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BACKGROUND

L Field

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

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

11, Background

[0003] Wireless networking systems have become a prevalent means by which a
majority of people worldwide has come to communicate. Wireless communication
devices have become smaller and more powerful in order to meet consumer needs and
to improve portability and convenience. The increase in processing power in mobile
devices such as cellular telephones has lead to an increase in demands on wireless
network transmission systems. Such systems typically are not as easily updated as the
cellular devices that communicate there over. As mobile device capabilities expand, it
can be difficult to maintain an older wireless network system in a manner that facilitates

fully exploiting new and improved wireless device capabilities.

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

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



user at a tinme. One commonly utilized variant is an orthogonal frequency
division technique that effectively partitions the overall system

bandwi dth into multiple orthogonal subcarriers. These subcarriers are
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randomization in order to collect the bits for a particular user in a coherent manner.

[0006] A typical wireless communication network (e.g., employing frequency, time,
and code division techniques) includes one or more base stations that provide a
coverage area and one or more mobile (e.g., wireless) terminals that can transmit and
receive data within the coverage area. A typical base station can simultaneously
transmit multiple data streams for broadcast, multicast, and/or unicast services, wherein
a data stream is a stream of data that can be of independent reception interest to a
mobile terminal. A mobilc terminal within the coverage arca of that basc station can be
interested in receiving one, more than one or all the data streams carried by the
composite stream. Likewise, a mobile terminal can transmit data to the base station or
another mobile terminal. Such communication between base station and mobile

terminal or between mobile terminals can be degraded due to channel variations and/or



3 interference power variations. For exanple, the aforenentioned
variations can affect base station scheduling, power control and/or rate
prediction for one or nore nobile termnals. [0007] Wen antenna arrays
and/or base stations are enployed in conjunction with a tinme donmain
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{0008] In view of at least the above, there exists a need in the art for a system and/or

methodology of calibrating in antenna arrays employed in wireless communication

devices.

SUMMARY
[0002] The following presents a simplified summary of one or more
embodiments in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.
[0003] According to an aspect, a method of calibrating an antenna array in a
wireless network comprises determining calibration based upon at least first and second
calibration techniques, and then scleoting to calibratc bascd upon onc of the technigucs.
[0004] According to another aspect, a wireless communication apparatus

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



WD 2007/ 056672 PCT/ US2006/ 060495 4 The processor is configured to
determ ne calibration for conmmunication including the at |east two
antennas cali bration based upon at least first and second calibration
techni ques, and then selecting to calibrate based upon one of the

t echni quesWOROUO8M7Accordi ng to yet another aspect, an EIEH2006(96048N
conprise neans for determning calibration based upon at |least first and
second calibration techniques, and then selecting to calibrate based upon
one of the techniques. [0006] To the acconplishnent of the foregoing and
rel ated ends, the one or nore enbodi ments conprise the features
hereinafter fully described and particulérly pointed out in the clains.
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[0011] FIG il lustrates aspects tim or calihratiqn erations,

[0012] FIG [Oioéll | ust rjgi tilg a&%"%@’ﬁ’lsém’&rft qulgel ‘I@retgﬂ’élg celpedapds thegnewrati ng an
antenna a ][ rrayre chfbodﬁiiﬂr?w&fﬁﬁlﬁisf: dlic [atures mi}cﬁ:bmeffull&%é&ibcﬁ kel partichibtlpt r at es
aspects of a.systemthat facili es calihratin n antepna: .array,.t
conpensat e I?Oéri’tg‘gﬁli‘tﬁn &Hes h. F%%&Jﬁmﬁg crighion al“glstg? %5%8’6@’&?@ SS%IfoEﬁ

met hodol ogyinfdetileattiibilaistatvaaspacts afthebne animerkasbodid@its] ThdsGaspécts are

illustrates ects of a t hodol o For calibrating an arg of .
ant ennas. [%@‘% M= el o qql%ﬂg? geg‘f %{%}{33?%0&‘?? 1 mawl”@gé]?‘?/@?‘m&ﬁés ?ffrvé‘ﬁg?ﬁ tter
in a wrel exashodimnentumiag bt iemplosyd beimhk A0skFbedrbktbo Bmichis 4sd madinasd Rsipelads of
an access qunt. V[)300§/056672 FCT/USZOO61060495

all such aspécts an.

their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates aspects of a multiple access wireless communication

system

[0010] FIG. 2 illustrates an antenna arrangement comprising a receiver chain and a

transmitter chain in accordance with various aspects described herein.
[0011] FIG. 3 illustrates aspects timing for calibration operations,

[0012] FIG. 4 illustrates aspects of logic that facilitates calibrating an antenna array

to compensate for gain mismatch.

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

array to compensate for gain mismatch.

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

antennas.

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

antennas.

[0016] FIG. 8 illustrates aspects of a receiver and transmitter in a wireless

communication system

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



S [0018] FIG 10 illustrates aspects of a nethodol ogy for determning a
type of calibration to apply. DETAI LED DESCRI PTI ON [ 0019] Vari ous

enbodi ments are now described with reference to the drawi ngs, wherein

i ke refer¥@e7M$Er al s are used to refer to |ike el emnBGTEURMeHaEPOUL. | n
the follow ng description, for purposes of explanation, nunerous specific
details are set forth in order to provide a thorough understandi ng of one
or nore enbodinents. It may be evident, however, that such enbodi nment (s)
may be practiced without these specific details. In other instances,

wel | - known structures and devices are shdwn in block diagramformin
order to facil]jtat escribing one or_nore enbodinments. [0020] As used in
this appli 2@{44% {Q‘ ﬁg ]toéilﬁi?ratﬁé‘%%fta,meth%‘g‘é?@nﬁm' deframipig atyReot are

i nt ended t ccalibfafibn tdapplseonput er-rel ated entity, either hardware, a

conbi nation of hardware and software, software, or software in execution
For exanple, a conponent may be, but is not limted to being, a process

runni ng on a processor, a pro I n executable, a thread
of execution, a program and/§$Ei258ﬁgﬁ?§§8h§ﬁ@“83 nore conponents may
reside wthi process. and/.or thread of execut..on.and cofrponent may be
| ocal i zed (I;Erqﬂ%) e cgcr%%ﬂlfseerm R R eﬁ‘fréc?%%#%&ﬁe?c\?go e drsyiees.

conput er s. wheen likhesfercoonponeals srecand exetuteliks emnents tousgoaipintthe

r eadabl e La..having..vard ous data.structures stored thereon. The
conponentgq%gg?%gﬁﬁﬁh 88'é¢5§mp%%§?8?m¥%%éfm§WHF%WmPgﬁﬁﬁ%dﬁ?w%gg§gé such
Ss i nf ac corfggh dreordet fo peodilga dlorti@hivmgersinadiog of] o e rdatenp@dicadiss. (Iiengyl,

ata from qgqpe inte i Wit h.anot-her conmponent, .in a l.pca
system di gﬁﬁfﬁﬁgﬁ?}%ﬁ?’e‘ﬁ%‘ Jé‘%%% Jggg%%e%t Y I%aynbeet%‘_:rqcf?es Wéﬁo'étst_h?sﬁégp ?ﬂf‘%r net
Wi th ot herdetyjlst Enethryinsiagoesfwelhiencsigstaiciure] DAt YicBuat kbowmiirblodar i ous
embodi Ment ik én 4SREH B H HUcHhike AL GRANEGH Bk blnganBiRSCr [ ber stati on.

A subscri ber Station can al so be ca a system “a SUDSCPT ber unit,

mobi e st atjogs) MORLhE hARLEISLAL W eAGCADSRALALPASE - ShklAh,. T emot e

termnal, ‘access term nal, uSer termna , user ageht,”'user equiprent,
etc. A subgée inraded toyefesip a perpper-related dntita either laptware, 2 @udonatioe s

| oop (VL) ‘TSRS hodtlck, Sba e Bro Ak vkl Bt nefRirti®eyi ce
havi ng wi r &rhasts, bufrip eet liiediadeinisl ¢ pyocesmuwtingen provessi,nprdessaean
connect ed {gp;t, Wh Q&SRR & execution, a program, and/or a computer. One or
more components may reside within a process and/or thread of execution and a
component may be localized on one computer and/or distributed between two or more
computers. Also, these components can execute from various computer readable media
having various data structures stored thereon. The components may communicate by
way of local and/or remote processes such as in accordance with a signal having one or
more data packets (e.g., data from one component interacting with another component
in a local system, distributed system, and/or across a network such as the Internet with

other systems by way of the signal).

[0021] Furthermore, various embodiments are described herein in connection with a
subscriber station. A subscriber station can also be called a system, a subscriber unit,
mobile station, mobile, remote station, access point, base station, remote terminal,
access terminal, user terminal, user agent, user equipment, etc. A subscriber station
may be a cellular telephone, a cordless telephone, a Session Initiation Protocol (S1P)
phone, a wireless local loop (WLL) station, a personal digital assistant (PDA), a
handheld device having wireless connection capability, or other processing device

connected 1o a wireless modem.



'[0022] Moreover, various aspects or features described herein may be

i npl enented as a nethod, apparatus, or article of manufacture using
standard programm ng and/ or engi neering techniques. The term"article of
manuf acture” as used herein is intended to enconpass a conputer program
accessi bl e fromany conput er-readabl e glevice, carrier, or nedia. For
exanpl e, conputer readable nedia can include but are not limted to
magneti c storage devices (e.g., hard disk, floppy disk, magnetic
strips...)002@pMaedvedivakisus aspeats or feampad¢scdbakhef@dmay biedginpimeuedaat i | e
disk (DVD)...),,smart cards, fl.ash nory. devices (e.qg., card, stick, key
v ) amgdid Ry BhatklectrauBEeH e BiSg oS dais fsr

pr ogr ammekhgnéRRd tQRhube TRE @M. "adlRE Enembifdcapd % BEPRABH & RiQdEAMRDI €
read only nenories. [0023] Referring to FIG 1, a nultiple access wireless
communi cathesmpagsa @qmpta@cm@gwmgw@qsslghérmmmmerirsadab{éudsmatcamer,A

mul tiple Wy i i stem, | .i.ncludes,.mul tjple cells,
org.  cel 1 o R, MrchERR, G ERhDE heaGh ley ORI TBIRE PP e an
access poindgnétivastorhgecdavites {epl harfldesksfeipgrdisk, magnetidlstripsl. 8, opeicdlalisks ar ¢

formed by groups of antennas . each responsible for comunjcation with
access t &8 prnRact ﬁiﬂglé(@% QI%PWS%IM%@YDM et cards, laslemgEOE oups 12,
14, and 1 c e t Qi [ : ant enna
aroups. 18000 585 0 SRRy AN LRk Sho e untdi ol TN CelT 6,

ant enna gmeupsic@prog@nmable reBl andicmemoges; espeledritalyzraable pregrammellt or .
[ 0024] Eachal cell ingrl.udes several access termnals which are in
comuni cat¥ gﬁ) PHDHe or nore sectors of each access poi nt. For exanple,

access t eno028pRefec2bhdd1821,a0 Multibl a@&imbﬂkﬁ@dédhﬂnuﬂi&dﬂioﬁ%ﬂﬁ&ﬁ poi nt base
42, access termnals 24 and 26 are in communication W th access point 44,

and acces$cqosHing ians egodineend i ipsrated. Acoitiininecsss Wielps donupweesiopoi nt 46.
[ 0025] CO@&%%L h &hcinfes hﬁll&ﬁé‘@élﬁge.é.oceﬁgﬁm Qirxd 8*1?1#@' i,seagh cq ’2,%”&{1d66
Controll er may c to nultrp

contain one’of nor€ céonnecti ons f e net works,
e. g. the hmtyendete ancicbess ppiacthet inclhdssadultiplewestés, Tier multipsettoswird ched voi ce
net wor ks t hat d%’ovi de '%nformati n to, .an from .the ac&less termnals in

cormuni cat P8R EFouPR et aupines gachirrspopsible oy comupupnication yyithacesss

conmuni CakdrMihatyifiagdttion offie &GAN @l112€knt&thal gﬂ&dgaci@,sm, Qhd 16 e&pupl €d with, a
schedul er that schedul es transm ssion fromand to access termnals. In
ot her  emnisoa¢spend 9 a differesicigeion|le eelhdyanteand groupnl &30 andiieatldual cel |, each

sectorof g &8hla o airfhefiCUNoR T b RESLbouO207HAPRELZ

correspond to a different sector.

[0024] Each cell includes several access terminals which are in communication with
one or more sectors of each access point. For example, access terminals 20 and 22 are
in communication with access point base 42, access terminals 24 and 26 are in
communication with access point 44, and access terminals 38 and 40 are in
communication with access point 46.

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

a combination thereof.



7 [0026] In order to facilitate calibration of transm ssions to the access
termnals, it is helpful to calibrate the access point gain calibration

| oop to deal with m smatches due to the transmit and receive chai ns of

t he access point. However, due to the noise in the channel, any

cal i br at i oMO@8W7iop@f2s based on the signals received at RUTAUROGHSEIS
termnals, forward link, and transmtted fromthe access termnals,
reverse link, may contain noise and other channel variations that may
call into question the estimates provided. In order to overcone the
channel noise effects, nultiple calibrations on both the forward |ink and
reverse link arc utilized for nultiple atcess termnals. In certain
aspects, mJ[I &ﬁl e tr%nsm' Ssj.ons i_o and from each access term nal are
taken i nt o ¥ Yunt T FpeifarirtessibrhoR PhfmPuRIgE R Hieseesss fermumdsn s | n
certain asprResl toulihiefe thfocbdsddsitichintdafibitioh IdopGo A641&Sith RRNALCHRS dieeel Ve
chai n of thﬁ access gi nt. may .be t;ctgl i brated. This may be done, for

exanpl e, byPofPsRt ﬁg regelvg chaips pf 87 2505 RetRto HOYSveT: dpe tQ e npise & the chai n

of the acceassndged)anl chBbratisn &stidiAsd¥ibhscaval the sighal§ AdckRE@BEhE héoekd @ARMAAL, Chai n
toits recefj ve éi‘@c”' [0028] As used herein, an access point may be a
fixed stati'BRAS &g s trapsmitiss itost the goamss irrpinals; Baish APk, BRECORAIN BPiE® be
referred t and%thed0BannBCYaAHddomARE: By colll ihtoli8stioanae tan@tid Mo@tied. ARASE
station, a e B, or sone other_termno O%%/lﬂgAn access _term nal may al so

Node B, | .
be ref er r ed® £EEETe Mg Fapnal porise efprts: gulple Qs Of betuthe {9rvgrd ligk yser

equi pnent (dd&)rcvo&soWLrﬂ@‘r@ﬁﬁlizfée %ﬂkﬂhlﬁ@tdbaggcgﬁlwﬁr@@il i hs'tlﬁgaigﬁﬁla@&fjsmﬁmp%m' I
station or sone. other termnology. t shaqu e not ed t hat ile
FIG 1, deﬁfa@f@lsﬁ‘ﬁﬁﬁpcaé’ldeéoé%??f}hsﬁ%x‘?s.s g?““ﬁ?l/?’ﬁéake&i”f@é‘fséﬂtm fneafra groups
for differaatibradeh 6f Sgivel btorappr oaches may be utilized. For exanpl e,
utilizing nultiple fixed "beans" that each cover different areas of the

cell in frleeg@ncyls@ae dspsctd)eithikrithd ZaBmitthhingif thé acceds olnt e rdeRat i on
with physical. sectors. = Such an approach, is depicted and disclosed in
copendi ng lﬁgd'igé)t? gth 4 ebﬁlplokn;?}dgrli’ © glﬁl?réﬁeg' Nhl.bni ] ,”§9§f eﬁﬁ’f“?slf”lbé’dm KHSpt i ve
Sect or i zat iaonlibrtiGe kdtiol tacalBy st elng tecsitnd ctuin 6f the Be@EPEUint todts MRAGHA chyin

reference. [0030], Referring to FIG 2 n.ant enna arrangenent 100
conpri si ng Ogcglgbgéﬁc\%rﬁagﬂma}tghm USITETRC ‘?}Paéfhsrri tter chain 104 in accordance

wi th varioygeRspec i L. . Receiver chain 102 conprises a
down conveﬁt e%?cgrr%% nggitsh %&%%’%9 ﬁg?&ggg\w %Sﬁ\ggra;ﬁg(egswé?rbﬁ%ﬁ%%?% a baseband
upon recei pemniowrtiop midrtheterpivaisend nay bl tegefoped ad asy ehd inchdasent ol to an
aut omati ¢ githe fABH SRk AFhad- WHoh RO Y, F Wk er 10RESSSS, . LSSl kel
terminal may also be referred to as, and include some or all the functionality of, a user
equipment (UE), a wireless communication device, terminal, 2 mobile station or some

other terminology.

[0029] It should be noted that while FIG. 1, depicts physical sectots, 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. 11/260,895, entitled “Adaptive Sectorization In Cellular System,” which is

incorporated herein by reference.

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

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



WO 2007/ 056672 PCTt JS2006/ 060495 8 signal strength and automatically
adjusts a gain applied to the received signal to nmaintain receiver chain
102 within its associated |inear operation range and to provide a
constant signal strength for outputting through transmtter chain 104. It
will be 8ﬂ@8@§%§6 that AGC 108 can be optional to sd/ERMEAHENt S
descri bed herein (e.g., automatic gain control need not be perforned in
conjunction with every enbodinent). AGC 108 is operatively coupled to an
anal og-to-digital (A/D) converter 110 that converts the received signa
to digital format before the signal is snoothed by a digital
Iomfpass-filter (LPF) 112 that can mtig&te short-termoscillations in the
recei ved SI al Fi_nal | rece%ygg chai n 10% can conprjse a receiver

processor gB‘r%’ée?é%"é%at’tcﬁ BT G 2BRIRdP thawseeiyer sighatiti cate the

signal to Qﬁﬁnﬁfn méleemnmqrme Aishi@fts aisbﬁﬁt%mhhéﬁropéﬂﬁbﬂ rddé and AR dlide a
Transm tter chal n.104 can rise a transmtte ilocessor 116 't hat

recei ves OB Aise} SHY T %*Pu%‘ﬂ%?hm%lzﬁa(ném&ter #BA0 {tw Beecei ves a
si gnal t hatappmlacw t8atneGCYL 08 1086 BE YRbnBltolseBRiewbo Bk dekOdbanidrsn bh.gct ed
to various processes asso |atded ¥Vlth t he _conponents thereof, ...)
Transmitter “fﬂ‘%aé]@s%“&’rcoﬂ% peed giob Papsrinsmsd inermiastiep withsyegeembadipent) 118

t hat can faaﬁcllnatleoﬁmmw aiuptegt@aﬁa@rn@d-totaxgbﬂ (wBnestveitedi 1I9Ueh that the
signal can belfh ged to p in {)@ndwd h constr Lnts whlle né ating
and/ or el i f°H4% ﬁE T9eRived 1?9%8 itg} foppal befiyg th by g‘&’ﬁ can
under go di dotvajasd-aiitan@lPey1 (D) canaoitiget Shar i o@cﬂa&oma\fmﬁce@vad@ .f ore
bei ng subj ?‘Ctﬁg’ to an Qrg]‘er@#[)vel associated |ow pass ilter (LPF) 122 in
transnitter ¢har FeE0E" ¢ ﬁ’@r‘s%afﬁﬁ?lé’ér%fﬁﬁsﬁ‘?r It thatpryeesssiisnent 124
can anpl i fyeaedﬁedmgrmeémj gihabrvainidae: e sighile bat 6Nmbee ddapdaaseband by an
up- convert 12 [ﬁ 03% Antenna array 100 may exi st for each antenna of
bot h an acc %tt?f & " access termnal. As such, there may be a

noti ceabl e fierence obs ween transfer. char act er of
t ransni tter[m():%a\ ?%Eb an rflé%l%llgzg? T GORTPRISS B 5 BT ST PIOSRBPR Js1 tbﬁé?cgb es
reci procit ya signat frerrechmvalcham 10B fnpetramnditarretai s antigdab that @aeonig@hally
variations

an Under ot Araisg SR SRHED? i P SR oo A e YHE ey T ot s
on the p has:en@nnidrms thargpfi.t. Md&anmfnﬂsr proadssor 1116&@ agabﬁ@klﬁb@@gedfb& pulse

reol prooi £y AL { MoK OO FeRBIL N} Heflie b RS Ret bR ©
cal i br ati omapbeosepsd to W&mtﬂmarhamdmdth dfonb'dnaents aﬂﬂleoﬁmgmm@izﬁmtaﬂiaﬁﬁmg
general ly %%psﬂﬁ]atoq @ﬂgrfe]i'ggceh Bl sgallﬂce]:i etile 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.

[0032] 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
magnitude of variations, in terms of the effects on the phase and/or amplitude, of signals
propagatcd along the transmitter and rceciver chains and their influence on the accuracy
of a reciprocity assumption may be utilized in order to facilitate the calibration process.
Furthermore, in the case of an antenna array, generally each antenna 100 has a different
transmitter chain 104 and a receiver chain 102 than each other antenna. Therefore, each

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



transmtter chain 104 and a receiver chain 102 than each ot her antenna.
Therefore, each different transmtter chain 104 may have different
effects, in terms of phase and/or WD 2007/ 056672 PCT/ 1JS20061060495 9
anpl i t ude,wasommngesar her transmtter chain 104, respectin@E/ys20066048NE Ccan
be true for receiver chains 102 of each antenna 100. [0033] The

m smatches in the effects can be due to the physical structure of the
antenna 100, conponent differences, or a nunber of other factors. Such

m smat ches can include, for exanple, nmutual coupling effects, tower
effects, inperfect know edge of el enentglocations, anplitude and/ or phase
m srratches due to antenna cabling, and the [|ike. Addl tionally, m smatches
can be due awpliedefnrmy eherfeamswmitionchaimhehirespestivehai Fhe snow candt re Facei ver

chain 102 %C&@&thigg@@ﬂ@fgaggmtg%a anpl e, such m smatches can be
associated wth analog filters, and Q i nbal ance, phase and/or gain

m smat ch of[oa33) OWTAE S @nABRsi if iHRTefREts ea[pbe && B pilysfial stfichi?E oERRI NS,
various non-linearity effects, etc. 100341 For an &access point, to

calibrate e#tangdakonponsidiffsrences, soremgrp%frmmfg‘actp@c Sugleriwegiches| . e

the recei Vet hdilides BrleRaRERInAGatl &ubhﬁgéﬁé@s AN QAR Lts] aq;%%&%ema eWOU' d
require a con'?l ex and potentially unw el dy process Further, any speC|f| C

f eedback, q"%ﬁ‘\k&“ﬁ“@ﬁn@?‘rﬂaﬁ%?ﬁd&r@ﬁ% 1gism3tahet due fogwirnpa pablimgednde | i nk
transni ssi afie 1iker Ad@lpndiyy BRsARGRS Sad B BB hal BvasdBleRGhts (P 1rb SR BSinf OF

t hat user. Therefore, for an¥ %gl ven calibration ratio estinmated based on
both the fd%ndjoaﬁ%fe%‘@(/%@aé‘é 07 oficach aepne 10Q. Fenexangple.duch miserichsagaby t he

channel varjeasidtuta \ith@h&8g fi fiﬁ&@rlein‘ar@lmﬁaﬁbn%e\c/fﬂxra% arRBRSalPmiRMch 2 MO €
calibration ratios estimted for a nunber of ffer ent access termnals

are conbi H@H“}Wecﬂn&@\'ﬁef 8" dBYlas PRis Aythe chaipppirEeTOROTBRGanTY effests. efsed by
t he access QQ‘Q g transm ssion to one or all of_ the access term nal s.
L ‘lb cts; %

In certain HACLHTPOMH: tP SAHPTA e hoRASTEL PR InR s \apapendingal | of

the cal i br attave ¢haid @s. thofeceBelthsia @efGspbedift Rithe s&QTERRhED ihdigcNichhly t he
access point r some re et er,m HEd%lEi ubset.. | n another a ect, . _the

conbi nat i on ‘Hﬁ@“"&@“&&ﬁ mpirX 20l potspral i wwisldy prseyss %FREcifife channel

measur enentfsedbacimfantriad BRCANABQESS, dr@ﬂﬂ%,ﬂﬁkd &Sr&eﬁ&@@luﬂ@@ar{bﬁu@ﬁﬁ mte a
single calibration ra a conb ain msnatches for

each accesdW &Y REFCSS E‘W‘P’r‘? Ef‘tS“EJSFtc,tB Ithaﬁt‘f %’h&h‘éﬁe@l Eﬁ%{gf%% OIANKIIGR ratio

for each aamﬁmumeraﬁorbaﬁmat{ea @3&}1 olﬁ%maﬂhy f(g'bv‘éﬁﬂarﬂc‘@ﬁéiﬁe tigts)inead is séile access

poi nt uses jts.revers nel . estimates for that access terminal as
o T e R i T e L e, R e n P B T SPHLG OBE ¢ he

access t er ror nadre egltbritésh haekestitated oL aasiser PO Uitterert Rcd¥s Sl @ midls 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 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 access terminal are combined to estimate a single
calibration ratio that is 2 combination of the gain mismatches for each access terminal,

without calculating an individual calibration ratio for each access terminal.

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

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

[0036] A forward link channel estimate, h,(@ , may be estimated at the access

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



estimate or calculate the calibration ratio, based on that access
termnal. [0036] A forward |link channel estimate, hA7 , nmay be estinated
at the access termnal for transm ssions fromthe access point's i-th
transmt antenna. However, any WO 2007/056672 PCT/ US2006/ 060495 10
channel esWVPR#M7@5673 | have conponents rel ated to the nRGEULHEIThannel ,
along with any gain or distortion caused by the access points transmt
chain and the access term nals receive chain. The forward |ink channel
estimate may then be witten as: <i) hAA AP hj +n AT receive chain AP
transmt chain Physical Measurenent gain msmatch gain m smatch channel
noise (1) In Equation 1, channel esti maltOe is a function of the gain

m smat ch PAT of the acce termnal r ve chain e gajn m snmatch aAP
of the trarforRy &FRee M ﬁ ETVGLW@PQB%‘&%EE at 1i0 e ngipe 95#‘8 ﬁh‘i‘r’élet REIBAYE cal
channel beta\ﬁ?%lamtdiehsttMoﬁramaaaﬁ ﬂiwca@s PBRGFROmithdin dodehd@ice® ni of the
channel that i.s part. of the nne t I mat 00371 'ﬂ the case of
reverse |i HWFQE§WF’§’§|°BW§ tTEPB ﬁﬁftgn%f”? maydhepbewgttendyng ' s

i-th receive antenna dyge to transm ssion fromthe AT hh is essentially an

i nverse of Equati on 1 T(hl)s caﬁe see&!l(m) Eq below. h{i) = a ()
hi + U AP AT ' Aa' t— jemans L/uAP hai n PhyS| cal

Measurenent chain gal n noi sen‘g | on 2, this

channel estimate is a_Tunction of t al n msnmatch aAT of the access

i nal t e ik A ‘fP”ﬁ‘i“& th 6K f theMegpweye t
oo Ve hare BT L REGIVERED, o ARRUTS bet noen EIRE & mocant ennas
b th | that f th
Cninoel aoulh St gk Gt i R EPETESE el oL e
M STAtCh el @i IeLAREInLiRARE Bk miGHALA% A U2 AN LLANS Whkih B qRNLAS 104 OF

antennas 10 ereinis s ow I'n éQuat ebe hot ed
that ot her pagithieaiadgs et @iRsicatdhbRivRbétGatn he b bRREMsRing measured, and

the noise #, of the channel that is part of the channel estimate.

[0037] In the case of reverse link transmissions the channel estimate at the access
point’s i-th receive antenna due to transmission from the AT }'Z,Efg is essentially an

inverse of Equation 1. This can be seen in Equation 2 below:

lz(’) =a . - B h +o,

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

@)

In Equation 2, this channel estimate is a function of the gain mismatch «,, of the access

terminal transmit chain, the gain mismatch B} of the access point receiver chain, 4;

which is the physical channcl between the two antennas being measurcd, and the noisc

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

10038]) In order to calibrate the antenna array the mismatch errors between receiver
chains 102 and transmitter chains 104 of antennas 100 therein is shown below in
equation 3. It should be noted that other methodologies and mathematical relationships
may be employed to achieve array calibration in conjunction with, in lieu of, the

mcthodologics and mathcmatical relationships described hercin.

O 0 0 ®

_ AP AT AP
A : ( =y =Yy -1,
D B o af;; ’




maybe enpl oyed to achieve array calibration in conjunction with, in lieu
of, the nethodol ogi es and mat hemati cal relationshi ps descri bed herein.

(3) G A" "AP = AT /' APf AP h{z) {Z> -Y a(a) =Y'~li AT AT aAP AP WO
2007/ 0566 ARORWF/0EiB2006/ 060495 11 In Equation 3, el is gdr@uu&iedds

m smatch ration between reverse link transm ssions and forward |ink
transmssion, r is the msmatch ratio of the gains between transmt and
recei ve chains of the access termnal, and r/r s the msmtch ratio of the
receive and transmt chains for the ith antenna at the access point. It
shoul d be noted that y is substantiallyjconstant for each antenna pair at
the access point. Also, in sone regards Equation 3 is idealized, as the
noi se estimate is not included therein. [0039] The calibration ratios c" i
=1,..,M, where Mis the nunber of antennas in the access point antenna
array can be grouped into one vector E, for each access termnal, which
may be ter rﬁé(ﬁq"s}aﬁm,l @natthwev@bm@matche]nm tRitween nqzerse hgk tt‘aﬂ'slmnsslc(m)andmw
estimates for eac fe access o a single
access ter negrave Cha!nSSllf(ﬂLﬁ @ceﬂséemmaimndvﬁhathemsmeﬂob mmtcsf tbd': rewem ende may be
conpl ex NUNRRKS;iAghY rqgeﬁf?mé\ﬁx% tmcbésgg81n§nﬂsh &%gng%ea%att(:h for each
transmt and recelve chalns o e access point enna array ‘as well as
common ni srigbgentiedy cespamddrrpch entehmes nairan dre aco%sa@on@cﬂsmemmosrm'egd‘rds)f t he
access ter rﬁcﬁﬁhoﬁﬁé’ﬁﬁ&ﬁmg%@ thd I‘:r‘cﬁ?d &Bma ﬁ% Hﬁt 1n$l{1d<'[$mgll be noted that

whil e Equation 4, describes a vector t as entries one access
term nal anpgfias, the cdiB¥addd entrigs I%ﬁ term nal s.
[ 0041] Ther[ngjlyge vect%r n1nc %2% Zeffeé}?évjlt& f?laﬁgrl{elﬁgnneagﬁ?%%é 8T or s
(MSE) and tht s@eihwiefahiehs avhy eharnedufde asd bRER&itode; PRI ALéQN, Since
t he measur ’ents[ g’ﬁ the |ns re éarformad at different tines thus

al | owi ng chaniet- ¥ Pﬁ% T3H0n Y9 "as t enperature and ot her

variations to effect the rreasurerrent.

G ™ z

- é z

= 2=y 77:2 +| ?|=y-n+n @
Cyr T Zy

[0040] In Equation 4, the entries of vector € correspond to the estimates for each
antenna of the access point with respect to a single access terminal. It should be noted
that the elements of vector & may be complex numbers including both the amplitude and
phase mismatch for each transmit and receive chains of the access point antenna array
as well as common mismatch corresponding to the transmit and receive mismatch of the
access terminal transmit and receive chains. It should be noted that while Equation 4,
describes a vector that has entries for one access terminal antennas, it may include

entries for multiple access terminals.

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

10042] An estimated calibration vector €, corresponding to access terminal , may

be determined as shown below in Equation 5.

¢, =71 (5)



[0042] An estimated calibration vector c" corresponding to access term nal
u, my be determ ned as shown below in Equation 5. cu =Y. -Ti (5 WO
2007/ 056672 PCT/ US2006/ 060495 12 where yy is the gain m smatch

corr espondWwagoarmsdelie access termnal transmt and recaecrUebmonssnnd 11
is the m smatch vector corresponding to the access point antenna array
transmt and receive chains. The vector cu is determne for all of the
antennas of the access point antenna array. [0043] In the above it should
be noted that there are several nethods to conbine different calibration
vector estimates (corresponding to neasurenents fromdifferent access
termnals) to generate an overall or conbined calibration vector. One way
to do thi sVisndi b pinimismatch veramending ta the aeesss israiabmansadt and est i nat es
to obtain aesivegtheinsesd inrittbe miidie] vdotor thirsspapding &cihe aeasbpeiat abe@iai on
vector est sy erahfish uﬂ&&c@lveﬂéh&hplma&éc%? g, 8@ imind Bor all Writ ik Sind &£ €r ent
for di fferecﬁé peTefolc 0§mta§{em1g In a case Where one or nore access

term nal s have a ge?(n m smatch y., sinple averagl ng may lead to

B L I AL

esti mat e, abfferelstp:(ahtinangn vecter ess;tmtes f(mrreamﬂﬁg t efigakainents frolimdﬂmkénz ed
imzation in

according t of t e vect

t hose cas esa%v\%gFe?n%%%%? g%ep © a%gve§§ ?oﬁ%q@%ﬂg@goﬂ ﬁorga(ﬁ’he Wiy ch
r.. This pribisessbinstickesi totaed‘a@@dllbtheIcalﬁEa]ﬂltaive@t‘brﬁstLtﬂtatHs totobtdin @dingldC UEC ( 6)
41 v=1 It slg%{ (g be noted that, in certain aspects, the normalizing

el enent nay be any elenent of the calibration vector, as long as it is

t he same el t f [ i At irst

e Sare elgREAC B R36choh AL AR ESHAL, SRFLR RSy Bl o,
nunber of éh@mem, swhich is diffexcatfop differedt @0t teAnmhise Mn appyeoatdte bivbdr ey be

utilized to conbine different calibration
access terminals have a very large gain mismatch ,, simple averaging may lead to

results s bias the average toward the access terminals having the largest gain mismatch

Vi

[0045] 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 y,. This process is depicted below in Equation 6.

Euz L2 , t=—

Al

(6

O] e
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&

It should be noted that, in certain aspects, the normalizing element may be any element
of the calibration vector, as long as it is the same element for each calibration vector

estimate, e.g. the first element. The sum of the normalized elements is then divided by

the total number of elements U of the vector & .

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

different access terminal mismatches ,. 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



vector estimates may be based upon conbining the estimated vectors in a
matrix. For instance, in certain aspects, it may that that each
calibration vector estinate is a rotated and scaled version of the sane
vector TlI wodoed7heserpt ati on and scaling are due to the wmifiRi@nsi@cCcess
termnal msmatches y.. One way to get rid of this scaling and rotation

is to first normalize each calibration vector to have a unit norm Then, a
matri x Q WD 2007/ 056672 PCT/ US2006/ 060495 13 whose columms are the

normal i zed cal i bration vector estimtes may be fornmed fromthe

calibration vectors. A single estimate fix the cali brati on vector is
obtained by perform ng a deconposition of the matrix, g. a singular

val ue deconpbasercplymnsarq the noppglized caibratine wsrige ﬁSﬁE@Q@rm@bb? &sped diomytheo t he

maxi mm si n&%@a&mﬂ%d{&smxu%?e sigfhte £ ﬂfeb;‘ih@r‘!xﬁﬁ@{zéct&% bpgaﬁl%a %g Vect Of
estimate, eg as shown i n uation bel ow. Q=[ ~ L
J=l, , U (DFF orrsms(acgeﬁp}smﬁql%qﬁf}wm @iﬁpP pipgalgr Vaiu@ ﬁ@comnoaa@oapp rdcmc hes

above a C%hﬂ?}&@ | Phe 51%515\%0!0? cgﬁ&%ﬁﬁﬁlo%/ to tﬁ§ Hagﬁ-ﬁlﬁ’q sln@ufama]ﬁg ? belakd Pt -

val ues corresponding to the elenents calibration “vectors a

cal cul at ed ¥sdhe evrealbealidratipnaiectay estomate, lvas es shovarindsiuation (7) &elest , wit h
respect to the individual access termnals. The calibration vectors are
then combined according to one or nore different mathematical processes.
[0048] An alternative to calculating nultip Ie callbratlon vectors is to
utilize a joint othm[Elat'onn pr‘b{]ed'urce‘jl l Fhitt¥pl e access point and
access neasurenent as follows. In sone aJ the access tef nal and
access point may generate theSVR{RYmE}S- \éstl mates for different frequency
tones and at different time instants. Further, there may be a timng

error of rk, ,, between the access point and the u-th access term nal at
time k. n”s’%ch a case, the forward |ink channel vector estimate g,",,,
measur ed atOPHE aclssgemplifisd indbe thige aparonchesehbers 8 celgationmstigds gansrelly

channel vecds@maRalih FRS Stepb. Hirsy, VARAS b6 LApeditd @ thACIRRRtsRP I bratidie
approach, utili zi ng?t he c%ﬁl)irltgr ation vector i1, and the access term nal

m smat ch y, Ye°ioLs & Frlelatediior e anienaAERyp) those gytenpag ofipteresy with respegs tog( h;

kv) "I +n, kuhe{tfdkmduall d¥cels terrhihBls4 The CAbratbnERIYRES 48 1&n Ambndd dc@oxﬁm%'t@gonal
matri x whose di a on | elenments are the el enents of the reverse |ink

channel ved¥6°" Eenf mathematiga] procegses: vy e-j" . The subscripts i ku,

[0048] An alternative to calculating multiple calibration vectors is to utilize a joint
optimization procedure using multiple access point and access measurement as follows.
In some cases, the access terminal and access point may generate their channel
estimates for different frequency tones and at different time instants. Further, there may

be a timing error of 7, , between the access point and the u-th access terminal at time #.
In such a case, the forward link channel vector estimate g, , . measured at the access
terminal may be related to the reverse link channel vector estimate h, , , measured at the

access point. One approach, utilizing the calibration vector 11, and the access terminal

mismatch y, is depicted in Equation 8 below.

—J Ty,

gi,k,u = }/u e : diag (hi,k,u ) : Tl + ni,lc,u
=Yg Lig M0,

(®

In Equation 8, Z, , , is a diagonal matrix whose diagonal clements are the elements of
the reverse link channel vector estimate h,,, and 7,, =y, -e™’**. The subscripts i,

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



are the tone, tinme, and user indexes, respectively. In the above equation,
the unknowns 14 are the calibration vector g and the access term nal
specific msmatch y,,k,u . A feature of Equation 8 is that access
terminal msmatch includes the effect of the timng msnmatch between the
access point and the access termnal in addition to the gain msmatch due
to the access termnal transmt and receive chains. One way to obtain a
solution for g and vy, ,k,z, is to utilize a m nimum nmean squared error

(MVBE) approach as shown in Equation 9. z '04 ~11Y,k.M'g,.} -2 ,Kk,.

‘gl I'l (9) ~q,rl,k,}=argmnP"(rl,Yr.k._ 1 s.t. lkil=1 A ykr Solutions for
g and vy, , k, maybe given by Equation 10 below, g n m ninmal eigenvector of F
=IF =1 Z* kr, .fl , Z,*" ul,k,u O(1® - blzf,k,ury, "2 1 rt,ky - +

gr,k,u gr,kN where, for a vector x, the orthogonal_ projection operator IT
may be defi ndée e caljtration yector n(apdtheaecess tymue! |scdis MHERLER &by 4 frature

m smat ches, t calihration ratios nay be used.to, alter he gain, in
Ferne. of bot 17 GRUB{oTRd M BoonsuBua ALamapt edees Tor =P ibos ARTHE for chai n
of the accessispaichbetiveerik@bcekd pdift bl eheraeeRs teehinahiaizfdieibn egtie gahent |y to
alter the gain of the receive chain of the access, point to match.it to
The 't ransr s "EREMA AFoBRET Siors EPei ReuT ORISR B Pat P BeR it b 1o
cal i brate theolgdbmfosi«f bind g3 pecto wtitize phdELumThyancquied drqrERESE)Rgplohth
anplitude. This is because, in certain instances, any calibration

t echni que nays Aegven mFguaige 9-t ude mi smatch worse. This can be easily seen
by considering an extrene case where there is no phase m smatch and only
anplitude msnmatch is present i ?g%n r_rizfsnatﬂﬁ;hes. In this case, the
bearnforning gain with calibrafi I S wotse “thtartl t he beanf orming gain

wi t hout calibration, which;means that. _ ®
(M7 gn) =arEmin p, (0.7,,,) st [mf=T

LB

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

n & minimal eigenvector of F=3"F, => 7, II, Z,,

u L,k,u

* 10
_ gié,n ’ Zi,ic,u ‘N ( ) )

7 Lku = *
8 Biku

where, for a vector x, the orthogonal projection operator I1} may be defined as

"

I =1-2% (11)
X X
[0049] To compensate by the mismatches, the calibration ratios may be used to alter
the gain, in termas of both or cither the phasce and amplitude, of the transmitter chain of
the access point to match it to the receiver chain or equivalently to alter the gain of the

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

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

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



the anplitude m smatch is now worse, A nethod to inprove is to use phase
only calibration for beanform ng, instead of calibration using both the
anplitude and the phase for calculating the calibration weights. In this
case the calibrated weights 15 beanform ng are cal cul ated for phase only,
An aspect of this approach for MRC beanformng is depicted in Equation 14
bel ow. WVRC =diag(r1Oh' /1h , h'=h" .h for MRC (12) where diag(q) =
diag(C q) [00511 Wiile FIG 2, depicts and descri bes one enbodi nent of
receiver chain 102 and transmitter chain 104 other |ayouts and structures
may be utilized. For exanple, a different nunber of conponents nay be
used in both receiver chain 102 and transmtter chain 104. Additionally,
different devices and structures may al so;be substituted, [0052) FIG. 3
illustrates a timng cycle for a callbratlon froma si ngle access

term nal , mhebelna"oﬁﬁﬁgsyesdammdfbaﬂ/ﬂgﬂgxa& &iInghe afpeevanids bpprkachrfar™@Rar bur st

adj acent to a ere burst is utilized. As can be
seen, one or Pr%af‘rgn Bt% epfc e&d%?ﬁ@%’&qgﬁ 1?\ﬁ’e reverse link is(are) measured
at the access point. The time period of\&x—he measurenent is a function of
t he decodi ng ti neWaekc fﬁ@géw&éfhbo» nb) bng t hi sfordded{idy peri od one or

nore pilots ar ransm tted he forward link to the access termnal.

The access tel Tﬁa‘?asﬁ@‘e% r‘?@?zg?‘i:s the pilots to estimate the forward |ink
channel. As with the reverse Iink estinmates, sone decoding |ag exists. The
decoded f or wil0AL] i niVlkn Rl edepirtscad deschibost angeaypp dimedt efeteitcochael e cess

pOi Nt i 1 OF defnd P BRALEREL 1061 6AkIRAL OBkl By TDBHELET For dibunfiR), D
seen that there is sone m ni num anount of ti e, an her ef ore maXi nrum

access t er m naiffersaf Bensy Of FRIRPRRSTIS Fey RF PERIAR PO TeqeiiFT 5@1%9%n§|t§%éﬂ‘ﬂwft hout

drift being acksid ong AditsoRBY,anttbrahildévibditen kREdRgs haghRb be [BR3IEIAS can be
seen fromFIG 3, if nultiple channel estimates fromnultiple access

term nal s ar e[o0sz]l i zﬁmGt:hﬂlu@mtsed ﬁxlﬂdlgdml'é for&&ﬁﬁﬁﬂdﬁ&xﬁﬁoﬂﬁ&}éu{gﬁb dcedtuced or at
| east sanpl ed aver nlqgr S_an ei ve [

i 1lustrates aSpaefs W% SF oGt @ S ?rﬁ?‘ﬁc’ﬁ?l{’%fa et hr%(allﬁatnllenogr bélﬁé%%f'ceﬂt%aaar ray
t o conpensat esifigie rayaisa link et ohburfhie uslyst e As 8&0bcapmrdns esmareqalbisbr at i on

component 0 AfledohuASe e AIBL SN GRLI IR R SQmROnAL 04 LSt

analyzes nodel s recei ver aln ou S|gna S an ari s
recei ver chaithe ogeputmeit grvafuscfawobfahe dsad ding e ofithe atasad munto iPuang this

det er m nat | oy 308 bIAIARR Pl PLe: GRLLDEALLON HEAROLANES | 6. 0P ate

cal i bration usi ng ctor erent types o
cal i bration, tamgnal The access terminal then measures the pilots to estimate the forward link

channel. As with the reverse link estimates, some decoding lag exists. The decoded
forward link estimates need to be transmitted back to the access point in order to
generate the calibration ratio. Therefore, it can be seen that there is some minimum
amount of time, and therefore maximum access terminal velocity, for which calibration

can be maintained without drift being a strong or substantially interfering factor.

[0053] 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.

[0054] FIG. 4 illustratcs aspccts of logic that facilitatcs calibrating an antcnna array
to compensate for gain mismatch. The system 300 comprises a calibration component
302 that includes 2 mismatch estimation component 304 that analyzes models receiver
chain output signals and/or comparisons between receiver chain output signals and a
calibration calculation and determination 306 utilizes multiple calibration techniques to

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

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

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



then sel ects one calibration type based upon the extent of the m smatch
that results from wusing the different types of calibration. In certain
aspects, this nay be done using phase WO 2007/ 056672 PCT/ US2006/ 060495 16
only estimates to calculate the calibration weights or using phase and
anpl i tude We3s0I7W#BG58%5 t o cal cul ate the calibration wei giG/UNOBBH49F] G 5
il lTustrates aspects of a systemthat facilitates calibrating an antenna
array to conpensate for gain m smatch. The system 400 conprises a
processor 402 that 1is operatively coupled to an antenna array 404.
Processor 402 can determne calibration weights based upon nmultiple
calibration techniques. Processor 402 further conprises a calibration
conmponent 406 that selects one calibration type based upon the extent of
the ni smat@y efigtatesde grlelatetbnralibratignirrastls px usingphasy peckarapliteds | brat i on.

[ 0056] Systamméted 1 adlcudald tid aNslativn GRALd se menory 408 that is operatively
coupl ed to processor 402 and that stores information related to array

cal i brati orpossit i OFIGENBRdirktefaspdith b4 Stent JHAERCHtatetl BFAInk @A ahRERNI ques,
criteria for selecting different types. of cal]j ﬁrati on techni ques, and any
ot her  sui t 1% 17 AYBPYRFI &FF 5t SRRt Thn T BPR A0 pompreeserose s e A0aghet |

is Ito be agpg/p@hm@ﬂcadwd i) l’a_ﬁ‘éfﬁ@ﬁﬁh’ axf@moaarprms%r Eom&s&a&mﬂe%@%@ﬁ to
anal yzi ng and/.or enerating._ I nfqormatl on_recel ve Y processor ., a
processor t‘ﬁ‘?i@htﬁBg&eH&i’gnﬂw il © Faéw@g?@&}%‘ﬁi'sp r8f’“§9£@@rﬁ“ﬂb@,°°§ﬁ&ﬁ%“ra a

processor z dggbmﬁb@bmmlhymmweg@me ahlasation t@pﬂ'@és}e@ ﬂpé@ﬁl@ieﬁggt @?&8% 571
processor a ntr one. or re conmponents of system :

Menory 408 IB’ﬁ’ﬁlagfgéﬁ%ing’f ?‘9“’3‘{5%% H’%‘tefi% ﬁ@’eﬁggﬁéﬁ%ﬁt’é’& with generating

si gnal copi nd el epresent af.i ons, .m smatch esfimations, .etc_, such
that syst erﬁﬁaszﬁo c %g%'ﬂ%f)éﬁg%?%ﬁé%a YS?%BB?G@%WOLFO%é‘E‘ﬁd? PREHY B0 achi eve
ant enna caldobplad t@process@ct2i agd eh A eloestihformativicheiednio st chlileame Rsat | on as
described herein. It..wll be _appreciated.that the data store. (e.q.,

menori es) COARSATHATIL ARBR4 c%gqraétf%%g’ﬁl%‘gs’ c&;‘et"f‘?eﬁ%r \S/Eg?cé’flﬁ Idéffeﬁ?ﬁlﬁgi’fifso r
nonvol at i | efpelibetion ochdques) andl ang etheo tiitabll iaformetiGnetlattDovalibdatihg menory.
By way of iJllustrati n ot limtation, nonv tile nmenory can

i ncl ude refgltcgﬁ%?%%é%'y&(%bgf ap ngatfgﬁ??gBToge (%%\%e,a%f)%e@{‘?ri cally

pr ogr amraebldedRat (ERRGV)ng ©ldéatgenaatityinforaatidn ecBOM bizbRIREMbr 4@m, of | ash
menory. Vol atil n include random access nory (RAM, ich acts
as exter nzﬂ%éce zsisgoﬁgf aﬁlr;r%t?@?o@yor\/\%%reS?mP?Ifeﬁlgstc’?gﬁ"fﬁgﬁ L&ﬁda’}%‘frall?r qsﬁlr% RAM
i s avai | ablbeth analyranynd genomites tefrmsiomymacdivedrtyysodeAbdr(4BRAM cotynasaCorRAM
(DRAM ,

more components of system 400.

[0057] Memory 408 can additionally store protocols associated with generating
signal copies and models/representations, mismatch estimations, efc., such that system
400 can employ stored protocols and/or algorithms to achieve antenna calibration,
technique selection, and/or mismatch compensation as described herein. Tt will be
appreciated that the data store (e.g., memories) components described herein can be
either volatile memory or nonvolatile memory, or can include both volatile and
nonvolatile memory. By way of illustration, and not limitation, nonvolatile mMEeMmory can
include read only memory (ROM), programmable ROM (PROM), electrically
programmable ROM (EPROM), electrically erasable ROM (EEPROM), or flash
memory. Volatile memory can include random access memory (RAM), which acts as
external cache memory. By way of illustration and not limitation, RAM is available in
many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and dircct Rambus RAM
(DRRAM). The memory 408 of the subject systems and methods is intended to

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



synchronous DRAM ( SDRAM), double data rate SDRAM (DDR SDRAM, enhanced
SDRAM ( ESDRAM), Synchlink DRAM ( SLDRAM), and direct Ranbus RAM ( DRRAM .
The nmenory 408 of the subject systens and nethods is intended to

conpri se, WORHGOS66BRI ng |limted to, these and any ot herpcauisedsloeosdy pes of
menory. WD 2007/ 056672 PCT/ US2006/ 060495 17 [0058] Referring to FIG 6, a
nmet hodol ogy relating to generating supplenental systemresource
assignments are illustrated. For exanple, nmethodol ogies can relate to
antenna array calibration in a TDVA environnent, an OFDM envi ronnent, an
OFDVA  environnent, a CDVA environment, 10r any other suitable wireless
environnent. Wiile, for purposes of si rrpl icity of explanation, the

met hodol ogil@858ir e Betwinsind TG 6st mrthedolasy slating te gepgrating wipplemental t o be
under st ood g ?gtdmafmasy a@&gﬂn&maretlﬂ@smfeat @eid@ia%qal@%éﬁ@ddwgeé damibied By the

order of ac as sone_acts .may, in accordance with one or nore
embodi ment SNtE5RR AFEY frliration e At DIV Asnsiromarty anc QRPN eratitonyens, eh OSDAGA act s

fromthat shouehAdH, SEPMA Redrdipiat, %raE;%th@%ﬁﬁ@%l%m&é?&%%nﬁl‘dﬂﬂl&@ in the
‘art will understand and a ppreci ate that a net hodol ogy could alternatively
be representte dar pprpesss P%%‘H’GPCW%KP@P&‘%% therragtbedalegiey easowregrch as in a

‘state di agrRBRHbVIREE\&Hes oFabisatis to bé Libdliad Bshdaghecim Mg thequi red to
i npl enent a ng%rodol ogy |n accordance with one or nore embodi nents.
gt

[0059] in desthefalpeies it pet limitqdhy tha orles ahactt, 6p 8o acte BIay P AEPBAANse Bt s E.

for each whalo@motc EnbddMEhts HccaiRldifitre@tdr@is afl/ot R nily! Wit MG fA8Pect s,
for each trans%sm on, the rocessor_402 may access the calibration

‘vector E. fiErm{tsbshers anddegerihed heisin. d@FFﬁ?‘rﬁi’lﬁgthasecﬁlﬂi@rI&ﬁWWhe deci si on
as to whet h@Hefkan@and 9 @ﬂe aghdh meqmblog%bmeraﬁ&ﬂnaﬂv nidd BE 4 OF
calibration vector cy for a give transm ssi on nay ase upon a time

period or ﬁﬁﬂ%‘é?f”btfm?ltaféﬁﬂﬁt%sﬁr GFnts Shehepsiip @ sty ﬁhbgr&’éni (MOVQ‘&T@?M@'H for the

ACGC state vagst@bidacResthy Me§u1?@iiyto bapRURheMBALASBEE in McofBYc/ R ofRdsed
upon channel co dltlons e.g. loading of the channel. [0060] FIG 6

i|lustrates™d° digurtsgy for calibrati ng an array of antennas for
transm ssi &Eﬁ gha esti mates for the forward |ink are received from
access e "tﬂebté’ﬁ aspRsts, NeMPrs U8 S ptorp hrecalipridior vestansnal foegachmat es

may be geng{a@g ed 159, ,ﬁﬁ?a&ﬁi (%fﬂffe%l e Olg s%%lﬁgs%nltgtfglde bo}él tﬁgmﬁglgg e on,

poi nt. Additionally, chanhn ‘for erreverse
e. g. rever peodepsok40hmayetcess theteslibratian getreritfotthe WGE batawiens poi nt

bl ock 502. . . .
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.

[0060] FIG. 6 illustrates a methodology for calibrating an array of antennas for
transmission. Channel estimates for the forward link are received from access
terminals, block 500. As discussed above, these channel estimates may be generated
from forward link pilots transmitted by the access point. Additionally, channel
estimates for the reverse link information, e.g. reverse link channel pilots, are generated

by the access point, block 502.

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

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



[0061] After both forward Iink and reverse |link channel estimtes are
collected, <calibration ratios for each access term nal and access point
antenna may be determ ned, block 504. In certain aspects, the nost recent
forward | iw@ 2em@séeeverse |ink channel estinmate wth r egnegRodsme@esch ot her
intime is utilized to forma calibration ratio. In such WO 2007/ 056672
PCTI US2006/ 060495 18 cases, nmultiple estinates for a given access

term nal may be performed based upon consecutive channel estimate pairs
of forward link and reverse link estimtes. [00621 As discussed with
respect to FIG 3, there may be sone ting | ag between the different

cal culations and transnissions. Further, the functionality for blocks 500
and 502 nesps@Scruyipiedesitentasifor ¢ given mressdrmopnalmabe parfatined basedtuppi nes f or
the same Olconlichfid SihndEERSe R ABPard TRRGAA irec dinktiBhALT ON ratio

may be determned for a given ccess term nal based upon channel

esti mates qpoédle f AkWRCHsski Whd eétqa@ié.%,Itﬁaﬁgmas,rb@!géﬁ%%{e%g bbddREn FRY OF
may not be consecutive in time. [00631 _The calibfation ratioS are then
conbi ned t Fiffetept celedations and Bensesssionst Buighesy the fgctippality ferddecks 58P phdal s,

bl ock 506. 502irsaycueti é%gtaﬁﬁdllytﬁ'nﬁﬁkﬁﬁ?ﬁ@ bPatWferbMHHL S or ﬁl@ls-hxl%%%i on ratios

to some or all of the access 'termnals in a given sector or cell, and
have an uneffsenirccesstermmalinbErerefpres acelBratiquontie say ds detrmingdforr gizes

terninal  f Qicodidihind®BaselhupbR b8l dshindich BPiHk 2534 BLE aREINErsP LRI ned.
[ 00641 The conbined calibration ratio may be obtained by sinply averagi ng

the cali briEsgissions thgbmay opppy N9t RrFoppreuBYHdtimappr oaches di scussed with
respect to 2, . e.0.. the approaches djscussed with respect to

Equat i ons 5[5{5?%]7. Fgﬁgaé%’rﬁﬁ’é‘ﬁatﬂ SHhS HiCE §P8 W&Mm#@%%%@ﬁﬁ O¥#ai n of
the access mgikiple acGest Rehinald; bk 806 WIhi§ cyabBIbE Salkst@sh 1486 b 1Rc16Q4TDI ned

calibration [3 tj.o for that transq;it chain. Al so, a conbined or joint set
of calibrat® %f"’é‘ﬂf? WTTQHLH ithg %Esﬁﬁmwinoarglv%?@tqr%ﬁ%%a@c hai ns
of the acceamsc poimdqualidric@uilatuimbRl ¥f calibratisn PARS Y @ch AedobPdiink] fokvdich
conbi ned cal i bration .Ii)atl 0 or a C€|.I bratjon instruction based upon the

combi ned  CAFOHPRTT BHPFAIoR52qs a5hReins oWt access terminal s. The access
term nal s ‘ﬂth apply, the weights b edgtu on.t he conbi ned
calibrati on%l% i 0 f@c %Pé’g@ﬂ%/%%ahg’fa@f’lgglqm%aé?ﬁ @1%61’193’ F’é%éye‘éﬁa%}flg thte access
term nal . [BUGB{iontasios of milsimpthasfec igprodches disdisbidakitorespei 8hFR:. 2l 8¢
utilized f Qe § &rchg ‘cdjg ar e AC}-{»%‘1 st at d POtSth or_ot her AGC st ates. is
such, bl ocK SUETORERH GeHEd gh 575%?6&03?‘{“6 OROTAC state during bl ock 500.

[0065] Each transmission from each transmission chain of the access point is then

weighted with weights based upon the combined calibration ratio for that transmit

chain. Also, a combined or joint set of calibrations weights may be utilized for one or

more transmit chains of the access point. Alternatively, it is possible to transmit this

combined calibration ratio or a calibration instruction based upon the combined

calibration ratio to one or more access terminals. The access terminals would then

apply the weights based upon the combined calibration ratio to decoding of the

transmissions received at the access terminal.

[0066] Also, in some aspects, the calibration weights are utilized for a particular
AGQGC state and not for other AGC states. As such, block 508, would then only apply to
the AGC state during block 500.

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

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



[00671 FIG 7 illustrates another nethodol ogy for calibrating an array of
antennas for transm ssion. Channel estimates for the forward Iink are
received fromaccess termnals, block 600. As discussed above, these
channel esWOnRBW7#s66fny be generated fromforward |ink mdTotRodsroanssitted
by the access point. Additionally, channel WO 2007/ 056672

PCT/ US2006/ 060495 19 estimates for the reverse link information, e.qg.
reverse link channel pilots, are generated by the access point, block
602. [0068] After both forward |link and reverse |link channel estimates are
collected, a calibration ratio that utilloizes nultiple channel estinmates
for nultlple access termnals block 604. In certain aspects t he nost
recent for \gHemaies f theepvese Sk infpropationrmgmeyerselink ehapaelpilots, msggeeted o
each ot her gyt héRsd oittt blok€8gz. | n such cases, nultiple estimates for a
gi ven access term nal may be perfornmed based upon consecutive channel

estimate pobes of Afer w@chctoﬂwa%ma&ld&v&g@m& EMn 8 HiBs Bre doPR&GS, 2AS
di scussed Wlih 8lﬁgect to FIG t here nay be sone tinme | ag betvveen t he

di fferent 2B §h%tﬁﬁﬂltz‘?sarﬁ‘élﬁf’£e§h6ﬁl§ egtippateseior MuNEple pgreps terainplsy f or

bl ocks 600 sk 6080 3n BBYaif & §PebtsSUB BloRiHeb@l otwabdmihit mu&lscyh% clehngi fferent
times for the same or different access. termnals. herefore, the channel

estimat es rE{UBE HLh Tepprchinrach pihgr mgimeis wikised slnt“éFlhi’%S% i ERlg cofpBRtes

channel estforRgRen Qécebmrﬁihﬁll\@ﬁjdbe pérfdeman dasrea\ﬁg% jeotill_slﬁ&l&;vef[dht@ﬂ?dﬂ}ajﬁﬁhﬂf‘?
e joint calibration

that may or onsecutive in tine
rati o may tﬁaalrﬁﬂfgﬁrﬁ’ 1&§‘%’FFFYE‘£?GA§‘1<§S}WW§ optim zation process as

di scussed res t to uation 8. [007 ach
Canaees dabdrr SRS GsctiRed bt abiostt ARG, GO ia? e Sevet O The B Sem g
wei ght ed wi dlffemeﬂ @Mﬂsatlbas et ﬂumfmstsfws J Euﬂﬂier ok RlicabhAity Fatblecks 800 hh@at

transmt c et. of cal i i ons wei ghts may
be utili ze(rjl&);2 32, °°§u %ubﬁ% Sl”ﬁﬁ?fﬁe? %ﬁ ar@ [%?I 85@5 SHGF At .
Al ternati vai1§f¢rcnﬁacnsss pmrsﬂmdm eThcmcfbfoafhsmhﬁnﬂchc@mmthay B@didt&ihﬁhctdlﬂr gratio or

a calibrati eduonthe br a n tio tag one
or nore ac ss ggfsr#n nimarfb ugg%ghaém?le W%nﬁ%ﬁ fﬁa&ﬁ' mﬂ?lk T‘i}’e’isﬁgmk
wei ght s bagsudsmispions thhemppbninag abt Hereehisaativeaihitind.0 decodi ng of t he

transm ssions received at the access termnal, [0072] Also, in sone
aspects, tHB0UMI i bTh¢ joint caklrgtivrsratip enaytticlobadtk dftyrutdiziay 4 jobitloptimizAGeh St at e

and not for géegse&&% seh%iﬁbrﬁbﬁéé%ﬂolﬁa 2bI o] k ggﬁionvgjul d then only apply to

the AGC stdt uring 10
[0071] Each transmission from each transmission chain of the access point is then

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

terminal.

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

[6073] Fig. 8 illustrates an exemplary wireless communication system 1300. The
wireless communication system 1300 depicts one base station and one terminal for sake
of brevity. However, it is to be appreciated that the system can include more than one
base station and/or more than one terminal, wherein additional base stations and/or

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



[0073] Fig. 8 illustrates an exenplary w rel ess comuni cati on system 1300.
The w reless comunication system 1300 depicts one base station and one
termnal for sake of brevity. However, it is to be appreciated that the
syst em carwOneld7ws@72or e t han one base station and/ or mUTRUS2bGR@LE
termnal, wherein additional base stations and/or termnals can be
substantially simlar or different for the exenplary base station and WO
2007/ 056672 PCT/ US2006/ 060495 20 term nal described below. In addition,

it is to be appreciated that the base station and/or the term nal can
enpl oy the systens (Figs. 1-5) and/or metphods (Figs. 6-7 or 10) described
herein to facilitate_ wirel ess communi cation there between. 10074 Referring

now to Fi g.temangfeserivgd halow - | Inskditiopntisita be apprecieted thes e hoee siation 3K a
transmt (T el PJnO&Eﬁépfhe é{@mﬁgﬁgk\ae@,anhﬁﬁﬁ?&lﬁms feé‘isw PH@ | eaves,
and nodul at es (or Sy traffrc data and provides é)ulalon
synbol s (" digegid egﬁlﬁﬁ&?fﬁmhﬂt%‘ﬁfﬁ’@ﬁsWﬁ@@nimgwfé@eﬂves and processes
the data synbol s and_ pilot synbols and provides a stream of synbols. A
symbol  modUPfHr 1826mHRA R iokies S«pax aforvd lipictgpsaipninnl & agsest PRPr oper

subcarrier smosraoefmﬁﬁt @i @ndirodabd+a 306 re?e@ﬂ‘v@s ff&ha%gﬁ%&des%%b?ﬁgve%uafdar rier,
and obtains a set ﬁ?? Nt ransmt synbols for the subcarriers for each

synbol per iBeAulaster symplmapskiyniic datrepd B@V&ieéé%%i“éa}%éb’mbah i'dagg  synbol |

or a signalsymbalsug &fsyrﬁBélQnociﬂﬂﬁoplj1@tree°eW'é§Qﬁc@ﬂg}té&?ﬁseﬁl%r&tatoa%?{gﬁabﬁ%ﬂﬂfbilb‘t in

each synbol % I be appr eci ated t
time divisi éfﬁi H{?Ia[“ B}'(E’S%%eé a(SVBR}PO SY‘F‘EﬂﬁreﬁéMPblin@ii‘éﬁtoFr&ﬁq @Péb?&%eim
or t hogonal afna@que@@nbo@b i b Prop@H bitic R RS Provides PMenalcRii& &H 26kc5#@ Bach

mul ti pl exed , Hﬂm0| rmdul ator 1320 _can transform each set of
N transnit S 0%% biakes g gkt AV s symbRiser the Y mbrawrigrs fgpeashn a
"transfor mglﬁabswﬁmh tHagk u@@&h&ﬁ&ma@ed@aﬁl 1@%110%3 1, SRdikal or
1320 typi caI tﬁl gortl Oi”t ach transforne nbol to obtain a
cor r espondi ‘i 053% RS0l ePHAE By %?WB?P“P&O‘R%%WF“Q sgmpelgieriedpkef i x
and is usedwﬂltbe@ppﬂeaihtedeha&yhe SipteREbdlB niaf e WindLdiOBHnGHANPRKed MANHL A
transmtter. unit C%ﬁ rec(ghw d converts the streamof symbols
into one or™ ﬁB?’gyaM%éna grhozepal e Ryoti¥istoa. multivlgresd i f i es,
filters, a(@ﬁmn)eqmmmemnﬂpme@(aﬂm 2R S3en1el gabkidra 30608t ate a

ssi on, over the wrel ess channel.

f d Ik
The T or ar G PRRIE Srheet O & CERERY prEhER P he e RPN B b M TS 1
t he term nabgin Attrémforingd?t syhazi) ;tha&ﬁot&ﬁlh@!vﬁﬁnelﬁ&ﬁalh%ﬁisv &ymbblRodakwar d

l'i nk signal VI des, a recei ved si a receiver unit (RCVR) 1340.
gnal ;a4 gyp?c ally repeats aport(fon ofe each gns?ormeg symbol to obtain a corresgpondmg)

symbol. The repeated portion is known as a cyclic prefix and is used to combat delay

spread in the wireless channel.

10075] A transmitter unit (TMTR) 1320 receives and converts the stream of
symbols into one or more analog signals and further conditions (e.g., amplifies, filters,
and frequency upconverts) the analog signals to generate a forward link signal suitable
for transmission over the wireless channel. The forward link signal is then transmitted
through an antenna 1325 to the terminals. At terminal 1330, an antenna 1335 receives
the forward link signal and provides a received signal to a receiver unit (RCVR) 1340.
Receiver unit 1340 conditions (e.g., filters, amplifies, and frequency downconverts) the
received signal and digitizes the conditioned signal to obtain samples. A symbol
demodulator 1345 removes the cyclic prefix appended to cach Symbol, transforms cach
received transformed symbol to the frequency domain using an N-point FFT, obtains N
received symbols for the N subcarriers for each symbol period, and provides received
pilot symbols to a processor 1350 for channel estimation. Symbol demodulator 1345

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



Receiver unit 1340 conditions (e.g., filters, anplifies, and frequency
downconverts) the received signal and digitizes the conditioned signal to
obtain sanpl es. A synbol denodul ator 1345 renoves the cyclic prefix
appended tWO@MGHs&yhbol , transforns each received trarrfrorsred/osyppbol to
the frequency domai n using an N-point FFT, obtains N received synbols for
the N subcarriers for each synbol period, and provides received pilot
synbols to a processor 1350 for channel estimation. Synbol denodul ator
1345 further receives a frequency response estimate for the forward |ink
from processor 1350, WD 2007/056672 PCTRWS2006/ 060495 21 perforns data
denodul ati on on the received data synbols to obtain data synbol estinmates

(whi ch ar e PP abs dgpoduiationog fagiceeized dpt symialipis %li)tamé]ﬁﬂ syP89l des t he
data symbelifsb (W6 arleQ@s@hatBXoiab ﬁ*aﬁ’d’nﬂ&@@ &4 sﬁiﬁﬁés}, W H&Vﬂﬁmt&aﬁ@ €s

(e.g., synbol, K demaps), deinterleaves, and decodes t'he data synb

estimat es PHOPRIESTRRLes fpan RX detaproecseprtidas fvhicky demodutpigs ﬁﬁ'gao%@@lo g by

symbol de ”ﬂgﬁﬂaﬁé) Oc[elﬁtgl‘léw@ﬁ‘ GnfecstRAbHthe Bﬁﬁ@?ﬁlﬁ@f eshifnRstSr&BiR tRaENt ary to
the processing by synbol nodul at or 1315 and data processor 1310,

respecti veltﬁ‘?‘ns‘%‘ttteéérégécsd%l Hie progrgsing by ?E]lb‘lbﬁie{fﬁéuha@&é%% and RK daga TX dat a
processor %gﬁ@ssaf 085S R @B mipleiichiaty HAtha paREssidy Va1 ﬁﬁhﬁm&% 7504 §nc} fixsynmbol

nodul at or 65 receives and nul ti pl exes the data synbols with pi
symbol's, p&PREFORSSIREdal RIPBRCIEN 2t sisdedt 43 r eam of synbol s. The pi | ot

synbol s ma tra tted o rriers that_ have been assi ned to
t erm nal X%@g forBEJinecﬁeVTrF ﬂ%a?@f gata PrRcessar {3 mosasess tviic 4ty and
subcarri er grévidestdag sybRIsS & bynito] nivaylaks mb@r&ems okd Suftfpedxedinefdaqm t he

nunber of p|| t su riers for the for rd lin Atransmtter unit 1370
then recei v ﬁa“ Hai‘)‘%’ §°1f RErferpant ?“%nyﬁ%l’ré“’%dﬁsﬁé‘iﬁ%f’%syén deverse

Illsg(l; si gnaITheMbmymlﬁlimaﬁBéTaﬂsgﬁ%&y?ﬂh fBcaitenina hiv?si::ﬁeehchsh fd&ﬁ@&-%ﬁt nd)Ol n][
: ccess poin e reyerse |ink sign romtermna
1330 is reéé%%é&p 89“’1‘}? 1551 P ETe theyRtmalg 0 )éP’é%te"?g%H“%‘y for the pyerpe tinknj ¢
1375I to obigiybeshdTmngSsor d%ffs:yﬁiii&bd Tt&(b&ﬂﬁdﬁénbl:laf@lotﬁﬁ&grﬁétﬁibrﬂn%@f&&ﬁﬂﬁuﬂche f
sanpl es ang provides r i Lot symbols an ata_synbol estimates for
the rever sg‘tilg %ﬁn§%§g¥%n5$%&@§§ ‘¥pT§%9§°ﬁfP85'§%3§é§f%yWéb01ﬂfé‘tg§n%f9Wﬁol

esti mat es memamketgnhhevmmﬁ tregsralat@by thanstnhi €380 thehdbedPoik3320. A

processor 1390 perfornms channel estimation for each active term nal
transmitti BP73h th@taope;ssepomlBlmkhel[e@ﬁRGBI]uﬂa'iignque&&ﬁMaﬂm 1§r§e}éeﬁ?b§0 be

el gnts. §ofy @ TR ld BoefR WY o0 oS i i A Sl '

demodulator 1380 then processes the samples and provides received pilot symbols and

data symbol estimates for the reverse link. An RX data processor 1385 processes the
data symbol estimates to recover the traffic data transmitted by terminal 1335. A
processor 1390 performs channel estimation for each active terminal transmitting on the

reverse link,

[0078] The processor 1390 may also be configured to utilize multiple calibration
techniques to calculate the weights for calibration and to select the weights calculated

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

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

respectively.



according to one the techniques as discussed with respect to PIGS. 2 and
10. [0079] Processors 1390 and 1350 direct (e.g., control, coordinate,
manage, etc.) operation at access point 1310 and term nal 1335,

respecti vewQ 200R@sqsexrt i ve processors 1390 and 1350 can pra/@smmsabed Wt h
menory units (not shown) that store program codes and data. Processors
1390 and 1350 can al so perform conputations to derive frequency and

i mpul se response estimtes for the reverse link and forward |ink,
respectively. WD 2007/ 056672 PCTI US20061060495 22 [00801 Referring to
FIG 9, an access point can conprise a rgin unit (MJ) 1450 and a radio
unit (RU) 1475. MJ 1450 includes the digital baseband conponents of an
access poi 1P98%or Bsmmiiecto FUG- Pagvaceass rome ceriecraprigsabaindoddMIOndad 1405

and a di gighal rhdib %ﬁ tlﬁﬁff rﬁﬂ“ﬁﬁ@%nc(lﬁdas R (ﬂﬁﬁacl%a aHi! 'c+m%4ii]egts oPla H:qt al

| F processing unit 10" digi tal ’@/ processes radi o channe ata at

i nt er medi at8c§sp E@fﬂén}é‘%f 3591119 r MBY M TPorandndedef aprsehapd somponenttldps payl 2
channel i zi Qﬂgﬂa‘ﬂﬁﬁ'&iﬁ%ﬁ{a%e(ﬁﬁﬁcﬁQF);ﬁ"oE&meUnﬂt‘ﬁ50 | B gﬁsymggﬁ%m@ﬁﬁl@g radio

parts of the access point used herein, a radio unit e anal og
radi o part S439 digitally pesesspyiagio Genesl Hale af gmintesmediagmbseaieves by pesfaraiagni t h

direct or igpeh fi8EdionsGQ Ml %ﬁi&é Q:'Baﬁ&lﬁnﬁ%bcﬁﬁat?dﬂ L @re RS i 4 includes

cor respondi ng devi ce, o unit typically 'serves a particular sector
in a comurheayestadippegsof ﬂ:@rac@@{s&wp’e ARused dpRing avadip waitisidesndogr nor e

recei vers 14d0 pa@\Gemt Rdods Qo 6r Biﬁf:xecyﬁ@éﬁ?ﬁﬂ&l@c‘}%%oh V\fqﬁf dirdcBGEhYHOY radi o

communi cati ons from nobi | e " subscri ber units. an aspect, one or nore
power anpl iPREcEon spmokile switehingepgtas @ P@T%‘H@mb‘ﬁg foties. ahtashimanit tpRBUA- ¢

Connect ed ts@rv@segﬁaﬂ@malléeéﬁnh@aa&namaic%& s%sféhg'ﬁ&'exéxﬁ{)ﬂ?% REONVBICLEr 1425.
A/l D converter 1425 converts the anal og radi o comruni cations received by

recei ver 1ABYU4SHNG mAre ERoCTVERAB0 pomnopied i AeRPTSANtEBR s435aridot onponent

1405 vi a dirgiciahg dabidPécReRSSEA DY Mok ARk subRAbbAdSiC 3R aﬁl ol 3 yde one or
nore transmtters 120 connected to either the sane or ferent antenna

1435 for t PATERPYES Pl b amhitareunlsbinonesr E@é@%@ew ﬁﬂ%ﬁé Connect ed

to transm tQodhedtédid rbdeiverdugo s 4nlaRelafal /D) c6RNEE 1275 1dBon {)y
converter ]1%%8 converts tggr'%;ol tal comunicati ons received from aseband

conponent gonyeLs e gmnp FPBREEicptions gpfeived byoeeaive 1430 sy digitebut  f or
transm ssi fput Gorihesmi¥Bibh k@b@s@‘@a&ﬁrdoh%n&ﬂ 165 vie i SRTer @é;in% un@t 1410.

mul ti pl exer for multiplexing mul ti pl e-channel ~si gna
nul ti pl exi 6% 30 Zlsedpsiuds ong ‘ﬁﬁ%ﬂrg trepepitiens gl sowrsicted t@ P@‘i*l%YlthfaWCa)fdat a
signal . A cemdredlanRhes es30for &4@2nittHgGae koot QichBbA HRbiesd A2RiANd
Connected to transmitter 1420 is a digital-to-analog (D/A) converter 1415. D/A
converter 1415 converts the digital communications received from baseband component
1405 via digital IF processing unit 1410 into analog output for transmission to the
mobile subscriber units. In some aspects, a multiplexer 1484 for multiplexing of
multiple-channel signals and multiplexing of a variety of signals including a voice
signal and a data signal. A central processor 1480 is coupled to main unit 1450 and
Radio Unit for controlling various proccssing which includes the proccssing of voicc or

data signal.

[0081] FI1G. 10 illustrates aspects of a methodology for determining a type of
calibration to apply. Calibration weights are determined for approaches are performed
using phase only mismatch information, block 500, and using phase and amplitude
mismatch information, block 502. Phase only information may include only the phase
of the calibration vectors, channcl cstimatcs, or the like to calculate the calibration
weights. Phase and amplitude information may include the phase and amplitude

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



Radio Unit for controlling various processing which includes the

processi ng of voice or data signal. [00811 FIG 10 illustrates aspects of
a nmet hodol ogy for determining a type of <calibration to apply. Calibration
wei ght s arwogew®sgihed for approaches are perforned uSGTHUENEOe040H] v

m smatch i nformation, block 500, and using phase and anplitude m smatch

i nformation, block 502. Phase only information may include only the phase
of the calibration vectors, channel estimates, or the like to calculate
the calibration weights. Phase and anplitude information may include the
phase and. anplitude information of the3calibration vectors, channel
estimates, or_the like to calculate the WO 2007/ 056672 PCTI U82006/ 060495
23 cal i br atSaipratien ytekts. Fhe caibrhomprightsweaydin @lomaiedleased tpen mfemation ed

upon i nfor rIdehﬁﬂﬂnﬂlé B8BeBelrhiRbR a8 66R5ed @Itﬁ‘rél?éé"t GBI SEdndeed W th respect

to FIGS. 6 and Al ternatively, they rominformation for a single
access tern@t‘%Pam[eb@Qfﬁ’l’Wyst&%%F’Qfﬁrm%mP ghe ingle aa%esﬁﬁr‘@%fﬂaéh set of

wei ghts to k .504. This, determnation nmay made based upon
whet her t héﬁg i t g\cféﬁﬁ%l%ﬁt%?fl LRSS W PHGeehef wights H? SRABPoR: Wt dhispni ch

may be cal mteamdmaﬁ nﬁb&)e&ﬁ&i@&ﬁsddﬁipﬂh whiethePEHY A SRlctrhRMhatcWafBOL lizing
cal i bration. somelgzlgp % ?1 htllﬁrsﬁ bde based on the foll ow n%aEquatl on
13: | cr, ,RH0BHeR weights. whiehepay amafe atdhq 3095ss noggis LoVt diRon 13,
as repr esentishdubealibigtiont Ufleordlé bipeteGR st baRBed Hiethe w@n@m?m%

e access

calibrated weights for the transmt chain of the antenna o

poi nt and up representsat’he_lﬁgy Jt pde dhff epence hesween thee)cal i brated
and calibrated weights for the recérve chai #" of tﬁ e”’affenna of the access

point. Then a determ nation nay be made whether those exceed sone

threshold f hei shi xan” he n| mumi s
greater t hamﬁ%ﬂe n%ﬁcﬁﬁ%%%% Gd’r%p reqr%édq tgc '“'1 8&: dﬁg&?&éﬁ{w cuI at ed
factor, e.gucdibritad @mmmhbcasbwmghtsdet the tamsptit criobdf this ebfeeia @fftﬁe a@fesot h,

OT as and r@&t%ﬁ& ge{je?reign ﬂ{%ﬁl Jerﬁl rgnc;ekg Sho'tg?lunc‘tdﬁpgdi%e ! Ca?ﬁlidfed

di fferent asur enen aribraron m
r el ati onshiwsghtaforitike gtéive elwin ofithe astetuecefable amssgimm dtten b letermipptioed,

bl ock 506. f i Vi si
s pr o adhBoR hedindnihdb BLEcRSERE RS URLITRL Eq Bt G bmtte. ©! "
mul ti pl e- acdeter (EEDvihumS peater than d@dawchnunsbmmn@rbdqaémnﬂﬁtms&mm)
system a tddﬂﬁlagédvﬂa&blg @é@l iﬂ (F))tlhgr &8&?& determination of whether one, or both, of o,

and op exceeds some predetermined threshold . In other cases, different measurements

of the calibration mismatch, thresholds, or relationships may be utilized. The selected
weights are then applied, block 506.

[0084] 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, ezc.), multiple terminals may transmit concurrently on the reverse link.
For such a system, the pilot subcarriers may be shared among different terminals. The
channel estimation techniques may be used in cases where the pilot subcarriers for each
terminal span the entire operating band (possibly except for the band edges). Such a
pilot subcarrier structure would be desirable to obtain frequency diversity for each
terminal. The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units used for channel
estimation may be implemented within one or more application specific integrated

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



(TDVA) system etc.), nmultiple termnals may transmt concurrently on the
reverse link. For such a system the pilot subcarriers may be shared
anong different termnals. The channel estimation techni ques nmay be used
i n cases vwere7b@7pi | ot subcarriers for each term nalpcapasodsheosentire
operating band (possibly except for the band edges). Such a pilot
subcarrier structure would be desirable to obtain frequency diversity for
each termnal. The techniques described herein may be inplenmented by
vari ous neans. For exanple, these techniques may be inplenmented in
hardware, software, or a conbination threof. For a hardware

i mpl enentation, the processing units used for channel estimation nmay be
i npl enent edDEPPE)-wregremmeblgdesic dpyPesdBEPah fisliaepgiamnablegptasesys circuits
(ASI Cs), dlcgp&;@s@&sa@éor@em&&r ﬁﬁér@-%gﬁi)rolle%,%ﬂ:@&&'e%?é, oePEESFIRY
devi ces WD 2007/ (56672 PCT/ US2006/ 060495 24 °(DSPDs), pr ogrammabl e | ogi c
devi ces (Pl degignaddo perdeprnthvdnctiophdescrbaddiprein, qrpgembinasiop dheserf; s,
control | er SWitHESﬁQaﬁpiﬁiﬂl&h&ﬁétfon d&h%%&&%ﬁ%éﬁﬂés (e%,'}%ceglh{f‘& QB Sns, 441 TS

t
designed to performthe functions described herein, "or cofbi nat I on
t her eof . WSOIPny Bt pRifesm thefinstiant deserdied harpith eThehsodiveine prsiga Imay bestaged in

procedur es, mEHRGhinANad Rtheds) B0rdciRbrsA8HG AN 3dte functions descri bed
herein. The soffware codes may be stored in nenory unit and executed by

t he processoss]139WRNHasteR dedBBEDAo M AIchRS cRAB S8BGH R ethrabove

i ncl udes ex%%l es of one or nore enhodinents, It is, of course, not
possi bl e t FRUOSERTH TEifePlcubite BPLREBTRIC (O ftsPHET PEHY cocorshlssrmhistion
nmet hodol ogi &&o@@bndﬁtﬁ&@ﬁ@ﬁqdﬁio%&sﬁf bl Bdds bh eRfiBIE BN foRRRG tiogdbOdI Ment s,
but one of ordi nar Kill in é e art my recognize that many further

combi nat i orf&bedm t Ot B edighy el i e ahmayrerestise Hebrgk Srthee.

Accor di ngl yoonbliati o6l bR Gt RO vAHBEsSenM Rirh &1t B HbsiiBle M aam et hesuch
ations and variations t 'l within the spirit and

al terations difi at f

scope of ttfié’s%g’ﬁgﬁ gdigregssge misnded iq srghrace at@“@ﬁ@“é‘?f’%f“@if&’@“@%“@er m
"includes" vasiatitigdhdt falbwithiarthé Berit@idaicmio RS §5cRlEDAads. R heelRE NS, Such
termis intended to he inclusjve in a nanpner simlar to the term

"conpri si ng®C gecntd term, gincludes”™ i usod i pitker iredrtailnd dsyamptian opthe

transiti onadiaimrsich rd is Bhaided to2be inCludivd/Bn a MWhdkerisiniGdrab MRAedns: 1. A nmethod

of calibratjng an tenna ar.ray, .conprising, in conbination, the steps
!corgpnsmg’nase‘ncompgsmg’yls interp: etecf wggn employed as a transitional word in ap

claim.



of . determning calibration weights for an antenna array based upon a
first calibration technique based upgn channel estinmate information;
determ ning calibration weights for an antenna array based upon a second
calibration technique that is different fromthe first calibration

techni que; selecting whether to agphynidie calibration weights fromone of
the first technique and the second techni que; and applying the selected
cal i br at Wbat inelaithedist o cal i brate the antenna array. 2. The nethod of claim
1, wherein the step of determning calibration weights based upon the
second calibration techni que conprises determ ni ng based upon phase and

anpl i tude i nfQmEAJdT.caBbrafingeh B f arfed! b&ﬁ?ﬁéi@ iRBoBBInGANE (R &)
conprising, in conbination, the steps of determ ning calibration weights
for an a&ftenna array based upon a first calibration technique based upon

conponent s of l.i bratii on vect pr inclﬁgin bot hase d anplitude
i nf or mati on; dc?g‘?@?%“%.c%br%% 1 ?Igﬁﬁsg%r%e ef]iltng a8y %gsr‘i’aélﬁf’gﬁﬁﬁﬁar ray based
upon a sgfibfadon ehhigu@bhsed upes BiinavEestifte inforflafib@r ent fromthe first
calibration technique; and selecting whether to apply the calibration

wei ght s f r omdsiemgring palitration weights Apropneanignaa airey bassdnigon esherindue, and
appl yi ng..t.he.. . i bration. weights tq., calibrate the antenna array.
aglgl%zt)l?l? Eegﬁrﬁlgﬁ% ﬁll%.:ﬁ] Is d’lﬁ"erent[ ¥R 5 ﬁrrsggla,cﬁbéaglr%r@csqnh

4. A et g an antenna ar (Bl,e;i n conbi nati on,

the steps ofscledgii@iviibtheng «pply the adliaioneka ks float oot Gla array based
upon a first «calibration technique; determning calibration weights for

an ant erffdmigieapd theswgontbsphniqeséahd cal i bration techni que that is
diff t f g i i i . j . 26 | ecti whet h t
apply the ool Thpafk bk SakCAARA RSN itk SR af GRS ana the

second techni que, based upon a ratio of an output provided by the first
calibratjon technique with respect to an output provided by the second
cal i bratdon khsansthediet clainyl.aparginile sterpokdatearainiag calibration Weightsei ght s t o

cal i br attﬁsécﬂﬁmﬁ%@&@&m@&lﬁ%aﬁon technique comprises determining based upon phase

and amplitude information.

3. A method of calibrating an antenna array, comprising, in combination, the steps
of:

determining calibration weights for an antenna array based upon a first
calibration technique based upon components of a calibration vector including both
phase and amplitude information;

determining calibration weights for an antenna array based upon a second
calibration technique that is different from the first calibration technique; and

selecting whether to apply the calibration weights from one of the first

technique and the second technique, and applying the selected calibration weights to

calibrate the antenna array.

4. A method of calibrating an antenna array, comprising, in combination, the steps
of:

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

calibration technique that is different from the first calibration technique;



5. A nethod of calibrating an antenna array, conprising, in conbination,
the steps of: determning calibratigg wei ghts for an antenna array based
upon a first calibration technique; determ ning calibration weights for
an antenna array based upon a second calibration technique that is

different fromdhgs WhEdkr &%@%t}ﬁ%%&%ﬁé@ﬂ%ﬁﬁ@ ron? Sh&6f thB Hiryhet her to

apply the calibration weigh Irst technique and the
second ttedmqusiaad theasedndipomigud ibhsedrupno e rivéd eenowputgnplidédibetheni smat ch
bet ween uncal.i br.ated, transnj,ssi on and an out pu f the first.calibration
Cechnt Ui CaIRb Hebie SR aen R B S Rl ided it i secoid NSt g

cal i br attegthiqdeeghtni que; and applying the selected calibration weights to
calibrate the antenna array. 6. A nmethod of calibrating an antenna array,
conpri sing, iappbérsibaaclcond calilmaganeysighsfto caldrate thavntennaaiialpr at i on wei ght s
for an antenna array based upon a first calibration technique;

determ ning calibration weights for an antenna array based upon a second

cal i bratj.on tgeduidiust daliBilatihg aflbiiib@idttayl Eanpridigy, fih EShbRalibM R o
techni que; selecting whether to apply fhe calibration wei ghts from one of
t he fir§ﬁ3technique and the second techni que, based upon a difference

bet ween a ratj f . Liference between a mnimum qf an litude

n smat ch bet V\C/leegeﬁ%ﬁnr%lg F;i(dbbrreét Oendweltglrltgﬁ%rrﬁnsag]it%’ﬁlagﬁﬁ%ﬁ“@d‘?%?% the first

cal i br atdatibraties bsthajidge;and uncal i brated transnission and an output of the
second calibration technique, and 27 a maxi mum of an anplitude m smatch
bet ween uncal debrainag c¢ldnatinncweishis Aprcrnantenne puay based po asseondal i br at i on

‘ hni ) J ) i SSi . an. f th d
ol i br atuBRfo ot Bfh at NS AHOR A ARILROR | n wer ght's to

cal i brat e thaechotigWaether @pplf- thd balibimidaoseiglits Godi saclof WOEFRI N the steps
of determ_ning based upon the first calibration technique and determ ning

‘based ugeHgE agd thsgcent tephrigue hased anan gdifference between an amplitude

mismatch between
uncalibrated transmission and an output of the first calibration
technique, and
uncalibrated transmission and an output of the second calibration
technique; and

applying the selected calibration weights to calibrate the antenna array.

6. A method of calibrating an antenna array, comprising, in combination, the steps
of:

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

determining calibration weights for an antenna array based upon a second
calibration technique that is different from the first calibration technique;

selecting whether to apply the calibration weights from one of the first
technique and the second technique, based upon a difference between a ratio of a
difference between

a minimum of an amplitude mismatch between uncalibrated
transmission and an output of the first calibration technique and uncalibrated

transmission and an output of the second calibration technique, and



conprises determ ning based upon information only fromone of a single
access termnal and nultiple access termnals. 8. A wreless

conmruni cati on apparatus conprising, ibn conbination: at |east two
antennas; and a processor coupled with the at | east two antennas, the
processor configured to determne a calibration type to apply, for
comuni cation wi t ha inagintul® ofit &Apidade Migmated betlve@stindaWBrated | br ati on types
based upon a ratio of an output provided by a first calibration technique
with respect tf%lsﬁliﬁst?&tﬁ@dtanmugﬁté e piysteakirationtechninpe and ersatibitedi que. 9.
The wirel ess , {h O ARRREPINSeQnd chilbdihy cMARRALAagNe Of Lhe first
cal i bration tec ni que an secon on tech Ni’que conpri ses

cal i brati on bepbing thpcelephdselitloation weibhisn@talibtate 1k antéitaviag) ess

comuni cati on apparatus of claim9, wherein another of the first
calibration technique and the second calibration technique is based upon
phase angd a_”THe'rhﬂE@d bR \kfﬂé}Fm]ﬂ]fe stthBe cfeke?r?lﬁnﬁé) ngég gg‘ﬁ g, Qppar at us
conprising, in conblnation: east ennas processor

coupl ed calibhtivhechhiqhe asd dastmmmmgéxasmisupohhbe peondsdibratiarttelgiqued to
determne a calibration type for nnunlcatlon with the two

ant ennascoMHSH em}l’é‘&gﬂ”a%/e\%dlp@ﬁlu? %/t} nly, Bed Wed @ SIshaseess f f er ence

bet ween @fhiaRini M8 Fas bRt Eimiket ween uncal i brated transm ssion and an
output of a first ca Plbratlon techni que, and wuncalibrated transm ssion

and an out put of a second calibration technique. 28 12, A wireless

communi cat i on,_ appar at us conpr.i sing, in conbination: i | east two
ant ennasga ndAé{Jo ‘%&SEE@QW“E%%%RP (S COMRISIRE, [eeimbipglpiant ennas, t he

processor confiQued nennde€hgim ne a calibration type to apply, for
comuni cation with the two antennas, fromat |east two calibration types

based upon a acprf)qi@sgrcoeplbéw@dhe at leat itwo afitenad) tlhé@mmmr chefigueahtoa m ni num
of an anplitude etween uncalibrated tr m ssi on and an out put
of a flggpngg} &%@ﬂ%@nﬁgﬁﬂﬂl Py gﬁﬁm@HBQF?EP%F% the G MisAsTYRAL an
out put qgas@tw&c%i%%wﬁ%@é@rlﬁ&édodboh%cr% 8t mﬁﬁ% froviBd B el Ao AR | t ude
m smat ch between uncali’brated transm ssion

technique with respect to an output provided by a second calibration technique.

9. The wireless communication apparatus of claim 8, wherein one of the first
calibration technique and the second calibration technique comprises calibration based

upon phase only information.

10.  The wireless communication apparatus of claim 9, wherein another of the first
calibration technique and the second calibration technique is based upon phase and

amplitude information.

11. A wireless communication apparatus comprising, in combination:

at least two antennas; and

a processor coupled with the at least two antennas, the processor configured to
determine a calibration type to apply, for communication with the two antennas, from at
least two calibration types based upon a difference between an amplitude mismatch
between

uncalibrated transmission and an output of a first calibration technique, and

uncalibrated transmission and an output of a second calibration technique.



an output of the first calibration technique and uncalibrated transm ssion
and an output of the second cali brat2i80n techni que. 13. The w rel ess
comuni cati on apparatus of claim 12, "wherein the processor is configured
to determine the calibration type based upon information only froma
single grccesg Jifide Bahmuhdatid Sl ﬁ’?jﬁ% ggrﬂp' 1on apparatus of claim
12, wherein the 1processor |lsl c%?#%regﬁgre o dat e‘%cﬁ‘lﬂ}%% ng calibration type
based upon i rdtdraneitwocantomby, ahdom nul tiple access termnals. 15. An
apparatus for calibrati. an antenna array, conprising, in_ conbination:
means foarpragf_isé‘?rrﬁoﬁplﬁa "%}ﬁﬁ%ﬁﬁh@?%ﬁwmpﬁﬂ?%&%lpr Ssé’ﬁf’%’hfliﬁlr%l‘? fPay based upon
a T stdeemidd HedlBPatioBAY BUSPIyTEFRSminfini SEbE WHHhOOnE HhikRLAL £G4 el ght's
for an antenna array based upon'a second calibration technique that is
di f f er erleast pomralibeatfonrtypesdmbédonrmi aotifferotmbaween a ratiand afdiffersatect i ng
whet her bteg aeﬁlpl y the calibration weights fromone of the first technique
and the s_‘g% d techni que based upon a ratio of an output provided by the
first calibrafmpfmbRCMnGueMhdd misBRRATetw@namc ARl tRhANIEBH ahY %ﬁ he
second calibration technique; and neans for applying the selecte
cal i br atquerntwép ginst sakibraiden icohrigee atvunsaliated transmmyion 28d ad 6utpuihef mppar at us
of claim./15 Cwﬁ:ﬁ‘?i n.the. meang for determ ning based upon the first

T |18E|éec S

cali bratsie%Or{fdt 8¢ lr‘flﬂf”ia means for determ ning based upon phase

only i nfor mametmuby of al@nSARDA RiswsatéH b Mnklibrihalt@inSmiSRnIRANs for
determ ni ng based upon the second calibration techni que conprises

det er m Atk eEthedpefrrabhepsien sashinighp pid webalibiateddranamission b8 .anAptmppar at us
for cal ic&rﬂ?et!e@ (ﬁ&lft%&tt%m&h%rray, conprising, in conbination: means for
r

determ ning calibration wei ghq(ug. for an antenna array based upon a first
calibration technique; nmeans for determning calibration weights for an
antenna array based upon a second calibration technique that is different
from t hel3f i r skhegargless gomarnnieation iappasatus abelpign 1 drwhsetiathd prgcsshetiver t o

Setond CouRR AT B doug T LR e B stk ol s Shele' "

access terminal.

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

configured to determine the calibration type based upon information only from multiple

access terminals.

15. Anapparatus for calibrating an antenna array, comprising, in combination:

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

means for determining calibration weights for an antenna array based upon a
second calibration technique that is different from the first calibration technique;

means for selecting whether to apply the calibration weights from one of the
first technique and the second technique based upon a ratio of an output provided by the
first calibration technique with respect to an output provided by the second calibration

technique; and

means for applying the selected calibration weights to calibrate the antenna

array.



m smat ch between uncal i brated transm ssion and an out put of the first
calibration technique and uncalibratgd transm ssion and an output of the
second calibration technique; and nmeans for applying the sel ected
calibration weights to calibrate the antenna array. 19. An apparatus for

cal i bratjgg armedppea FclAM 15 MHRfctSih Sheah ot AR AL PBased WpaDfhef O
determ ning calibration weights for an antenna array aseg upon a first

cal i br atfitshcalibestion derbnigue sampfisss raesne fori deiangirgag biwedipom phasegintys f or an
antenna-gﬁﬁ@%ig9sed upon a second calibration technique that is different

fromthe 1178t Calibration techni que; neans for selecting whether to

apply the calibration weights fromone of the first technique and the
second techni que based upon a difference between a ratio of a difference
bet ween ¥-nin hﬁﬁhp@lfat%mf@l@mi ouwbensinstha msans for weterminiegbashd aperithe

i}
transm sgj n output of the first.calibration technique.and
uncal i br%k (grgi ‘%p ggﬁgrﬁ,?%cilﬁgﬁle SRYPURPS {eﬁxa{m%% fjatsﬁ URE BIATS AL %E‘PB Bn
t echni quaformador30 a nmaxi nrum of an anplitude m smatch between uncali brat ed

transm ssion and an output of the first calibration technique and
uncal i brated transm ssion and an output of the second calibration

hni ' | yi I d lib ' i gh
cal i brat 2t ne ey s RPuE Sl Sl e B i e Rer oi n't e

nmeans for detraedis fordptdiassidg upiibtatidieweibhts $br @adntdmatihap bheahpoaye
conpri se rre?ns for determ ning based upon phase and anplitude
i nf or matfitgtralibrationtechpigueer readabl e medi um havi ng stored thereon

i nstructions fo g&%e?&m%ingg@ﬁ%§t§ rwd&ﬂt@.f&{h%ts g&n%%rﬂr%%ﬁgsre%ﬁlig%g?ig ay based

instructions to: determ ne rati on°wei g or

upon a fsecatd calibjativatdchniqué e iy differchofi@d thpBiRt EbMIRIN teSHnidRE ©
information; determ ne calibration weights for an antenna array based upon
a second calMeafororleciaswheiber torRpplyitBe elibraioaiveights fonnend ofrthe

SR A SERSEL B i) o BEELH O S o
mismatch between uncalibrated transmission and an output of the first calibration
technique and uncalibrated transmission and an output of the second calibration
technique; and
means for applying the selected calibration weights to calibrate the antenna

array.

19.  Anapparatus for calibrating an antenna array, comprising, in combination:
means for determining calibration weights for an antenna array based upon a
first calibration technique;
means for determining calibration weights for an antenna array based upon a
second calibration technique that is different from the first calibration technique;
means for selecting whether to apply the calibration weights from one of the
first technique and the second technique based upon a difference between a ratio of a
difference between
a minimum of an amplitude mismatch between uncalibrated
transmission and an output of the first calibration technique and uncalibrated

transmission and an output of the second calibration technique, and



apply the selected calibration weights to calibrate the antenna array. 22.
A conputer readabl e medi um having staped thereon instructions for use by a
processor, the instructions conprising instructions to: determ ne
calibration weights for an antenna array; determ ne calibration weights

for an antenna ar r@mamopﬂmn@iﬁe@%ata@bét%a{hmnbﬁ@&fﬂ que that is

different fromthe first calibration technique; select whether to apply

t he cal i br at i toansmessigint andfanomtpon ef tie firstecalibration teebigiig sl uanatibtabeel second

t echni que based upon a rati o of out pyt provi ded, hy the first

cal i bration t%%]ﬁrﬁll%ﬁ}.?él R 9 3’%8@@69800%5 Cgﬁlfrﬁﬂ?n %FBW%H%&HBy the second
calibration hesRiociplyiad theapRbd hitbra®bewtigisGaalratithameight s to
calibrate the antenna array. 23. A conputer readabl e nmedi um having stored

t hereon ¥t ructions for use by a processor, the instructions conprising
instructions to: determne calibration weights for an antenna array; 31
determ ne calibration weights for an antenna array based upon a second

cal i bratigon tHe uppataeustdf@taiis 9divhéRireme nichfdTok Retefhinglg Gakd Bt hen
techni que; select whether to apply the calibration weights fromone of the
first teénigadibeationehnigae semprisesimacsing fajlstapaineg based uponiphdserathce bet ween

aratio i between a m ni mum of an anplitude m snmatch
Sl frkfagaes,

bet ween unc nsm ssion and an output of the first calibration
techni que and uncalibrated transm ssion and an output of the second
calibration technique, and a nmaxi rum of an anplitude m smatch between
uncal i brdt ed AcpmAsis Bafdne asdivanhsingsieredftharpen insiractionaforpsaby en

t echni q%O@eggoer}C‘tﬁgﬂsinl&Eﬁ‘é 3303‘%)%1?@1%,[.&1%}08 nsatnd an out put of the second

cal i bration ni que; an & sel&cted calibration wei ghts t.o

cal i brate theleaningrenalidratioy wedehts for ap Blehes artBashEl epdresiittitdlhing st ored
thereon instructions for use by a  processor, the instructions conprising

i nstructlf Uedasefidinop shaned sstimatainionmafienght s for an antenna array:;

determ ne calj 4 BT SIe : based upon a second

calibration tec rﬁ? qeacréhpﬁagtgﬂﬁ%l%ﬁ@ng%%{%ﬁ%rﬁﬁ%gﬁ Lr@{n %Saelcg%#]at ion

t echni qualibmabetichmbet that istdifferppd fyorh bies Gl ¢ddibadtioancoMaiqlt s from one of the

first technique
%elect whether to apply the calibration weights from one of the first technique

and the second technique; and

apply the selected calibration weights to calibrate the antenna array.

22, A computer readable medium having stored thereon instructions for use by a
processor, the instructions comprising instructions to:

determine calibration weights for an antenna array;

determine calibration weights for an antenna array based upon a second
calibration technique that is different from the first calibration technique;

select whether to apply the calibration weights from one of the first technique
and the second technique based upon a ratio of an output provided by the first
calibration technique with respect to an output provided by the second calibration
technique; and

apply the selected calibration weights to calibrate the antenna array.

23. A computer readable medium having stored thereon instructions for use by a
processor, the instructions comprising instructions to:

determine calibration weights for an antenna array;



and the second techni que based upon a difference between an anplitude

m smatch between uncal i brated transmjssion and an output of the first
calibration technique, and uncalibrated transm ssion and an output of the
second calibration technique; and apply the selected calibration weights

to calibrate ddx@namd @ibeatidhAights for an antenna array based upon a second
calibration technique that is different from the first calibration technique;
select whether to apply the calibration weights from one of the first technique
and the second technique based upon a difference between a ratio of a difference
between
a minimum of an amplitude mismatch between uncalibrated
transmission and an output of the first calibration technique and uncalibrated
transmission and an output of the second calibration technique, and
a maximum of an amplitude mismatch between uncalibrated
transmission and an output of the first calibration technique and uncalibrated
transmission and an output of the second calibration technique; and

apply the selected calibration weights to calibrate the antenna array.

24. A computer readable medium having stored thereon instructions for use by a
processor, the instructions comprising instructions to:
determine calibration weights for an antenna array;
determine calibration weights for an antenna array based upon a second
calibration technique that is different from the first calibration technique;
select whether to apply the calibration weights from one of the first technique
and the second technique based upon a difference between an amplitude mismatch
between
uncalibrated transmission and an output of the first calibration
technique, and
uncalibrated transmission and an output of the second calibration
technique; and

apply the selected calibration weights to calibrate the antenna array.



