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1, Field of the Invention

The present invention relates to testing of orthogonal frequency division multiplexing
(OFDM) transmitters, and in particular, to testing of OFDM transmitters using a vector signal
analyzer (VSA).

2. Related Art

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.n.mre 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
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From a production perspective, one is looking to have the lowest possible test cost that
satisfies full coverage of the required tests. Production testing usually includes both product
verification, and often more importantly product calibration. During the product calibration, the
performance of the device is adjusted to meet the desired performance.

Optimizing costs of testing in production includes ensuring the fastest possible test time
with reasonably priced test equipment, Testing MIMO transmitters would indicate that one
could utilize parallel test equipment, such that each transmitter is tested in parallel. This will add
little to the test time compared to a traditional device, but will double the cost of the test setup,
thus increasing the overall test cost.

Since modern 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



conponents and assenbly problens, as well as the ability to calibrate the
individual transmtters' performance to be close to optimal. SUMMARY In
accordance with the presently clained invention, an apparatus and nethod are
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I n accor 63N figrals neledeser enbodi nent of the presently claimed invention, a
met hod for sdigpal fRRRAHRIA @R fob aR i compoRt adk RAAORALIvdIeasIency
division multiplexed (OFDM signals | nclgudes: 3 WO 2007/ 038279
PCT/ US206igna) goromynication path and containing a plurality of OFDM signals, to provide a plurality of
transformed data signals, wherein
the composite data signal originates from a remote signal source having a
plurality of signai transmission processes associated therewith and includes a plurality of data
packets each of which includes a respective portion of a plurality of preamble data and a
respective portion of a plurality of transmit data,
each the respective portion of the plurality of transmit data corresponds to a
respective portion of a plurality of known data in relation to a respective one of the plurality of
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 pfeamble 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. 7
_ In accordance with another embodiment of the presently claimed invention, a method for
simuitaneously testing a plurality of orthogonal frequency division multiplexed (OFDM) signals

includes:



transform ng a conposite data signal, received via a signal comunication
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transforned data signals, wherein the conposite data signal originates from
a renote sivgmado7dsafoce having a plurality of signal trapsRkans@deddr ocesses
associ ated therewith and includes a plurality of data packets each of which
i ncludes a respective portion of a plurality of preanble data and a
respective portion of a plurality of transmt data, each the respective
portion of the plurality of transmt data corresponds to a respective
portion of a RindfoRhink¥ cOpdeitoVhta Sigha, redbived hld sBfal Brdnim@aneCHdtly gadone of the
plurality of _ signal_ transm ssion processes and the signal comunication

pat h, an8owaipine apluralisy off QFLYsigpalsto proxie parureiy a&‘“’fgwa@ sigglsydes a
respecti y@e@rtion of the plurality of data packets; and receiving and
processing the plurality of known data, at |east the respective portion of
the plurality of thyeompesite datasignalnriginates &quma repate sigagoeurcebavinga i on of the
pluralit . i i Lt Vs khdi cative
b "an cr Pl (SN don it ot ropdf ¥isbad MRl it oS tinl B0 02

si gnal . BREkEFeRDESERhRR iRlndera FEsfrcDRANIMNGS! Bippaalisy of ireambledagmand adi agr am

depictin . cal .. } . st configurations suitable for use
SoblBl L0, SN o el

with a net ne ehbodi ment of the presently clained
i nvention. Fi gur e egch the sesjmctiadpodtiagntdhn pheplity bf mapsaitdetaeomresporsisse em f or

racticing a,.nmethod i accordance w t.h one enbodi nent of .t he. present |

Pl o hed MR RHrS eEct e G BRES PERRRG dpla i e o e A onB o BUBRET 1 ot
Firrguge ZSigEcilgaﬂi@ﬁf hssibﬁp&mﬁssféﬁatﬂ/rtﬁeﬁéﬂhb&ndhﬁ@daﬁﬂispﬂﬁﬂh@ti ng alternati \ée )
enmbodi nrents of the .interfacg/c ut.er Fi.gure 2. Figure 5 is .a ocC

di agr am depi cti ng 9 ‘E}lﬂﬂﬁ I&Wéﬂgﬁ;? g?‘é?h’éﬁ‘%"é‘? ggan; lﬁéuqeé%?%*aewe P‘?Rl@b?’ldance

Wi th onegrpleditierdatDfackds ad €sent |y cl ai med invention. Figure 5A is a block

di agram depi cti ng one exanpl e. enbodi nent of the transnmt process ages of
Fi ggr e 5. 2 recei‘%ng and procegs-ri_)ng the plurahity of known data, at least the respeth)ive portion ots t}ie g

plurality of preamble data and at least the respective portion of the plurality of transmit data to
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composite data signal.
BRIEF DESCRIPTION OF THE DRAWINGS

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.



WO 2007/ 038279 PCTI US2006/ 036995 Figure 6 is block diagram depicting
processes involved .in practicing a testing nethod in accordance with

vari ous enbodi ments of the presently clained invention. Figures 6A and 6B
depi ct sel agpeg)rpisgmal s identified in Figure 6 in theieriﬂﬁmﬁﬂg%m%requency
domains. Figure 7 is block diagramdepicting a technique tor characterizing
non-1i near behavior causing signal conpression. Figures 8A-8C are bl ock

di agrans depicting test equi prment configurations for practicing the
presently clainmed invention. Figures 9A-9B graphically depict results of
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signals in accordance with ene aspect of the present invention.

DETAILED DESCRIPTION

The following detailed description is of example embodiments of the presently claimed
invention with references to the accompanying drawings. Such description is intended to be
illustrative and not limiting with 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, absént 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 circunit chips) to provide

the described function. Additionally, the term “signal” may refer to one or more currents, one or
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the drawi ngs, like or related elenents will have like or related al pha,
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controller 204. The resulting sampled data vector 203 is provided to the interface 206. If the

interface 206 includes a computer, the sampled data vector 203 can be processed locally,
Otherwise, the sampled data vector 203 can be relayed, e.g., via a network (such as Ethernet)
interface 209, to an external computer for processing.. Control data 207 is provided to the
controller 204, either by the internal computer of the interface 206 or by an external computer
via the interface 206 as received over the network interface 209.

_ Referring to Figure 3, one example embodiment 2028. of the receiver 202 includes a
number of conventional elements connected in a conventional manner, substantially as shown.
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



controlled by control signals 205b fromthe controller 204. The resulting
down-converted signal 6 WO 2007/038279 PCT/ US2006/ 036995 307 is filtered by
a bandpass filter 308. The filtered signal 309 is anplified with another

vari abl e Jier 310 in accordance with control sj | s 205c from
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transm s perfoimsy Qi‘aarg%apm%:lelsd‘ahﬁrf_ﬁéﬂaﬁ, vafidtheoirenunteates with the measurement 402
and control 404 software through data 40 and control 405 information. |
Referring to Figure 4B, when an external computer is used, such computer 400 includes
an interface 440 through which the measurement software 402 and control software 404 interact
with the local interface 206 via the network connection 209. Data 441m and control 441¢

information are exchanged between the interface 440 and the measurement 402 and control 404
software, _

Referring to Figure 5, the RF signal 201 to be tested with a method in accordance with
one embodiment of the presently claimed invention is the combination of two or more (two in
this example) transmit signals from a similar number of transmitters. 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 thé time domain data signals 507a,
507b for transmission. The filters 506a, 506b provide modeling of linear distortions, while other



transmtted are processed in accordance with transmt processes 502a, 502b.
The resulting signals 503a, 503b are anplified with anplifiers 504a, 504b
to produce tinme domain data signals 505a, 505b which are filtered by
filters 50Qg, 0 produce the tinme domain data sign 07b for
transm ssi on. (ﬁﬁ&ﬁgﬁlters 506a, 506b provide nodeling o?éf|%%§%) 9§tort|ons
whil e other 7 WD 2007/038279 PCTI US2006/ 036995 forns of distortion (e.qg.
anplifier noise, nonlinear anplifier and m xer distortions, 1/Q inbalances,
phase noise, etc.) are nodel ed by additive error signals 551a, 55 I b which

are int rfBﬂM@m&ﬂrﬁmﬁ@egﬂalnpﬁﬁ&fiiabia@rn&n]ﬁﬁ&%m&ﬁ&%ndl&h@errdﬁwhmspms| gnal s 553a,
553b are summed in a conbi ner 554 to produce thf%{ﬁF Si gnal 201.

Ref er r i ndmpglanses LPP@QSWSG:(?FF@ aEsompdnled by ey signals frd ay Sthigh ¥ ocesses
502a 502RpirsRBed8a QE&E Eélﬂlﬁﬂe@%ﬁdoﬁmv‘@he fgﬂﬂtlﬂgﬁﬁ?{ms 1934185 @Odundnedilb 1S

initially, pr ocessed process he incom ng data i s encoded,
i nt er| eavigal Q?@#W@l’ﬁ OPFQQHF%@?REISIEEI@iszr allel form and napped according

o, duadr at ur & et Pt b el Qo B iU by, o1 gnal s

U (k) 511i, rocess’e 0 an I nverse Fast Four
Tr ansf or mal(leEéﬁynb&Ekaollbml Gird ingpming ddta 501@, Yudbid mﬂm@ymgﬂﬁsﬂdsl?yﬁmQCGSSS 13q are

converte dS IB b niqocﬁ Eh%lmcomu% 815 ' rg:lfgedo nterleavedaco(l:loer}t\é i itS ﬁgrgl% el ? 14 The

resul ting serra Ravé™a tyclicC pre I'Xx ad "M he next
process =h6é mapjsﬂraehgrdlpg ttdpxadm'gld dm@lmmm&tﬂanm @), ﬁ?@ﬂ@uﬁm@ ]qﬁadratﬁrl-.? q f or

transm ssion r e generatar 518 produces ua

si gnal s FiEgpls L@i@ﬁﬁgﬁjelq TeCEP a‘,"’oﬁ%oé’ﬂbﬂﬁﬁggﬁf‘é““@ig u%‘i"égﬁ: naI s are
provi fjedziw ﬁll@\.ﬁﬁgaﬂncﬁ(ﬂlﬂﬁﬁ]ﬂlt@ slgnals S8} ﬁth&QomlfeHﬂd &sm(yaﬂal d(tg sémlal fmgqa control
signal 521 c, the router se cts t, re signal s 519i

fol | owed 1B§ COPETSIRMPLOETSHH gi gh%rf“’f‘f tingsspsi S‘g\’ﬁlégggi ﬁéﬂiﬂ °4 c@ﬁ]‘éﬂ %"%’2’1 93’21q are

convert egGhdiext glogésﬁ 816, tiRred® 9%0@9::1&@!}1& Qﬁid%u%e ﬁﬁéﬁgﬁa@@m 519 8A trhﬁknﬁﬁsﬂ:lno g
signals 533i, 533q prior to bein ered in buffer amplifiers 5221, 522q

and mi xed in 4}@geEpbl %@pérasorét&wrog@za@emdﬁat@reatﬁa@zblwgnalééh?}e?lé’ﬂoﬁ hej gnal s
53li, 53 Jdata(ﬁ'7§§ pi‘éammrﬁ%j?fﬁ'sk Q@ Iaﬁ 0v1d¥dtt@aglé1@al H‘(ﬁﬁéfl éé@mﬁhgﬂ@-l S

525i, 525q summed In a mgm 1conbl ner 6 to produce the olutput signals
Zne.

503a, 503b acqqrdae@eamﬂo@@qnlﬁp Pleche xouszgz%ews@@sarwmmls 1PigeHla,

oscil | at | .S 30i, 530q
with quagﬁat ur gﬁsf?e %gﬁgélgna%%%l 5%[ l%%ﬁéﬁ'g@%ﬁa'g%l 529@ cgh?éﬁrﬁﬁe?quadr ature
i mbal ancehglfal-tdﬂtelakxggnmertbns EDAGHSERio A33uicto hnalagrignels\p3is Bibqairiogtottielng quadr at ure
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conversion signals 531i, 531q {discussed in more detail below), with the resultant signals 5251,

525q summed in a signal combiner 526 to produce the output signals 503a, 503b.
A local oscillator circuit 528 provides quadrature local oscillator signals 529i, 529q
which are mixed in signal mixers 530i, 530q with quadrature signals 531a, 531b which are used
to model the quadrature imbalance of the signal transmission path, thereby producing the
quadratare local oscillator signals 531i, 531q. The signal gains Gi, Gq of the buffer amplifiers
5221, 522q are used to model the amplitude imbalance of the quadrature signal transmission path.
Referring to Figure 6, the measurement software 402, in accordance with one
embodiment of the presently claimed invention, performs a number of tests and operations which
can be represented as a process flow 600. The incoming sampled data vector 321i/321q is used
in a number of processes, including spectrum computation 602, matched filter detection 604 and

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



522i, 522q are used to nodel the anplitude inbal ance of the quadrature
signal transm ssion path. Referring to Figure 6, the neasurenment software
402, in accordance with one enbodinment of the presently clained invention,
perfornms a WwyIRRHzRhe t €Sts and operations which can be as a
process flow 600. The incom ng sanpl ed data vector 3211/‘@3%?@5@%62@ in a
nunber of processes, including spectrum conputation 602, matched filter
detection 604 and frequency correction 606. The spectrum conputation 602
provides data 603 representing the 8 WO 2007/038279 PCT/US2006/ 036995 power
spect r um Qfwek RGBT 116 BoribildPlignak e @, by MR BiRlisloh Badi @SuHel Trapffofnast
Fourier Transform (FFT) processes. The matched filter detection process 604
det ects tEFETLRagese8f t he si gnal , synbol boundaries and frequency error for
the inconing singaalon3P ik 3k oionThR NS0T HeiBli At st bPHIREhANBPa i S provi ded
to the frequency cc?rrectefjron prog)1 ess 6_06,'_3\/\h§®ésst§rt 0 %’lns nal '605b and
synbol  bwundsies awl fgg8ency wfror fonthe ingoming signeh 328 14 .o Frequacnbiralinfommtion si on
process 6 : y ) ' ' b 1 i N

Corr et echtihisR4eAES Hetbotedy Sl proleh 82Tt B YRR osh BRUSARY, e

f r equencyboandasies 603 dafomidiion ae@bavidedea poslicb cineersioaipgieads 608.f or mati on 607 i s

converted to rallel si i.oformation.by.the parallel, conversi on process
608 in accordg[ﬁ'sgmﬂ?l{nﬁ S{&g@gﬁlqgﬁs@n@%ﬁg‘%ﬁn n‘iﬂ’"§§/tﬁ‘¥)5'1t8"o%?ﬂ"f8’§9’y 605c

i nf or mat gdfgecnﬁhgrdﬁgisﬁﬂliﬂ# acBbrd Mtk vdiﬂdnfﬁ&rfmhm? eﬁ@ﬁnfo‘ﬁmﬂgﬁ(giﬁs& eme\t?gnzrﬁt)gedaesﬁT
process o_produce_ frequenc Qmai.n i pformation * o+ *
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i nf or mat RQB(_:&:@@OS 112 adtbRIMh&d8 it Be Ral bERIHRI 6058 LAE §BHoDELURAAT 8655 iRfbanatiod] Scussed
bel ow). Additionally, a summ ng process 616 further processes this

i nf ormati on 6The pypllel signaldeforongiion 66%is prasessed wpingl a Filtraeeest §10ro Brpduqedi scussed
bel ow) t 1 o SAranal. : gﬁ?ﬂ present in
the ori gﬁ%ﬁaggggm%?g}lfgﬁé&)??&@gi g#gp‘)éggpc%g‘g%g’ggﬁ% p o%lgétéi ng process
612 pr odutresmigsion sigial k. allelBéprmati@iSll siprévidadde a prroblsesssigeazcesss08ba

(di scussed. o[e [P R I | I ] he
pover 1 our st hlonf RUBRAY, JuurlinEhBRUC 6 A LIl AREREILEE L
r epr esenthysgbtiaching mfivese sigedl wefematibe615 (dischs@ddetos) $¢ prodics thecarroesigiml in
transmtter.(e.q.,, phas and .anpl i t.ud di scussed ove for Figure 5A),
and the. spetditydclARiET e T phPa R A eI Carpl 1 ¢ ude o
each OFDM car IThe pretufiblc peocd@ing précait st poidades Sorgdblfa 5336135 Sattijlter

processes 506aa, 506ba (discussed below). Additionally, it produces data 613c¢ representing the

power level of each of the data transmission signals 553a, 553b, data representing imbalances
between the I and Q data signals for each transmitter (e.g., phases and amplitudes as discussed
above for Figure 5A), and the spectral flatness of each data transmission signal (amplitude of
each OFDM carrier in the data transmission signals 553a, 553b).

For testing purposes, the original data being transmitted by the transmission system 500
under test is known, and is provided as known data 501aa, 501ba for duplicate transmit processes
502aa, 502ba within the measurement software 402. The resulting duplicate frequency domain
data signals Ul{k)* 503aa, U2(k)* 503ba are ﬁ_ltered by filtering processes 506aa, 506ba
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 sumined 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



For testing purposes, the original data being transmtted by the

transm ssion system 500 wunder test is known, and is provided as known data
501aa, 501ba for duplicate transmt processes 502aa, 502ba within the
measur enent software 402. The resulting duplicate frequency domain data

si gnal s ULGg 30090537 U2(k)* 503ba are filtered by filtgpi ses
506aa, SOGB?ZQOﬁtended to sinulate the original fil tersggg@g?dag%%gﬁof t he
transm ssion system 500, in accordance wth the filter control data 613a,
613b. The resulting filtered data S1(k)* 507aa, S2(k)* 507ba are summed in
a conbi ning process 614 to produce the reconstructed ideal transmtted
signal GAgk)*wWEYAK)*$H13UDking stredird fonmlid) the BV careltk dhgurt fi6hlthiso pr oduce t he
conposite error signal g{ﬁ/\o 2007/ 038279 PCT/ US2006/ 036995 E1(k)* + EY2(k)*
617. Usi rfgmBesitsqaP#8 fld as, the EVM can be conputed fromthis conposite

error signal Glkhoulll be sdagily éhdestood @i thy kbveed-5d 506k, 50Ba rhdyhatkdlevsn dat a 501laa,
501ba may have _been processed withip the set 500 of transmt{ters by a

h
scranbl erPreegssgd ?ﬂtgwh? gpt ?%ofthfﬂaml‘fﬁr'f Qsp? gfraaler(e.g5 pthin %@?ﬁ)‘gﬁ%ﬂ%"‘%&?ﬁyunknom

starting sphatsezh) S hndRkhRaedtirdhd diate. CRUth B uA @RS QN W feblRedithin f@CEI Ver 600
using a process by which data retrieved fromthe i ncom ng signal 321i/32 1q

is corr aPepiveroQiinga prageps Ippekichdata shiededsfram thetingomingsignebiZd¥321848ed upon
t he fOre%ﬁ@lﬁte@%%&ﬁkﬁlitlgi;ksibiet&%raﬁﬁﬁpi\hﬂi{{?%%ﬂé&emmS’ as depicted in Figure 6,
as l'ows: The

can be sunmmari ze DT begi hni ng of the incom ng si%pal and
synbol boundaBpsedrpon thetferegaing digcussion,Bie signal nreasuséreents, ps depicteddn Fighes Gor eanbl e.

The outp Ll 4sen. .S . r rd vi | rrier
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conput ed drtedied,pyg. ngidg & matched filtardordiermmeambld. | Theshatput of thematelzdifliter isnskelrfst ood

t hat ot hey _.wel known t echni gues..cap be .u to achjeve this as.well, e.g.,
power _envisTie s itBal opiet SPMeraTREr Rom Syt St Arpr e e SRt %t P
i ncom ng eicgimghied endpppliethihahd tihd dvmaitg (Itlskouyd Bewidily, und&stopd thateslsecrellsi Ng a
Fast Four,ier Transform FFTBl V\Heh Each FET out put repreient.i n%_ one synbol .
Wth eacH BERSHuAYRS cAmby vgd I arBieTrdtis as welliseoRer givelPpedslection s repr esent
or t hogonadutoci@stémncy di vision nultiplexed (OFDM signal carriers containing
information. Typically, the value N has a power of two and N is

appr oxi mat el y T8¢ trIaRieE perden of fhranganes Hpwwh fis-slatadbliqvdpg the pirawblesisr M
transm t t,258s2 LQNSa PAE FHREr PRnibEOGET), A éH PRINUAIERPMStG on€&RHbol.

With each FFT output having N values, a subset N1 of these values represent orthogonal

frequency division multiplexed (OFDM) signal carriers containing information. Typically, the
value N has a power of two and N1 is approximately equal to N-10. The MIMO preamble
structure used for M transmitters allows seiting up M equations with M unknowns for each
OFDM carrier N1 present in the transmitted signals Y1(k), Y2(k). Solving these equations
provides estimates of the amplitude and phase responses H1, H2 for each carrier transmitted in
these signals Y1(k), Y2(k). The channel flatness is determined by the amplitude responses of the
filters H1, H2, while the power level is determined by summing the power of each carrier in the
transmitted signals Y1(k), Y2(k), and the I/Q imbalance is computed by evaluating 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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OFDM carrier N present in the transmtted signals Y1(k), Y2(k). Sol ving

t hese equations provides estimtes of the anplitude and phase responses H,
H2 for each carrier transmtted in these signals Yl (k), Y2(k). The channel
flatness is determi ned by the anplitude responses of the filters Hl, H2,
while the is determ ned by summ ng the power rrier in
t he trans%??@&k’g’%é?nm s Yl (k), Y2(K), and the 1/Q i nbglcg&]ggﬁlg@%g%nput ed by
evaluating the <correlation between the positive and negative carriers
around the center frequency for each of the transmtted signals Yl (k),
Y2(k). Since the content of the preanble is known a priori, and because the
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si gnal f roge Rachatd RS Orlh@ carrfeP AR fR ShAah SRk is fHaRMMUrete dhbgebisef ul
power from each transmtter can be determned, as well as the spectral

f I at ness, repRogse for eash iranyiiier asynadeled inghe filtgovaseseniltes S0te frequency
spectrum Th%%pﬁ%ﬁ@%ﬂ’w@l atQf tra?n@xﬁf@tc{%éﬂals?{hﬁﬁh%ef( )] fr?ﬁﬁnéer Bfeghtter

i's indicative of anne response each transm't as nodeled in
the filt eransmisecands d8Gula, 506ba. By conparing these separated transmitter

signals, the [ : I . [ i J

derived, 1t nb0guRs hllels PR H3Eed bl Bt CRARGRAAAC pEBlhoRE

condi t i onfor §andnller wmcertiniites, ag diséussed sbowiithesrron metortorgnitide §E VD cali lscussed
above), the errqr vector itu ~can cal t ed by.conparing the
output 5 orie i PSFh Ra B b it P Sy e SR E R HUSP B | ot i on
of the ¢ h@lpliﬁtioﬁ of the chdn@élSorréamoTl t(aﬁf;]pmtatiaﬁ of theplpbasdsavah Bepafrmbeiner f or ][red
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Relative timing can be determined according to the locations of the peaks of the outputs
of the matched filter 604. |

Referring to Figures 6A ‘and 6B, using frequency domain data signal Ul(k)* 503aa as an
example, the time and frequency domain relationships among the signals can be described as
follows. Referring to Figure 64, signal U1(k} is sequence of column vectors, each having a
number N of FFT' elements, with each column representing a symbol of the packet in the
frequency domain. For example, for an IEEE 802.11a/g signal that mumber N is typically 64 and
the IFFT and FFT functions are performed with 64 element vector inputs. Signal U1(k) is the
column vector for the k-th symbol in the packet. Referring to Figure 6B, signal ul(t) is the time
domain signal corresponding to Ul(k) (length of preamble not to scale). 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 <TpH3.T;
Frequency domain signal U1(k) can be derived from time domain signal ul(t) as follows:
U1(K) = FFT(ul(t) . &™)
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of the matched filter 604. Referring to Figures 6A and 6B, using frequency
domai n data signal Ul(k)* 503aa as an exanple, the tinme and frequency
domai n rel ationships anong the signals can be described as follows.
Referring t A, signal Ul (k) is sequence of c each
havi ng a ‘90 %@Mf\ﬁéﬁ? FFT el enents, with each col um re%rhysgéz%?@\}g@% ynbol
of the packet in the frequency dOfTB.I n. For exanple, for an | EEE 802. 11 alg
signal that nunber Nis typically 64 and the |IFFT and FFT functions are
performed with 64 el enment vector inputs. Signal U (k) is the colum vector
for the k-th syiekol in thePack@+TReflgsring to Figure 6B, signal ul (t) is
the tinme domain signal corres ding to U | engt.h of, pre le not to
scale). For exanple, th@7 ﬂr’?gaﬁfg‘&t{h grS‘FHfP?'V lé?a?ﬁﬁ’ﬂ Shgﬁ?lﬁggasoﬁ&g to tine
domai n signal ul (t) OVGTsa&IVdaﬂi?lelcchEﬁ‘é@ienyﬁ% ifPlolWBz cdiekeP+2. T3 < t <
Ts+3. Ts Frequency donmain signa can_ be derived fromtinme domai n signal
ul (t) as follows: U (kYs=spphql Pl(awn inguding cyaliogrsfixo07/ 038279

PCT/ US2006/ 036995  wher ¢, gmquﬁsi}% 'Ba-pa-h ﬁ%e%ﬁlez it fawth fO the
frequency of the | ocal oScil | at or s nal s , 529q Tsa =1/sanpl e clock
frequency of digital -t oTenraduwgfion@heystie prefifS = synbol duration, including
cyclic prefix To = stagL synbol after preanble TcP = duration of
cyclic prefix = sy rrbfcl 2&%%’%&?{ = sanpl e nunber (e.g., for |IEEE 802.11
a/ g n¥0:63) As d| scussemﬁsmwnumbmeigr,&wéﬁﬂiﬁ@zkla(wm—@x&)t ested in parallel
where the out put [ [ ST via a
power conmnbi ner’% Sc%se& %?(}Vﬁel\q@g%&ﬁ%ﬁﬁéf ‘3%?3‘1 téSE‘c"nt opaaral?d %BF;Q ﬂpees lqml Snogfd}eurrent
capabl e oihdi&ludidransmifetsracecosibiped)e. @,nm y/poveer cdﬁ;tbm; mg"eﬁdhaamﬂmwsi@ﬂal
processi ng, al gor i i ndi vi.du par.anet er s > extracted,for the
v duali P e et oot S Sermb B et e P SRS | o baged
on knowi ngghahprockakiag hl@&ﬁthtﬁ@ﬁlanﬂi Individial fafthetadScandk kxtaptel Hor the Xedidaar ti on of a

M MO dat a packet : dat cket header Thi s
£]SII]1KttGI'S ugmg%he combmed gi 61‘ This an ysgs 1s based on lcuowmg the data that was

transmitted, as well as the fixed portion of a MIMO data packet (e.g., a data packet header). This
ability has great advantages in a production system as it allows parallel testing of a MIMO
transmit system using only a single test instrument, thereby offering fast test speed and low cost,
thus meeting the requirement of lowest possible production cost.

One desirable test would be that of measuring individual compression of the different
transmitters used in a MIMO system and to assign a quality measure to each transmitter. When a
transmitter compresses the transnﬁftcd 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 802.1 1 a/g standards. One method to associate compression levels
with individual transmit chains is by méasuring 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-linsar 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:

x(H=a*yt) tas* Y +as* Y + ...
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ability has great advantages in a production systemas it allows parallel
testing of a MMO transmt systemusing only a single test instrunent,
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e qua (0] t na

responses Ity each transmtter 1n terns of its EVM
can be deswnektéd wWithdhe ¢dwwmmoesgmabﬁ0£hé:}*abezétﬁ s’lfhecﬁsst corredatpr mbmﬁﬂ lizidgnt s a3

o o o R S S B i R AR R Rl BeafERERR S 0,
t he secortdztﬂmahlu Afs Jgeﬂenmambflthte@kermrfaﬂhaﬁtst teansipitgnor eeﬁihﬁpmbolmmmﬂaﬂa; e in
the freq the ti one, s at a

in r.ansf or ned t ég ol
e, |t hr BN eaBHRET it e s 1 et A o g it 08
transm t t&ch §yinibl, dﬂﬂlaltm: fsmg:r@hem&'éauqaﬁt N1OES B dstindRE of tHe BTernOfoh ter d 7062
and fifth 708a or der é ngai' &B%%y?ses The resu s 707a,  709a, are
correl at “F"iquﬁl&e‘" P CRTRUtafgR POP]S a,vegaggst these extipates; ¢ g
corr el at OfvePtht phbket! kith ﬂleaallgragddscstﬁﬁat@sﬁsbmtaﬁdz@& 16818p AB1ds @ Matéiindthe first
transmitter for_each synbol . while the second correl ator
expected EVM difference 713a between the transmitters and compression based EVM estimates
713b, 713c.
Referring to Figure 8A, a test configuration 800a includes the DUT 802 with multiple
(e.g., two) transmitters 804a, 804b, a signal combiner 806, a VSA 808, and a computer 810. The
computer 810 contains and runs DUT contro} software 812 which provides instructions and data
to and receives data from the DUT 802 via an interface 813, and VSA control software 814 and
analysis software 816 which exchange data and instructions mutually as well as with the VSA
808 via another interface 815,
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
instractions 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,

808b.
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output 71 Ib at5 is an estinmate of the as termfor the first transmtter for
each synbol. Simlarly, the third correlator output 711 ¢ a23 is an
estimate of the a3 termfor the second transmtter for each synbol, while
the fourth r output 711 d a25 is an estimate of, nlfor t he
second traﬁg&gaﬁkﬁﬁ?%r each synbol. An EVM conput ati on pr%@%gg g%gfaverages
these estimates over the packet, wth the averaged estinates used to
address | ookup tables to determ ne the expected EVM difference 713a between
the transmtters and conpression based EVM estinmates 713b, 713c. Referring
to Figure 8A, Rafdrfmd agairtd Fipures8A, atco olonsteucbeﬁﬁglﬁmmwﬁe GO trimstnlieteiul ti pl e

(e.q. ansm tiers 804a, 804p, gnal | 6,. a VA 808, and a
Comput er  Bo s iRersied At soBI bR sithal S5 Sprssti Beigh pobies Ry Madr e 819

whi ch  pr o3y dis; SwhilB HelcUfapietiidh Tl H6dnd trahSniBR OIS RE Wgisd dBkeR TRy e DUT 802
via an interface 813, and VSA control software 814 an g anal si s _software

816 whi cHeesndriungaitteri04b Fazmparated ysing e singler(S4 $08. Jo ohiain ana% M referengte  \/SA

808 vi a JPOEYRT frdf R EamA tBdeitdtS0e8 &hﬂﬂeés&efﬂﬂééﬂ? withithd VSR%O@L&&E&%&F lve
test configuration 800b, swtches 820a, Ob are "interposed between the

transmit tteflke ssmd traguuitter506b enlyrigl, wibes ﬁmgnabma aitie Eesh tremsidiidey 804a
|nstruct|5¥5¥ Qn VSA and switch control software 814b in the conputer 810.
Referrin ﬁi gure 8C, in an alternative test configuration 800c, the

si gnal conbl nRef@i toiFsgurePdvand QBnﬂle@éfM of thatvenmtaseements pant beR0B@are®05b i s

measur ed gi hectly. b 08b...1 007/ 7
hen Ussocien it Hisf %WF?'JY]EE SE e SS¢‘1’—‘dg’ﬂ’Fsé‘“‘§“'A%O Wt %Z?%Zwﬁh@et est
conf i gur atfeedmpe §dfievafe, Ik vémeaiami!s‘slﬁce‘rs tB@d}ﬁ:r(mstB@methaEVM ﬁhenmsmgmls:t ant out put

Aéethe

signal 805a cqnpression th cin n W
ot oo DAPGTHATGS SEBGH Lo RT Gy FOF (Gt Pals” Reloipaadar SopaeaptiE o
second t rensnh/kastend A ral@Sf FRAS bf Retidub Rlertsh R betweeh £4\iaa .- B0, ameobt ain an

EVM reference, the EVMfromthe second transnmitter 804b was neasured

directly appepkaneq ki dor thefehestatadateds -29 9By Feuerstoiustiatos tashase whergthervon) v,
e, w tt%bﬁutt%ﬁ%r@deﬂi&@ianﬁﬂ@@t eﬂﬁal%%ﬁ\&kﬁe&%mﬁ;fe@dﬁﬁr ViR FiSH4 9B iRt tﬁQdEd

Referring to Figures 9A and two neasurenents can
conpar ed. caseTyikerede fiys franpmitiee |8§4aslh aiisleyah encignibelrhighsether thsirecopd an@mlmrer 804b

when anal 90&6.%%& Hmﬁé"tﬁ' interest, the error shows a small positive bias with Figure 9A having an
error range of +/- 1 dB and Figure 9B having an error range of +/- 1.5 dB. These tests were

J-_)

performed with i'elativcly short packets of only 24 symbols. Increasing the length of the packets
will improve the accuracy. ‘ _

Referring to Figures 10A and 10B, the EVM of each transmitter 804a, 804b can be
affected by other impairment sources. By comparing the correlation levels from the different
transmit chains, the compression of each transmitter can be monitored. With the horizontal axis
as a function of the ratio of the third order correlation coefficients (= 10* logo(average(8;s) /
average(fzs))) and the vertical axis as the difference in EVM between the transmitters 804a,
804b, Figure 10A illustrates the case where the transmitter output signals 805a, 805b are equal in
power prior {o compressioﬁ (no non-linearity), while Figure IOB 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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reference software. The vertical axis shows the error (in dB) in the EVM
when using the conposite neasurenent technique. For this particular test,

i ntended for use with an | EEE 802. 11alg system the range of EVM of

parti cul ar is between -24 and -27 dB, as the imt for
t he hi ghest‘ﬁdt;%ot%g&r%%?e is -25 dB. Figure 9A illustrates ?ﬁgﬁ%@g&g 9(lgre t he
two transmtters are set to transmt at equal power (pre-conpression),
while Figure 9B illustrates the case where the first transmtter 804a is at
a |l evel one decibel higher than the second transmitter 804b. In the range
of 1 nt er esignal pdveer v adfusted hnm&rtamsltml bf qoaptdssivresubl that ﬂxéhhndﬁhgquaﬁtygA havi ng an
error ranlge .Of +{ %gg‘ﬂg ?u e 9B havi an ﬁfror Jange,of +/- 5 dB.
These t esTHUHREICE IS S T HitEF Ry SOPHL GHICBEEE] PO Ul

synbol s. dunehiREsuRptibRGut BAYidheahe bdvrer RAIC kigigshe wsﬂehl ihiSleepes ohithe: s@elur acy.
Referring to Fi gures 10A and 10B, the EVM of c@ transmtter 804a, 804b can
be af f ectOBPreSHOBREDY PHSRE Mrdrpsial apalibsio degrade e MO MhAE Syl at i on

| evel s frmﬁﬁﬁmgh{@%ﬁm&d &jlﬁ;a§f}bﬂsnﬁ‘t hitg, the conpression of each
transm tt'er can be nonitore t he horizontal axis as a function of the

ratio of the tBefrEnpledigurebid, altyicabCOEonrvie forapdBER 802 bla/g QJi\Daver age( al3)
[ avera : | 2l t ween the
tranon ¢ Caraeth @R dolrobli RtroHling @hyle 608 ol R SAGA U RoR RS |
transnmi t tushtiveiofhe avsiagnpdveer 308ere 180P5ispraseatsdipragasimd COBRe apyriat welb !
conpr essi ' ur, t jcase wher e
the fi rs%g\gﬁ%ﬁg%g u!e% %@5‘3&"@ O\M}gp Sentsgl 51%8£ emdbdq#%ﬁeelgﬁ?%uﬁﬁ t he second
transm t t empdadibn, "Phamffsme!dem todibla&eﬁaﬁpomres:stoh&he }mi'lzmdszwslan@]thendl vi dual

conpr essi ons f _the di ffer ra i n S

Conpr essi Bf ""bgl%*S OB {fis g%"ﬁ T&‘ ]?ﬁl%tfﬁ@fﬁﬁ “r?“%?%ﬁ% '%{rﬁe fgh peak to
aver age rapresent eleﬁel of Eﬁﬂ‘y‘bﬁiogmhﬁmdlaﬁék thé degfed of ccgimrésSibmif therhighembak@ Bf that

can help erlf t r.formance of a transmtter de5| ned system
the trans igra" VBB OO S50 GUPE: RS GRS S0 éﬁgﬁia B

adj ust ed ﬂl&)r&ldiﬁfiélﬂl NTHiEMRAt 1006 ﬁ@ﬁwmmltﬁgﬁheﬁda&tpaam hiﬁ@ﬁﬁﬂk&t qual ity
requirenent is satisfie Decreas] ng .t he output  signal power w Il cause

i ncr ease&“ﬁmﬂ“@ﬂﬁﬁe?ed)cfﬁ?W%PreE’éﬂgfﬂW thstheqserical GeyeHOf dge e power wi | |

bring therel%)i@élfmw PbBbERE RSt BULR WyelXirgiiking. TRARIRS ﬁh@ﬁhﬁth‘ib@%ﬂ%ﬁ& ng the
transmt quali to degrade to the point whiere system perf ormance naybe

limted WE%WSU@Hhﬂgw cejopressiop, shruldenlyibsgeenas @i indicatian ¢fgomaressjgn. cal  CCDF
curve for an _lﬁgéél_)%ngfﬂseﬁ* Qe1bttde mele function to derive. The problem isthatina

production setup, one is typically looking for a signal with high compression, e.g., cansed by a

bad circuit component. In a single transmitter system one will easily be able to identify the
compress’idn (Figure 11A) where the higher curvature is an indication of compression. A signal {
can exhibit up to 10dB peak power relative to the absolute power, but the measured transmitter
output may only show about 7 dB of peaking; thus the transmiiter will compress the highest ‘
- peaks t'o. about 7 dB. Because these peak levels are relétively rare, such compression will
generally ﬁ_qt affect the transmitter performance enough to preveﬁt recovery of the transmitted
data based on normal pérforr_nance margins and error correction, This is also true for MIMO
systems if Both transmitters show the same compression.
I—Io'\ﬁrever, a MIMO system with a faulty transmitter may produce both a compressed
signal and a non-compressed signal, thereby exhibiting different signal iransmission 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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transmtter presents the probability for the signal to have X-dB or nore

I nst ant aneous power relative to the average power. Curve 1102 represents

t he neasured CCDF of a typical well designed transmitter, while curve 1104
represents etical CCOF if there is no signal ' The
of fset rel 5{(?@3% 09‘{9he average power is on the hori zontg @é@gé%g%st he
probability is on the vertical axis. The end point 1106 of the conpressed
CCDF curve can represent a |level of conpression, as it indicates the degree
of conpression of the highest peaks of the input signal. In this exanple,
the out pUlonihdiiag, mesab&ﬂ%m&l@m abo Eﬁéaﬁ £ ¥ sBmbiN HovwePa e RivER!
signal. This point 1106 y vary some with shorter data packets, as the
packet  croweentatso CuiBddghst.¢e shedhaximym A6 (B peddp gedrsgefipmainaindde If dne sigedli cal
curve 110 e i Jod: Ok i evel of
peaki ng. ggg %ér?nepg %ﬂﬁ? é]? dp%% H@@ﬁ%{}%&%\%{ﬁ%ﬁﬁ% %1%%\4.%?6%9 %’Elw sﬂ’g%éys Identify
conpr essi discusssth ahdvd (GODY woeldswprt 2dB)awhénrthi mtsignals @fe cortpredsthé 6GDF AVIICCDF i s

by itself | ati i.npl e f j t ive. Th bl i s, that i

o oduct 1 BBl AR R e o OB R IF B pe R B PR |
conpr essiitreased .5 dB; dhesoeeh FFMteEC(_ZIlhladingrﬂ%shbw Iodp cigptbssionfelativkitglee
transmtter system one wl!| easi e tq iden the coppression
(Fi gure 1@%"3%%‘%‘ ﬁ'&lmtdﬁ@ﬁﬂ?ﬁ‘ﬁ‘ﬁ?‘ﬁﬁog C*BsPeélﬂng’glb‘i ég]{)iéd‘f’ﬂétf"“b%ﬂgﬁessi on. A
signal  crRtieeBitkY theorRtichIghdll ErypRalty, Renitessiclvall it JePfotidhcd BSPdnbRitiBOVer |

but the measured transmtter _out put matc%‘/i only show about 7 dB of ggaki ng;
t hus t he PrRedwerge beivveen 6 5B add dBaandif epeedd the tye sressopifiers besfeiler, M8, Because

these pealyel@WEIMO st GilcBinbyBhivy,rare, such conpression will generally not
affect the transmtter pertormnmance enough to prevent recovery of the

transnmitted defaritgtsdiumml 1o e cempisised batween S&-Dibeugiesdornetpesiteand cor r ect i on.
This is ghggd lv\‘tglvﬁefffor g/h‘%ﬁ%ﬁs}fﬁ&%ﬁn\% s%ﬂél.h %?3@% fsttl?ertﬁeé%h‘e%}é‘f &A% §2Me

conpr essi on. systemw {1 a ransm t may produce
bot h a cahphMEKEAFDXI sigral, wailecurroht10 dnthe esseditsicgmbined)tCEDIE bTheaxhvielfort i ng

di fferent, signal transm i on.properti . 1f the .sighal, peaks, are

uncorr el atP% : oglﬁlgﬂsegénp%?stso GR{I@F ?"?%W@Sr#%f%c@ ilsg@"gﬂ’i 1?6[%&@5%&& fficult to
measur e Cthémdst}ﬁﬁl':‘duﬁm 1bgs.|(5mké ngz/as fok B ottAiIMEdraakgitat andliﬁdiﬁﬂés:%iﬁﬂfgzaﬁli ShOYVd
no 15 WD 2007/ Q38279 P S2006/ 0369 C r essi , the. absol ut e peak wou
D 30 SHETBHETE dusis Bt 105 o OB b o B ioh GRS et I ThC o 3 dn
hi gher, s@idohandiBubiibiOCDB o @akcohBindy SkadSprbHdsien! 16 8@ormbafior eS| gnal

shows no conpression and the other shows sonme cqnpression, e.g., 7 dB
maxi mim pcggkarggl distinguish the combined signal from the theoretical one, while at the same time one

of the transmitters are compressed to maximum for a good system. Therefore, it is not likely that
one can adequately measure CCDF with a single traditional instrument capable of measuring
CCDF as is often desired for a production test setup. However, CCDF is a desirable analysis
tool which can often help improve production test speed, as it is a simple analysis and offers
important insight into the signal composition,

By measuring the composite signal EVM, dther contributors to the composite EVM can
be identified, and by then also knowing the compression characteristics, it can be determined if
the EVM contributions are similar for the different signal transmission paths or if the effects of
one signal tran.s.mission 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 12]3) will reveal CCDF characteristics similar to curve 1102 of Figure 11A, and the fact
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di scussed above (CCDF would stop at 7dB), when the two signals are conbined,
the CCDF will show about 1.3 dB reduction in peaking (for equal RMS signal
powers). If the conpression in increased to 5 dB, the conposite CCDF w ||
only show 4.8 517%3%9 ression relative to the theoreti Glrasd63@beseand if it
i's further"PeUCEE {0 3 dB peaki ng, the CCOF will show 2.2 dB relative to
the theoretical signal. Typically, conpression will Iimt performance of a
transmtter to a peaking range between 6.5 dB and 7 dB, and if one of the
two transmitters has failed, the overall M MO system beconmes faulty.

Ref er ri ngng: thelcb@bfessickldBes Sot GAPR Mel 16QANP SRR NardeEmiates Yﬁ&r%@zﬂ{s R te and
I ndi vidual CCDF Tor a dual-transmtter M MO signal. Curve 1108 is the

t heor et i capllgweaks. for the M MO OFDM signal, while curve 1110 is the

conposi te (coghi %BF ), f SURG S8 o tmef.,one of
the two M MO ngae{r%glgi)t?t rs }%&\Q/?(f%% ?r;?%?’é‘g‘?\s??ca tggﬂfohe t_h%%lragtlflg{arf curve
1108. CurldA degiei thegesubirwhenbothsigeals e hD dompressedt while Bigute il 3id dettethe sésghhi f i cant
conpr essi 0 to t or._a i Vi L 1. br. smtter. Fromthis
T Seoms "a g i o ks W onBRba Ry ERicks 6ol 1965 SABREMA Shonl (0T
provi des thieitgednstthdt én sonfeenseathieebmpfAssdon aabe ken,dihiledn sthemngsdsshe sigralsconbi ned
signal fromthe theoretical one, whjle at the same tine o of the
A g R e R L
not | i kelbyt it Balbot cad idamifiogle cptagredsion FEhSucompisilp tovikicReferefta@eompresed t | onal

I nstrument capabl e % measuring CCDF as is often desired for a production
test set §iERHBWBEFHAA)-CCDF is a desirable analysis tool which can often help
i nprove pr oduRkfeRihglt® BlgueP e£4L148SwolindiHd@ll§ iR Bt Bi(BigaRs 14 beT s

i nportant insight into the signal COTTBOS'I'[I.OI’I: By measuring the conposite

si gnal EVB) HP%@P %WPP%*GF&SF‘% (FigueedCh dmyybish it garEpcemihat ip gomejwgiendef ed, and
by then ahsQokidaWhibed ME pSRIRY RHeP it Rfelofel kot Somizhic 3 BeidghRr M ned
if the EVMM<Contributions are simlar for the different signal transm ssion
pat hs or insfanggsdothysignels peakrsimylrapeaiskyribdrebtyrcansing the¢aspopita Higrabieinsek esnt he
conposi tg?ol;é./M Referring to Figures 12A and 12B, a conparison, in the tinme
domain, of a tine sanple of an ideal unconpressed signal (Figure 12A) and a
conpr essed veRsfeoimgdd Fighwes 5% 5P the sareripdividuglFitgomeatiddaymali (Figures 84l CCDF

characterjstigs,.simlar .to rve 1 f.Fi 11 A. a the factt 16 WO
0071 oaadd  i8msl oRl st b ecd (Bl 15 00A e bRl Sl Bliplddl [0
| ocat i on (BigmpaaR) prodngt aadtheroatpesitel siangleFignedl§€’). nur eombaizon, with no signal

compressions, yet another composite signal (Figure 15D) is produced.

As discussed above, if the data sent via the MIMO signal is known, it is possible to
estimate the ideal composite signal and from that estimate the EVM. The process extracts the
received signal, aligns it in frequency and time to the ideal reference signal, and compares it
against the reference signal, with the extracted signal and reference signal being similar to those
signals depicted in Figures 15C and 15D, respecﬁve]y, From the individual signal measurements
it can be seen that the two individual reference signals exist, so the individual signals also exist.
Accordingly, the different peaking points of the two signals 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 éircuitry 1600 for acquiring the measured signal

and comparing it to the reference signal includes signal envelope detection circuits 1602, 1614a,
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smal | er peaks. Referring to Figures 13A and 13B, for a conposite signal of
two M MO signals, Figure 13A depicts the result when both signals are not
conpressed, while Figure 13B depicts the result when one of the two signals
i's conpres evel as depicted in 1102 of Figure pldfysaffsBaoed his it
seens thata}%%()és@rsr%’[%:ase t he conpression can be seen, while in other cases
the signals continue to exhibit full peaking. As expected, t he conpressed
signal (Figure 13B) peaks less, but it is not easy to identify the
conpressi on wi thout conparing to the reference unconpressed signal (Figure
13A) . Refig{4p, Wﬁdﬁcﬁ%ﬂm% 16128; thtGhold Mﬂnﬁaﬁg&n\’dn@h'ﬁé l|6¥64 n&rsaitddheSi gnal s
(Figures 14A’and 14B) produce’the conposite si (Ifl gure 140, in which
it can beiresisd6@4sal604h, povispcanytaine elscuity he06s 1§A a@ﬂ)hﬁtﬁ%c’mﬁ afigaki ng, in
ot her mﬁ.@g@qao N gﬂfg 1Atde stances
bot h signal's pea g?%’lmtﬁgsr@{gu SSﬂ%e feeg‘éet}@%qnd ?rﬁlzéééo 05| teegclt)ISnal to
peak evenignahd2i/32ke isaletacted ancbmmegisrm@éleltﬁmméﬁipg ah@tmd*bmdom@ sighdls

transmt S but. npr essed
(Frgure 185 TG bR EROY JEroRB -ttt R 00 50T oo
anot her eletmmmd, emhltl@rreéult(dﬁl smnalq)o%ﬁ)ata mva,déwmbarsecsmrcpmpnth ther(CCRBF quiads
conpr essions ot her conposite signal (Figure 15D) is produced. As

di scussed”4B S]i“? “T'he data sent via the MMO signal is known, it is

possible to B4 lot@lyQchdigted ﬁeamﬁ@ﬁm% ;hes S0TA,20764) éhichare ﬁlmﬁtfr@a&ﬂcyat e the
EVM The process extracé receive |gnal al i %Qs it in frequency and

time to SRwaingEgransirae egmaﬁ%{pam ﬁ‘ﬁ‘ﬂl Siiraespective IR RIpersses LAk2er of er ence

signal , Wsidb, tine efeldpassBfe SdrdRaler t%ﬁ&'déxﬁiﬁé%ﬁﬂ@lﬁw%hw@{ﬁé Blectdddnliar to
those signals_ depicted in Figures 15C and respecti vel From t he

i ndi vi dusPmBarefhegemirasngptaredhresholds fo detaamine thedew P Poiieoktiirangmitier dual
referenc i I i ngly,
he d 11 SPRNe DeapbirE contdl ol 1O e AF T S nl e e e 65N Do
they cotlregletectsd compdsise signah ewictope 1 @Brsidisewtpedsibgrral . Wth this know edge it
(2 p0ss1 bl RUANAE s IATRIBL SR Lyl B L ol e
whi ch peiduuvatlhmof ttie@CDFenpes for ﬁlﬁS‘GSgCI‘;l]lVe transniitters; Mlhaﬂédlng basethen tetbasit

nmeasur ed Si and co om n nt sign can erm ned.
Ret or 11 ngPgRBoRePRRrER TRl RGeS Repd rdGw R THBRY bt e 0 PHS! e
measur ed csmmathan&mdtte@mméamngi ¢cﬁnﬁoatetd’:(eDFaireé ence signal includes signal

envel ope detegti.o rCUI s 1602, 1614a
P %anous other modi 1cati]6ns and a?’cernatlons in the structure and method of operation of

this invention will be apparent to those skilled in the art without departing from the scope and the
spirit of the invention. Although the invention hés been described in cornection with specific
preferred embodiments, it should be understood that the invention as claimed should not be
unduly limited to such specific embodiments. It is intended that the following claims define the
scope of the present invention and that structures and methods within the scope of these claims

and their equivalents be covered thereby.
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17 WD 2007/ 038279 PCTI US2006/ 036995 1614b, |FFT circuits 1612a, 1612b,
threshol d conparison circuits 1616a, 1616b, switching circuits 1604a,

1604b, power conputation circuits 1606a, 1606b, and hi st ogram conputati on
circuits 1608x, 1608b, substantially as shown. The envel ope incom ng sanpl ed
data vector signal 321i/321q is detected and nade avail able for switching as
determ ned by control signals 1617a, 1617b (di scussed below). The power

| evel s of the switched signals 1605a, 1605b are determned, with the

resul ting smggw_gémma, 1607b used to conpute the CCDF curves
for each tr } - cally generated ideal transmtter signals 507aa,
507ba, which are in the frequency donmain, are transforned to the tine

domai n throygh,their respective |EFT processes 1612a 1612b he envel opes
of the trandi £ BPeErRE R e g BPEETE mutadtyy R o

conpar ed agai nathog@sifegtiinepdivisioe stubiptised (OFDBT) eigndly) eorhfrdingow power poi nts of
the transmtter stiﬁﬁal ?o.rm;;he ﬁe%r?stijo}tiraﬂ%ocqﬂ]”%lm si.'ggatl S 1@17am GéLZb are
used to switch, SF'ERABIE "the Envel ope ST A REPEY %?%énac’éecnﬁosﬂfle si gnal
envel ope 1603 as sighs cusmadcatiopath andictesiniag 2 pleratigofOFOMesgnalab pabeidese of an
iterative approac d ot her variations of actual derivation of the CCDF
curves for the rg{saﬁazi&?f\%gns??ngﬁs%tatStl%lfrig’,w%refrh all being based on the basic
approach of conpar isaig composite fidftesignt orpigralien b ccokmmigtaheurce hadigwe power s of
the signals, and h Q re that r |t to.t neasur.ed. conposi te CCDF
curve. Various of ﬁléarlpyrfggﬁg?nﬁ%a S|mésrslls°B rrﬁ)gessgels £EPRY Cﬂgeﬁgmlﬁ'nan nglug%‘c’?{ct ure and

met hod of oper at ipbumligf of dbth backetmeaeh vf wiichindlhdeb e resgepéwregottion of 4 plasktyski | | ed i n
the art w thout [ fromithe scope . spirit of the invention.
Al t hough the i nvgﬁe%g%ln dﬂg%n aégsﬁe%gg ?’rlg neoé%;gﬁ“%%ﬁoﬁérg{%imétn&a% th specific
preferred embodi mendash saidtresphaive portien afinalé plstabiya! trivatitidate conmpgpmtls o as cl ai med
shoul'd not be u [.m ; ifi di [ £.:.1 S I nt ended
that the foll ow Eéggbj% ‘éél ﬂr?sgioég)? }G%’gm'?ﬁtg%%@%%netg(a)?esﬁﬁg%pdrnggg%qulﬁéhet%? ﬁ on and
that strictures aigoklredsinisdion pictdssas atdweidspog eomfutibetiow path,ands  and t hei r
equi val ents be cove [ - [, S r gt us

i ncl udi ng a vector %?‘g%ftzg%‘ﬁgﬁ%& z%f%a%g%%ﬁ%hl%&% atregﬁ%ﬁagfg—gp Ozr ality of
ort hogonal fr equeidylugiityiof dompavkdts; iepd exed (OFDM) signal s, conpri sing:

signal processing means for receiving and processing said known data, at least said
respective portion of said plurality of preamble data and at least said respective
portion of said plurality of transmit data to provide a plurality of test data indicative

of an error vector magnitude (EVM) associated with said composite data signal.
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signal transformation neans for transformng a conposite data signal,
received via a signal comrunication path and containing a plurality of OFDM
signals, to provide a plurality of transfornmed data signals, wherein said
conposite d i originates froma renote signal source having a
plurality oﬂgizgdr?g?ﬁbgr ansm ssi on processes associ ated thé’rcéws?'ﬂ’ﬁ’&i‘é%l ncl udes
a plurality of data packets each of which includes a respective portion of
a plurality of preanble data and a respective portion of a plurality of
transmt data, each said respective portion of said plurality of transm:t
data corr espongs t guduonbGRRSELLYE1 Rl Pl he NMBrORLnbah Lo 10 8
respective one of sai g plura |fly gf” signha .%nransm ssion processes and said
si gnal comunisigatl detectiout thgana frot detacingafpheditg ofsihavactieristics of said enpbsiterded dat a

and o gnatie GRtedi PRl Faltef it Db ial St iRt o o) a
:east sai slgnal, SGARG tinee fap MEshedbiRe Oxges%ﬁ:tagﬂ Im}maﬁ@:oiftleyta p?ck%@ﬂdﬁ}!nﬂ)ogmuﬁdﬁi&d at -
east said respective . portion of said plurality of transnit data to provide
a plural ig‘{/dﬁ?e’fﬂé‘él_tsmgalfuéa?ﬁt%?iﬁodg’é?tﬂaﬁl’é’m;_of an error vector nagnitude (EVM
associ ated w tsggggl%egu&l@ ctin Aedm férireipahdinghd ﬁ%i%ﬁ@féa@@ﬁl%ﬁaﬁty of control

. The a Si

a
PCT/ US2006/ 036 ) ) pparatus of Claim 1, wherein sai_ gnal
t r ansf or n¥itd Brroreding seid gpmpasite data sigpad fequeaeyde Prayidermeamssroading datesignahg a

plurali tyhﬁng%%ﬁiﬁ@h%hﬁfﬁ@qgre%' said conposite data signal to provide a

plurality of “control data c ’spondi_ ng to a frequency of said conposite
data signal, stmalrconvegsion messs fayconvesingseil verrespeaslingfdatazsighalio wphirility obf  dat a

packet s agg (o] undaries for data within said plurality of data
packet s; |g§%§‘l§geérl quéﬂ%y correction nmeans for responding to a portion of

sai d pl urali t agfFoodertuaadforncéidm(HRl) apansdattrangfomsing saddplocdii of paatld datagnal
frequency.t o, provi de ‘a, correspqndi ta signal having a desired nom nal

f r equency ERISIRRICY 8%%?&%%’%@%5%5%15% ‘ing said corresponding data
signal to a plurality of parallel data signals; and Fast Fourier
transformation (FF means for transformnpg.said plyrality of parallel data
signals to pr LY deﬁ%mwﬁr"aPg?lﬁlpyﬂa‘f%e’ferraﬁ%drseﬁ@'éaO%aﬁ% @F@ﬁml?l%es-

preamble processing means for processing said at least said respective portion of said

plurality of preamble data to provide at least a plurality of control data;

data processing means for responding to said plurality of control data by processing said
plurality of known data in accordance with a plurality of processes at least substantially similar
to said plurality of signal transmission processes to provide a plurality of reconstruction signals;
and

signal summing means for summing said plurality of transformed data signals and said

plurality of reconstruction signals to provide said plurality of test data.

4, 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
Iilurality of additional data indicative of one or more signal transmission characteristics of said
plurality of OFDM signals.
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3. The apparatus of claim1, wherein said signal processing neans conprises:
preanbl e processi ng neans for processing said at | east said respective
portion of said plurality of preanble data to provide at least a plurality
of control i processi ng neans for responding to 'g lurality of
control datgﬁﬁgmg@%%ggsing said plurality of known dataP?ﬁhI@ﬁgwﬁgﬁce W th
a plurality of processes at |east substantially simlar to said plurality
of signal transm ssion processes to provide a plurality of reconstruction
signals; and signal summng neans for sunmng said plurality of transforned

data signal s and 'sghelonihis Bt dikib OLHEREMRIEUG HOR sphlNBLSEQuPr Ovi de sai d

plurality of test e apparatus of ¢ alm 3,” wherein said preanble
processi riataetangics mchidestone pr more of p powerdsieh guasizatere signal dmbalancgiand specipbet | ve
portion ' ureal.i AT ta to provide a plurality of

addi ti Onﬁﬂh%%%%e?%hﬁf?%?%@ﬁlﬁ.#@%(ﬁe or %%?'e signal transm ssion
characteristics of said plurality of OFDM signals. 20 WD 2007/ 038279

PCT/ US2006/ 036995 . The a r.at f claim4.. wierein sai.d one or. nore
signal trans m%SSi oh L HRPERS gf‘iﬂ%lﬂ fé?’rﬁﬁﬁ?oﬂ?@é‘gmgﬁlgnm%rsp SCOHE BT BSAEN evel
quadr at ursmalgrigg ahe dormiaé syzceund clthrapeictidsaf said taatpoeitesdanf sigatbto pedvideed d plural ity

of OFDM si |s. 6. The apparatus. of claim 1, further copprising si.gnal
spectru mpéﬁgﬁvféﬁpem gat? E’ﬁlcafé‘f‘%%ﬁ]if’?ﬁ O‘Eﬁfglsﬂfl Mo &Ep @Ff’%ﬁﬁﬂﬁqgﬁ@h istics
of said conposite data signal to provide a plurality of spectrum data
indicative of at |east one of said one or nore spectrum characteristics. 21
7. A nethod for simultaneously testing a plurality of orthogonal frequency
division nultiplexed (OFDM signals, conprising: transform ng a conposite
data signal, received via a signal communication path and containing a
plurality of OFDM signals, to provide a plurality of transfornmed data
signals, wherein said conposite data signal originates froma renote signa
source having a plurality of signal transm ssion processes associ ated
therewith and includes a plurality of data packets each of which includes a
respective portion of a plurality of preanble data :
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and a respective portion of a plurality of transmt data, each said
respective portion of said plurality of transmt data corresponds to a
respective portion of known data in relation to a respective one of said
plurality of signal transm ssion processes and said signal comrunication
path, and each of said plurality of transfornmed data signals includes a
respective portion of said plurality of data packets; and receiving and
processi ng said known data, at |east said respective portion of said
plurality of, p . e ion of said
plurality of tégl%gl?#iforg%%? it &Iﬁ%’%‘g? Qgﬁlraﬁﬁlogortqo% naFﬁ?qu 291 data i ndicative
of an error velmulbplemg(aFEM&Iagr(aEannassom ated vmth sai d conposite data

signal. 8. The es
detecting a pl u?ﬁ%&?&n&ﬁ&h Jaglé‘f]%art%,@g |lggeg?ﬁe%salﬂdﬂ%orrpglgﬁbfagcl ?’a sll!ld;nal to
provide a pl moatamnr;g aovﬂur@iUmfr(bEDMangaalmamr@swmmigy oigraasfhmeddeacy of said
conposi te dat a aﬂn\ﬁﬂerel starting tines for respective ones of said plurality
of data packets and syn% boundaries for data within said plurality of
dat a packets; resp(ﬁatﬁllcn@mseiedatmigﬂalQrigi!@fewam@rmmma’cwwﬁh@mar ol data by
Gat & si gnal - neams SRRkl furlihomraifls (eI LS By @spondl o
cor respondi ng i racketsgaell oftidich inshudescd TPQPW’(W P?I&@Imflﬂ@lur@éx of psﬁaglhbldsta and
transform ng sgjsd, *’wﬁ% Mon%a?ﬁfaﬁ;%?ltraﬂﬁﬁtg afdl gnal's in accordance with a
Fast Fourier trans OI’ITB.IOI’] rovi said plurality of transformed
data signals. 32 \@:Q@Wﬁwmvgomvfmgl@@hmggsmltglatameesm@hf@@ of claim
7, wherein sai dyl.86RIHNHBYARIWR AL RIS &AL R e ofRbiAHREM jd at
Ieast sai d respSeI%tl vlle) ﬁor??%n OP‘RS&I d tp ttj(fa |teyt n?o? ealn'gﬁl jmgi%?do provi de
at |east a pl ulrappbsionroqessas andisaid sigepl CW@BWH‘PW}M #dsai d plurality of

control data by proGessisad phfl Hudstirnbd ool sidhBo WAl Al B BfiGRG(ANCE. Wi L
a plurality of processes atp | east substantially simlar o sald plurality of
signal transnislenipeiglissdststandpr ovi de a plurality of reconstruction

signals; and receiving and processing said known data, at least said respective portion of said

plurality of preamble data and at least said respective portion of said plurality of transmit
data to provide a plurality of test data indicative of an error vector magnitude (EVM)

associated with said composite data signal.

8. The method of claim 7, wherein said transforming comprises:

detecting a plurality of characteristics of said composite data signal to provide a
plurzility of control data corre'sponding'to a frequency of said composite data signal,
starting times for respective ones of saii.d. plurality of data packets and symbol boundaries
for data within said plurality of data packets;

responding to a portion of said plurélity 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 (FTT) to prov1de said plurality of transformed data mgnals



summ ng said plurality of transforned data signals and said plurality of
reconstruction signals to provide said plurality of test data. 10. The
met hod of claim9, wherein said processing further conprises processing said

at | east S?ﬁ&'zoﬁ} sagpt i ve portion of said plurality of ppepgblofseased to

provi de a urality of additional data indicative of one or nore signal
transm ssion characteristics of said plurality of OFDMsignals. 11. The
nmet hod of claim 10, wherein said one or nore signal transn ssion
characteristics includes one or nore of a power |evel, quadrature signal

i mbal ance and % pec{Thainethbd of clgns?, oheemshid afceivitighmg prrcedsingwowpri€DM si gnal s.

12. The methog) fclald further kS .anal yzi ng one. ok .NDre spectrum
characteri sti 5&8?S&§§:‘u§1 aglgﬁ%g%lfl {eP %ﬁ?{a&%ﬁh %ndglgmﬁgﬁ]ﬁ%%}{/? ereaéneb[%T ‘lﬁjartaa ity of
spect r um glatide atidehsicaglurabtyaff comtiol f#ast one of said one or nore spectrum
characteristics. 2&? ) ) . . . .
| responding to said plurality of control data by processing said plurality of known data in
accordance with a plurality of processes at least substantially similar to said plurality of signal
transmission processes to provide 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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