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BACKGROUND
L Field

[0002] The following description relates generally to wireless communmnications, and,

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

wireless communication systems.

1I. 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 systcm in a manncr 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



spectruminto distinct channels by splitting it into uniform chunks
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met hodol ogy of calibrating antenna arrays enployed in wreless

communi cati on devi ces. SUMVARY [ 0009] The foll owi ng presents a

si nplifi eWaswaAnesc§760f one or nore enbodi ments i n order PCOURROMIGOR92 a
basi ¢ under standi ng of such enbodi nents. This sumary is not an
extensive overview of all contenpl ated enbodi nents, and is intended
to neither identify key or critical elements of all enbodinents nor
del i neate the scope of any or all enbodinents. Its sole purpose is to
present sone concepts of one or nore erbodinents in a sinplified form
as a prelude to the nore detailed description that is presented
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illustrates an antenna arrangenent conprising a receiver chain and a
analog front ends and the digital sampling transmitters and receivers, as well as the
physical cabling and antenna architecture, contribute to the over all channel response
experienced by the receiver. In other words, the receiver will see an overall or
equivalent channel between the input of the transmitter digital to analog converter
(DAC) and the output of the receiver analog to digital converter (ADC), which can
comprise the analog chain of the transmitter, the physical propagation channel, the

physical antenna array structure (including cabling), and the analog receiver chain.

[0008] In view of at least the above, there exists a need in the art for a system and/or
methodology of calibrating 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
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. Tis 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



transmitter chain in accordance with various aspects descri bed

herein. [0014]FIG 3 illustrates aspects timng for calibration
oper at i on¥O0 }0U4M§76) G 4 illustrates aspects of | ogi c PHEPS2006/060502
facilitates calibrating an antenna array to conpensate for gain

m smatch. [0016]FIG 5 illustrates aspects of a systemt hat
facilitates calibrating an antenna array to conpensate for gain

m smatch. [0017]FIG 6 illustrates aspects of a nethodol ogy for
calibrating an array of antennas. [0018}HG 7 illustrates aspects of
a nmet hodol ogy for calibrating an array of antennas. [0019] HG 8
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chanmnel estirnates for the at least two antennas.

[0011] To the accomplishment of the foregoing and related ends, the one or more
embodiments comprise the features hereinafter fully described and particularly pointed
out in the claims. The following description and the annexed drawings set forth in
dctail ccrtain illustrative aspccts of the onc or more cmbodiments. Thesc aspects arc
indicative, however, of but a few of the various ways in which the principles of various
embodiments may be employed and the described embodiments are intended to include

all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates aspects of a multiple access wireless communication

system

[0013] FIG. 2 illustrates an antenna arrangement comprising a receiver chain and a

transmitter chain in accordance with various aspects described herein.
[0014] FIG. 3 illustrates aspects timing for calibration operations.

[0015] FIG. 4 illustrates aspects of logic that facilitates calibrating an antenna array

to cornpensate for gain mismatch.

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

array to compensate for gain mismatch.

[G017] 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.

[0019] F1G. 8 illustrates aspects of a receiver and transmitter in a wireless

communication system

10020] FI1G. 9 illustrates aspects of an access point.
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engineering techniques. The term "article of manufacture" as used herein is intended to



[0027] Controller 50 is coupled to each of the cells 2, 4, and 6.
Controller 50 may contain one or nmom connections to nmultiple

net wor ks, WO O78H€76| nt er net, ot her packet based networ RET/USH0@HNHNAI t
swi tched voi ce networks that provide infoluiation to, and from the
access termnals in communication with the cells of the multiple
access wirel ess comuni cation system 1. The controller 50 includes,

or is coupled with, a scheduler that schedules transm ssion from and
to access termnals. In other enbodinmerfts, the schedul er may reside
in each individual cell, each sector of a cell, or a conbination
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[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



8 [0033]Referring to FIG 2, an antenna arrangenent 100 conprising a
receiver chain 102 and a transmitter chain 104 in accordance wth
various a¥ye¥0g0¥e®wcri bed herein. Receiver chain 102 cB&PUF208€0685080wWn
converter conponent 106 that down converts a signal to a baseband
upon recei pt. Down converter conponent 106 is operatively connected
to an automatic gain control (AGC) functionality 108 that assesses
recei ved signal strength and autonatically adjusts a gain applied to
the received signal to maintain receivetr chain 102 within its
associated linear operation range and to provide a constant signal
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termnal, without calculating an individual calibration ratio for
each ant emn2007/056toh access term nal. [0038] For any Qi P€NUSIDEIN020f
each access termnal, the access point uses its reverse |ink channel
estimates for that antenna as well as the forward |ink channel
estimates, which are perforned at the access termnal and fed back to
the access point, in order to estimate or calculate the calibration
rati o, based on that antenna of that actess terminal. [0039] A forward
| ink channel estimate, Rl)- , may be estinmated at the access term nal
for transm ssions fromthe_access point's i-th transmt antenna toq .
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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 the
received signal and can communicate the signal to one or more components of

transmitter chain 104.

[0034] Transmitter chain 104 can comprise a transmitter processor 116 that receives
a signal from receiver chain 102 (e.g., transmitter receives a signal that was originally
received by receiver chain 102 and subjected to various processes associated with the
components thereof, ...). Transmitter processor 116 is operatively coupled to a pulse
shaper 118 that can facilitate manipulating a signal to be transmitted such that the signal
can be shaped to be within bandwidth counstraints while mitigating and/or eliminating
intcr-symbol interference. Oncce 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,

[6035] 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



Aup)a AT 1314; 1). t AT transm t AP recei ve chai nPhysi cal MeaSur enent
chai ngai n m smat chchannel noi se(2) WD 2007/ 056676 PCT/ US2006/ 060502
11 I n EQudQ 8M7/856676hi s channel estimate is a functi on BET/USRIGEDTI2
m smat ch cem of the access termnal transmt chain for that antenna,
the gain m smatchof the access point receiver chain, hi which is the
physi cal channel between the two antennas being neasured, and the
noise t), of the channel that is part of the channel estinate.
[0041]In order to calibrate the antennad®array the m smatch errors
bet ween receiver chains 102 and transmtter chains 104 of the

antennas 100 therei.n i s, shown bel Qqw in Equation 3. 1f shoul d be_ noted
that ot her "A8HHGESE SyTadens iy o7 REHaEEds op dreRhesnaMy Pmiiudseof signals

enpl oyed t propehitMgond thayrafahittbF aHd rodeiven cBAIAY AHIChER thfliehbe od e ki®@acy

of, the nethodol ogi.es and mat herrbat X al ak el gt .ons hll. ps ﬂ(%Iescirbl bed

herein. k( P13 GIRBHD ciﬁ'(ylaﬁwp'&]lgﬂ-pw ¢ utilized m order to iacilitate 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.

[0036] 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, 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 gain mismatch of a

low-noise amplifier or a pulse amplifier in the chains, various non-linearity effects, etc.

[0037] For an access point, to calibrate each transmit chain to its corresponding
receive chain (i.e. the receive chain corresponding to the same antenna) independently
would require a complex and potentially unwieldy process. Further, any specific
feedback, for forward link transmission, or pilots, used for reverse link transmission, for
any given acccss terminal is subjcct to the noisc for that uscr. Thercfore, for any given
calibration ratio estimated based on 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 that is a



-a(i) =1. (i) =7 "71i PAT c Al)) AT a - AP (3) 1In Equation 3, c,
Is the overall m smatch ration between reverse link transm ssions and
forward | mk20p7/@8eem ssion, y IS the msmatch ratio of POBUSADEHE502
between transmt and receive chains of the access termnal for the
particul ar antenna, and ?pis the m smatch ratio of the receive and
transmt chains for the ith antenna at the access point. It should be
noted that y is substantially constant for each antenna pair at the
access point. Also, in sone regards Equéation 3 is idealized, as the
noi se estimate is not included therein. [0042] The calibration ratios

ci,i =1, M, where Al is the nunber of antennas in the access
poi nt ant efRALiBRtoRLTdmEdR TYTBEHRsE [oTRash BretAicash acopyricmB. WRESHNna
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[0038] For any given antenna of each access terminal, the access point uses its
reverse link channel estimates for that antenna as well as the forward link channel
estimates, which are performed at the access terminal and fed back to the access point,
in order to cstimate or calculate the calibration ratio, bascd on that antcnna of that

access terminal,

[6039] A forward link channel estimate, /4§ , may be estimated at the access

terminal for transmissions from the access point’s i-th transmit antenna to the antenna of
the access terminal. 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:

(1)
=B, aiph +n,

T e

AT receive chain AP transmit chain Physical Measurement
gain mismatch gain mismatch channel noise 1)

In Equation 1, channcl cstimate is a function of the gain mismatch f,; of the access
terminal receiver chain for the particular antenna, the gain mismatch o) of the
transmitter chain of the access point, z;which is the physical channel between the two
antennas being measured, and the noise #, of the channel that is part of the channel
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

hﬂ,(\",l is essentially an inverse of Equation 1. This can be seen in Equation 2 below:

h(l) =a, B -h +o,

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



=7. 712. Z2 Y 11+ n (4) 77m [0043] I n Equation 4, the entries
of vector e correspond to the estimates for each antenna of the
access poiR 2047/p16T6espect to a singl e antenna of an acBEeBYSI08/GMMWA| .
It should be noted that the elenments of vector nmay be conpl ex
nunbers i ncluding both the anplitude and phase m smatch for each
transmt and receive chains of the access

11

In Equation 2, this channel estimate is a function of the gain mismatch o,y of the access
terminal transmit chain for that antenna, the gain mismatch B¢ of the access point

receiver chain, #; which is the physical channel between the two antennas being

measured, and the noise v, of the channel that is part of the channel estimate.

[0041] In order to calibrate the antenna array the mismatch errors between receiver
chains 102 and transmitter chains 104 of the antennas 100 therein is shown below in
Bquation 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.

h(l) _ Pur /(12 (i) ©

( (z) =7 (z) =V 771
hl) IBAT 2 & ,p

c. =

I

In Equation 3, ¢;is the overall mismatch ration between reverse link transmissions and
forward link transmission, y is thc mismatch ratio of the gains between transmit and
receive chains of the access terminal for the particular antenna, and #;;s the mismatch
ratio of the receive and transmit chains for the 7th antenna at the access point. 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 ¢,,i =1,....M , where M is the number of antennas in

the accoss point antenna array can be grouped into one vector €, for cach antenna at the

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

G 771 2y
- c, —y 77:2 4 2 —y-m+n (4
Cu ym Zy

[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



12 point antenna array as well as comon m smatch corresponding to
the transmt and receive m smatch of the access termnal transmt and
recei ve chead me7/6676t he particul ar antenna. It shoul d becTosmos/dchsb
whil e Equation 4, describes a vector that has entries for one access
term nal antennas, it may include entries for nultiple access
termnal or nmultiple antennas of an access term nal. [00441The noi se
vector n includes effects of channel neasurenent errors (MSE) and

al so the effects of channel neasurenenti2de-correl ation, since the
nmeasurenents of the gains are performed at different tines thus

al 'owi ng channel variation over tinme as well as tenperature and other
vari at i onsPeigt atdnse prey as el sueenman mispogesanrespendireiodle tansptvandi on

vector CcuU £RLvESRORALNSE &0 d@&gbeb&smw&angah arld redTR¥% éﬂ%@%&ﬁ%ﬂﬁ&@s
shown bel ow i n Equati on 5. where n is the gain m snmatch

cor r espondfH§ffo &%@u@é@é%edt ikl E%ﬁfﬁ@hﬁéiegcrtheaﬁéfﬁ?tﬁr thathas eagiey for

chai ns andogt dcSeds Rt Eﬁﬁeﬁﬁlasvﬁﬁia%rm&wer RSRATeH At éda@ss&&%ﬁﬁais poi nt
ant enna arrahpiﬂr ansmt and receive chains. The vector "e" is

determi ne 74§ ?F‘“Hf“af RELHCEHASEA t he access poi nt antenna array
wi th respe ant enna of ch ter m nal . [0046
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obtain a single estimate. [0047]In this approach, each calibration
vect or est [0fddle i Aol Qsde@t@ qalibtatiph w@mn & ecobmepamdingXp atcess tawhinghy j may
di fferent {ﬁor di f.fe en In a case where one or nore

es .
access t er A fRI7ZUH &’)?Olwalfl uaté‘? ‘m smatch ru , sinple

averaging nay lead to results s bias the average toward the antenna's
having the | argest gain m smatchef sy, [#048] | n ang®Hher aspect, each
calibration vector estimate, corresponding to a

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

antennas of the access point antenna array with respect to each antenna of each access
terminal.

[0046] In the above it should be noted that there are several methods to combine
different calibration vector estimates (corresponding to measurements from different
antenna’s of different access terminals) to generate an overall or combined calibration
vector. One way to do this combination is to average all the calibration vector estimates

to obtain a single estimate.

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



specific access termnal, is normalized according to an el enent of
the vector. This may provide m nimzation in those cases where one or
nore acce¥ 87/PacARl s have high gain msmatch . Thi s pPETES2004/650502
depicted below in Equation 6. WD 2007/ 056676PCT/ US2006/ 060502 13
1 UC=-Ze u=1 (6) It should be noted that, in certain aspects, the
normal i zi ng el ement nmay be any el enent of the calibration vector, as
long as it is the sane el enent for each calibration vector estinate,
e.g. the first element. The sumof thelhormalized elements is then

di vided by the total nunber of elenents U of the vector .

[ 00491 Anot her approach that may be utilized to conbine different

cali bration vector estimt gs may be pased upon conbining the
estimated vectors in adetf4x. , Fo¢=i ﬁénce, in certai {6paspects, it
may that that each calibrdton vector*estimate is a rotated and

scal ed version of the sanme vector ri and the rotation and scaling are
due to theltdhdfi¢bendteditsmn chesn pspetiorthe herndilizivgredamterd cogds any element

term nal s. e to get rid of this, scalli r i i
o el e e e D oS S AR AP R
matri x Q whosets elguthedirsiredertdre. Mbe s pfbd nowhilized elcorenisde then divided by

esti mates &%){?tggn%%ﬁgggelgﬁlg}pstllﬂg%tgélk,%ésg& ion vectors. A single

estimate for ration vec obt ai ned by performng a

deconposi t.[(%'aﬂ?f tﬁ%ﬂ@&%ﬁ%achﬁh&m@z%ﬂﬁﬁ%@'ﬁo MR dREAIReSItkiA ON
the matrix Q The el genvector corrésponding to the nmaxi mum singul ar
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shown in EgUahiOh EeiaiPfipOMk, it may that that each calibration vector estimate is a rotated

and scaled version of the same vector 1 and the rotation and scaling are due to the
different mismatches y, for the different access terminals. 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=[¢, & - &] . ejzﬂg.].[ j=1..U o
7 7
SVD(Q)=U-§-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.



Q =Lel ,™ (7) SW1(Q-S - V [0050]As exenplified in the three
approaches above, a calibration ratio is generally estimated in two
steps. Fi M300ve¢demes corresponding to the el enents of eaEl/Ukroed/i60502
vectors are calculated for the antenna array, or those antennas of
interest. The calibration vectors are then conbi ned according to one
or nore different mathematical processes. 14 In sone cases, the
access term nal antennas and access point may generate their channel
estimates for different frequency tonedd4and at different tine
instants. Further, there may be a timng error of z-k,. between the
access point and the u-th access termnal_ at time k. In such a case,
t he forwar PFRIC2sSalgercsseRrBnabyttenngs andyaceess ppid fayReatrateibeinitadpria

of the acc@sgatBiE ddkrefBepRnéPloatthdt difiSer MR S Rakil NKuEENASk may
vector estimate hl, k,u neasured at the access point. One approach,
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In the above equation, the unknowns are the calibration vector 11 and

t he accessmisgratiinal okiheesdestenigabrnédran is deopidabin Fapation 8 below.

_— —J Oty H
gi,k,u - 7,_, e dlag(hi,k,u ) ! | + ni,k,u
=Viu” Zi,k,u MR,

(8)

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

the reverse link channel vector estimate h,,, and 7,, =7, -€”* . The subscripts L.,

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. ¥, A feature

g *
of Equation 8 is that access terminal mismatch includes the cffcet of the timing
mismatch between the access point and the antenna of the access terminal in addition to
the gain mismatch due to the access terminal transmit and receive chains for that

antenna. One way to obtain a solution for g and y,,, is to utilize a minimum mean

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

»

pU ; n'f:,k,,, i~ Ligo M

— . _ ®
N7p.} =argminp, (n.7,,,) st [n]=1

"1’7_'.1‘1:#

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

nOminimal eigenvector of F=Y F,=> Z; I, Z

Sk
ik u

(10)

*
— gi,k,u : Zl,k,u .ﬂ

yi,k,u - ¥
BikuBikn

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



of Equation 8 is that access thimnal nmismatch includes the effect of
the timng msmatch between the access point and the antenna of the
access teMf Har/oseeréaddi tion to the gain msmatch due tBCT/RE00EHEY2
termnal transmt and receive chains for that antenna. One way to
obtain a solution for #11 and y is to utilize a mninum nean squared
error (MVBE) approach as shown in Equation 9. E117,,k, {11, 7/,k,"} =
arg mn Pu(11,71.k,") St. ikif =1 1,k,u(9) Solutions for Il and liku
may be given. by Equation 10 bel ow. mi A% mal eigenvector of F= 4" Ez.
u 11 k 1I,k,u 217, 1c,ugr,k,,, 4,k," 11(10) WO
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[0052] To compensate for the mismatches, the calibration ratios may be used to alter
the gain, in terms of both, or either, the phase and amplitude of the transmitter chain of
the access point to match it to its receiver chain or equivalently to alter the gain of the

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

[0053] More specifically, the access point may use maximal ratio combining (MRC)
beamforming, equal gain combining (EGC) beamforming, or any other spatial pre-
processing techniques for transmission to any access terminal. That is, if the reverse
link channel vector is h, the access point uscs the following pre-processing weights for

transmission.

Wyro®)=h"/|n| , [b|=+b"-h for MRG
1 , (12)
Weoe () =TA—Z‘CXP(“]%) , 9,=0h 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:
Wy =diagm)-h"/jn| , |bj=+h"-h for MRC

. 1 . (13)
WEGcr-dlag(m)-TM—exp(ﬁmh) , @,=Uh for EGC

where diag(n,) = diag@m) -

[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 cornponents may be used in both receiver chain 102 and transmitter

chain 104. Additionally, different devices and structures may also be substituted.

[0055] 1t 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
scparate access terminal. In that way, the calibration process 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



[ 00521To conpensate for the m smatches, the calibration ratios may be
used to alter the gain, in terns of both, or either, the phase and
anpl i t udeWs? 200Hes6676ansm tt er chain of the access poi nt P€DUSAOGIS0302 t O
its receiver chain or equivalently to alter the gain of the receive
chain of the access point to match it to its transmt chain.

[ 00531More specifically, the access point may use maxi mal ratio

conbi ning (MRC) beanform ng, equal gain conbining (EGC) beanfonting,
or any other spatial preprocessing techfiques for transnission to any
access termnal. That is, if the reverse |ink channel vector is h,

t he access p0|nt es the foll om ng pre-processing i ghts f

t r ansmi SSI @R%ozn}ﬂac O &F’ ﬁpteM@iyli‘ceﬁle R§Y&Fse 1.% fg rila._f)the access
=exPe- f i Pmcﬁﬁh The Bk @ ioEGB I théusareahi wﬁﬂdﬁanwemearecs&hg fat=of e,

t he accessc£0|nt ma useﬁ¥t e follomngg(g égroc ssin ht t%
conpensat e*F8¥ PRI PRHAS s dserdmrogepd g Hemereat fg the

d ihager t) P*foi&ﬂf& link hd dfedaNbéﬁﬁiteﬁﬂ:&)al MEGE 2 ceed itergnial g ma'afsme& ithe Iﬁ'km(to,

9h=U Ii for e rid D .11 00 ile FIG

donicts onETEEdT Bug i B it Tt SR R e CRaT I TR e
transn1tte&nnh&nnmﬁﬁﬁkmmmﬁglxﬁwmwiSnanﬂmxkﬂdbmmﬁ@hnhayuhamukwﬂmzmd
For exarrpl a nsfhi ﬁaecﬁ? [ access m mC(% T ngeg} %at%ﬁ%.c??brafc’ ?x? ra’u% di I%?A%llgfore,

receiver al n ransm al n I ona erent
d ev i ces anxd cgt bassstn fhes theeeyis abma nbmn&mb sghoyndodtdme, and therefore maximum
access terminal velocity, for which calibration can be maintained without drift being a

strong or substantially interfering factor.

[0057] As can be seen from FIG. 3, if multiple channel estimates from multiple
access terminals are utilized the noise and drift associated may be reduced or at least
sampled over a range of times and receive chains. Further, if multiple antennas for
each access terminal is utilized and treated independently the drift and noise may be
better estimated since the noise and drift may be more uniform for those antennas for a

single access terminal thus mitigating any anomalies for a given antenna.

[0058] 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 calculator 306 that calculates ratios that are used to generate vector m
and aggregates them for use using one of the methods described above to combine

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
componcnt 406 that determines the calibration ratios and then gencrates and utilizes the

vector i.

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

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



[ 0055] 1t should be noted that the conbined or joint calibration
vectors may be fowl ed by treating each antenna, or group of antennas,
of a gi veWadie8%6er m nal as a separate access tern nBCT/UBI906/0v8302
way, the calibration process may be sinplified and each access

t euni nal need not be calibrated i ndependently. [0056]FIC. 3
illustrates a timng cycle for a calibration froma single access
termnal, where a TIN) system having a single forward link franme or
burst adjacent to a single reverse link7frame or burst is utilized.
As can be seen, one or nore pilots 16 transmtted, fromeach of the
ant ennas, on the reverse link is(are) neasured at the access pojnt.

The tinme pEEEGHOBANY HELFREGR O RERRTalRE f&h%)eﬂe? Aata. F- kA SERdisREAS ne

of the accR&smRAbNMelatBNId dwbltdlﬁh%d 4per ![tqgltd)&eaﬁfrecﬁa%cﬁth@i | ot's
are transnmtted o%ét he forward lin e access.term nal
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cal i br at i oprot&@korci02 Hadrcefittdleond br reaR chmpseeins dfhgitetli®Oe i s some
m ni mum anount of time, and therefore maxi num access term nal
vel ocity, H8pljwhi dMeroadyid9B atn additemllpetormpmtaplsadsosiatdrbwith dencfratingei ng
a-stron c .
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fromFlI G esti mates rom mu acCcess
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if multiple antennas for each access termnal is utilized and treated
i ndependentasy: Pereotdes) pempprenitsleseited pesin watheaithestdlate eymomee the
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access termnal  thus m'tigating y anomalies for_ a given_anténna.

[0058] FI G, ﬂwsmoas%rfda%émaese%:t@nmlaﬂﬂe@reelqrh §#n fngpde m%ceév memory

cal i br at i nGR@WN) FbEBRRBId RYM PRANPARRIALY gfo@aam&\ammqnmﬁm
system 300 conprises a calibration co ﬂ’a‘iﬂt 302 i ncl udes a

m smat ch e%lF‘ftﬁ*a*il Yore RSt A HEETEPN oF Hasfipyrey - %tflﬁ TRERQEY 727 CHYF n
out pult si gﬁehemae@lis@fneﬁwga@tApgmmlbletaefbeemeﬁ%ggﬂ d4€lie mgﬁlbﬂl l(BbHaﬂdif of
signals and a ratio.a atlo cu r t hat cal.cul at sratlos
That ar e ududrdEaraPLiatiiey B i et i bhut Be RiH ForbiReb gt ng
one of theraBi (BRISMIes@RBERAM YVRAM), SoBhioneudDRAM SIDR ABAS doieddts
fromdiffer f er.ent ] I 5
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ant enna ar (ShyDRAMDpaiatisat Rarthibus RAMADRRABL)C The Tlveasy 40 nf ﬂ:@@ubject
comprises g processor, 402, &@é‘&geg To O r%'é&%&éﬁt bH xﬁ‘gteEiQo,qﬂebg

array 404. SBroEeES oY erm gal n msrra es for in
ant enna coofienatittblesyzs of remmecress teI i n| nal and access point
utilizing calibration conponent 406. Processor 402 further conprises

a cal i br at [0862k onJowemdin 4B ctsiraemdet €18ranstore fhe celbrptiomyéaters Catfproeach
and then genera utilizes the t 006
200 1 onal P ccomminebat IS0 A Cro Topaasertt g Sach SstiissiS 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.



coupled to processor 402 and that stores information related to array
calibration, ratio 17 generation and utilization, and generating

cal i brati 8 ¥a1ef6676t c., and any ot her suitable informaP¢HES2084/08 t o
calibrating antenna array 404. It is to be appreciated that processor
402 can be a processor dedicated to anal yzi ng and/ or generating

i nformation received by processor 402, a processor that controls one
or nore conponents of system 400, and/or a processor that both

anal yzes and generates information recéBved by processor 402 and
controls one or nore conponents of system 400. [0061] Menory 408 can

addi ti onal tor r ot oc soci.ated wi th.generating sigpal copies
and nodel siﬂ?bgigr es 5;{17%'??0{’?15(%“@ ﬁ&eéwdS@@Vﬁ%lﬁ*%’r@,geﬁfeﬁlggw Fi’nieﬁ

syst em 400sys&m esphayassigaredts proillogets]. dudbotmplk goethbdulogicd @nachtetve
ant enna callbratlon d/.o h co nsat describ d

T beotsR sl e @ din B o BRRER kA GFoR R PRl i SHARA
conponent5ﬁdesnmmwedCmﬁdeumwnamnhecﬁmnheﬂwvahabbheuﬁ&mmmyu@mnmﬂ
nonvol ati | |.at d n t|Ie
Tenory. By@mﬁ@ ”?8; }!mp%egt%?gﬁpg‘néwQﬁﬁ(%n%%{r? ﬂi"et Aqfx%oé‘& %fér)]gol {3‘ and
menory candéspritedde asedes aiicts, inorby uaRDMpod prdgmarmizitd élaﬂ@ll ( PRCM :
CEeprOn - or PR AOEBER doPlibl b IHE M oPLEE d 6 s HLB7 Bl Eontide v
menory ( RAW)C, orwmre rkedisents, emuerrn@ffe@awéemnﬁpyco@ynm with other acts
i1 lustrati 85mand shtin Lﬁﬂés@ﬁﬁ%eré%%&sex% o AHLEsifled BitHe ©P AT ?gCh

as synchronous RAM qul]am c . synchronous
DRAM) , doutdsrsippdan apere t(wmwcou f&ﬁ@@delssleAerﬂESWW
Synchl i nk {aReM A i2tBRAM stﬁ@éjoxdévreﬁt@ t suble AP mUSstRAN o lRRAMY e ovdh Bot@ITOT Y

408 of the subject systens and nethods is intended to conprise

wi t hout Dbellgratshidsgay e remisd oimwlepsnt gendhodelney 4p F‘%"OF%S‘E% with one or
menory. [ OR6Rldnfbddandém.n aspects, nmenory 408 can store the
calibration vectors each state, i.e. level of anplification, of the
A GC. |n s[oob4jas pemGsﬁ ﬂﬂxcstraeaah\ndthicainwgys&i @llbrahhg aﬁ BOEE ssﬁrterﬂlegfdray
access the cal i.brati ctor ¢ g}for thedA %1% )
per f or mi ng™F E By "*8’?1‘3 HRGRET ShoTEE \ﬂﬁe’i’:ﬂ“é?fe 0’3«5‘??"'8? fripels
addi t i onal fog addhhofabe epeios amenes f ﬁlepuccaes tet@lnab ibdddkdi00V et discubsed above,
gi ve trans ) ar, er.

transm ssi %Qnie Cgl ?%qu%ﬁlﬁes ’i%g ge | n§ n ?/de% rngOIQV aﬁ %1? pfl%ts lérn%&fﬁg{l a ehewas
obt ai ned. ddves poy. bddSy&MQnmpan&heﬁmmmmﬁbm&ynmamylhksm@nugum.eﬁannel
condi ti ONSyey ghnlL %Ql%nﬁfts taltee eﬁg‘@ Q% the Qc% s[s?P‘%%g]fgeéa%fl rﬁlaﬁ'sgmt Qntgﬂn%
6, a netho o era F stemresource
assi gnment efﬂio; ecquS telsmnalt, eksbckﬁél exarrpl e rret hodol ogi es can relate to
antenna array calibration in a TDVA environnent, an OFDM environnent,

an OFDVA eH\Wpblonmédior bathdbrmerd hipk eahraveise ligk chanpclnstiaetos arq eplogted,

Wi rel ess epiibtREBMos for each access terminal antenna and access point antenna may be

determined, block 504. In certain agpects, 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



Whil e, for purposes of sinplicity of explanation, the nethodol ogies
are shown and described as a series of acts, it is to be understood
and appr ewiatoetomérat t he nmet hodol ogi es are not | i m t edp@lyuses/ oosder
of acts, as sone acts may, in accordance with one or nore

enbodi nents, occur in different orders and/or concurrently w th other
acts fromthat shown and described herein. For exanple, those skilled

inthe art will understand and appreciate that a nethodol ogy coul d
alternatively be represented as a seri &% of interrelated states or
events, such as in a state diagram Moreover, not all illustrated

acts may be required to inplenment a nethodol ogy in accordance with
one or nor@iEREEHR BEEE accpDiFERINR] basegupqy %ﬁ%ﬁ%ﬁ%@%ﬁﬁ%%&@%@ﬁm
cal i brati ngvale BAK ¥nsafiss@iil e Ay il BN BNEtES five EN@RBEl estimat es
for the forward link are received fromaccess termnals for each of

t he recei v@oert enmas calfbritd rateess tHeacbinbiled tdfcdmka GMiBratiba cslirsat ssad
above, these channel esti S . generated.fromfarward |ink

i Lot s ¢ r SROHPLS ot oHe s LRk OBor A COMTULE COREF TS o dHepetuds
esti mat es datibratibe ratiy e s@nd omdll ofthe sntednas nf the differemaecsse tdrimdalcihannel

pilots, are_generated e access point for .eac ransmt ..

b Che’ accaeS LI PR&T Ynt B EG55 8B B Sual Rl R s o gl
reverse | iakesheniiedl aesthafir edicy eecuhicee tabratival retivsare being ablamedf or
each access term nal antenna and access point antenna may be

det er mi ned8068lock The 4ombined eplitaptipnaspetiay be vhieingd Y sprapleriyergingdie
link and reYersenlhils of RANRGE HRNhdBhE WD dfsBRRE&ELith PepBGNo PIAIEL, igh
tinme is utilized to forma_ calibration ratio. In such cases, nultiple
esti mat es heeprrogehrs diseussed vith sesppeiae EawafionS peYf or ned based upon
consecutive channel estimate pairs of forward link d reverse | nk
esti mat es. [406%66] Agchifransrussen pmisariuEsEysstey ohpid ofahe fqressPormtys e
some tinme {.agnhiketwieeReibie beidifipbe fite @albeiddakiiagSodiofoRMeNir&SindNS .

Further, the_functional.i.ty, far. bl ocks .500. and 5 may, occur
bst ont 1 ghain. o fety Tt & 6t st ST PR Ve B RY pS Fied fnong or
di fferent aeeesmshardibingbstheaktdioygit. t Akymaiels, itkebyssttde etrdrdymitshise

for different .antennas. of a single access terminal. Therefore,.a
cal i brat i ofPPHP? C#@V%’B Y8 %W#NEE?%PBI’“S giveR SeJl‘époéqng &EAEP R o

gi ven accesdibiaioniraid tormsed mope Accekmnmehalestdannest efheciccts eerfrorajiawduld
link and reverse |ink transm.ssions that ol .
consecuti vglefl AP I?l?f X Wflgf)té ‘}’Ja.sﬁgleu P I%febcrog%abll%ewgﬁa%g@gﬁt%q{] ﬁgﬁo%n cﬁ%fl t%ee d
to form a eatshlissdrisascetetiiatrtiteentnes ofiihk ttq@keteaminess t erm nal s, bl ock
506. This conbined calibration ratio may include caljbration ratios
to sone or [M7D] of Alse imserenamscisfthe hditditiopardgts arecsiized ErimEi¥lan a
gLven sect %G(%tat%%lnb noff3f oftRY 8 RNsthBE INSLu AT b1BGLAd s, MbEREheR buly apply to
calibration ratios for each access termnal antenna for which one or
nmore cal i btatAGR stag dwsrgdleckh®Og obt ai ned. [0068] The combi ned
calibration ratio may be obtained by si rrplg%%erggi‘%? the calJ b{ati on
ratios or [RO7L] zi FEG-Helletretss aapProBetiedoly SYLIR P Fapd fptepyes

FIG 2, e. gy tdd6mABRhOBENAE] SithediesSREHeifbiHvaE € Bileale rb@ikgubdr anesd or

i L e Rl TR e Feb Y S8k CPRRTLERL AR ol sch R 20 C eSS

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. roverse 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



wei ghted with wei ghts based upon the conbined calibration ratio for
that transmt chain. Al so, a conbined or joint set of calibrations
wei ght s mByORW70§66T6 zed for one or nore transmt chai n®CHUSLIS0@ECeSS
point. Alternatively, it is possible to transmt this conbined
calibration ratio or a calibration instruction based upon the
conbined calibration ratio to one or nore access term nal antennas.
The access termnals would then apply the wei ghts based upon the
conbi ned calibration ratio to decodi ng28f the transm ssions received
at the antenna of the access termnal. 10 0701Al so, in sone aspects,

the calibrat ht t d f t

not for of SRS bitarieRtkstbtie ik BBk uhlita nh Rt dp gt
to the AGCcsbgteldhle stimitbofoka Z08n d{:&@gfbﬂrﬁinél mdy bt berﬁtm&ﬂ@sse@lrmher
et hodol Og%’?n%g{uélg@'fc b a#]!%s?%g?\?%?rér fory ot AR argvefré)r;f F ansilgsi on.

Channel are recelve rom access

term nals [hfsfachOlid NEAAGRI YR AR, ABDAGER S BLTEAREN the

bl ock 600. i scusse ove ese ¢ anne est’i mates nmay
gener at ed fiffsmnt oxlowrlptdorsi anld ﬁ]am*rr@ttssmtsr asthet ﬂ@cfuwmph]é%f@@égﬁsr@p ignd

Addi ti onal ky, ?ﬁg E'CQJE guﬁjnfthﬁyf ﬁﬁ&ufltgﬁcoh g ok Qﬁ’(ﬁﬁ%rpcn{ {nﬂks R B RN,

e.J. reverse anne ar c ener at t he access p0|nt
for each t diffesont acogps termina faltlmgla@@w@ ltkébrﬁprb&lfhe ssclier giffprent antennas

[0072] Aft eps spgihgle fa0k 4@ Dmbdan kT]?é?&'ofeeﬁﬁrcﬁﬂlﬂe! Bltinchanng) b@@&érﬁﬁﬁ&ﬁfoﬁﬁ e
collected, a cal |brat|on ratio thaf utilizes nultij pl.e cha

estimat es BUPD AHFERANTS HKRTLIHEES t@?ﬂmﬁ& Pesegugon chawel %S&?W%&E © fyved

604. | n cefihidhiy RSQEE sk trhienifiHss the @@ tor hofywak Be bémkcutPin t1me
2007/ 056676PCT/ US2006/ 060502 20 and reverse |ink channel estimte

Wi th respepio7dp earH? joinkh edlibiratichirato insy bé bbtaited by lufilisiug b jeias@simization
multiple estimtes.for iven S er 1 hal may.be perfornmed based
upon conseBFFPES WSWﬁgﬁ“g%T?%ﬁgi gﬁ?ié nk?%?ﬁ%P%SIink and reverse
link esti j i y
be sone t mﬂelﬁgg cge]tfg\?\srgL Ig?x?) er en%rgnsrnﬁ a%ﬁaglﬁ%ﬁg%w%ss B3 it
transm ssi wghtdéuthnghtsrwsefd;ml tnjaint WhHT@nOImabe lker thgOranpdit6b2nnay
oceur SUbSLAOL b ablkinSh BV AGAUSIMuRloRt bk S e BBk B bliRoRATE

or different access termnals oug ely to bet
sane for drmnsememaussmféhm@emp@ts Mgn@na@mw Hoéﬂhlierﬁ%ﬁfaﬂ%éﬁ‘éﬂ@kné

the channel. 831t BLES 0 ¥alBRaflat 1ﬁ§tﬂ]cﬁ§tgbztsgﬁ ?orgih% 9&%&1%%11 @4ticko one
g|Ven access terral nal ase upon channel mat és of the forward

l'ink and r evewseant¢nyrs of @FF?SQW%@P 6PESSY ‘ﬁﬁ{lmﬁ]&y The apgeys tegningls would then

consecutiveyl ? tild WBights %ch%]u-{;@ﬁ’ theOol B AtRnabii®R dRb#iAs PBYheBRnsmissions
obt ai ned by utilizing ] oi nt optlnlzatlon process as discussed with

respect torfpigedatthg a@"“’f’%"@&ﬁ agqesniepninal.
[0076] Also, in somc aspccts, the calibration weights arc 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.

[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.



[ 0075] Each transm ssion from each transm ssion chain of the access
point is then weighted with weights based upon the joint calibration
rati o for whato7vsearssm t chain. Al so, a conbi ned or | oi RCTAS2000660502
calibrations weights nay be utilized for one or nore transmt chains
of the access point. Alternatively, it is possible to transmt this
joint calibration ratio or a calibration instruction based upon the
joint calibration ratio to one or nore antennas of one or nore access
termnals. The access term nals would 2hen apply the wei ghts based
upon the joint calibration ratio to decoding of the transm ssions
received at the antenna of_the access termnal. [00761Al so, in somnme
aspects, tHOT8hI i Bedrring Bl G & tIpEnlier $9028eriYEAn § PHHIRIE aoAest WikRESS
Nl ALy e e e LAt e Lo bl Gok 00 LGOI 71 o a s e
only apply to the state durin ocC : i g.
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and term nifeHLbarT Bl CHRdA h iarer ot 1% R eyl g At
that the basenfstmaingoreigndioche syrebdieofthe dita saseneriplsed updrethe pstr éorwhich
(Figs. 1-5), and met hods (Fi.gs,, 6- rd rei faci:litate
W rel ess c%)hes n|b§%tafeo%et?%%?r§amgg?%§r%@ arg\%ﬁ& A AR L %901 ma&é“l‘é
2007/ 0566 76REHiWSR 006506 @50RdRient) GizdRafariiggeightsEnag, beggengrated based
transmtte i i al tipl.e- ac i L 7
Syatem i s T orra epbBled i d € ER o R P R,
nunber of dathabeweesihs apeespreivt aedhe peopisdenrtng. Jbacheannpliespenge g
transmt (IR %ﬁngagf%eg%ﬁgategl%ﬁtzink A ARRAN TR thanRd ikt Ar8lieam

is transmtted over a respective transmt antenna. TX data processor
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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



1350 are received by antennas 1324, conditioned by receivers 1322,
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controls for TX data processor 1344 an@3TX M MO processor 1346.
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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.



enbodi ments. It is, of course, not possible to describe every
concei vabl e conbi nati on of conponents or nethodol ogi es for purposes
of descri BYOYoi/dwewwf or enent i oned enbodi nents, but one BET/HRUWDFEENN02
skill in the art may recogni ze that nmany further conbi nations and
permut ati ons of various enbodi nents are possible. Accordingly, the
descri bed enbodi nrents are intended to enbrace all such alterations,
nodi fi cations and variations that fall within the spirit and scope of
the appended clainms. Furthernore, to tRBé extent that the term
"includes"” is used in either the detailed description or the clains,
such termi
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A wi rel essRadRHM feaﬁ?wﬂargomgr%ﬁﬁﬁa@%mmdes the processing of voice or
data signal.

[0088] 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, efc.), 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). Sucha
pilot subcarrier structure would be desirable to obtain frequency diversity for each
terminal. The techniques described herein may be implemented by various means. For
cxamplc, these techniques may be implemented in hardware, softwarce, or a combination
thereof. For a hardware implementation, the processing units used for channel
estimation may be implemented within one or ruore application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAS), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof.

With software, implementation can be through modules (e.g., procedures, functions, and
S0 on) that perform the functions described herein. The software codes may be stored in

memory unit and executed by the processors 1390 and 1350.



at | east two antennas; and a processor coupled with the at

| east two antennas, the processor configured to determ ne a

cal i brati ovO e@t/vsss76based upon first channel estimate i REDUSEOé/@NSRach
corresponding to transm ssions to at |east two antennas of at | east
two access termnals and second channel estimate information each
corresponding to transm ssions fromthe at | east two antennas of the
at |least two access termnals, wherein the processor is
configured to determ ne the calibratiorRsratio by solving the
equation: = y"Wag" ) =2",""Z k, 11+n, 27 where Z kfl is a diagonal
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claim.



g,=7" e'n"ru diag(kk.")-1 =y k." k," where Zlis a diagonal matrix
whose di agonal elenents are the el enents of the channel estinate
information hi,k," eTimrr , and the subscripts ilcu, are the tone,
time, and user indexes, respectively. . The apparatus of claimb5,
further conprising neans for sol ving t%e equation by using an MVBE
technique. 7. A processor-readabl e nmedi um having stored thereon
instructions for use by a processor,citAygggnstructions conprise

i nstructions to: process first channel estimate information
each corresponding to transmssions to at | east two antennas of at

| east t ac,gg?eﬁaotd%rf%%l'tkt%n ndan‘ie%ﬁgia%%giﬁfar&n lés}g%e@?sor{(,gc%lﬁqtﬁrit(s)i\lﬂﬁhaccess

term nal's; eter e secon annel éstina tion
each cor r especaiving fitso chamanlsssiisgiconforhatam catiecatesp@riate thwananitsgomas aof

the at | east two access termnals; and, determ ne a calibration
ratio bggﬁﬁwﬁﬁgﬂ"@§8ﬁm§?ﬁfﬂ%)%??%meWEﬁhel estimate information and

each of the &ecONAnERRONELhBEEIIBTh e ilTh@HAABh eIk correspond W36 Bhfkntifons
instructions for determning the calibration ratio conprises

i nst r uckPBiee &t dpagigmpanianaaserfiibg atdepst twopaccess ter@inad; padyyri + =' Z kk, u

.11+ ni, ky determining a calibration ratio based upon each of the first channel estimate information

and each of the second channel estimate information,

wherein determining the calibration ratio comprises solving the equation:

gi,k,u = }/u ’ e“./“’i’u ’ dlag (hi,k,tl ) ’ T‘ + ni,k,u
= }/i,k,u ’ Zi,k,u ' n + ni,k,14
where Z., is a diagonal matrix whose diagonal elements are the elements of the channel
ik, g g

u

~jozT,

estimate information h,,  , v, =y, ¢ , and the subscripts 7,k u, are the tone, time, and user

indexes, respectively.

2. The method of claim 1, wherein solving comprising using an MMSE technique to solve

the equation.

3. 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, based upon first channel estimate information each 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,

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

equation:

— B [CLA H
gi,k,u - }/u e dlag (hi‘k,u)'n‘{-ni,k,u

= }/i,k,u ’ Zi,k,u ’ n + ni,k,u



where Z" u is a diagonal matrix whose di agonal elements are the

el ements of the channel estimate information h" ,= and the subscripts
I,k,u, are the tone, tinme, and user indexes, respectively. 8. The
processor-readabl e medium of claim?7, sherein the instructions to

sol ve the equation by using an MVBE techni que.

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

- T,

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

user indexes, respectively.

4. The wireless communication apparatus of claim 3, wherein the processor is configured to

solve the equation by using an MMSE technique.

5. 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

means for determining a calibration ratio based upon each of the first channel estimate
information and each of the second channel estimate information,

wherein the means for determining the calibration ratio comprises means for solving the
equation:

ivu="Vu L 'diag(hi,k,u ) m+n,, .,
=Viku 'Zi,k,u ‘n+ n,

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

- JjwT,

estimate information h,, , , 7., =7, e”’“", and the subscripts i,k u, are the tone, time, and user

indexes, respectively.

6. The apparatus of claim 5, further comprising means for solving the equation by using an

MMSE technique.

7. A processor-readable medium having stored thereon instructions for use by a processor,
the instructions comprise instructions to:
process 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;
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determine second channel estimate information each corresponding to transmissions from
the at least two antennas of the at least two access terminals; and

determine a calibration ratio based upon each of the first channel estimate information
and each of the second channel estimate information,

wherein the instructions for determining the calibration ratio comprises instructions to

solve the equation:

—jayt,

gi,k,u = }/u € o dlag (hi,k,u).n+ni,k,zz
= }/i,k,u ’ Zi,k,u ’ n+ ni,k,u
where Z,,  is a diagonal matrix whose diagonal elements are the elements of the

—joT,

channel estimate information h,, , 7, =y, -e’“", and the subscripts ik u, are the tone, time,

u

and user indexes, respectively.

8. The processor-readable medium of claim 7, wherein the instructions to solve the equation

by using an MMSE technique.



