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L Field
[0002] The following description relates generally to wireless communications,

and, amongst other things, to over-the-air calibrating an antenna array.

II. Background

[0003] Wireless networking 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
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[0006] A typical wireless communication network (e.g., employing frequency;
time, and code division techniques) includes one or more base stations that provide a
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
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 channe] variations and/or

interference power variations. For example, the aforementioned variations can affect
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or methodology of calibrating in antenna arrays employed in wireless

communication devices.

SUMMARY
[0009] The following presents a simplified summary of one or more
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.
[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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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.

[0015] In a further aspect, a wireless communication device includes a processor
is configured to determine, 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 processor is coupled to a memory.

[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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[0018] FIG 1 illustrates aspects of a nultiple access wireless

comuni cation system [ OBREEF BESCRIPTIONSOF StHHE DRAWAN@Sa ar r angenent

conprising 3ogi1g§ei ver gfdai; transm tter chain in accordance with
vari ous aspg?:t sTdeschgggl lﬂgsrt%%g.agqeﬁ%fgf H]yﬁt@?e 3LCPYS| WiLqless ceumyalsalians ti ni ng
for calibratydemoperations. [0021] FIG 4 illustrates aspects of logic

i antenna array to conmpensate for gain

that facili cali i a

m smat ch. [B@Z@T FI G 2 fo(fitzllﬁg%ﬁa{ééta’ééntﬁ%‘ﬁéﬁaggeéﬂenéc@?mséﬁﬁ 3 Ieaivérabiihi t at es
cal i brati ngaadha traminsahain [¥ccbRlaA YW SREs Eb OB SRLgh- [0023] FIG
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FIG. 3 illustrates aspects timing for calibration operations.

ant ennas.

[0021] FIG. 4 illustrates aspects of logic that facilitates calibrating an antenna
array to compensate for gain mismatch.
[0022] FIG. § illustrates aspects of a system that facilitates calibrating an
antenna array to compensate for gain mismatch.
[0023] FIG. 6 illustrates aspects of a methodology for calibrating an array of
antennas.
[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
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[0030] 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.

[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, cartier, 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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article of acture usin tandard progranuni ng and/or engineering
t echni ques. T&g”éﬁter m R&éﬂ g{@%@@ hamapltiple agcess witeless sgmimamisiation systenmt ended

Lo encompas e AR RIenoRHaMREEIBL Ay BI,AS GRIRN Sr-n readabl e

device, carrier, or nedia. For exanple, conpu
i nclude,  b8Ystemn & inpdades mitipdeicalls, e gragitel, i104,9id 186 eIndAG. ¢ psick eell2, 4, har d

- ' ' i pS.. ), tical disks (e, g., conpact disk
(D di gt Sy 3HetuPRRRHLE poihfoaf Beruge miffp SSttors i 2he mh ol seeRBe devi cos
(e.g., cardforatetbl grdupy oflrtsifas each réPéhsitM Y tahBfinehti S adih 6 WO

2006/ 116453 PCT/ 1J52006/ 015726 ~as read only menories, programmable read
only menor i SEMINs4n 8 peEtan;of teoplle frncedly), antemiagsoupsidblde anékgea@hl y menories.

[0032] R etk gaidioBldHer s8I bl & ARGAZ Bl B, 39 SuBOBTHY) cat on

system according to one enbodinent 1s I _ e access
wi rel ess cofPrAspenst tp anliffergnitsestonl Innell Goeennaigioigd 24, 06)dnd 28@ach cel | s 2,

104, and 10 I ell 2, 4, and 6 may include an access
poi nt that ?%%%sgﬂgstgﬁu#?rgﬁgg%grétors. The nmultiple sectors are fornmed by

groups of al0dBhas eaEdvhrcel prohalebicsetDiceesd BFMN A hioR aiih BoBGEfieSion
termnal s inétggﬁortion of th In cell 2, antenna groups 12, 14, and

I, , i
16 each cor8SBoRd™Pe Sgeigss Sé:cz‘r?fc“‘é%?l%tr For pxamle, agcespisrmingly 3gandipd 18,

20, and 22 geehcommusieaRANAH Rcdss ol 869D, £65 %Emidal“s L6l 36 areARt €NNA
groups 24, 26, and 28 each correg ond to a dl% er ent se(I:lt or .are[ 8033] Each

cel | incl udeRmggrigation Withcaseess painifh and acghssderminads 3hamotareincat i on with

one or nore:s&84 iR fwilB point. For exanple, access termnals 30
and 32 ar eci n %@%@rﬁ’giv‘gatlgﬁg&ﬁ@ﬁ&%mess poi nt base 42, access termnals

34 and 36 alt@34lh corfiamtiobert J00is coupldi taeahss tipajells 24} an@6dCasEaRS 56 € M nal s

38 and 40 aﬁlgy iccglntaiﬁ %rrlrygrnringr%tcior?r{]ec i(.n}sr%o ?n%ﬁﬁ)?esnept)\?/cl)rrlys, el.lg6. 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
embodiments, the scheduler may reside in each individual cell, each sector of a cell, or a
combination thereof.
[0035] In order to facilitate calibration of transmissions to the access terminals,
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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[0034] Controller 50 is coupled to each of the cells 2, 4, and 6.
Controller 50 may contain one or nore connections to multiple networks,
e.g. the Internet, other packet based networks, or circuit sw tched voice
networ ks tHAEHIHIde i nformation to, and from the af&ddS2008PHHals in
comuni cation with the cells of the nultiple access wreless

comuni cation system 1. The controller 50 includes, or is coupled with, a
schedul er t #8363 c hedulreeertainaaspents sithen thertemrsmait dhain ofitbe @ecess pointianagosive | n

ot her enbodj - esi I.neach 4 ndj vi |.] ., each
sector of a@gggﬂa? ﬁl\(f-iratc%'}f:(és @%ﬁ@ﬂ%&aﬁ%‘%@r ?g& %{’8@3‘%{“‘31 fﬁ?%}#a\é@?e‘ft% g uﬁg@’f%i tate
cal i br ati on achlibmtosrtie s catibratctht heeeive clesss of e Btdesd Soint to it’s thank@ltphath t o
calibrate the access, point. gai.n,calibration | 0 deal with m smatches
due to the GRS EafgnrEt ShyR R armeneehie T B AADEIRR Fo TAREVERY due
to the noi seeuflizddi6 cAlHRRD e tranberit 6Rdih BF AE AQRs S5 J@&&%iv@%ﬁﬁﬂ oPthet €

signal s received at the access termnals, forwar i nk, and transmtted
fromthe ac@&ess Pt nal s, reverse link, may contain noise and ot her

channel variigdd-9ns th %@yh | i ' tE i provi ded
used to pro&?d g?t he c%%iu rate?%#f.anlagéegsr%ﬁ%vae%egﬁg& Oﬁg% 8hnel noi se

ef fects, mnulcbinpiueicang witlathedersninals dmitrhayt sl Hearfsared td asnindinciudesoaiese | i nk
are utilized. .for | ti pl ccess.termnals. In certain, aspects, nultiple
Cr anem sst ol tfunipnih§ o oRe Hiitnes NofE prnpafhe Fiie: Baulost, rLictnG 1 o
per f orm cal idimidal eiay @fso Be Birviest 19Q8,12A8 inchiddEbR 8P AIL e 4o tiBkeli} S Q0§ 015726
[0036] In certain aspects, either the transmt chain of the access point

or receive °aHBMANEIE feviseless sompumicetiondevise, teEmingls amodile stafien orggmpe done,
for exanpl e,oﬂgyte%l{nlojog'?,'ng a calibration ratio to calibrate the receive
chain of the access point toit's transmt chain or calibrate it's
transmit chd®038io it' K shedédberotetthianwhihidGe &) depicas physicalaectorsnieey hovien may
be utilized calibrate the transmt chain of the access in r receive
chain of t ndfesifalhifapet Sprt ARl ot dieal e SHERRREAL ARty be
a fixed stakkanplearidizingmulislefied tRimsI0thi dath édver ditferdnnabss gk d¥lYn al so be
referred to_as, and include sone or, all the functionality of, a base
station, a K&y SRFFe 88 eb‘flﬁ%ﬁd ip Letpia gy iBgymbingtion WEE 2hysica} #CI0A may al so
be referred sugh ASappfddeh idtepitdR 50 MRcIBEeddh bopdfink WCR i AppliYatoh Sefauser
equi pnent (UE), a wreless communi cation device, termnal, a nobile
station or Nowbl/2¢f,8%x entitledi“Adrpityg Sectorization In Cellular System,” which is

incorporated herein by reference.

[0039] 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 is illustrated. 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 signal strength and automatically adjusts a gain applied to the received
signal to maintain receiver chain 102 within its associated linear operation range 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



[0038] It should be noted that while FIG 1, depicts physical sectors,
I.e. having different antenna groups for different sectors, other

appr oache tilized. For exanple, utilizing nmult] fixed "beans"
t hat each%@%?}fﬁf‘ ferent areas of the cell in frequeh%?még%)g)gé be
utilized in lieu of, or in conbination with physical sectors. Such an
approach is lclielpi cte .an?@%{ scl osed in copending US Patent Application
Serial No. "eregprcsesnal @ qap caprmunitals the, sensb i neio SITLFPIBPIER Pl ar
System " Whitghsrhister ¢HaAGOTCAOr at ed herein by reference. [0039] Referring to
FIG 2, an antenna arrangenment 100 conprising a receiver chain 102 and a
transm tter [84#H n 104 Transmittes ehpim L4 con chmprise omsméitee prasestestititbad  her ei n
is illustra . | L; . I ses _a.down converter. conponent
106 that  dcgn"eonciEpidtort B TOTRL L BBt ¥ sl s i

converter congmabyteceit€bby wceiparchhinip yndamfueedes vitﬁbnﬁ?ro’t!dﬁs@ﬂii’skédiataﬁi n )
signal strengt

contr ol (AGC‘:X). anctionaI i tﬂ%% 1g8 Bh t assesses received sj

and aut omat i dg‘lt ?C%?ﬂ?g’?té T - ‘aﬁW?‘B’&e‘EHO‘fCﬁ@rrlééé RRSERvEly gREpled i 2

mei ntai n r egaisy eapehBisth&Qan wcnﬂatama%@uﬁﬁﬁg&bigﬁeﬁ% bd PERMIGRELA ihﬁﬁhé ange
and to provide a constant signal strength for outputting throug
transmtter SigAalican beshaped tade withip bangyidth eprestraitts white AEEati@Bandan be
optional to 0 i ; | i . Q... automati.c in
control neegﬁﬁg}t%t 5%1}%% ?@;‘B %@3@?1%&%%%%? f|:1a ﬁg’v&h% f%g‘g%}éj?@/un%ﬁ@ochgwg'ﬁ?). AGC
108 i s oper atdlog(l/A} oopiession by @b/ Aoaiverert1@0 defgted bing shbjertedemmer ter 110

that converts_the.recei.ved, signal..to.digjtal format hefore the signal is
smoot hed by °B*F#y e&’ 5P Oﬁvégaég‘ h}tf’rt(é‘gi:? Jr_%tzlj? trf‘iszm‘ftﬁ‘é‘iq‘a’é‘a]@“ﬁi)’% smpetidng.
short - t er m dsgildel anipliBies (HA) cohRohi@e E24/EM anplifydk puE&/Qi@thDbefog@ i ver chain

102 can conprise,a receiver processor 114 that processes 2006/ 116453
PCTI US2006/ 63%/P5560n tothe basehand by an pprrenvereid26an conmuni cate the signal to

one or mor e [gagponent An@fna Ma?ﬂgmag%RisFﬁ%%hgaﬁ%?m{ S0 anTﬁc%Eﬁgofg er chain

104 can conprise a transmtte rocéssor 11 recelves a nal from
recei ver chanthactess tgrainpl. As seabs thetetrary regomitivenbleadiffegned otsbratd baween

originall LV . Lver ain.l and subj ect.e 0 various
pr oges ses yagrglg%rgﬁ grap%x\}éu[%% 81{ %gnsglgtﬁ% Sﬂaélﬁ ? @4 ?’ﬁerf’%eb‘fé,r Cﬁa}"} ?Oﬁ Wdzqﬁﬁ’ini’ er
processor 1iifsrdo, regiproaity vfethy equivhidng Ghaneland/Bt s nfititRedeivkt Sartdiihs BaP

' ' to be transmtted such that the signal

facilitate mar}{epul at i n%yll'i? Si ‘%gl_ .
can be shap8t gsyymed; ¢ @ (R ey 98 entemnas 40Quen uaderstandies ofifhe and/ or
3! I mt n?t It NOniaBiiftide B VR kiohd) iif ek SNACLERR (RO and/QEmBANR! ofGARatnder 90
igital-to-
J propagated along the transmitter and receiver chains and their influence 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
amplitude, as any other transmitter chain 104, respectively. The same can be true for
receiver chains 102 of each antenna 100.

[0042] The mismatches in the effects can be due 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



anal og (D/A) conversion by a D/A converter 120 before being subjected to
an operatively associated |lowpass filter (LPF) 122 in transmtter chain
104 for snoothing. A pulse anplifier (PA) conponent 124 can anplify the
pul se/ si g%‘?z%%%f'? up- conversion to the baseband by §HTGI|§2(I98HP?@% er 126.
[0041] Antenna array 100 may exi st for each antenna of both an access
point and access termnal. As such, there may be a noticeable difference
observed be&HBnsmatch A5 lrw-oise areplifier of ancamplifier indthe phainsevarisiainn-104 and
recei ver chahghilPerandiRr sanples thereof, reciprocity of the equival ent
channel and/or transmtter/receiver variations may not be assunmed. Wen
cal i brating[@M43hrray Bér aarscesss asint @calibratamdie tratsanidéhain tofitstcbreespording t ude
of variations,..| .er.ns.0f the effects on.the phase and/ oy, |'it ude, of
ol gnal s pr oREYRERHT GrEHE el PanShrtiebiing P tam AroRHeRiY he

i nfluence omwobltrequirsll @mplexodnddoteRahiBNaftiédy possiaP FlfkerNEY spéeifid 1 11 zed in
order to fageirel ' t?t %fgs\' calibration process. Furthernore, in the case of
an ant enna Fﬂé@F," ’g’é #1d Npkdganpmispion, o5 pilatagrsethior severse diak etansmissiembori t t er
chain 104 a L i . re,
each diff era 12};1 v%’?gcﬁgéréan ter g%gi%%gtfgjm%% Egrvtggtgﬁ %rf ?@%ﬁe?&g,rff) Pe-ir:kﬁ;sﬁ ‘f’el%n terns
of phase ané#lihrationnpfid estithateddasesrop botthibe farwarsamil ré¢versedinks, ithet®ib, some

respectivel T true. for receiyer chains 102 of each
ant enna 100¥rrfr018§%‘1%%ﬁ%§%%§ Brg nngagaP e é@?rgfoé%tﬁn Beé'eE?ﬁESPFGS’t%E
physi cal st oumbrercalildbitidhmtioaestignared fdOOnunsRapodiedtentidELia@ntRss ardr a nunber
of other factors.. Such m smatches C@B i.ncl ude, for exanple, mnutual

coupl i ng ef PURRIBed i Rrder to phtatnasingl YaHeR 1A BsE by dhe arestwpint for
locations, afmilsishaoane bRl GAs &:csésﬁéfﬁﬁﬂigean @e&%an?] Qzﬁak,%ﬂﬁgorgagkogg’ and

the like. Additionally, exanples include, msnmatches can u

har dwar e el BY¥AeRstitutnan avgregmof albror eomae prediernsinad) subset.of dhoalibration rati¢02 of
each antenn . i socia wth
onal og 111t or st ackl AP mmu LA HANEL RES voRR o BBR0GHE S

PCT/ US2006/ carBhif@iongedyberdoneniat € joimfoptimizatiernfasiien whyat ithe chanel an anplifi er
in the chains, vari gts non:_.lin arit%/ effelcts, e%,c. é)0043 For an access
poi nt, to cAPFBFERERIIUH apd i spihracesss ferming! are CombippdOssHMpRG Sinelecei ve
chain (i.e. cdlibeatiof e@ioBatGhatombiasticdsH et Omisthaldies RABRhIBERH RAhinal,

i ndependently. would require a conplex and potentially unw el dy process.

Furt her, anV’té?}B@PlfF]éﬂn% @ciagiideal qagbration e doriepeikaacessiiemingi on, or pilots,
used for reypage | i nkpdrLAPERES 8dcRR tefhfihal, the access point uses the related reverse

link channel estimates and 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.
[0045] A forward link channel estimate, ﬁf\‘l} , may be estimated at the access

terminal for transmissions from the access point’s i-th transmit antenna. However, any
channel estimate will have components related to the noise of the channel, along with
any gain or distortion caused by the access points transmit chain and the access

terminals receive chain. The forward link channel estimate may then be written as:

ho = Bar oy b+,

AT receive chain AP transmit chain Physical Measurement

gain mismatch gain mismatch channel noise .
(Equation

1)
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any given access termnal is subject to the noise for that user.
Therefore, for any given calibration ratio estimted based on both the

forward a links, there is sonme error introduced by the channel
variationq’g%gf)%g(g{ﬁzsg Therefore, in several aspects, onggT/glpz%Plém

calibration ratios estimated for a nunmber of different access termnals
are conbined_in order to obtain a single calibration ratio to be used by
the access poEAtationl, chapnelepimae itp fupctionef ghe gain mismatoheBaof desactess ni nal s .
In certain aspects, the conbination nay Ugonsti tute an average of all, or
sone predet &FHRITHEEFCSfsain, He gaianisapich ag iob thertenpmiiter ¢hain eftbhactessess
term nal connuni,cat. ith the access point. In another aspect, the

conbi nati on pﬂlg?, ; %‘g}nﬁg %em% Hh}fflc]aﬁcf}ﬁflneg B?H“Pﬁ?’k% iPY antees Beingmepwirethand hannel
measur enent ghef foRd) /21 tHeQha®iRe thafiz $68 3t Ihe cHAa] esthgteCOMbi ned to estimate a
single calibration ratio that is a conbination of the gain m smatches for
each access [@0d6]vi nal , In thé t4se Of revedse Hhiedriddhisidonk HdichhhepbstiGatd fuat i on ratio
for each access termnal. [0044] For any given access termnal, the access
poi nt uses wpResyplintisgeth reverie sptenia diie te ransnedsicnstormeteaST il isfeasenasity dn Nk
channel estimates, which are perforned at the access termnal and fed
back- to t he ™yerseskEgwtian 1. Thissan be sees inEqyatian & beloveal cul at e t he
calibration ratio, Abased on that access termnal. [0045] A forward |ink
channel estimate, hT ,_-nragbe est t)ed t {hgyaccess termnal for
transm ssions fromtAhR acce€SsAPoi A" APi -t hi ttalsprit antenna. However, any
channel estimate wWorrpo ts rel aed to‘T‘he\noi se of the channel,
along with an aln or distortTon caused by the access points transmt
chain and the éﬁg’@ﬁ“'t t er fifhigceive gleain ve Phisicah. ThdVidastmement | i nk channel
estimte may theiae writt SANIRSMARET / channghP h + nnoisd r eGRiYRoR Bl N AP
transmt chain Physical Measurenent gain msmatch gain m smat@}: cﬁannel

noi se ( Equalt Banatian 2,1this\Wirpeb@tine 45 8 ipCioUSADO i hbdatch by, dahedccas 1,
channel estimate is a function of the gain m smatch BAT of the access
terminal reteapipal trangmitiehainhibe gainmismaioln toith ofithP acdest prenttreaiverthdigm; chai n of
t he access ojnt, hj which is the physical channel between the two

ant ennas be?’vﬁlj ipthe B#“égéﬁal chigmelbgiwegp thiedwn antgrnas fheing mrpasiaed, mhditheinsispar t  of

the channel ,es i finci A48l & 0 GhaiAR Gefud ever se imk transmissions the
e

channel estihate at t
[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) (Equation 3)
.=hAP___0(AT_ AP=7. AP_}/.77
i NO) (i) i = i

hAlT IBAT aAP a’,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 #;is the mismatch ratio of the receive and
transmit chains for the 7th 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 idealized, as the noise estimate is not included therein.
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access point's i-th receive antenna due to transm ssion fromthe AT hgP is
essentially an inverse of Equation 1. This can be seen in Equation 2
below. h(Q = a + 21 AP AT AP i . AT transmt AP recejive chain
Physi cal Né%%oﬂ?@r‘?éﬁt chain gain nismatch channel noi seCEJGHPBR™Y) 1n
Equation 2, this channel estimate is a function of the gain m smatch aAT
of the acceﬁ ierm nal transmt chain, the gain msmatch /|1 P of the
access poi ntV¥8ei ver The,ealifratinn ratighico h=1.s. ,%ewlpﬂw@!datheciumbnmwn%men t he
two antennag ﬁg rreasew&cli“ and t he noi se . of the channel that is
part of the't F‘S%oé?tl B2 ayrAR) eIgFP“B?QJI’é‘FO Q1 VESIOT By For €aghyascespt enna
array the rT‘téi‘ﬂiﬁ‘Ial-‘;mméﬂﬁﬁﬁb@@w&?@“caﬁ%ﬁéﬁ/@erct&hal ns 102 and transmtter
chains 104 of antennas 100 therein 1s shown below in equation 3. It
shoul d be noted that other nethodol ogi es and mat hematical relationships
may be enpl oyed to achi eV arrgyncpllidrlati on in conjunction with, in lieu
of, the nethodol ogi es anfdzmat h Lﬁtl ZJP rel ati onshi ps descri bed herein.
~(|) p(i) (Equation 3)¢= (1 =& + Al -ARnl/ ARBglatich4)i) (i) - / (i)
hAT AT aAP aAP In Equati , g;-ijs|the overall msmatch ratio between
reverse link transm ssio nd |0rvyerd Iink transmssion, y is the
m smatch ratio of the gains between transnit and receive chains of the
is the msmatch ratio of the receive and transmt

access tern'ldbgb and i
chains for fih adndsvations ﬁhﬁeﬂn&w%@%mmiorrquorsitomlhecbsbmatwfced that v

i's substanticdlahénGORS

Al so, in sone reggrds Bﬁ%g{s%}]&g& s%g‘gg??%gge ac@%§% a]i?gga’ggﬁ%?ate i's
not i ncl udewtﬁméﬂﬂbﬁhﬁelemnw\cf 2606/ i BT oRGIx BN/ iAdbdRS both@48] The
calibrati on,b i.s the nunber of antennas in

the access po?ﬁl{]&)e aH’t%éj h% %FP%E?“ é%fr?af}?amgﬂ’rsﬂ’éfﬁﬁﬁ I9CRIVE CBHBS Olche gices, Pofhr each
access t er mitermh arrahChellBydenth@ iBehatth c6bdpBAdhE RNthY B61Hit andFbcelvel 2!

mismatch of the access terminal transmit and receive chains.

[0050] 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 teinperature 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.
¢, =7, M (Equation 5)

where y, 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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Z=c¢2=Y 172 + Za = Y'rl+n (Equation 4) CM ~M ZM [0049] In Equation
4, the entries of vector c correspond to the estimates for each antenna
of the ac jnt with respect to a single access tern 1t _should be
not ed that%&?%ogg)&6 %‘?ents of vector c may be conpl ex nun%gllr@%%%gbﬁm%g bot h
the anplitude and phase m smatch for each transmit and receive chai ns of

the access point antenna array as well as common mi smatch correspondi ng
to the trandhere QT mMoERfcsess tpHmipale kave 8iveryHarza geiagaismalchipabimpleansni t and

recei ve chains. .[0050 he noj s ector n includ effects of channel
reasur ement RS may ek 1S inl S RalTEe aierst fuviut tersrrrt oA R ERE
de-correl at i arg8di e hidfatc®AsUr ements of the gains are perforned at
different tines thus allow ndg“channel variation over tine as well as

t enper at ur e [605d] ot her Invaotiat hee, edch calithivh vebior esiiBats) tafRPéndidR2l] An
estimated calibration ve(_:tagr_ Z. corresponding to access termnal u , may
be det er mi nEPECHE ashesiiPrREabis n sk acenptding tean elergent of the(vegignt TRRMBY wher e

ro. 1S the SRvi/ThsiRLeRRERS BRRNAG b, Bﬂﬁm%%(c\@eﬁte%rg{néﬂé'ﬁ?ge hERRS L and

recei ve chains and I's the msmatch vector correspo e-access
poi nt ant enmasmach @y. Thispreodss isadegicted belowein @yaitivs. 6. The vector Z. is
determne for all of the antennas of the access point antenna array.
[0052] In the above it shoulLd be noted that there are several methods to
conbine different calibgatfaon gstéga& ¢ (correspondi N9 d.QaRagur ement s
fromdifferent access térngpals) to érate an over alﬁ 9OF Cortbi ned
calibration estinmates. One way to do this conbination is to average all

the calibratjon timates t.o obtain ingle estinate. 053 n this
appr oach, eitc OI&IEI%FBP?%H B& %?asgg‘%f’%‘g’@ﬁﬁ?l%ggmg‘t% "'i“'ﬂi‘i’ie TPt e
factor, yu of #aicalibritfontiekforr 8 Méngf it idliHelsanhe BlemaAiBsSach QLB AMnSvectol @ case
12 WO 2006/ 116453 PCT/ US2006/ 015726 = where one or nore access termnals

have a very SfHP4® Cfafhe fpiehement oyanothex elemprt. Tag svragf ty nesmelizedelementt esul t s
that bias t I;geth%‘gg%gibﬁgyé% ﬁﬁ]ﬁb&%ﬁ&éﬁeﬁt?b@f% \I%ngg\é!_ ng the largest gain

m smatch y" anot her aspect, each ration vector estinmate,
correspondi fP55d a  Another approach that may be utilized to combine different calibration

vector estimates may be based upon combining the estimated vectors in a matrix. For
instance, in certain aspects, it may be that that each calibration vector estimate is a

rotated and scaled version of the same vector i 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 whose columns are the normalized calibration vector estimates may be formed from
the calibration vectors. A single estimate for the calibration vector is obtained by
performing a decomposition of the matrix, e.g. a singular value decomposition on the
matrix Q. The eigenvector corresponding to the maximum singular value may be used

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

Q=[¢ & - &] , &=t j=L.,U

j " (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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specific access termnal, is normalized according to an elenent of the
vector. This may provide mnimzation in those cases where one or nore

access tergm have high gain msmatch r,,. This pr i icted
bel ow i n %@&%’i’ﬁ“% U Cu | E=-F S, (Equation 6) QJ,?EW?"“?’?&Zﬁ%ould be
noted that, in certain aspects, the nornmalizing el ement may be any el enent
of the calibration vectar, as long as jt is the sane el enent for each
calibration W@&%’Fm t%@ﬁ’ﬂ@f’@,ualécbe%s ferainglsy dhe ealibration vestorsfer ther el enent .

The sum of th@bined KRbidRoIne FERbE diff&eﬁthﬁ&hé}'micglg;ﬁo&xsek.he total number of
el enent s Ug‘; the vector Z. [0055] Another approach that may be utilized

to conbi ne ks ent Aaalternafvedn calgdatingrmytiple walitrstionesectses i ésetilizepon

conbi ning t - : ] Rt 1 o) instance, in certain
copoct's, i ¢ CmRHEPRAGH pKEEARE ek BlBRldebehy bl and 008 el ", <
rotated andmsesiregenyes fillows.oln sohe casespthy ecesirterhiinglngd bdvesy plithayn and
scaling are %}éeté@e' tEe d éshergn& ad;fgess fterm nal m smatches yu . One way
to get rid B Ihi &¥& ?rfnﬁjg Fges QST 1requensy fones anda diffgrent dimea c h

cal i brati onin@aisOFuitBer Y@ rfay by 4 tiiRE Bror Gtes), &W@%%Eéc%ec%%saﬁdﬁ%luums

: ; b 2
are the normalized calibration vectof estinates may rom- the

cal i brat i onthvacésotaminil 8 thed & BSutHRERe, RS forPRddRkicRARE] WRto¥ 8GiRlte | S
obtained by perform ng a deconposition of the matrix, e.g. a singular

val ue deconBosi®eashredat the accepsterrpinalqaytiegelgied émthe cevsrsedinkchameohictog t o t he
maxi mum si ngul ar value may be used as the overall calibration vector
estimte, eYmalshgpdnpasiied piiheescess nomt. Pat epprogcheutilizingdie ddlibration( Equat i on
7) SVD(Q=U.S.V [0056] As exenplified in the three approaches above, a
cal i brat i onV§eEYi b 5nd thepcaess farminabmismageher i denioied int BqystionrB below. val ues
corresponding to the elenents of <calibration vectors are cal cul ated for
the antenna array, or those antennas of interest, 13 WD 2006/ 116453

PCT/ US2006/ 015726 with respgct 10 3-he, _idmgj Kid ‘al+ access termnals, The
calibration vectors are then~*¢ortli ned ac cgr"di“ d''t'G+one or Mofg ekl er ent
mat hemat i cal processes. = Vika Ly NFD,,

8)

In Equation 8, Z,, , is a diagonal matrix whose diagonal elements are the elements of
the reverse link channel vector estimate h,, , and ¥,, =¥, -e”’%, The subscripts ik,
are the tone, time, and user indexes, respectively. In the above equation, the unknowns
are the calibration vector 1 and the access terminal specific mismatch Viku- A feature

of Equation 8 is that access terminal mismatch includes the effect of the timing
mismatch between the access point and the access terminal in addition to the gain
mismatch due to the access terminal transmit and receive chains. One way to obtain a

solution for 1 and ¥, , is to utilize a minimum mean squared error (MMSE) approach

as shown in Equation 9.

pu t;l ”771'./:,,‘ Birw Ly "”2

v . — . E . 9
{11, yi,k,u} = argmin g, (1], ?’i,k,u) st ”11" =1 (Equation 9)

Tlv?i,k,u

Solutions for 1 and 7,, , may be given by Equation 10 below.
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[ 0057] An alternative to calculating nultiple calibration vectors is to
utilize a joint optimzation procedure using nultiple access point and
access termnal neasurenent as follows. In sone cases, the access

t erm nal point may generate their channel J r
di fferent rze“?]ﬁ/gﬁz% tones and at different tine insta%térg}.uglﬁ—;gg@ﬁfgr%,
may be a timng error of Tk " between the access point and the u- th
access termnal at_tine k..In such a ca t forward |ink channel vector
estimate gr,k,u 111%52'?1%"&1e%”ﬁ’ﬁ@"é@@@s%if@r?&&,m pb&irel ated to the
reverse |link channel vector estimte h$ k u“easured at ttag acce? poi nt .
One approach, utilizing the calibragjerZ, yextor g, and t he ‘HEE88 @ern‘i nal
m smatch y" is depicted in Equd’t-ﬁ-xeoﬁw gi,k,u =yu' diag (h,,k,u)
q +nl,k, (Equation _ yi,k,u"' Z,k, **1+ni,k,u 8) In Equation 8, Z k
uis a diagonal matrix whose diagonal elenents are the elenents of the
reverse | i nkheleafonelvesterx othe egthogombleprijestidn, opemtadt L meybeydfin@tds' © ~ . The
subscripts i,4t it, are the tone, tinme, and user | ndexes, respectively.
In the above equation, the unkﬁg_ xdre the calibration vector n and the
access termnal specific nmismtsh y, " . Af Bion 1) Equation 8 is that
access termnal msmatch includes the effect of the timng msmatch

bet ween t he[M88kss polneorapensattfor hecaismatchesyiheaklibraticuoiritios may bousehe gai n

m smat ch du t erymnal, transmt and receive chains, One way
to obtain aglte'tsrgl?eté%% d?@%ﬁ#bog}ié’r %ﬁtheﬁtge ﬁléas? 81158‘??1?1&9% Qﬁfr‘ﬁ e rean

squar ed er r cair{ dMNBEccagpofiethmath itsth depeckiverehant drequialedily BGltkd the Kaik, ,
gi,k,u - Z Ik ulll t k u t:leguati on 9% ["11 Y,,ka, }=argmnpu (rl1,Yi,k, u)
S 11 Ti | 1=%" e freriye el f Bk dogegs poju ¢ H@toll%.lkt,"_litsrﬁfég?srfb‘éf’lgﬁlr\‘/en_ by Equation 10
bel ow. 14 058006/ 1 1i46aiReTpebiSAR0 RAATERR meytosO ik Mlall i oo BRYEST O Of F
B - (MRC) beamforming, equal gain combining (EGC) beamforming, or any other spatial

there

pre-processing techniques for transmission to any access terminal. That is, if the reverse
link channel vector is h, the access point uses the following pre-processing weights for

transmission;

Wurc@=h"/jn| , |b|=vh"-h for MRC

1 i (Equation 12)
WEGc(h)=—J—M—exp(—J¢h> , ¢,=0h forEGC

With a calibration vector estimate 7, the access point may uses the following pre-

processing weights to compensate for its transmit and receive chain mismatches:

Wyro =diagm)-h* /[ , |b|=+vh"-h for MRC
. 1 , ’ (Bquation 13)
Wege = d'ag(m)':/“]‘;l"exp(“ﬂph) . ¢,=0h forEGC
where diag(n,) = diag(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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fi1 z ,,i si.kn 4kd, U ,k,,, (Equation 10) gGkTi,k,nII_Yt,kd, - W

of , k, ngf, k,u where, for a vector x, the orthogonal projection opera]'Eor flh,
may be de IIx—I-2(Equat|on 11) xx (0058] T nsate for the
m smtchey&fﬁ@?lééﬁ3l bration ratios may be used to al tgFSf\}tzﬁgﬂ%ﬁili%W in
terms of both, or either, the phase and anplitude of the transmtter

chain of the access pgint to match it to its receiver chain or .

equi val ent | ?af‘%’mgﬁé‘fﬂ?ﬁ%"e@géihﬁ‘k igare) measugedet the agqeas peink Ehedimearesiod ofoi nt
to match it {elmédsdrebdeAing g‘fﬁncﬁbﬁ‘bf‘the BQ&%?J!%R& ﬁé ﬁc&s%&?cbﬁnné fis access

poi nt may use maximal ratio combinin eanf orm ng, equal gain
corbi ni ng ( Heofingesnpdpng orgnomepilat predtanemited anitlz forvard lipk tcthe acd&gs

t
oversa- i uinitel SPRACEEs Ml B 68 e B B¥simple3te tofisatdink o ng
pr e- pr ocessichapnelei Awish fhelreveweams RbtBALE) soM?ﬁhg IEan;/gx\E;kz ,TH\?V hltE%od@d h for VRC
1 or a
(1; al( Fglrjgt : 82 f@é{%}ﬂﬁ@f@ﬁf&?e@% be hénsa%%cg@clﬁ&ﬂ the agaggs RpiRign PR6T fool | owi ng
pre- proces %éﬂéﬂaté\’ﬁiegzgﬁﬁaﬁ&l ﬁﬁgp?ﬁ@é’ﬁof'e It%ﬁn hct, %eﬁ 'Elﬁf‘ﬁl@}etls S5Me HEGRLME Cchain

m smat ches: ~ wM =di ag(r|
WEOC=di ag( r Popuntef pme; gy erefowmmmuﬁmcc@@@r@&qihmlomty, 8 whickheatibratiorag( q) =

d 7 91 I i.bes. one, enbodi nent of
r Ieggl( ver )chgzlu{ &0@8@%9 “latrhglrlltgarﬁfﬁ?m&eg%&n S%Pﬁ@y PEIRREREON st ruct ures
may be util {0068] For Aexmm:l seen ﬁOIdIFﬁGECF efmmmbmanmi edtiRiRR TR Suliple be

recei ver, chai
used in bot Qccess terminals are utlﬂzedo t%e no1se and drift associated may be reduced or at least

sampled over a range of times and receive chains thus receiving the overall calibration
gain.

[0063] FIG. 4 illustrates aspects of logic that facilitates calibrating an antenna
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 ratio aggregation calculatof 306 that calculates ratios that are-used to

generate vector €, and aggregates them for use using one of the methods described

above to combine different measurements from different access terminals.

[0064] FIG. 5 illustrates aspects of a system that facilitates calibrating an
antenna array to compensate for gain mismatch. The system 400 comprises a processor
402 that is operatively coupled to an antenna array 404. Processor 402 can determine
gain mismatches 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, efc., 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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transmtter chain 104. Additionally, different devices and structures nmay
al so be substituted. [0061] FIG 3 illustrates a timng cycle for a
calibratign froma single access termnal, where a TDD system having a
singl e foVRArUOH*R frame or burst adjacent to a singPETSYEPLRTI6 nk
frame or burst is utilized. As can be seen, one or nore pilots 15 WO
2006/ 116453 PCT/ U52006/ 015726 transmtted on the reverse link is(are)
measur ed at 4Phend/ore BEOcpsPIhat bpeanalyaes qudracnetates informatipmreseivedient i s a
function of 402@1 ' ' i ng this decoding
peri od one 8%&%912 pi ng?gﬁ%@goﬁcgﬁlgﬁne?%g@ﬁ%ﬂ&%gs eé’%\“/%tdr'd link to the
access ter (0066] . TheMaowes408 @nmilditibndlyaetorapetocoBasdobiatediwith genbatigst | mat e
the forward_link .channel. As with the reverse |ink estimtes, sone
decodi ng | adfiicepEs M HodrtRaEsentyipapismptei pot woR s SHRIGAAH51ER

transmit t ed4bmeda dn@plo@oRd 9REScORINBlor hIRoRtheR o héhieva@ARNAL &uliblMgiof ahd/fr ati on
ratio. Therefore, it can be seen that there is sone m nimum anount of

time, and t FEYRAET OMRSRSGHGH AR aesadedtherain. ntavill be appirecjated hat th etk store
o TRATITH! 5 ; .
cal 1 brat! On(e.é\:?iﬂeﬁ@n&gb&h ﬂggﬁ g%chh%eé%f'c%béaiﬂagv&atﬁg E‘r%?l'g%)&gﬁ:l G 3 if

substantial 'y interfering can be Sseen
mul ti pl e chaemvelatissmematyesr dandmoluds| boiptodatileackbemvoletikintmary 2B wayiof i zed

t he noi se a | £t sociated ma .. reduced or at, | east. sanpled over a
range of ti{r@ggédr?&’ ?’ngdcszneo?égﬁgﬁ%ﬂ’ Hgﬁl“[oﬁ%ée ?@B%y\ﬁaﬂb““? r‘?ﬂ%éln&f TeRGYY brati on
gai n. [0063[RGIE prégfaﬂnmaslemmpae)mﬂsctﬂéanly@& atthable RN (EPROSS,
calibrating an a ]&enna rray to conpensate for gain msmatch. The system
300 conpri Seectcallyiarasall (EBRRENEner thepmematy. i Vielrila aremoryivaninelode
estimation ERHPAAEEss %@ﬁoﬁf@%ﬁﬂ@hﬁ%%ts_a@ lcfa‘éﬁﬂngﬁﬁrfl%\gaﬁg put

signal s and/ or conparisons between receiver chaln output s and a
rati o aggr egsirsionaad sof limitatiop0RAMharvailableuh arey fores isash dslspchameusised t o

generate ve 3 0 [ he, net hods
descri bed g%% gﬁ%%ﬁ?’(c)hr}@%%{ec | erﬁéA Nﬁn N “é%‘f??‘%ﬁ%ﬁ?éﬂ? F%‘éﬁ)’f%’?gﬁtdaﬁccess

t er _m'bnal s. [BOSERAM (BDE SDRAM), cah@sedSPRAMS gEB‘DI&AIWﬁy%hHﬂk&%RA%i litates
G ot 10 A 0B s RARTRERR AN 1 ok o b B o Lo
array 404. BseeRe80metHdds HaneA®deb 0bhpriseIfithoul bsiBliaes td, esd Al 4l,dual

antenna conbi nations at the access termnal and g%cess point utitizing
cal i brat i onoBesyEadetyPaDel mEpeiyessor 402 further conprises a

[0067] In certain aspects, memory 408 can store the calibration vectors ¢, for

each state, i.e. level of amplification, of the AGC. In such aspects, for each

transmission, the processor 402 may access the calibration vector €, for the AGC state

without performing a calibration. The decision as to whether to perform an additional

calibration or access a prior calibration vector &, for a give transmission may be based

upon a time period or number of transmissions since the calibration vector &, for the

AGC state was obtained. This may be system parameter or may vary based upon

. channel conditions, e.g. loading of the channel.
[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.
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calibration conponent 406 that determines the calibration ratios and then
generates and wutilizes the vector 6.. [0065] System 400 can additionally

conpri se that is operatively coupled to pr r 4 and t hat
stores i nwm%//f%%%r elated to array calibration, rati o%giﬁg@g{’giﬁ and
utilization, and generat| ng calibration data, etc., and any other suitable
I nformati on ted | brati antenna array 404 It is to be

appr eci at ed[(Eq‘ggf proggggw Ef@ a’%glr‘ilktﬁ‘éd Eeveise ek hannelsgiimateearecollestsd v zi ng
and/ or genegaibritthn Al EPSACR Bcceﬁﬁ@ﬂnﬂﬁchgXco@ﬁ@%ﬁ%ﬁfen%ayBe BiQagsR0r that
controls one or nore conponents of system 16 2006/ 116453

PCTI US2006/ blosk284. lngertainsapests, he mt@mforwmlnﬁ@mﬂ rmeswmbsh@ml

t
domponent s SiTESEAATARERT KEH bty Re SRR Rl Ko BRL R G B g ™ €
protocol s asssesinatléple wstirmateeiors gﬂvemgpce&Itgﬂﬁilalﬁmple?peﬂ’mdned based upon

nodel s/represen tions, smat ch, es ch that system 400
can enpl oy § VG F]B?n&ﬁi)qsgméﬁd’/a’&? 0 I"B’Wfl ﬁﬁﬁrﬁ Cf’i?"%fé‘ﬁféﬂ/%mﬁﬁfeénna
calibrati on[omd] or Ni§ Hﬁ&&bem@m@@@a 1oFIGaS, t@&éﬁ{aly%th@ﬁﬁfe@ Bekwé@n" be
appreciated that the data store (e.g., nenories) conponents dgescrl

herein can M diferprtcalrslagons and ipemigsions. Fﬁﬁh@roﬂhafliﬂcéoﬁﬁélrﬁbfo}? blogks FM¥n |
| ude b ,
i ncl ude bot by gL & cﬁf%b@ﬁﬁ'ﬁ'@h{% rhiifinERR o . &;ffggxgv%ﬁ}sy fowﬁ%%mé B 'Fg% an

not Ilmtatlon non can
pr ogr anmabl dlfﬁ@ﬂt @ﬂa@\tpnmehlac'ﬂ"harefafel, ycq:\fnmgmarmtthhey BORAt¢riAhANDr 2 given

| Il b Vol at i |
nclude r aHHE BRLBGLORAHEP) ChRARhes AL A e e R ik B e Bk mumor y.

By way of h’aﬂlsﬂﬁiﬁsﬁ(ﬁisltmm d)rn%}rnbmedoaédc@mvel%kﬂd s available in many forns
such as synchronous dynam ¢ RAM (DRAM, synchronous DRAM

( SDRAM) domﬂé dat a TlPea‘i ibrsfipAtioDER SDRAMPned fhNREE ABPRRIN ¢SEEBRAN) |
Synchl i nk il steﬁrrﬁ alg'tﬁ&%tsoﬁiamé% dﬁﬁ%&@ﬁwonr;{tﬂﬁmgsgut e 408 oOf

t he subj ect syste and ods is inten to conprise, Wt 2i ng
limted to, C@H’O@@@naﬂt@bsamyom@owé]rofshn acadsh @mmn@fglmmyr or[celBGn | n

certain aspects ratlon vectors. cc each
state, i. g'f“"‘s\/aglune %ﬁﬁﬁ feﬁi%uélf ef)?l ca Pr F?I 1 F?ﬁc ATERH® 5‘88’@{@ 1&16;?1 each
transm SSI OBne (bﬂ}ﬁo@rc:@lﬂﬁrSl&ﬁfraﬂ&?aréwn@aﬁaﬁai the calibration vector 6. for

the AGC sta t hou erformng a calibration. The_ decision as to
whet her to i)@pd)mr m an %ngﬂntq%&c}& ration ratio may be obtained by simply averaging the

calibration ratios or utilizing the other approaches discussed with respect to FIG. 2, e.g.
the approaches discussed with respect to Equations 5 or 7.

[0073] Each transmission from each transmission chain of the access point is
then weighted with weights based upon the combined calibration ratio for that transmit
chain, block 508. Also, a combined or joint set of calibrations weights may be utilized
for one or more transmit chains of the access point. Alternatively, it is possible to
transmit this combined calibration ratio or a calibration instruction based upon the
combined calibration ratio 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
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calibration or access a prior calibration vector Z. for a give

transm ssion may be based upon a tinme period or nunber of transm ssions
since the_calibratjon vector Z. for the AGC state was_gbtained. This may
be system“ﬁ?ﬁoé{%tﬁg”' or may vary based upon channel CORST@#@H@‘}IS@‘SQ

| oadi ng of the channel. [0068] FIG 6 illustrates a methodol ogy for
calibrating an ar f an‘%/ nas for transm ssion. Channel estimates for
Che f or war d EFIeFAESGRm fareins, ek Poswiranseitied byites jpeesiipsinthAddikosdly, As

di scussed abgingel dslia®s tdran@lersslid : f.or war d
link pilots transmtted by the ﬁliﬂgkgg?t&me'%%?%%’%%@%Eh’gé?ﬁ’ea?é
estimates f &pneraied hielie peacesy paint, black6dat i on, e.g. reverse |ink channel

pilots, are rat eda 0y ' l.ock 502. .17 WD 2006/ 11. 6453

beTl Us2006/ MRS [O%GU%OE\}?%‘?&@E?‘Ea %#e&éfrs%lﬁﬂf na%&smtmrecww channel

estimates arealibwitionattiithat wiilizedmaltiplrehaaiel aginfats feAaMHBRGESS; tehfhRal and

access poi n% ﬁ]?%&grﬁénagg be deternm ned, | ock 504. In certain aspects,

the nost rel® r F’a Pia_?ﬂ?"tﬁ_n eF’é’ﬁ’éF%‘?@t OFWeréWKﬁH‘éFC"e_@QMW@HW th

respect t0 eaiibtOIPfeshébt td &R bhetinldriels drifial 8 M 6L BERBIEARiAAL! O 11
y

such <cases, nultiple estinmates for a given access term na

per f or med bggé@%@ﬁces%@ﬁ@@éhmﬁwbe pentornmed based iprmt congrsinti e ahfinred estianate | i nk
and rever se, i s&Skat : .di scussed with respect to FIG 3,
t here may bg ssorre ti &ﬂlﬁ%dﬁ%{%&%ﬁ#ﬁ%@hﬁﬂer ent cal cul ati ons and
transni ssi of977)Fur t heAs distvsseduritit sespread to FYGS 3 thedd M@k de bik timB thgHRAVRRY
occur substant.i.all i .tanequsly .or at_differepnt tines for the sane or
di ff erent a@igéhs er?%?%fﬁé%‘%rfs aﬁﬁgr _?Séo,ns‘aF retherdhe unglionaliy; fer PhagksiH00

det er ni ned &mi602 ngysbur sabStaRBIly eintilRmdoubld Se 6k HIFQRNGIARTSE thE Sihd @t es of
the forward nk and reverse link transm ssions that may or may not be

1J >
consecut i vgadlftjﬁrem ?‘F@‘?Ss[tmﬂls- THisrederei the ahanael eptimptosmay be détermineshioi med t o
forma califyat A&Eﬁs@é{ﬂimb%edfﬁg@r{ cHEHhd1 'ef{krgaet@sc(gfa elsftc))}\g miﬂﬁla&% rc%r?t% fén »06.

This conbined calibration ratio may Inc ratron ratios Some or
al | of the @wewdssionethat may or inay potdevemsesdived time. cel |, and have an

unequal or | nu r.of calibrati.on ratios.fqr each access term nal for
whi ch one @r%%br e ca; |GB(?13% cl;agihragg? Fe5Q gy be g’FaH&%&é’t“&ﬁﬁ’@?J%’o72] The

conbi ned cabpitintizdtion pracats 28 diseyssb@wihtbae tb 15, S & .Ithguﬁroa%i. ng the
calibration F)@I os or_utilizing the other approaches discussed with
respect to OPET o e Rgch trapsni feoae pach tpngpissiorehalp efithe eeppesroint és

Equat i ons Shéx wéighted with weights based upon the joint calibration ratio for that transmit chain,

608. Also, a combined or joint set of calibrations weights may be utilized for one or
more transmit chains of the access point. Alternatively, it is possible to transmit this
joint calibration ratio or a calibration instruction based upon the joint calibration ratio to
one or more access terminals. The access terminals would then apply the weights based
upon the joint calibration ratio to decoding of the transmissions received at the access
terminal.

[0080] 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.

[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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[0073] Each transmission fromeach transm ssion chain of the access point
Is then weighted with wei ghts based upon the conbined calibration r?tlo
for that ) chain, block 508. Also, a conbined I Qi o]

cal i br ati%’rﬁgzia@\ﬁléﬁ?s maybe utilized for one or nore tlrQ(gTﬁgmowocl%}a;ft’ns of
the access point. Alternatively, it is possible to transmt thi sngonb:jned
calibration,ratio or a calibration jpstruction based upon the _conbine
calibrati onthfgwa%a“o 818¥ Rﬁﬁysée’ﬁ%@né%sslﬁéﬁ?ﬂ/WdP%t. oas{Higgcl-dsand W ni nal s
woul d  t hendapied Hefen Wefa@iiiafe WRGIEH cHRGn{GCABRILBRgal i bration ratio to
decoding of the transm ssions received at the access terminal. [0074]

Al so, in sol88Zspect Referriag aavitpFig 8.om aforwdnd ink tranamissionz ethckess paint

articul ar { S ) Suc bl ock 508,
houl d then Say Shan 030 diRpriheolt I relies WALES ol B R efion & 7

i || ustrat esmadwdatbefor sphbal dadpe)yyaffiodate and lhrbaiﬂésrngorlaﬂat&rnrsgmbefs (“card Sn pas for
transm ssi op. nel esti f the forward link are recejved from
access ter rﬁyﬂ%aggsayb“?&lﬁg%dﬁo u%zoroligi%ﬂ?gl&fs &&%GFSSFﬁ@séfa@rﬁé{mb@ls 2B pHFat es
may be 18 WOnHoQGhd besiides BGléan] SRARHORL 2 dfnbdd aRdANRAIRI350 RRlhRkvedh | | nk
pilots transmtted by the access point. Additionally, channel estinmates
for the rev@ddElor symbolsAndheatopesubearters. maqridesa signakvalurefirero fof pashs, iarek
ener at ed ey - r £ oranar in
gnd rever s%@%@%ﬁ%?@@#@%ﬁggﬁyg& %So F%g%bg%%ﬂgl%c%%%ggf ]’ggér;l&ra% e}
that utili zesbelperiodl Eacthtamseit symibblmaycise £ data symhtial ;ﬂloalcynﬂlxﬂ, drgrsrgnalal S

bl ock 604. certai Ryaspects he st _recent forwar i and, reverse
li nk channe a'ﬂaeeogtzle%t © %sypg)gﬁé@yﬁ%gmét&%u%pﬁgy 1 ‘??CP‘ §%Q$i§)6{i?q.|# zed. In
such cases, willlietdppteeiardithartiieqslot §ymibols BhyRIiAE 8FSFor BERPRAG @Mpe _

per for med gf%sed upon consecutive channel estimate pairs of forward |ink

and r ever s FAURICYSLYIIRR mudtiplexsd fFDMAOrdogenat eqrensy Visiélglp@dtiplﬁéﬁdFle 3,
X | . 0 1 f 1
there may tx@mgﬁ cbdedBvikRE nﬁﬁﬁﬁl@f‘c@ (CI)FViBf €tb. . gf:ﬁg@g%@iag% Ol%ﬁg g an

transm ssions. Further, the functlona ‘ ) _ 602 ma
occur substtzasiosniegchsiehed & trarsmityynbols tathedinid dameain usingres Nfpoint €T ®ame or

di fferent “ ] S ore, t channel ,estimmat e be
det er mi neda‘}%gagﬁg &é{s@e"ﬁ‘ggcs én-slgsa?ghgtr Forrs @g@%%oﬁlﬁ%m&?aﬁﬁgﬁ%o@?&?%wes of
t he forwar di320 nypicalig repewie ap@rtionrof eadhrtfhlﬁsfﬁ’i‘rﬁéﬂl » 9ol tdatbtammy c&fegﬁ&wgigo_t bg 5
[ [ [ ) j Oi ibration ratio m e obtai ne
ﬁ? |n|s ?g :Jalgvgylfngplf.' ![’Iq:x% relleggeé%]om'-m?s iu?olwr}lt as%%yolzlic prcflix and is used to cgmbat delay Y
spread in the wireless channel.

[0083] A transmitter unit (TMTR) 1320 receives and converts the stream of

symbols into one or more analog signals and further conditions (e.g., amplifies, filters,
and frequency upconverts) the analog signals to generate a forward link signal suitable
for transmission over the wireless channel. The forward link signal is then 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 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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optim zation process as discussed with respect to FIG 2, e.g. to Equation
8. [0079] Each transm ssion fromeach transm ssion chain of the access
point is _t jghted with weights based upon the jqj ' i on
ratio forwpt}i&/ﬁ@ggsrﬁt chain, 608. Al so, a conbi nedo%(?lt/}}(g)zﬁlﬁé{(ﬂégg of
calibrations weights may be utilized for one or nore transmt chains of
the access point. Alternatively, it is possible to transmt this joint

cal i brat i orSymhol estigates te an Rek data pracassns P 8% t7hirh dsanodulaies 6he+ manhabi nt
cal ibrati Ondern?aﬁaik)?d ifteriOf2s Una MBGRAHE B3 oAb dTlcBilindtes (bligcAGCREs Lerm nal s
the weig € ]

woul d then app ts base upon olnt calibration ratio to
decodi ng of transmittedarediiic dad.oflse precessingbly ssimbidh dermedidaier 1348 anil RA datd 0080]

Al so, in sone as the calibration weights are utilized for

par ¢} cul ar PRG0S s ot BiGEentagy Bb Bot R LY Phfo oo P ind g,

woul d then @i yroddspdiyl 30, reégectiviGK asicatse pline 130®. bl ock 600. [0081] Fig. 8

I1lustrates_an exenplary wirel ess conmuni cati on_system 1300 The w rel ess
B

comuni cat | 84l st em Arsthg reneiedink, 1 ¥ dgiaeocstser 130 pipcesiss draftic datammd £ or

sake of Dbr egﬂo%%gsn&i%{‘@ﬁ%ols. A sjpﬁb&mo@alamg@:éeeéie& dnB Multiflexes il & can

i ncl ude nor orie base station and/or nore than one termnal, wherein
addi tional $agwlsvith pisisymbelsmerformes mpdddtioncand rsevidestrsstrgamiodsymbals. i | ar or

different f t. ex | ar se . i t ) ' ow. In
addi 1 on. 1 e RitF sROIE SR e RARGIREE ABeBNEs bRy SSREH R3S

200;5/ 1164531730 o nE Gendddissiaif wheteahd sunibenaf piteaButeiariepy/fok e reyesdedink ( Fi gs.
1-5) and/or nethods (Figs. 6-7, and 10 descrihed herein to facilitate
wirel ess _co’FPﬁiﬁh? ﬂ’ﬁtsf‘%‘ﬁ ot @nb’%‘t’%&éﬁrﬂu‘ﬁ%@gﬁlﬁ’ﬁé‘f F‘F'ﬁeffgfoﬁg\?/f?w &Tﬂc k-8 on a
forward |ink dah@fiel} ft P30 thén BESRS SndPloBdsseskBORreat dflsmBHk ko feh&atedat a
processor 1310 receives, formats, codes, interleaves, and nodul ates (or

synbol napsieversalink ggerktvehielnis tinevittad by theanteard E13549 fisaceess peiat B10.
symbol s”). @oﬁ%]ﬂbol fzgtda&éssg it P19 8 EeME HinR arf&qﬁ%m%{q%oq@ta synbol s
y symbol's. Synbo

and pil ot ol s and provides a &tream o nmodul at or
1320 nul ti pleesiesl hatha antameh 1325 ahd prpndseddshycaretdiecrpni 1875 soudbcan sangplss,

provi des a signal. val ue, of for eac unused subcarri er nd obtains a
Det "of N ¢ r hidipe! Al gt Prn Bioe iy FRTS 3 PG AR eV ROB  tper | 0d.
Each transmymisydaldafiyh®oPestdbfts St iiOkverse K. An RXTHI6) pro&ksca 188ynal

val ue of zero. The pilot synbols may be sent continuou%%é I n each synbol

period. |t PigFespesibe daippisrtioleemalerdb recneerhe EAtlic (ot GRasTHHGd Bitermingl
di vision mupigsp lzﬁ@fﬁ%gesgmo performs channel estimation for each active terminal

transmitting on the reverse link.

[0086] The processor 1390 may also be configured to perform generation of the
calibration ratios and combined calibration ratio, or the joint calibration ratio as
discussed with respect to FIGS. 2, 6 and 7 respectively.

[00871 Processors 1390 and 1350 direct (e.g., control, coordinate, manage, etc.)
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.

[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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frequency division nultiplexed (FDM, orthogonal frequency division

mul tiplexed (OFDM, code division nmultiplexed (CDM, etc. Synbol
nodul at or__13 C transformeach set of Ntransmt s e tinme
domai n us@gﬁ%ﬂl%ﬁoi nt |FFT to obtain a "transfor mdﬂé@g@%é/ﬁg-}ﬁgt
contains N tinme-domain chips. Synbol nodulator 1320 typically repeats a
portion of eaﬁg tr.ansformed synbol| to obtain a correspandi nF? .sﬁ%;nbol. The
repeat ed pott°l ol ctigngasditisring channglizing, D&?‘B‘Wl?neﬂﬁ'_é SP§°YE}‘Se]_ﬁUt16 TiHplydes del ay
spread in tiyg aﬂ&lb@faﬂﬁﬁga@ﬂ@%ﬂﬂﬁ'accefs@?&ﬁtl A dsE@RGBI! 4 Bldid Wit is thEMRRbg 1320
recei ves and converts the streamo synbol's into one or nore an%l og

si gnal s andragigrrara of aergessipeins of ether. typewfistansdetvsr station witls direch avinfliresuency
upconverts) | . t f.or | i\nk..si gnal . syitabl e
For tr ansm SIREARB I ARl RO AEREE B sRorleile, 4 R R Rpidl | S

t hen transnidrtesd pattivnbagittain andbremonicdtdASystom! Fer éxantple) RIS 147Atcak er m nal

1330, an antenna 1335 receiyves e forward |link signal and provides a
ecel ved i GRS pF S RUE RSB MBS CoTRBURY lorpsaRore RUGES AT P 1340

condi tions feBeiding rddié E&hmunidaRink FofSmoRAubdcABMIMRY, BOMGPRY. Ot S) the
recei ved signal and dlg[tlzes the conditioned signal to obtain sanples. A

symbol  den®eis newst amplaiers Mg askare heuplsddp joge pr meteenteppasnldddiatto each

mbol , t '
domai n’ us! ng mRbRE LEREver 1956 4R Anlo BRI Y SRS 0 DI R
subcarri er sl425rcomearts theyaalvlg rpdio cadmuaicatiqns caceived by exeiiveret 30pitb digitaly mbol s

to a processor, 1350 for.channe stimatio Sy mol nodul at or 13

further recBPYder téar’fspésd{?é‘g‘ﬁgasia %’@&ch’%@é’f ?Arpét\éa ‘@fta]?[ﬁ@r?%?%qu 11436 from
processor 1RB0A7S pa {16y ibludabie shentie thimsinliféts 0P0 EdiRcsEL R oithek H@banesornbol s
to obtain data s%g]bol estimates (which are estimates of the transmtted

data symbol $ffereqianigsng j-#efor frapsmting radip cNNITOBIONS BUBIePETIUBE0 06/ 015726
symbol est | Biierel & @hhsiRee A RAEEREA ark R/ MUV TRTH! Fhes (€. 0.

synbol denaps), delnterleaves, ecodes e data synb estimates to
recover theconvertanddili caerts the digitaleoreamuriidatiops moewst fogm bysebamitroinponent

denodul at or 4 n data. pr or 1355 j | eent.ar o the

br ocessi ng. s et F atiRinetd 18T i itk it Oz RE 1A bt

respect i vel mobidd subsgidssurie I soh@#pecks) 8 Sdltifket MB4rfov uBPIdxingkof @ TX dat a
processor 1360 %(régjéeqs}:ie,s traffic ,dflta and provjdes data synbols. A synbol
modul at or  18B5PIEMR Slsay A mpitipledingof £ ey phsigralnipeindingRtRIc) | ot
symbol's, pegifon i1 M@ankighdi O ceffifl pRERWLH E880as SSupRATL Hais YLD and

Radio Unit for controlling various processing which includes the processing of voice or

data signal.

[0089] For a multiple-access system (e.g., a frequency division multiple-access
(FDMA) system, an orthogonal frequency division multiple-access (OFDMA) system, a
code division multiple-access (CDMA) system, a time division multiple-access
(TDMA) system, etc.), multiple terminals may transmit concurrently on the reverse link.
For such a system, the pilot subcarriers may be shared 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
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The pilot synbols may be transmtted on subcarriers that have been
assigned to termnal 1330 for pilot transm ssion, where the nunber of
pil ot subcarriers for the reverse link nay be the sane or different from
t he nunber, af  Di subcarriers for the forward link. & tEANSIAELEEr unit
1370 thenGVPcekg%ﬁlg)l\}lé“ggand processes the stream of synbol s @3 generate a
reverse link signal, which is transmtted by the antenna 1335 to the

SS poin . 0085], At .access int 1310, the reverse |ink signal
o er ot nRSEDE progmpabis 1baidiaie B il arobmbuoa it Bemsbed by n
recei ver UN(RPGIARY,précessoly, britrolefkPheso-corfiroB¥ Il cratrbiResr A ber d1d&fnid1en

processes the sanples and provides received pilot synbols and data synbol

esti mates f@Htsdpdancg e pedon thr funstordesrsiibad hereineeragomidmaion theseafsses t he
data synbol t| S; I ' t géﬂ' t t.er,m nal
1335. A pr OY:VZ@S? gfrm%lgg%ﬁ Ig%@%%%\rég Cg%gﬁwgcf&é&@%%? F%‘%’ I?I‘gr eaef:shﬁg%t@ﬁ\s?’ea%d
term nal  tsoaomg that pérfrgmahe funetions\descsibed herkin. [186 8@ wilt eodas ameds atorei3R0 may

al so be confiqured.to perfor neration of t alibration ratios and
conbi ned calinfng?ré’t‘ﬁnbtr?n?g’t‘?%%,)ed?ﬁﬁwof%f’%ﬁ I@QI@H%‘? ‘on ratio as discussed
W th respeco0961 Fl GS.FI&. 16 ilaBtatés sPfaRDhAMBtNodoldyFd] calbRERS aRkeaylst90 and
1350 direct (e control, coordinate, nmanage, etc.) operation at access

poi nt 1310 hg%ﬁomrmm&%,A Aeterivgtiondy spaderasd thettrapemispige iersalsincd 390
and 1350 cafe bt &ﬁﬁf&ﬁbﬁ‘f&%%ﬂnf@@@rsgaéé’fﬁhttﬁ tog_ %ilﬁ%%haﬁ&%és}%ﬂg@k

program codes and data. Processors 1390 and can al so
conput at i onE00o Indeariainecasdsrthig intenygl raayobe afouttion of dispetapsed; s others étsmdyor  t he

reverse |i or d li.nk respectiyvel .[ 0088 err.i fo FIG 9,
an access %aﬂﬂggkﬁ o\c?gl%%?qn%bgr of trans %ﬁ]ﬁp’t%% hLli’J%Yf]rsgﬁg‘ aorrté?gﬁﬁmﬁ‘?\it (RU)
1475. MJ 14hOlasnalitdesn fdrehedA Gltstdte. DR €OAdthiGioh N RBEBupdafa tARIREEES S

poi nt. For exanpl.e, 1450 can i ncl ude a baseband conponent 1405 and a
digital int ?‘rfg%‘.‘%ﬁ@e SALTRSACY VY PRscdupeR eidifpng 5§ loadmg. Digital |IF

rocessi ng ' 141 b & i hRsES j . an
Pnterrredi at[go%ir]equengfﬂ%?%?ﬁ%%?@n&ng r;S %&%%Jﬁgz%%h%%?@%%ﬁ/ms?zﬁ

such funct i epseatign isfperiogneds grhersrvhiammel estimates fordhiefoawarddink ardresmveddrann.  RU

1475 inclu . ana ' t . €.access .nt. As used herein,
a radio unﬁ%a?sg w?ﬁ’e@h{é@g%i@aa%fjgﬁ{on&ltés%tl%t?g%or ecrgg%rgegfbé]?ﬁre 5?“35"(%‘?‘@” type
of transceithesaccsssaioimybludkt 150di At bah fortveidlmktand eoite Gink oharing] atifdes | e

swi t chi ng cent or, cortrespondi ng device. A radio unit typicall
g are ccﬁfectcd, aca'il ra%i n ratio that ugﬁzes multiple cai'lannel est1mates¥ E)r mulhp%e

access terminals, block 1506.

[0092] After both forward link and reverse link channel estimates are collected,
a calibration ratio that utilizes multiple channel estimates for multiple access terminals
block, 1512. Each transmission, for the AGC state, from each transmission chain of the
access point is then weighted with weights based upon the joint calibration ratio for that
transmit chain are utilized for the AGC state, 1510.

[0093] If the transmission interval is greater than <, then a calibration vector, e.g.
weights, for the particular AGC state are accessed from memory, block 1512, Each
transmission, for the AGC state, from each transmission chain 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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serves a particular sector in a conmunication system For exanple, RU 1475
can include one or nore receivers 1430 connected to one nore antennas
1435a-t fQr _recejying radi o conmunications from nobi l g@ 'g r units.
In an aspg%¥@mgﬂgﬁﬁr nore power anplifiers 1482 a-t éﬁ%aﬂ %%%'B?o one or
nore antennas 1435 a-t. Connected to receiver 1430 is an

anal og-to-digital (Al converter, 1425. A/ D converter 1425 converts the
anal og radi }Sg‘é‘hPﬁlﬁ}hP‘C@%W g tg%ﬁ@fl\/@& SERPerod Ehsi apaended SBimn tFprdiegnarelto | nput

for transni ggiefRntBatiRs@RAMHCRABPINERE il dRRr e Aediled dedbrptonR ARESSI NG uni t
1410. RU 1475 can al so include one or nore transmtters 120" connected to
ei t her the @aifs. $ich tegmfip intended imbednelusiveram mamer similentotthe tegmr adi o

G gi ol <o anaPenBrFRromaL Ak eI Sibi bt RELAGRLwhReL " e

di gi tal coneleini.cations received from baseband conponent 1405 via digital

| F processing unit 1410 into anal og output for transmssion to the nobile
subscriber units. In sone aspects, a nultiplexer 1484 for nultipl exing of
mul ti pl e-channel signals and multiplexing of a variety of signals
including a voice signal and a data signal. A central processor 1480 is
coupled to main unit 1450 and Radio Unit for controlling various
processi ng which includes the processing of voice or data signal. [0089]
For a multiple-access system(e.g., a frequency division nultiple-access
(FDVR) system an orthogonal frequency division multiple-access (OFDVA)
system a code division nmultiple-access (CDMA) system a tinme division
mul ti pl e-access (TDMA) system etc.), multiple termnals nay transmt
concurrently on the reverse link. For such a system the pilot
subcarriers may be shared anong different termnals. The channel
estimation techniques nmay be used in cases where the pilot subcarriers for
each termnal 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 termnal. The techni ques descri bed
herein may be inplenented by various neans. For exanple, these techniques
may be inplenented in hardware, software, or a conbination thereof. For a
har dwar e i npl enment ati on, the processing units used for channel estinmation
may be inplenmented within one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal
processi ng devices 22 WD 2006/ 116453 PCT/ US2006/ 015726
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(DSPDs), programmabl e | ogic devices (PLDs), field programmabl e gate arrays
(FPGAs), processors, controllers, mcro-controllers, mcroprocessors,

ot her electronic wunits designed to performthe functions described
herein, or a conbination thereof. Wth software, inplenentation can be

t hrough nodul es (e.g., procedures, functions, and so on) that performthe
functions described herein. The software codes nay be stored in nenory
unit and executed by the processors 1390 and 1350. [0090] FIG 10
illustrates an additional methodol €yAM$ cal i brating an array of

antennas for transm ssion. A determination is nade as to the transm ssion
interval since the last calibration for the current AGC state that is to
be uti].i zedA hfethodloRRSITHr &S QM anBInAE KirayliaQOvird18ss GeflRk, TofpsigHgt hi s i nterval
may be a function of tine elapsed, in others it may be a function of the
nunber of (PERNdRE S5t ehrnnelssupg inforratinepapspending kg trarsnsidns ted fice  t he

| ast Cﬁk%@%&ﬁﬁxﬁaﬁl for the AGC state. This determ nation is based upon a

t hr eshol t'hat naybe predeterni ned or vary based upon conditions, e.g.

| oadi ng. [ QR&thinidg tehend chansctiestimaa infoderivakonrspotidiag & tranB@iksibns frb@an

anot hethvgal i bration operation is perforned, where channel estimates for
the foPadFrtassesidesigalr ecei ved from access terminals, block 1502 and
channel estibsanigSthi@'chhii] 81 ' isti poi nt,
Bl ock. 1504, ATt m et bt S SRl P AR G iR BEETRdD:
are coiccesstasainay calibration ratio that utilizes multiple channel

estimates f Lt pl ccess..termpals, block 1506. [0092] .After both
forward |in {eén lége@gr%slgﬁ AR ERAR AR orrggt{angg{rgﬁpoga@gé%Frlarg&l ¢ons from the

cal i bre@atémdraceat iedmidagtandt i | i zes nmul tipl e channel estimates for multiple
access termnals. bl ocf,k, 1512, Each transm ssion, for the AGC state, from
each transfic§EPBnChealifrasion rafto bagedunoa theofinst, seeong ribiidigad deurrchaneeh wei ght s

based the i o e cali : . ' e ohai
ased dpptetitBrhAidatiofa LRl &b g aﬁ(?%)éggléci QL{CF§S{I€1'§6711¥§1§ ansmt chain are

utilized for the AGC state, 1510. ransm ssion interval is
gr eat er t havhergin ti¢terminingahé ¢alibtation ratiecoonprises: g.  wei ghts, for the

particul ar AGC state.are,accessed from nenory, block 1512. Each

transm ssi ﬁerrpgvngt%@rsg%%gﬁlgpégthmé wophg %&h@m %%‘?"(Slrfja@ RStERAE he
accessSinfehfiont s then weighted with weights based upon nenory accessed
wei ghts for the AGC state, 1510.  [0094] Wat has been described above

i ncl udes eXsipn@nesrceecalibratipn mtiodatsddipae eshird and fourththamat esmareot
possi 3hﬁrﬁl£i(ﬁe$ﬂi be every conceivabl e conbination of conponents or

met hodol ogi es’for purposes of describing the aforenmenti oned enbodinents,
but one of detedhméangths killbration rathebaed upmycombiignihe dirithal see@nY cilibrithar

ratios.

2. The method of claim 1, wherein combining comprises averaging the first and second

calibration ratios.

3. The method of claim 1, 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 first and second access terminals, and wherein combining comprises:
normalizing the first calibration ratio;
normalizing the second calibration ratio; and

determining the calibration ratio based upon a matrix including the first and second

calibration ratio.

25



conmbi nati ons and pernutations of various enbodi nents are possible.
Accordingly, the described enbodinents are intended to enbrace all such
alterations, nodifications and 23 WD 2006/116453 PCT/ US2006/ 015726
variations that fall within the spirit and scope of the appended clai ns.
Furthernore, to the extent that the term"includes" is used in either the
detail ed description or the clains, such termis intended to be inclusive
in a mnner simlar to the term "conprising" as "conprising” is

i nterpreted when enployed as a transitional word in a claim 24 CLAI M5

1. A t hod_of caljbratin n antenna array in a wreless network, .

conpr ingi ng: hFé’&‘?—fﬁQA ?#:f??‘mrg tvhepeihortermiaing theicalibration ragipibaseddpen dgasitikng t o

t r ans ndopiprRESdebSmpoding Bt maﬁ%@@tﬁ?ziﬂgesriﬁgu'ﬁﬁ‘ lyalud _%E&{ngﬂo@ftﬁg. second channel
estimate i nformation corresponding to transm ssions from the first access

termnal; receiving third channel estimate information corresponding to
transni ssi o 0 .a.second access terninal.. determ ning f.ourth channel
esti mra%'e i nQ%lreﬁlé) b ﬁﬁgb(gé}%nésa&?ﬁgalnﬂabarf@' p ANESIFSS §Ft3‘f9§k’f°Pngllslﬁg‘ second
access ter nedviting 8nd cldahelraiinkegnfdrealonkbatipendin@td RakasetbnyRonfitshe first,
second, third, and fourth channel estimate information for at | east the

first AEFSEE access termnals, wherein deternining the calibration
rati o conpry i i j ks i i he
[Frst ang ScEfRinifEent] hafie Bulrdi®neifatith Bht&Boldihd & BASERSHRONGh

cal i brth¢ fishagcassiternipaled upon the third and fourth channel estimate

i nformation; and gﬁ;eﬁninLn. t he. %alibration rati o based ypon conbi ni ng
the first Ahe <Reiid coamehytimayiniqrpationcoresspopgine e frRBHMIsHIORS tg i froond

wher eiddc&oppiniHaNg conprises averaging the first and second calibration
ratios. 3. The nethod of claim 1, wherein the first and second calibration
ratios conpetesmingng fourth channel estimate information corresponding to transmissions from the

second access terminal; and
determining a calibration ratio based upon the first, second, third, and fourth channel

estimate information for at least the first and second access terminals,

wherein determining the calibration ratio comprises solving the equation:
— —jwau H
gi,k,u - yu € 'dlag(hi,k,u)‘"-l-ni,k,u
= }/i,k,u ' Zi,k,u ! n + ni,k,u

where Z,, , is a diagonal matrix whose diagonal elements are the elements of the reverse

link channel vector estimate h,, , , 7,, =7, -e”"**, and the subscripts i,k 4, are the tone, time,

and user indexes, respectively.

6. The method of claim 5, wherein solving comprising using an MMSE technique to solve

the equation.

7. A method of calibrating an antenna array in a wireless network, comprising:

receiving first channel estimate information corresponding to transmissions to a first

access terminal;

determining second channel estimate information corresponding to transmissions from

the first access terminal;
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plurality of elenents each corresponding to at | east one antenna of an
access point in comunication with the first and second access term nal s,
and wherei n conbining conprises: normalizing the first calibration ratio;
normal i zing the second calibration ratio; and determ ning the calibration
rati o based upon a matrix including the first and second calibration
ratio. 25 4. The nethod of claim 3, wherein determning the calibration
rati o based upon the matrix conprises deconposing the matrix utilizing

si ngul ar vakeavidg tomdpbsnrtel estimde informetitio corafspaalin g atansrgissionsaotassacemdar r ay
ina wreless.network, conprising: receiving first channel estinate

i nforn%cf?(gﬁ ’espondi ng to transmssions to a first access termnal;

det er m ni NGetRMmant: AR @Einn@lséshﬁﬁicﬁnfoml%d?Pédn‘éEbcﬁi@fnr 88 RaRMiBGortsTrom the
transm ssions from the first access termnal; receiving third channel

est i meteeondAceesHEMENLEBEr esponding to transmi ssions to a second access

term nal : IRLEHTLAL DeUh NaEPRRDel Rl AR S-LAGORTRLAN,GOr spanai no to

transm ssi ons secon t'er mna
cal i bratimet infatmatidnaleoeat legsothetfing afid k&bnd s@eanekmihdls;r d, and fourt h channel

estimte infor.math ﬂ Eaé‘ g | east . the first and second access termnal s,
wher ei n det™&fH{'Re § hnnelgstipate ipfoRmatign ‘i?rréﬁﬁﬁ’ﬁiji%é%tré%ﬂm}ﬁ%@sttﬁétféffuat| on:

9, . K, déces¥terRid®T diag (h,.k.a)' TI+n"k.,, Yo: , Zrro,,, ' Tl+n,, k,,
where Z k u is a diagonal matrix whose di agonal "elenents are the el enents

of the reveletraminingyixtbichenmel esigutoinfosmniionatoerehpduding ty transavissies-fidmithe and
the s r u re the tone, tine, and user indexes, respectively.
6. Thggﬁg %B% ana?%fS wherei n sol ving conprising using an MVBE

t echni que tdatesmimeg a &ambrae@u aaﬂmsecvupoﬁ theefiRR) decdhd Ctﬁiru Hoadth, THtha BnBkgNNa
array in wi rel ess network onpri si ng receiving first ‘channel estimate

i nfor rfélﬂ?%e%@%t%%‘ﬁﬁﬁﬁfl%fqr@t ’(eﬁ%rﬁl%erﬁ@% FQ?ﬁBdataéd thifq gesess tergdrads t er mi nal ;
determ ni ng second channel estimate information corresponding to
transm ssions from

8. A wireless communication apparatus comprising:

at least two antennas; and
a processor coupled with the at least two antennas, the processor configured to determine
a calibration ratio for communication with each of the plurality of access terminals, the processor
operative to
receive first channel estimate information corresponding to transmissions to a first
access terminal;
determine second channel estimate information corresponding to transmissions
from the first access terminal;
receive third channel estimate information corresponding to transmissions to a
second access terminal;
determine fourth channel estimate information corresponding to transmissions
from the second access terminal; and
determine a calibration ratio based upon the first, second, third, and fourth
channel estimate information for at least the first and second access terminals,
wherein determining the calibration ratio comprises:

determine a first calibration ratio based upon the first and second channel estimate

information;
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the first access termnal; 26 receiving third channel estimate information
corresponding to transm ssions to a second access termnal; determ ning
fourth channel estinmate information corresponding to transm ssions from
the second access termnal; and determning a calibration ratio based
upon the first, second, third, and fourth channel estimate information
for at least the first and second access termnals; receiving fifth
channel estinmate information corresponding to transm ssions to a third

access terninal ;dettein@fenietind@abboitibh £llaBaRH upsh theahied hiif RLARLLMAe]
corresponding to transmssions fromthe third access termnal; and

det er m ni ng™ mats| M9FHIBHaRht i o based upon the first, second, third,
fourth, fifth, apfrfinttie cﬁllﬂ%%ﬁlratﬁ)sﬁa'sé@ﬁn §Bﬁq§\fnvrf\1?é ﬂh?@irgt%{ld gcr‘coln&\ ast _the

first, second, and third access term na €SS communi cati on
appar at us c@h’pﬂatlgmmglos at | east two antennas; and a processor coupled with
the at | east two antennas, the processor configured to determne a
calibration ratio for comunication with each of the plurality of access

term nal s, THeevipslessMmEHunicaiel afparatusto? cl8f 8l \\z(fﬁertainrtﬁé {)IQ)G@S@QIeiIS cEitidubBRL§
i nfor matlon Corresgondl ng to t ransm ssi ons tO afirs access termnal;

det er nfoRPIReEB FRIIOE R AYRIRSIBS tierfstant necondrific celibretien wéippndi ng t o

transm ssions fromthe first access termnal; receive third channel
estimate information corresponding to transm ssions to a second access
term nHl.; dBteevindless cémmunmaﬁdnaafppaiams;tficme whéreinhé fighaddecspondi ng to

transm fromthe s ccess termnal; and deternine a
cal i brcﬁ‘?f’@ﬁo? L0} CHRRIL PttyH)Z ais cachucsicapondiigta at lead ongaf il channel

est i Medennfd, ARdWhér tB@ﬁro@éssJ)ﬁ@%&nﬁéﬂFedftb Shbfb %éﬂ%ﬁ&’ﬂ%’ RAfGfzink ﬁferﬂrg‘tal S

wher ei n_det er mi ni ng the calibration ratio conprises term ne
cal i breglib@Hon etipondyaebzing ferseednd chiibratioranatio,sed tm detetzinathle ce]slbramn mtlo

i nfor %Eécpﬁbon a matrix including the first and second calibration ratios.

1. The wireless communication apparatus of claim 10, wherein the processor is configured

utilize singular value decomposition to decompose the matrix to obtain the calibration ratio.

12. An wireless communication apparatus comprising;

at least two antennas; and

a processor coupled with the at least two antennas, the processor configured to determine
a calibration ratio, based upon a plurality of forward link channel estimates and reverse link
channel estimates from a plurality of access terminals, for communication with each of the
plurality of access terminals,

wherein the processor is configured to determine the calibration ratio by solving the
equation:

Siku =7, -e”% . diag (hi,k,u) ‘n+n, .,
=Vikw Ligy M,

where Z,, , is a diagonal matrix whose diagonal elements are the elements of the reverse link

1 — —joz, 3 7 1
channel vector estimate h,,, , 7,, =¥, -e”™, and the subscripts i k4, are the tone, time, and

user indexes, respectively.
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27 determ ne second calibration ratio based upon the third and fourth
channel estimate information; and determ ne the calibration ratio based
upon conbining the first and second calibration ratios. 9. The wreless
comuni cati on apparatus of claim8, wherein the processor is configured to
conbine the ratios by averaging the first and second the calibration

rati os. 10. The wi rel ess conmuni cati on apparatus of claim8, wherein the
first and second calibration ratios conprise a plurality of el ements each
corresponding to at | east one of said antennas, and wherein the processor
is confjgured to.conbine the ratios b ormal i zi n he first, calibration
ratio, Hngr & WHG1SSS CREMUSAHAN Rty fici}ﬁmqg ée,re‘gﬁée POCeRsRIds RPHIUFHe

cal i br @tsoR theXdquatioRS&ch MSHERERdigud ncl uding the first and second
calibration ratios. 11. e wirel ess conmmuni cati on apparatus of claim 10,
wherein the processor is configured wutilize singular value deconposition
to decpmo;gngéb%rMJoil@rfS% obtain 'Fhe calibration ratio. 1_2. An w reless
conmmruni cat i on “‘dppar atu cor%'prl sing: at least two antennas; and a
processor coeqnk éat rodeiving fiest alianhelastimbtetnfamhfionasrredpdadipp 65 8 s&eisst@Btd gur ed
to dete{:m' ne a calibration ratio, based upon a plurality of forward |ink
channet TE5#GCREIEOBAY reverse link channel estimates froma plurality of

access ter mhamk for deREmHRIPIROELLHaRIRL] \éétfnkht@ﬁl%}aﬁgigﬁ &Tespj)wiﬁ‘é {ot y of access

termnals, wherein the processor is configure eterm ne’ the

cal i branseissioas fromile §est edongs tedmenalequat i on: g, , k, u =Y..e diag(h, kv) +n ku
=r"k" - Z +Ni,ROM. re 71 k u.is a diagonal trix whose diagonal
el ement s arnééatnﬁg(;rerfcee%?ﬁ %s}lllr\égﬁ?IHISIZ?S@WFCSIEFOI“?]WO“ %ﬁgm@%egr@pm@ﬁ@%?e h, .
a | w' asedoridwecesghhgaiingdts i,k ,u, are the tone, tinme, and , k,v = Y~,u = Yu
user indexes, respectively, 28 13. The wirel ess comuni cation apparatus of

claim 12, JhéPe (Fid@ﬁém‘é‘ﬂflfcf@%%Phqnﬁlel&éﬁmﬁ"@lillFféﬂnat:tO@.CQUI@ip@ndihé tequati on by
usi ng @hsiEEnd ﬁ&ﬂ%&é&oncﬂaﬂmeé@‘@erﬁﬁpﬁf atus conprising:

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

means for determining a first calibration ratio based upon the first and second channel
estimate information;

means for determining second calibration ratio based upon the third and fourth channel

estimate information; and

means for determining the calibration ratio based upon combining the first and second

calibration ratios.

I5. The apparatus of claim 14, wherein the means for combining comprises means for

averaging the different calibration ratios.

16.  The apparatus of claim 14, 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 first and second access terminals, and wherein means for determining

comprises:
means for normalizing the first calibration ratios;

means normalizing the second calibration ratio; and
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means for receiving first channel estimate information corresponding to
transm ssions to a first access termnal; neans for determ ning second
channel estinmate information corresponding to transm ssions fromthe
first access termnal; neans for receiving third channel estimte
information corresponding to transm ssions to a second access term nal;
nmeans for determning fourth channel estimate infornmation corresponding to
transm ssions fromthe second access term nal; nmeans for determning a
cal i br at i ormeasifer detesméhingihn chliteatidnrratio based apeh a birixdncladidg tieufistendchannel
estimate inf tion for at the least first and second access termnals,
nmeans TeB?n‘Q‘@ﬁégﬁf’Waﬁ’Q'a first calibration ratio based upon the first and
second channel estimate information; neans for determ ning second
calibration ratio based upon the third and fourth channel estimte
i nf or nht-i orA Peasesspetpadatiomedismdiaving stayed thereon linsbuetidane format by atpascessoupon
conbi %Q%S&H@[iofnis [:gri.‘ ﬁg}qnﬁﬁggg ocalibration ratios. 15. The apparatus of
claim14, erer i Lhe nmeans torcombi ni ng conprises neans for averaging
t he diff er enteivafiisbehahhed Bstirite dfornibion Threesppin@iotfanehisslons 19 alénst Mgk ei
the first. and second calibration ratios conprise a plurality of elenents
each cGrg ponding to at | east one antenna of an access point in
comuni cat | RferifhreReddhd chhditl e FRASRERATHALGHRS c;ngfdgtﬂ"ﬁlaﬁ @ﬂgns\’@% "
means for determ ning conprises: neans for nol?rra I°z1' ng %nﬁe st
cal i briamst asaess garimvwl; neans normali zing the second calibration ratio; and
29 neans faor determning the calibration ratio based upon a matrix
i ncl udi ng tR& ity C%aﬁ]&gl eggglgﬁgdn%gp?tb)pépfrgwopglpgéq tr&“f.nﬁwons to a second
pr ocesso¢ss te@miianl e nedi um havi ng stored thereon instructions for use by a
processor, the instructions conprise instructions to: receive first
channel estdeipapeifoydy thanndd gstapaie éxprsadion gomrespending ie tasisorssions framfthe st
accesSgecdfildbdalormfigl.er m ne second channel estimate information
corresponding to trarism ssions fromthe

determine a calibration ratio based upon the first, and-second, third, and fourth channel

estimate information for at the least first and second access terminals,

determine a first calibration ratio based upon the first and second channel estimate
information;

determine second calibration ratio based upon the third and fourth channel estimate

information; and

determine the calibration ratio based upon combining the first and second calibration

ratios.

18.  The processor-readable medium of claim 17, further comprising instructions to:

average the first and second calibration ratios.

19. The processor-readable medium of claim 17, wherein the first and second calibration
ratios comptise a plurality of elements each corresponding to at least one antenna of an access
point in communication with the first and second access terminals, and wherein the instructions
to combine the calibration ratios comprises instructions to:

normalize the first calibration ratio;

normalize the second calibration ratio; and
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first access termnal; receive third channel estimate information
corresponding to transm ssions to a second access term nal; determ ne
fourth channel estinmate information corresponding to transm ssions from
the second access termnal; determne a calibration ratio based upon the
first, and-second, third, and fourth channel estimate information for at
the least first and second access termnals, determne a first calibration
rati o based upon the first and second channel estimate information;

determ ne sdtmiheahd tdbadtionRaticbased BmednataQindliBngd thfiscand sé@uat h channel
estimate, information; and determi ne the calibration ratio based upon
conbi nf§raiRR 4Oy st and second calibration ratios. 18. The
processor-readabl e medi um of claim 17, further conprising instructions to:
average the first and second calibration ratios. 19. The

pr oces3br - rBrdubdessoneetidabhe afedainabficldim 1 Windiemimthe hestduttigts tadetessiao nd

calibration ratios conprise a plurality of elenents each corresponding to
2t 1 eadtibGan o {BEh it HeEs oMb s oo Hi B i OBRO oW AT WHEE 1 o
and segmithraaliegscdn®oditidal S, and wherein the instructions to conbine the

calibration ratios conprises instructions to: normalize the first
calibration ratio; nornali ze the second calibration ratio; and 30

determpne L0giGALl BrARLAR ALhRyRAS SRR, 2 LTI X [ ncl udi ng the first

and second <calibration ratio. ro%essor-readabl e nediumof claim
19, wher ei ratidast tivnshteucdst ans to determne the calibration ratio based

upon the matrix conprises.jnstructions to deconpose the matrix utilizing
si ngul ar vdl Ri%cea%)&gﬁ‘b%gfwﬁ e a’ZTe.aStAW\R/iaP’é’P'é‘aésthE@FﬁFﬁW&%qf@ﬂr@ﬁﬁéﬁtﬁm@e

conpr i SiairatioRtatlo€8Sdont HehidR o8 WidSeacRBEhE PRHQR? 5?95%&({&%&8%\%&% ]{)}io%%}g r?; 0

| east two antennas, the processor configured to determ ne
rati o dpsratEgdPuni cati on with each of the plurality of access termnals,

the processor ?@c%{v%tﬂrgt%hgl%el estimate information corresponding to transmissions to a first

access terminal;

determine second channel estimate information corresponding to transmissions

from the first access terminal;

receive third channel estimate information corresponding to transmissions to a

second access terminal;

determine fourth channel estimate information corresponding to transmissions

from the second access terminal; and
determine a calibration ratio based upon the first, second, third, and fourth
channel estimate information for at least the first and second access terminals,

receive fifth channel estimate information corresponding to transmissions to a

third access terminal;

determine sixth channel estimate information corresponding to transmissions from

the third access terminal; and

determine 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.

22.  An apparatus comprising:
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receive first channel estimate information corresponding to transm ssions
to a first access termnal; determ ne second channel estimate information
corresponding to transm ssions fromthe first access termnal; receive
third channel estimate information corresponding to transm ssions to a
second access termnal; determne fourth channel estimate information
corresponding to transm ssions fromthe second access termnal; and
determ ne a calibration ratio based upon the first, second, third, and
fourth chanels fesecardng firsn tloammelt dsomatednfoahatiomastresfoadini s tragshdsss@g end
access_ et m nal.s receive fifth channel estimate information

correspond?cr%s“%ﬂq P%{hsm ssions to a third access termnal; determ ne

si xth channabane$éd deedririf Qcom ¢}ﬁﬂn&@§ti@§99ﬂ&&ﬂb@iohQoxtrés%x%&hgﬁi ons from
the third access term_nal; and determne a calibration rati©® based upon

the fi{rasmissionsfam thefirsgacoesnjerinaliifth, and sixth channel estimate

f t t dthird t 1 nal s.
22. "An apparat i camne M bR AR e P P SR ReroBae: a e

i nf or nasdcom] moesseapomdj ng to transmissions to a first access termnal;

means for deterninjng seco nnel estinate information corresponding to
transni ssi AP ?%rf{ef%‘@mf‘?gr g‘f’“ﬁ&@%’é‘% I ssipgiennformagionroresnondivgde vi ng t hird

channefrar@midsions ﬁoinﬁfu%é&@ﬁd e&AEMARACHAI Ng to transmi ssions to a second
access termnal; neans for determni ng fourth channel estinmate information

cor r espondimepns éor deteamininss cailtbgttlbn oatiot hsedsigonie fust es®ntl ghiril el foatid means

f or n the firs second, third,
and f o%h(raﬁllli”?l gétﬁ‘gaﬁér?lllé’l?&lrﬂa?l Ol% Té il %eﬁ en%sfigﬁ (ﬁ"%ff CESRLELNNYSe first and second
access ter niluadis det\ﬁhﬁhﬁigﬁh@l&tlﬁrmoﬂ lréftﬁ) dokiipricéd méHnaffé&BNir?%ﬂh@ e&l?difBﬁ‘ ses

means for solving the equation: g,,k," =y"" e-",- -diag( "rl +ni k"

Yi,k,u Zl,k,u.lj +ni, k,u sherer, e diag(hg  ditpgopal matrix Wnose d| agonal
elenents are the el ements of the rZeve_rse

xk u ni,k,u

where Z,, , is a diagonal matrix whose diagonal elements are the elements of the reverse

link channel vector estimate h,, , , 7,, =¥, -¢”’“™, and the subscripts i,k u, are the tone, time,

and user indexes, respectively.

23.  The apparatus of claim 22, wherein said means for solving comprise means for using an

MMSE technique to solve the equation.

24.  An apparatus comprising:

means for receiving first channel estimate information corresponding to transmissions to

a first access terminal;

means for determining second channel estimate information corresponding to

transmissions from the first access terminal;

means for receiving third channel estimate information corresponding to transmissions to

a second access terminal;

means for determining fourth channel estimate information corresponding to

transmissions from the second access terminal; and
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| i nk channel vector estimate h, ,k., , y,u=y" e '-", , and the
subscripts i,k,u, are the tone, time, and user indexes, respectively. 23.
The apparatus of claim 22, wherein said nmeans for solving conprise neans
for using an MVSE technique to solve the equation. 24. An apparatus
conprising: neans for receiving first channel estimte information
corresponding to transmssions to a first access termnal; neans for
determ ni ng second channel estimate information corresponding to

t ransni ssi onearfs faretdimirfing & talibcatasaticbasedadon theans stedl @6ai aHdrBurkthi r d

channel, estimate information corresponding to transm ssions to a second
acceSSCW@?ﬂﬁﬂﬂ??eH&Qﬁ?“?Bﬁ“&@&@ﬁﬁﬁhﬁﬁbmFbﬁpﬁﬂiﬁﬁﬁﬁﬁ%ﬂ“%%%inate i nf or mati on

cor r espondi fgank Por rbEMIRETIRA IcRhel ésﬂma&hﬁfo%mo%glﬁﬁ?wg% L ARhissiGdo 32

means for determning a calibration ratio based up Irst, second,
t hi r d, 2 tird acenss teminghannel estimte information for at least the first and

second acc j " s, for.receivi fi.fth channel estinmate
i nf or mat i oﬁrﬁ(?:agrrs (r?(grsg Sgﬁ‘bfﬁﬁﬁgﬁtcp el Sglg]a enlgp atioq (E%eF}&P"QE’égéQ LrapsIpIssions -

nmeans fromn tikethed atoekgrsinil Bndhannel estinmate informati on corresponding to
transm ssions fromthe third_access termnal; and nmeans for determning a
cal i br at i orm¢aaf Q5 dstes@iningealibrasion iratior basedbunondhe first. seconflghird Houtth,ftflh,  and
sixth [ is [ f t.h b rst econd,, and
Third SeoRaRL Rl R Bn AT OBk At ok Rl s PR e e
thereon instructions for use by a processor, the instructions conprise
instr ions to. recei first .channel timate information correspondi ng
to i1 amsm SxPREPEa4HTs wpiil bt Yo hapn ot o id eouAdsRhol
est i mathe instti@lontoaprieandtRsReRdbNg to transm ssions fromthe first access
termnal; receive third channel estimate information corresponding to
t ransni ssi gRETfefirgt chapnph gstinaie bermagiprriersgspontingtortianemissions to acfiraravess
esti MeLg,ihh)f or mati on corresponding to transm ssions fromthe second
access terninal; and

determine second channel estimate information corresponding to transmissions from the

first access terminal;

receive third channel estimate information corresponding to transmissions to a second

access terminal;

determine fourth channel estimate information corresponding to transmissions from the

second access terminal; and

determine a calibration ratio based upon the first, second, third, and fourth channel

estimate information for at least the first and second access terminals,

wherein determining the calibration ratio comprises solving the equation:
84 =7V, €’ -diag (hi,k,u ) ‘n+n,,,
= }/i,k,u ) Zi,k,u ' n + ni,k,u
where Z,, , is a diagonal matrix whose diagonal elements are the elements of the reverse
link channel vector estimate h,,, , 7,, =7, -¢”™, and the subscripts i,k u, are the tone, time,

and user indexes, respectively.

26.  The processor-readable medium of claim 25, wherein the instructions for solving

comprise instructions to use an MMSE technique to solve the equation,
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determne a calibration ratio based upon the first, second, third, and
fourth channel estinmate information for at |east the first and second
access termnals, wherein determning the calibration ratio conprises

solving the equation: g,k,u =Yu e"r -diag hi,,,u '"g+n,,k,u

=7/ ,k,,," Zl kug+n, ,k,u where Z; k ,, is a diagonal matrix whose di agonal
elements are the elenents of the reverse |ink channel vector estimte
h:,k,ue ' ' and the subscripts i, kit, are the tone, tinme, and user

i ndexes, respectively. 26. The processor-readabl e medi um of claim 25,
wherein, the,instructi grla for, sol ving c(?%pri se instructions to use an MVSE
t echni %7Ue ‘0 PEQSFRFEr-Faadatle, mediughhaving Ssored Wepsop instruehions dorss by aiEeResioT-havi ng

st or edtht ete&Tbnk ISk pGEt ih@RRIbR oUse by a processor, the instructions
conprise instructions to: receive first channel estimate information

cor r espondi BefiYoofinst chasmg! ssiimsis infernzatipn cerespondiagto transmissmhs todefist aices
secondteﬁgi?lglnel estimate information corresponding to transm ssions from
the first access ternminal; receive third channel estimte information

cor r espondi deterininetseeonsirchaimied asiniate af@eaBftcorRS@RRIN 16 tfih&aissiotlefr @R Micne
fourth_channel estimate information corresponding to transm ssions from
the sHCHIHICIABURL or ninal ; and deternine a calibration ratio based upon

the first, 3&6QMird tRinhes estieliRfothiti ' bR RLL Ry for at
| east the first agd seconec? acceelss t%%%lﬁgjla %{on}i@gt&? @Sﬁléstlin%éﬁg%cgﬁd
est i maaceess pdromnmkt i on corresponding to transmissions to a third access

termnal; determ i xth channel .estimate inforpati on correspgonding to
transmi ssi ocﬁger?l%%lf‘ﬁ‘é&apﬂ%iregmﬁ?:tﬁé@-émfaé’f)ﬂlcﬂré?s?o B8 it asmiissiong frem theyr at i on
rati o fasricctoerinhfl:fanast, second, third, fourth, fifth, and sixth
channel estimate information for at |east the first, second, and third
access t er rclsanine agalibration ratio based upon the first, second, third, and fourth channel

estimate information for at least the first and second access terminals;

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

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

determine 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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