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10002] The following description relates generally to wireless communications, and,

amongst other things, to calibrating an antenna array for multi-input multi-output

wireless communication systems.

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 wircless 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
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randomization in order to collect the bits for a particular user in a coherent manner.

[0006] A known type of communication system is a multi-input multi-output
(MIMO) communication system where both the transmitter and the receiver have a
plurality of receive and transmit antennas for communication. A mobile terminal, with
multiple receive and transmit antennas, within the coverage area of a base station with
multiple receive and transmit antennas, can be interested in receiving one, more than
one or all the data streams from the base station. Likewise, a mobile terminal can

transmit data to the base station or another mobile terminal. Such communication



plurality of receive and transmt antennas for
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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
cxtensive overview of all contemplated cmbodiments, 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 determining channel estimates for at least two antennas of



extensi ve overview of all contenpl ated enbodi nents,
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any or all enbodinents. Its sole purpose is to present

some concepts of one or nore enbodinents in a
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10015] FIG. 4 illustrates aspects of logic that facilitates calibrating an antenna array

to compensate for gain mismatch.

[0016] FIG. 5 illustrates aspects of a system that facilitates calibrating an antenna

array to compensate for gain mismatch.

[0017] FIG. 6 illustrates aspects of a methodology for calibrating an array of

antennas.

[0018] FIG. 7 illustrates aspects of a methodology for calibrating an array of

antennas.

[06019] FIG. 8 illustrates aspects of a receiver and transmitter in a wireless

communication system

[0020] F1G. 9 illustrates aspects of an access point.
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othcr systcms by way of the signal).

[0023] 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.

[0024] 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
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termpals 38 and 40 are in
communication with acccess point 46.

[0027] Controller 50 is coupled to each of the cells 2, 4, and 6. Controller 50 may
contain onc or morc conncctions to multiple nctworks, ¢.g. the Internct, 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.

[0028] 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



conmuni cation with access point 46. [0027] Controller
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to calibrate the receive chain of the access point to
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equipment (UE), a wireless communication device, terminal, a mobile station or some

other terminology.

[0032] It should be noted that while FIG. 1, depicts physical sectors, i.e. having
different antenna groups for different sectors, other approaches may be utilized. For
example, utilizing multiple fixed “beams” that each cover different areas of the cell in
frequency space may be utilized in lieu of, or in combination with physical sectors.
Such an approach is depicted and disclosed in copending US Patent Application Serial
No. 11/260,8935, entitled “Adaptive Sectorization In Cellular System,” which is

incorporated herein by reference.



Then when the calibration ratios are conbi ned, each
separate calibration ratio or calibration information

WO 200785 ant enna of each access term nal nmay BPET/US2006/060502
utilized as a separate conponent. [0031] As used
herei n, an access point may be a fixed station used
for comunicating with the termnals and nay al so be
referred to as, and include sone or all the
functionality of, a base statgon, a Node B, or sone
ot her term nol ogy. An access term nal may al so be
referred to as, and include sone or all the
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stre nd automatically adjusts a gain lied to
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mahdrhitter thfn aesoci ated |inear operation range and to
provi de a constant signal strength for outputting
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thatjéGC 108 can be gptional to sone enbodlqgnts
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nal i s snoothed by a
can e shaped to be within bandwidth constramts while mitigating and/or eliminating

intcr-symbol interference. Once shaped, the signal can undergo digital-to-analog (D/A)
conversion by a D/A converter 120 before being subjected to an operatively associated
low-pass filter (LPF) 122 in transmitter chain 104 for smoothing. A pulse amplifier
(PA) component 124 can amplify the pulse/signal before up-conversion to the baseband

by an up-converter 126.

[0035] Antenna array 100 may exist for each antenna of both an access point and
access terminal. As such, there may be a noticeable difference observed between
transfer characteristics of transmitter chain 104 and receiver chain 102 and/or samples
thereof, reciprocity of the equivalent channel and/or transmitter/receiver variations may

not be assumed. When calibrating an array of antennas 100, an understanding of the



| ow pass-f Iter (LPF) 112 that can mtigate

short-termoscillations in the received signal.
WO-00al056676 r ecei ver chain 102 can conpri se a reR€l/Ug82006/060502

processor 114 that processes the received signal and

can comuni cate the signal to one or nore conponents

of transmtter chain 104. [0034] Transmtter chain 104

can conprise a transmtter processor 116 that receives

a signal fromreceiver chain 302 (e.g., transmtter

receives a signal that was originally received by

recei ver chain 102 and subjected to various processes

nASHREAAS B rdtibhs, iR ree Wﬂﬁ%ﬁe‘étstdlﬁlhe @hase and)or a litude, of signals
Transm tter processor 116 is op atlvelgé to a
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up-conversion to the baseband by an up-converter 126.
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val &n: anne Fansm t recei
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and/or anpl i tude, .as_any ot her transmtter chain 104,

Ay gw@ew%‘ép {erminal 1%%1%093 imthg@oise far that uycac Theisforenigr aay given
cdlf%a0dn RAGNEsBRERIANAsIO both the forward and reverse links, there is some

error introduced by the channel variation and noise. Therefore, in several aspects, one
or more calibration ratios estimated for a number of different antennas of different
access terminals are combined in order to obtain a single calibration ratio to be used by
the access point for transmission to one or all of the access terminals. In certain aspects,
the combination may constitute an average of all of the calibration ratios for each
antenna of each access terminal communicating with the access point, or some
predetermined subset. In another aspect, the combination may be done in a joint
optimization fashion where the channel measurements from and for each antenna of

each access terminal are combined to estimate a single calibration ratio thatis a



[0036] The m smatches in the effects can be due to the

physi cal structure of the antenna 100, conponent
walrdofes@nces, or a nunber of other factors. SuediI/US2006/060502

m smat ches can include, for exanple, nutual coupling

effects, tower effects, inperfect know edge of el enent

| ocati ons, anplitude and/ or phase m smatches due to

antenna cabling, and the |ike. Additionally,

m smat ches can be due to hardwpre elenments in

transmtter chain 104 and/or receiver chain 102 of

each antenna 100. For exanple, such m smatches can be
c@ﬁﬁ&@ﬁ@ﬁ g?ﬂw dabh @ikhAehes ifdi)11t &Ich ,an‘lébnﬂﬁl df @dhrd@ab? rﬂfxﬁunal without
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effects, etc. .[0037] For an access to calibrate,
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used for reverse link transm ssion, for any given
ageeseieEmigt.ni nal i s subject to the noise for that user.
Therefore, for any given calibration ratio estinmated
[(939¢d oA foovdrdtiné dhenva estiramd, AR\ enayebd ¢stiomted fieheasmss
sone error i ntroduced by the channel vari ation and
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eﬁnnttpmtbﬂnhayvrwnsasltute an average of all of the
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predet er m nm%ubgét andt}h Pas ct-l— the
conbi nation n‘% nt opgi m zal"{-e.n\ﬁ’r
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est | medgain missmaich e cagaibmigmianeh r at | achbhad! | s noise 1)
aconbi nation of the gain m smatches for each antenna
IwEqgeaith Bohas] baimatoad 2 futictibo ot tikgdatiitridrhatgh g8), of the access
i ndi vidual calibration ratio for each antenna of each
teanied sedeverichain. fof G©3BItidabrr sateyngi the gaiantismatchofreat the
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estimate.

[0040] In the case of reverse link transmissions, the channel estimate at the access

point’s i-th receive antenna due to transmission from the antenna of the access terminal

ﬁ,&g is essentially an inverse of Equation 1. This can be seen in Equation 2 below:

() _ (Z)
Pap =G Lar B
AT transmit AP receive chain Physical Measurement

chain gain mismatch channel noise )



in order to estimate or calculate the calibration
rati o, based on that antenna of that access termnal.
wQ 0®38F662 f orward |ink channel estimate, h g ,POHYS1HE6/060502
estimated at the access term nal for transm ssions
fromthe access point's z-th transmt antenna to the
antenna of the access term nal. However, any channe
estimate will have conponents related to the noi se of
the channel, along with any gain or distortion caused
by the access points transmt chain and the access
termnals receive chain. The forward |ink channe
THES4UARL 2, TBY chdnabl deind {stefinaton Hlhe aminBnebai &,/AR the access
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tefEAR tréfsngiD anie Forrtbhismtdrha e ahiromisnatcth gifh eff thesddcawmteint
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channel estimate at the access point's z-th receij

Eawatians Hoeowld bt pairdnEion PotBRIGIABeR ALHIegTtepelationships
%E% oﬂl&?eﬁ‘ t88khievd Errhys AN &l do)ij WRtibANEILS th Bu of, the

. This can be seen in Equation 2 bel ow. AT
olrgicsmpdmetibematiosh s ptirp s daporipedgrdfrent chain
gain m smatch channel n0|se ,In Equatlon 2, this

channelaé§;|nate i's t|on of 5 gain mi smat cH3AT
of the stélmﬁml gpnynt C Mpforthat
anCe;anﬁa n’&‘q;g ol 't‘iT’_acr:el/s hhi nt

recei verj a|n i cr the phﬂéA channe

bet ween t t wo an ennas bei ng neasured and the noi se

u of the channel that is part of the channel esti mat e.
Tj BGudtonl h oisi¢he o@rahhiismattle ration tetwesygvense Hpk tygasmissions and

errors bet 0 C

it and
o SRR Sp SRR AR AR BB R i
r&debasrchiasis @thmacﬁqssabnmmﬂfor ke pdmc,n.l@t etntem@_t g@d ﬂ,!ghathe tmsmatch
ra?&oh eg thg?éclg%%oeln% ahsmi c?xalrrrlgt oretrﬁgtit Ca%ltenhglaﬁhleoa%%ys %%int. It should
be noted that y 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.

[0042] The calibration ratios c¢,,i =1,...,M , where A/ is the number of antennas in

the access point antenna array can be grouped into onc vector €, for cach antenna at the

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

G ) 2y
C. z

e=| 2=y P |+ T |=y-nen @
Cu M Zp

[0043] In Equation 4, the entries of vector € correspond to the estimates for each
antenna of the access point with respect to a single antenna of an access terminal. It
should be noted that the elements of vector & may be complex numbers including both

the amplitude and phase mismatch for each transmit and receive chains of the access



may be enpl oyed to achieve array calibration in

conjunction with, in lieu of, the nethodol ogi es and
woredones®ré cal rel ati onshi ps descri bed herei n. PEI/US2006/060502

Equation 3, Clis the overall msmatch ration between

reverse link transm ssions and forward |ink

transm ssion, g is the msmatch ratio of the gains

between transmit and receive chains of the access

term nal for the particular agntenna, and has the

m smatch ratio of the receive and transmt chains for

the zth antenna at the access point. It should be

poiat Sttefi@drdy dsSwaUBSEARInbA hli¥m&eR $baBipohaing@a ele transmit and
antenna pair at the access point. Al so, in so

recgiysrasmeihafitimacsessderpioal fransmit and rereivh ahglggggtthﬁa%cular
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ow@cca@%fégamabmﬁﬁmﬁlﬁt bRy 1&?1%@/6@%8 Be myilgnlscgcessitermgpads or

m‘ﬁ?t‘?ﬂl@%n&nnasf&fanecﬁE&smﬂﬂa at the access termnal,
may be terned a "calibration vector."” [0043] In
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estimates for each antenna of he access pol nt wt
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R B B R o e PG Bl i time o
wﬁlmmmrmre eatother mmpns toredface thei measghemens. of t he
accesspoint antenna array as well as comon m smatch
[W45t espAndbsiimated celibratipmnsetot €anadrespording torheseas tshimgfal 2, may
tae access termnaj8 transm.t and receive chains for
b fetepainefl @8 S W Relemia Equatiehdul d be noted that while
Equation 4, describes a vector that has entries for
one access termnal angeanasy it may inghude entries
for multiple access terminals or nultlple ant ennas of
ccess termnal, .[0044] The noj se_ vector i ncl ude .
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as tenperature”an er varil ati ons
f?ect the neasurement. [0045] An estimated

br tor rr ' 0 .
[W‘S:ln i3} tﬂ’ aggx)%e 1% Shcglg%i gg %oﬁeégﬁzgtghé}% g%%se%gfag \?\I/?e:lﬂh()ds to combine
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p-

to obtain a single estimate.

[0047] In this approach, each calibration vector estimate includes a multiplicative
factor, y,, which is diffcrent for different access terminals. In a casc where onc or morc

access terminals have a very large gain mismatch y, , simple averaging may lead to

results s bias the average toward the antenna’s having the largest gain mismatch ¥, .

[0048] In another aspect, each calibration vector estimate, corresponding to a
specific access terminal, is normalized according to an element of the vector. This may
provide minimization in those cases where one or more access terminals have high gain

mismatch 7, . This process is depicted below in Equation 6.



antenna array transmt and receive chains. The vector
cuis determne for all of the antennas of the access
wEoioins@mné enna array With respect to each ant eP@EUS$006/060502
each access termnal. [0046] In the above it should be
noted that there are several nethods to conbine
different calibration vector estimates (correspondi ng
to measurenents fromdifferent antenna's of different
access termnals) to generatgsan overall or conbi ned
calibration vector. One way to do this conbination is
to average all the calibration vector estimates to
obtain a single estimate. [0047] In this approach,
each cal i brati ort,vector_.estikpate i ncludes a 6
mul tiplicati e f@actor, Yuy 4uffich is di f f er ent® or
dlfferent access iern1nals Tn a case where one or
re access termnals have a_ ver
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ing and“rotation is to first normalize each
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Q=[¢ & - &] . é].="é{“ ji=L...U -
SVD(Q)=U-S-V

[0050] 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. The
calibration vectors are then combined according to one or more different mathematical

processes.

[0051] An alternative to calculating multiple calibration vectors is to utilize a joint

optimization procedure using multiple access point and access measurement as follows.



be formed fromthe calibration vectors. A single

estimate for the calibration vector is obtained by
wQeefosamicig a deconposition of the matrix, e.gPCEUS2006/060502

si ngul ar val ue deconposition on the matrix Q. The

ei genvector corresponding to the maxi mum si ngul ar

val ue may be used as the overall calibration vector

estimate, e.g. as shown in Equation (7) bel ow [0050]

As exemplified in the three approaches above, a

calibration ratio is generally estimated in two steps.

First, values corresponding to the el enents of

hﬁ:@lm@&a@%s QRe ¥QRbOEEmdiaBartah ity laall @cds®poinld thagplefEae their channel
array, _or_those antennas of jnterest. The calibration

egjupaity L1 fiETPHHeAUSHEN 1r8as SRt H BITRGNE Bmg sty nBygher, there may
v8hhiahgeloBE he %H/Séﬁ th@ 59&§§?§iﬁt aAP@e :L{]-th'%ﬁcess terminal at time .

alternative to*calculating muftiple calibration

LY QehQf sast,3hé RorWatd lidie cldn@bVecitdsHing®l & ON ER6RAUE éhe antenna of
usi ng mul't | pl e access point and access nheasurenent as
tHeQlckessRerntinslan®y bafsdted tdihe asesslitleciinnal veatirestaste h,,

and access point may generate their channel estimates
nfegsured &ff the @ntess pegtieBoy appoesh, anitizag thit t4lgwetn vdoe , and the
i.nstants. Further, there may be a timng error_of tkju
DEEPHER . (9 dherccsssstepinat aﬂé‘?falatlﬁ gepicted na%aé%%ort %Pﬁ’PWaI

at time k. In such a case, the forward |ink channel

vector estimte g t neasured at the antenna of the

access term nal may be reI g,tfe 23 reverse |ink

channel vector est&waT &« ‘Bt hhe access (g

poi nt. One approach, uyjl I I- ZI pugqnhe cal i bration vector

h and the m smatch gu of “t heé “access term nal antenna

In Equigjpindt, €4, i, ns Eqirgphammarizellmae diagonaltelemibrty afdhthe clenfents of
+ n, In Equation 8, Za u is a diagonal matrix whose

thti mgem@lmle bleammet seawreestineteeh g remtdsy,gf= t,he v eFteesubieripts 4,2,
channel vector estimate h and g u =gu e~jwt" . The

agp fhe ganicptime; and yser fdexesh sespepitvelyt. i ladhe abevagspation, the unknowns

afe 5 éﬁ%braﬁ&?g%h& éé%lln}i thé cc%&eteﬂ'ﬁi%éfs;%ggﬁ: d&%ﬁleatémg e s A feature

nowns are bration v
o}' Eﬁﬂétﬂfi‘ll 8 RRA&! aEsts RLRIRAGH sthatch/ 1hclud& the %i’fééteonﬁo timing
Equation 8 is that access termnal msmatch includes .
ntlﬁéaféh betvtecnfthy preesy prinfpndi theranichndel e apcash teraiesd 41 addition to
1Rk IrﬂsqutEH H@{H fRR8cRE tértﬂﬁ%cﬂgl%ﬁ%ltt Gl B2 QRe dHdins for that
Ition aln m smat etot e access
antenmn r@he Waame; nbtalram sblndieeforen ehdins, fsdo utifiat a minimum mean

squared error (MMSE) approach as shown in Equation 9.

ph zk: "77i,k,u “Crpu ~ L '11"2

o
(0,700} =argmin g, (1.7,,) st =1

"1:7;'\1:#

Solutions for n and y,,, may be given by Equation 10 below.

nOminimal eigenvectorof F=>F,=>'7;, -TI; Z

iku
ik ,u

= .g:k,u : Zl,k,u : Tl (10)

where, for a vector x, the orthogonal projection operator [T may be defined as



antenna. One way to obtain a solution for and k is to
utilize a m nimum nean squared error (MVSE) approach
wa@sgooghmeme i n Equation 9. { f Solutions for h aPdr/gs20k6/060502
may be given by Equation 10 bel ow. hDmi ni nal
ei genvector of F=F =Z - T -Z where, for a vector x
, the orthogonal projection operator |IT may be defi ned
asl =i - _ (H X X [0052] To conpensate for the
m smat ches, the calibration nagtios nay be used to
alter the gain, in ternms of both, or either, the phase
and anplitude of the transmtter chain of the access
point to match it to its kgceiver chain or
equivalently to al tHg the—gain of tHdlteceive chain of

the access point to match™it to its transnit chain.

3] re ifically., t . DQI
I e R G Ch e
theQati, i RPmé bEBYthheatitter,the ghasorand ynpditivker ofgpa tremimipeechain of
processing. t i. for. t | SS| .
BRSSP 1 SERPUPER R R A SRR BB or e
rdc8ivh chaih R tREERSSs dhith nugelsit td &s trahdroitichgin.

pre-processing weights for transm ssion: MRC (h) = h
[gosB] . Mble speeititally hthé atcebiRpbiht b usEBEx (Y] ratio campining (MRC)

fh) , fh = Dh for EGC Wt al i hrat.i on_vect ar .
beanpfopgng, fqual ﬁé%%’é‘%%mg Eﬁ@ﬁg ng, 01 apgpfﬁbe\gms%tlal pre-
pﬂfcgssﬁfgjﬁgﬁﬁhﬁ% OB brBfnSisdion eodryesadsaefinal. t Bhat isabiSthe teverse
S o el G T A D Bl woigs or
¥ Rhisdoh) » fh = Uh for EGC where diag(”) = diag(D

h) . [0054] Wiile FIG 2, depicts and describes one

enbodi nent _of cei-vern chaiin and transpi r chain
104 olt her Waﬂi@{!}%s_el%\ﬁﬁjlst’ralgt"u LsPay be ﬁtéFMFggd 5%
exa e, a 1 .

is WEGc(h)r"\_/‘—A}‘eXp("]‘Ph) ,» @,=Uh for EGC

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

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

Wyre =diagm)-h" /|| , |a|=+h"-h for MRC
(13)

. 1 ]
Weae =diag(n,)- mexp(—ﬂph) . ¢,=Uh for EGC
where diag(n,) = diag(U'n) -

[0054] 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.

[0055] Tt should be noted that the combined or joint calibration vectors may be
formed by treating each antenna, or group of antennas, of a given access terminal as a
scparatc access tcrminal. In that way, the calibration proccss may be simplificd and

each access terminal need not be calibrated independently.

[0056] 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



di fferent nunber of conponents may be used in both

receiver chain 102 and transmtter chain 104.
wodwrvsenal | y, different devices and struct ur eBCTEF2006/060502

al so be substituted. [0055] It should be noted that

the conbined or joint calibration vectors may be

formed by treating each antenna, or group of antennas,

of a given access term nal as a separate access

termnal. In that way, the calgi brati on process may be

sinmplified and each access term nal need not be

cali brated independently. [0056] FIG 3 illustrates a
trhhsfifed, qy&h @adtDéf the Gatchhisd bh dit event Hnk is{@gleP nRaarss at the access

ternlnal er TDD s en1ha a s le f rd
PP iR ting PaTOR BF B THeeLEagt (o Bngtioty b e Oht B the
aé&e@d’@blﬁr IDdkired thhssdéébding%ﬁﬁod Ase Sﬁfhd?@pﬁ@tg RAre @ﬁ%rrﬁfted on the
nmore pilotstransmtted, from each he ant ennas,

forpard ijetostae ppqeRs tespinal) TH%%%‘E?F%@“QEM! fhen qpeasutes fhs PHots to

esmeat& SRR kQFhah A BRI H8JRR arténR. FAMNGHh m Rberse link
the decoding tine of the access point. Duri

n
etsRaiel rs\fgmp desaskinglie wstyoFle gopded faard ]r“%iﬁébrgrﬁdtt@dm‘@ﬁ tobe
tra&‘f'mfttgﬁ 100l thBKcdels poiRt ﬂlc&ﬁérstotg%ﬁ&’aféathe cﬁb@raﬁ&&@ﬁ& Therefore,
erm na t en neasures the pilots to estimate
itfcen hasernl thakthelsdn seroe hypireim kmogatel/dmearandihece fm@, nygiRum
r
R T o b, SO p TR RO B BE A AR F BB AR being o
strornamsiubstedtiddpciktarferingdacdocess point in order to
generate the calibration ratio. Therefore, it can be
[55h t hAs carhes seendraro REGS +iF muitidersbanmebéstinates framdmultiple

a%%?slr %;Ig{ngls'?}é hw%%&%%%%fse L&A gh@taas (yc,%t cgr Ia%(,tbe rgﬁué’gﬁlo(f Iglt least

I'on can mai ntai ne Aout bel
sahplodgvara swps bhtiticakhg racntve rchenns n gF el oxf mlilﬁﬁlﬁ}ltemas for

b fr h
cFARB RS SIS b MBI, i R v o
bettxd egimbted agro G‘.heﬁh@de ﬂ}ﬁycthbﬂ rmaid:lmdreormﬁirml feaﬂtoee antennas for a
0

| ed .
segiasers i i Zﬂ%ﬁffflsﬁﬁasn?%?h%%‘éﬁ §&Veé‘ B8P nal
Bt L e SRS b s o
tcﬂdlici»rfq}}enmﬁy foegdin hﬁsmmﬂcho mllibfsﬁs’teﬁlms &oﬁljﬁ‘ﬁéd]ﬁ&alﬂﬁaﬁ@ component

ess term nal. thus n1t|

30 o PR S oy otiousen cpmeoront DY dEE FafReettupt woeiver
cBdin loatpue sighalk ah@ot bbhph@sns Qbﬂ\&b:feﬁﬁ'd:dwve&l r@h@nt@ma simbRYand a
to conpensate for |n m spat ch. The _system

reimpergadon calgniat ﬁ&hat&ah;a eSetiapdat §ruse tq %Fdlsgat%.vector g
alﬁ'éé %%?‘ V%Agese&%hl% LA GRIBRNEFe 3 diHes@RHAYAE e PAShSine

different measurements from different antennas of different access terminals.

[0059] 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 gencrates and utilizes the

vector n.

[0060] System 400 can additionally comprise memory 408 that is operatively

coupled to processor 402 and that stores information related to array calibration, ratio



chai n output signals and/or conpari sons between

recei ver chain output signals and a rati o aggregation
w@a0ocob@ror 306 that cal cul ates ratios that arBCTUES06/060502

generate vector and aggregates them for use using one

of the methods descri bed above to conbine different

nmeasurenents fromdifferent antennas of different

access termnals. [0059] FIG 5 illustrates aspects of

a systemthat facilitates caljybrati ng an antenna array

to conpensate for gain msmatch. The system 400

conprises a processor 402 that is operatively coupled
gdRralbnaianidaiéd, aid 40dkratfiDegHsRion/dbta, CRY), LRL £ 1tNE suitable
I]%aln m smat ches for .i ndi vi dual antenna cq?blnatlon at

shiopaslataddp fribiting gntsRpeE B hilt it oRe ApRgpoiated that

prcRbdsBE 202 8dh @@m@%br 8Qfcatbd RLEASSUAnAR/ b dodBlting information

conprises a callbration conponent 406 that determ nes
reched Jy upmcquﬁw?aq PIPSCHAT hahentipbh eRPTEOLG RPIIRANENE Of system
4@6‘ GnMft ta%oé?:ssc{r%%t%ﬁﬁ@s 4P8 o Gnad gif@n‘n%ﬁln r¥cewed by

onprise nenory 408 that s operatlvely coupl ed
plmcwes 407 amDoTHIN PHRPr HOISTE@TNOREYS A BYBem HePat ed to
array calibration, ratiogeneration and utilization,

[006d] gerfdemomd0% aart additionsilydéara praspects agreiatacywih Beerating

b%ﬂéltc%me@ ahﬁfrﬁd@st/ﬂeg&b&ﬁgﬂrﬁdmﬁﬁnﬁﬁk LRI G, 4Rt ﬁﬂ:‘?ﬁhat system
rray 404. It 1st Itggq,recl ated that procesSor

4%narb@nalom strred ptodsiingdercalzerghas ap pelinye a;ﬁ@m@rcahbraﬂon and/or
nﬂﬁﬂﬁ%ﬁ“&b 8%&&{1&2 g%{i Flbéc?ﬁ&'efﬁe Gy Q/Yll Bé 9 _g%ﬁg{netdgtﬂ%fthé‘data store

pr ocessor S one of
(ésg s tremodieg), ceamgtnentsaleprrdrddeoin tchabe bmhdlr V&Mﬂlqmmmm gr

c{fatﬂ% rrllonr];ro Ll IrLgaucrlee gc?th\(f% atllfé/ ?rpc{ 8&[%%?&9&% éx%gr[ 8% 6%}/ way of

nZon s one
iiMatretign, 408 noahmad'doﬁ |rmnad>1byleﬂnmeryp¢amtmdudesr@§smbr Baesgry

B0, BrRERbeRl ROM AR AP iRt v rapmathle RO (EPROM),

e&dﬁi@aﬂjﬂ 3tasslyle RQ)IM{E@PMMQrmIfhyh steadorg. Moditide ﬂiﬁnory can include
and/ or al gor t.0.ac ve antenna,cali bration
A ocReIaROT (R EaieR 5ris 48 cHBBE FRt TapeRn By pay of
11Ws&ht1&€a1ﬁpﬁkﬁtﬂﬁhi@étﬁﬁ RDQM i$ henildBledn fisﬁeﬂiy&'o{rﬁs Sch as synchronous

R RS o o R oA R SRS b SRSk A gt ot
rROEDHRAVAIDIR SHEARONMHaatdd SORBIR "(ESDEAM@)Sy%Ehlmk DRAM

illustration, and not limtation, nonvolatile nmenp

(FAARANM), gad diregicRasnirys RANDIIRRAMY , Ths Bgmanndds e Respbiect
s§SREMIn e fHodl fAintendpd &g&ﬁml itRM Uit ted to, these and any

electrically erasable PROM), or flash nenory.
othsr giitable weppPlmeRATY. ncI ude

[0062] 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.



random access nenory (RAAl), which acts as externa
cache nenory. By way of illustration and not
WO 20o7vateron, RAM i s avail able in many forns suRGI/ES2006/060502
synchronous RAM (SRAM, dynam ¢ RAM ( DRAM,
synchronous DRAM ( SDRAM), doubl e data rate SDRAM ( DDR
SDRAM), enhanced SDRAM ( ESDRAM), Synchli nk DRAM
(SLDRAM), and direct Ranbus RAM (DRRAM) . The nenory
408 of the subject systenms ang nethods is intended to
conprise, without being limted to, these and any
ot her suitable types of nenory. [0062] In certain
[EHSBECt SRefoRriny tp FIQS & amahaictodheltiagitd gaﬁer@uﬂng/ﬁrpwaﬁental

oot M e b pah Sk Pl ST g e e o
aRERGEHSHN catiBratida)in ACIBHIA éﬂi&r(ﬁ)ﬁ{dnb RAtOPDM &64@hnfut, 2rOFDMA
the AGC state w t hout perfornkgg a callbratlon The

CRIBFINETH s DMA GAREPRIR et Ot Byt SheR SHFablg Ay iFglens grvironment.

WAldl RirdfuhRe9bf AfpBisy 8f B atiod! fhbhdthQdbivEes e shibwn and
for a give transm ssion may be based upon a tine

dessribedatnt SaTiAHeE pcisf it tibrtar@rﬁnéﬁb&%i agdripareckiged that the
n{é@{o'dgfﬁésod?e ﬁ@tcﬁrﬁftepoff He drl& AFetsS LA RIS ﬁﬁgfainnﬁ:@ordance with

hi's may system paranmeter or nmay vary based upon
omgrrm@re mmﬂlmemssoccetr in diffseeant eedeat andder comgwmently] wob gther acts

fBR1 AL éh%%nteﬂmd':de?bn ted r?eréﬂ?t FBQQia‘?ag%i e [Hb& di%d A the art will

generating suppl enental system resource assi gnments
updesstind gt appredate Float agnethpddogyreod dbbmgiiedy bameprescatal as a
I
BRI DAL 5y 10050 ORI, 0
ilhlstrilﬁedramslme}y bﬁ'reqnyeabtd‘lmlplsmentahhlethmdoleggmaccordance with one or

enV|r Wil e, for purposes of sinplicity of
n%?% ana en“ t he nethodologles are shown and descri bed

GLSs, to derst an
B CEIS e SRR G 0 ey
trhireniesider Codnmet bsimatss ﬁﬂtrtbe ﬁlrtvard’m)k atle nemmlrﬁlancaeceqq terminals
e .enbodi gf ccur

fcheh 8P G e oL SET o e Ao St Plobk SOFr & dipeupsed above,

tmhew;armeblesﬁﬁﬁwsl ﬂae;db@ gérearaéted ngn foraaql nk pias easdhitieé By the
In the ar rst n an reci ate.t

et oo sl Shemh s RGP Lk afoRgation, ¢.g.

r&Rfse 8khahiv] @il6&| aﬂeegénsﬂaeédqgr BE aCXBH bSint S3tackR&rahdmi®antenna
gtate di agram_ Noreogyver, not all illustrated acts may

gwﬂéaﬁ§F%H“?%-?¥ﬁ#éﬂ%nt a nethodology i n accordance
[(%6%‘1 on 81'r borlcﬁrfngre HE? and rcvcrsc link channcl cstimatcs arc collccted,
calibration ratios for each access terminal antenna and access point antenna may be
determined, block 504. In certain aspects, the most recent forward link and reverse link
channel estimate with respect to each other in time is utilized to form a calibration ratio.
In such cases, multiple estimates for a given access terminal may be performed based

upon consecutive channel estimate pairs of forward link and reverse link estimates.

[0066] As discussed with respect to FIG. 3, there may be some time lag between the
different calculations and transmissions. Further, the functionality for blocks 500 and
502 may occur substantially simultaneously or at different times for the same or
different access terminals, although they are likely to be the same for different antennas

of a single access terminal. Therefore, a calibration ratio may be determined for a given



[0064] FIG 6 illustrates a methodol ogy for
calibrating an array of antennas for transm ssion.
w@hansde7est i mates for the forward |ink are reR€l/Usm06/060502
fromaccess termnals for each of the receive antennas
of the access termnal, block 500. As discussed above,
t hese channel estimtes may be generated from forward
link pilots transmtted by the access point.
Addi tionally, channel estimti@s for the reverse |ink
information, e.g. reverse link channel pilots, are
generated by the access point for each transmt
arbiR ot giled Acarieatithal Bis8d 0pdn cldmdekestidiited d¥abSforward link and
After. both forvvar%%l nk and reverse |ink channel
TSP é"ém%b’GBPF (25 Realer id IBFE’F CORSSCHE Y ¥BF- each

ess ant enna nd aCcGess nt an nna |
D76 or o b tisf ategs T optnta § laahenpubrtie Smpte over
i@ GR8 hedeOy Warhthaly, BlocRBU6! qvla,r@ﬁnﬂmwo&m:&ﬂ rafls mayEihelude

w.th respect to each other in tine ized to form
ca&lbéaatrqnoﬁaﬁw torsomg ¢l ohthe aptgnpasidhe ii@i%(?% PECSSE feir%rtaé%m a

gifveh s@ot8ll KRR 2GEERN claBlHc ARl v BYud SuRBLE 8f @mrmﬁleﬁnos for cach
upon consecutive channel "estimate pairs of forward
ageepiderREmat @txﬁ@trrsaefor Wﬁlkdle@tei qml@@ cafibrgtig ra&sOSdr% bfe}gg ghtained.

W th respect to may be sone tj
[496Bhee nTI@er@nehm%?aéwat&m r@HP A esoLi#Eed by ﬁwlggwai%gmg the

AT ARG vatibD8r NGHS Q%mérxap{)ﬁfaci@éscmﬁss%%%@m éesé&% t9RYG. 2, e.g.

occur substantially sinultaneously or at different
thejappeoaches disrasseshwitly resppgifie Eanttiasdeds/ -t er ni nal s,

al though they are likely to be the sanme for di fferent
[P E nn aBachrtraastistifneTem casls trersisyian chafp of diegcgessgpoint is then

w%ghgézf Rlth Widal b&e oﬁaled@r@&ﬂw@ﬂlbﬁﬁfonaraaw&%w@ﬂﬁﬁm

] I ven access term nal based upon channel
claini Adtoe s combired dr deinhs of calibraiensrwsiglts andyj hekutilized for one or

oL 5 A0 BN 008, SONSEEAHIYE gy o
compbined nalabremn mt@tqr@maébtartmn@hwem hedediypion theewmskined
c}ﬂﬁa m&an{aﬁge Q a ?e accgés tezor&m Qﬁgm%gl 'Iﬂé Q{:c%egy Fer ﬁa‘i)s would

ion ratios to sone or
ﬂantapphahe We1gﬂnebaheﬂfupoﬂ tte codessd ¢adibratival 8tio o de@du@nf the
ect.or. or une uaI Qr. qqual nunber of

oS BNigh] ek Sved Fﬁﬁe P%Y%“%%Sﬂthﬁc"‘&‘éss& ¥8Mnal ant enna

one._or ration rat
o Bele FRER Gt ALGMGT iRl B e R papisntac
AGRT atiateechdmot %ﬁmhgr ARGEr agengAs bechs Alock 588 ) wonldaheroanlgrpply to
ut j Li-zi t he pproaches di scussed with respect
ﬂicoAékI;Z(itQ[g du'%nég (’ccﬁéogppr oaches discussed with respect
[(IOC}qu u a{d@ﬂf 11Elsgates another methodology for calibrating an array of antennas

for transmission. Channel estimates for the forward link are received from access

terminals for each of the receive antennas of the access terminal, block 600. 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, c.g. reverse link channcl pilots, arc generated by the access point for cach

transmit antenna of the access terminal, block 602.

[0072] After both forward link and reverse link channel estimates are collected, a
calibration ratio that utilizes multiple channel estimates for multiple antennas of

multiple access terminals, block 604. In certain aspects, the most recent forward link



[ 0069] Each transm ssion fromeach transm ssion chain

of the access point is then weighted with weights
whamemsaspon t he conbined calibration ratio forP€TE$2006/060502

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

calibrations weights may be utilized for one or nore

transmt chains of the access point. Alternatively, it

is possible to transmt this conbined calibration

ratio or a calibration instreoti on based upon the

conbi ned calibration ratio to one or nore access

term nal antennas. The access termnals would then
ardelyrst liak ehaglel ssthase dnuhpeﬁpebhie» aolvbtie th Galeiibnilizedn In such

ratio to decodjng of the tran ons rece ved L
i SRS e e oo gV R RN B T8 TR o Py B Upon
cABBORIVE chhfie] estirhiie Pphir® 6f mwgm I$nladrel tetvedst riak efsﬁrhatﬂs

particul ar AGC state and not for other AGC states. As
[0978]), bAogkcnl&d w\Milibﬂ}eH‘tGIFIGn B ythagpiyy be sérhe tiABQag between the

state durin bl ock 50Q. Fl i l.lustrat
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diffesent gpossh terpoarads, @gham%ﬁhﬁﬁgre&fk ?‘h‘i‘ fent antennas
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Ad$(h ercoimbinddme jpit srtiolf |czb1@ratl¢rr$ xg@rghtscaagsehe utihiged; fr @ne or more
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upon consecuttve channe ti pairs
chliratordratiordt aaaaﬁbra@me nwumlm(bwdlmn élse 1o[irg@atgl}>rangn ratio to one
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600 602 cur substantjally sinultaneously or
r%‘ielvci’g'f r?gghef%rce§slwt8rr%1§ﬁfe or different access

al t hough t.he
[W@n er e so 0, H SOC & gspccts, the calebraﬁgﬁa’ walgth?s 3‘8 uttlngcém Ja?tﬁcular
AGQC state and not for other AGC states. As such, block 608, would then only apply to
the AGC state during block 600.

[0077] 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
basc station and/or morc than onc terminal, wherein additional basc 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
the terminal can employ the systems (Figs. 1-5) and/or methods (Figs. 6-7) described

herein to facilitate wireless communication there between.



of a single access termnal. Therefore, the channe

estimates nay be determned for a given antenna of a
w@ewens@teess term nal based upon channel est i PEL/ES2006/060502

the forward Iink and reverse link transm ssions that

may or may not be consecutive in tinme. [0074] The

joint calibration ratio may be obtained by utilizing a

joint optimzation process as discussed with respect

to FIG 2, e.g. to Equation &1 [0075] Each

transm ssion fromeach transm ssion chain of the

access point is then weighted wth weights based upon
[0DN8] | Oi RfesilgitBIFIG. @Na frahdnaittbosind feativer @rsmiitipihadoass wireless

Al so, . a.conbined or jaoint, set of. calibrati i I3
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access termnal. [0076] Also, in some aspects,
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tladget.i on, it is to be appreciated that the,base

station and/or the term nal can enploy the systems
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rocessor I n_an enmbodi nent, each data s (}reaml

P& Y R PrdeRAND sslssied; oy dat data stream to provi

symbols. Thc data ratc, coding, and modulation for cach data strcam may be

e modulation

determined by instructions performed on provided by processor 1330. In some
embodiments, the number of parallel spatial streams may be varied according to the

rank information that is transmitted from the user.

[0080] The modulation symbols for all data sireams are then provided to a TX
MIMO processor 1346, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1346 then provides Ny symbol streams to Nr transmitters
(TMTR) 1322a through 1322t. Tn certain embodiments, TX MIMO processor 1320

applies beamforming weights to the symbols of the data streams based upon the user to



transmt antenna. TX data processor 1344 formats,

codes, and interleaves the traffic data for each data
wargamobased on a particul ar codi ng schenme sePEUSH06/060502

for that data streamto provide coded data. In sone

enbodi nents, TX data processor 1344 applies

beanform ng weights to the synbols of the data streans

based upon the user to which the synbols are being

transmtted and the antenna bhpom which the synbol is

being transmtted. In some enbodi nents, the

beanform ng wei ghts may b e generated based upon
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A0 FED SR 4 QeI T PL R CHop S Fecover the
trsffidhataka fos the data stream which is provided to data sink 1364 for storage and/or
further processing. The processing by RX data processor 1360 is complementary to that

crformed by TX MIMO proccssor 1346 and TX data proccssor 1344 at transmitter
p Y p p
system 1310.

[0084] The channcl responsc cstimate gencrated by RX processor 1360 may be used
to perform space, space/time processing at the receiver, adjust power levels, change

- -modulation rates or schemes, or other actions. RX processor 1360 may further estimate
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and
possibly other channel characteristics, and provides these quantities to a processor 1370.
RX data processor 1360 or processor 1370 may further derive an estimate of the
“effective” SNR for the system. Processor 1370 then provides estimated channel

information (CSI), which may comprise various types of information regarding the



being transmtted fromthat users channel response

i nformati on. [0081] Each transmtter 1322 receives and
wWEr@cAS®es a respective synbol streamto proviBPET/US®0€060502

nore anal og signals, and further conditions (e.qg.,

anplifies, filters, and upconverts) the anal og signals

to provide a nodul ated signal suitable for

transm ssion over the M MO channel. N Tnodul at ed

signals fromtransmtters 1323a t hrough 1322t are then

transmtted from NT antennas 1324a through 1324t ,

respectively. [0082] At receiver system 1320, the
coh@psitetibe inkaadibailedesiigidalsa stteant. eB@i axachply thé CSI may
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[6(%’7'] 0s f{es eBrS1 g PJ Fi(g.%,%%taggetsg %ofﬁ)( %Lorﬁﬁﬁ%aanr%ainalpnqt 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 intcrmcdiatc frcquency (IF) processing unit 1410. Digital IF proccssing unit
1410 digitally processes radio channel data at an intermediate frequency by performing
such functions as filtering, channelizing, modulation, and so forth. RU 1475 includes
the analog radio parts of the access point. As used herein, a radio unit is the analog
radio parts of an access point or other type of transceiver station with direct or indirect
connection to a mobile switching center or corresponding device. A radio unit typically
serves a particular sector in a communication system. For example, RU 1475 can
include one or more receivers 1430 connected to one more antennas 1435a-t for
receiving radio communications from mobile subscriber units. In an aspect, one or

more power amplifiers 1482 a-t are coupled to one or more antennas 1435 a-t.



possi bly other channel characteristics, and provides
these quantities to a processor 1370. RX data
wEe@ces®os 1360 or processor 1370 may further PET/USBOEK0502
estimate of the "effective” SNR for the system
Processor 1370 then provides estimted channel
information (CSI), which may conprise various types of
i nformati on regardi ng thecomruni cation |ink and/ or the
recei ved data stream For exaaple, the CSI may
conprise only the operating SNR In sone enbodi nents,
the channel information may conprises signa
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frequency b%nperfornln%
terminal. The techniques described herein may be implemented by various means. For
cxamplc, 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
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAGS), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or 2 combination thereof.
With software, implementation can be through modules (e.g., procedures, functions, and
so on) that perform the functions described herein. The software codes may be stored in

memory unit and executed by the processors 1390 and 1350.



such functions as filtering, channelizing, nodulation,

and so forth. RU 1475 includes the analog radio parts
wW@Roorlsseaccess point. As used herein, a radi o BPEI/US1086/060502

the anal og radi o parts of an access point or other

type of transceiver station with direct or indirect

connection to a nobile switching center or

correspondi ng device. Aradio unit typically serves a

particular sector in a conmuniscati on system For

exanpl e, RU 1475 can include one or nore receivers

1430 connected to one nore antennas 1435a-t for

[00BOPI Vi Wihat BEH Keef ABLBHIbEE abb R iRichudesi i bLoSdtlRsihrer

units. In_an aspect, one or nore power anplifiers 1482 .
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( Af converter 1425. A/S converter 1425 converts the
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05 via digital I'F processing unit 141 O.

conponent 1

dﬂgrnigw smbadimngre Aetendhd togmbszcermdl wich phiergtipny, aradifiogions and
V?‘?eﬁﬂ)‘:ﬁg T fél?w?tﬂﬂ‘ﬁ% 3?% and Q&ﬁ%rof%é %@eﬁ@éd AR ﬁlr&l%ﬁ'iore, to

or transmtting radio comuni cations to access
theeempint ghag theGerm &otcbatles distusath smeithes the dk2@iladglescription or the
ol ks Lm0 Ak 0GR AL sEAINEL FET bt i) GORYREREr
converts e digital communications receive rom

“bagpiamg]’ sdirpopeining? 40mtarp@tadi Whe¢m¢mploypd ace sensigonahivord in a
cﬁﬁ%O into anal og output for transm ssion to the nobile
subscriber units. In sone aspects, a nultiplexer 1484

for multiplexing of multiple-channel signals and

mul tiplexing 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

control ling various processing which includes the

processing of voice or data signal. [0088] For a

mul ti pl e-access system (e.g., a frequency division

mul ti pl e-access (FDVA) system an orthogonal frequency

di vision multiple-access (OFDVMA) system a code

di vision multipl e-access (CDVA) system a tine

division nmultiple-access (TDVA) system etc.),

multiple termnals may transmt concurrently on the

reverse link. For such a system the pilot subcarriers

may be shared anong different term nals. The channe

estimation techniques nay be used in cases where the

pil ot subcarriers for each term nal span the entire

operating band (possibly except for the band edges).

Such a



pil ot subcarrier structure would be desirable to
obtain frequency diversity for each termnal. The
W@ ehnsa@aes descri bed herein may be i npl enent eBICHYS2006/060502
vari ous neans. For exanple, these techni ques nmay be
i npl enented in hardware, software, or a conbination
thereof. For a hardware inplenentation, the processing
units used for channel estimtion may be i npl enent ed
wi thin one or nore applicatiao specific integrated
circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs),
progranmmabl e | ogi ¢ devi cesciAida$, field programmuable
gate arrays (FPGAs), processors, controllers,
m cro-controllers, mcroprocessors, other electronic
watrsisadesAguet 1 perform the functions descri bed
herein, or a conbination thereof. Wth software,
i npl enentation can be through nodules (e.g.,
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I ncl udes exanpl es of one or nore enbodi nents. It is,
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pur poses o escribing t Porement i oned e i ments,
but driermining dicaldrmytigkiatio based iggregaich whher fasbgmingel estimate
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descri bed enbodi nents are intended to enbrace aII such

alter tio ons and variatio

21 t nieeanah PFleims Fevh S, e Tt St sl B gomprises

déte Frntidid® el ibrattord haeiodi €th ahteaha iddepésientlyl ncl udes” is

used in either the detailed description or the clains,

such termis intended to be inclusive in a manner

3si M Tk ni@hdd6f 18D, ¥ ReRn E&téeninidg coaPmsed SdrfiginingSeach of the

|qg_H$reted when enpl oyed as a transitional word in a
PIYRIAHPRBS WHAT IS CLAIMED IS: 1. A nethod of

calibrating an antenna array in a wreless network,

conpri si receiving first channel estimte

4 nf o%ﬁtﬂp%hocéa%ﬂd%%r@&%@o@q@m@gtqomwgs‘r%fwg gacky of the

chiBastiod Weoant ennas of at | east two access term nals;

determ ni ng second channel estimate information each

corresponding to

5. The method of claim 3, wherein each of the calibration ratios comprise a
plurality of elements and wherein combining comprises:

normalizing each calibration ratio; and

determining the calibration ratio based upon a matrix including the normalized

calibration ratios.

6. The method of claim 5, wherein determining the calibration ratio based upon the

matrix comprises decomposing the matrix utilizing singular value decomposition.

7. The method of claim 1, wherein determining the calibration ratio comprises
determining a joint calibration ratio based upon first calibration information and the

second calibration information.



transm ssions fromthe at | east two antennas of the at
| east two access termnals; and determning a

W@ 2007/05@&7¢ on rati o based upon each of the firseCH82006060502
estimate i nformati on and each of the second channel
estimate information. 2. The nethod of claim1,
wherein determning the calibration ratio conprises
determining a calibration ratio for each antenna
i ndependently. 3. The nethod gf claim2, wherein
determ ning conprises conbi ning each of the
calibration ratios. 4. The nethod of claim3, wherein
combi ni ng conpri ses aver agi ng each of the calibration
ratlo 5. The_net hod of cl ,. Wherein each of the

8cal i BharRghod of ¢la@ Lowper! eée%%mgmﬂq GRLOrtgTgi cemprises

s@RAhgheERIAonONMDI Ni ng conprises: nornalizing each
calibration ratio; and determ ning the calibration

ratio based upon g, mapyie’ Irﬂdléla(lh’lgu)t he-mey mal i zed
calibration ratios. 6. The of claimb5, wherein
determning the .cali lgr’ﬁtl O’ﬁ‘ tl’d based upon the

Wil 7X, CRMIIihSGH1 HREMRASII Wakdifl gﬁh{eh%é At bld aérﬂsms of the
si nguf*dr val ue deconp05|t| on.” 7. The nethod of claim

cHann®D&fiiBhdle RLSELHA R cg) L bret | gl H85LEBMRI 2 8 the

determning a joint cg’l“lbr"étlon rati o based upon first

teh] tile pdr kel Rfdek &R FdspBctaB;.t he second cal i bration
informati on. 8. The nmethod of claim 1, wherein

determning the calibration ratio conprises solving

9t he Q%H@&étﬁ&i oﬁélaﬁvﬂl 8, %Hex@nﬁsdl\ﬁﬁg c Vﬁn@m@ ulsiné, 2 MIMBE techpique
ku-+n| ere Z.huis a

k,
t‘d$°é‘@%ﬁ3leqﬁﬁ‘9%x vvhose di agonal eI enents are the
el enent s of the channel estimate informati on h i >k>u
8l>u: wtu , and the subscripts i, u, are
he tTélﬁéneth‘P  claing | uwbereporirsiasningd @@%thrwfawraﬂg coTppeises

uﬂﬁhﬁé@ q é&{{lxt 5 Maﬁon itR Y VHiRPaRPEREAP LGB dRigh AL

ue to solve the equatlon.
information.

11.  An wireless communication apparatus comprising:

at least two antennas; and

a processor coupled with the at least two antennas, the processor configured to
dcterminc a calibration ratio, bascd upon first channcl cstimatc information cach
corresponding to transmissions to at least two antennas of at least two access terminals
and second channel estimate information each corresponding to transmissions from the

at least two antennas of the at least two access terminals.

12. The wireless communication apparatus of claim 11, wherein the processor is
configured to determine a calibration ratio for each access terminal of the plurality and
to determine the calibration ratio based upon combining each of the calibration ratios for

each of the antennas.

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

configured to combine the ratios by averaging each of the calibration ratios.



10. The nethod of claim1, wherein determ ning the
calibration ratio conprises utilizing a joint
wpioroiead | on schene with the first and secondPCIE2v86/060502
estimate information. 11. An wirel ess comuni cation
apparatus conprising: at |east two antennas; and a
processor coupled with the at [ east two antennas, the
processor configured to determine a calibration ratio,
based upon first channel estizgate informati on each
corresponding to transm ssions to at |east two
antennas of at |east two access termnals and second
14 hanmak wislésteb@niuiifirion tappirataof chinri@s phadimthetpgocessor is
tr nsrgssio s fromthe at | east two a,nlte,nnas‘gf ,tgeg at .
coufigired {peroguuRs hergion hangmali5ing faeh gpljipiiggrano and fo determine
tHeQUATLALBA i TbABRAhak b Sndfix dchidind cadhfitiRe Balithation ratios.
processor is configured to determne a calibration
ratio for each access termnal of the plurality and to
15et e RArdIAR cofinhifigtiofnppabh® JPRRAEN P Ahefadirtietirdgssor is
each of the calibration ratios for each of the

confimehutilizessingahe HlyedccoEPesHAR 1P Aetqese thepalrirdo gptain the
EhihiRltiowherei n the processor is configured to

conbi ne the rati os by averagi ng each of the

calibration ratios.14. The w rel ess comruni cati on

18PPaM3L %a@ éss%mﬁﬁhﬁgdtiom%?gﬂaﬂlst&%lé?ﬁ’loﬂ? S3Hteih the processor is
configured to conbine the'ratios by nornalizing each
coafiguyeditd daterzng theagatibragiod ety williwing Agoighealibraangatio.
rati o based upon a matrix including each of the
calibration ratios. 15. The wirel ess conmuni cation )
lapparteusird ésscoaimutidgtiontrppetatustdfelgimokle sdwrein ghe processor is

£ tilize sinqul | i !
cGienpoLClybing i PRMArIGbY RO BB R o7
16. The wirel ess gsommni gt alagial piqusn,of claim 11,

wherein the processor I's configured to deternmine the
calibration ratio utFlh=i '.ng,,a'T]Jmeu calibration ratio.
7. e wreless,.co ni. cat i.on apparat us of. cl.ai
s G P16 R PSR PR BRSPS BB e @ everse
| i br atli on ratio bén sol vi ng_t he,.gquation:

]131%(0 ganel yegor gStinfats and the § brgclzr)l'_(bt%lg g,tearg the

vz > B s%q °di agdnal na

to Ie?%%jaldncﬂlmﬁﬁ&egrr&ptegﬁveﬂfenem s of a reverse

18. The wircless communication apparatus of claim 17, whercin the proccssor is

configured to solve the equation by using an MMSE technique.

19. The wireless communication apparatus of claim 17, wherein the processor is
configured to determine the calibration ratio comprises utilizing a joint optimization

scheme with the plurality of first and second channel estimate information.

20.  An apparatus comprising:

means for processing first channel estimate information each corresponding to
transmissions to at least two antennas of at least two access terminals and received from
the at least two access terminals;

means for determining second channel estimate information each corresponding

to transmissions from the at least two antennas of the at least two access terminals; and



i nk channel vector estimate hlku , Yi u -gu -e~~jwr"
, and the subscripts i,k,u, are the tone, tine, and

wa@ @/ ofqadexes, respectively. 18. The wirel ess PCT/US2006/060502
communi cation apparatus of claim 17, wherein the
processor is configured to solve the equation by using
an MVBE technique. 19. The w rel ess conmruni cati on
apparatus of claim 17, wherein the processor is
configured to determine the cglibration ratio
conprises utilizing a joint optimzation schene with
the plurality of first and second channel estimate
i nf ofiERhLE 3t deRPmifing appllbatios raipsed ipon cavbarfshd Gist channel

processing first channel estimte informtion each
{lismisie SHEREITRY 415! TR AL fHeaCr FLe 5l A iy InfQpgaaon.
antennas of at |east two access term nals and received
fromthe at | east two access terninaIS'%gEans.f

et e/ THE AP AT N HEFTRR IR0 ok S PR (hgalibration

SR SRR WS RorldeRAMIMISS b @RRbrhti O dtidefoR tadhemsdnnb WO
antennas of the at | east two access termn nals;

indederedendyf or deternmining a calibration ratio based
upon each of the first channel estimate informtion

and each of the second channel estimate information. 2 .
21. ThHéeappaatses cbfimd 1awherin theraeaisfor dricmpning the palibration
r%?ot ol TN :ﬂgemqnﬁgdbehﬁ&ﬂy ccz)ﬁ]neér‘?stek heGRIRIricoRDidTB@BSch d¥the

etermning a calrbration ratio for each antenna
cilildepemdatios] y. 22. The apparatus of claim 21, wherein

the nmeans for determning the calibration ratio for

each antenna i ndependently conprises nmeans for
260mbiTherappeatds affcldime2?; athetriatheameanstfopeombBingpenprises means

ar at. us of I m,22..-wher.ei n the neans for conbining
f@%#ﬁf?%‘é%e%éﬁéﬁ‘? gill 5%/he°rnar§|{1§% each of the calibration
rati os. 24. The nethod of claim 22, wherein each of

the ¢alibration rati,gs_conpris | ural it : .

A LR 7 RO BORBLA 8 B P glis comprise o
pheaRty Setsmemansd ?Vﬂéregﬁfhﬁﬁhéaiﬂs (7S c@)ﬁ&dﬁnmigl dghtpaﬂsém n

ratio; and neans for determ ning the calibration ratio

oo queiB dornairne e eGP HafioeTdl | Deq

cal i Rhadds ¥8r ddéinfiSing the calibration ratio based upon a matrix including the

normalized calibration ratios.

25. The apparatus of claim 20, wherein the means for determining comprises means
for determining a joint calibration ratio based upon first calibration information and the

second calibration information.

26. The apparatus of claim 20, wherein the means for determining the calibration
ratio comprises means for solving the equation:
ik =Vu€ 7o . diag (hi,k,u ) MER
= Vipu Lo MT My

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

1

channel estimate information h,, , , 7;, =7, " e’ , and the subscripts ik, u, are the

tone, time, and user indexes, respectively.



25. The apparatus of claim 20, wherein the neans for
determ ning conprises neans for determning a joint
W@ 200708@&té on rati o based upon first cali brati oPCT/US2006/060502
i nformati on and the second calibration infornmation.
26. The apparatus of claim 20, wherein the neans for
determning the calibration ratio conprises neans for
solving the equation: 8 , = Tu -e Mt diag(h,”)- h+ n;
where u is a diagonal matrizg whose di agonal el enents
are the elenments of the channel estimate information \
UK u, gi u-gque~iw " , and the subscripts i,k,u,
2ar e e abparatustof Hﬁlm@lﬂdwhsﬁn tHRdesS forf (ﬁ@ﬁﬁhin\gehcy calibration
The appar at us o} f\ m 20, . wher.ein the neanshtg
T4 SR TRoH B SRS IOE B NBng 4 1B PREFAEBSFh SRS Wits s fipsg pod second
chiddnlel gdtivght@indfetnMtioapt i m zation schene with the first
and second channel estimate information. 28. A
processor -readabl e medi um having stored thereon
2BNSt TAUBLIcORSr-HQHaBIS Endiurd HRURSRETY theb & inAPldHéRE FANRe by a
conprise instructions to: process first channel
PeasehsekL the InfrupiRms cOmREke Fnstuetiesidendi ng to
trangmssl £1k8 cﬂa‘?m@f B i a@ﬁh%@&@éo&ésp@hdﬁlgQ&&raﬁéﬂﬁssmns
access termnals and received fromthe at "I eas
tca@fcle@é twe pptepBdsL agl baast torecessdomeinelh and e¢cebsdi fraap ¢he at least
ﬂ%@é’e@f&n‘?\&a‘ﬁacr‘ corresponding to transm ssions from
the at [east two antennas of the at |east two access
ter mdnwlrmmeaﬁdommlenmlra@tlmamwdymtmm pagtatdreshargbulg to
trldﬁ isSi %ﬁp ﬁ'?ltnt t%lh Gt Ifelagtstg % OPt%l% !apﬁ%gt t%fa% g@ttérgjqnals ; and
eac e secon annel “esti ma RfOr TRt T
determine a calibration ratio based upon each of the first channel est1mate

information and each of the second channel estimate information.



