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requires one VSA, but significantly nore tinme, while

the second nethod requires nultiple VSA systens, but

significantly less ti mpack@gbiingnal |y testing of

wi rel ess devices has involved testing one active

transmtter at a tinme. Even if the device has offered
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As is well known, multiple input, multiple output (MIMO) communication systems use

multiple transmitters and receivers to enhance the reliability and signal capacity of the
communication link. Testing of each transmitter is usually done by connecting each individual
transmitter to a VSA, and repeating measurements for each transmitter sequentially.
Alternatively, another method involves connecting each transmitter to its own VSA and
performing the tests simultaneously. Accordingly, the first method only requires one VSA, but
significantly more time, while the second method requires multiple VSA systems, but
significantly less time.

Traditionally testing of wireless devices has involved testing one active transmitter at a
time. Even if the device has offered multiple transmitters, they have typically not been operated
in parallel. However, people are constantly trying to increase the data rate. In the past this has

been achieved by using more complex modulation and higher bandwidth. These methods have



separate information using the sanme frequency and
bandwi dth for transm ssion. During normal operation,
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thus increasing the overall test cost.

Since modermn test equipment offers significantly more signal processing capability,
options other than simply performing all tests in parallel do exist. As noted, it may not be
necessary to measure all parameters of a DUT in production; often one can simply measure the

parameters that are expected to change in production devices. This includes identifying failing



performance to be close to optinmal. SUWMARY In
accordance with the presently clained invention, an
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fromtwo or nore OFDMtransmtters sinultaneously wth

a single VSA. In accordance with one enbodi nent of the

presently clainmed invention, a vector signal analyzer

for sinultaneously testing a plurality of orthogonal
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signals, to provide a plurality of transforned data
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froma renote signal source having a plurality of

signal transni ssion processes associated therewith and
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of tramgRhhpdlatt Aata QiR LY Hatéd Rk h Bdrhdty si?ﬁaltsﬁﬁﬂée Hatide a

i ndicative of an error vector magnitude (EVM ,
pluralify ebsigrl transwissiont recasenspenoriated dharewigh gpddncluges a plurality of data
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mul ti pl exed (OFDM signal s, includes: transf.ornmng a
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signal transmission processes and the signal communication path, and

each of the plurality of transformed data signals includes a respective portion of

the plurality of data packets; and

signal processing means for receiving and processing the plurality of known data, at least
the respective portion of the plurality of preamble data and at least the respective portion of the
plurality of transmit data to provide a plurality of test data indicative of an error vector
magnitude (EVM) associated with the composite data signal.

In accordance with another embodiment of the presently claimed invention, a method for
simultaneously testing a plurality of orthogonal frequency division multiplexed (OFDM) signals

includes:



containing a plurality of OFDM signals, to provide a
plurality of transfornmed data signals, wherein the
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accordance wi th one enbodi ment of the presently
thepl‘EPlgVﬁgaaPﬁ%‘ﬁfs ¥ Figure 2 is a block diagram

depéicinsREd @ro%@s%ﬁﬂg\ﬂ@erplﬁﬁéﬁ KBt RBRCAtI&st e fesp&itive @oitidn of the
accordance with one enbodi nent of the presently
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compdsite datasenblace/ conputer of Figure 2. Figure 5is a

bl ock di agram depicting multiple OFDMtransmtters to

be tested in accordance with one enbodi nent of the

present|y cl ERIBH DEBGRIPITODN JH THEDRAWINGS bl ock

di agr am depi cti ng one exanpl e enbodi nent of the

transmt process

Figure 1 is a signal diagram depicting typical MIMO OFDM signal burst configurations

suitable for use with a method in accordance with one embodiment of the presently claimed
invention.

Figure 2 is a block diagram depicting a receiver system for practicing a method in
accordance with one embodiment of the presently claimed invention.

Figure 3 is block diagram of the receiver subsystem of Figure 2.

Figures 4A and 4B are block diagrams depicting alternative embodiments of the
interface/computer of Figure 2.

Figure 5 is a block diagram depicting multiple OFDM transmitters to be tested in
accordance with one embodiment of the presently claimed invention.

Figure 5A is a block diagram depicting one example embodiment of the transmit process

stages of Figure 5.



stages of Figure 5.Figure 6 is block diagram depicting

processes involved in practicing a testing nethod in
wa@ewonskemce with various enbodi ments of the prEGENS1096/036995

clainmed invention. Figures 6A and 6B depict selected

signals identified in Figure 6 in their tinme and

frequency domains. Figure 7 is block diagram depicting

a technique for characterizing non-1linear behavior
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measurements. Figures 10A-10B graphically depict
frequenesddmainsf si gnal correl ati on measurenents. Figures
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causingd@{¥nal congiréseion. unconpr essed, conpressed and conposite
MO signals. .Figure 16 is. bl ock diagram depicting.a .
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i nventi on. DETAI LED DESCRI PTI ON The foll ow ng detail ed
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invention, and it wll pe un?&;st?od t hat ot her
ehigais Mg blockdipere depiting aderbRaR U GRmPEANE Resyprd and reference

signaléé“iﬁ)&g&{ia&%%m oaGhshdcPOT thO Bresdit frlvent®dn. SCOPe of the

| ect 1 nvention. Throughout the present disclosure,
absent a clear indication to the contrary fromthe

context, it wll beundetstepd-kiAioNndi vidual circuit

el ements as descri or plural in

nunber. For exanple, the terns "circuit" and

"circuitry” may .include either Si %e cO nent .
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together (e.g., as oné or nore integrated circuit
illustrathiepeyl npblipitmgiveth respect to the scope of the present invention. Such
embodiments are described in sufficient detail to enable one of ordinary skill in the art to practice
the subject invention, and it will be understood that other embodiments may be practiced with
some variations without departing from the spirit or scope of the subject invention.

Throughout the present disclosure, absent a clear indication to the contrary from the

context, it will be understood that individual circuit elements as described may be singular or
plural in number. For example, the terms “circuit” and “circuitry” may include either a single
component or a plurality of components, which are either active and/or passive and are

connected or otherwise coupled together (e.g., as one or more integrated circuit chips) to provide

the described function. Additionally, the term “signal” may refer to one or more currents, one or



t he described function. Additionally, the term
"signal"™ may refer to one or nore currents, one ornore
wQiovasesy or a data signal. Wthin the draw npGT/UB10k€036995

or related elenents will have like or related al pha,
numeri c or al phanuneric designators. A testing nethod
i n accordance with the presently clained invention
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The incoming RF signal 201 is amplified by a variable gain amplifier 302 in accordance with

control signals 205a from the controller 204. The resulting signal 303 is frequency down-
converted in a mixer 306 with a local oscillator (LO) signal provided by a first LO 304 which is

controlled by control signals 205b from the controller 204. The resulting down-converted signal



control signals 205a fromthe controller 204. The
resulting signal 303 is frequency downconverted in a
worRooen32@6 with a local oscillator (LO signal PQr/osiodeas699s

by a first LO 304 which is controlled by control
signals 205b fromthe controller 204. The resulting
down-converted signal 307 is filtered by a bandpass
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one ebédimemef @iERelienbntlamicdtiheenfioe Bahd tomithaioned twvovembredtwo in

is the conbination of t or _nor t
this example) transmit signals from a similar number o tra(nsr\rl\ftters In this example, the set 500

of transmitters to be tested include two signal transmission systems. The data 501a, 501b to be
transmitted are processed in accordance with transmit processes 502a, 502b. The resulting
signals 503a, 503b are amplified with amplifiers 504a, 504b to produce time domain data signals
505a, 505b which are filtered by filters 506a, 506b to produce the time domain data signals 507a,
507b for transmission. The filters 506a, 506b provide modeling of linear distortions, while other



this exanple) transmt signals froma simlar nunber
of transmtters. In this exanple, the set 500 of
wWao e@nesa2te ers to be tested include two signal PCT/US2006/036995

transm ssion systens. The data 50l1a, 501b to be
transmtted are processed in accordance with transmt
processes 502a, 502b. The resulting signals 503a, 503b
are anplified with anplifiers 504a, 504b to produce
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ect ed gnals .52 1i, 52 Iqg are converted
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to m0ﬁ¢1>ﬂe@ euagpire igbelapcaiof the qmdlrtmngm@sm Doty Sewhy srognahs the
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531b which are used
can be represented as a process flow 600. The incoming sampled data vector 321i/321q is used
in a number of processes, including spectram computation 602, matched filter detection 604 and

frequency correction 606. The spectrum computation 602 provides data 603 representing the



to nodel the quadrature inbal ance of the signal
transm ssion path, thereby producing the quadrature
wo ewal3sasci | | ator signals 53 1i, 53 1. The siPEEIDIS2006/036995

gains G, Gy of the buffer anplifiers 522i, 522q are

used to nodel the anplitude inbalance of the

guadrature signal transm ssion path. Referring to

Figure 6, the measurenent software 402, in accordance
powerspetirion ef thelconibived tigodl, ¢.bebypaesamg the cdsaltnefiFast Fourier Transform
FFTi nvention, perforns a nunber of tests and operations
(FFDHP%¥Ean be represented as a process flow 600. The

| MaeHaRGed ANEY RAkceah Provess 604 daedkt th3 ket dfIhd Hgehl,ishmBol
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nom.nal . f.r equenc o e | he fr n .
e B ghERHEREL FRRG P FRR: BTt LitRend GIRBRE orteinal dae
transohissicpu€ipaal 201 .1 Ohis linfbmidiieh i6dhisgR&Ededloe eeamtitde podessing Padcess 612

. infor ian 607 js converted to allel signal. . :
@scipade D GHOBPRelG S3EPHT oS LS SO BPOSES disorition 611
by sulfaeBh & ARG En W sidhal AfrbEs 6 1‘5¥d§1}193@&i bR Pro Prchusy tHRRIror signal in

boundary 605c 1 nformation. The parallel signal

the frequpenyripniaimo Bhigresent inrtbe erigiea dawitrgsaispprsigpd285s 610
¢ b . TS
ngg ;»%Q%B%lgr{)&géiﬁg %)ﬁ%? @ gh{l‘ SBRE ﬁgtal%ll(%éz%?;b for filter

corre e origlna
procetse5iuR sH6ba (disqysat b2low).. Additiendllyf o preicedaé @Ec regpresenting the

rovided.tq.a preanbl e processi Lgcess 612 .
powef ) oh S birT 5 Bl SR LR Grer R o S iR RGPS imbplgnces
betwebh! tHe! TR Y @R£§ERAs foleschi tRhShitRE (), fhbhdeshid amblifuded dsiscussed
reference signal information 615 (di scussed belo

I to
abovedprtigets ¥ heartshthe ppestrgftanepsofiaagh f4ta farsmissianovignah &?ﬁwde of
cach QFBRE L ridrin HC18Y dBsRARkio $efalk 538585531 on si gnal 201,

e preanbl e processing process 612 produces contr ol
d &oetedir@apunBbed tieomigind tea beng ressEgebitta trag@byon system 500
di sqgussed L ow) .. Additionall Lt odu . dat 1

sndes G BUERE, e REVARY e Yoigh PRSI Bl rocescs
502aa} 5@ RTidSH the nSdagurainsnt308@are 4630 Thelpksalting pusiRentfidqgency domain

| mbal. ances. bet the | and Q. da signals f ea
data PRSI 0t L0 SHSses B A e oS e S0
intended to simulate the original filters 506a, 506b of the transmission system 500, in accordance
with the filter control data 613a, 613b. The resulting filtered data S1(k)* 507aa, S2(k)* 507ba
are syummed in a combining process 614 to produce the reconstructed ideal transmitted signal

615, which is subtracted from the received signal 611 to produce the composite error signal



above for Figure 5A), and the spectral flatness of

each data transm ssion signal (anplitude of each OFDM
w@2007i088279 n t he data transm ssion signals 553aPCBESI)6/036995

For testing purposes, the original data being

transmtted by the transm ssion system 500 under test

is known, and is provided as known data 50laa, 501ba

for duplicate transn1tfprocesses 502aa, 502ba within

E1(K) Hel ¥adka'L6 Wndisingswiandae fernass, thereV Mesan ibe cogpeted firmdhis
in data signals U (k)* 503aa, U2(k)*
Cmnp&%%%g%g% %Sﬁ?ered by filtering processes 506aa, 506ba
[ mtshndlddaetreadslymnﬂa'steod thet the kgownadlaté 501aay 0150 Gay he@siEen

si.on system 500, ccor e wWwth.the

procefiet FRRIL ARG QLA LS Disd S5mblie (5 SaUITEn i o Phgpesses
502a,3808) WAkl 4 uﬂé@%ﬁ@taﬂﬁ%(sme SRR QA uasRtafity BBRObd r8sodved within the

conbi ni ng process 614 to produce the reconstructed
receiviey Q) usirgmpivress &y Waidhista riricvedifiprrihe nceningsigaalet 113Dk is

[ uce the conposite

correl'é\@:ﬁ a%ﬁﬁﬁ al’lzgﬁ??%lg ?&Lm@lg&?ﬁlgg Q%lfég Usi ng st andar d

f di}amd gon thd@r@dfvlgcdmubmncthﬁmgnehnéasmwmehissasabp'ptwéiim Eigure 6,

error signal shou readily .understood, t hat
oan b HrSirTAeH 0 60 75 g pgo b s e e F SR BTEL A0 Baary are
detecﬂéﬂ tehg RisinB@ rithed Wtepfor tHediRedmBlE.€The SUipit of HeanditiRd filter is used for
., WMthin the transmt processes 502a, 502b) with

derwla& thmk%wrg@rafmuﬁwﬁfaﬂeﬁmmdawe aPRIEPHEP fregueagncasEsction can
be co%ﬁﬁt@h Yfedla ﬁgﬂhte@ ik Rghe BRRIY ]t sROHd ¥S ké&gﬂﬁ‘uﬁ’c{e‘?ﬁ&ﬁﬁh%’cher well
Ich data retrieved fromthe 1 ncom ng Signal
knowg grhhigdscpan e usadrte laghiext thigas wsll, ag.) ppos shixlepegistegiitn er
starting states. Based upon the foregoing discussion,
aumc?ﬁgmumgnal measurenents, as depicted in Figure 6, can
b&'hs wimaining @drtﬁﬁ of etlelimbRiingl ¥ gnddegg. Nduta) fhllotvitgthe preamble, is

o G oL, YTl IR 1 ) L S €

With t8 FFt KA hhivihg R valus,US@Bsek 8T Fdsy VAlGestBresdndB@ogonal
carrier frequency of fset, from which the appropri ate

frequincy dirésiey muebinlexet (GRPYA sigpdl cemiprLeaainining indpmatien Typically, the
value th{‘ﬁas a ﬂgévef 8&%81\/\%(19\212]}% %ﬁﬁglélgageg E egtdsﬁé Fgﬁg A Iﬂﬂggltegf?ﬁ)le
structbrieiusedafor Metrhsnetigs allcpm/wttlngmpéﬂ epeatides with M nnlorowns for each

ut ocorr.el ati an The re 1n|n r
OFDNt iR NI FuRshOiR e e GTRIRAB I REY o, SoivindShese gauarigns
providds @ERESEdoftEE Bﬂpﬁtu&@ﬁid phass re§fonddsals Y for fdch Chrrierid3mitted in
each FFT out representing one synbol. Wth_each FFT

these giggel 1dan Y ). NTbeasvhaé%el flginghis detcmyinest by he wpiaflg sponses of the
ﬁltt:rs<l-?1D S Wle %etﬂb%i) [E‘:i'llel if HESNEAGY b}ﬁéu\’ﬁrﬁﬁlg rﬂle'BHvJ& BE &%8 Yarrier in the

OFDMy signal” carriers containing I nfornatio
transmijtpd s;lgnaly,YlﬂﬁeYZ(k) and the I/Q imbalance is computed by evaluatlng the

correlation between the positive and negative carriers around the center frequency for each of the
transmitted signals Y1(k), Y2(k).

Since the content of the preamble is known a priori, and because the incoming preambles
have distinct cyclic shifts, the signals from the various transmitters can be separated for each
carrier signal. With different multiple input, multiple output (MIMO) implementations, different

preambles can be used, with such preambles being designed to be at least substantially
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value N has a power of two and N is approximtely
equal to N 10. The M MO preanble structure used for M
W e@nesa2te ers all ows setting up M equations w PET/NE2006/036995
unknowns for each OFDM carrier N present in the
transmtted signals Yl (k), Y2(k). Solving these
equati ons provides estimates of the anplitude and
phase_responses ,. H2 for each carrier transmifted in

Orthozwé elf $hegriginal Wta e%ésnowz@ﬁ jranspigiers A0 e be ongrateckwith gerambling
enablg@tsﬁfcmﬂéesgrah%lérggﬁlﬁgpeiﬂ ﬁe‘ﬂ%ﬁvé@%ﬁﬁ g?ﬁﬁc}gﬁ e alfld I8 Rrambler

whil'e t he power |evel eterm ned by sunm ng
setting trﬁekrmmthe@ifem@a pletcaeq igmal can behfkrtvadms mtted signals

1)e§u1t Zf(tF%feore %gnlgtér owg tog%q%l anc? ﬁ%‘%ﬁrcsgéﬂ%ly%rgl% egeY transmitter

evaﬁ Ive an

can b& egatﬂish@i Giont wkich gamefaqladvm |m)?ﬂ§@h tlﬁi(ifljﬂttmy bé détﬁﬂﬁmbd as
e transmtted signals Vi Y2 Since the
well aédbﬁ %}ﬁfﬁ%%ﬁﬁé& bF-eABdOTMUtYS Stghalporerpicross edraguency sgectrum.

The poli@r AIGHILNGE REL SR TnRPNE efbhSEah BfiteL ¥ GhdiatiF bf % channel

the signals fromthe various transmtters can
resposgfar mcb dranomitter ehmedaled iarthefiligrairocewes AOGiaf 5Oéb@\nt

! A fishesPbbh Bl T St Qdmbplpp for cnch

ummmmmﬂmmwmQMhbas bei ng deS|gned to be at Ieast

S tanti al | ona) . or| |naI ata i
i Qs i B et E “SeY St (e aecounting
for sc%ﬂ%ﬂlinb%lﬁ[b@ b selbcussbd S8 vE)) SheSFoR w@ét&rm@ﬁﬁm@@mpcme

derived with a mat ched fllter and if the scranbl er

caleulsted by sgmiparingibamutputs of thediFTerfoeess with thecides] g A outpais folowing
appli b XP@; ﬁ‘%ﬁm@l cro‘la‘x%yi!lc}ns obox%npﬁtafl&{ &ﬁtﬁé Pgase B&@e PRV eh‘é}éﬁéd ina

or each carrier si gnal om eac ansmtter c
similaz suambén. FhyeaherdgingrtheViF L butphis, the pdwiér spestaim 6ff therc@alsihed signal can
be co qganitter can be determ ned, as well as the spectral
¥Pafhess, i.e., the uniformty of signal powers across

t Relakife gueriCoan bR defetrhiftd ddterdiy\RIthelddatiha 8 £the hef&8©lf the outputs
carrier S|gnal for each transmtter is indicative of

of theypaiched fHise P04 esponse for each transmitter, as nodel ed
| R eFdMng {0l HilreP6 QLS 68 SusREGRRue gr%ﬁlalrﬁ%té:ﬁ%@‘at a * 503aa as an

t hese separated transnmitter sign he qu
exampleihe fimgand iftgguenoy deraaih relatiomships smengthn sigealslean hpe@scrﬂfed as

t as_ 1S ex 8¢ ed du
follots B8 SR Sl DSl e B PR P P v o
number ¥ ef FET Ricneais, @aith dmﬁ@uhﬁrﬁdrap:b@atﬂhg atshbelraf de paekdt o the
nmagni t ude ed by c nparln
frequegy Bale*@mo fﬁyﬂmier ﬁraaéégb%@k By gl&’ﬁt {ypically 64 and

the IFFQlah@ WFTGuaRidhé £81E@enRE v&lhpémaﬁaﬁlve&@h ekl S al Ul(k) is the
nput ati on of the phase noise can be or me

Co
columgy; yiprtop for Hemia sy synmbpl wnibe paskely Rafuripg-p lagvrs@Bs SIgnaﬁetl(t) is the time
domaii¥$ilal é&%@ﬁ&ﬂdﬁﬁg% UEIIGS (ﬁ:ﬁgﬁllo@ ‘f)geaﬁ{bmt t&&le). For example, the

frequency domain vector U1(2) corresponds to time domain signal ul(t) over a time interval t as
follows:
To+Tept2.Ts <t <Tpt+3.Ts
Frequency domain signal Ul(k) can be derived from time domain signal ul(t) as follows:
U1(k) = FFT(ul(t) . e
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be conputed. Relative timng can be determ ned

according to the locations of the peaks of the outputs
w@booviss2mat ched filter 604. Referring to Fi gurBGT/68208610B6995

6B, using frequency domain data signal U (k)* 503aa as

an exanple, the tine and frequency domain

rel ati onshi ps anong the signals can be descri bed as

follows. Referring to Figure 6A, signal U (k) is

sadwesce of teet Gam Bt BrsTaeach having a number N of

FFT el ement t

of the. packal” fr I fyiag RetlHey SORPRER o, S0201, 5209

for an IEEET&@Ql/sahh}ﬂé gosk @emiend:)h@ﬁdmtuﬁaeanaﬂd)g ®nverter

typically 6 and | FET and FFT functjons are

performed with ¥4°8 f‘éﬁﬁ?ﬂn Vaclemel GRMY ‘U]i.’rghXSi gnal U (k)

i's the col ump=\seet@Mirdt @ymbhleaflér prRafiigbol in the

packet. Referring to Figure 6B, signal ul(t) is the

ti me domi nTsrgdanatlelbeﬁCéfgb@n@ﬁﬁg to U (k) (length of

preanbl e nof _tsgrﬂ% pé erFOr exanple, the frequency

domai n vect or ? corres onds to tine domain si gnal

ul (t) over m%swlcnmrebaraibgt, f(HSIEEBI8Db\A/$a/g1TGQT@P+2

< TO+3.Ts F nal. Ul an_ be
SR gt MEER G e PR m el g B outpus ofhe
individh4lkdansimitlers(ddé (dnmbineds e jgVWv)ad B viesr cobmbinb, IS Red the cdmbink@ signal

+ TCP w= 2 p fc V\AtththefrequenC}l/ of the | ocal
into asingly qeﬁtlwn@e@h%apgbls obperfaping tresignah analysis) Byysggiadvanced

signaf FrECR4ERE Xlggﬁthmsghetﬁlm&lﬁdéﬂ%la%e@é?&\!ﬁlrﬂee&trlcte'd &Y RAhdividual

uration, including cyclic prefix TO = start of first
transmiftetsolsingfthesomrinesriral. THs analivsiscis based on kogeini ¢haxtasd that was

transn§16t§d % Rgpe l as Qlyegﬁ)geg)p rAtlson é)‘fimmﬁ\/[agingg)aclge? (*TC\Jﬁibﬁé%‘r‘ p!lclﬁgtEheader). This

1T71'a I Scusse
ability hasngedt t’iﬁmgeﬁm dygodieside slystam it alldved pamm esﬂirtgeof a MIMO

outputs aof the indjvidual tran ter rrbln
transrgit gsterg psjng o OBl P InCE YRR OFiH ot G GBeea ind low cost
thus rﬁéeﬁﬁ{g‘lthel 18 Aretetit SbRed:t BSdsiblNplotiiIBAogapabl e of

perform n?%true signal anal ysis. By using advanced

S |C§WgﬂeSl{ﬁb tesfavanl be thehraf mpssnringrindividual\eompegssion of the different
transtRBEATRLE LS, SR sEX A f8ich ¥ qubli ¥k JMRh transmitter. When a

transmitter compresses the transmitted signal, this degrades the quality of the signal, which can

be expressed via the EVM as a measure of how much the transmitted signal differs from an ideal
signal. For OFDM signals the EVM is expressed as the difference between the constellation
diagram for each carrier and the ideal constellation diagram, e.g., as set forth in the EVM
requirements for the IEEE 802.11 a/g standards. One method to associate compression levels
with individual transmit chains is by measuring the complementary cumulative distribution
function (CCDF), which is a well known characteristic (this method is discussed in more detail
below).

Referring to Figure 7, another method is to characterize the non-linear behavior causing
the compression. The output x(t) from a non-linear element, such as a power amplifier, can be

expressed in terms of its input signal y(t) as follows:
xM)=a1 *y©) Ta ¥y’ O +as Y + ...
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transmtters using the conbined signal. This analysis

i s based on knowi ng the data that was transmtted, as
wawedoz/oze74 he fixed portion of a M MO data packetT/{82006/036995

a data packet header). This ability has great

advantages in a production systemas it allows

parallel testing of a MMO transmt system using only

a single test instrument, thereby offering fast ﬁe t
wheraspend anfig thowpncinsar coeffisienteibat deirrmme thepRTs ohihid and fifth
p
order e B B e A e, s S P L e derived
from tlh@odlpfefsspe pliaractexistics, i.¢.eceeflideds arand apfiBagly rewsmitierdrom the
o Slé?SIEP a quality neasure to each transmtter. Wen
POSUC SR t t er conpresses the transmitted signal, this

dethe adﬁpoiﬂaéén@ﬂﬁgﬁdl ¥1 ’thhd fiet Beghadenetated Gdbabﬁﬁ’nsbﬁtter signal 507aa,
expressed via the a. neasur.e of how nu

and ﬂtersa?@m lpeadly sepeypiad 1d&?1ftfaé‘ﬁl§lt?ef 8ignal 3 07 e H1CE; 131 Bythd §squency
domag: DI (Sin9Rdath&d e EXMibiRaid XS5/ B61 A3 thite tlﬁiblfg‘h%ﬁ)@é"@ve IFFT

bétween the constellation diagramfor each carrier and
procegyge 7 Ozfe adag 65%1 élbedirstdrangiiisigy ame demain sigasl Kop i pypedssddn
M, J
accorsltngn dar 7%8 @Fﬁ(ﬁ%& ?%er%slg élgearlproc%gsegr'ié}éegle%.lrlltsl707%l709a are
correbated hvnmﬂe \td)ldpm;ite tirarssgnal 7@ha s+ ext) hmieﬁ:smdn'egatMmltput 711a 43

co. ta c ive distribution fu i..on ( CCDF),
s an GRTBIF SLANG T (RHR S A B K SRt & Sz corelator
outpu@ 7 §m§@¢nle§hrﬂaé 8f fiehgiclm P& tAWirst FR&{s@fiftdr 6k dah EyrBbUIE Similarly,
another nethod is to characterize the non-Ilinear

the thtr'é vewrelator evtnut Hde fhds aorsimatesifdhe asTore fonthsgecondtpnsmigie for
each 'P V!lﬂlﬁqﬁg fo‘ﬁl’tﬁ g&?&lato?émfutaﬂ 18 azD QWG esﬁ ¢! off 'tlfer as t&fH or the
e exXpressed in ts'inp Ut signal y(t) as
seconfl etahsmsster fof £dch=symbol* MEYI\/H-ccaﬁiolftaty)ﬁ ptocass "MB(atV?rages. these estimates
.Where a nd ab t he no ear. coef f C|en t hat
over 5 BESRH, M AL sthast <B4 e B o HIRLIop iR RPlg Batermi e
expedtRISIPVRSE Fereddte7 198 Bétiviedn Bk tfahemiste8nall cohpRasdh based EVM estimates
transmtter in terns of its EVM can be derived from
'”3biMé°conpression characteristics, i.e., coefficients a3

a@@fé?’ﬁng foqflglﬁ@@ﬁ ] Eé@f‘&ﬂﬁ' %{u%ﬁoﬁ QGUQ 1Ba§dé§, W@Tt%Z WIth multiple

;W% he“conposite error signal 617, the fir

(e.g., attamymg@rse&()é@,e?@% chegnal mnlgmrt&oéra &’Sérﬁ@B ﬁﬂmmpam 810. The

compét%%%gﬁwn: ing @ gal ls?b@f ﬁgnt rl Eg%\&é%rg?l%tgﬁln%% rPlOVl €5 1ns§rugﬁgls and data

to and rea¢isésatanefiorh mdMETBOﬁElaCMHﬁﬂerfacecﬁ‘lé adriieA caﬁtrcfl sbfl’tmc 814 and
ocesses 702a, a,

analygifg ré%’?ar%%?? @ﬁwﬁ i 'agem%t S dBsacHoR Tgvapllys 7045%311 (S With the VSA

808 vl ReBesRteries®rding to third 706a and fifth 708a order
non-|inear_processes. The results 707a, 709a are
Referring to Figure 8B, in an alternative test configuration 800b, switches 820a, 820b are

interposed between the transmitters 804a, 804b and signal combiner 806, and controlled by
instructions from VSA and switch control software 814b in the computer 810.

Referring to Figure 8C, in an alternative test configuration 800c, the signal combiner 806
is removed and each transmitter output 805a, 805b is measured directly by its own VSA 808a,
808D.
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correlated with the conposite error signal 703 e t)* +

e2(t)*. The first correlator output 7 1la i3 is an
we@2i7s2e of the a3 termfor the first transm PCEUSI006/036995

each synbol, while the second correlator output 7 11b

al5 is an estimate of the a5 termfor the first

transmtter for each synbol. Simlarly, the third

correl ator o%égut 7 1lc a23 is an estinmate of the a3

t &ofierring agaictodigyn §As pesarding tocne fiest candignrationily firsiansmitter
5 SHE EMED B PRI o BT 580 4 BRI AV o
32 dB; ywiile lthe oimpEdghilon ofifhe tsedoind rapsmictest4B 1ds avredadie EVids the

mates erthe acket, wWth t raged esti S
Se""”ﬁ&‘@&“f%teﬁ €5y “F%‘S “il‘é\%fhé§1“tgbe @@?‘ gpﬁﬁ ﬁ‘g °€tﬁ‘é’ an BV Teference,
the EVMJﬁ‘SlthHe VYA Clrdnb Rt R 8 04/ W dombativ Airebthewitl ﬁi&SfSA 868 Sonnected

conpressi on based EVM estimates 713b, 713

to theﬁéfcé\drtraﬁgntﬁ@r $46 oy e, withpwdke B BM@%WS‘BWmMer 804a

bemg'a’&ﬁédeeS the DUT 802 with nultiple (e.g., two)
transmtters 804a, 804b, a signal conbiner 806, a VSA

8B fereingltoalig@mpd end 9Bthe FVAM obthp tve megsbieroents cainrts camgared.

The Hol Ry iTekissROME B BTN k¥ et iRt oD FIRR amatvrsdavith the

referelnb sc&ﬂ\d&ré/l ’H?.easfé:rtidal ﬁ?i steyvs@aerraiih d?@n ﬂﬁTEVMlvaIﬁ:ﬁfwsm glﬁb
814 and anal ysi.s software 816 I ch_exc e dat
comppgiterpesiemsal tRhnime yora@lwmcu& tafh e g 1Ay e BO/B apIEEE

802. 1@5??%9&6@ At mbacer Plbor Jaiald hrﬁ&e§t@s berene 28 Bnd 12'7 dH] as the
ernative test configuration 800b, switches 82

accep§ROb limitdor the bighest deta bt iedn dBhdigurahd Mlustrates ﬂ@O‘AS@ where the two
transrlﬁlgé& 0 t‘?’d . 1tca9%{&[]§c§w«§qgﬁ‘e & ré:sgg}l)r Whislg ?‘ %e 9B él&ligates the

structirons trrom Cont r'o
case witer¢ the foanputeitte8iMla iRafadevdl nge daxitiel higher tB4@ the secand transmitter

3040 5t 7 e BEigtrt i tps A Sl PPea i e L gt g having an
error SOgaof&O@aB #hd FRASSIOR Ravthi 86 bl ra¥od Jfs-/- waﬁsﬂa&@&ms were

b. Referring rgaln to Figure 8A, according to one

perfornpask wighyrelatiyely sherbpacket of pnly ¢ sywhols nincregping thedengils of the packets

9 16 constant output signal 805a conpression
willi E%Eyddp??%éﬁlm ng an EVM of - 32 dB, while the

o ofraas ot Homsbishde ENsrfichtioraBodisr 86, Gafh oth be
oot P e el AP OURR 606 COREM AT SPP P TAT PBAB b A eren

transrhit €hdn\ykifercomiptdisios 6L€aH triahi MRS dah ®& nGAbreda Wiktehs WofLbntal axis
direct| %E?WI th the VSA 808 caonnected to the sec

as a fynetiga pf the gztiogf Ay thigd prdey crrelatign;aqgfiicientsd=d 0 #faal&@wsa&e@w) /
avera@(af ) Pardd théerditARRIThE 11R11iB4R B EVS1 BAFELh the transmitters 804a,

804b, Figure 10A illustrates the case where the transmitter output signals 805a, 805b are equal in

power prior to compression (no non-linearity), while Figure 10B illustrates the case where the
first transmitter 804a is at a level one decibel higher than the second transmitter 804b.
Another desirable test is that of measuring individual compressions of the different
transmitters used in a MIMO system. Compression is often measured in form of CCDF in
signals with high peak to average ratio, e.g., OFDM signals, and offers significant information

that can help verify the performance of a transmitter. In a well designed system, the transmitted
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Referring to Figures 9A and 9B, the EVM of the two
nmeasurenents can be conpared. The horizontal axis
WG bwre32me EVM of the second transmitter 804b REENS2006/036995

anal yzed with the reference software. The vertica
axis shows the error (in dB) in the EVM when using the
conposi te neasurenent technique. For this particul ar
test, intended for use with an | EEE 802.1 la/g system

signal pewerdnakusted teaesnindeel plaamapression shebisthatithe Wansmikanalitys

requl?éﬁgeni %%at‘?s%ed a@e&@fsn?gcﬁg BhBAC a!l Werfodll bl i rQeE@c? ower supply
PG o

data rate 1s -25 Fi gu ustrates t cas
currewhemeuriyptont hvws lmqrmamglthet pxrvser avig bsag theeystem rmimdte;m output signal

I
coms dn RS cab RS E RARGRE i o BT hERETt Pher suon
perfotiBaritk nfylbe\li@litedd§ pdecirdi®ithjugligt t han the second
transmtter. 804b. hi the raQaf of interest, the error

s Rsteming idievredd 4; ¢ tpicab CEORGuY for spiEEos02nHe s @ERM)
transfaftfe? [)regélﬂsgﬁe Bfob%&}jlté/lfog BeaNafih QX B (glélﬂdn@ Qns?a{htﬁlre&%" power

range hese tests were perfornmed wt
relativetosthe meelr@ge@mypt Gavk&1@ ropresamitsthe measprdsldTEDF of a typical well

. I I the et 1QVE t he.
desigh A EFRR LI B4 Rt PRI CEpP P RS S
compeasiont Thesffict tebdtive Ol the a8€lﬂ§e pawer ioretht dotiwahtdd ixietahié the

i mpai. r ment squr.ces. ar i e corre
probab RO P i vt TEF e DORLHOR oL e RaREsoedifecDF curve can
repreScAIR R 8ISIfRBmPles8aE s tiiAdSEd the aegQ@dbeenmmaslbﬁ bfthe h\g]htegt peaks of
the horizontal axis as a function of the ratio of

the inph signabr lethis esamplpethe owpeicigmr] isicempressed abost 3 diyrelative to the
t
theorét%ﬁéi Sa‘fflgﬁﬁl@ B&;l? 1 10661}45 ?E%? %gr}et% %Iécg%g %i%{cg 'ﬁ?ék%{s ?ﬁct?{a Backet

axl s erenc rans
conte8B4anco8PdissedfFingy met ﬁl@ksdly falebv tht dmotelical case 1WA4 dee tohike

tra sm tter. out al.s .80 5b .are ual i )
relati TR bS50 B BT oo PRI o Lty PPt P avhil ofen
used fol Gsifally ideBifyl doﬁ@?d‘sélbﬁ Sshbiild oaBSR s‘é&ﬁz[s%ntlﬁkﬁczﬁtidiﬁif compression.

transmtter 804a is at a | evel one deci bel gher t han

t HeCSEETRBY itpedirsisatively sgoplp funsHen ederiye sThaproBlepeis that & a
prodJcB@ﬁ sé?Lflp, IRER 15@1 l@&i&l‘{é fwglmg‘ﬁgﬂiﬁ? N%l sys I%gsngl‘h% g., caused by a

different transmtters used in a
bad cTenipeamepoinent. sa sifgleriransmaistar Edtemprfeomlhe@ﬁlycb@[a‘élq to identify the

{9 ave e rat
compRs§RR Rt 1 fr DA RESES USROS o BidiieB i Promiriliy. A siena
can exigbipup &r 10dB pehle ppeert 1elafi"a¢’ltb€h@fibsalutd I&i‘@&ﬁ’@ Hult tHe Midas@retMahhsmitter
desi gned s stem_ the. tr dS|gnaI ris
Outpuaa]augt@ PR A EHﬁ?ﬁnlé@%ﬁ COEPRFSE Higthighest
peaksitb@béutd W’” Bechihsd thdsy FE&QW&@&F@ Pélatlv%lysxﬁﬁe' §fch@dmpression will
Decr easi ng the out pu ower W Il cause

generplhy: pet pdfeet tb@mmsngw ppgfowp@moug]@, mgpmmnit tegovdsy pf the transmitted
data BaO6! GARIAG JePBrRANE Inabhibd ol LRI LAGHSY STRTI NLLuAERRRIIMO
conpress

put sig ereby causing t ransm
systelqu Eﬂhot}ytra;nsde:gsr shde th@sammecopxmrmlomh ere system
However, a MIMO system with a faulty transmitter may produce both a compressed
signal and a non-compressed signal, thereby exhibiting different signal transmission properties.

If the signal peaks are uncorrelated, such as for a multi-stream MIMO signal, it may be difficult

to measure compression by looking at the combined signal. If both signals show no
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performance may be limted by poor transmt quality.
Referring to Figure 1IA a typical CCDF curve for an
WO BEBE03229 1 |a/g (OFDM) transnmitter presents tPEI/US2006/036995

probability for the signal to have X-dB or nore
i nstant aneous power relative to the average power.
Curve 1102 represents the neasured CCDF of a typica
wel | designed transmitter, while curve 1104 represents

comptéseion tboalsbluteapealc@ionld e IdBeabeve thepealsofpagh signal. However, the RMS

The of f set o _the aver.age power .
powef & le 50 by Some apexiowt TR AH nefs b bigs Tt §inelln fone signat
showL" ﬁ@ cMﬁﬁ&#,si‘cﬂﬂ anaXhéSGthafh;ﬁoﬁQ %@@é&ﬁprésl&ﬁ &f., v HB max1mum peak as

npr essed rve can represent a |eve
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exanpl e, the outp Si g S conpresse
incregsedl &t 5 dB, thecarhgosith éiﬁﬂlﬂ Wwitlednlg stgmal .8 dBmompp@smn reldtd@ to the

theordfFRH B, R L o shhed ol e R B B o P T RRF AT e

relatitdieahetherafical biphAl. .T;zpléawbq @ofPrebdién Wil lahit ‘peﬂf&m{a@% of a transmitter
probability to get to,this |evel of peaki

0 a PeRldRERapEEbetyeR -HEBpd 1 fBg and PP%Ofcﬁlf bBre ‘{ygrg.gntttgs has failed, the

Overanlmmblsystérg%ggdrﬁééfglgg;pr ession, should only be seen as
an indication of conpression. A CCDF is by itself a

r defariipeioFigirap B, 4 coneparioon bayweer CYBF crves f;rr®bmemiﬁegnd
indiv#dgglthJ]ﬂF Bor %rﬁgpt%%ﬂsﬁmntt% ?\IIMO S gl IC?lr\;ey PIIO% aé J[h\é theo? l§1t<):arlllgcurve for

a SiIgnal
the MiID GFDMmgnat cmhntertmme. 1 1|m 1saths bmgb@té (mﬂjﬁddt) e)cmy sTlensurve for

the urtcpo A ﬁ)@vﬁ\ésgdi t %ﬁéﬁ‘r %f t q?lggve { d eeg% | sit}? g'lr?Lglﬂg rﬁ(?e%tsléﬁ rt1o the
theordtled] Gd¥d D08 Otu%nln N2$SfoPthe ofhed MINAD trEdihiR& HnR il disiRests@nificant
1GdB peak power relative to the absol ute power,

but
compfqﬁ@%elagqué@t forzaomiimelly coirged transiniténn] Yrogh8us %@ﬁms cfear that
usmgQQn% wRfak o @Cﬁﬁ]ba’rgth'é Q&}ﬁ)ﬁ%@ §@é£1£ OVY&C%} QiR %?(ftm One

est peaks to se t pea
can hmﬂaf diglngisk dleycombired senehfrao thprtbasétzal qmel, Wwhgeathabdnye tlme one

ot affect the transmtt.er rfor ce e
of thel g e e 508 51 4 BBV NG BB o0ara, My oghis not likel that
one cmaidéqﬂlatﬂ? ﬁﬁeama@@@mmga BifgRAAdRIOh Al inst@ide@tdpable off fleSsuring
also true MO systens if_both transmtters

CCDE pyof e desi fqa @r?ﬁ?%g%wst BReviowever, MCORY is p dewrablg anplysis
tool v%lé}?déhtofteﬁ ﬁélﬁ $AhlolE f)ro'aﬁé‘tlowt&q E‘ﬁt%d bc@tltris 3 s beAvedand offers

and a non-conpressed signal, thereby exhibiting
lﬁmoﬁmﬁﬁ@n@thEMnghﬂanmgﬁﬁ®$|on propertles If the

w%«% \Fr?rgﬁﬁe %frﬁ}ﬂ%qgg %lﬁlﬁdmhg' qu)plt %I | {8 Jﬁ? cc%rréposite EVM can

be idemtifisd)fard bpthen ek Ikﬁmwimg thd)@imp’irgssﬁ)h chiractestios nedanﬂj'egi&a:hmned if
the Em %3%%@% nar‘%%as ? %gﬁ%ﬁp Olrcglfs s?!@gigﬁargggﬁ%gspwgﬁe effects of

one siigh8 tR¥Snission path dominates the composite EVM.

Referring to Figures 12A and 12B, a comparison, in the time domain, of a time sample of

an ideal uncompressed signal (Figure 12A) and a compressed version of the same time sample

(Figure 12B) will reveal CCDF characteristics similar to curve 1102 of Figure 11A, and the fact

16



power is also 3 dB higher, so the maxi num 10 dB peak
to average is muintained. If one signal shows no
weupsR3d on and the ot her shows some conpr essPORS2006/036995
e.g., 7 dB maxi mum peak as di scussed above (CCDF woul d
stop at 7dB), when the two signals are conbined, the
CCDF wi |l show about 1.3 dB reduction in peaking (for
equal RMS signal powers). If the conpression in
that theveonapresstbntdoeSnat Bffedthikee boarpasifipeakS il avteuates tirgergitals more than
13 8 ?B conpression relative to the theoretical signal,
SMAUSRFAY it is further reduced to 3 dB peaki ng, the CCDF
WRdferfilgw Bigdres B3 A @hd 1 3B Sof Hcdhiosltb 80k bE 6/ Nﬁ}\/ﬁf‘ﬁhnals Figure
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13A depigtthe Fasik Wheh Bothstempls grangs gempissspderhib. Bgwe léBdieﬁlcts the result

whenQge o?ﬂfé thvb s I\%ﬂﬁs Rl cohdp sgé/éptos rl?\nﬁ; F% &e&a?c&g?iflné}%i 8t %‘ gu e 1128 From

over al SySt em pecone erri
this itrsieepus ‘éiat_UlnBoma cmnﬂarcrompmsmen waEbe @éiDlenlu v et‘heif &fses the signals

R L e B L S
but it tigueot Mhdyido heiiifysh@ ccahpresivin Witlout &’(ﬁnﬂa}&? td thetra%rence uncompressed

0S (conbi ned) CCDF. The curve for the
Slgnaﬁ@:g’l% ed input of one of the two MMD transnitters
| Refdrfihd@d! FiYurbdRms- '1@@|%anﬁlbﬁu£ Jn@ﬁﬁtféﬂlmg‘ﬁgfs Right984A and
ter an

Curve 1112 Ts for the ot ransm t
14B) predhesdthe sompagiie signal rﬁFlgumﬂﬂCéss wdmmr ombetseert that infsome astances

o S R LA D1 B it o
instansesghrah sigpalopdal] eﬁnulﬁflyodslytthéreby EHusinpEHel ddfhposMessiGaiNto peak even

hardly di stinguish the conbined signal fromthe
‘theoretical one, while at the sane tine one of the

t Raﬂ:&ﬁlﬂg fodtiSurey EAP@PSID I8 §a6k 1591lelwgﬁsﬁﬁﬁec?s1%@sd(l3 igures 15A

more.

stem Therefore is not |likely that one Ca
and 1 (gpemgmo@mgpd (igure 454) angl the omgmlgnabnaj compressed
I .S often
) s T sl o

compresierssi Yfabh@h@rm:ampsme signal (Rignire ﬂrSlD)a:s pm‘dheerd hel p i nprove
l.e_ anal ysis an

duetio dest. ed
oPP SPERLTE it BB RER it o ML Sieglt iy op prsible o
estlmdfythﬁémmdm}g)sit&ﬁgﬁdb BRO&binGh&i egidhte VIV ek process extracts the
ntrl b tors to the conposite EVM can be identifi
receiv Wéﬁltéﬂ W%HWW;}@%@ thoidsplagisreppe signal, and Compares it

agains® t}@rré‘féf'e@rﬁé Skt Swith fhe “éﬁ@ac@&i é}‘gﬁﬁiﬂﬁ rgﬁ??n'cé sighal b@é%l srmllar to those

contributions ‘are sim/lar er eft
signalg depicied mdiigh epktChandokSD), frespbrélvelyf éTNIB tlgfindimelugi sggrml measurements

at es . t
it can Elée ?%1? [rﬁlla?] g{et%o Erﬁflﬂfl%g nee sig x s& SSEI?,Fp‘Bﬁvg%{lﬁl mgrﬁllst ‘ﬂ%’ exist.
Accordingly, the miififanent (péal@ng poiBts s)ﬁfl‘iahﬁo @fgnals can be identified, and how they
correlate to the composite (combined) signal. With this knowledge it is possible to analyze the

composite signal at the point where one of the signals, as the dominant contributor, dominates
the other in power, at which point the ideal composite signal can be compared to the actual
measured signal, and compression for the dominant signal can be determined.

Referring to Figure 16, one example of circuitry 1600 for acquiring the measured signal

and comparing it to the reference signal includes signal envelope detection circuits 1602, 1614a,
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an ideal unconpressed signal (Figure 12A) and a
conpressed version of the sane tine sanple (Figure
wa22m®y/os42r4 reveal CCDF characteristics sim | arP€DUSD&E36995

1102 of Figure 1l A, and the factthat the conpression

does not affect the location of peaks, and attenuates

| arger peaks nore than snaller peaks. Referring to
Figures 13A and 13B, for a conposite signal of two
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conposite signal at the point where one of the
signals, as the dom nant contributor, dom nates the
wW@een3s2m power, at which point the ideal conpP&I/US2006/036995

signal can be conpared to the actual neasured signal

and conpression for the dom nant signal can be

determ ned. Referring to Figure 16, one exanple of
Eﬁﬁﬁ%ﬁ%ﬁ;&héﬁﬁﬁgf for acquiring the nmeasured signal and

o the reference signal includes signa
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2L |terat|ve approach and ot her

veighal pravessinyf med fied recbviny aid p?ﬁod@im% keed plakffite B MR nfdafa, at
respective t agsn1tters with bei ng based on

e
least S?‘Héesé?ﬁ%t e o Sh é’ﬂ“fe‘éﬁfﬁéﬂeﬂ@blerﬁ’@tacﬁnfifaéleéﬁtsalé irgpRedtiye portion
of said ﬂuﬂﬁﬁ%ﬂtﬁﬁsrﬁﬂ laadaity BroQRié‘%rp'i’urQIfltyto@ g?ﬂegep ﬁJd?c’au@J] 10 vector

onpare that result to the nmeaSured conposit
magm@@?&EVWéﬁﬁ%@@dWﬂWIWmSMatmﬂsnﬂnd al ter nat ions in
the structure and nmethod of operation of this
invention wll be apparent to those skilled in the art
wi t hout departing fromthe scope and the spirit of the
~invention. Although the invention has been descri bed
in connection with specific preferred enbodi nents, it
shoul d be understood that the invention as clained
shoul d not be unduly limted to such specific
enbodi nents. It is intended that the follow ng clains
define the scope of the present invention and that
structures and nethods within the scope of these
cl ai ns
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and their equivalents be covered thereby. WHAT | S
CLAIMED | S: 1. An apparatus including a vector signal
w@papzsere f or sinultaneously testing a plural i PgT/082006/036995

ort hogonal frequency division nmultiplexed (OFDM

signals, conprising: signal transformation neans for
transform ng a conposite data signal, received via a
signal comunication path and containing a plurality

of OFPM sipaR@lsSof cleiml a4 saiduignabirantsformation angfseompses:

data signals, wherein said c osi,te data si.gnal .
siengi deteeiéen mewwniar delsripga gl‘ﬁ@ﬁﬁ?" %Faé?g"“ﬁ@‘i?i A g"“ composite data
i | | itySd t BN FesSHh g B #GeGRAcy aSSaricaippsite data
Slgnalt@ﬁﬁé@&ﬁ %]ﬂugﬁgﬁéf%gﬁto edé1 a pl Uﬁ)r%glli tgy of %ge?ay packet s .
signal, eaningoineatforabspectcieues ofsardpdpratity of dat Mackesransysygbol boundaries
| yrality.of.pr | e, data and a respective portion of
for datgwgﬁlarsgflﬁtgalgg Ofa?}??%kte “data, each said respective
Ripibil RRueicyTaireetintmaink for respotidisgion portert of seisk el sontrol
to a respective portign of a plurality of known.. .
data b qorieeingrghpomposts Gl ugra PEE Brreiie? spERar RS i sienl
having S QRAd dohAR Hegdn@p; Processes and said signal
comuni cati on path; and each _of said_plural] té of S of
tsignaldooversidn deeans foF geryesingseid samespanding daa siepdl tpaplyralify ©
1 6 sai dlgglarlﬁality of data packets; and signal
para eg B UEWR§ reans for receiving and pr ocessi ng sai d
Habt Fuiibytrakidanatien FETmeats foeganisiosming saskperatityef parallel data
) portion of said plurality .of preanpble data and at
signalsj ta gEgvidespid Pj‘éfé ot it%SfJB‘ES‘?{etdi ‘{?F? Sb%“agsgi d plurality of
transmt data to provide a plurality of test data
i ndi cative of an error vector mgnitude gHEVI\/g .
associBeerpartunobepim borfisean taid HaRA PLCGIRIE BoantREmPrIseS:
ta}gﬂga%rﬂ?é ﬁx%c?sgingln?éam for g%@&ﬁig%aﬂ% tha§ s@f¥3spective portion of said
0 e}

rans nma nmeans conprises: signal detection neans
pluralifyosf prleaintdd datgtoeprpvide at leasya pluraditneieontpl datdcs of said
C osite data signal to provi . ' : ;
G Oresiag dege i ESE I S A fish L @tol fa@by grocessing sad
pluralifPEM@Sivh daldh Acodtdined with b plralitg of proessdsart leagispbsritiaBy similar
~ones of said plurality of data qfkets nd(8$¥nbogrkanlSi als:
to saidpdurabitof aigngl SransfaisHORPIISFITCSIIPLO AT A BIFTALY G oeir'y gnais,
and packets; signal frequency correction neans for
responding to a portion of said plurality %£ contr?l 4
deigrel bymomgmezns fy ssahdng wihputality offragsioryehdata signals and sai
frequency t.o proyide e ' signa
phﬂdﬁ%ﬁﬁﬁamg%ﬁngPP@%dﬁgﬁpﬁgﬁgfégéggﬂgg?g§9§%§1 conver si on

means for converting said corresponding data signal to
a4p| urality of

The apparatus of claim 3, wherein said preamble processing means is further for
processing said at least said respective portion of said plurality of preamble data to provide a
plurality of additional data indicative of one or more signal transmission characteristics of said

plurality of OFDM signals.
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paral | el data signals; and Fast Fourier transformation
(FFT) nmeans for transformng said plurality of

w@anoalsels dat a signals to provide said plural i BgT/U82006/036995
transforned data signals. 3. The apparatus of claiml,
wherei n said signal processing neans conpri ses:
preanbl e processi ng neans for processing said at | east
said respective portion of said plurality of preanble

data trge RsAVindiralaith @ashe@intald @leior ynood sigw trandmigsiom;

data processing neans for responding to sai lural it
charactefistics fnch@ps eretoa mye pf pPREW; IR aypdra riﬁl%}aﬁlﬁc}jbag‘?n"ﬁ ﬁ%%ﬁé‘ml

d ' oM snRisur al ity of processes at
flames{ et & ARG RO sfnliss % i 8 plurality of
signal transm ssion processes to provide a plurality

of regonstructi signal s; k r

Por s Wﬁ“ag%ﬁ %%bqlﬂ%a%frﬁ{f r g(?qur?slél STor p dat aaﬁg%br?] al's fo
analyzi@B @né;gﬂ ol Sgécﬁt:uhi %aﬁctdﬂ@?@l‘tﬁ'&ﬁid gblinpafsﬂj idgll_?ﬁi&lilak tg provide a

provide said plurality of test a. 4. e r -
pluralityfof gpegtrumalatajndicaivg of 3t lga5h Pa%ﬂ%ﬁalzlt P SE BV Sr%’geg@n‘grg ﬁgérugéer‘s“cs‘

further for processing said at |east said respective

portion of said plurality of preanble data to provide

a plurality of additional data indicative of one or

nmore signal transm ssion characteristics of said

plurality of OFDM signals.5. The apparatus of claim4,

wherein said one or nore signal transm ssion

characteristics includes one or nore of a power |evel,

guadr ature signal inbal ance and spectral fl atness of

each of said plurality of OFDM signals. 6. The

apparatus of claim1, further conprising signa

spectrum anal yzer neans for anal yzing one or nore

spectrum characteristics of said conposite data signa

to provide a plurality of spectrumdata indicative of

at |east one of said one or nore spectrum

characteristics.7. A nmethod for sinultaneously testing

a plurality of orthogonal frequency division

mul ti pl exed (OFDM) signals, conprising: transformng a

conposite data signal, received via a signa

conmuni cation path and containing a plurality of OFDM

signals, to provide a plurality of transforned data

signals, wherein said conposite data signal originates

froma renote signal source having a plurality of

signal transm ssion processes associated therewith and

includes a plurality of data
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packets each of which includes a respective portion of
a plurality of preanble data and a respective portion
w@booa/opd209 al ity of transmt data, each said r eBEBEUS1006036995
portion of said plurality of transmt data corresponds
to a respective portion of a plurality of known data
inrelation to a respective one of said plurality of
signal trapsm_ssio rocesses and sai d signal L
c Jg muni‘t E’Fﬁﬂaqf%réflﬂ&tag‘ﬁ‘&‘sg’at@ﬁm@fa e typﬂflﬁ’thqun?l fggquency division
1nultipleﬂét15(f(lﬂmﬁ§isi§§dl§;}c§ﬂn?ﬂ§h. includes a respective portion
of said plurality of data packets; and receiving and
priaEeyRing agamgogite et signpl, efcekndwia aodigral cammingeationpathcand
T Tt o) Te F of 1 Sal L,ur al i of. preanbl e dat a
con aan? a? Irae1 sqtgpdg allblgpsrl@sa Eég)trl%gld%%ﬂlﬁr%ﬁy 8%“%‘5?0 St g?tglsﬁg{@}s’
whergfi transmit data to provide a plurality of test data
i ndi cati.ve of an error vector gni tude (EVM .
nosoci SHSAORPEHIe Ao iEoaqstainttes LERR & reejf siEnalgourep baving a

plurali ol SignAlftra@bidision prodk8ésListoctAbdhhEFNE aRE HeRfles a plurality of data
nprises: detecting a plurality of characteri S{)I CS o?
a8

co
packelsagh ebyrpish imcdndea esaecgivaportion of epludditaoppraamble dytaghd a
respe@RRHoRton %Z,l&gﬁt?,ﬁ[}%g%?&t% o a frequency of said

Co gnal,

osite data s starting tines for respective
ones ofachaiil rpspertate toyticanf ofdaidplyrality @f srammalt daygndratesponds to a

Qundaries for data . within said . plurality. of data, i
respe R RERon T el o Lo e BB 1E Smeebtasrinetpyd pfratic of
signalaeimismiskiotl pdtetis &AY safisigiAlcinGnicATRGIH, ndlat @ si gnal

frequenc¥ to provide a correspondi ng data signal

havi ng®%hgd sifl lprafrphiannsformgd dete yienals inslirdes agpspestigfe portion of

Saidpﬁggﬁﬁgp@ﬁgkg&e{ga&@ signal to a plurality of parall el
data signals; and transformng said plurality of

p sacaiving and precessingeaidsplimligod dndwn detayit tidusesatdasspective portion of

- ' r f or mat,i FET) _to provide sai. | yral jt :
s 8 oL ANBIATI Lo ST e RE S 4 BTG o
data tovprew iera Raalityrof et ddt @RtV PSRRBLSDE NEtEGIAIMItE@S(EVM) associated

i gr ocessi.ng sai_tgj]@?t | east said respective portion of
with saidicgmppgjiedats e preanbl e data to provide at |east a

plurality of control data; responding to said
plurality of control data by processing said plurality
of- knoWhe Bathad phclaiae drherie saifl ttansfonying edrprisesf

DfAeR A ity e ShorARHEN Bld SomBloBhe Bl Bhel B rgyicga pvatty

of congropflaia edrrdsyorsiing teadresheneytoif said sbgpasits datanitinal seaiting times for

ald pl urali of transfornmed data signal.s and said
respec%ilvel:J ?rée?sl# a181pil¥%l&t8 ﬁt {l'cﬁﬂg?c?(stﬁ and symbol %ogncﬁries f%r ata within said
plurality of data packets;

responding to a portion of said plurality of control data by correcting said composite data
signal frequency to provide a corresponding data signal having a desired nominal frequency;

converting said corresponding data signal to a plurality of parallel data signals; and

transforming said plurality of parallel data signals in accordance with a Fast Fourier

transformation (FFT) to provide said plurality of transformed data signals.

22



signals to provide said plurality of test data. 10.
The nmethod of claim9, wherein said processing further
W@ 09po3®Res processing said at | east sai d respeRCT/Us2006/036995
portion of said plurality of preanble data to provide
a plurality of additional data indicative of one or
nmore signal transm ssion characteristics of said

lurality of signals. 11,  The nethod of claim 10,
ibr of M geihostal vy Wée@mg%’i re¢qi RS AR RIOBSFSIng comprises:
ChR6REiSY da8d 4Q8ast H6d tiPVSor@én YA ﬁﬁraﬁp&?f‘tﬁ@émﬂb@é’@ta to

quadrature signal inbalance and spectral flatness of
providegieast a plyralitypligcatiot datsf OFDM si gnal s. 12. The et hod

of &l ak: 11S§ zing.one or re .
s B A O BB Sy B o
accortlancp mathi adgumalip afipaddetsgs af lesspabbtantialYasdiail i sga plurglitpbf signal
at | east one of sgid one. or.more s ectrum
trans%nﬁglfné PYOSFSSES 1iocp§<_)V1 e a plurality of reconstruction signals; and
summing said plurality of transformed data signals and said plurality of reconstruction

signals to provide said plurality of test data.

10.  The method of claim 9, wherein said processing further comprises processing said
at least said respective portion of said plurality of preamble data to provide a plurality of
additional data indicative of one or more signal transmission characteristics of said plurality of

OFDM signals.

11.  The method of claim 10, wherein said one or more signal transmission
characteristics includes one or more of a power level, quadrature signal imbalance and spectral

flatness of each of said plurality of OFDM signals.
12, The method of claim 7, further comprising analyzing one or more spectrum

characteristics of said composite data signal to provide a plurality of spectrum data indicative of

at least one of said one or more spectrum characteristics.
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