORI RS SR S P4 g i

Maateé.ﬂérn@malg As stdchﬂﬁéﬂetrﬁa@lfbdmidéﬁﬁe diffdréitalobbddéd between
was or nallé recelved by receiver chain 102 and

Saiferhenciegsyes dldtaspitse shdir d0hardiera erhain 102 and/or samples
aRERANEH ﬁ)cﬁty%f@rﬁaf ulvalen} :{n o Wan%@t%?ﬁe%?&gﬁa%a&ﬁns may

operatlvely coupl ed aper
heldid dssumed. nWhep gdtld:tratrrg a magmﬁlanttemisel 00¢ amsmdetsttmdhng of the

dtob
BB el oo RERreR G Rl amplicade, of signal
pldpatAed h1B8g thattRmssuisp ahd te@&%tf &hini %ﬁd tlgllcﬁflﬁé}ﬁ:@ &fh the accuracy
the signal can undergo digital-toanalog (D A)

ebhiesiEP@ty asyuraptiynamey he wiilized in ogleptst faciditdte th¢g:ahbrat10n process.

FHRASTERE i e M8 Al PR SOG4 B S RSRAR Fop b itteren

nanhmttamhlamf 10erandRA}cai varRbAIAND2 A 2l oﬂlﬁpbﬂtéﬂ/nat M@ erefore, each
nal before upconverS|on to the baseband by an

ﬁ%}%‘g{ﬁ {S,rlg;?str@}fterl%m [Yoaay m%ﬁ%mfeﬁffeﬁﬁ oigrmmgf rhiaseand/or
{uﬁ blitRaE, rbs ARy %ﬁl@?trﬁ’ﬁsnﬁ%ﬁhﬁﬁ ﬁﬁclee§§ecﬂ%l t ’I%]@garﬁg &&iPBe true for

er m nal such ere may bé a no .
mCCIfVeIrCEhaUE l@B@éeaCérhnhEmMQQ transfer char acteristics

recejver chain 102 and/ or
@fgﬂ%{ ansm 'ﬂlee Irms%qﬁéh%s 31’19 téhe erf]f%cts %an f)é/ g ue to the physical structure of the

antenna 100, component differences, or a number of other factors. Such mismatches

can include, for example, mutual coupling effects, tower effects, imperfect knowledge
of element locations, amplitude and/or phase mismatches due to antenna cabling, and
the like. Additionally, examples include, mismatches can be due to hardware elements
in transmitter chain 104 and/or receiver chain 102 of each antenna 100. For example,

such mismatches can be associated with analog filters, I and Q imbalance, phase and/or



t hereof, reciprocity of the equival ent channel and/or
transmtter/receiver variations nmay not be assuned.
wab@a/10&b3 brating an array of antennas 100, anPCT/US2006/015726
under st andi ng of the magnitude of variations, in terms
of the effects on the phase and/or anplitude, of
$hBNAshakhAladswambig! &gglffep Br &d ﬁﬁﬁl%értlﬁ the@hdink SFRIOUE hon-
chains and their influence on the accuracy ofn
ﬁ@émﬁV@ﬁ?@§6@Ssunptlon may be utilized in order to

itate allbratl ess Furthe
16631 L 2 Pollin SRk AN FLBbREEERn b ShRAS s fltesponding
1agieanad (defthereBive chaReBhbdpohdiabab thek@the @nAa) independently
recei ver chain 102 than each ot her antenna. Therefore,
Suuid wapire s epmplex and pptendallychrinldy paoaesy Frather, any specific
f nd/ t ude
gé-éefdg%c{}@ gtgrhfgﬁa?ggﬁlsc rtrLJlaE I}eu?glc I%)ﬂ?gaﬁsede%r 1EVErse E% tragsyssion, for

sayrgiveanacdess terminaf mrsubﬁa&bvlﬁfrn(ﬁébafoﬂ Ehaﬂ@s%r O'ﬂ“h&@ﬁii\e for any given
enna 1Q0. 004 e mismatches in the effects can

{
BTN 31 RUUBRig Peskf 00 UCRE VR PILEoApIEe e, foes 18 some
eRBPRNSAtcdity RS SNmasT va?iﬁ%éh de. the J’fgl%r r{s%%ﬁf Aspects, one

Such mi smatches can inclu or exanp
Obmoerd mbeeftlfoe attdgs estimeted doif aenumberuama”faﬁrautacwsmmrm@e are

Ch R B0 B B LB R By s pos o

Adalinhikao@td ohe EaBMaIRSadcEE tatdEnal el BIRHERORPER) tl*féeccgﬁiﬁnatwn

to hardware elenments in transmtter chain 264 and

Py €PDUitute [ aMerapRoltll easemepredeinemingd sutsel; obtha wpllleatlon ratios
] t C t

I?df;eﬁgﬂ'%%lg%otg ﬁal d%?ml%lgnégzﬁié lghr t%ga#e%,%] gor}gf irh grb(}tf]%{ aspec’t the

bmmbimaﬂlmemayrbb ldbmeem aqmna bp@lmﬁauém £ishioR viHee: thb2hitfel
vari ous nonli nengirtj gffect s, etc. [0043] For an
E5F4C

HEABLELIGYS Hem & raggess eaminal prgeombinedrapsimye peingle
6T ARRAAEH Bt fs%&in’{lﬁnﬁﬁ‘)ﬂ' ot tl(é srﬁih%g&?e% ¢} Ve%cﬁ Q@de@s erminal,
corresponding to the sane ant en I'n ependent Hnl
Wetd}gutroelcalatmgph endmuddalmahmwmtdtlp fonedch Iadgesptemmm
t: %E se(:lflcfe dbacli for forward |i

mi s DAt AR ETen 45EESS TIQupAl} BF Aresorpaat {ehibe telated reverse
hﬁlaaisaﬁﬁhelsesﬁﬂmefs Qhd 8dWalli MENCRGRASthSEIWIAth ke paHBHE& at the
to the noise for that user. Therefore, for any given
aesferminglrndded backdp |ﬂma<'t<>é@lssmgédnc§mdd§m pstinhage bocaleirlate the
Bfb-AAGLES taldih h(1RL G hndRlT® o ror 1 ntroduced by

anne i on an nol se. Therefore in several

RSTL S, ORQDOR{IarH‘PﬁlE A rle PR 0 juat be@ Sl n%c?& téé){lccess

a nurrber of different access terrrf*ﬁ s’ are co

Q[‘Iﬂﬁfal fo@ tahémisfiofs HbMIhSadeads pliits /AR tafth® ah@nRe H§\%iver any
y the access point for transm ssion to one or all

fh?@n%l@éfeéléteﬂfeﬂrhaﬁaP@mpcmntr,seﬁkamdrto ﬁmxm&es)f théhehannel, along with

SR G R L R e

eanmabeeede dhaini Tirl fopwddlink ehdrineDestiniaie 1B tRHGRSPHritten as:
point. In Janot her aspect, the

(Z) =L, 0((’) h.+n.

P

AT receive chain AP transmit chain Physical Measurement
gain mismatch gain mismatch channel noise

(Equation
1)

10



conmbi nation may be done in a joint optimzation

fashi on where the channel nmeasurenents from and fpr
weamh/16asess term nal are conmbi ned to esti mat ePGl‘/BT!SIOgJS/el5726

calibration ratio that is a conbination of the gain

m smat ches for each access ternina!, with_outfl

' i Bdinyd | Ak S

I8 Ik D3naihl Qﬁ%ﬁﬁ%aﬁ*pfgﬁa%fg%%%nac%ﬂéf g Ini%r%?ﬁ% s

t : i .t h © L . e

LOFARGERR o Chilh, HE BRI phh B e i ikl %ﬁ*gifﬁﬂe

eht g vhhiTE ehebhyhid Sl AGHRS DetrREM Ry 0BREnhETL & ehfired, and

tq’vr?e ’ggcess poiezr:g ,y in order to estimte or gﬂ?c%ate n

ttheenaisd inbefahe omanmat that, is pas efl therchtuad estinats.s t er mi nal .

[0045] A forward |ink channel estimate, hl , may be

d9946dnt ed dr therrasaelsyerse inkirargmissionstthadsmnelsistmate at the

fromthe access point's z-th transmt antenna. .

BGTRSY BI S rih RReiN antew dusre grangissipe frencibenddn A is essentially an
.el at th j . t he .channel , al ong with any
GRS Pt Bad e BN SR80

transrritAf ain and the acc&ts)s term nal s recei ve chain.
[

The for | +=0 hannel e t hen be witten
as: h(onAnEA{ AE= BALP. i'ﬁ TT -aal AA {
PP ) -hni AT eive chfin APt mt chain

Physi cal” Measurenent “gai n m smat Ch gain m smat ch
chanhdBn#ditse (BFUaEF¥HCIRIM Eqiwsican 1, beasurement

esti nBR@Ni s a fugRiBESMAENt he Qf@nnelni smat ChngiSAT 0of gy ation 2)
the access termnal receiver chain, the gain m smat 0?1

& BaettionRethis elrsneltesématehian furstion béthegaiasmismatch a,; of the access

terminal transmit chain, the gain mismatch 8% of the access point receiver chain, #;

which is the physical channel between the two antennas being measured, and the noise

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

[0047] 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 methodologies and mathematical relationships described herein.

i e, BDBY
. == - . — = 7/. — = 7/.77
z h(l) ﬁ a(l) a(l) l
AT AT AP AP

In Equation 3, ¢;is the overall mismatch ratio between reverse link transmissions and
forward link transmission, y is the mismatch ratio of the gains between transmit and
receive chains of the access terminal, and #;1is the mismatch ratio of the receive and
transmit chains for the ith antenna at the access point. It should be noted that vy is
substantially constant for each antenna pair at the access point. Also, in some regards

Equation 3 is idealized, as the noise estimate is not included therein.
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poi nt, hiwhich is the physical channel between the two
ant ennas bei ng neasured, and the noise Jil of the
w@eb@aned4ss hat is part of the channel estimate.P¢D02BP6/015726
In the case of reverse link transm ssions the channe
estimate at the access point's z-th receive antenna

o8]0 tr anicaRb@iod FATk tchﬁl =AT v 7 ReleSie ?sstﬁgéhﬁg%riycgnantennas

an inverse of Equation s ¢an’be seen

2n bl aovess Adint hRBEHH :hra@%aﬁ BE 2Pl lﬂﬁb BnE0dEbC&! for each access
Measur enent chain gain m smatch channel noi se , t :5
It?WETéflllaWhléh mgay hetiprneshraivabbraten vesto’ i s a function of
the gain msmatch ctrAT of the access terninal
transmt chain; .the [ I spatch / Ap of the access
poi nt recei ver| Ghai n,| hi igh is the physical channe
bet ween the _t ,ant enngs egj g neasured, and the noise
V of the ch&et [Fh&Y | s *part|=of mie chartBevaties ) mat e.
[0047] In orddr tjo calibrate (the antenna array the

m smat ch errorgybet wedp |r eegilver chains 102 and
transmtter chains 104 of antennas 100 therein is

I t It should be noted that
MBS Dot hBREREE, M britinsiod vatinb 1coMBRAPDR gt cpmateg for
b&hemnay 6fltheAca&hi b@i\‘l@w?tﬁrr e&Q{% agﬁgﬁq&go SQemunal It should be

conj uncti on Wlth inlieu O
Reted dieh theclgments of Yestos éimay bieemuplireduhbere lrrasludnhg both the

AR Sy eHasg e ot o gpomlyrf i stk gcess poin

Epenatal aoray s well-asicominitm Biéeaadhl co@e%ﬁ% t6 @ﬁe‘ PR MR Receive
r ever e link transm ssions and forward

?sh ‘égs‘h% Accegs tesmingbtrafsEyipaneireeeatd Qilanfs t he gai ns

en tr 1 I n e acces
??F?ﬁ? ol 'gﬂ%ﬁl'g%tse 2&?{}1 11eﬁ18fu¥1§ e%'ts ich a% P}egsqr%rgeérft\egors
éM8E) 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.

[0051] An estimated calibration vector €, corresponding to access terminal u ,

may be determined as shown below in Equation 5.

~

c, =¥, 1M (Equation 5)

where ¥, is the gain mismatch corresponding to the access terminal transmit and
receive chains and 1 is the mismatch vector corresponding to the access point antenna
array transmit and receive chains. The vector €, is determine for all of the antennas of
the access point antenna array.

[0052] In the above it should be noted that there are several methods to combine
different calibration estimates (corresponding to measurements from different access
terminals) to generate an overall or combined calibration estimates. One way to do this
combination is to average all the calibration estimates to obtain a single estimate.

[0053] In this approach, each calibration vector estimate includes a

multiplicative factor, ¥, , which is different for different access terminals. In a case
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transmt chains for the /th antenna at the access

point. It should be noted that g is substantially
w@omsiiamns3 f or each antenna pair at the access POI/NB2006/015726

Al so, in some regards Equation 3 is idealized, as the

noi se estimate is not included therein.[0048] The

. . rat _ -1 : et
e oo e B8 mindle Favta very tolfe M REGHAA 2, d6holc
G#BrabR g PhBUBEE 0 BEAtsANR HIRGhOhveFage thRhrdaAE AcRECEBARinals having
termnal, 'which may be terned a "calibration vector."
Gheslarggsixgaimmidioptalt iypn 4) [0049] In Equation 4, the
entries of vector c correspond to the estinates for
d8@H ant enda apethetuspeiceash cpldirpionyector eatémpates carssponding to a

' . termnal  ..lt. shoul d be noted that the .
SPEALE Qe ETub T, P Rpa <R e tead Sn ARG b Bt gThis may
pod\Hdd hmenitimatioh Gl thosd chspdaiere bing BRERe 40@Ess@a@finals have high gain
transmt and receive chains of the access point
awisaaich /ar Thiyp paecepieis|depisted baleshinigation - cor r espondi ng
to the transmt and receive m smatch of the access
termnal transmt_and receive chains. [0050] The noise
vector n incl @dgs&effgct@zok fannel neasurenqg[luation@
errors (MSE) ahdéa) so the & f®cts of channel

measur enent de-correlation, since the neasurenents of

t i.ns ar erforped at different. tines thus

3 tlATG il i, SR B Sortiabzin Snant i be any element
tof FResaBbtaki6n @BcloQ bfi Rng\ea it ig tHeQBme eldndl f@Ghack fibration vector
measurenent. [0051] An estinmated calibration vector cB

edlipasppadhafry slegreabesanotiertigaieny Thergan ofcthelaomnakized elements
. ' L . - (Equat L on 5)

AP ARl ol B el D b WAL U Che

J00553s t er Mrodler bppiasdt thaemey beoglized t6 bambihe AMEerbnticalibration

the m smatch vector corresponding to the access, point.

JRElEherAMAGsIpAY heabrsad BPeihePiiniaR e esiimated verioss ipgmafrix. For

e JEL SIS ok R AP R RS o
mothed ahdhatalddrergompbtheauwme abctoe ymdshd miatmiand&caling are due to
different calibration estimtes (corresponding to
iecaditferenbancsssitermnai thiseratehes ac.cOss wagtorgetaidsof this scaling and
generate an overall or conbi ned calibration estinates. )
oofatioRly 1 fry ormalize cagthealikiation vieator & haye pagk narmn. Then, a matrix
L . . D Cnal 6. .
B2 RgE GO SEATIH 8PSy FRbL I B ormed fom

eisd daliBiatioh MettUHea stndldlbdtinité forihe/@libation vectBtlis obhedby
is different for different access termnals. In a
PafeimpBg @ deerampnsitipprof the wasix, e8r afingrlar yyedegopppsition on the

ln?artﬁ)?Qg 2y é&e?ﬁ@étfﬁpc&%sporﬁiiﬂgji!oeche maximum singular value may be used

as the overall calibration vector estimate, e.g. as shown in Equation (7) below.

A A A L€
Q=[¢ & - &] , &=L j=L..U
”c]. ” (Equation 7)
SVD(Q) =U-S-V
[0056] As exemplified in the three approaches above, a calibration ratio is

generally estimated in two steps. First, values corresponding to the elements of

calibration vectors are calculated for the antenna array, or those antennas of interest,
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averaging may lead to results that bias the average
toward the access termnals having the |argest gain
wo@eat@ls gu . [ 0054] In anot her aspect, each PCT/US2006/015726

calibration vector estimate, corresponding to a

specific access termnal, is normalized according to
avitieleiBnio té jldMadyA GE&ss teFhinRlsTPheRAANHEN vectors are then

m nim zation in those cases where one or nore access
{CePRined ascaiding thpamoapYe different mhthgmatical picsepencess i s

=6t ed bel ow in.J ' 6. .1lu. u.,  c=-2>H._/
U Ton ey U BHREAC lothig gl chimestion vEae s otz o
¢eint aptimiaseciscedifeusigy Malipld ReeR|RIRRA AR sPRAM]
el ement of the caljbration vector, as long as it is
CHESYEMENASIAENYS. flgrsomgchseslhp Beeess tsnminat anst aceessipoirti enay
- fd ra nt. Th m of.
B R e B R R IR b TE s P E o e
mstemés. Fofrthet, eleze iy Ue aftirhing eMBEOOE, betwdeHIRSIccARYPNR and the u-
approach that nay be utilized to conbine different
ttakdcbssatinninalvee tiverk. datsicipd esenthy (&6 ARBERECHARAE vector estimate
conmbining the estinmated vectors in a matrix. For
st DRRWTE] 31 thespacassrieraipalanay, by telated tolske reverse tihkchamehvector
calibration vector estimate is a rotated and scal ed
FEe3te M of MepBiraditahe tsewrpointa finetapproach, atilisimgdhwicalibration
scaling are due to the different access term nal
MPL Pl ctirekthg accessigaminalmismagedr 7y isdlepictedin Eqeetidn Hyelawd
rotation is to first normalize each calibration vector
to have a unit norm Then, a matrix Q whose col unms
are the normalized_ cali bratd.on,.vector estimates may be
formed fromthe cagiik’br“é%i'%n v'gjéel‘%(ﬁ’slsvu)A"?’nIgtI e esti ma{ uation
for the calibration vector2 s -aptsined by perform ng
deconposition of the mat'fix, 'e.g. a singular val ue
8econposition on the matrix Q. The ei genvect or
responding to fhe maxi mum si nqul ar val ue may be
q}mggngh z?,m/’é 13200a) i winse dingpesl elesantreare theeelgments of
as shown in Equation (7) below (Equation 7) SVD(Q =
{he geveyse lpdsdpnned vestergstintateeh, i, randhe , th, e€ “dppTbasitesripts i,k u,
above, a calibration ratio is generally estimated in
héhesiers dimaziapd pser jpdeges respestivelyo duithratiove eentiohetire nhknowns
he [.Qn tor,s, are cal cul ated for .the antenn
2 R B OBt BT G e Beci s Bdp oot on feature
i.ndi ¥i: tarmnals. The calipration . .
oaralgh YicHd acRes St A ATl Re BRarE Bt B pine
wishfagrhelretwemt the aedebCipdintind GRS SR8ss terminal in addition to the gain

mismatch due to the access terminal transmit and receive chains. One way to obtain a
solution for n and ¥, , is to utilize a minimum mean squared error (MMSE) approach

as shown in Equation 9.

pU ; ”Z,k,u Cirw L '"”2

_ Eouat
1 7oea} =argmin g, (n,7,,,) st Jn]=1 (Equation 9)

11777.',le

Solutions for 1 and y,,, may be given by Equation 10 below.
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[0057] An alternative to calculating nultiple

calibration vectors is to utilize a joint optim zation
w@e@eat4se using nultiple access point and accPEGEUS2006/015726

term nal neasurenent as follows. In sone cases, the

access termnal and access point may generate their

channe cyriongs and at

di fferblﬁﬁfﬂhﬂgréﬁe ?tg}g{:urtxr" egéflg"y kubg'ka

timng error of Tl u between the accCess poi nt and

uth access term nal §,t tlg’&ukzzkluﬂnSUCh a case, gﬁ(ﬂﬁtlon 10)

forward |ink channel \/‘éctor egtl mate g measured at the

access terninal may be rel at'é "o the reverse |ink

channel vector estimate h k u neasured at the access

pdiersy, for@neecks pr .che prthagonhl projegtietheperatbi bl amiap be definedras

h, and the access term nal m smatch gu is depi ct ed |n

Equation 8 bel ow. a. Yuxxm t" di a ({Hh % §+

(Equation 8) In EquamrﬂonI 8x'xZa i is & A matrlx

whose diagonal elements are the elements of t he

10581 se | i ﬂk) cohpansale ﬁ@edteonlseslmhnattbe ¢ahl]:>ra1uoarrat1cg;|maybeused to

At L R B 25 e B e

ehpinbf tie,actd3e poitk ROWAGHh ¥t6 1ﬁs Recebial R4 bl @qmm&{t@rm Riter the gain
and the access termnal specific msmatch Ylk u

Pede dret wrehempfithoreogss RoiRtHamasdcié ixits amsmitthai. srrat ch
[dusbydes t e & J?Es:ﬁ)ecocg thggccte s& Ers%trﬁ%(dggf it cgmglnlng

access point an e access
(MBCQ zlvemnfummg, eduad lgemtoontbheng QE@@$ béa&mfmmmg & a&h@%ﬂhdr spatial
recei v way to obtain a solution for

h
R PG e A o ZBTSMAR 0 FRLAHEATPS yTaPicl 8o the roverse

a
I(lf\ﬁ/(a%xagl?\ﬁ:ggﬁgs;‘h o ﬁlesahé’é’@@ :pbig} gﬁéﬁﬁé f?)'i‘loglm ;f_r]&);/rocess\mé {veights for

[rpmfpissEon: Sol utions for h and g k It rray be gi ven by
Equation 10 bel ow. hDm ni mal ei ector of F = FB= Z*,

1 - -Z i Xu Wic(k) wh{guat iJo)+1B)-hwher e, ffor MRGect or X

, the orthogonal prgj ection operator TI may be def(E@@glon 12)

as p | - (vE&tah)#?e: i:))(ag%)[()o%]—[lfh cdopE@at e for
Ma

t he msmatches libration ratios may be used to

With a calibration vector estimate 1, the access point may uses the following pre-

processing weights to compensate for its transmit and receive chain mismatches:
h|=vh"-h for MRC

) 1 .
Weec=dlag(n¢)-—ﬁexp(—1¢h) . 0,=0h for EGC

Wire =
(Equation 13)

where diag(n,) = diag(d n) .

[0060] While FIG. 2, depicts and describes one embodiment of receiver chain
102 and transmitter chain 104 other layouts and structures may be utilized. For
example, a different number of components may be used in both receiver chain 102 and
transmitter chain 104. Additionally, different devices and structures may also be
substituted.

[0061] FIG. 3 illustrates a timing cycle for a calibration from a single access
terminal, where a TDD system having a single forward link frame or burst adjacent to a

single reverse link frame or burst is utilized. As can be seen, one or more pilots
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alter the gain, in ternms of both, or either, the phase

and anplitude of the transmtter chain of the access
W@oioat14483 mat ch it to its receiver chain or  PCT/US2006/015726

equivalently to alter the gain of the receive chain of

the access point to match it to its transmt chain.

(R85 ttednGRE fAbRe BHR ?SQ&I‘E?\/RC?S% &Fzﬁ?ﬁéao@@és 1r{faﬂ‘lhél tifhe e period of

maxi mal rati o conbining lg nform ng, equa

é’@@wﬁlﬁ%ﬁur@nf(@@ funetiorf ofr the degodong tamy obthle @rcesppoingl Dunng this

h f t
Lo TRl i SRS i Pongiri LRSSl g pocess
ventitdl. The Access REmBBLHSH nkAbEs e PHotshe eit%%‘ﬂ‘l(eﬂ?rward link

pre- proceSS| n ghts for transm ssion
/cp?ﬂnel ﬁlWlth t%threvelﬁe {igk eNRBeEgome ideepdin®) lagiexistsa The decoded
Gl ﬁﬁk ?ﬂ 1%( REL ed 55 hé Mlillea B&?{ tg { eatscge{) g)lmn % il 8er to
uses t OW Ng pre processin
Eongretasixt «%ahﬂ)mtwlntrstld r'Bingeiote, ﬁtnﬂn ;ble ﬁi&ln\/tﬁatQF@fbvﬂs sorrllqe mlnlmum

h) - * *  _
ﬁﬁ@“{“&?f{j}a{“? S8R i@efméﬁ@glmu)agw?smlama@l(\191q¢)ty, for w@eﬂ)]cahbranon

Wi benfalrithindd wHER Ci%t L AG8G &%ﬁbgﬂﬁlaﬁm&%ﬁgm&

recei ver chain 102 and transm tter

8862t s andissan e BmomﬂGbé ifiiultiplechankelresematep fiom multiple
unber. onent s. he ysed .in bot

Ao g T S Tt i Bt g rediced or at least

Addpled ena{ d tngdlbff tirRELMd Ia@efv&&ﬁmr@ﬂﬂusslteééi%g S0 VER1 calibration

al so be substltuted [0061] FIG 3 illustrates a

£/i8 ng cycle for a cali bratl on froma single access

F e nal . YREr § s e §§/ St t o?/é 19: B ﬁléaqgseg%%gaélvﬁglaﬁ gotenna

|nkframs or burs ST ng

hrayre cmmlimsesds forgauimisrrm&ﬁx e syﬁemlwo?caﬁiibns&rbﬁca‘llbratlon
rmre géﬁst ans tted on the reverse link is(are)

ese@sgn%leﬂt?h estippion cmppRant 3 Bipt anpdyzes
ﬁﬁﬁ&d fr@déﬁ}&} chain @utfpﬂpﬁ%%zﬁ’pwg{/ %ﬁlﬁﬁg&glﬂg deh TBceer %Ha“?ln output
access point. During eco peri o one or
pighdls enchp eatioraggsagatiorechlanatbh30d ldlammkdﬂdtemdatlbothhhﬂe used to
access ternminal, The access term nal then neasures the

BYITHS Vo6t frhissraqtes ARsmpiardise PHRS eﬁeaﬁﬂép meptsodwd@wnbed

stimates ome COdI n sts.
e S B e PSR s T 0O a0 Bl
[0084F i t t eFIGAS KIus@atb@spaets 858 sPdér khat PacRiHRE cdifbrating an
eneratethe calibration ratio. Therefore, it can b€

RN e 10 Ranpensatedonsanimiimaieh. afbrsistest 490 ¢mnpr‘e'8nsia processor
Eé‘f{h%{ R0 ?eﬁﬁ%‘élwgﬁﬁ&? £5% fnfdnth laﬁ‘lay 464 OBick¥ssof M2 W & rmine

cal i
gain mlsmatches for individual antenna combinations at the access terminal and access

point utilizing calibration component 406. Processor 402 further comprises a
calibration component 406 that determines the calibration ratios and then generates and

utilizes the vector €, .

[0065] System 400 can additionally comprise memory 408 that is operatively
coupled to processor 402 and that stores information related to array calibration, ratio
generation and utilization, and generating calibration data, etc., and any other suitable
information related to calibrating antenna array 404. It is to be appreciated that
processor 402 can be a processor dedicated to analyzing and/or generating information

received by processor 402, a processor that controls one or more components of system
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can be maintained without drift being a strong or
substantially interfering factor. [0062] As can be

waeewn/1ieesn FIG 3, if nultiple channel esti matRCT/URING/015726
mul ti ple access termnals are utilized the noi se and
drift associated may be reduced or at |east sanpl ed

QU8 and/ dr%&ﬂ@ce%ortthﬂ%%t%}@}}%?gfﬁ{;dé %n‘éﬁ?és'}ﬁ[o%%%%qn repeived by

rece|V|n8 t he over al gal n.
iPreagstor 402 endieqdrol sorefor Inoaye comperent saafi systemt 496,

rati nqg,an_antenna .a 0. CO enstefor ai.n
ifocedt o1 "MaRaS Mo AR o8l a8 TROTGH Fisadihighoifh generating
@fgﬁﬁlodﬁ)@fﬂs ag@ Erlddamrepﬁ@nﬁﬁlr%ﬁs Eifm@hx%féﬁte‘étli‘m@t%ﬂsn?t%' Qith that system

onponent 304 that anal yzes nodels receiver ch ain

69@ G e@p@ﬁatogecammplsmdo@a algoothmbietaghiere awemiacatibration and/or

IR L MR E Ay —

gegtemmme)cdompo@&fﬁm des@ﬁﬁécﬁﬁl@éﬁiscah Ibe 1 th&volkiide MShidsy or
f the methods descri bed above to conbi ne

BPRYQLHR ORI ERR ki derhof alstle ad pordute memory. By way of
ﬁlﬁi’s{Patn@ﬁ 2nd B?lqc %tat{:dnenoéloﬁ;{ 1%1?1‘3{nl%§‘?§an%ﬁ&ﬁ§é Isea8 memory

syst em t hat Itates ca 9" an ant enna array
(Bob@np@gmahb R(@dl(ﬁR@i\/ﬁ)natbcthcaI]EhprogmmmléR@M (EPROM),

EROBi L Frafinlf BPRL A B tbesh Spelio” el mmapnem include
Rl M8 &8 nfd@sy ((RAM) dlihihGid Rl as@REcSHH] @acﬁ@'}ﬁélﬂ@l&' BSw& of

the access terninal and access point utilizing
dhstration angrnat imetentR A6 apritsblsisonanddarrhasuchas synchronous

RO 302 PO P ORS00 Bt SEHEHR e o

tde SPRAMIDDR SDRAGES Enibyiaé ESDROO ¢BSDRAWIY, S?ﬁ@hﬂnk DRAM
meppry 408 that is oEer atively cou

mggﬁr gtk Bamhug RN AR RfMbr FasumomonelOsiadha gibject
steds &R thfhadd 19 te H't@c&ﬁgﬁ{ Z%tﬂpu%ﬂq%ﬁgﬂté&f%t sd and any

and generating ca ration
glhiet abﬂableﬁy@asraﬁatanmyr el ated to calibrating ant enna

@g}r% 404. is to be appreci ated that processor 402
%’be a ppb%eé@gb%s%‘é&%{l@d 408 camslioyerthp galibmaicsy vectors €, for

SR S SR e T B S mo EE A Gtoy W B g0l Orgher
XA theAREEQEord0R AL s éltlatb]@a{hbpﬁfon vebk §'O gg'r AOAGC state

generates i nformation receive processor

withbutPeonn@g Al callBiagof. OTROMINiSn st towmﬁﬁé}forh%fsﬂdulonal
Menory 408 can additionally store protocols associ at ed

Glibratigarms aeasshy pgplg(w@bra@gp ivegtonng for a give transmission may be based
nodel s/ representations, msmatch estimtions, etc.
GRAAH HIRE PR OIFANEIED OF linseniens Smccrﬂemlcqéubcﬂtmoo'bstor &, for the
gﬁ,’% or alagl%gl t th t o achj eve antenna calibration

Tite was pRtEIede dipenanbs Bisteas Dyameter Beral ¥ based ypon

. MahhelRBnARBAEE! g@hﬁ&n'ghﬁ"thet denfigt @ store

[0068] FIG. 6 illustrates a methodology for calibrating an array of antennas for
transmission. Channel estimates 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.

17



(e.g., nenories) conponents described herein can be
either volatile nenory or nonvol atile nenory, or can

wo pbatashot h vol atil e and nonvol atil e nenory. PGYUSEY6/015726

of illustration, and not |imtation, nonvolatile
menory can include read only nenory (ROM,
0@ ammeb| grdrOMH BRI 1ink 288 ‘iré\}e&%' ln¥< dRbRH @m&le@arg%'ﬂlected
EPROM, electrically erasable ROM (EEPROM, or
@éh‘?rﬁyon v@pafqueécmmwe@anah and|agekss pamﬂmtﬂame@)sbe deterrmned

r exter nal ch
S 0 5 R o B
avtinhta bshth ﬂeépe@ﬂf(b)éaﬁlﬁ) ofier Sltthe AUtBYEC I foRausafiMion ratio. In such

(SRAM, dynam ¢ RAM (DRAM, synchronous DRAM ( SDRAM ,
Gaies @uwﬁwﬂw@s PN eIDBReSSTIFANpal raph b BeéprapRARsed upon

SRR DRt e e BN ahiahl B Y RS
180709 ds i s Asdiended with eepget iccsG. Bj themuhapbd §tgné tlﬂibﬂ%between
ese her suitable types of nmemp

to, . n
%fofégﬁfeflhcaﬁgﬂﬁ%ﬂrﬁ a3 HARYTRISSi SRyt ghec o o locks 500
QA BM ﬁ{a'y%@cﬁi'%%é%ﬁxﬁlaﬁy sfrﬁ’t‘ﬂtaﬁé&ﬁ uﬁ%@aﬁ Qiffdredt- tln:y%\‘fo ek jsame or
r¥p i fication, of GC. aspects, for ea '
wiféarentiasedss tﬁrmtlrh?éi piFhm@ewoa Cﬂlﬂﬂammyraao uesfsbetdfbezmuned for a given

NN AN AT TN T

&@n@ﬂfsﬁlaﬁmhaﬂmaﬁst ltnlapﬁ@ﬂ beCodhbdnivd RNi@E. access a prior
calibration vector cu for a give transm ssion may be

h7dd upon Thecplifratien 1agas eve thamasarbingd tofame aicalihratien estimate

%'v&cxﬁultt gﬁa a.ctr‘ﬁéés k?érﬂ'hlllﬁgp IS TttS%% THis C%E'r%btulk% d%ﬁ&a?gﬂgﬁlo%gy include

obt ai ne em par a

balﬂﬁdtlmpmnoﬁ:h)aqmnﬁl or(aﬁnﬁlt}td a?msss t€rn@nalb (egl ziven @efctdrhﬁ‘ cell, and
hannel . [ 0068 FI G 6 |Acﬁ#§t rates a met hodol og é for )
AY5 B Wedhy S9! nainbet ofGBIAHAR ratins foreqrh arcess Grminal for which

GhaBPRbreEStibPRbE Saf Rlard mng obtaRed | ink are received

fromaccess termnals, blotk 500. As di scussed above,

1[0(1375% chandék ce,@blmdtcelsloramn iato grmydleaibminédmmprvwenhging the

|Iostr smt the jnt.
oo o 2Py O eishe Sl e ARSI Bl rsmeqt FIG. 2. e
ItHB‘z@ipP@Eh&%scﬁs@d witVRESRRt o Fuaib@ned 7.pi l ots, are
enerated by the access point, block 502. [0069] After
781 f or wadch irpnemssipny @m@re@@h rpnsigsiemehain efsthe aegesspoint is
] t I

P R EE W v Bl BB LB 8 cbRied caf R o P fiG iR ot transmit
bhain kb16E4508. Ml ra dvintbigsginegbiat sdt e caldsitions eenthtd Mayee dtilized
l.ink and reverse |link channel estimate with respect_to

E5Hie G FSKS RSP ehains Qthd Acsees BOTT Qvlitivelys 1isRaseible to
E3hdrit tH1§c<§HlSiHecF@£i%§mloﬂ"f5ﬁd & £c Eas egﬁ’s?ruchBn Basdli V56h the

access term nal be perforne upon
combined calibration ra’uo to one or more access terminals. The access terminals would

then apply the weights based upon the combined calibration ratio to decoding of the
transmissions received at the access terminal.

[0074] 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.

[0075] 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

18



consecutive channel estimate pairs of forward |ink and
reverse link estimates. [0070] As discussed with

wo eapatd4s3i o FIG 3, there may be sone tinme | agpGPUSEE6015726
the different cal culations and transm ssions. Further,
the functionality for blocks 500 and 502 nmay occur

ehah@a ot forwaid K FRACESIshiBed B the Iaéée%£ iht. tAE@ﬁmflzﬂfy,

the same or different access term nals. Eere fore,
chanms}t extimpies gt the raeysedinkdafasmationd.d. mveaseglr&eﬂlammb pﬂsts are

tglslg]%a{g%y%&geg %%Ctki?élgﬁd esti mates of the forward

reverse ik 32m35| ons that may or nay

f@d76he conefeatbbtheforwartliliR anfl 8/&lde 1ibikhalel BtAhdt&are collected,
rati 0s are then conbined to forma calibration

a<splibratien gfigrthahntilizen rauliplecchsnned estimates for puudidple B6Bss terminals
E[Hcﬁ 6093l A& éégbaﬁ ahé st ALLR if%d ]??011 | jde I reverse link channel

calibration rati 0s to sone or
egimitealith respeat mieaenothecinaimeis utitiktd. Ial’sdclhaééES ,@fultiple estimates
g@ggglgl or equal, nunber of calibration ratios for each

e} GRS TR PP PR UpOR PRSP Begannel estimate

paikd &Sfoﬂﬁﬁd%k%d%le@e%ﬁi estiff¢e] The conbi ned
calibration ratio nmay be obtained by sinply averaging

{MF7tal i br Asidissussat ivoth respeat fol FIG. agheﬂeenzqt eegome time lag between

th
gr%glfggrgﬁfecsal gxlastc ﬁg élg(gtr%spﬂssﬁcgisgi%{th?r th&fﬂg(fqoaﬁléty%oblploqks 600
PADE®R] mEpobeur katrsantiaRy ﬁﬁllﬁtraﬂéﬁlﬁﬁﬁf} ak ﬂﬁfé%éﬂt $igdeR @oﬁtﬂ@'saﬁne or
af the access point is then weighted with weights

Hicant agrsss eppmalsnifihseedore e I@hmneb%tmqson?obe determined for a
S A AP g ORI 05 g
trexsgnissi @rsshattmayhani msy wit bblng?mme&slnn@mmt C o

[ it ] to transm IS
(078 ned o hY ninkcplsfraRGR rpogmesic e aBrabY ol o
birsrhizbGdi MOchR 28 distRRE Whe ré‘sgﬁa'tg ?ﬁ% C?élc' 08 1%@105 gtio

to one or nore access termn erm nal s
109391 t henE&Cmﬁr?}nSIIMIQxﬁrcgh Esc}txmnhlssnmmhaime)famﬁnclsqmmt is

628 LB Ro' Gt Bt R olep 0”3t St chain,
630 eklss, a ddnsbifal d)ﬂ} bﬂift lséi df BRI ohs %c@gﬁﬁ i q\/:%@ deifida Br 1, one or
particul ar AGC state and not for ot st ates.

Wgeerransmifcqhaing of thecgress phiah Aﬁmylaewy,yt isposdile Amansrmt this
J%irﬁ“i: 115'15{161{] tlgl Pg%alﬁ?rgtlox{ 8?&%}[10':' g‘%ed Wo'g!ﬂii'ei}iglr&ca ration ratio to

anot er or ca

@Iet @ NEs af:cmss termn&m She@ocesChamnels wolld iRineppiyothe tRshts based
for are received from access term nal's, bl ock

%?llﬁlcé}é'ﬂfég%raé‘ﬁdﬁ} decodingsQf the HaRsENsesiraee vosl aﬁﬂxﬁ access
teﬁglggprated fromforward Iink pilots transmtted by

t he access point. Additionally, channel estinmates for

0A80] ever s@ﬁbj inlsoinefaspacts; theralibraton weightssee biilided for a particular

&5@”&:&6 aﬁad &tfgf other AGC states. As such, block 608, would then only apply to
the AGC state during block 600.

[0081] 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

terminal described below. In addition, it is to be appreciated that the base station and/or
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generated by the access point, block 602. [0076] After

both forward |ink and reverse |ink channel estimtes
wae@eaodsbected, a calibration ratio that utiliR€BUS2006/015726

mul ti ple channel estimates for nultiple access

termnals block 604. In certain aspects, the nost
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e¥PbYmatipénEnch fransmatsybdobiagibe edlatmys yutbol, iaziitog sampj oita si gnal
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04dlt be bpABsAled $ad theGhiRt By@bols Ry 6 4RESdiPRIIM miuSiplh6d (TDM),

i ghted with weights based upon the joint call b_rat_l on
Prgﬂ‘ileélcy dhvisiemmuitipigediFDMhapithozeod. frogusesy divistompnwitiplexed

O - i ' [ e. util,i.zed
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ahnsdomacdchebtyof N trammpgsﬁbdlu&b ® thetitnealdaiit usTEii_Tg &n Jgqudihg IFFT to
i i i li tion instruction base
i FeenerRe Lmii Def Gtaias NoROBRENSHine BemRebmedulator
| PRl o8, 6RRh S ARl AIR. FoblSD BOA Y sbhEponang
siwelsdi dge oipeathd pertimndskesioasa cytieipvefik @id it heedaocembat delay

%PEHHDI?@ el'vghrg 8%0&#}]?10, in some aspects, the

are utilized for a particular AGC

088k and Aatank@ite@ UhR (THIER)IBY B eivh$ atEdhveldd B tream of
608, would then only apply to the AGC state during

HiRRAks wtrpong @oRATF apRlge sgnpls apd furthier sorslitiensdengl, amplifies, filters,

i i cati 0. The wirel . .
O BRSNS 7 el U R 0 e
fon era eminsioabvdrahe watkiesofhabheV iThy forW@WENEK sighdl id Gheh Galnitted

BRBR 5o B0 D50t SRl G b0naD gt 133 recives

6 EorwaBBhk H884 il BEIVARS a3BL4RUd 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 each symbol, transforms each
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,
performs data demodulation on the received data symbols to obtain data symbol

estimates (which are estimates of the transmitted data symbols), and provides the data
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term nals can be substantially simlar or different

for the exenplary base station and term nal descri bed
whedoomiessh addition, it is to be appreciated tPher/Usives/015726

base station and/orthe term nal can enpl oy the systens

(Fi gs. 1-5) and/or nethods (Figs. 6-7, and 10)

g n e L R

fdenmpa)dddmtnﬂeatvearmdidssddm theatatesyeing efionates 3B venthe

MoRuaep gl e nd BRacnB sy ol drnediiion [y R data
tp&&feééos: 1@% R c%Hﬂ;lé?ﬁ&Ydr?%&t}Eg?weQ&h By W'ﬁodulﬁ&t £315 and TX

nodul 131 recei ves and
@ﬁ@m@@@@rtlﬁé&dasmcfsm@lt gccasepgintl 300symbol s and

R o oo HAE R 1 BECbaRbe 10 bl wefic daa and

PrbGEds datl SmHRIQVA SREbE rSddilabr VRI5UBcVes28H tndl@pleLAahe data
unused subcarrier, and obtains a set of N transmt

Symbels avithapilot sEmbpls.aseferms modulpbpn.cad prexjdasdl stisami o gymbols.
AL L o BBy B SIPRe sFelh fle oemin
1a$0 he pslentramntsucﬁu ousteythe num&afnfqy]msb@ibcmere'rml tHetreverse link

wi | | rec ted {hat the ols may bhe ti

EVIRE T H%r?frlﬂw num S BB TSI the forward ink.
W!r&ﬂsﬁhﬁé&qgut(ﬁawthen%&é?%%al rdde8QY ?rféchregI'anf%&ﬂBols to generate a
mul ti pl exed (OFDM), code dIVISI on nul tipl exed
etverseSinkisadnahychittaits randiB2@d byrthe ardersfad3a ¢athe aseiss pbmt 1310.

JpssA T e T e B el B R i BBt PPingl 1330 is

e€vRRUBS the ArteRradGTBiand pRicBked By BR&eiveR dhit a8PF tolehedin samples.
typically repeats a portion of each transformed synbol

oS srhcAidpmadigatior 3Hbian Repcessabdie samples pappepvides pesetved pilot
82?15&9?9?1 ga 8@yﬁ¥§%&sﬁnﬂfe§ffg§g90 efs% hﬁﬁe?ﬁnolg%%%%bp%cessor 1385

pravesses tHe&YataJs’ylrrtbo(l &'MEE%)tesha&é)cdvef:mbmﬁflcaduﬂa aemvEtedby feminal
ségéeam of synmbgls into one or nore anal og signals and
f

hePresatr P 3k Berfamy changigh pstrmation fog fracé petiveggminal
ft{aﬁﬁiﬁ?tﬂif%yom%(?é%%etlﬁﬁ( the anal og signals to generate a

forward signal suitable for transm ssion over the
0086l ess cAhnpedcessbhd39bmapaido be sknfiguyehto pesforeyeneration of the

t it th h 1325 tao t
REMPRTIR P SO bine et BiaRan faks oF edppb SR ST A R by
ldislssed Gidlrespact tBIFOGE A% dIEegiecadklsi gnal to a
recei ver unit (RCVR 1340. Receiver unit 1340
UMl t i ons Peecegsors $390tandd 35Q Aigedte.gs confrnl, méau@ndyanage etc.)
t
%g&‘gﬁ@%ﬁ%é&s. éﬂgﬂgﬁgﬁ&t?ﬁ{rlnﬁ%lgfﬁlﬁ %ngecﬁv«%yhgé pec 1ve processors

dessnd E50rcai 3 assoenmmdesitli hemoyrhits (aoeshowni paendachrbgram
each sgn‘ool transforns each received transforned
§9ﬁ??a@f1 datay Reoqepsogt SN\anddaaP faralsmBeARMNEGIRRUStiGnS TO derive

Bk @S ahli impulse response estimates for the reverse link and forward link,

respectively.

[0088] Referring to FIG. 9, an access point can comprise a main unit (MU)
1450 and a radio unit (RU) 1475. MU 1450 includes the digital baseband components
of an access point. For example, MU 1450 can include a baseband component 1405 and
a digital intermediate frequency (IF) processing unit 1410. Digital IF processing unit
1410 digitally processes radio channel data at an intermediate frequency by performing
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recei ved synbols for the N subcarriers for each synbol

period, and provides received pilot synbols to a
weeweas®ss 1350 for channel estimation. Synbol PCT/US2006/015726

denodul at or 1345 further receives a frequency response

estimate for the forward |ink from processor 1350,

RaéH %Bﬁoﬁ"ﬂs@ilﬁﬁﬁg,%bﬁﬁélﬁglg‘?fhoﬁﬁ‘l%ti&’?,%ﬁ&‘é? P RU 1475 includes

synbol s to obtain data synbol esti nates Ich are

égft niaesediofparth of thezagsess poind  Aasedshantin) siadicaudt is the analog

i he dat asynbol estimates to an RX data .. o
B RSt Bl BTRP puREhiar af GanseBlvat Sty dirct or indirec
denmpsidn teieindbRs beattsg caiét HR6REGINERAE dddka ANAEBlunit typically
estimates to recover t%e transmtted traffic data. The
SPERS BRFHGUIRY sesntio b commyainationpysicdd sFerrrkamyle RA1475 can

r [ S; I to _the praqcessi b
R R T
respeaeg fadéd gommatmiagioes Sropoindbild dMcribd @84, T ant3fect, one or
reverse link, a TX data processor 1360 processes
{10 PPWeLAIRRITICAY 1 42T #e SOMRIER tosqnpLRsImacTe Anteppasal435 a-t.

I RY i pl S
A0 A O (S Rech Bt s, 4
BA3Y tetsrta thetanelagiradio symivoingcatiFimerepdilv et bﬁ;&ﬁ&bﬁléﬁ?}intb&ii gital
s i.ited. ol arriers that e. been signed to
ey R Pt LB e S e 1910,
®fU p4150dan2dGASILdEE R drQhorteRnEBNRESE0 dodkedi®Y toRGthE M Re same or
same or different fromthe nunber of pilot subcarriers
fiffereri anteppandd 3P fior FrnsmAittingradinicomspunigsitiony ®7@cess éerminals.

' t he am. o nbol st
CEELLRRo e 357 B0 AL LAY IRR) G o
bynverter ditSeronaerisIBS dtgi)talr:]dftﬁmﬁﬁﬁie@t&)nl@ Qédftve_lﬁﬂ&rla b%&@ﬁﬁﬂ component
Al : nt 1310, the reverse |link signa rom
Q%Q%aﬁ((: Adieiigh gf%)gﬁogeﬁsglééwelélaymp pR2laa PRiRHEfOT gRBsTRIoN to the

. ¢ eeoi : :
BRERRSLN Pl HPOLE L, ARG OoEPUR 0, DGR
prdiiplelebamet @ gnadsiansi holtipexirpodfs: \anidtydaftsteralsribelliding a voice

ti.mates, for the,reverse |ink. .RX dat.a processor
Fignal 4y S alsSienfna Gy RLQRFRAT lé@?fsr@el df®mMagtgyet450 and
RagiotUat for costasiBng VATRIpESRSkiRYwheh Fhdlgdes Jfl?bgﬁlbcésinﬁ of voice or
processor 1390 perforns channel estimation for eac

defesigaak ermi nal transmitting on the reverse |ink.

Th 0 I figured to
OBTEY o oror SERBRRG R AR Bl BRePaRY B igimbipte-access
(DY) elstera) arbsretidgonalrfaiguencydivikiog mmﬁc'ge-a@aésh POBEDMAD system, a
;@%’Bﬁ as discussed with respect to FIGS. 2, 6 and 7

converter

wpiepanyirleagecss (PPMEDsYers. 150w divigiopasdtigleraseess
3 rol.; [ : t Lon .
(02 08418 00 0 60 AR A0
Rersyek v isysterpy the pHstonubcarfoR maycbelsdaftdaamnealifissnccatiags. The

i ni not shown) .that store program
gﬁatngelrégg%;tgonutec}tnrﬁq&es may be usezl in cases where theppllo% 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
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codes and data. Processors 1390 and 1350 can al so
perform conputations to derive frequency and i npul se

WO e@ponEs3 esti mates for the reverse |ink and fPeWERIN06/015726
l'ink, respectively. [0088] Referring to FIG 9, an
access point can conprise a main unit (%;450 alnd a
(BSPDs réfRdhblb4dde adddcek Hﬁﬁ% t 18 été ays
(asebaﬁgt%gorrponent sgaof an ;k?gggquo g For rrpmc.ery
EPQAS) PeasassOre Pm@lbr&aasgbmdtroﬂnrpmmmprdoe@@raMea electronic

P o PR g BN Ao s ot hereor

[Wiole esteegeiahlamahamnelan 83 tiaoash ABAhIBE &1 ﬁeﬂb@écﬁlres functions, and
frequency by perform ngsuch functions as filteri ng,

ERRNSRS BTk the EHactensHescrilted heteit.oThesofiara 4qds may be stored in
usgg‘ﬁ]ﬁt‘]ﬂ@ eﬁé@ﬁ{eﬁ% ﬁlgbl%cgﬁ%l.lssmg{)] hggs@pcess point.

ereln, IO uni € anal og radi o parts

00098h acc eﬂGp 0 ﬂtusttate@tulﬂ edditiyie nethddory g6 dﬁ@lbratlng an array of
Statlor}WIth I[eCt or indirect connection to a nobil

ARiePRasi G rAnS A Esiono 1A dferREaidonis Mepdgay e the trangraision @mpltval since
theNh G ahkidraBSt ¥R Shlcupfihnt heidt ﬁﬁte%ﬁﬁ%&e%ﬁ@ged for transmissjon, block

conmruni cati on system For exanp can 1 nclude
$5@D. oln aerpie asasahis dmtsrvaliBa@y beafiection of tmeréapsed,én others it may

a-t .for ece|V|ng rad onnunl i ons
PP B RGRn £ Tt B PSRRI 1orS 400 BEEredl. B Dot since
tHerlest RaNWht I itHd £GE SIS ZTHrstde@hﬁmfaﬁ&Pis%sécPuﬁaﬁea t‘f’lfcshold T
nore antennas 1435 a-t. Connected to receiver S

H13t 3% bs gradsteamigied or vewhayectwmon@monm& lcmﬂtng
foooY rter iﬁﬁé trgr?gﬁ)ﬁggl&f i tté}salallpglegt%r {h%gIggthleﬂflgotaf:rgqapg{ation

co ni cations recel receiver

ppgratiorf ie lpetfoﬁmaiTM&SIeQThahmal batgeiantdr eRPANAEink4@85re¥éifed from
di gl tal |F proce ing unit 1410. RU 1475 can al so

PgEnigRls: Fpckin (2 dndghannel eimatasior theipessseckink aye generated by
Bletab8dss Pbi%t Sb%ﬁ’( 1804 dinfffe bR AME NRR add Fé@elfsgzlmlﬁ r%h%néxlels estimates

transm tting radi o comuni cations to access
@oenbedted atcahbnaams rrtiottbat utidi2es msltipledihghied kestiroatanfor ogltiple
converterl%l’;? . DA converter 1415 converts the

éccﬁ?s)tg 2aRRIAS ons received from baseband

pooppnent  Ad@bboth forh8d LAk addreREQE BER bﬁ%nb‘lrl%shnééejs Qre collected,
into anal og output for transm ssion to the nobil

3 cHdetiqnaptio Hiat stilizes nydtiple abmt estinzatanfbr mpltg»k@accmadamnals
‘618{:1( 'Tff E Elacqf(fr m?;smm" kcir tHe G%,h sgr{ i‘lgorpﬁg%]hta?q,?an%g%qh@gl of the

t|p eX|ngo a varre Sl
sicgsgloimtrigithan daightal ghh kvelg@atﬁﬁs&d Bponthe §HEANi bAAi8R ritfo for that

d Radio Unit f
N G DH hrskier picabas a1y 1ah-oh | ncl udes ¢ he
POISESSI NOIfQhe l?fzSHsﬁﬁss‘an 1?@%\?&11 $d %@%Er thh? 9 %ﬁ(ln 'y %hb?atmn vector, e.g.

mul t'1 pl e-access system requency div
weilighispfos tfmmis@llz(rm)stm&'eamesmd feorh hegarg) blf)cflelmen @ach

tgan\éhﬁsls?o% & tlge Rk}% Sa[gt% e’f%om(each trar?srmg/swn crfl]am of the access point is then
weighted with weights based upon memory accessed weights for the AGC state, 1510.
[0094] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the

described embodiments are intended to embrace all such alterations, modifications and
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code division nmultiple-access (CDMA) system a tine
division nmultiple-access (TDVA) system etc.),

woiobilpd463 t erminal s may transmt concurrently POT/URE06/015726
reverse link. For such a system the pilot subcarriers
may be shared anong different term nals. The channe

aatihticisithd fA1LGRBInaHE SpifiindRopS 8Fthk AppdRed cMites. SRt rmore, to
pil ot subcarriers for each term nal gpan the entire

Shresxdent tapt paenigrm pinsbides yis eseskipteither the Hetailethdesedptes) or the
: I . L e tructure woul d.be desjrable
EHEs ubh I 8 HRGRICH b BT h § mion 2l 0 3hE Be
t‘eahpiigingSasdesmptibiag” Raneipretd@whes ehipRlyedash @dndMonal word in a
vari ous neans. For exanple, these techni ques nmay be
F%ﬂpenented in hardware, software, or a conbination
thereof. For a hardware inplenentation, the processing
units used for channel estimtion may be i npl enent ed
within one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices(DSPDs), programuable
| 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
conmbi nation thereof. Wth software, inplenmentation can
be through nodules (e.g., procedures, functions, and
so on) that performthe functions described herein.
The software codes nmay be stored in nenory unit and
executed by the processors 1390 and 1350. [0090] FIG
10 illustrates an additional nethodol ogy for
calibrating an array of antennas for transm ssion. A
determ nation is made as to the transm ssion interval
since the last calibration for the current AGC state
that is to be utilized for transm ssion, block 1500.
In certain cases this interval may be a function of
tinme elapsed, in others it may be a function of the
nunber of transm ssion, forward |link, reverse |ink, or
both, since the last calibration for the AGC state.
This determination is based upon a threshold T that
may be predeterm ned or vary based upon conditions,
e.g. loading. [0091] If the transm ssion interval is
greater than T, then another calibration operation is
performed, where channel estimates for the forward
link are received fromaccess term nals, block 1502
and channel estimates for the reverse link are
generated by the access point, block 1504. After both
forward |ink and reverse link channel estimtes are
collected, a calibration ratio that utilizes nmultiple
channel estimates for multiple access termnals, block
1506. [0092] After both forward link and reverse |link
channel estimates are coll ected,
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a calibration ratio that utilizes nultiple channe
estimates for nultiple access termnals block, 1512.
weEawh/1i@ansm ssion, for the AGC state, from eak¢iI/US2006/015726
transm ssion chain of the access point is then
wei ghted with wei ghts based upon the joint calibration
ratio for that transmt chapp utilized for the AGC
state, 1510. [0093] If the transmssion interval is
greater than t, then a calibration vector, e.g.
W&Eﬁ?ﬁi§d§§xfﬁ"a articular AGC state are accessed
f , prock*1512. Each transm ssion, for the
ACGC state, fromeach transm ssion chain of the access

point is then weighted with weights based upon menory
de ces Sethefiwidgicelitiraling reant@Dasiray én a $4eless hovod], cotptising:

mor o Sebdin b B Rl iok R TR Ru f Blisions o

diastcictdse teemeiay; concei vabl e conbi nati on of conponents

or met hodol ogi es for purposes of describing the

af or efsisrNBYREsespRrbehanBel cstimpigtintprmatign enraspendingtei | |
thnbRRsiBhS HORYNE BEPAMIEE LAY, TNy further

conbi nat1 ons and pernutations of various enbodi ments

ar e possibhgthitdohendi aglimyate itfermerarcdoreshoadingdo mandnsissions to a
are intended to.enbrace all such alterations,
SETHRESHS: RSN Hidvar | ations that fall within the

spi ri tdeRRdingtoRArtRhitR1 aRReRdIBEd BbABorrE: Bﬁclﬁﬁ? ;}'&Pfr%lsmissions

to the extent that the term"includes" is used
éiomh e se¢naddieeess teeminidsandi pti on or the claims, such

termi dg%e}rg}n-l{kéi%%%fbgatgﬁ dfiﬁtri]fg bsl ‘éﬁ%ﬂ} {fqgﬁﬁgﬂ‘%@gﬁd,%ﬁ'aﬁ& fourth

to theterm ISl

ichirgiepestinett W@ahason Faie tbagsthé fitdt an® bdcond adce¥dieEninhlsa
claim CLAIMB WHATIS CLAIMED IS: 1. A net hod of

calibrating an antenna array in a wreless network,

QORI §k Hkthd L&A MY a&HeFe?{; d&gﬁﬁﬂﬁ% tfe Eél{B%tfon ratio comprises:
information corresporiding to transi ssrons to a RS
acces setesnimingad firsdedliration rago based ngoic therfired andstédidtchannel

[ ntfor rrag% on corresponding to transmni ssions fromthe
£rYte JHEHRAONG v nal ; receiving third channel _

est i MabRrhAlfY EBSADEBAHHOR SRR OP l_lé](ﬁl theé %ﬂﬁﬂaﬁ%ﬁﬂﬁ f:ltléglnel

a second access termnal; determning fourth channe
esfitapindoinpdtionneaitd on corresponding to transmi ssions
from 0 access termnal,; and determn ni.ng a

o bEBErRR SRS, BARTR R ST APl FafbiniaTh 57 afd sepona
anlibrfitiony faiochannel estimate informati on for at | east

the first and second access term nals.

3. The method of claim 2, wherein combining comprises averaging the first and

second calibration ratios.

4. The method of claim 2, wherein the first and second calibration ratios comprise
a plurality of elements each corresponding to at least one antenna of an access point in
communication with the fist and second access terminals, and wherein combining
comprises:

normalizing the first calibration ratio;

normalizing the second calibration ratio; and

25



2. The nmethod of claim1l1l, wherein determning the
calibration ratio conprises: determning a first
w@adobht@ss on rati o based upon the first and sePONUS2006/015726
channel estimate information; determ ning second
calibration ratio based upon the third and fourth
channekteffinifBhe chlr LY |, B gk ;
cal i bration 1’3?;% 0 bagﬁe%gg%a%%n%ioﬁ?hgg@%gﬁ C?ngirlé%]ﬁlgrfgﬂ and
secopA galdpiion wtiron ratios. 3. The nethod of claim 2,
wher ei n conbi ni ng conpri ses averaging the first and
second calibration ratios. 4. The nethod of claim 2,

Bher eiThe integhdd ofslaimn] wiRegndeteAhinkigaht €Ribr@ldnQ8tio based upon the
conprise a plurality of elenents each corresponding to

Matie ePPHEs deganainsigdhe matrixcetdizingrongiar vialue decomposition.
communi cation with the fist and second access

term nals, and wherein conbi ning conprises:

Gor maThe nrethddhef cldimst, whatdibdetiniRingahé ealibhaionabiid Effiprises
t.he second cal i b%ati on ratio; anddeterm ning the
SSPTBIE BN SR oRs kg0 baesd wpordhe fiset. serandctiitg, andefourth

Ehdngb] ANfhatSaRReagah i bration ratio. 5. The nethod of
claim4, wherein determning the calibration ratio

based upon the matri x conpri ses deconposing the matrix

tilizin i | ar_val ue deconpasjtion. 6. The nethod.
0 ol SRRt oBim e AR g (R GG carplises
@cﬂmgitﬁeeﬁlﬁg@erm ning a joint calibration ratio based
upon the first, second, third, and fourth channel

esti mate informatggn= - THe dimgfiog, ofy +al,gi m 1,
wherein deternmining the caibration ratio conprises
sol ving the equation’™ Vitayfisu AF¥Mikudiag(h , ) -h+ na H

a,.," 5z a, -1l+n ere.Z is a diagonal natrix whose
S ot Yop Sinshid ek Sysd Mafkuinl STBRRRE the GlemeB of the
channel  vectoy estimate h | k u, 111.= Y 11 e~mt" ,

S5 arF fiak Slywe] vosiar cramalg hag o Vo, = 7, ¢ ™ , and the subscripts i fu, arc

the tone, time, and user indexes, respectively.

8. The method of claim 7, wherein solving comprising using an MMSE technique

to solve the equation.

0. The method of claim 1, wherein determining the calibration ratio comprises
utilizing a joint optimization scheme with the first, second, third, and fourth channel

estimate information.

10. The method of claim 1, further comprising

receiving fifth channel estimate information corresponding to transmissions to a
third access terminal;

determining sixth channel estimate information corresponding to transmissions
from the third access terminal; and

determining a calibration ratio based upon the first, second, third, fourth, fifth,
and sixth channel estimate information for at least the first, second, and third access

terminals.
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the tone, tine, and user indexes, respectively. 8. The

nmet hod of claim 7, wherein solving conprising using an
wWORBE11@shni que to solve the equation. 9. The PEI/OSW0€H15726

claim1, wherein determning the calibration ratio

conprises utilizing a joint optimzation schene with

the first, second, third, and fourth channel estimate

information. 10. The nethod of claim11, further

ddnpr i/si wigelesso@inunmgcdtidntdppafaanrempesingmat e

infornaiion corres ondirg to transm ssions to a third

acces &t 23stifvagpteny ning sixth channel estinate

i nfor rb&@scﬁ%ﬁﬁﬁé@%'tﬂ@aﬁl@as& LS SATsRE QGRS fdfc@ﬁbf Bufigured to

third access termnal; and determning a cg 1 bration

rdawnmrbmdbmpom rative basedstppn spboady of hhrmerd fiduchannel estimates

fifth xthc estinate informti or. at

b verami e dine! ELRRNG S Hvinily o egRE erihals for

tcBhiMhdatiod withAACKLf Bk PHfalsiQ BIHSdcsaletAMaRPPAr at US

conprising: at |least two antennas; and a processor

coupled with the at |east two antennas, the processor

nfi L ' ' .base .
d3on AR EGhERM AR o SR P s RS oseppr s
rcenfégised td dﬂterﬁhﬁ?d’médllb@ﬁtdnrfaﬁ@ﬁ)rfeaﬂmme@l temahaltof tied plurality and

access termnals, for_ comrunicati on w th each of the
6@ G‘i’tﬁlfmlp9 tk@fcag]g@ggg r:%tJé\.l?ﬁs%pgon 0_92’1 nqiﬁg egﬁhrcgﬁ t]é%gahbratlon ratios for

CHMNLE Ml eARRaiat Us of claim 11, wherein the
processor is configured to determne a calibration
ratio for each access termnal of the plurality and to

term ne t e calibration rati
dieh TeSrits EPmainioHOT abiftiasts Sreigi, HE Sthefi Hihrpsor i
tc@ﬁﬂifgdi@dl fo colnbinelhe r¥fids@yaeragRIFTBAeh 68tht AlIRRRG Atids Of
claim 12, wherein the processor is configured to
combine the ratios by averaging each of the
a%:gg?gt%%é&%flésg%b%uf%%u% a.\llf\gltust %fecﬁ%}ngfg%&h&e%ﬁéhe processor is
configiged RctontbigoMibirmistiymonatlizisg Bychralib@tibn t40ig Mdthdetermine
calibration ratio and to determ ne the calibration
gt GabbFAieR datigerted URRR & MATPHEFluding gaghhelfhe paligtion ratios.
calibration ratios. 15. The w rel ess conmuni cation
apparatus of claim 14, wherein the processor is
donf i glhleedredﬁsis comenumicagoh appavz&hmd ad& ool odietdio thetppocessor is

rix,to obtain.the
con’[D grg%ec? utlhze smgu‘iar value decompos?’uon to decompose the matrix to obtain the

calibration ratio.

16.  The wireless communication apparatus of claim 11, wherein the processor is

configured to determine the calibration ratio utilizing a joint calibration ratio.

17.  The wireless communication apparatus of claim 11, wherein the processor is

configured to determine the calibration ratio by solving the equation:

gi,k,u = yu ) e_JwiT" ) dlag (hi,k,u ) ‘n + ni,k,u
= }/i,k,u ’ Zi,k,u ) n + ni,k,u

27



calibration ratio. 16. The wi rel ess conmuni cati on
apparatus of claim1ll, wherein the processor is
weomwbilg4sed to determ ne the calibration rati OPCT/US2006/015726
utilizing a joint calibration ratio. 17. The wreless
comuni cation apparatus of claim 11, wherein the
RIRGETEO! id i@l BfBWh A B et i€ ok Fhd BEALAEDE the
on:3mnere I"uis a

5 al
rati o By sol ving the equati

| | - di | el enents, he . . .
K Y

Khe t L= ~jw g t he subscripts i,k,u, are
tR% %ng’%ér?e’%lﬂ (rirglfél\gérl}%exﬁgé’gggbgﬁ%\@;%s, respectively. 18.

The wirel ess comruni cati on apparatus of claim 17,
\g@erei the processor is configured to solve the

uat i 01 YBYEleRsiCABIARIGaVeE 2PRawiAs lLelain b7, wheseinitheapreesssor is
CRIFMILE & Pt APR inBl AINEVES %&ﬁ In the
processor 1s conf ﬁ%%frogg)y?%m ea?lerm n%ete e{]‘gém i bration
ratio conprises utilizing a joint optimzation schene

ot h e plurality of forward |ink _channel estinates )
o S Bietos? st Biaalibh SR BECRFONT cHisrR e pagpsor i
QRbnBEGEs B deRdrifAIhe callStatidNraABRBMPLHNS FPTRI aﬁjlb{g? optimization

means for receiving first channel "estimte’l tion
Seheesspih therjurabity offasmard dink gharme! estimatessind reversedindshannel

te?t'ixﬁlu@ %8' ¢ r.determni second channel

estl ma?er lfnng%?{rﬁg%llﬁgﬁfgcocﬁegsetgg%lﬁgllghg to transm ssions

fromat | east two access term nals; and neans for
term ni ng a calibration ratio based upon the first

d séAS’pfiP(ﬂ’ fiY8IPTESEt mat e information for at the
| east rﬁéaﬁﬁor%&i\ﬁﬁ%:ggé? cl\?@glglse%tihgﬁ%%nﬁtio%%c%rre-gpgnding to

apparatus of clai rein the neans
dransmissionnty at Feastasdoi docesk itarminadd;i 0 conpri ses neans for

determ nin different calibration ratjo for each of
the at'FBRLr CeiREMURESCoR Lo s A TRBRBHAR Y Ry ERRoNding to

BiahdBikQBhs RdhiablcaltitRD atadst R3mirdds; addi€ appar atus of
claim 21, wherein the neans for conbining conprises

means 1e8ps £y detarhining healibidtionratin basad upomthie finstraatl isemnd
. t .0f ~cl ai.m,21, .wh int di fferent
e R P e e

and wherein neans for determ ning conprises: neans for
ggr rranh,i zing each of the different calibration ratios;
d neanaPRastuEek drim 20.vhereia theaneans der datermining theansbibration
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hastrteioractdse tammaneds dnolrcotdtimingihel diffetehecatibladtion afiticzn

22.  The apparatus of claim 21, wherein the means for combining comprises means

for averaging the different calibration ratios.

23.  The apparatus of claim 21, wherein the different calibration ratios comprise a
plurality of elements, and wherein means for determining comprises:

means for normalizing each of the different calibration ratios; and

means for determining the calibration ratio based upon a matrix including the

first and second calibration ratio.
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rati o conprises neans for determning a joint

calibration ratio based upon the first and second
web@aned4sesti mate information for at the | eastPE€T/S1006/015726

and second access term nals. 25. The apparatus of

claim 20, wherein the nmeans for determ ning the

czal ib I i r i1 2 . .

231 0 8RRl bECRAD SRSTAL el ol g & piorin
chtanerehpriss$ mearsefor détemmai‘ngm’yofm) E:aléihafﬁditﬁraﬁe dsgedfupos the first and
and aﬁgond access. termnals. roceésor-readabl e

SECRE A FRiTAl S rEermatiop derat |t1Pf‘slt3i1§§ ¥§t3Rd sgaond gecesyiprginals.

processor, the instructions conprise instructions to:
determine a plurality of reverse |link channel

@st | rréﬁhe@ppamtuaObtlamBO,t\yharélnabe:msmstfer déterahisingdimeicalibration
re[te m.ne a_cal rat on rat.i bas

of

FosPRa e 2 Eare A8t Ron B8R EondRbEeE RSl dad second

lcB&fte] etitfatOinfdrhftibh Borak keyle Rk fitdt GRS SecoRfl BRd28d ©raimdls.
the plurality of reverse link channel estimates from

the plurality of access term nals.
26. A processor-readable medium having stored thereon instructions for use by a

processor, the instructions comprise instructions to:

determine a plurality of reverse link channel estimates for a plurality of access
terminals; and

determine a calibration ratio, based upon a plurality of forward link channel
estimates received from at least some of the plurality of access terminals and the

plurality of reverse link channel estimates from the plurality of access terminals.
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