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pass filter SBRHE CRIBEIONQFR THEDRAWINGSy| e carri er

or FIG. 1 is a block diagram showmg two communication devices that

communicate with each other using MIMO radio techniques.

FIG. 2 is a more detailed block diagram of a device and showing sources of
phase offsets among a plurality of radio transmitters and receivers.

FIG. 3 is a general block diagram of a communication device that employs

techniques to correct for the phase offsets shown.
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ort hogonal frequency division nultiplex (OFDV
systens. FIG 5 is a block diagramof a device in

using alignment matrices for OFDM systens. FIG 6 is a
bl ock di agram showi ng how co4recti on for offsets can

be ma n the cel ve
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Associated with each receive path in device 100 there is an analog-to-digital
converter (ADC) 130(1) to 130(N) that converts an analog receive signal to a
digital baseband signal. Likewise, in device 200, there is a DAC 220(1) to 220 M)

in each transmit path and an ADC 230(1) to 230(M) in each receive path.

Furthermore, device 100 has a modem 140 and device 200 has a modem 240. The
modems 140 and 240 are processors that may be implemented by digital logic gates

in application specific integrated circuits (ASICs).
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between their antenna arrays. For exanple, the
anpl i tude and phase responses between the DAC 115(1)
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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 in devices 100 and 200, respectively, where:

A= diag(allei¢ll, s oclNeielN)

A= diag(oc21ei¢21, v OLZMGjQZM)

B, = diag(Bu1e®'}, ..., Bine®™)

B, = diag(B216, ..., Bave™)
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are represented by correspondi ng val ues of the
di agonal matrices Al, A2 and Bl, B2. The transmt
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among other components, a low noise amplifier 167(i) and a downconverter mixer

155(1). A switch 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

baseband side, there is a low pass filter 125(i) in the transmitter path between the
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the receiver path between the ADC 130(i) and the
receiver 135(i). As indicated in FIG 2, the plurality
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One way to ensure optimal performance of the MIMO radio algorithms that
depend on channel symmetry is to calibrate each device to ensure 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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Still another equivalent way to write condition (1) is:

25 For amplitude,

y11011/Br1 = y120012/Pr2 =... = Yinoun/Pin; and

Y210021/Ba1 = Y220022/B22 = ... = Yam0an/Bams;

For phase,

[x111011 - d11] = [(12+ O12- dr2] = ... = [ 1n+ O1n - $1n]; and
30 [%211 0 21- 6 21] = [Y22+ 022 - d22] = ... = [amt+ O2m - bom]

2(N-1) and 2(M-1) linearly independent equations are required to specify

this condition for side 1 and side 2, respectively:
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30 path from the input of a transmitter to the output of its corresponding antenna may

be referred to as a transmit path for that antenna. Likewise, the signal path from



direction, or both directions) for each antenna path
associated with the plurality of 5 antennas. One way

wa eoodesisei be the rel ati onship of equati on (2a)PCEUS1v83/028126

in a device, the difference between (a) the anplitude
and phase response froman iaput of a transmitter to

t B ik BEdn Renhl & HOEBIROME chAGespHid@itacedt nlah e kdl@red

anplitude and phase response fromthe_ input of_that

atrt asnrigceivs pefhefopthetantengs. Fhase %K?@’@B*g% F”iﬁ‘@mj}ée piEeki ver
' %oﬁé&ﬁ?l’f‘@ﬂ@es(a%pl@d fé%%ﬁ&l@ gh }heftﬁhsrfi‘llt batRBir&IHoA Sreddivepath

N antenna evice). One way to descri be 't he

r direationyrns fypfh ditectéansfior eash pitepinapathapseeiated withdhe plamlity of

5 ( %‘ ¢ anplitude and phase response froman input to
ransmtter associated with one antenna (e.g

ant enn@nd yvay t® debeibe Ullllqmlatl@fshlp lo€equetien (Za) is s bd @M@G, the

(BT RE b on, GREE AR S op AR EMARC ond & OB L0
oftrahslitﬁtterrta ﬂ&mutpueof maespamchm;g amitenna amt @hthg ainplitnde h@l

out put of cel ver d or

alpF?sg ﬁesg?m,g otn' t € Elp{lt of'\}la??me na%l e PV\GHEPO tcgl%k?oﬁldmé]
10 ex@leRsais tiesamb (eﬁﬂuatomtrantﬁ 1o )l sutgges (s htolMofﬁrﬁﬁ@mema

confl uration, inafter

ek R AN e SR e R seibian (4 e,

V @h)uBSanyplitedtchnd iphise r€xpérise Gbmfa ﬁnﬁuhtb aargmkinitiael &sémzded Wlth

phase of fsets anon

D RS BHIEHAIT &y TOFTR A B DEPEPIsPE e et o irother

S‘%hieﬁﬁ %9 ahiBBnCiP Rebighid] @)(bPthe @ﬂl@ﬂﬁlﬂ@ﬁh&ﬁﬁée rekiRRsd A the
devi ce ransmts an recelves Si el terate,

nal s.

15 ¢ annubef the Fransgyitia estopigted ?é@lag?waég‘ﬁlﬁ‘ﬁ(’&wuf %fﬁg‘e WP al so
Sakdoshitatiit Setdhy &6l anRaRAli=0No (2 a) an Mrakiens &RRWS
devi ce 100 having a M MO radio 160 for which
cor r ec The prplamtignef payation (2b) sgeegsts &Oé'bé@ﬁiﬂ?ﬁéﬁaﬁ“ﬁl’

%b&@h&&mf?e\f Sndy % e @ichlaB nQkueMbat h&dasd {oZRipuithe
The nodem 140 conprises a calibration
c cmpelcttmn ivalmedot; ek meortehtafpr thg emplitadecandiphasesiffyeia peongghe

20 be ugle‘cy ggansml‘gers fd q¥r§19t5§gre£@%§y§%g{ca pcfl% ﬁdéé'ﬁﬁ’%lélg the

measur e conmputes an ores
C Qionditidn @ﬁequaiame(gb) witea thab devine Mﬁsmial agd révayessignals. To
correction hl ock ctl I
e e 2 Sa?;l ﬁ‘tf%?(gl rllragn S {%y m&giegﬁ?eg%&

Oreghationl{Ba)baseband rece| ve si gnal s or to both the

baseba nsm.t .si S. an recej.ve si na S
to achﬂ@é by B A e BT R B el

25 t 8RR QY88 §)Pdre tad i RElet PdQckiald the asridaidnpa E@fiﬁbt&r(Sa)
WO 200 025841 PCT/ US2003/ 028126 11 and

t Fd) pabameten 44Qeomprisesyd (3 braf cmpaatian bl%% {45 et

C ORhE el Bl sRAAS ESHOsed 9 the clitiAliAIAsTEAEARFREORS Makes
generate a signal coupled to the nodem 140 to
the measurements and computes and stores the correction values. The modem 140

also has a correction block 147 that applies correction values to the baseband
30  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
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= symbol rate). In general, measurements are made at frequencies that sufficiently
span the bandwidth of the baseband signal. The first phase difference yia(k) =
[61(k)+da(k) + dant(1,2)], where 61(k) and ¢(k) represent phase shifts through
transmitter 120(1) and receiver 135(2) at frequency fi, respectively, and ¢an(1,2)
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represents the phase shifts of the over-the-air or
cabl e connection between antenna 110(1) and antenna

signal at the output of the ADC 130(2) is neasured at
each frequency fk. Step 2. Réfeat step 1 using antenna
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f rom agrav gl age: Qﬁpdd’f_a begtfit ﬁﬁe thfouigh @oinfsi &ty 1aRY - selond

measured anplitude i.e., {(fk, y12(k)/ y21(k))},
acdcwss the fisquengigs, encr es fk. Step 5. Steps 1 - 4 are

r epeat &g REt MRS AbHNE PRde BAEAISr thisiiethibetviees (HaRtietna path
group delay offsets 8tii_and broadband phase of fsets

80k andregenisananitash 3 s erimajed ysiog the §Au819% ) | across the
gf equeng e§-1£4éic @%@'aﬁésphr ﬁﬂé%roﬁ%ﬁi& {rfkrwlzfaaf \rmrk))

k)/ yi he val ues
&oal:ross the fre&udrlcwsﬁl C 80N and yl ..., YN and are
stor ed r ati o t
wher e f !é *msmaﬁ:hgé %ﬁ?rézgéscgfé?rg tag g%rrfgt% o'f erXt?Jls lrdg't?he

anﬁ@mla,sedohe n@hsaetd ad@hame@f §.SHE B2/ 7u0)) dmeosb tleadband
30 phase offset 801 = 0 and the anplitude offset yl=

1. frepyencigsifts for &ci are sanples at  an appropriate
sanmpl i ey At KepsI0 20016 e B I R hhiekad8:0 284 26 codipute

group delay offsets 8t; and broadband phase offsets §6; from points {(fi, wii(k) -
wii(k))} across the frequencies fi, and amplitude offsets y;, fori= 3,..., N from {(fi,
1K)/ y11(k))}. The values for 81y, ..., dTx, 804, ..., 80, and vy, ..., yw and are
stored as calibration parameters or correction values, where for the antenna path
associated with the first antenna, the group delay offset 8t; = 0, the broadband
phase offset 80; = 0 and the amplitude offset y; = 1. The units for &t; are samples at

an appropriate sampling rate.

a first anplitude yl12(k)Pcf/Usive3/028126



Step 6. The in-band group delay m smatch anong

transcei ver paths may be corrected during nornal
woep@rarisen by creating a group delay of 6tii SBOPUSR03/0R8126

receiver path i using an all pass filter i for i =

1,..., Nas showm in FIG 4. 16ii > 0 inplies a delay
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Cbrrectlon val ues for each channel may be stored, or a
set of c: ehanp@l®2) ndependent correction values is
10 stored and ch el - dependent adjustnents to the
channel® T mif&P&ndent set of calibration parameters are
stored for .20 each channel. The process of FIG 4 may
be nodified by, %lng a multi-carrier nodul at ed
si gnal SNE&YyexpUg ﬁ*OFDNIsignal instead of nultiple
t Cﬁ* Qxﬁ})lgt‘éldé‘ SERQVERGESR, if Kot pé@&ﬁfé& &hen y; EN&oPdIoCedur e
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m)pa&bﬁcmmmﬂespondlng 30 to antennas i =1 to N, where

t he co ondi r oadhand e of fset .val ues
o ¢ SRS R AR e BR G BBy SO rea
ar Ggifas tel g I DV QiphilNiastsRsfentpl¢ wne{ it)frequembieé E() Moreover,

derived from frequencies, fk across the ndw d
© He DI S A E T RS 0 R 28 P BRenge o 4 Rt aftcr

modulation scheme, such as OFDM, where instead of making phase difference
25  measurements at frequencies fi across the bandwidth of a single-carrier baseband
signal, measurements are made at a 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 antenna paths corresponding
30  to antennasi= 1 to N, where the corresponding broadband phase offset values 56;
and the corresponding in-band group delay values dt;, are estimated from the

sequence {y1i(k) - wii(k)} derived from frequencies fi across the bandwidth of the



baseband signal, where yli(k) is the phase difference
(also referred to as a first phase difference)
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that achieves a net phase offset correction equa
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30  associated with the corresponding antennas i =1 to N. Furthermore, when
correcting for in-band phase offsets, the modem 140 processes the plurality of

baseband transmit signals and/or plurality of baseband receive signals with
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the corresponding antennas i =1 to N FIG 5 shows
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ADC 130(1).
Step 3. Repeat steps 1 and 2 between antenna path 1 and i, fori=3to N, to

measure the first phase difference yy;(k) and the second phase difference yii(k) and

the first and second amplitudes y;1(k) and y1;(k).
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18 Step 4. A diagonal phase alignnment or correction
matrix C(k) is conputed as follows: cl (k) =1 c2(k) =
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To summarize, a diagonal offset matrix C(k) is computed for each sub-
carrier k comprised of values ci(k), where ci(k) = yi(k)expGlwiik) - wi(k)]) fori=
2 to N, where N is the number of antennas, and where W1;(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, ys;1(k) is a 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-carrier k, yi(k) =

(71i(k) vi1(k)), and where c;(k) = 1. When processing baseband signals, the modem
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for each sub-carrier k that achieves a net phase
of fset correction equal to algmtrix diag[cl(k),
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eTx(1) + TRETX(1) + Tant(i) + TrRERX(D) + TBERX()
and from transmitter i to receiver 1 is
tparx(1) + TRETX() *+ Tane(d) + TrRERX(1) + TBBRX(1)
If the same filter is shared for transmit and receive in each path, then tggrx(1l) =

taerx(1), TeBTX(1) = TBBRX(1), and the difference in group delay between the two
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For each channel H, random mismatch matrices A1, Bi, Az, B, were

generated, and the loss in link margin was computed. Both amplitude and phase
mismatch were used for the transmit matrices A; and A,. Only random phase
mismatch was used for the receive matrices B, and B,, since amplitude error in the
receiver is presumably not a concern with some types of radio transceiver

architectures. Amplitude mismatch 20log(ct) was generated using a normal
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signals with corresponding correction values that correct for differences in phase
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3. The device of claim 1, wherein the processor measures differences in
the phase responses among the plurality of transmitters and plurality of
receivers and computes the correction values from the differences in the
phase responses.
4, The device of claim 3, wherein the processor processes the plurality of
baseband transmit signals and/or plurality of baseband receive signals
with corresponding correction values that correct for broadband phase

offsets among the plurality of transmitters and plurality of receivers.
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transni t teedigitd sigodl at edouput bf arheal e tigimltcenyratenemipled to
MEASUT €S 2 3§ IRQ)g theq‘é'@%%\}é %ggci Q%]d @ tlrc’énger}]%!i i, aha hggsu%étﬂpem
of the recerVer “asSociated Wih the

second phase dlfference between a digital signal at an input to a digital-

to-analog converter coupled to the transmitter associated with antenna i
and a digital signal at an output of an analog-to-digital converter
coupled to the output of the receiver associated with the first antenna.
9. The device of claim 7, wherein the processor computes broadband
phase offsets for antenna paths corresponding to antennasi=1to N,
from a y-intercept of a line fit through points {(fi, W1i(k) - wi(k))}
associated with the frequencies fi, where (k) is the first phase



first antenna when the conti nuous wave tone is applied

at the input of the transmtter associated with
w@mniogesg4i , for i = 2 to N 13. The device of PCHUS002028126

wherei n the processor conputes a plurality of

anpl i tude of fsets for the ant®nna paths of the

Cor r espoggh-RAcARL MBS frefqﬁénck £7and yhi@k) N the 6@dh@Phase
average of a ratio between the first anplitude and

t he secofiffersngs meagered aisficsoeney did and vhere the Gresdband Phase,
and wher | + 3L.eRNA0 pat h
associ at gtgge\?vlﬁ)tr hh%gﬁ{eehéa:.@?% %g%ct?ag%]dn‘gﬁi{tgg lfli?S 14. The device
of dDai niltidevivhef diim 9. véheprimthe pmsessrnredseses fepbealyy of
the plural,t f ] ' ah/ he
pl urali t@as?%aélé Fgrésnggsﬁ%% gﬁr% d%/?n{ @E&Morfég%gﬁl [ ﬁg S%na_fs
anpl i t udevitb oomespdrdorg breddhasi fhaset of fsetivioneation yalupgeto achieve
anpl i tude of f set rrection e 0 '
apl | ¢ uae s eesahSepR St (P GRURIRANEAE.
the processesfieeasures the differences in phase
responses, when t | uralit f transm tters and

ol ana sty e 5B B e ploeSgi s pe et e
recei ver slugdligy éfbasbaidirasah sighalaapl/atrphlrality obbaseband
frequency channels in a radio fr en band..of

oper at i off°eiTBSISRE™ b oqTEEsP mg@g?ﬁ&é? O%éf%f%tl?rh‘éalues
pr 0Cessokhaf tdriebigor AhflReESESets BRondhepRtalityofafanbakekand
receive signals and/or the plurality of baseband
transmi t PEFRAPIdeRHER- cor r espondi ng group del ay

correct i gRe ¥&kddes clalidll 1, iRkdie Gk pfREss@i diBurdeh ast
of fsets anong the plurality of transnitters, and

pl ur al i t pmplitudeelds signakatipe Mitpnt af e Frasl eassosiated with

baseband ;5908 vhed the cHREEEVI SR t6He i§31quﬂligd 4Ghe WHEY Fhie

the processor conputes a plurality o group del ay

of f set's fionsntities aasepiated avifhthrsointcans adapeasereng second

ant ennas b, { 2hd S bf B rRBISS MR anre
and the sa{élgg%a e%%a%%ﬁd?[@e%ce atr fr eql.sj_er?cai es,fk,e
and wher dirst hategaovhyn e coptinfofis wavertone is piplisA et s2rpetth
associ at ot MlibDRJddiat wAIhRORR: 5 1d2 by The devi ce
of claim1l7, 'wherern the processor conputes the grouF
del ay3. ofThs ¢ Gceatfellimtld, wifetdi the)pracessbigpanpufes 4 plurpldy i t

t hr ough pai fK, e VhLIi - j '

wt - tne el P Y b anibe st St Bl BRAASL AL,

the firstfopikase Niffdesencageretentietetater the fue moplithde and

? P g q \l{IVIe :,] ((: >k}l)1ef sl‘gg’on}dgf(enplliﬁ@g gsnsg%lgt]gﬁl with Ieage%crzigsnﬁ,eanm%rtﬁg at
amplitude offset for the antenna path associated with the first antenna

is 1.
14.  The device of claim 13, wherein the processor further processes the
plurality of baseband transmit signals and/or the plurality receive
signals with corresponding amplitude correction values that achieves a
net amplitude offset correction equal to corresponding amplitude offsets.
15. The device of claim 3, wherein the processor measures the differences

in phase responses when the plurality of transmitters and plurality of



19. The device of claim 18, wherein the processor

processes the plurality of baseband transmt signals
wa@naioesspl ural ity of baseband receive signals PEI/UR2003/028126

correspondi ng group delay correction val ues that

achieves a net group del ay2dffset correction equal to

the cor rr&%@r@f@%%&&@ E’&h%@h@ﬂualﬂ?f biRdgBencyd GhanfbBi irtkevi ce

of claim19, erein the processor inplenments the

group daliafrequenaydend orepgetioes using al | - pass filter

processes.. ;2 . dQV] : i Y r6deBseks iR

pl ul‘r%ZI [ SI?? 68?%%%0-3;2%5@13’ ‘%Vfr}egﬁgﬁr}llefd rgdgiggaﬁfatlll S arﬁd t he

pl ur al i tppurdfty béimetiandireceivesigealsingonths phrdityetibasehead

using a nul ti-.carriar | HOGE SSirec BBy AMNIE gk N
the prodBaTyy Slg%agsn%lu %OSIH% gg%kgﬁuggtglssat a pl nr alit

of sub- aafredt srrdupaisy offsdteamanigtthe plttaltypf trepsngHers p
modul ation process. 22...T | ' 1

wher ei n p?‘ﬁ%l%ﬁ PR er%%lgls% A gcgylg@%égfgﬁ&{éﬁigm ‘%lar' rier k
a first phasecdifdanasoehabiathesprombsor cagutdsarplivakisioand

signal is appli a n input to the t s
associ at %@lﬂlé)efaﬁ O%g"ets %qr tang? % a&}]%IS %@%ﬁ%@f@@ﬁ% 1=
PCT/ US20Q 3 0&8 idGirstPpBasediffaaidp hedithasecoatgiavediffapate dto
the receiver associated with antenng i ia_an
over - t helreguenctes by ais} where 1 sroup gﬁﬁ% & &1%6 for \ﬁéena&l ?errrleg%gehﬂrl es
at each subs.&ani @6 fikt kigmagomnd phase di fference
when a multi-carrier signal is applied at ag [ n% 1to
t he 18.r anElei devier obalaipici 7atvBercin thaPrasieton Aemputesige e é‘? &d
as a receive | t rLGel. e 1 FRAbLRHoinst{0f tAEK) -
first an?ijésre}ﬁsaeqﬁh?/?ba(g%n)ov%@etoﬁé-hgié?pﬁ nE g?l aS{Efgb‘{]g( .)
connect i @ik))§ assotiated Hith thelluralitg & frbquiesciestfhevhermiek) f
antennas. 23. The device of clajm 22 erei n.i.h
pr ocess ofhe o ekase ddferenes MeasPf At %gq&?ﬂcy ‘aaglé]b\%lglé) idthe
transmi t o 3h0f\Hhs BIER%E nidisured atfidbidnyy Rf fobis ehand
receive signals vvi_thksphase_ of fset correctio v&l YeS o
f or 18achThadevicaof ¢laim |S, thgiein the FOERFET POCRISES %EB gty o
of fset c ' 04 a1sta0a/8r PBtalityof ha@Bil rédeive sigdbks)
e ﬁ,%gmhg‘%é‘?ci e BT o vrwéke)]ﬁ),
and wher ifiNcortdeporiding; gt defayiconeriion velpesithat apRisV g A et
WI (k) i Liif 68espbiding grodp deld
N, and é’pgg%l%ﬁ%gg&%ﬁ%4%@rlﬁg{%gvi ?:Sg ofngc glimm 22}}?
wher ei n bffetpr ocessor neasures at a plurality of
sub-gcarriers k acfi ' WheAtsah
il 20 e S e Ll o RARRS: Bl bIoLSRARpRE o group
delay correction values using all-pass filter processes.

21.  The device of claim 4, wherein the plurality of baseband transmit
signals and the plurality of baseband receive signals are modulated
using a multi-carrier modulation process, and wherein the processor
computes phase offsets at a plurality of sub-carriers k associated with
the multi-carrier modulation process.

22.  The device of claim 21, wherein the processor measures at each sub-
carrier k a first phase difference when a multi-carrier baseband signal is

applied at an input to the transmitter associated with the first antenna



signal is applied at an input to the transmtter
associated with the first antenna and coupl ed as

WO e@ei02s84i nput to the receiver associ ated w t hPCHOS®N31628126
I via an over-the-air link or a cable connection, and
measures at the plurality of28sub-carriers k the
second phageoplddfagFebive inphen tite Btditcr asséaited @ith shigiali
is applied at an_in tot i%transmttgr assoc:|at d

with ant@hHLver- e gg%ﬁr% cognection, ag mewﬁﬁsaf%ac sub-

recei ver @&k iRtsebniMhdie iiffrenté whdn AMNtIGARIeY ls@nﬁns
over-the-air |link or a _cable connection, for i =

N, 25. THEPREA einpyt to fhgitisnsmittenassqcisted Vilrheanﬁﬁne%b@@or

conput es PRASEasA E&RleSnpult & reddi & @%c@l@& Bsth e first anterma
corresponding antennas i = 1 to N, froma Y i nt er cept

of a |inevig inovenheaghingoF meaplq qomRectigpifpidy= 2 toy,| heyg N is
associ at qﬂenfgepoftgggmqisur ality of sub-carriers Kk,

where Wi Irst phase difference nmeasured
at s2h- cakheidevicqkolgham\A2) wher¢ig thenéomsebpmoqsmﬁ@ plurality of
di fferengg d
chor o € haBa A Shpdf G BH AELL pcent
associ at extmals whthtphesefoifsef comertion Mdu¢ss°ooea012 @1b-Chimeer dtdhatc e
of claimgp ve‘éﬂ%f gglqset &ﬁepgo%gt?oshoerquﬁrt?g%%ﬁ'g(sdlgﬁg](k), c2(k),

plurality o baseband transmt si'gnal s an

BT/ US2003] 28126 .20 L. C0r 03pondi g phase: ot fset

Wi cor respondi offs
correcti otheg { Rhage diHerencganfl wipds 15 ﬁéﬁ“on‘%ﬂ“ééf‘e‘f Grpuce; for i
correcti an e ahd WledRAKFONr espondi ng phase of f sets.
27. The device of claim26, wherein the processor
furtBer prhsdesiesef daim 22ovhareinitheprefessonmeasared at  plamhivtof
signal s angd/gtiekhe fﬁgt%ﬁ’ée'cﬁﬁfer&{ce Qﬁé@ DaRti-cdr8GHa¥eband
signals with corresponding anplitude offset correction
val ues tsignel ig apnlied at ahcmplmﬁaqhﬁ treppenitter peseeisted it ghet fivet
plurality,, s IMRrS.
D, The deurabh ARSI &S AN P LB liberBsok 868 W16
measur es atefing stia aratrmt—thetmhehr@vfor a calilgjprminectiony 4nd narasyes at
of t he. r etﬁgfﬁlgreclfl‘a/aoq’%l?océ:a@}lag \Metsjgconﬂghfﬁ@ r&ﬁ"felren% WIth?a multi-
plurality o carrrers when a tir-carri
signal i scarr@pplgnaéds a@plletdm an mputtodﬁe ttahsmittemscmlattetcbmth
associated W t
second arrpnfl
receiver ﬁstsamenm'edammdmhd%r linkr gta cabit esymactivin, fdné= 2 to N.

| t f b- th ti
g i ;L%I yﬂ%ﬁﬁ%?e %fi tZ%eWP?{BBmd?m‘ieﬁsg’r %Mgﬁ ?flsg oftsets
associ at efdr witdna pathesMtarrespohdifig dntéhnds it=61 M. N, from a y-

na i daéld g?uple(f asa rgﬁrél 1n1%uh 0% recetlver ?sso?lz?tF%mth the

intercept of a line fit through points {(f, y1i(k) - wi(k))}associated
with the plurality of sub-carriers k, where (k) is the first phase
difference measured at sub-carrier k and ; (k) is the second phase
difference measured at frequency sub-carrier k, and where the phase
offset for the antenna path associated with the first antenna is 0.

26.  The device of claim 25, wherein the processor processes the plurality of

baseband transmit signals and/or plurality of baseband receive signals



29. The device of claim 28, wherein the processor

conputes anplitude offsets for antenna paths
weororespsendi ng to antennas i = 1 to N, from anPCHUS2083/628126

of aratio between the first anplitude and the second

anplitude across the plurali®y of sub-carriers k, and

where th &mﬂi’ﬂ@hﬂe@p&bﬂ@n@f)ﬁe&ebfﬁe@ orrdctién wiMies ﬂﬂ&acm@dvbs a net

associ ate qxf% the fjrst nna |s%l1Jd }(1) e device

of claim icaTFrUR &Y %%‘ersl? P8 Er2s50HEEE ses

the 2plu r"ﬁﬂe'd%ﬁc@(ﬁf m&%aﬁﬂe&lhm&s@t ﬂﬂtﬂblspra&gée@ thet he

plurality of baseband_  receive signals

w t
cor r es porRIVAkY fhprseland Sapwt serindipsihe églfftl’r‘i%n?f baseband

achi eves @ce‘i’v%tmgﬁﬁﬁﬁ lleﬁl%Gﬁes%t)lflﬁﬁ% arﬁﬂftﬁ&@ffs&@oﬁ@d{ﬁh Vﬁl‘ﬁes
correspondi ng anplitude of he devi ce of

cl ai m 23, thaijeairest fprtaﬁl@h?slﬂ%eﬁwnw rﬂtewélrralw ot Bansaitterhand
plurality, I&ifalng%?{%@él(z‘éist ransmt signals and/or the
plurality of baseband receive signals with

cor r #&poritherdgvienpl dlaindé, whirgiatthequpoessor mossutesedes  t hat
correct f I of
Cranam ¢ vAPURRgld i & 0 Sl ATRRGe L Rullid ke

devi ce ofanginpd it 8 plwhl@ls’ of subtdagiepy bwbgsonuliieasiar signa is

et ST R POyl et

PCT/ US20034 0R8426 a sB®nd esplifude efh sigrahataint @itpa of tha,hen
the nulti-carrier p i ed. at

the trangiid CEPSaEhER s SufBRlebte Fe ki EliEeaRier
nmeasur es lawhaehomadltianapier sigds igdppladdt tlslibpua af the @tandmicér
a signal at th%éw%t t of thg s ei ver associ at ed

with t he FIFHIIAARE M EN oMl ti-carrier signal

I's 2qpl i Be d@licé btcldim@st whdreiihies ﬂrb@@@ﬁbdrﬁ@ﬁes&ﬁﬁﬂlﬁidat ed
with ante

. The devic
cl aim 32,° r}%ﬁ% f%aﬂtefl??el’a&hs&e’é*%ii’sﬁll\él%ﬁ?ﬁm%%asén 1&&& ?ff)ﬁ’o"él
of fset at ave@g@oﬁaubu&wwewhgﬁfs@ﬁmlﬁnﬁ@raﬁa theabdvnd amphtude
correspondlng t o, ant ennas | froma rat

bet ween t3§&s§ fhe Buralipne§ Sﬂlhﬂémgﬁck P%W%Eé%@ﬁ gmphipde Plff% for
at each fgmeguans ?atﬁ WhoGiadel Wath the fidNBheNek g, t he
anplitude offset at each sub-carrier for the antenna
pat h3&ss oBliedlesige of daimt29ewhereinithe pragesson firthgr procegeps thehe
devi ce of

or ocossed Y B el ool HARI AR ARPRE Bl bDkchend
and/ or plrgeeavei signalsfwithasubspauding amphtude correcuon values that

-

achieves a net amplitude offset correction equal to corresponding
amplitude offsets.

31. The device of claim 23, wherein the processor further processes the
plurality of baseband transmit signals and/or the plurality of baseband
receive signals with corresponding amplitude offset correction values
that correct for amplitude offsets among the plurality of transmitters and
plurality of receivers.

32.  The device of claim 31, wherein the processor measures a first

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



receive signals with correspondi ng anplitude offset

correction values at each sub-carrier k that achieves
wa@2men2apl i t ude of fset correction equal to PCT/US2003/028126

correspondi ng anplitude offsets. 35. The devi ce of

claim1, wherein the processéf conprises a baseband

si gnal praeger&aivithhaienpardienn: heldehaiedsipd isl appliaint the

P 0ee e A RN A, B9l

baseband se@mehmplitigiahsh suBGarrithe otiediabatahe altaitisr 89,
wherei n the. baseband sjﬂgnal rocess i i

r i.s i.nplenmented.
by di gi t dPCCiVGhiEOReYIt By firsAriopnayitics hormudigpimiey signal is
wher ei n thglidalav e idpuy ofthe trirMSier his6Eiste@Rih Rhtbhimlil fofi =2
of receivers are inplenented on a single sem conductor
i nt egr at é@IN-c! rcuit. 38. The device of claim1, and
further crRRE)isd HldmOWNRASS el frdRbsof pule an ShgliRde
by the transmtter and receiver associated wth a
cor r esporfdfspigt eagh seneriierdofor aienng patheeorigspoatling g autennas
wher ei n tihe; QRO GRESPfHEBAREEESe Bt SEhiFudNNd RATRiHIeS

correction val ues to correct for offsets during a

sel f - calanmlitude afreapibiequengycsubisarrior b ead where fregomdtuss

t he pl uralgty s ehay : :

ber Do b S SRRERRl dole %’%%%ﬁ@%ﬁ fp pyith the first
pl ural it yanhndiageband recei ve signals with the

correcti val.ues. dur i run-time node, 40. The

v £6 of thel B st Pt i PGB B pordanetita e e
sel f - calglinaity iodObaseiaglé tratisntesigat apdoeplutafityadiaseband
periodically thereafter. 41. The devi of claim.l,
a0 T ur ¢ HEFNEGHBF S B h GO RO RS MO ey ! germEcton Vs a
i nf or mat i Qeh §uB-catlepWifabsichafbdishdiemblitlic GFaer @letiddh equal
val ues according to g?i n settings of the plurality of

transni t tRrYrespepdde agnifde otfsthgs of the plurality of

r ecesy er Sthedivicd b¥1H@AMI, GBerefn thd BobBsébt coht@eeh Baseband
processor neasures offsets in phase responses and

conput es FERHRIPIEOHE1tRstforapbsehand redylationde prodyge the

wherein tﬂi@rampg@sa%é%d adhdnst §%Aatgedng BhdapdnadieReadSttn of the
correction values according to the gain settings

usi ng t heplimpkilyofpaspleand seceivedighais-t he nenory.
36.  The device of claim 35, wherein the baseband signal processor is

implemented by digital logic gates.

37.  The device of claim 1, wherein the plurality of transmitters and plurality
of receivers are implemented on a single semiconductor integrated
circuit.

38.  The device of claim 1, and further comprising a low pass filter that is
shared by the transmitter and receiver associated with a corresponding
antenna.

39. 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



43. A nethod for calibrating a radio device that

conprises a plurality of antennas, a correspondi ng
Wbwnabisty of receivers and a corresponding pPCI/EB1003/028126

of transmitters, the nmethod conprising steps of: a.

measuring phase responses of 3the plurality of

transmt thaﬁﬁmsm@ats hed/opplutadityl dfpasebardeceivéaighals i the

comput i ng gl uralltd¥ of correction values to correct

for diff&PEsEesval ﬂ%gapwast@wﬂ@g%onses of the

pl ursal i t WhotevideSRinh B Mheatliht BRcedRbribikadulidstheédelf-
receivers. 44. The method of claim 43, wherein the

step of CHibFionmpde ifsiice eewerprand priRgicaH theraafter ty

of carreaqht a&idIryRan w%d ft!lr'flwpé&ﬁﬁfsﬁigﬁgnénlf&y ik 46RL 1ty

of baseband si gnal s and gp@ﬁal ity of baseband

recei ve Pk toalew f?”rﬁé]ﬂus okqoggetios valugs according to

t ransm t ted shyndhe tlf%lpll{[rﬂhtw)y trﬁfsmltﬁe'isaz{ﬁ%mr blif ks drtle
signals are received e plurality of “recelvers,

the diff @l%ﬁ@éoﬁfm%@n ( 1) the phase response from an

i npyp to hév%%%%féfrf?ﬁl g‘ﬁ‘ro ééEcH ea&fres defets in phaF

correspon 1 ng antenna dan ase response rom

t he i nputespénsesrat cemplémnt—mdcﬂwd@mtcptmh@f valdes, and

correspongi, f

oluralit 3&%0%91 tﬁ%é ﬁ%eégorr a%&ig-g%agé%?i&{emec%% ct?on x;aﬂl%s

PCT/ US20@8&/otidgltdéhe gaih s¢BingTheangbt ndolmafiorcstadednindBe

wherein the S ep of conputing conprises conputing

br oadband | Bhgse of fsets anong the plurality of

tranrsm t themsthodafodlcdlibentiph utatio dgvicafthat e@mprisey Spluddity dfhe

net hod of cla wherei.n t.he step of asur )
corpr | seSuEHRRATPRIGORFS Pl Brode Repral SOt etien
an i nput ph@aldy bff@nsHitkistthe m28H0 CopshgMidps od i r st
ant enna and an out Eut of a rgtctgl ver .associated wth

ant enna 2, BRITPEPEEEALTPARSS & By Prelibrd frepifiens gnd,the

i nput to apmralacpsmet;élegrs aggoci ated with antenna i and
an out put of a receiver associated with the first
ant enna, °f diomputing plyrakify ahpesresting yaduas feCcorisrbfar diffgrences

ant ennas. 4 the PAgseTRpHREs 6f th biatalty A tradSift6rs Bnd 6 St ep

of neasurin conprl ses neasuring the first phase
di fference alify of %‘?P‘*gﬁf‘éﬁ is applied at an input to

t he gur angid bieibd @ﬁéiél{?d At @zﬁeﬁéﬂnttﬂe §t£}¢oﬁcbﬁ1§ﬁnr@%ﬁﬂ>ﬁ§esan d
coupled as receive |nput to the receiver assocCiated

Wt h ant epmputingyheplurplitypé garregtion values used in processing the
plurality of baseband signals 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 corresponding receiver

is the same for each of the plurality of antennas.



air link or a cable connection and neasuring the

second phase difference when a signal is applied at
w@poosipassli t o the transmtter associated w th BCT/ES2V83/028126

and coupled as a receive input to the receiver

associated with the first an?%2nna via an over-the-air

l'i nksor #hcashel on:Qﬁlﬁ@BIWKNﬂem‘ﬂt& stephog comepiing comprideai m

47, wherein the st ur i i rst ase,

di f f er enERRLTAE R ‘&48‘?}3]??5% ?ftsf"\"gtng Elt?é:’h?r%ht?'é’gg%‘tsgﬂﬁefr%r
a cont i npQiuse plwRAUE dfedtgiveRpl i ed at a plurality of
frequenci es f]i across the bandwi dth @ of a baseband

si gl . doe mathed efelaigdo oV herpiaithn 1P, of FivRTIENA CPRRISE ep
of measUupj Qs ﬁﬁgre dl%@ﬁw Beﬂ@eeﬁ BE irdplt 151a tRRaSRer

di fference between é&lta signal at an input  to a
di gi t al - ewowgied Bigh @:’éﬁ‘t A a@%@m\éﬂﬂpea e verassesisiedt er
associ at g 4 \kAdd i L8 alsbdoRl ﬁa@E @Hfé?en@é‘get@e&' aﬂ'ntl}ﬁllt toa
signal at an output of an ana og-to- digital converter
coupl ed trenswiitéer aweqieied with priennad ead veoutps sbeFeseier wit h
ant enna |y Alith ARABIEAGNERE, REFORM0 RIGRE. 4 § R fiRE:
between a digital signa t " an i nput

di gi t al - bHantamassog converter coupl ed to the

transm t I

S gndl st i eRSPa BhE AR el OBt
PCT/ US2 Oﬁ@és(ﬂﬁﬁgths firsg Bhawe deffeadnogwhen aisigrial @lapplomd\ag at mput
coupl ed ut of th egelve 0 d with
t he firs%’%eggﬁ %&Q ﬁomﬁﬁéwﬁ%Pﬁﬁg 0 &mtﬁ%ﬁ §@ﬁ&§ Yer ei n
t he steprative mpmub thegecempmssceaed wilpttrina g vtarana)daathd
phase offs?t corrg tion valu for. anhennad %

cor r espoAlTAGCT b 2RIGCaMr5Ecr and néeat%‘“ﬁl TFoma ase>
y-interc aﬁferﬁée @hdni aigrial is aplivdatighinpiteo e itahsnifiéf k,

wli (k) ég%{%assocLat d th the fre uenci e
wher &) w PRSP SRR v tnpleads  REriuh R DiePesiyen;
f r equencysshlédated@®ih heiflrétlihtehisa Hhen sReRGIIRRSE a cable

di fference neasured at frequency fk, and where the
br oadban@OPRE8- of f set correction val ue for the

ant egna Bt Rethsd s iR 0whbbi thd\®erf difmSdasiB Ml S Grst had
51. The net hod of cIa|n148, wherein the step of

neasur i ngiflempt sngdesecondphas diffrgensaisi tprealsd f‘&@f@é‘t@oéﬁo ng
the plurglid %n@%pphé@ﬂsarﬂlﬁrﬁl@t?f%f a0&hen@bs i, AdrbdsithPbandwidth

recei vers. claimb51, wherein the
step of wbabsehandsigeatpri ses
49, The method of claim 48, wherein the step of measuring comprises

measuring the first phase difference between a digital signal at an input
to a digital-to-analog converter coupled to the transmitter associated
with the first antenna and a digital signal at an output of an analog-to-
digital converter coupled to the output of the receiver associated with
antenna i, and measuring the second phase difference between a digital
signal at an input to a digital-to-analog converter coupled to the

transmitter associated with antenna i and a digital signal at an output of



measuring a first anplitude of a signal at the output

of the receiver associated with antenna i when the
w@ooviozasaus wave tone is applied at the inputP@f/Us1963/028126

transmtter associated with the first antenna and

measures a second anplitude 88 a signal at the output

of the refehdl@ to-ASEDEIHERE cohiléd bR dutfus bf ABtRBRE
when the continugus wave tone is applied at the input

of the trPsRERRE Pah hedesi@niensy with antenna i, for i =
2t N Thémethb8 offBlhidO4D, QfhefelthigPof ﬁ@ﬁgnco\'r?ﬁisecst ep

of conputing conprises _conputing anplitude of fset
cor r ect i SATRHingdsoabnd phessictsarersion reresdepmivnuagathy
ant ennas chrréspdndin thlanbhRdy 80 18 XEFBAS Yhtefeeh B AQine fit
between the first anplitude and the second anplitude
associ at ddowghtthe paiets {@t whidh)i-ty (o3} asspeigfaémith dlse frdquersmeg
where the anplitude off.set. correction value.for t
ant enna g‘%?’v ﬁ?xgg; é@gil%@g rs\%ipP%e f ﬁger?f:er Wpasiigd 8’ﬁ’ﬁ%q”|e’§cyt1}.f
54. The ngd PeE) Rithededdrt phase T ERe tchit@edSdt BRqRIncy fi, and
measuri ng coggélses measuring the first and second

phase di Ferdircsadhprhphaprotfietsoaiertion vaue forthpanienng ppth

and pl ur akdobidte®fvith UeSiViEMEnad 8 ot Uned to each of a
plurality of frequency channels in a radio frequency
bandlof dpemathréal clyim 2% pArorsba st MusEoB3POPEKR6
34 55. ThR.fRhPespRhdCoRiR £fng R ﬁélgy Bpﬁang ?t?:ré)afnd
measuring conpfises neasuring group delay differences
anmong t helyalily efiteeejvest transmitters and plurality of
reCeVer Jye ﬁféthoa— BF%IE@"I QQVhQIfeinCthélétéB ogfﬁneam}ﬁ{g.%'oﬁlphgﬁ
step of conputing furthér conprises conputing a

pl ural i t yneafurigg o dipst dwphtpdedff ssegnatas theaptpuo nf tha kageiver f or
ant enna [ . en =21 to N
from ¢ ne iR PEed S SHERR A R BRAEANERe Guchs i e,
di f f er endte,inan df thh éresntitie agrooiated wdthltlze/firsf fngmha and

correcti value for th nt enna th associated with
CheroF1 1 BbasedReldih ahigfinBObERAG PR ARRRSHRL Feccl
wher ei n kisecisted pith thedfoptpntenngwhdnghgdomtiaduk yaod tongfsoup

del ay offset .correct for antenna. h : .
correspo ﬁ%ﬁ’%ﬁé at1ge mé’HJi (gﬁ]ﬁealgarﬁsml— eﬁaﬁs%CIEEFa‘?tf ‘?’(SB}PT?Qt?ITF 3fpyis2
sl ope of teéNline fit through points {(fk, W1(k) -

Wi (Kk))} ..associ at W he, plurality of .frequencies
Tk, SSneaBe Gppdsfiia i vireulhofider drpriesduniss
measur ed cahpifting gu@hitie bffse@Bétrection values for antenna paths

corresponding to antennas i = 1 to N, from an average of a ratio between

the first amplitude and the second amplitude associated with the
plurality of frequencies fi, and where the amplitude offset correction
value for the antenna path associated with the first antenna is 1.

54.  The method of claim 43, 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.



W1 k) is the second phase difference neasured at
frequency fk. 58. The nmethod of claim46, wherein the

W@ e@p/ozf84neasuri ng conpri ses measuring at SubPCHD$1003/628126
k associated with a nmulti-carrier baseband nodul ation
process a first phase differelfce when a nulti-carrier
basebfnd Hiegidhod  cRpplB eﬂlheiﬁln &8 step pﬂineisﬂrmg]a)mpnses

transm tter associ atqe?ﬁpiqug the fi r t anii

coupl ed JECFELE AN Tiierencasamongd %@Pra s é’iaﬁsc“é‘!}efs

Wi th ant enaaldrality af @eei@¢€r -t he-air link or a cable

connecti on, and cgeg%ri ng at. each sub-carrier k the
CEHR >

secofdl ph'Q%eénedh?df in, the g{ep of cquapufing furthegy n g
is appl i ednRtis@RompRiitg Jﬂuﬂaf"@ ot EROS Bithy SffscRSsREliG Rues

with antenna i and coupled as a receive input to
recei ver fasauenmnapalls carresponding tg artepmasgidt bipn, fjora therfirst

over -t he-gi g dlfféljén&ranéﬂﬁ%géo%d %ﬁef&@ Qﬁf&e%@e aﬁ@whé-lj@ ®he group
met hod of claim58, wherein the step of conputin

conpri seslelay@fisetcomection aple & s a@@nnaemth @ﬁﬁocﬁfﬁﬁci yith the

di ag[ c1( , CN(k)], for each sub-carrier
K, erek%?t(a&)%%agg JLyrl; (k) - WI(k)]), for i =2
to N57. whBreandthodofichem §arereinfhe sivp eherpenuting hewfhenlity of

Wi (k) i S p]c del fﬂgtac%ﬁectg)hffgreaqﬁ a%tc\éﬁgsg)oﬁ‘ﬁn Q)DUt

to a first transmtter and an ou celv
sub- car r i atenkas iaito\W K {13279 *sshxpenﬂa [teafStethibin §H pmﬁtnce

WO 2004/ 025841 003/ 02 nput
to trans nﬁgt Wiy - ‘Hﬁg% ﬁSSBEFPfﬁS tgltheé’ifrla]?@m? %8@@?9%% k’:lt
sub- car ryghe (3 RdnNBRY &a@élff}reme]meagged TR qIELDP §hnaf

claim58, wherein the step of conputing conprises
conput i n gwllr(kblacﬂMn@quImg@ diffefreyse mefsuredan frequeacyplat hs

correspongdin 0 t

o noEr ool b o AMARR erei7 e o SPnellE) fomgries
- yr; I(k)méamtg:dtam‘teehrmm‘shaa;omhwd &ith b ynudii-catibe lpactanér s
k, where %{5 fﬁ‘g’%’ % hase ffer nce.
measur ed BP9 é"r"??sear “?P e} r?”ﬁ?w e €EEdnd
phase di fiae¢band signat assappﬁdi Ahn fnpetqu ERaanShieCatddiad With
and the g adband %%? ffset for the ant enna pat.h

associ at €4° Wt freTve Ieg ARTETNQIPY 1 theggoetvppassociated

met hod ofwitli ﬁitéﬁn58w1a\&ﬁ©ﬁ@'l-tﬁe-ﬁlh ﬁnl&t@ﬂ:a@l% comRS s, BEd
further i ses urin flr rrpl ude at

|
sub-carri 18?3§ gt caphaiupgare ﬁfé:on i ?en’fen@hen a

recei ver @agsQeiak agmwlst éppﬁm £ 3R dplit VAR rdnbBitter associated
mul ti-carrj er signal is applied at the input of the

transmt tx@lft gdema il andepuplet BS 4 ¥5eciys Ryt to receiver associated with

the first antenna via an over-the-air link or a cable connection.

59.  The method of claim 58, wherein the step of computing comprises
computing a diagonal correction matrix diag[c(k), c2(k), ..., cn(k)], for
each sub-carrier k, where ci(k) = exp(j[y1i(k) - yi(k)]), fori=2to 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 1 at sub-carrier k, and y; (k) is a second phase difference



antenna and neasuring a second anplitude at
sub-carriers k of a signal at the output of the

WO ezl associ ated with the first antenna WheCT/UR®03/028126
multi-carrier signal is applied at the input of the
transnitter associated w th3ntenna i. 62. The nethod
of cl ai melveewar imputiotthasnsitiay and arcanguiof @ first caopiverse sub-
computing a ityde offset correction values for
ant enna r?é‘t’r}%gl‘ a&g“&@ @Srdg to antennas i =1 to N,
fro :rmoa :j altlie@ndﬁﬁod:]dl‘elagm 58,twikeaM iht Uep gf %mbuaﬁg Odifiprises
anplitude at each sub- e an ere
anpl it udéom@fl‘ﬁ“%?elfm%fjgi‘“i“ﬁ@?? ‘?frsetélf‘?fém?ef}?a Raths CQHF@HH‘Hng to
pat h assqgieah@d =¥ N, e £ thﬁércepamt aemaﬁtltmoa,gh foduts The
net hod of claim61, wherein the s of conputin

conpri ses{(fconisirt Vind)barsciatedoeitior Plg’@l@’ A srb- é@ﬂ?fé% where
val ues f Wy AR B ier 1ok FRRAN %L 8. AYERR IR

=1to roman averag ara bet ween
first anpk ﬂielset&)ntl phdsh d1ffemomieanmﬂ iat ﬁwewsub-samerk and
plurality wher.e the a

o fset. 1 obS breadtdng BRihofie ' medlbmrfui e ne R oy

ant enna igatehna 84. A net hod for rad| 0 conmuni catl on

bet ween firs di o device.apnd a second r

dev;l\%]e, ?ﬁ?I’F‘Tté%{&lpifé‘f‘gg’d%]weé%ﬂ’ééﬁﬁP?gﬁe?’fﬁmég ﬁﬂr{l}F ality
of WD ZOwﬁ%amgm%ﬂpﬁﬁaa %ub3ﬁmﬁf$ﬂ@“fﬁ&$gnal&t the
correspondi n Iurallt of . trangmtters and

cor r esporfRtg ot {he EﬁCS‘IVP agsqgjated ity apiopaa 1 yhga t%’ﬂlﬂglﬁcagi‘er

the fir Sts1§r@ﬂis@pﬂﬁ>ﬂ'aﬁﬁle fithd GhshliRr as8bBRedvith the first
processing a plurality of baseband transmt signals to

be transtfepdandipesswinarssemdarhnde plub-spgige kot stamal

corres porh‘i“tﬂégauqﬁ%ftﬁ@ tdcOiRertddobafed WIRth SRt 8fdnnh Mhen the
di fferences in phase responses of the plurality of

transmi t teplg-camr sigeal iy apphed at (hedrput aEBp Yrapsgitigr apyeetated
first radiy® . fA6¥%L¢e. 65. The nethod of claim 64,
wherein the step of processing conprises processing
t he p}.ur alhetmyethdd ofzinin £havharen Swistep of erapuding Geknpises he

| lit
plurality.,, | %ﬁ@%r ] em JRERINMEBh gzﬂﬁéssfoﬁ%r%t% gﬁths

correspon rrection val ues such _
si gnal s agogrespoadingita antdmiyi ¢ hte Mlftorad fatip othe first amplitude

transm tt %dfisec%'ﬁg @hmﬁé gtré%clzhssalgr %QFISI% gée \ﬁb%epé/ thi gl%{)llt}.lde

pl urali ty of recelvers
t he phaseoffses@arstinf vabmforthé apenna pah assbeiated mithttler firsto
the output of its

antenna is 1.

63.  The method of claim 61, wherein the step of computing comprises
computing amplitude offsets correction values for antenna paths
corresponding to antennas i = 1 to N, from an average 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.

64. A method for radio communication between a first radio device and a

second radio device, the first radio device comprising a plurality of



correspondi ng antenna and (2) the phase response from
the input of that antenna to the output of its
w@oronessaendi ng receiver is the sane for each PET/Uk®03/028126
plurality of antennas. 66. The nethod of claim 64, and
further conprising at the seébnd radio device the
step Iof aﬁteﬁ%s,sd d@respoptig g]lu'taniyy affrabasieband 4 b@fespdﬂd}ng
signal s t e transmtted via correspondi ng ones .of .a
o1 o al § ¢ PREHTG L SRS Bt BT SRR B GRoRHBR R
recei ve giegRah®csSing ¥ @ehrdlipon akpial BansRaignald the
correspondi ng ones of the pluraljty of antennas wth
cor r espof@nyted §idfe dpselndirenetys S1gnpls vith SPFEPPNGRY

di f f er engggedidn RABSONAIRSREIN K2 i fAAEHIE in Phadk lﬂésﬁbﬁs%é’ of@he
transmtters and plurality of receivers of the second

radio delrdity obtransmifteryyud Hiscpleplity (ohfersigers obthe firsh Fadiger
conpri si ngy;st eps of 1 a. neasuring phase responses of
the plurality of transmtters and plurality of

r eceddver sthe arethad. of elainp 6 ivhgreitbe step plerrpGesving ¢inyREses o
correct for. di | {EEFORIRE SheHTurh
pl urali t)?9%F%%J|g;tﬁésﬁ]iﬂ%;ﬁ§rdsf%3§ﬁg&glt%?%ﬁfts%/ﬁ%f or eceeiq{/uerr g}?
WO 2004/ @Z58x%hard@ideiis2(03s 028 tosesprigRorActinatvialids fugh
measurin haract eri sti radi V] hayi

ol aral | 1y REh plL 86 bR Hle by REH B e iRty or
transm t tsemsls aredreceived by tiegihonlidy nfreptivers |the diffefence between
receiver omprising steps of: a. coupli ' .
toa fir iq) 'f‘? gﬁagﬁfetslf’erse %[815 p %ngﬁgt??iast%ﬁ%%ﬁm\?{]% t% édtlgﬂ%hts
cor r espondiragohding tntaimh enh@) thamtase respese iftwimige fripet of that

signal with a receiver soci ated with a .second

o oana. ikt biES R R RS ing oty S i R for cach
BO{T'pri Si trlﬂtﬁeftguﬁﬁtlgn)f@ﬁterlﬁﬁﬁsuri ng at |tohafe difffer ence
etween the signal coupled.as_ input to irst ..

T ang « (IR bt ofen At 50 RB e By b Be Rl radio
associ at efdvisk te st f pfRERing a PREAINSE badéband Hienshii siypals f
cl ai m 68, wherein_the step of recejvi n%,further

conpri seeBRERItEY vigaresarHmsy Onﬁﬁo%ﬁwﬁ fiiy&f aptgnag gnd/or a
recei ver AsaRgic2badbantirédivt BenA£EaREa BBmaalsWaRVed by

receiving the'signal transmtted via the first
ant enna. corresponding ones of the plurality of antennas with corresponding

correction values that correct for differences in phase responses among

a plurality of transmitters and plurality of receivers of the second radio

device.

67. The method of claim 64, and further comprising steps of:

a. measuring phase responses of the plurality of transmitters and
plurality of receivers; and

b. computing the correction values to correct for differences in the
phase responses of the plurality of transmitters and plurality of

receivers.
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68. A method for measuring characteristics of a radio device having a

plurality of antennas, a corresponding plurality of transmitters and a
corresponding plurality of receivers, comprising steps of:
a. coupling a signal to a first transmitter for transmission via a
corresponding first antenna; and
b. receiving the signal with a receiver associated with a second antenna.
69.  The method of claim 68, and further comprising the step of measuring a
phase difference between the signal coupled as input to the first
transmitter and a signal output by the receiver associated with the
second antenna.
70. The method of claim 68, wherein the step of receiving further
comprises lowering the gain of an amplifier in the receiver associated
with the second antenna when receiving the signal transmitted via the

first antenna.



