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conmuni cate with each other using M MO radio
techniques. FIG 2 is a nore detailed bl ock di agram of
a device and show ng sources . of phase offsets anong a
plurality of radio transmtters and receivers. FIG 3
is a general block diagram of a comuni cation device
that enploys techniques to correct for the phase

of fsets shown. 12 March 2007 WD 2004/025841

PCT/ US2003/ 028126 4 FIG 4 is a block diagramof a
device in which phase and anplitude offsets are
corrected for using all pass filters and ali gnnment
matrices for single carrier or orthogonal frequency
division nultiplex (OFDM) systens. FIG 5 is a block
di agram of a device in which phase and anplitude
offsets 5 are corrected for using alignnment matrices
for OFDM systens. FIG. 6 is a block diagram show ng
how correction for offsets can be made in the receive
path, transmt path, or both paths of a device. FIG 7
"is a block diagram showi ng how a | ow pass filter may
be shared between transmt and receive paths to
sinmplify correction or calibration.
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aﬁlﬁht&mahd bk ees@fnéee otk ﬂaﬁbrxﬁtl&ﬁeotnpamﬁtﬁrbdtweamhclrm ive

evi ce epresented b J espondi ng
5 e SRR it SR sl PR S TP The
treceime nentpovgaispftveenfan antenhperndithe bpriespordinsiA®®. of a M I\/D
radi oyg| mﬁﬁmm pAbeRLRRE dhd dRarhd) FespinQ RAREL L RBS

co-pendi n Ications are:. 5 W n - yn L2* L1)n
D f t%e mmﬁms 140 and 240 are modified as fo‘lIoA\gs R ( )
Device 100 to Dewce 200: L, =B H A,

Device 200 to Devico 100: L, =B, H' A,

where Aj, A; are diagonal matrices that represent phase and amph’mde imbalance

 caused by the transmitters in devices 100 and 200, respectively, and By, B; are

diagonal matrices that represent phase and amplitude imbalance caused by the
receivers 111 devices 100 and 200, respectively, where:
o Al = diag(aue”’n, vy cpmejem)
As= diag(ameﬂ’m, v amejam)
By = diag(Buie®®", .., Be™®™)
B, = diag(Bue™", ... Bave™)




/v W, 5TA n- pn LI* (L2 L1*)' WT, AP, O, where jprMaied 2007

pn are scale factors used to normalize the transmt
power to unity. It can be shown that the weights
converge via a power iteration to the dom nant

ei genvectors for L2*L and L *L2, respectively. 10 Wth

wonefersence to FIG 2, further details of p@rycuseR12400
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(having N antennas) are shown to explain sources of
phase offsets. There is @& plurality of radio

tT]ﬁ'ﬁﬁ»a@@dn& %ﬁmd@a@éamfnaﬁélucanshﬁtame@ivusarths@&apdeaﬁeed with a

GRS RS SRS, 1100

t r ansThetttagsmit k2 @hts Jor hagHthaterm el ¥ HMIMQ aﬁ(om)gomhtwm at ed

| Ja. plurality of
%%Cgﬁeﬁéugt%{fgr%&ﬂ&i&t%&gﬂ%g%%%&? “transmitter 120(i)
upconvewtﬁnaYn(bﬁsleBa’nHo& gnal suppl ied by the :
associ a{ved C l,;l@g }) to.,2, radi o frequency signal for
transni s&§1 6h jy a correspdndl ng antenna 110(i). The
rdieesi ywand pd 8&¢chly fictos wiadomerawelizs ihg transnlit povfer teqaibhdly si gnal
d&ﬁ%&%mﬂ@w@fgﬂ SRRAE Uh B forR PR b Ubkihant The

plurallt?@(ﬁﬂ . |otransce|vers may be referred to as
£1aPieets Ha e o9 Lrile reesaslent s contained in each
t r answith te@¥endsAOFIG) 2, aﬂfﬂerrd&ﬁ}s lofodevide3f8( (havin£¥n vary
depenq og‘i,rlllﬁct) %‘xg ! uF]cgs aaed Irﬁgetst rtl,retlse an ur%ﬁr (?I’Tpl oyed,

e. g. onversi FIG 2

' srhrbmnseaﬁera naCb x@mpiwceum a;soclatwpupurcemssﬂnﬂltm@ne Ry be

S t it
0 S P o Tl et
clpsEies 13 Ghantiééqﬁﬁ‘req tAd) agredisted WG cpiesseomdingepg offle app| y
t;muﬁiwofhmaaaypfo: T=acth N, @heahtiid RAéntitted 1206Ptipconvapl e, FIG 2
abasce\g%\c} é:lglfaief,up]izned lé)‘,t}l%_ag%%erlnts& ISE(E bloéégj }adlo%' ureil10§/ gi%[gg (i)
afntttaoMEmn hy smbdpaﬂ%@u@nwdd@wn dhe scenEaBﬁ(i)r ecei ver

%%doiwe&&f‘}a&b B& enc:}f/ Q%&lal%ml b? Ft corégﬂ%(s g (g‘%&l@x% I 10(1)

corrponents a | Ow nol se a | er
JORRLBHY of Idip trypsogivprs mayds quf)rred i ag MIMQ raﬁ@? (i)
asso Cmtc@ﬂpdﬂbrﬁsh:oﬁﬁﬁéh m&ﬂnmm&bﬂﬁ(u@))an@ﬁb@@i Bs@het her

“the 30.t t 135(1
TR PE ) S sl B H ST S C b baseband

sugkghetetolipe er disctgotvervion XE3 2fshdws,es arl@fld onlyn t he

SHag "“'%@1 1?““gg’oo %35‘%‘?%6% mﬂ%ﬁ’ﬁ%’ &?ggbggﬂand RF

qrﬁtqs’ﬁ thafthe qeacertp efithepplibragion tachiayey desquihefl hgrejnaigy pas s
fdpi:l? Bfanyl @dd df }adior&;chlteculre For example, FIG. 2 shows that each

)

- transmitter 120(i) comprises an upconverter mixer 150(), a poWer amplifier 165(i)

and other miscellaneous components. Each receiver 135(i) comprises, for exampie,
among other components, alow noise amplifier 167(3) and a downconve:tér mixer
155(). A sv-vitch 137 (i) associated with each antenna 110(i) selects whether the
transmitter 120(i) or receiver 135(i) is connected to the antenna 110(i). On the
béseband side, there is a low pass filter 125(3) in the transmitter path between the




the receiver path between the ADC 130(i) and t he March 2007

receiver 135(1). As indicated in FIG 2, the plurality

of transmitters and plurality of receivers nmay be

i npl enented on a single sem conductor integrated

circuit (1. A 5 fully integrated MMO radio is
wodbeeteaed i n co- pendi ng commonl y assi gnedrid:&soigakent

Application No. 10/065,388, filed October 11, 2002,

the entirety of which is7 incorporated herein by

e 1 ﬁd RF P&x“&m oﬁhé\&amlﬁeamo@), B, 160 isd fder 127 ()a
pl uraj i epar.at e E)tgﬂ]ﬂéﬁransce vers, or a single

|t¥9fEFﬁIVWﬁ‘F‘EHB‘%[%ﬁFhﬁ|AHF|1%% Figer I8¥Binscei vers are
i mpl exsndi@cd intiG, 3otk teaitoff rpdaiiers eddphediy oV TX, ~M to

N1k, 4NRX. i | ud Lff i Wele
e T
5 dualtyhinteesetted, MIradovia fisclageddnge-pendingppmpodly aspignsd €S- anong
AR ph R NoOISRBERR  Fed &ﬁ@ém Qbd25 L SutifBYs WabkYs OVer

process, volta and tenpera re G oup. del
RopPeREh e bm%ﬁrs‘ac Thug: 0%’00115#% WF%T x(N)
D EPatt Adib &axfsﬁeeﬂu,eamyng(e%)m @hiﬂixmt&ﬂﬂ}sofwd@ on the order

f tee%qersmlm \Afteﬁoseconds whi ch cause phase offsets
tHREAr V' over the entire band of operation.
10 For esmloéphaa ERtspar, grrowPneelm ymay firfchdt diffemesein a phase

bR Rp i e 080, ARAE) S e S i sl auf o0 20°

elaydifferensesamongsiberradionempeert Fbpe PIRBRAB ¥ OVEfand of
?)Rﬁésétvb&@e aﬁt&hiféramg:e GavYp aiid erRRGe SeQTRBEk ) Bt er medi at e
re

quency (IF conponents In a 20 su erheterodyne
(YRTHD Twmmoé&%fr feeapeacy(RF) cpmpanpnty %?%n theeser of 458 i f i er s,
15 'b@ﬁmo%&@ﬁ\ﬁ Wiich cirkdphasd bEfeB ¥hatd@rylslo@ly ofer@e@tirshatd of
ni t ude Iar er than E?r@gﬁr’) dela %{% t her eby
d’B Uohg TP ¢ 108 g™ Baiio]! 62 acr oss
tdlagedsairﬁcis GHzeaneﬁfcﬂcEgreesamasemm Oiesatpyebof ofietsded i n each

(3R SRS S R R TRNG ey 1 O1
: M@WMW@WQ@@W@W iK%, g., | ovvpass
20 shﬂeﬁﬁiéﬁ’dyng Haﬁlafcm%cdl@g 2N/ Idksf AgC &ﬂﬂm&s 3BRRGmADCs and

o) e b B bt ot B SRR S, on the

Shegeby éaummfﬁbaqa hﬁ%ﬂ teharyges: iy acwas the ewd Mhemférhi n t he

Q:grl? d ntla he nee ea&?ﬁ%&ﬂmﬁ@%&#&% 1; ] gﬁlﬁ%&?{?gntp pti mal

periorng
dhp@rddlam!ffuhawnﬁhxasgem&mwm@ MWmampﬂahwp‘@nfbach deV| ce

25 cgmﬁdﬁérm gcﬁaﬁhgsefflters%@ﬁﬁa@ﬁc)%ﬁ‘éﬁé c&%}gc@dsm In some

cases vol ves ‘correct’in or hase and

EnD ara&r TRRE 8921k sigaghbpofwidis pthe rde eknangsependsiand o
Qbd B&EHBre 0itkYsignifiodnt SR am@s thdidraly Ry iR & bandwidth

of one channel.

_ One way to ensure optimal performance of the MIMO radm aIgonthms that
- 30 -depend on channel syrmmeiry is to calibrate each device to Qnsuxe channel
symmetry after calibration. In some cases, this involves correcting for phase and

- amplitude offsets, and in other cases, for phase offsets only. For example,
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shown that the equal -power M MO radi o al gorithm

di sclosed in the aforenentioned co-pendi ng and
commonl y assi gned applicati on has advantages over a
non- equal power M MO radi o al gorithm because the

woeguatsspower algorithm is immune to evepcrgh:abhieky

| arge anplitude offsets. 5 Generally, correction in
the transmt side for each device nmaybe achieved by

: nlhhﬁlhtﬁﬂnyﬁai?@h&vhﬁhat TR GpbwSATRIOLSdidoAthe Alstleed inon
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y g atJBr(sma)aatijmeg co- }%1(14%% and ?ﬁ&?ﬁ ’\%%ﬁﬁeﬁgp@ﬁg?neha@advamag?sh e

afmst 4 nondeaigowerddMOontio dgonfhorberatse dr dqudl poiver aighhphase

Cﬁﬁrﬁ:ﬁu&kko%encfaémafﬁ&éaméﬁ%ﬂﬁe%%f' ed channel feSponse
matri ces becone HA Cl and L2 = BI C2.

10 A Stierilpoarstion B ensmt side fos prsiydesionarba é‘lhlBWm"ret ry

|y gkt Bl 6l AcBRRARGR ¢ ddg(o,Th) ), CONGI t 1 0 |
symetri nnel 2T = (Bl HT

nt ees .a
A‘ﬁu%m LEEPEE g mﬁ@%mﬁ o1 iR ar@ﬁﬁf o copgeln i ng back
t @rdpbent aid y; Bhe@hH d6REBOE coiPdnehitO THE hédeie6 cHagkief | ON (1) :

f 1 ' iq ch | is:
S et B SHTER i g, cheme! s
-712a4\.2#fﬁ@@2®n@{idh¢0(eha&%%nﬁ3)r@nmyiu theink isNal N Rr Nexpb

(x1 Np §E adgriQlg, and 721a21/[321exPE5(x21+021-4|)]
—722a2b/[ 8Pl {1 222+022- +22) 1=, . . =72

ik @WﬁwﬁFF?ﬁiﬂmmmﬂéﬁﬂmd4ﬁ$ﬂ where 0 and 4) are
t he phﬁsﬂBﬁﬂﬁﬁcﬂgﬂ§ BHQWQTQBQH44CﬁﬂQ f3 are the

e peRt il GO, o lautlEe bRt S V>

smhbmmmﬂnGMﬂmDm@edmmnhFIG.1 |nd|cates t he device i,

et o s G D F B e Y o 1T bndi ng

aﬂh@hwammamhﬁnoﬁhﬂhmﬁce i. Still another equi val ent

Vi al PrEPPIEE0 s Bkt P iontie [ TR @,%e,

Yidba/ Dot L0+ 82 2420 VB2 and 4 a Avalhd Pommetand Eard

. ptt':ﬂé fe éil}{\]%oéés of éé}an%ﬂ:ter élfgecg%%gzresp\@%@%}m? y 2 2 N .

2[0&5 1q02@]1 208. The subscfiptifymsed IAIG. 140didates the device |,

(device 1 meaning device 100, or device 2 meaning device 200), and the j-th
antenna (or corresponding antenna path) of device i.

Still another equivalent way to write condition (D) is:

For amplitude,

Y100/Bu = y12002/Prz =-.. = Tancan/Bry; and
Ya1021/Bo1 = Y22000/Bz = ... = Yancton/Bans;
For phass,

[t - ¢l =[x+ 012~ ¢12] ".[X1N+9m-¢m]; and .

X2t 0 21-  21] = [xos+ 822~ $22) = ... = [xanet Ona - daml]
2(N-1) and 2(M-1) lmearly independent equations are requ:red fo sPeclfy

‘this condition for side 1 and side 2, respectlvely




2(N-1) and 2(M1) linearly independent equati ong Magh 2007
required to specify this condition for side 1 and

side 2, respectively: 12 March 2007 WD 2004/ 025541

PCT/ US2003/ 028126 9 [x11+011- 111 = [x12+012- +12];
Yllalt/ 1311 = 712al12/1312 Lxl 1+011"' 11] =[ %43+013- +131;

woynaiiss411311= Y13a13/313 [XI |+ 011- t1ldcrududdsidlN
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tIN; 711011/1311 = 7INaIN'PIN, and 5 [x21+ 021 -
A+21] = [x22+ 022- +22]; 9721a21/ 1321 = Y22a22/ R22

[ X21+302 buy-do 2 Lliat o1 )}iEZBYubtnﬂﬂ& yoor2®] ; Y21a21/ 1321 =

Y230424 = 2 02M  +2M ;
| Y21a2§‘/“%§21¢£‘>"l bﬂ%&%l\/ﬁ"f*] Eﬁ“‘ﬁﬁ‘ X ¥ equat i-l-orl\{]s may be

re-wi.tten for one device on the link, e.g., the 10

N- si de, L +01- 1] 2 ti]: Yial/131=
72?&25‘1@ ‘S;d[‘j| l’?%%‘“ld’#“h"’”&“@& +*[‘%§“/@N’v‘i7§‘i 71a1/ 131 -
Y3a3/ nas 6] x b1 a0t Bz qzﬂch@r@ﬁﬁzml v;zaz\ﬂﬂm /131= YNaN RN;

2 ft ti ti
(2a) {;\Begg j%i’/a?lén‘%?s n'aﬂhg ation, equation

(2a) {UEN"48 fol | ows: [ x1+ 01+
X21= | x2+ 02+ 01]; 71(X1[1l2 = 72(X2131 [ x1+ 01++3] =

Rig@‘g T @M%l% 721%%% BZE‘Zb) In equat| ons

(2a) Elmbquﬁsuaﬂ%@awbﬁ Fesritisny fo eneideyice ppde Bkehe-diopped to
| Meklis; ad Blowk:hat wi thout | oss of generality, the

equatl ons be. u e|t r side of the link. To
ensur &t c‘?ﬁaﬁlﬁ lmﬁ?nﬁaiﬂﬁ/ﬂ‘ﬂ?é‘ el ationshi p of equations
(2a) pr+428)= [ﬁmgclﬁg],aroﬁmaq%uypgl ent, nust hold at both
devices on the link. The relati onshl ps of 25

equati‘ons (2a) and (2b) are described bel ow. Sone
basi cynodredd+ abxti Be s viki/Bistwophovi ded. (28t a devi ce,

for eﬂﬁe@s@n{]eta n? herﬁm{nr q?ati%r? 2£ %%Q%Qﬁentﬂ ansm tter

that “Up gonver ran Ion t hat
amt@nﬁ%foimw a correspondl ng receiver that

downcpnyer 5= 39%[]@ w88 echgd by that antenna.

Mor eover as a correspondi ng antenna

pat h [xm“bbﬁ)ﬂ ixaétﬁs*nfhli?l&rﬁd redei ve directions. The
signal 30 path fromthe input of a transmtter to the
out put” of its correspondi ng antenna may be referred

t o aslat @t Axkhixe+ Pt hl; neb T hst/Pant ennal®bli kewi se, the

si gnajy, e%ﬁ&s EzfaPJﬁH (2b), the first subscript has been dropped to indicate
 that without loss of generality, the eQuations can be used on either side of the link.
To ensure chammel symmetry, the relationship of equations (2a) or (2b),
which are equivalent, must hold at both devices on the link. The relationships of
equations (2a) and (2b) are described below. Some basic nomenclature is first
provided. At a device, for each antenna there is a corresponding transmitter that
upconverts a sigoal for transmission by_thaf antenma and a corresponding receiver

that downconverts a signal detected by that antenma. Moreover, each antenna has a

' corresponding antenma path in both transmit and receive directions. The signal

: path from the input of a fransmitter to the output of its corresponding antenna may
_be referred to as a transmit path for that antenna. Likewise, the signal path from
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the input of an antenna to the output of the
correspondi ng receiver may be referred to as a

receive path for that antenna. Phase and (optionally)
anplitude offset correction values are applied to

wonghzka (in the transmt path directi onpereeasumsizpat h

~10

direction, or both directions) for each antenna path
associated with the plurdfity of 5 antennas. One way
tihe itk s kh ddenhdte the eltgt ofoirshiespoodingensirtn noay b¢ 2&)ed s t hat
i,n_ | ce. ' {Ad o anpl i tude
at%%faﬁ?gglgéep%% fosptﬂa?am 4 Pfls SR8 &ﬁ%&&%ﬂ%@%ﬂph offs
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afibd, WAR HARE RN RS Sicl BERQ PHCashdcRIA Wiem: fpwiy &f t hat

antenna to the output of its corresponding 10 receiver
i %e same (and is constant) for all antennas (i = 1 .
t 0 N @fe vantoNesibeatitelatiotkblpicfayatiof 3 6) ivvhat it 0dedesthe | be t he

to Nk _ o009 wty it cioies o | b
ARSI SR LRl sl il ofy V! CE

ase response om an input to
arapsmiites teithetoniputas ksrengpoadingpnierps apHb) thgrmplitvde aud. . |
afilsE RERnsk FrokQhelif}t A uhidtitnn®@ o thelbRIpHIRE R dbREspaREHOCI at ed
W t h anot her ntenna (e %@e ant“enng [ % LS eqaual to
P irabeme (2pdig consipmy fypliatrnpas §5 e N of PNFEHE 15 i nput
afevidel e0teran srieiciier thaadsionshiabieuatiot @bdntemnadeiicd, 0 t he
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obtai n neasurenents needed to conﬁutg the, correction
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dieseiiled hereipafisnimesbeawnd t ebtainimpeasyrenpriyRepdsd torgupytedhe er at e,

| g iy st . il al
ch{rgcﬁéﬁyda{&% éy}/:ﬁlli S5 dnB@for ﬁéelﬁn‘t}:ﬂu}f 4 P%%% th %'ml%ﬁ% al so

satis ~equi val ent quation ( shows
chduyaliseo!f wergmiiiass parpluelify ofAereivar obr dewioe, herebY HtisEiine the

' %iéit%ﬁ?féﬁﬁaﬁﬁgéby\ﬁ{eﬁﬁ& déﬁfdg _tr?ﬁﬂits)’ah% reddiRes figma.ur@g |) n
or.aer 0 achni eve e . condltl / e ons. or
e e e A

cequgdat @4)i on bl ock 145 th_at generates the signals to
be USRH, 1 Bbw! 15ERbLEE Mo TR BB RRAGGAUT e,
makes “the measurenentsS and conputes and stores the
cwluesdiitaidon) aveabupited ifder irpehéars the@ndifivngd eqvatipny(22)

@ gzrbg%ie gledng 16 Kordfides & BbraRR BdriphiBrici i fsiu@n val ues to

asepan
generates the signals to be used for the calibration measurement procedure, makes

the measurements and compuies and stores the correction values. The modem 140
also has a correction block 147 that applies correction values to the baseband -
,transmit. signals or transmit weights, or to the baseband receive signals, or to both
the baseband transmit signals and baseband receive signals to achieve a desired net

correction. There are many techniques for generating the calibration parameters




30 transmt signals or transmt weights, or to {oh@arch 2007

baseband receive signals, or to both the baseband
transmt signals and baseband receive signals to
achieve a desired net <correction. There are many
techni ques for generating the calibration paraneters
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and applyi ng those paraneters as descri bed
herei nafter. A controller processor 170, such as a

MaGhARE §f99£neteﬂ§¥de%%lh&€1ﬁaf@r A gradllegRetph@d7d, o t he
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" the calibration logic may be implemented in software stored or encoded ina

" processor readable memory medinm and executed by the processor 170 (that also

executes the modem logic).

After a calibration session is performed, correction values are used when

‘processing baseband transmit signals and/or baseband receive signals to achieve
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portabl e or enbedded applications, the calibration
| ogic may be inplenented in software stored or encoded
in a processor readable nenory nmedi um and executed by
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correction values are used when processing baseband
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and mulhphers 190(1) to 190(N). The multipliers 190(1) to 190(N) apply
corresponding elements of the single (frequency-nonselective) correction matrix C

= diag(cy, ..., cN) where c; is defined as Yexp(y)to compensate for phase offsets
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communi cation are shown 25 where correction for
anpl i tude and phase of fsets are made. The approach of
FIG 4 is useful for single carrier or multi-carrier
nodul ati on systens. The nodem 140 is shown conpri sing
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correction block 147. The correcti on bl ock 147
conprises all pass filtets 180(1) to 180(N) and
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in antenna path 1 and the signal at the output of the ADC 130(2) in antenna path 2

is measured at a number of frequencies (e.g., fic = {-3£/8, -£/8, /8, 3£,/8}, where f;
= symbol raté). In general, measurements are made at frequencies that sufficiently
span the bandwidth of the baseband signal. The first phase difference yia(k) =
[81(k)+a(k) + dant(1,2)], where 81(k) and ¢»(k) represent phase shifts through
transmitter 120(1) and re'ceiver 135(2) at frequency fi, respectively, gnc_l Dane{1,2)
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the DAC 115(1) associated wth antenna 110(1)
(antenna path 1) for transm ssion via antenna 110(1)
through transmtter 120(1), and, using either a cable
or an over-the-air link, the transmt RF 25 output of
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OFIOg RS I ﬁeé‘me g‘i r) fromone antenna path to another
Wi || Stef 4.ePhpbroidband phasasitiit ci reiernatchtbeterrnaliciagennd gathef or e
DL A% LR \éﬁq’xsegtgﬁteﬁhﬁrﬁet%%h&?% .amplifier in the

receive pa or its gain setting
tanedﬁﬂiff\mntérbquméﬁbw)ﬁtb@%wlpﬂhfé{Gfke‘éle(i()ve‘ﬂzl@)}gnal does
20 %Iosstﬁ@f?é&&%m&s% m xer and ot her conponents in the
t e
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t
" wi(k))} across the frequencies fi, and amphtude offsets y;, fori=3,.., N from {(f

yi{kY yu(k))}. The values for 8%y, ..., STN, 80, ..., 30y, and vy, ..., Ty and are
stored as éalibraﬁon parameters or correction values, where for the antenna path
associated with the first antenna, the group delay offset 31, =0, the broadband

30  phase offset 891 0 and the amplitude offset y;=1. The units for 8; are samplos at

an appropnate sampling rate.
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{(fk, y12(k) - W2l (k))} 20 across the frequencies fk.

31 The anplitude m smatch y2 is estimted from an
average of the ratios of the first and second neasured
anplitudes, i.e., {(fk, 712(k)/ y21(k))}, across the

wof2oegeseici es fk. Step 5. Steps 1 - 4 ar eperepeatesiz
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tQ account for sl.owy varyi hase. of f sets. The phase
S%IMPF "mteﬁfingﬁg??mCP?Pevalé?ftlse%%%dglg%%a’F Slfde%eg%eﬁﬁ ing cabl es do
naijustakfiten thetchmnsd-mdapbrident et ofgalibratibn fakpeneters enyproredifor ons.
Cé%Et[o%F&Ll?'n val ues for each channel maybe stored, or a
set o

The process of FIG. 4 may be modified by using a multi-carrier modulated

- signal, e.g,, an OFDM signal, instead of multiple tones at frequencies f. Moreover,

the procedure described above can be generalized or extended to a pulti-carrier
modulaﬁon'sche'me, such as OFDM, where inste?.d,of making phase difference

measurements at frequencies fi across the bandwidth of a single-carrier baseband

- signal, measurements are made at 2 plurality of sub-carriers k (not necessarily all

sub-carriers k) of'a multi-carrier baseband signal, sufficient to perform the linear -
analysis (slope and y-intercept computations) described above.

To summarize, offsets values are computed for anterma paths corresponding
{0 antennas i =1 to N, where the correspondiﬁg broadband phase offset values 60;

and the correspohdjng in-band group delay values Oy, are estimated from the '

.- sequence {yii(k) - yi(k)} derived frorh frequencies fi across the bandwidth of the
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channel - dependent adjustnents to the
channel -i ndependent set of calibration paraneters are
stored for 20 each channel. The process of FIG 4 may
be nodified by using a nulti-carrier nodul ated
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phase (and optionally) anplitude anong the pl urgl ihdch 2007
of transmtters and plurality 15 of receivers such

that when signals are transmtted by the plurality of
transmtters and/or signals are received by the
plurality of receivers, the difference between (1)
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gene rans gnnment matrices Ck
Hath | pule.receiver to measure a second phase difference w1 (k) = [62(k)+ ¢1(k)+

- $am(1,2)] and to measure a second amphtude 72(1{) of the signal at the output of the

ADC 130Q1).

Step 3. Repeat steps 1 and 2 betwesn antenna path 1 andi, fori=3 1o N, to
measurs the first phase difference yn;(k) and the second phase dlfference (k) and
the first and second amplitudes 7.1(1{) and 'yh(k)




Step 1. The frequency synthesizer 195 is tuned fQviarch 2007
known frequency channel in the radio frequency band

of interest. A baseband OFDM signal is transmtted
usi ng a known BPSK nodul ati on pattern through the DAC
115(1) in antenna path 1, and, using either a cable
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| ooped back from antenna 110(1) of antenna path 1 to

the RF input at antenna 1810(2) of antenna path 2. A

firstsphasg aflbdnbighROMiSnnieit BRRHR hatdi@ 1§ BRorkdaRa i NpUt
to tH@hDAC 1 g(?) ofgghtenna pgth 1_2&% t%éﬁoutput of

- t#idollape 130(2) of antenna path 2 at each OFDM

sub-cami=er. The first phase difference 14112(k) =
[01(k 2 + 4a.1 (1 [ and $2(k)
repreé@ﬁf&@hgggD@ﬁpfﬁgaﬁﬁ%%ﬁﬁ%&}@%&%ﬁgﬁéhitter of 20
apienhig)pat h 1 and the receiver of antenna path 2 at .
the k-th OF b-carri.er, . Cl. , and +en4l, 2)
repre?@ﬂf&ag%%&%ﬁg:@“ghﬁfﬁ“g?%%ﬁ@ﬂgvégbyhe-air or
cagbe ¢ (HPnnect i on bet ween antenna 110(1) and antenna
110(2), which is the same in either direction. In

addition, "a first anplitude y12(k) of the signal at

t he oen(ipetynlsfexnibionAD@ KB GEPesns (Pedsdr®d: 25 Step 2.

t p 1 using antenna path 2 as the transmtter
gﬁﬂﬁﬁﬁﬁgﬁﬁa path 1 as the receiver to neasure a
seeE vt rapputed ffomeyratin ofthgist @hd seeonfl Deasiydiamplitidey, +

.y Q C [ 2(k) of
iesrbbldqohiath D 1MRRSMAR 3 R GR0RA fﬁ%%?ﬁ YSob 3
OBy
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through the antennas and/or coupling cables do not affect the resulis of any of the

computations. - .

To summarize, a diagonal offset matrix C(k) is computed for each sub-
carrier k comprised of values c;(k), where ¢i(k) = yi(®expGlwii(k) - wu(K)]) fori=
2 to N, where N is the nﬁmber of antennas, and where yi;(k) is a phase difference
(also referred to as a first phase difference) between an input to a transmitter

“associated with a first antenna and an output of a receiver associated with antenna i
at sub-carrier k, yi;(K) is 2 phase difference (also referred to as a second phase
difference) between an input to a transmitter associated with antenna i and an
output of a receiver associated with the first antenna at sub-carier k, yi(k) =

(i) v (k), and where ci(k)=1. When prot:éss_iﬁg baseband signals, the modem




cN(k) = YN(k) eXPQ WLN(K) - WNi (k)]) = YN(k) exp(12 March 2007
([01(k)+ MCA 10 [ON(k)+ 41(k)])) where yi(k) is
conmputed froma ratio of the first and second neasured
anplitudes, i.e., (yu(k)/ yn(k)), and yi = 1. The
values for the matrices C(k) are stored as
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satisfies the symmetry condition (3) for all k. The
phase of fset and optionaliby anplitude offset anbng the
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not require any external equipment. They can be performed by embedding logic

within the device to enable the device to perform self-calibration.

On the other hand, the techniques described herein may be conducted with
the use of RF tesf equipment to measure the phase and amplitude offsets between
antenna lodp back paths ingiead of DSP logid, if so desired, for laboratory or

experimental situations. When test equipment is used, a reference signal (either




ci (k)=1. In sone situations, exanples of which gr®larch 2007
descri bed hereinafter, it may not be necessary to
generate frequency sel ective or dependent correction
matrices for nulti-carrier systens. A single

frequency non-sel ective (frequency independent) 10

woodsfoeedili on matri x may suffice to correcpcfofedigagband

phase shifts. For these cases, instead of conputing a
phase shift offset correc®ion value at each
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equi p ment Wth reference to Fl the of fset

un

‘cor r eReforgng 9 EIG, ddhermppr Be@yéfﬁb? Reg OWP%“GI t0

receiveriis
, 'l:am-_x(l) + trerx(1) + Tandi) + TRERX(D) T ‘CBBRX(I)
and from trausmiﬁer ito receiver 1 is
tpprx() + TRETX(E) + Tane(®) + TrRERY(1) + TEBRX(Y)
If the same filter is shared for transmit and receive in each path, then tpprx(1) =

taprx(1), vepTX(D) = TBRRX(1), 2nd the difference in group delay between the two




transmt path, receive path or both paths, of tireMarch 2007
nodem For exanple, when the 5 offsets ct to cN are
conmput ed as descri bed above in conjunction with FlGs.

4 or 5, the correction can be made in the receiver

path with nmultipliers 191(i) where c; is the inverse

woQbos@isgq10r i f anplitude correction i s nopcperin®iaee,
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then c; is the conjugate of c;. Alternatively, the
correction can be nade inlboth the transmt paths and
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antennas at one device and 2 antennas at another device.

For gach channel H, random mismatch matrices A;, By, Az , Bz were
generated, and the loss in link margih was computed. Both amplitude and phase
mismatch were used for the transmit matrices A; and As. Only random phass-
“mismatch was used for the receive matrices By and B,, since amplitude error in the

receiver is presumably not a concem with.s'oﬁlertypes of radio transceiver

architectures. Amplitude mismatch 20log(c) was generated using a normal
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paths is 2arrx(l) + -rRFRx(i) - ('raarx(i) + 12 March 2007

rRFRx(1)), which depends only on RF conponents. Since
the synmetry condition (equations 1 and 2) only
depends on the phase offsets between these paths, the
above anal ysis shows that if a shared LPF is used,
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device and a second radio device, the first radio device comprising a plurality of
antennas, a corresponding plurality of transmitters and a corresponding plurality or
receivers, the method at the first radio device comprising the step of processing a
piurality of baseband transmit signals to be transmitted and/or baseband receive

signals with corresponding correction values ﬂial_: correct for differences in phase
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distribution with standard devi ation 6. dB. Phase
m smatch 0, $ was uniformy distributed between Us/2
and W9/ 2 degrees. One set of m smatch natrices was
generated for each value of 6a in {1,2,3,6} dB and for
woasnjnsval ue of Us in {10, 20, 45, 90, l1g&judegises. A
total of 20 sets of 4 random m smatch matrices were 5
generated for each randam channel. FIG 8 shows data
1@%\39&5(% of ik plfddiLf guahaRewehd tlurainodidciie df e dsbet ween
thie two devices and shows, anobng other things, that
- wéigddeponer CBF i s S|gn|f|cantly | ess sensitive to
bot hpphRa s, amethalpprotided for inpdsaing cheaciedrties ofiordie qual
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"“mkggﬁm% ura (m%ﬂ%yaﬁgennas to produce a
correspondi ng 15 plurallty of baseband receive
signals; and a processor coupled to the plurality of
transmtters and the plurality of receivers, wherein
the processor processes the plurality of baseband
transm't signals and/or the plurality of baseband
receive signals with correspondi ng correction val ues
that correct for differences in phase responses anobng
the plurality of transmtters and plurality of
receivers. 20 In addition, a nmethod is provided for
calibrating a radio device that conprises a plurality
“of antennas, a corresponding plurality of receivers
and a corresponding plurality of transmtters, the
nmet hod conprising steps of nmeasuring phase responses
of the plurality of transmitters and the plurality of
receivers; and conputing a plurality of correction
~values to correct for differences in the phase 25
responses of the plurality of transmtters and the
plurality of receivers. Further, a nethod is provided
for radi o communi cati on between a first radio device
and a second radi o device, the first radio .device
conprising a plurality of antennas, a corresponding
plurality of transmitters and a corresponding
plurality or receivers, the nethod at the first radio
devi ce conprising the step of processing a
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transmtted and/ or baseband receive signals with
correspondi ng correction val ues that correct for

di fferences in phase 12 March 2007 WD 2004/025841

PCT/ US2003/ 028126 23 responses of the plurality of
transmtters and the plurality of receivers of the

first radio device. Further still, a nethod is

provi ded for neasuring characteristics of a radio
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above description Is Inten way = of exanple only .
and i s hotpl uqahﬁv@ﬁ@é@‘%th%dﬁwcwﬁ@ rwaley of indio igedlon i n

3”)’_ way. detected b%&lféﬁp&@ﬁg on&%f fok @1u§@1¢3{ of:hnteﬁlatﬁ t&ﬁir&iutceh a t
evi ce coy r| si yral ranspgitters tha
upconvert® 8?1)19 %‘g‘g%%‘?‘h% glhaé C|’ reéeweﬁf%?lgfl ady of
baseband 4 pragesser tougied retheplfelity of wansindtes@od the plurality of
transm Ssx'e&ﬁve\’é @aher@ﬁlﬁ;ﬂeep%&&qf BQast%?&fféfen@es B dIHH & 1ty of

ant ennas; b. l'ural ity of receivers that convert
a plural |IP§P°B$’S F‘&%ﬂgdh%ﬁ’lgﬁg‘lyéﬁftfaép)ét&rse@ (prality of receivers

corresporti tﬁ@sﬂﬂ@& ét phive difetnad betyeefan aipued AaSndnGiter

g Ir gg gf 2 aassogla{ed ;}%%:tglgtggl}auaglg lu Ipf)l}/taﬁfof Q ?ﬁiiéeel?rg{z]igsocrnet% va e
of transrwith atenai dnct hcqpidphadeidifferafe betwem auetmt toa

wher ei n t@&@&@ﬁﬁ&%&a%ﬁ%ﬂfe&%ﬂ l%ﬁ LEbRRRSBa feeeﬂaé}ase
responses armegt e p uralty transmtters and

pl ur al i t yAS¥ciafed vdibyhyy st aﬁgﬁ%gfga Fi2rig Na where St is fig aumgber
di fferencd abteﬁnm,e:nd €8 prdapddér grévesied tha PRipdlityt @baseband

associ at Wi an nd, an _out
recei ver etgsso:t:l eso?nd/%r PRP lt "’?é]/n r?g’aslelfanla At er Slgna% "(‘J’I“%11
phase di fdouewpnedingxotarion valncsnhqﬁ gtorrethfoadlfﬁ%lremsm tter

associ at afodbirdd pRile SRPshsés Mg AR pRYAIRPSF tRhsrRHESERI Ver
plurality of receivers.

2, The device of claim 1, wherein the processor processes the plurality of
baseband transmit sigmﬂs and/or the plurality of baseband recéive signals
with coxreéponding correction values such that when signals are transmitted
by the plurality of transmitters and/or signals are received by the plurality
of _recei\f_efs, the difference between (1) the phase response from an input to
a transmitter to the output of its corresponding antenna and (2) the phase
response from the input of that antenna to the output of its comresponding

receiver is the same for each of the plurality of antennas.




associated with the first antenna, for i = 2 tq2March 2007
where N is the nunber of antennas, and the processor
processes the plurality of baseband transmt signals
and/or the plurality of baseband receive signals with
correspondi ng correction val ues that correct for
differences in broadband2phase responses anong the
plurality of transmitters and plurality of receivers.

2. The device of claim1l, wherein the processor

processes the plurality of baseband transnmit signals

and/or  tiipe dkidéloblhfy1, %e&ﬂftﬁ@ﬁ'ﬁ&s&fo?ﬁ@és\iﬁs fhe GRRbisase W t h

corres rrectiqn v es such t.hat when si

o C T P e GRS i i e o e e afoptaied Sich
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receive raﬁt]pmfal? @1&1% Hf& ] Qlelllﬁ%t[ Wele éo}l)lectlg}?anﬂ a&res the second
response froman input to a transmtter e out

of its ®biseadisther w@namgéwaapah@ 3t g1 npdo %\ﬁ aé@nntter

r espons@sshéiged Mﬁleaﬂtémm arﬂfcoﬁﬂl@i as adaéleamgntt@thé ReBeidtfitéiated
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di fference when a Si g ah |nput to the
tr ansni PREFSTSRERTALRITIPhEe dtt%éenﬁ‘f disecopd Bhpsediffergnoe at a
coupl ed pmaht;aﬁ‘ebntmuwa Phave fofte frbhclioks € A¢@ks Asndeidatord

Wi th aptenna Yla an over-the-air link or a cable
connect i on an&'neasures the second phase difference
when- a JhedriceoBclaipp), wbereiattheprodespoumeaseres the first phase

transm Mfﬁfenc%%h th%gal\éﬁghgl 20 i api &b 4 dlgﬂﬂj t&eﬁﬂﬁ% QmRRer
receive Inﬁﬁt to the receiver aSSOCIate

first aRtUBIFALC PpHansputisy asogipied with the rqﬁkanéﬁnn%m@&bil%tal signal
connect ktih.output oFlae archigH6-@i gl dhadriat ébupl%ﬁrtm dutpu6f the

processg ce19§- gsogigtg(? wﬁﬁ' gntéc'nn 'i]%nd a%asureg {hg ]secgnd u%h%scqp ﬁ'f(rence

repr esenet ‘Wwave tone a
and whe b@wmmahbgltammb@m fpreta 9 digiel-toanal g qosverqghqslekd to
di ff er engeraARtie %seag{emﬁﬁ Sntéhink § ﬁfd%’lﬁ%a?é@ﬁl at Bth Biieiktiof ¥n

of COﬂtInTOUS wave tone requenC|es aCross a
bandwi diagsto ngltﬁlgglé‘{?gﬁfcfog]? ﬁ%t&t € cgltpuﬁ-?fé %Qﬁl%cé asa«pmated with

cIa|n14ﬂmWh@mﬂmnmthe processor neasures the first

phage { Iovlce 8 ”PcﬁalR.lei %%ma{he Séetss%rc nllpp?lpeglb{o El%aﬁg phdiPUt

to a digi conver
t r ansni eifssis f@t@@@maaxa@acwemnﬂlhe t0f antesnas antl énNafrema ya

di gi t al jn%dr&BRdf a line fit through points {(§, vi(K) —w,l(k))} associated with the
frequencies fk, where q;ll(k) is the first phase




at an output of an analog-to-digital converter 100uplcRd007
to the output of the receiver associated with antenna

i, and neasures the second phase difference between a
digital signal at an input to a digital-to-anal og
converter coupled to the transmtter associated with
antenna i and a digital signal an out put of an

anal og-to-digital converter coupled to the output of

the rec %iﬁé%ﬁcem&?éd%{ ﬁeglv\%‘ﬂ: fq andth E% fs'tﬁe%&co B ierdice

The device of claim4 processor conput es

br oad baﬁ&ﬂ%ﬁﬁét@eq‘@PW§eﬁ@ thsse therroadhaad Rhageiqset for the antenna path
. COr r espaiedifig with iR fir@Afasaisc= | to N, froma y-
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measur e goadbahd ARG cJA%ctﬁﬁ%lgés i dehiede Jeh&aé%@f@e@ Ebrrection -
phase difference neasured frequency fk, d where

the br oéﬂiﬁﬁﬁ&‘eﬁ?f‘é%@’n%ﬂg@?dbﬁlﬁrphfsﬁéﬁ%ﬁt enna pat h

assari atfaeldenict bf cldnﬁ 7Iw1feﬁetn tRdgredesiar finsheOprockssed the pidality o
of cl ai

o ovurt Pt BEk ek ReldiS PR EaR o RLARERIET, S wit
plurali anmn@e pféfa@éqovectlgm gms thatygpirggt for amplitude offsets

cor feSIOQrHSH @lﬂa 1 Qut%ﬁ%ﬁ&pl%ﬁt?@ﬁre&%z@ec“ on

val ues (ﬁ:g a net{g{g se offset cor réctl og eﬁj}uaj {
to t T (‘-5’§f) “H§= Bhe AACHIERESHFT K UP fudegf @ signa
devi c e aftheadugpurof the rovhieérassocittbewifif meand atherd te ddathiuous wave

process o aﬁlh%é{gk% [uyof f Mﬁ%@ia{eﬁwmgtﬁréw ahd

and/or p ase recerve Ssi
cor r espoxRibgga mﬁuatnnlefedecsf # sienal @ ghecuipetioptie yagives gssedipaed

correct wiRihe M&lﬁ%&ﬁﬁeﬁtﬁmﬁ moﬂeri@apgﬁédraﬂhé fnyut 0 the
transmtters and rﬁtt ecg The device
of clai FF?nénnth’é?oé{)WHi” a leg’gbr }‘fé\gsures a first
anplint udke dmhcaoisulagﬂ &) whesdin théygro@ssopesimpotes 4 pleralitg oBamntditude
associ afg . S

t one i sB ap p\[% h% aﬁﬂg&ﬁﬁ&ﬁs 6fﬂ¥3‘58@?£41§m§ %ﬁ %nrl{gs]sﬁ%it elvi@iqefmm an
associ ateHeawiaratiohetvwierrthe hirde and) the sepprkamndigidgassociated

second {RkédubiiRs Of and whibrd 18 hmalttudederd® Wr Rdtanteinatph8 associated
recei ver.ass |ated vinththeflrst ant enna when the

conti nud BH'Si's applied at the input of the
t ransm Heaiewescsf@muﬁdzhmmﬁle@rwasm&rﬂmpf@essesthelﬁrahtyqﬂ
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, anpl it u’?'he da evice of CI%, SFC%eremath Inlrcgcteslélgrerne%ssﬁ?eg%e%}f?egences in phase

responses when the plurality of transmitters and plurality of




with frequencies fk, and where the anplitude ofi{hS@hrch 2007
for the antenna path associated wth the first

antenna is 1 11. The device of claim 10, wherein the
processor further processes the purality of baseband
transmt signals and/or the plurality receive signals

Wi th corresponding anplit@@e correction val ues that

achi eves a net anplitude offset correction equal to

cor r es pdPraivey 2eriied fordeh ofepieglisy offrequengechyarssdp a gio

cl ai m 1 frephearyeband bfiepeptiotessor neasures the

di f far engeacitt o@eﬁm HERBARS St E By RletE b bikraily of
. transmtters and ura

It
[ ecer ve e TRGEHE el f&%’é}éh thspluaahaf efrbasepsng tigpsmit signals with
frequen @yrrésbamngl gﬁoup delay ¢oditdn vhlo@qhi® B@jbcbfaﬂg-o@‘ delay offsets
oper at | Qo ?%t%? HluraﬁBr O%M‘al%g‘u e;s Cl a 6{%?3’ (Tf r%celverfs w1téms eband .

processor rocesses
r ecei ve baidyridih of abadebend sigral. pI ur aI ity of baseband

t r angnite déh&ﬂff'cﬁuﬂ\ﬂli the&ﬁrtﬁ@ﬁ%%i' Bkl W PrustiiPor group delay

correcti Vv hat correct f rou .del a sg&
anong t l‘?gfne& ﬁ’ftﬁf’ ?’Fi{‘%li’aﬂ‘tsfoéffg???&o? %m’é“iﬁ‘B S |t°a]¥ frotp tayy farst
receive phaswdifferancaaanb drdedodd phaoé diffeleasabiapesicg fiaind where
14. The .
corput eSS By S ) o ATt b UBES i anppa 0
ant dAana Tpatlwyse of cleior Mewhwein the groacss@wnmsutps thejgrpwp deflaf ofsets
the fir h

differ e%@el gt r eﬁéd(glgfgg%%%&ﬁg?’mﬂéqggq{jﬁg q?" )%j}

del ay offsgeaicd with thpplumiitye equeedits fiaskaevikeid thm fird phdse
first agifepng hested h3re Jéﬁ@y fé ﬁl‘{d ﬁﬁk)qg th%ls@c'oﬁd ﬂh%se difference
wherei n the processor conp e group delay offsets
equal 6WWW¥ﬁ2Fﬁ$Wﬂm§ﬁ®§%ID?“ﬁql|ne fit through points

{ I( f klél V| The(d'fé%?e of¥elalch (é(Mhbreg&%?@de%?ﬂo&&skbth%?ﬁuah%y of
ural i 0] reguencl es IS e I rs
oo bR e s adi et Eef g e et 1)

is the seospuhdinggsap délif @nertive valnesabatnddeat a fist gup deyy

fk, for

wher ei n OJt?f efcgjfeg{goe 's%lua]f t tP %—lcs:]ogrs gr% X&?gér%? g‘lf@ J}TS‘;'It?of
basdfan dl"herdaﬁ@erﬁftclaml i whsremﬁleﬁ/mceﬁfpumqnteyts @,lfe erep dpland
recei vecitdgiia] vt idhg MYaESARPAGEREs gr oup  del ay
correction values that achi eves a net group del ay

of fset correction equal to the correspondi ng group

del a¥. oﬂisﬂk&hﬁ@&amﬁhﬁngevice of cl-aim 16, wherein the
processpr é Plahs ﬁu?t%l's %‘Pﬂﬁoﬁi\%}t%rresﬁgﬂcﬁfgcot&so& a plurality

values usi % - pass ter ‘proces
of baseband transmit signals for snnultaneous transmission via

- corresponding ones of a plurality of antennas;

b. aplurality of receivers that downconvert a plurality of radio signals
detected by correspondiné ones of the plurality of antennas to produce a
corresponding plurality of baseband receive signals; and

€. aprocessor ooupled to the plurality of transmitters and the plurality of
" receivers that measures phase offsets at a plurality of sub-carriers k




18. A radio device conprising: a. a plurality abMarch 2007
transmtters that upeonvert correspondi ng ones of a
plurality of baseband transmt signals for

si mul t aneous transm ssion via correspondi ng ones of a
plurality of antennas; b. a plurality of receivers

t hat downconvert a plural pgy of radi o signals

detected by correspondi ng ones of the plurality of

ant ennasind eoupled dursesive inpuibtortespeingt mgodpitadrvethiantgnrafi
basebandyif gt&leN@e-air BN caRlB BorfectiBn, I%@ ﬁ@&ﬁx‘i}[ 2t OB Lxﬁ)dcamer
to.the pluralltpx%sgf transmtters and Iurallt of

- recei verks? 1hed Hipsg differcgHhne Iatflﬁg‘@?gr %&na &puﬁdaqt.awmut to
of sub- cii¢ frirRhteKasdatidadrvGih A0 i a2 ccﬁij)ﬁ:d aouRt&Eek iagut to the

| “Via arteBiar R R SRR o Bt FrE AR
measur i ngnaseti@eatini s 2ke NarhoreN is the mmbed auterpha sl wherein the,
differe Qﬁ&e&’ﬂﬂﬁ ofsdTHhL b #nmiétﬁtgrok ﬁe[seb%hc%l&' rait \%F%%%a/@ﬂh lurality

an i nput to e trans assocl ate ant enn |
and couptféepebpnd seceipesigngls With gorrection valyss thptepmasoy F the phase
Iassocl atcﬁt@eﬂ!\dgl%zﬁuk@& eﬁdh%‘ﬂhe%ﬁﬁflw_sﬂﬂ - jover WL he- aIN r

N apl e connectli on or I = ere
i s lﬁﬂ " Bgenoer claft Bnk %femgﬁa’r?m%?reqrweﬁﬁ@'e Py eEsor
pr ocess éasebind tyahdmiibdigrials aﬁd/obtasﬁbamjr off baeisani tecavgﬁgias
and/ or K‘Fh% p%,li roﬁlsét %%rrecpcgn vaﬂlsése F andh s%:cealn‘\{e% k%hagac e]y a%nelg

correction val ues
measur edhase O’éfaftt porrsbtiqreguy) ItQJar mlammilaelh(kla bl(b)ar rcméq)]SWkere

19. The c@l@\”eﬁﬁ][{ﬂl(k)c @J(ll}])laﬁdwé@}@ﬁ;e(kﬂst he processor

processes t he band transmit si nal s
and/ or t%ﬁrﬁtumsm 1ffegﬁn@ﬁan5a's€%§ﬁlep seemd plase diffgisagesior i 2 h
phase oftf,gﬁgn(p‘ongr@glm)&n val ues for each sub carr| er k
t hat acﬂth(_j es a phase qf fset correcti uaI

a meeri gffef ?5“ 18 heggin the processqgegypute f‘és f(’k)
= exp(| ahteninaphths of cyrrespdnkding )mtenmﬁ Wheng fz\omu(yk )ntdr&:pt dfen

]:j: ; ?ter 22%@2 £ tgxlouéh ntszﬁfk% C{Ny %ﬁ%ﬁ%ssociatte%e Ién)etﬁe_ﬁlgrag 3z ¢
The deviseecagierch aibeme ¥G(k) istbe éIlStpllafteehf@mnemure@@tmt es
phase Of:irﬁé‘rtksanfi Q{ (kh@%@&eed PRt EEDEncE 9{e£sﬁﬁe?9{‘ﬁ’éq|ﬂ&my

~antennas i = - Interce I né
fit thr Wkﬂ@ W@ewhe p&lﬁse@ﬁffetforwq Ef;lyf}paﬁs%w&}asﬁled
Wi t h t heipknerfadtiahtynfis 0.sub-carriers k, where yri; (k)
t h ff d at -
o, B R S B e B b

at fr eqbasaleyd transmit signals and/or plurality of baseband receive signals




sub-carrier k, and where the phase offset for tipevarch 2007
antenna path associated wth the first antenna is O.

21. The device of claim 20, wherein the processor
processes the plurality of baseband transmt signals
and/or plurality of baseband receive signals 12 March
2007 29 with correspondi 2§ phase offset correction

val ues that. achi eves net phase of fse rection
equal to Yifeopgipp ?er?éfsﬁﬁ%"é?“‘ﬁ?‘fﬂ&‘@i é‘at aghieves p get

devi ce ofphedeaiffuat 2drrectibrecqmilto the@onpsspaeldg @hasé uffﬁdtne r

P 22 S ¢ ik DB tcldh oY, il RS ERARA hEADGdeseBl A0 RSty

- and/or the plura ase recelve

cor r esporfiiPeig @ﬁﬁm%ﬁ:ﬁé@@bﬁlﬁéﬂ teontyrality p@bﬁs%mh@sewwals
- correct fwih co&@@bhdmgiﬁnﬂiﬁfd‘é @ff§et S6TRBEbntvAR e Dbt cBtrédk Yor O

transmtter urall Jeceivers. 23.. The .

el oo of Ryt Sk i pSieHl Sh o A et regeivers.
fir s23. anplhetdedes afﬁ:laan 25 ivgrein the prodeesoombputes afirst freplitude of a
receiver _sthnal %k{h@to utVHf il r@é&fv@%?ac{ateﬂtwﬂhqgﬁeﬂlaq LAkl ;}Mraglgr of

sub-carri ers ti-carrier
~at the | rfb‘eﬁar%?rsméen%%lﬁth %&nalagétﬁ@%@téwwwn thpe

first | anttﬁﬁsﬁﬂttétﬁ&%oﬂi@@& With Shedir$ Ao addkdstiidsl@secd a'rhphtude
signal at .the

d
the 11 r st AnE AR o BF e i S E B iy e
when t he pinidlity ofsalp-rargers k myerathe mgltlappier gghabis apriiied atrfpinput
of the t ro@ﬂl%ﬁlaﬁshﬁt[ergs%&gzﬁ% fdja,n‘(!nﬁah fpjeagayi, for i =

2 to N 24 he device o alm 23] erei’n the

pr oéés s orlhe 8eHinstod slabimpl: Mhergin th Aracesser gamputen amplifpde offsets for

paths co rahteﬁﬁ%ﬂik étgrebpbnamg ﬁﬂﬁ&ﬁnals i=tko Ncrrd}h arf £v@RALAHY a ratio
aver age

t he first
the socomtarmt Pttt ae deom s s B8 oSty of
sub- car r iserearers lnaod where the tinplitadepiffs¢t fictehanfeped patloassdcinged
~antenna RakMmAESOGleflSd1 Wth the first antenna is 1.
25. The device of. claim?24, wherein the processor

furler Phedeicos clampdPhierginithgprocsssoniiehes Rrecseshspiplity
si gnal s anblseband fighsalt ufgadls :In)d/oeﬁle bm@waagemalr&ewe signals

signal s th corres rr.ec

v alg ues t RAT HERPRVLE ?%&?9 ‘é‘)ﬁtﬂ‘lﬂl}( 8@“*3 tﬁ*ﬁf‘%?"cs’ anet amplitude:
correcti offse chlctmmquﬁeo the corespudui agplings dffseisie

of f 9@t s. T%@devi@%%f fedl 2 wRbrefnlud gt Ror fﬁﬁﬁér%i‘dg?gs Ghe %urahty

processor further procésses the plural ase
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anmong the Blll ur ac&tssfts B a‘H%rﬁW’ P gtf@s%ﬁgm 6?{&31]&? )?Eof
receivers. ) ) ’ }
27. - Thedevice of claim 26, wherein the processor measures a first amplimde at each

sub-carrier k of a signal at the output of the receiver




receivers. 27. The device of claim 26, wherein tarch 2007
processor neasures a first anplitude at each

sub-carver k of a signal at the output of the receiver
12 March 2007 30 associated with antenna i when the
mul ti-carrier signal is applied at the input of the
transmtter associ ated vvlth 3he first antenna and
gegfgggls SRRl IRbY P m%l_clgc%gneefg& R lahtif2h affihput
with the ¢t fstfaﬂaﬁlﬁapﬁﬁﬁa%@eﬁlﬂe% ot PR s Agcpnd

i s.appli eﬁ!nIﬁJGUdFHbeach Fibearrier k eftpesignakan Sivicttpeirof egessivat ed

- Wi th ant enssigiated fithithe first atednaMheRthe mhihBcaatey sigral Bfapglledianthe

2t7, whcher eih@ltbme ﬂﬁx@ﬁ&&ﬁ&éoaﬁ%ﬁ&iﬁ%ﬁtsﬁtﬁﬁ%ﬂ - 1 ale og fset

a c arri or, antenna paths c res n

o a ennE 4R oty oy Ve R RER BBty S plgfce ot
first anpitieichdeb-canibr kfier astenmpathacqiesoudieg ata_nemmm =1toN,.
frequencysgubs QrbEtbv%n tﬁe fu@f%}pmﬁg E nd 118 s R0RA 4 'n{gjgglﬁe at each

of fset at each sub-carr.ier or the antenna

associ at dEPMFCK sybnarter k.nd where thegmpltude offsgt at Tarh suhecAries

of cl ai mﬁ&hemam&bﬂhhdaﬁcméd)ﬁﬂﬁtﬁ@ﬁrsf Atitdnhei 11 ocesses
the [ ur nmtS| nal s and

it f
pl ural i t l%flxjgg&gg%ﬁia Sg gvglgll' SPTgeraToL fpinpprocesses tge plurality
cor r es pordbagbandtriansmitchéznalf fugker phoalite of Lagsbandakeets sihals with

each sub- c%ﬁ‘és‘inbﬁﬁngkan{pnﬁ%e of?semoﬁxc%n Q& %Hlpwbtcu%r Kk that

of fset correction equal corres
anpl i t udéyfyesaps mrmbmder%ebv@vpﬁ@nsw 1oahqﬁ01resp9we¢ge. n
the procespitudeoiifens] ses a baseband signal processor

t hat f t d t ]
ol A BARERANE IR A6 bt s LT et i
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baseband SI gnal processor 1s Inplenente I git
| ogi ¢ gatbagbanggeceiyRsienflyi ce of claim 1, wherein the
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are inpl Qon si ngl e sem conduct or integrated
circuit. %%t%%% C&eVice of claim1, and further
comp. si AYe devieswe Paiss!, fhreiothefharelity of teinamisiers byd plivelity of

“transm t tgLivan Qrern%ﬁl%hl&ﬁéd m%&& Wi fchbr ﬁltegrated circuit.
corr spon tenna. . The device of claim1,

whersin tli %H‘}’:}’F“&c?gglé’é‘}l ﬁ%%@&h%%m%laasloma%cﬁétﬁvwé%

shared by the transmitter and receiver associated with a corresponding
- antenna. |
34. The device of claim 1, wherein the processor measures offsets and computes' '
‘correction values to correct for offsets during a self- calibration mode, and the

processor processes the plurality of baseband




correction values to correct for offsets during2avarch 2007
self- calibration node, and the processor processes
the plurality of baseband 12 March 2007 31 transmt
signals and/or plurality of baseband receive signals
with the correction values during a run-tinme node.

35. The device of claim34, $herein the processor
execut es the sel f - §ﬁn3J|b a |o node at_ devi ce

power - up HRgmp StepaleAng/er p %?F‘i‘a@iire"%‘%”‘gm’é“’é‘@\tr‘}ece
of cl ai m@m‘aﬁﬂvﬂ‘éﬁstdh@"rgmnﬁmﬁm@g a nenory that
Storss i THe@ewi®d dfCRink 94, JhbreM tlﬁé&froo’éﬁﬂo#@&&ﬁ’é@&he%ﬁf— calibration
correction vaHJes accor di n ? Etf gttl ngs of the
ol ur al 1 ¢y o e e e dhraiptfaly BereaBis 1 ngs of t he
pl ur3. i t yItefdeviceedfelaine t sand ﬁﬂther'l'dmmmsng cmembrychanstone86,
wher ei n t1Hf3 tﬁﬁﬁ)sﬁl% f&%ﬁﬁ&h@ﬁt @Egrfégﬁcﬁl Jaﬂe%@cﬁ&n%to gain

responses an Ut es al n-1 n ent correcti
val ues, @n&‘ﬁé Ff@uphﬂ%lﬁéo tlﬁﬁ%%@%mdfoaeiuugqt@gf pithe plurality of

gai n-i nd&s&nﬂﬁnt correct| on val ues according to the

gai set e i nf rmtl on st ored
moro?y e We s it o ot s ReeRgr Bt e byare
t hat conpripgesss ealdpbmpla¢8| geip-iodepamicairenaection galues, and wherein the

correspo %c@gorp‘id}ﬁ%@ltﬂetgym%deﬁ%ﬁgﬂt V&Rt AN s ﬁ:cordmg to the gain

correspondl ng pluralit transmtters,
conpri si i %&Séﬁ’é‘gHmeamaﬂ%%%Brﬁiﬁ’gt SREEAYr esponses of

the 38l urad mét&dodmfor &dhﬂllﬁﬁﬂig 4 faib ﬂe\acﬂadhdt B@nprﬂlasu{ prhlity ofdfntennas,
receivers,

di ff erende Oggsg ndméﬁj ﬂlgahw ‘-z%ﬁ‘iewte % agd ? ?05?? %R?F?‘?%ﬁ“rahty of

associ at dynspittérs, ghefrpgtintd Campemmstﬁmdf an output of a

recei ver ;assoGidadutal phhdehesBits&G AP Re | it:lural?tﬁ? O BnsRENHdplase

di fference betnﬁailm(gn input to a tranSmtter

associ ated wi Fﬁﬁ%}vqfs » COpPRYising Mg Tyt phese ditfasnse
associ ated w ﬂ:htwbéiﬁinﬁﬂpﬁ&ba&msﬁlﬂféﬁasscfcﬁfed wwitkra Brst @tenid,and an
where N is th%ullgr eC?rece?ver%lsoc:lae w1ﬂlan?r%%b6% as%ponaphage

plurality of I'on valrues from
di f f erences ﬂﬁmw@wm@mm&famamﬂatﬂdmmmal

phase responsegsy Sfoupi&ra Rctild LiéSSéfaté?ifmﬁJmﬁt&ﬁﬁ FordBa ¢,
the plurality of receivers. 39. The nethod of claim _

38, wherein t PeEFe] ighe REhEAPHEES AT | ses conput i ng
the plurality cmﬁplmﬁgﬁﬁlﬁfaih@fbf\tai'ddﬁ@l \taﬁﬁdﬁbrﬁ tHefphase aBiefefices

the plurality,of, %ﬁ{‘eenc Ghafy ’aé’erre 'OH%S‘EftBé/ of
baseband recelve S|gna S Guch

plurality of transmitters and the plurahty of recelvers
39. The method of claim 38, wherein the step of computing comprises computing
the plurality of correction values used in processing the plurality of baseband
: rsignals and/or plurality-of baseband receive signals such that when signals '
are transmitted by the plurality of transmitters and/or signals are received by
. the plurality of receivers, the difference between (1) the phase response from :
an input to a transmitter to the output of its corresponding antenna and (2) the
phase response from the input of that antenna to the output of its '

. corréspon_djng receiver is the same for each of the plurality of antennas.




are transmtted by the plurality of transm tters March 2007
and/or signals are received by the plurality of
receivers, the difference between (1) the phase

response from an input to a transmtter to the output

of its corresponding antenna and (2) the phase

response fromthe input o%2that antenna to the out put

of its corresponding receiver is the sanme for each of

the plurality of antennas. 12 March 2007 32 40. The

met hod of claim 38, wherein the step of neasuring

ConpAa. s esThemesigxd fof elgint }sewﬁéreﬁ&heatb@@emedsﬁfug@ﬁfpﬁsemen a

signal is
associ at el‘g%&ﬂ-lfnﬁﬁ% Etipﬁ Pczeen“%lgn 2 Sign atl s BP 168 an mput to
recei ve thaippsmitisr QSB@lqte@c;gﬂ-th» ﬁra@gmm doualqdh " emtlemna

i via an @M@Eath@ﬁcawr aésbaiﬁe@aqth At&aP] Ba %9&)39&1% aﬁrimﬁepl
measuri ng tgg secon ase Lerence

i s appl i étf2RE yest wa %asth ¢ SSRAYdiPhese PH§

W t h_ ant esipgnal is appiiadiat@o iphed tasradsniieg @bssdatcdipith artt@mhhe
gsg f' ;’ﬁg agllﬁ ?&ﬁi@ﬂ&?greM&an%Fgotg% {?geﬁ%e %@éc%!?{!ﬁm\’ﬂ e ﬁ,gt

N, 41. TH&IHR ot oFr-brair ke a able cemectiondorsaho of

Measyr i Ngrhk ARthbll bEdlaiRBSeherdh b SELHGRaRH: ARIRAGHRDaSE
dlfferengﬁ is re eat PE%rﬁ$%cont|nuous wave .tone

appl i ed Alteegr ad et reaiedforgogimopypave
bandw dt horwfapldleb amﬁmahiy offrgmercies §Acrodshibe el nidth adh baseband
claim4l,gyherein the step of neasuring conprises
nmeasurin the first phase difference between a

di gi“al gﬁha mgthod of glaimi 4] pyyhereip the si¢p gf mersuring compriges greasuring
conver t erhfttphed difRrdnbshetwRA S mgttél @fgnaaﬁxsa@qh@t &ch d@gltahto-

the first _antenna, and nal at

of Can an ot eavaier s igled e it S it ing R dntenne
out put ofand hdigitd cighal et anasiyucofan edalvg-ohligital @npater coupled to
nmeasurin ghet &glu?@ﬁﬂ&gcel\%p Qs%gcifg&:f ‘I/g[a%&ﬁlge} 1b5{dvfﬁe%ﬂrtﬁ the second

digital SI at an 1 nput to- ana
conver t eph %Ss differsgca bstvasma ﬁhgaﬂ mmhataqn B b chglta&tc\mmhg

ant enna. ico@@flerdogilg tb @le traBinGiNa! asAbiaBd will hdbtina @ indlePdigital
March 2007 3 an aggdog to-digital converter coupled
“to the odl ﬂf OUYECY ecei ver associated with the
first antenna. 43. The method of claim42, wherein the
step of conputing conprises conputing




br oadband phase offset correction values for anbevig@h 2007
pat hs corresponding to antennas i =2 to N, froma
y-intercept of a line fit through the points {(fKk,
wi; (k) - w1(k))}associated with the frequencies fk,
where yli(k) is the first phase difference nmeasured
at frequency fk and WI (kpB3is the second phase
di fference neasured at frequenc and where the
br oadbandSa#eogfigiabeonvesy ?O@EIFX @ﬁhwtmlé ofthg reggier associated
antenna pritiithefsopicated with the first antenna is O.

- 4Bhe nplhQshoRlor 8hidd 49, dlerciMR feb'af L uﬁﬂ?&n&hses computing

: rreasurl n ies measur | ng fsets anong
the plur r?ﬂdgg&fp #5° QHESLFPrFestin "éh‘&s {9r errt%nnﬁ pfhggorresponding to
recei ver santefifins i F2ao Mpfrbvad yahitercbiona Hek, ﬁt\ﬂh&[@lﬂﬁ: pole {(f,

step of ur, e sur
anpl i t ude'’ @g \'}”Qg)égs(g%‘p dsvi"% ouLIP meg?‘ ‘{?}f?re\F @9(%8 e st
associ at edasgidifferenagmensured 4t ﬁvmrmytfh@dmmﬂq) isribroeerndphage

tone is apBlrdREmddsuled fefiily Pfand Qﬁere Hﬁa@fbﬁﬁﬁaﬁ& ﬁk[ase offset
associated with the first antenna an

ug
second arfgFreigryKaluefpr the tﬁ’ﬁ%\l’aﬂé‘l‘ss‘i"f?éedd‘ﬂngﬁ “6tfan'teﬂ‘? is 0.
receidver Tissaetiod bfdaimi 41hwhdrgin fHergp ofuntRmmg colprises tﬂaaurmg

conti nuo i .t he
tranom ¢ EapiOUEoteGnld: PR oRhubifich Bt bl P
46. The reelyed- of cl ai m 45, wherein the step of

conmgt i NOrhe afEdol Sﬁ&al&mﬁér&ﬂme%ﬁbf ﬂléiﬂﬁhl%fct)fiﬁﬁses measunng
correcti 0 val u ant.enpa orr espondj ngwug

f
ant ennas % SI afp ﬁtﬂ)‘d?\iggafsf%?n apthe g 8‘1“ 33166‘?"6‘8(6 2tocgte
bet ween tahtendaiivgdien thepbritinues wanstond k epslied airtbe applof thude
associ al @ndifd} alsAGia Bl WiRlre s Hliordel SEWEOLLES e {eoncAfbricuce

where the anplitu correction va
ant enna [9A# Figna sidbeouipud ef thwet:tﬁvqr REsogipted with fhe Sfshant¢nga when

47. The mgtdashuehs wiveidhe Fhppdaat @k hphfs? tRtt@RsnQfer associated
measur i n%fng nt]rg[r [ setahnenfn ﬁr ing the 1P| rst and second
phase di PBRERS e Phe plurality of transmitters
and 46p| uiTat methodbf demeiS elicseimthe step oBmbnipotiggompdes aomputing
Pand of - aaale GRUADGLENINRS o it bl R b BB
“cl ai m 41 2ntGRes &7 htalhdrog @ﬁvmg% a &1 baty certhp firstanaplitude and
nr?‘ ats urin gxe sgcfoem amslech@eyasﬂ)bl}‘afete @R qeq)haﬂnp of frd¥RerRley fkgaéﬂdt y

of transmtters | | Vers.

et hoa omiete s et Eraeding vk e aefawgln@mated
further wuthheifggantennais 1.

- 47. The method of claim 38, wherein the step of measuring comprises measuring

the first and second phase differences when the plurality of transmitters and
- plurality of receivers are tuned to each of a plurality of frequency channels in

a radio frequency band of operation.




computing a plurality of group delay offset coripaghichr007
val ues for antenna paths correspondi ng to antennas
=1to N fromthe first phase difference and the

second phase difference, and where the group del ay

of fset correction value for the antenna path

associated with the first anteqna is 0. 50. The net hod

of claim49, whereinthe step of conputing the

plurality of group delay offset correction values for
ant éfna pHetirethod of daipiot diviggein thestep e fimeasuriing-comprigey mipsuring

f rom - (1/ é&lﬁ) dblay dﬁﬁeﬁ@&s Shor the P Erafity bof ﬁrﬁrslﬁit'lgﬁ aﬁ@ﬂaiﬁﬁaﬁty of

{(fk, mﬂlg%# - yr )] associated with
pluralltf frequenC|es fk, where yri; (k) |s t he
firs19. phage methofl beclamos, waaayﬂedm@bf&mgﬂugpmmmﬁkmqa&m
ﬂ eé ﬁ)en IC)S/ o%n'%u 1%%%?% ép (ﬁg{ﬁlg %ela gffﬁep correcglgn v@\klles%or an{efu'ﬁa epaths.

step of rreaswriding tearpmesies] addoni thy firsephasaditference pad the

k associ %E&Qd}%gsgdx?fm@wet éndcv@}fefé thd m&%ﬁg% Moﬁ'&ﬂ Wilie
process first phase ference en | -carrier

baseband §Ii tewten%mélwﬁ?%dawahe fissiaptpna ip 0t he

tr arsiﬂmdt Rk nRE50 61 AdiRdio\Whdieit hﬁ sfep 6§&on@,ﬁﬁxegm@p1&raﬂty of group
coup e I Ve L npu the recel ver associ

oDl o e L e e e RoR00h Al -
connect i Qrp Nefiruoh {281t sloyg ofib lmﬁﬁthhmugbrp@msr{(ignm.@() ek}

second pfg 8ot e&&ﬁﬁ%ﬁ@%@ﬁfﬁ&u cﬁgwpﬁph&)‘% he &’%‘E‘ hage

'S applle at an i1n assocCl a
wi t h ant diffrgenice measuied aiffeauengy fand wolk) iy deisenond phage dlﬁ@rcnce

recelverIm@§§&§ﬁ§&ﬁgﬁwﬁr1the first antenna via an
over-the-air |ink or abl e connection, for i =2 to

N 5% THéemsthadef Cé%‘méﬁa‘f’fiﬁf%lithe\ﬁﬁé%‘?l??s% cgm@ﬁe&measurmg'
comput i n@t ﬁ@maﬁieﬁ&s&ssbamwwﬁg mudti-Eirag ®aRband Sddelatidrtocess

trix di K k
Cubr car ¢ e e Hrsde e p iRt piaeb e TRy el oo
for i = 2npubtoihe tvdnamﬁterl\dssomateﬂ gvith thedfast anefinaznd erpkd
and wher §?c\é4ve I}f)glt tl) ﬁ}e ?czce vErSatSst%[A?eﬁ %m‘ﬂ élIllfCSl{an/?a %%rv\ﬁg Bir link

an in P ut ransm -t
recei ver ofa aqblesqsrbnqt}mrr pugth miasuriggct 9&011 (SINCycar@eréc thessemd@hase
phase di fdff?e?&@&@heh?a Y86 ehridO8cnat égp;@ﬁ& YYQR PapRfto iHkbhshiBter

transmtter IQ? an output (0] I'rst recel ver at
sub- car r PEPeiatgd Wiikanignas bar}sllcewaleiaswccssw nphido TP CIof

cl ai m 51 assokige®iwiih the €rsb :@End FiaQO 0Hhe Fr G b c&RS
conputin% br.oadband ﬁﬁise offsets for antenna paths

cor r espoNPRYPOLYt % 2 to

52. The method of claim 51, wherem the step of computmg comprises computing
' 'a_dlagonal correction matrix chag[cl(k) cx(k),..., Cn(k)], for each sub-carrier
'k, where ¢;(k) = exp(j[1:(k) — yi(&)]), for i = 2 to N, where N is the number

of antennas, and where yi(k) is a first phase difference between an input to a '

first transmitter and an output of receiver i at sub-carrier kand yy(k)isa

second phase difference




N, froma y-intercept of a line fit through poir®arch 2007
{(fk, w,,(k)-wll(k))} associated wth a plurality of
sub-carriers k, where yri;(k) is the first phase
difference neasured at sub-carrier k and y ,1(k) is

t he second phase difference neasured at frequency
sub-carrier k, and the broadbdhd phase offset for the
antenna path associ ated mﬁth the first antenna is O.

54. The thod of claimb5]1, relnthaats of
measur | ng P HOPPE T BaEe: LA g aFTResperat sub-carrie
anpl i t ude, atd whete @y #ilers k of a signal at the output

of 1 fﬁe r"ﬁl%%eﬁﬁﬁ oiiél?lﬁlcﬂ lagvﬁg[el\ﬂntﬂg@teﬁ r(]ﬁ“ ?(ﬂrg)%tﬂlrﬁ)g@%ﬁfés Ilﬁmputmg

mul ti-carrier si
transm t thepadband g S&Pfé‘@tw@wqm@afhs eRrespontliag treantantias i =2 to

measur i Ny, afmnsaegaﬁmce@mi a' ﬁnb' HEtheugl® pint§ AL 1!;,?1()& WK (kt?)f} afdociated

si gnal at .the. o recel th
The T ol e i v A R R diergee

appl i ed ateatned at suhauameok amdmrai(k)nams mcbﬂdq:haﬁslsfﬁmnaé mehsured
w th ant ea??\ﬁqéllency s %a{mcr k Nroaél?andﬁ e E@Jepﬁgthgtantenna path

cl ai m 54 rern ep o conputing conprises
conput i ng‘SSO&‘ﬁtﬁﬁthEﬂ@f‘é?ﬁ%‘@m@d}rect| on val ues for

?nt eana PRk h&mfae bf] a&?pnd wn@em%e s&liito@ Bﬁgs%nhg ﬁnﬂ.ertcembhses
romaratlio.0 I.I'S i t.ud n

bl ¢ uadneespite a ST wipl Rl B K Bl iy & oot of the
anpl i t udeccsiversesocmted vathtahiemnav athene the amlti-éaerier aighe iapplied at
pat h assqgdighgdr t‘% febhskiGer Eés&ﬂteda\WhetHQ fsf aﬁltelma g}ﬁ me-gg.ﬁmg a

nmet hod of cl'aimb5 wher el n ng

conpri ses$e@BHHBR l}t'ilf%‘f at %Wrﬂaim{fd@féﬁ&@ fkthe @‘FtP‘é@f Fhé geceiver

val ues fagsoaﬁtwﬁnmmairslﬁsms&ﬁm&meehungcah@er s@ﬁdl Bed at the
=1to Nmu{&‘? nanav ]%EJ {1} obe ween IH i rst
anpl i t uddBPoT BHE §181 S‘h 303 slrphgRema s 22 M M al ity

of $8b- cdike meﬁr@d &t clamd4yleren theetep ahqohiptiirgeonbfisse torthitting

h
t1 elgntwg1 rlacghﬂa@é &rfse@c%ﬁeat@h %ﬁuygﬂmnterﬁa au{s%ﬁmﬁpéng[h@% i s

further EBfPREST th’ 1‘6 rf@ns% @bo 6[%thff @W@nph@d%m&aﬁmnéﬁmphtﬁde
anpl i fi eat dabh §ubeairRe B e ivhag SieGiniplitde Wirdchc@Retidf vahd €or the
plurality of antennas nal coupled to the
“associ at &dan &‘ goflatgérqgﬁﬂf}iegﬂg f“%%‘?ﬂ 6%112 of the
pl ubad ity h@methgd bfalaim 3t cvtreaein the step of computing comprises computing
amplitude offsets correction values for antenna paths corresponding to

antennas i = 1 to N, from an ave_rage of a ratio between the first amplitude to
the second amplitude across a plurality of sub-carriers k, and where the

amplitude offset for the antenna path associated with the first antenna is 1.
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57.  The method of claim 40, and further comprising the step of lowering a gain of
an amplifier in the receiver associated with one of the plurality of antennas when a
signal is coupled to the associated antenna transmitted from one of the plurality of

other antennas.




