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plurality of remote subscriber units requiring intermittent service of relatively
30 short duration rather than continuous access to the common communication
link. Several multiple-access techniques are known in the art, such as time
division multiple-access (TDMA), frequency division multiple-access (FDMA),
and amplitude modulation (AM). Another type of a multiple-access technique
is a code division multiple-access (CDMA) spread spectrum system that
35 conforms to the "TIA/EIA/IS-95 Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wide-Band Spread Spectrum Cellular System,"
hereinafter referred to as the IS-95 standard. The use of CDMA techniques in a



Ri(t) is the conplex envel ope of the ideal i-th code channel. Equi pnent,
e.g., atransmtter of the code division conmunication system generates

act ual weRf Brga(t) that is different fromthe ideal vvavcﬁﬂyd'%m/glﬁg 25 an

actual wavef orm x(t) is expressed as: x(t) ~ b, ER (t + z~ (t)y~ ~
e-'fcwrodu +z ~+e, ~ (2) where: bi is the anplitude of the ideal waveform

relative to the ideal waveform for thesith code channel; 30 z, is the time
of fset of the ideal waveformrelative t6 the ideal waveform,, for the ith
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where:
20 o, is the nominal carrier frequency of the waveform;
i is the index of the code channels summation; and
R(t) is the complex envelope of the ideal i-th code channel.
Equipment, e.g., a transmitter of the code division communication system,
generates actual waveform x(t) that is different from the ideal waveform. Such
25 an actual waveform x(t) is expressed as:

x(1)= Y bR, (¢ +7,)+ E, (1)) 1 r2exreral )

whete:

b; is the amplitude of the ideal waveform relative to the ideal waveform
for the iy, code channel;
30 7, is the time offset of the ideal waveform relative to the ideal waveform
for the iy, code channel;
Aw is the radian frequency offset of the signal;
@, is the phase offset of the ideal waveform relative to the ideal waveform
for the iy, code channel; and

35 E(t) is the complex envelope of the error (deviation from ideal) of the
actual transmit signal for the i-th code channel.



25 invention and incorporated by reference herein. In accordance with the

| S-95 standard, the data or voice is partitioned into code channel franes

t hat are\ggogllﬂzlziseconds wide with data rates as high as pérAskPPsSss

Addi ti onal exanpl es of a communication systens carrying both voice and data
conprise comuni cation systens conformng to the "3rd Generation

Part nership Project” WO 02/ 9221 4 PCTLUSOL/.17758 (3GPP), enbodied in a
set of documents including Docunment NosY 3G TS 25.211, 3G TS 25.212, 3G TS

25.213, and 3G - Q?IXA:] . . j Layer
St andard for cdir;giglg%& pcrec(a%%a@})%c rﬁméég?g?‘gérgggm(g t gnﬁ@h%%égiag%aﬁ}gg@&l . Such
comuni cat kh isyseastgedidn termavel fraguensy Italerances pilnd dhe lewmsseandbove.
Recently, @ d@fcnPRbipaaBIRIp! COhk Qleiel RMbeMbrd 4idha daésuréhent, Hd
transm ssi Qqn has been: devel oped. Sug%_ad;o H;Bcatl or} system hﬁls beerll
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, . assi 0.t he assigne e sent invention_an )
| ncor por at o UG pE Ao el g OaBIAT dseh A e pPE A% s
set of data rates, rangi from38.4 kbps to 2.4 Mips, at which an
origination term nal (ac%s@)-mj)ht-dz AP) may send data packets to a

receiving termnal (accesy termnal, AT). The HDR system utiljzes a
waveformwith 1S’ovg4na'n£§| S di jEI gui shed both in time domain &Ad code

domain. FIG 2 illust 2; ? Shic) veform 200, nodeled after a forward
| i nk wavef orm of the o@Z-me tiﬁ’f\% HDOR system The waveform 200 is

defined in terns of frames 202.' (Only franes 202a, 202b, 202c are shown in
FIG 2.) I%h%?e_exerrpl ary enbodi nent, a frane conprises 16 tinme slots 204,
each time sl'ot "20 204 being 2048 chips long, corresponding to a 1.67
m|lisecond sl off, dihegirirong ofthe, integratiquereriod; and26. 67 ns frane durati on.
Each s{®pt 204 i V4! i : al f - s 204a, 204b, with pilot bursts
206a, j2(86b trang?ngtt%%gﬁgﬁolffmér)lmteta a%%gll%eﬁs%t 204a, 204b. In an exenplary
enbodi ment, each pilot burst 206a, 206p is 96 chi p? l ong, and is C&I’lt ered
at the nid- poi nFobidipareteatignse sxstemsnavhers sit) 204 x(thous sampledeapiidenl
bursts 206gamg>gﬁgp@qmgltki,Equgﬁ@ﬁBQtanqﬁanﬂglen&bgnal covered by a Wal sh cover
with index 0. The pilot channel is used for synchronization purposes. A
forward nedi um access co [;Sol_xz!?annel (MAC) 208 forms two bursts 208a and
two bursts 208b of |engtK=64 Chlps each. The MAC bursts 208a, 208b are
transnitted i nmmPdiatery M {mredi ately after the pil B bursts 2064,
30 206b of each sl ot %quklf E}%éﬁmﬂéﬁpl ary enbodi nent, the MAC i s conposed
of up to 63 code channels, j«@h are orthogonally covered by 64-ary Wl sh
codes. Each code channel is identified by a MAC i ndex, which has a val ue
between 0 and 63, and identifies the unique 64-ary Wal sh cover. The MAC

i ndexes 0 #ere: are reserved. A reverse power control channel (RPC) is used
to regusate thexgs gepen(©fislhesdrapRy faht atluadwgvefsrnt;eindeach subscri ber
station. The RP i_sﬁ{ﬁ%si(medthto one_of Clth aval | Zblgt MSAIES W th C i ndex
5-63. The MAC wPkR s(h &S GOETEERRRAME kg SpRpls QEEAFR avelRtThel (Ra) |
whi ch perforns flow control on a reverse traffic channel. The forward |ink
traffic channel ,a . . [ =177 I
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~;,~ i1s the phase of the kth chip for the ith code channel, occurring at
discrete tine tk = kTc. Tc is a chip duration. 25 The transmtter of the

HDR conmbgggézgp system generates an actual waveform X(t perRiYEH78S: x(t)
~ b; (t ) + E (t)~ ~ e-'<<~"+e~~;r+z,>+e, tcr) where b; is the
arrplltude of the |deal waveformrel ative to the ideal waveform 30 for the
ith code channel; z, is the time offset ,of the ideal waveformrelative to
the ideal waveformfox the ith code channel; (err)wis the radian frequency
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i deal wavefthipslohg, yed iscenitdred ae tibonhiidepoint dadeasﬂomated lpdfvelot 204, 20dbent s
for a part %@%tﬁ:‘}%%@%ﬁ%{ﬁﬁ@gﬁ{@% e rIRRe Al Bled bR Wt O
cover with index 0. The pilot channel is used for synchronization purposes. A
forward medium access control channel (MAC) 208 forms two bursts 208a and
two bursts 208b of length 64 chips each. The MAC bursts 208a, 208b are
transmitted immediately before and immediately after the pilot bursts 206a,
30 206b of each slot 204. In an exemplary embodiment, the MAC is composed of
up to 63 code channels, which are orthogonally covered by 64-ary Walsh codes.
Each code channel is identified by a MAC index, which has a value between 0
and 63, and identifies the unique 64-ary Walsh cover. The MAC indexes 0 and 1
are reserved. A reverse power control channel (RPC) is used to regulate the
35 power of the reverse link signals for each subscriber station. The RPC is
assigned to one of the available MACs with MAC index 5-63. The MAC with
MAC index 4 is used for a reverse activity channel (RA), which performs flow
control on a reverse traffic channel. The forward link traffic channel and



whi ch contains the particul ar code channel, of the conpensated act ual
waveformis obtained according to the above-descri bed nethods. In one

i npl enentyahig9ier,t he ideal waveformis processed in the sappriRpeHss | N

anot her inplenentation, the ideal waveform containing the particular code 5
channel of the parti cuI ar time division channel is generated directly. The
nodul ati on accuracy for the particul ar ts5i me divi sion channel is eval uated
in accordance with the processed conpensated actual waveform and the

processed eab UELPLRILN BRUEE WPBSCRLRTNEN, Chribe MRANNGS henare

features, | ects, and vanta es I nvention w

. apparent f sith304a anst bhq é@nawaglmm@nsaé biadritg seepd haheslot 2REn The
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/ t hy oughout and - FIG 1. illustrates.an
i deal i zed VRigEEaY 9\3 let?akeaaga 3 3re f“@ tF%i?Paé%t@'Fr PHpeiured, as
iI'1ustrat e&e@é]ssh al llztﬁadx wetvee f ﬂisilltﬁ{ agedd @Rcésorﬁfunn@aﬁla@lnnsx@hﬁmls am@ 20 ,
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i nvention. BaElAf #ie PESURI Biie@hsOls PREFERREDhEVBIBINENIGaRE Walsh Gver,

illustrat e;,igd ?@c?e-ﬂfstiﬁ@u?s@@ﬂr&&ﬁﬁefzﬁ%bl e of inplenenting waveform
surerren or wavetornms C

quality ne ) channel'1 zed both in_tinme domain and in
code domai n, sudheddealwarsionpl 209 isvhearf gradrabuefspseadads bagebang Bhered
enbodi ARNt .anAChP@nveli@aabn A(darrier FRIRRARY. MheVRYA AT, %Zh?cmﬂstreamvﬁ@eﬂﬁ 2)
enters cog&gnsa ion bl pck 302. The conpensation block 302 is al so provided
W th esti Bis GKPYSES ?% of the actual waveform x(t) with respect to an

i deal waveform sgté) Z‘? anje@pt i m zation bl ock 304. The corrpg@ sation bl ock
302 uses the of ff tes to provide a conpensated waveformy(t). The
conpensat ed waveforrf¥(t) is provided to a down-conversion bl ock 306. The
35 down- converted signal is then provided to an optional sanpling bl ock
308. The s T&d waveform zs[kJ is provided to an optional baseband
transformation @Vethenopinalyapder equencyrofghpmasiefearn; The out put wavef orm

z[ K] fr mtheo f ti k 0 to a
processgng bl ock&%%gﬁg F‘Egé’h‘gﬁﬁ‘%bé"&% Q?Shel%l%dgg?gv%?%* e?ﬁe%&%%{l{ gﬁh

gener at ed b}urlabesflajmadegbwemfdscvrar@.ﬂ_wﬁfﬂhm& drdl waveforms(t) is provided to
an optional sami g the bbopkex3ditreldheosihrrileal ivihwetierchaasélkpivien agr ovi ded to
an opti onal baseband t ansformatl on hl ock 318. The outtput waveformr|[k]
fromthe optionak, t) L Q¢ i)j$ provided to a
processi ng bl ock :@2 Em anot ﬁg)r% eq) dlj%%? t e s?'gkni gene(rda)?or 314
generates the digital waveformr[k] directly. Therefore, in such an

enbodi nent , whege: sanpling block 316 and the 10 optional baseband
transformation bl ock 318 ar& ?t neede & The processing bl ock 312 uses

si gnal 202[ k] and. i8R applitude of theithgode gh ar act eri stics.

g(t) is the unit impulse response of the baseband transmit filter;
¢, is the phase of the kth chip for the ith code channel, occurring at

discrete time t, = kTc.
Tc is a chip duration.

25  The transmitter of the HDR communication system generates an actual
waveform x(t), given as:

x(t) =Y B[R (t +7,) + E, ()] e xrtercmnal )
i(1)

where

b; is the amplitude of the ideal waveform relative to the ideal waveform
30 for the iy, code channel;
7, is the time offset of the ideal waveform relative to the ideal waveform
for the iy, code channel;
Aw is the radian frequency offset of the signal;



As di scussed, the actual waveformx(t) will be offset fromthe ideal
waveform s(t) in frequency, tine and phase. The waveformquality 15
measur enegh ghJoAgt ermned for the best alignnment between bpeR6ivaks
waveform x(t) wll be offset fromthe ideal waveforms(t). Consequently,
the waveform quality nmeasurenent is evaluated for a plurality of

conbi nati ons of frequency, tine, and ph%se of fsets, and the nmaxi mum of such
evaluations is taken as a figure of nerit. The function of optim zation
block 304 is to r Al i I ‘ f Y,
tinme, and ?hrﬁ%e 6(9)%19 Is?ée?égse%ﬁge? Sﬁﬁeﬁcﬁbﬁv&y E@rgg%%cﬁaﬂtoﬁgﬁ 1@%%3&% is to
. operate onlemaeimredscchasqelyand provi de conpensated waaveformy(t), given
by Equation 7: Y¥thjs3h&donipleR ehvBlopdCoriifOerh d&iafi€h fEdmdideal) dinthe
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channel is defined and non-zero elsewhere. In another implementation, the

processing comprises a multiplication of the compensated actual waveform by a

30 function with a value that is non-zero in intervals where the particular time

division channel is defined and zero elsewhere. In one implementation, the

ideal waveform is processed in the same manner. In another implementation,

the ideal waveform, containing the particular time division channel is

generated directly. The modulation accuracy for the particular time division

35 channel is evaluated in accordance with the processed compensated actual
waveform and the processed ideal waveform. .

In yet another embodiment, code domain power coefficients for a

particular code channel are evaluated. The particular time division channel,
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20 FIG. 3 illustrates a concept of an apparatus capable of implementing
waveform quality measurement in accordance with the principles of this
invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

25
FIG. 3 illustrates a concept of an apparatus capable of implementing

waveform quality measurement for waveforms channelized both in time
domain and in code domain, such as the exemplary waveform 200 from FIG. 2.

In one embodiment, actual signal x(t) (representing waveform 200 from

30 FIG. 2) enters compensation block 302. The compensation block 302 is also

provided with estimates of offsets of the actual waveform x(t) with respect to an

ideal waveform s(t) from an optimization block 304. The compensation block

302 uses the offset estimates to provide a compensated waveform y(t). The

compensated waveform y(t) is provided to a down-conversion block 306. The

35 down-converted signal is then provided to an optional sampling block 308. The

sampled waveform z[k] is provided to an optional baseband transformation
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waveform quality measurement is evaluated for a plurality of combinations of

frequency, time, and phase offsets, and the maximum of such evaluations is

taken as a figure of merit. The function of optimization block 304 is to generate

20  the plurality of combinations of frequency, time, and phase offsets.
The function of the compensation block 302 is to operate on the

waveform x(t) to provide compensated waaveform y(t), given by Equation 7:

y(t)= x(t -2 )e 0010 ®
where:
25 A® - an estimate of radian frequency offset of the signal x(t) with respect
to signal s(t);

%o - an estimate of time offset of the signal x(t) with respect to signal s(t);

A

% _ an estimate of phase offset of the signal x(t) with respect to signal
s(t).
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waveformis nonzero for the particular TD channel; and L interval of an
el ementary unit of the signal z[k]. Then, the actual waveform z[k] and the
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descri bed next. First, a particular TD channel containing each code
channel R, (tk) is obtained, utilizing any of the above-outlined nethods.
For exafipl e, Equakl®a(t18Vks used to obtain function g~. D chnf®el [k] for
the particul.ar TD channel. The function gTD cHnnneJd [k] is then used to
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i deal si I k] t t ai f ; -~ = 7] kKla19TR ch I {k
(5 Prtentifly B SR BLORE Fofhil Bpthisia i " o
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wher e: 157 W(onsegpreqtdp stheperiionad pasepang xansfgrngation block 310 is utilized to

remove inter-symbol interference (ISI) introduced by the transmitter filter. To
accomplish this, the transfer function of the baseband transformation block 310
is an inverse complex conjugate of the transfer function of the ideal transmitter
filter.

20 The processing block 312 operates on the signals z[k] and r[k] to provide
the required waveform quality measurement as described in detail below. In
one embodiment, when the optional sampler block 308 has been omitted, the
processing block 312 creates discrete z[k] version of the signal z(t) by sampling
the signal z(t) at the ideal sampling points t, in accordance with Equation 9.

25 Considering the above-described apparatus, one of ordinary skills in the
art will be able to modify the block schematics to different representation of the
waveforms x(t) and s(t). For example, if the waveform x(t) is represented as a
baseband signal in a digital domain, a down-conversion block 306 and an
optional sampling block 308 need not be present. Furthermore, if the waveform

30  x(t) has not been filtered an optional baseband transformation block 310 need
not be present. Furthermore, one of ordinary skills in the art will be able to
modify the block schematics according to a type of measurement to be
performed. For example, if an effect of a baseband filter is to be ascertained, the
baseband transformation blocks 310 and 318 would be omitted, thus, the
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where:
Poveraii 15 the first overall modulation accuracy;
j is an index designating an elementary unit of a waveform;
N is a summation limit designating number of elementary units;

20 k is an index designating a sample in the elementary unit;

M is a summation limit designating number of samples in the elementary
unit;

Z; x = z[M(j-1)+k] is a ki sample in the jy, elementary unit of the actual
waveform; and

25 R;x = r[M(j-1)+k] is a ki, sample in the jy, elementary unit of the ideal
waveform.

Elementary unit is defined as a minimum waveform span defining a complete
channel structure. The value of the summation limit N is chosen so that a noise
variance of the measurement is below a required value.

30 Applying Equation 10 to the waveform 200 of a forward link of the HDR
system, the elementary unit is a half-slot, consequently, the summation limit M
= 1024. The first sample, z(t1), occurs at the first chip of a half slot and the final
sample, z(tippan), occurs at the last chip of a half slot. The value of the
summation limit N has been determined to be at least 2.
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where: 6 y(t) is the conpensated actual signal; x(t) is the actual signal;
8t istinme;, j is an imaginary unit; 10 ~~ is the frequency offset; Zis
the tine QbfgsAéiand - 12 B is the phase offset. 4. The npphadopisgd ai m 1
wherein the filtering conprises 2 assigning the conpensated actual signal a
value that is zero in intervals to be filtered and non-zero el sewhere. WO
02/-@221 18 PCT/USUL/-177S8 5. The netjpod of claim4 wherein the filtering
conprises 2 assigning the conpensat ed actual signal a value that is
non-zero over an elenentary unitu of the actual signal. 6. The method of
claim4 wherein the assigniNg t@zZ Eqﬁpensat ed actual signala val ue

alue that is zero in | i‘ervals to be
filtered and 4 ﬂ@hﬂhﬂz’eroial SAeWherrF rarml mJTt}apI ying the conpqu ted actual

signal by the function im6 wherein the defining a

« function 2 conprises deflisnknNg a Ju @thlOI’l wijth a value that is non-zero over
a elenentary unit of the actual signal. 8. The nethod of claim 1 wherein

t he nodi f yimingré:he i deal 2 signal conprises generating the nodified ideal
signal to have g v a,m,,,,g ish@tie iBod@abohNaddtir@éy dbp thbefithel Bevibioht eh@thedi gnal
has a val ue of zero and non-zero 4 el sewheré. 9. The nethod of claim1
wher ei n thl@lembldueﬂ)hwmtémﬂéadhﬂmdj gnal conprises assigning the ideal

si gnal A val ue g%lhae%a@ Qtlf\}ﬁ'éaﬁrelféihénééf?ﬁhﬁttd}%xﬁrh{u%f%ﬁﬁal signal has a

val ue of zero non-zer Q ere m 9 wherein the
assi gni ng the | bligja spramghign HT‘KFélleﬁiénat”&&Ifﬁ’@‘]é@rﬁfﬁl%f@@ta&éﬂpﬁﬁrng a function
vmlth a }/al ue thRis as idddbodé entr%ra/gdrﬁ w(}artﬁletemnéhthr y tited si gnal hgs a
val ue of zero apd. non-zerq nd mu in e ensat e

votual Csi gnal oL ISR s e A Tnb g ot i T e

det er m ni ngnithe 2 waveform quality conprises cal cuI ati ng a first overall

modul aiO on aCCUZ%(Céé z[MR-1)H08 15RO dabl€ ik &el’&?ﬁérﬁh gcﬁ‘%@%ﬁldlng a

first nmodul at Tbh accu!acy conpri ses caI cu ag}I ng I n a ance wth the

foIIovvl ng Wmhamw and\D 02/-49221 19 N M~ ~ L.rzJ, kR . k 4 ,u k=~
Pover au- ~ Rjx = rM(j-1)+k] is a ky, sample in the ji, elementary unit of the ideal
TD_channel.

The concept of processing the actual waveform z[k] and the idela

15  waveform r[Kk] to obtain a particular TD_channel is described next. A function
g TD _channel iS dEfined:

(m, < (kmodL)<m,
m, <(kmodL)<m,
1 ify-
g TD _channel [k] = 4 . (13)
m,,; S(kmodL)<m,

0 elsewhere

where:
20 m, < (kmodL<m,,) for p=12,..n, defines intervals where the
waveform is nonzero for the particular TD_channel; and
L interval of an elementary unit of the signal z[k].

Then, the actual waveform z[k] and the ideal waveform r[k] are multiplied by
the function gr;, ...« [k, to yield the particular TD_channels:

Z’[k] = Z[k] : gTD channel [k]
- 14
25 r’[k] = r[k] ) gTD_chanm:I [k] ( )

One of ordinary skills in the art will understand that the implementation of the
concept can vary. In one embodiment, the processing is implemented as a



~~~R |.kl" ~~1zJ.klz j=I k=1 ~=1 k=l where: PCT/US01l/~77s8 6 Po,,~~r-~1is
the first overall nodulation accuracy; j is an index designating an

el enent aryoyRisdrpf signals; 8 Nis a summation limt desigpg Sﬁﬂ Asfunber
of elementary units; k is an index designating a sanple in't errent ary
unit; 10 Mis a sunmation I|mt desi gnating a nunber of sanpl es |n t he
eIerrentary unit; 12 Zj,k = z[M] - 1) +Kk] 133 a kth sanple in the jth
elementary unit of the filtered signal;™and 14 R,k = r[Mj-1)+k] is a kth

sanmpl e in m‘aﬁlgh@at%r?@@ﬂ@rvya\}é?éﬁ?%fy 4 ?L?nétgﬁ\akvl&{ Rhge hﬁ‘?t Jf}gml MELHqg of

claim 11 fur r conmprisin atin econ over a atron
. accuracy. imtervehe wbewodh@fpamaulﬂrlgnmdmswr\t shannglcin stefingdaand szerend

modul ati ON eREGIHEALY Iﬁomméle%n%daﬂieﬁl ne pfb@@ﬁﬁgd&ﬁﬁ ng\ést st&{lrﬁ Mgoclhbowl ng
equation: z N ~ ~zi. kKR . K z

pove
. i +1 ,Rj,Mave e a{ zahwszﬂwai is. nomyzergip mtqrwalﬁvﬁq m@@r partisylag ire. 2 s
the secpnd dﬁlﬂdi@hathQﬂnélC@blfiaQEm Jel$e&v1@é}el naigx }@esammet n@nbadﬁh@merlher y

unit of signals i.m t e5|

ol errent ary PeiecanB ik SepIERGERr e s Han (5 5 Sheres fo FrEYahe fenrmaly

uni t; 10 Msummaattormsstfolowsi mit desi gnating a nunber of sarrpl es in the

el errent ary unit; WO 02/-49221 20 PCT/USO01l/~7758 12 Zj,k = z[(M+ ~ + 1) ~
() -1 + K] |sikth sarrpleln";thejth el enentary unit of theflltered

signal; and 14 = (I¥I+ z+ 1) ~ (] -1) + k] |saktp5§arrple|nthe
jth elerrentary it g;t deal 'signal . 25. The method of claim4 wherein
the determ n| ng the 2 vvaveform qual ity conprises calculating a nodul ation
accur aé{ f dfhef€t i ne divisi on channel .

m, <(kmodL<m,,) for p=12,.n, defines interval where the

waveform is nonzero for the particular TD_channel; and
L interval of an elementary unit of the signals z[k] and r[k].

15  Code Domain Measurement
Code domain power is defined as a fraction of power of the signal z(ty)
that correlates with each code channel R (z,) when the transmitter is
modulated according to a known code symbol sequence. The concept of
processing the waveform to obtain each code channel R, (t,) is described next.
20  First, a particular TD_channel containing each code channel R (z,) is obtained,
utilizing any of the above-outlined methods. For example, Equation 13 is used
to obtain function g, ..«lk] for the particular TD_channel. The function
81p_ame L] is then used to operate on the actual waveform z[k] and the i-th
code channel R [k] of the ideal signal r[k] to obtain waveforms:
Z,[k] = Z[k] “8mw channel [k]

25 , ) (16)
Rz [k] = Rl [k] ' gTD_cImnnel [k]

The waveform quality code domain power coefficients PTpD channel; for the
particular TD_channel are then defined for each code channel R, (z,) as follows:

v (17)

p TDM_channel,i = {

where:



16. The method of claim 15 wherein the calculating a 2 nodul ati on accuracy
for a tinme division channel conprises cal cul 'ati ng i n accordance with the
fol | ow ngwsq;g,@;zlzpn NMN~ ~zi.xR .k 4 _ ,~I 1 pl' AM chapfighi/7rsd RI. ki z
~~12Z2),xlz =1 1 j=1 k=1 where: ~TDM cHnnnel |s t he nodul ati on accuracy
for the time d| vi sion channel TDM cl zc~nnel; 8 j is an index designating an
el ementary unit of signals; Nis a su tion limt designating a nunber of
el enmentary units; 10 k is an index desi'gnating a sanple in the elenentary

unit; Mis a su t' on | id dlﬂgco%ff‘?éi@it&eforoﬁ tﬁﬁé@iﬁﬁldrﬂ chitdnel 2

el enent ary unlt - cgnels - 7 7%; le in . el enentary
_unit of theientlrfnedrledanm@m bl_c 1@%1 iledI% Cﬁdﬁ[qb@pnql) R}i]c]ndgnaﬁkﬂrbyslé}ﬁlﬁre in
the jth el errentary unit of the ideal 16 signal. 17. The nethod of claim4
wherein th& deternini ng the 2 waveform qual ity neasurenent conprises
. cal cul ati ng codw, ifoarfirst cpdechanwaldffps theetiime divisian drngebTDM dhamralSOL/ - 177S8

18. The; method gf lghqagpcaﬁcgpsﬁﬁmo} s 'v?sgbﬁkh%él 2cmﬁﬁon power

coeffi ci ents conﬁrlses ca ating 1n accordance wth t W ng
equat i on: ' jisqnzndex gesignaging anﬁiernaatary PIRER afﬁa\fﬁﬁ@rmﬁ, NMNM' 1- W

1~, W- “‘“" R Nlisla s%muﬁbﬁbﬁ‘lﬁmtdlesigmhn Thrbdr offesrRent@ry TR _chnnnel ,

is the code dongi.n C\I(,){;f{ "s‘fl ent for E‘Q&h |on chann% TDIVI channel and
a code channel [i5g0{fce eglgqqtg}g%gzggp gelg B RE U the di vi si on
channel TDM _chaM@la susiriagion lirafitdestgietitipannabed of sampies ih thesélementaapnel
TDI\/I_chﬁ&r:I%'Ptlo J is an index designating an elenmentary unit of 5| gnal s; N

is a su imt eS|gnat|nganu er of elemeptary units is an
i | d mber of el

i ndex desi gnati #g g & sHpI Bl kY B agk@neamraleyinu e | thl\ﬁlf*%‘%t%rﬁ(n%@lthgﬁhpl m t
designatin sarrpl es in the 14 elementary unit; Zj,k = z[M( ]
1) + K] e %E‘g‘l Qﬁt‘d

h
15 +ei 1ts a ket esg%rll)tlg i thuer}t}tl el%mentary unit of the i-

th code channel of the ideal signal.
15 For example, applying the above-described method to evaluate p,,,, of

ljk

the waveform 200 of a forward link of the HDR system, the elementary unit is a
half-slot, consequently, the summation limit M = 1024. From Equation (13) and
FIG. 2:

£ 401 < (k mod1024) < 464
i
561 < (kmod1024) < 624 (18)

0 elsewhere

gmaclkl=

20  where (k mod 1024) = 1 occurs at the first chip of every half slot. Then,
Equation (16) yields:

z [k]= z[k]- 8 maclk]

. (19)
R [k] = Ri[k]- g uclk]

The following code domain power coefficients ppac,; are defined for the MAC
Channel by Equation (17):

N 11024

N-Y ZZ'J’kR”k

25 o j=11k=1

PMAC = T\ 024 ) (N2 L)
” Y 4
R;| ¢ Z;,
=1 k=1 = k=1

i=2,.,63 (20)




16 filtered signal; and R,, J,k = R~ ~M( jJ -1) + k~is a kth sanple in
the jth elenentary unit of the i18 th code channel of the ideal signal. 19.

An appar ajyig2f49521det ermi ning a waveformquality 2 neasurepeflusof/@Rg | Si Ng:
a first neans configured to provide a plurality of offsets of parameters of

4 an actual signal with respect to an ideal signal; a second neans
configured to conpensate the actual sigrfg with the 6 plurality of offsets
to generate a conpensated act ual signal ;¥a thi rd nmeans conflgured to filter

t he conpensat ed ct ya to ener ate ered SI urth
nmeans confi gure i Pg h@r E*beaq“ 4 lﬁ%{F‘e 0‘5‘}4‘%‘% (g%l 161atsh§een

. filtered si@h@mmwdger’mrattleaa l6oditie érstssag‘q[ﬂdz z(amcbcaufs aittlﬂnerfaahdupmffa’ gured
to determ .CO tth the
modi fi ed | g‘g{ﬁgﬁ %}%ﬁ{ lgalg’ﬁ’q’!ﬂflé >Q(éf’?ér”ai ??5"%%{%6 {R%t @g‘f’g‘{fg’?q%gsm

- PCT/ USQ1/ ~7758 20. The apparatus of ‘claim 19 wherein the first neans, the .

2 secong neans, ﬁﬂlﬁetd?'ékﬂl lﬁ%%ﬂé _?ﬁﬁ %Jl&%(ﬁ&br%ﬁas@g @Hﬁ%ﬁ%ﬁhhﬁﬁﬂsﬁﬁb}?l st

conprise a _test_ equl pne ratus. o erern

means 2 pr d9gigal Bloﬁkﬁrrlé‘loﬂt@ﬁsoﬂrémft%e% ﬁa BlgosrhAystepnt e@emleed B OB a
frequency Q/frlftﬁeﬁhe amibofEmenhfss@iscloatd RerehasRaPftes ehp 1e23ent$aea@réwt@trﬁts of

ool 15 WIS R SRRt ey comReraale, 0 sl L, e
equat i on: Zboyr(pdne%rts bledkej moeduldsy Gacuithanet stépyhave beert Hesc@rbeﬂeg“ﬁatadty
it 18 918 ey thdin HcAORARy, o oREher Sho ey s bRy 827
t he phase dfardetare 28. sqﬂtreaeﬁppl&pands wyfore [the rparecwlaerathcahent fma dlestgms
filter 2 b%oﬁ@ﬂr%t&%ﬁﬂo@é’&%%ﬁeﬁ%ﬁﬂ 5 eﬁP”@;ﬁﬂ?&{ %@t@:ﬁ{su%ciogg %’Zlﬁh@

value that Is zero i nt erval tered and pon-zero
The appar atlngerefartgeagmtz@fvwgfﬂ@metw SRftHATeraie rftP‘P%E’e erguwta@éﬁfngand

confi gur ed How abgdtghot ?Ra@ﬂm&n%laé edeqeibed fahaidlalityvébeedchalpatiscdl@n zero
over a.elenen ar%(l unit of the actual signal. 25. The apparatus of claim 23

I
V\,herelr} t hidPF HBEAS assi gn 2 the conpensated actual signal a value by being
configured to: defierempldsythe ivamionist ﬁlustmakfadogitat blackse nmodules, disouita) s t o

be filtere n%l"?l@ﬁ;r{éﬂ &@ﬁ?agkﬁf@}fggﬂ@%&% Wil dhe' BpEaImERRakigd ae val

signal by t
? Y herein may be implemented or performed with a digital signal processor (DSP),

an application specific integrated circuit (ASIC), a field programmable gate

20 array (FPGA) or other programmable logic device, discrete gate or transistor

logic, discrete hardware components such as, e.g., registers and FIFO, a

processor executing a set of firmware instructions, any conventional

programmable software module and a processor, or any combination thereof.

The processor may advantageously be a microprocessor, but in the alternative,

25  the processor may be any conventional processor, controller, microcontroller, or

state machine. The software module could reside in RAM memory, flash

memory, ROM memory, registers, hard disk, a removable disk, a CD-ROM, or

any other form of storage medium known in the art. Those of skill would

further appreciate that the data, instructions, commands, signals, bits, symbols,

30 and chips that may be referenced throughout the above description are

advantageously represented by voltages, currents, electromagnetic waves,

magnetic fields or particles, optical fields or particles, or any combination
thereof.

The previous description of the preferred embodiments, using

35 communication systems to exemplify measurement of waveform quality, is

provided to enable any person skilled in the art to make or use the present

invention. The various modifications to these embodiments will be readily

apparent to those skilled in the art, and the generic principles defined herein



PCT/ US01/ - 47758 26. The apparatus of claim 25 wherein the third neans 2
define a function by being configured to define a function with a val ue
that is RPPyEREMOver a elenentary unit of the actual sigpaksdiyr7dhe
apparatus of claim 19 wherein the fourth neans 2 nodify the ideal signal by
being configured to generate the nodified ideal signal to have a val ue that
is zero in intervals where the filtered bsignal has a 4 value of zero and
non-zero el sewhere. 28. The apparatus o} claim19 wherein the fourth nmeans

2 nodify t lﬁ?aj ggr%‘gpﬁ[e& R lotht dRbOGINEE vAMGS the 138 Yfhe iiferitiRAacgirgnal a

val ue that | Ininteryals ere the filtered signal has_a val ue of
zero and nERECHIERRY P& hEF nagg\_gﬂgkema ?%t‘ﬁ’lgf Hﬂdeﬁ'sgﬁé Saat e generiche
fourth meapsintipiesi difclodel agphl egualgl toaargl like hyatdbng fe{,%ﬁfr&&gg e the:
define a function th a va u(«i hhat 1 S. zero bn interval s ere. the filtered
. 4 signal h§SEPREMythalrsesraed e IBAVSIRNE- o BltnEeePTes R Hlﬂeﬁ?‘ﬁwst%‘
conpensit ednieatiodltodHedivalted to tthe efnbuetiments Ghwil hereippgartds tis befacchmleth 24
wherein th i.ft 3 e V. 5eRY i

cont 1 gur ed 16 el FaRE ERRAENIE I ABEAHEL Al idietlorE itoced
appar at us dkreihai m 30 wherein the fifth means 2 calculate a first

modul at i OnWFﬁEI‘Qg)CLQMIMEWIB:COMi gured to evaluate the follow ng equation:
NMN'"'" ~~zi.kR .k 4 | =1 k=! Poverall-l G.iG.rlIRJ.klI2 ~~12Z.k~2 ~=I
k=l j=1 k=1 where: 6 poverall-1is the first overall nodul ation accuracy; |
is an index designating an elenentary unit of signals; 8 Nis a summation
limt designating a nunber of elenentary units; k is an index designating a
sanple in the elenentary unit; WO 02/9221 24 PCT/USOL/-47758 10 IVI is a
summation |imt designating a nunber of sanples in the elenentary unit; 12
Zj,k = z[Mj-1)+k] is a kth sanple in the jth elementary unit of the
filtered signal; arid 14 R,k = r[Mj-1)+k] is a kth sanple in the jth

el enentary unit of the ideal signal. 32. The apparatus of claim 30 wherein
the fifth nmeans are 2 further configured to calculate a second overall
nodul ati on accuracy. 33. The apparatus of claim 32 wherein the fifth neans
2 cal cul ate a second nodul ati on accuracy by being configured to eval uate
the follow ng equation: z MM+l Z~. k R, x x=Mt1 4 (~ ' Po~~ra~~-z =



N MMl N MEMH R~-. X ~ ~ I Z~, x ~-1 k-Mt1l ~-~ k=Mt1 2 2 where: 6 Poverall-2
is the second nodul ati on accuracy; j is an index designating an el enentary
unit of signalsi8 Nis a summation limt designating a npghfisonizrss
elementary units; k is an index designating a sanple in the elementary
unit; 10 Mis a sunmation limt designating a nunber of sanples in the
eIerrentary unit; 12 Zj,k = z[(M+ ~ + 1i7~ (jJ -1) + K] is a kth sanple in
the jth elementary unit of the filtered'signal; and 14 R,k = r[(M+ ~ + 1)
~ (1] -1) +k] is akth sanple in the jth elementary unit of the ideal
signal. 34. The apparatus of clalmZS%?YI inthe fifth neans 2 determ ne

. the waveformquality by being confi glg' cal cul ate a nodul ati on accuracy

for a tinme division channel. WO 02/ . 49221 25 PCT/ USOL/ ~77s8 35. The
appar at us 01 claim 34 whereip the fift ﬁ?‘ﬁ? cal cul atg eea)formdul atll on

< accuracy for atime divisio cﬁﬂﬁ%‘é’fi b S”%W$gﬁr ed?Y o OV al Uit gyt he
fol | owi Ag amﬁmaurﬂnentzcotnprising Zi . kR, . >< 4 , =l k=l PTDM channel =~ ~~IR

.kl ~ ~~l z~k~ curacy
For the tinme d| \E)I SI onh%héﬂ %h&hDﬁj Sﬁgﬁgg\fl pa@ﬂah"i‘tﬂ.}tg&%ﬁ%&ﬁg@%ﬁ glléérilg@’?[ﬁg an
el ement &r yr@ﬁﬂeﬁttﬁa%l%&éﬁlgmm is a summation I init designating a number of

el ementary uni t%om}fén@aﬂlﬁ%nﬁ{b A §1' \QﬁﬁtthB%b t%fﬂsé‘tsttﬁ%eﬁkfe{f@@t ary
unit; Mis a summm lesi gnating a nurtber of sanples i'n the 12

el enent é’rycﬂlili‘ipﬁns@]edl@cma}ﬁma ¥1)+k] is a kth sanple in the jth el enentary
unit of the fil fiteeih Jtheszbgtp@hsataddm&al kighal Edvgqane&teld filtéred dighalsanpl e in

the jth el enentar nit he ide S tus of, claim
(he Jhgel erent sty it ol Che el 45, Lanaly o G FEPALQafetnen: “by
bei ng conf aguodifiedsigatlcamét e code domain povver coefficients. 37. The

appar atygs of cl nﬂ%ﬁ e HonEinR power
coeffi C:E)Znt S b¥ eggir%ﬁ Pﬁgﬂ?{éﬁ%&{é a t Sﬁ‘%‘ﬁ%&%ﬁ’éaequat. onh@N M *
ditied ideal signal and the f11tered 51gna

2. The method of claim 1 wherein the providing a
2 plurality of offsets comprises providing a frequency offset, a time offset, and a

phase offset.

3. The method of claim 1 wherein the compensating the

2 actual signal with the plurality of offsets comprises compensating in accordance
with the following equation:

L )= (-t)elboud
where:
6 Y®) is the compensated actual signal;
X?) is the actual signal;
8 tis time;

j is an imaginary unit;

10 A® i the frequency offset;

N

%o is the time offset; and

A

% is the phase offset.

12

4. The method of claim 1 wherein the filtering comprises

2 assigning the compensated actual signal a value that is zero in intervals to be
filtered and non-zero elsewhere.



. An appar at

NZ,kR.,.~ ~=1 k=l 4 PTDM channel.i ~ N MN M 1 w1t Wv ~~ R .

.k ~~f Zl.klz j=1 k=1 j=! k=1 where: PTDM channel,i is the code donain
coeffi ci ti me division channel TDM channel and apePRRG el i, 8
wl is a syés%ﬁ%oge channel for the tinme division channel TDM_ c%annel WO

02/ -@@221 26 PCT/USOL/ ~7758 w is a |last code channel for tinme divi si on

channel TDM channel; 10 j is an index dgsignating an el ementary unit of

signals; Nis a sumation linmt desi gnating a nunber of elenentary units;
12 k is an index designating a sanple in the elenentary unit; Mis a

surrmati on limt designati ng nu er nples in t el enent ar unit;
Zij,k=z[M(]j -1) K] is HHEO f&f"‘? 4%@‘%‘-‘"—‘%%@3%%&}“%} Sof the
16 f| | t er eghsRirgng Itheaomlﬁ‘ensate& actirl, sx@llvﬂa( g valje thi id soa-derd ceerphe in
the jth elarrent Err&]#l H"ﬁ f theall 18 th code channel of the ideal signal. 38.
ETERT S EE B 1 naﬁhé ormquality 2 measurenent, conprising:
a processor; and 4 a storage nedium coupled to the processor and contai ni ng

a set of igstructions executgpl ‘i’n&ﬁo?th pcrlﬁf'x‘?%oﬁhﬁpem e %gélg’ﬁl Fhé”al ity

of offsets of paranmeters, of an actua respect to deal

si gnal ; 28 ewnpersased actyal Wﬁ@l"%‘f‘%ﬁ@ﬂpﬁﬁsﬁﬁ the plurality of offsets to
generate a COWD@éﬁx@lh fAgicksh witly Aalalud thalt iid &0 ihhteevalp enbafiddratandl
signal to enerat |Iter d signal; nodify the ideal signal to correspond
to the ffil %‘i‘éﬁr%? ﬁ‘é( e’feoaB nerate a 12 midified signal; and determine the
wavef or m qual i t yuildpling tentompersated detnakbsightlbyt the fivhctiondi fi ed i deal

signal and the filtered signal. 39. The apparatus of claim 38 wherein the
processor 2 provides a plurality of offsets by executing the instructions
to provide7a frequency of f séihe methareobflabnt6 whetein thiraddining aduncion The

appar at gs ?J %1%%@&:&%3 4 SR PEWRIHOS SRRRY that GO RBRLRAS @%et Q%lékﬁ&ﬂt%'ryS' gnal

with the plu Ity of fsets by executing the instructions to:
y(t)=X(t |51)uépigtbe.@qtya ighalk y(t) is the conpensated actual signal;
x(t) is the actual signal;

8. The method of claim 1 wherein the modifying the ideal

2 signal comprises generating the modified ideal signal to have a value that is
zero in intervals where the filtered signal has a value of zero and non-zero
4 elsewhere.

9. The method of claim 1 wherein the modifying the ideal
2 signal comprises assigning the ideal signal a value that is zero in intervals
where the filtered signal has a value of zero and non-zero elsewhere.

10. The method of claim 9 wherein the assigning the ideal
2 signal a value a value comprises:
defining a function with a value that is zero in intervals where the
4 filtered signal has a value of zero and non-zero elsewhere; and
multiplying the compensated actual signal by the function.

11. The method of claim 5 wherein the determining the
2 waveform quality comprises calculating a first overall modulation accuracy.

12. The method of claim 11 wherein the calculating a first
2 modulation accuracy comprises calculating in accordance with the following
equation:



. wherein the processor

WO 02/9221 27 8 t is time; j is an imaginary unit; 10 O ~ is the frequency
offset; z~is the tine offset; and 12 e~ is the phase offset.
PCT/ USUl/ ~5%2§9ﬁ?; The appar atus of claim 38 wherein the PEPRRGEPHsd il ters

2 by executing the instructions to assign the conpensated actual signal a
value that is zero in intervals to be filtered and non-zero el sewhere. 42.
The apparatus of claim41l wherein the processor filters 2 by executing the
instructions to assign the cor ensateg actual signal a value that is
non-zero over a elenentar¥v. f ot+hle actual signal. 43. The apparatus of
cl aim4l wherein processo QFﬁhe 2 conpensated actual signal a val ue
by execdting the,lpstr HoRS- o function wth a value that is
zero in intervals to b 13 EFi ?;ﬁlg -zero el sewhere; and nultiply the
conpensat ed actual sig# " e | Fag 8n| 44. The apparatus of claim43
unction by executing the instructions to
define a f ion with a value that is non-zero over a elenentary unit of
t he actuyal 'signal. 45, Th? (g 2@ f claim 38 wherein the processor 2
modi fied the i déaksi Griaf %@P‘%ﬁ FFWB Y ACRYPGEL i ons to generate the
nodi fied i deal ﬁ'sgtﬂalhdbf?d@&‘gﬁaﬁngéhlé%ﬁm&@ﬁar snfASfQidrhld;nt er val s where the
flltered si gnal and non- ﬁlsemhere 46. The
appar at §s of cl aSSS‘rVﬁ@F]é’Pﬁll’c‘ﬁéﬁeB‘rgBEEgg@rn ﬁﬁ’a‘i’ff‘? SRERALYUdtS) i gnal by
executing the iRssandidondesignaigy gsamhple indhalelangitaty anital ue that is zero
inint vals mh the fi d.slgn V, I 28" zero
el sewher’e. ésaﬁpgynpﬁguﬁkI%Pglﬁé%ggéﬁgfé?nlﬁﬂgéprgc%ggggsaggﬁﬂﬁs 2
t he i deal ekgmwumymmmue by executing the instructions to: WO 02/ .49221
28 PCT!1oU SO1 / z47152§1\4tf @afw@émpm i e ]ﬁ?’i é{@:h@ﬁtatrpa&uwfth@rfgtéred
intervals mhere the il 4 signal” has a value of zero and non-zero
el sewher e; signal; ﬁﬂﬂtlply the conpensat ed actual signal by the function. 48.
The appar at us oR; ckai[Mi@§2)Mtesel Ry, tdaengle daebedy, demehedryiumes of ke wdasdf or m
qual ity by exe uilng the instructions to calculate a first overal
nmodul at i onS'&P8tracy. 49. The apparatus of clai m48 wherein the processor 2
calculates a first nodul ati on accuracy by executing the instructions to
eval uate t fol |l ow ng equat , =1. k= I1-1
k2 5, 23, klz ~=| k= T&Pml?wid\émﬁk (i gfﬁﬁﬁﬁf@“ﬁé{rﬁe&}ﬁ%\{l‘?&%er al |
nmodul at i2on sqp@dr(a&yall modulatlon accuracy.

14. The method of claim 13 wherein the calculating a
2 second modulation accuracy comprises calculating in accordance with the
following equation:

M+t
N 2
N- Z ZZJkRJk
¥ k—7+l
4 poverall-Z = ]
M+—+1 M+—+1
2 N 2
Z Z IRJk’ ) Z Z lzjkl
= =T 17 k=24
2
where:
6 Poveran—a 15 the second modulation accuracy;

j is an index designating an elementary unit of signals;
8 N is a summation limit designating a number of elementary units;
k is an index designating a sample in the elementary unit;
10 M is a summation limit designating a number of samples in the
elementary unit;



. filter

] is an index designating an elenentary unit of signals; 8 Nis a sunmation
unit designating a nunber of elenentary units; k is an index designating a
sanpl e i mentary unit; 10 Mis a summation limt } J a
nunmber opvg)gﬁrr/ﬁﬁiég in the elementary unit; 12 Zj,k = z[ M ¢§?L[%Gﬁ?1g9§ Kkt h,
sanple in the jth elenentary unit of the filtered signal; and 14 R,k =
rfMj-1)+k] is a kth sanple in the jth enmentary unit of the ideal signal.
50. The apparatus of claim48 wherein the processor is 2 further configured
to execute the instructiopp to calculate a second overal |l nodul ation,
accurady. 51. THe, apfiMat us+d)- (G mkhds tler BaMPlnEn phopeslesrentaryaniiil at es
_a second nodul ati on accurdcy by executing the instructions to evaluate the
fol | owi ng efjtretfiltared sigh@l0id L9221 29 4 where: 6 8 10 12 Z j,k = z[(M+ 2 +
1) ~( j:-1) + k] is a ktpsanple in the jth elepentary unjt of the |,

eﬂ? si gnal R;amr (@M Rk 1 (f AN §] is 3 lqp samplg m ghe jen plementarkithitsanpl e
in the jth elenentary unit” of the ideal signal. N MrMrl Z. | .k Rj.k ~-I
k=Mr1 2 P oftheddeabsighaleM+1 ' N MeMkl ~RJ. k~2 ~ ~ | z~k~2 ~=| k=~+1 ~=f k=M
2 2 Poverall-2 is the second nodul ati on accuracy; PCT/USO 1 /.L7758 j is an

i ndex desigpating an elementary unit of_ sjgnals; Nis symmatjon |imt
desi gnat i ng -a nunber of el erfﬁf‘ﬂ éi]f“iﬁilElﬁiQfs,Cfa%“i 4 Whereigd ed‘i@?ﬁﬁ&t‘?ﬁgt
sanpl e i2n (WheeR Aty ¢othpriséd cslcalasigmat iroddlation adestagpatorng meunber
of sanples . n .the,elenentary unit; 52. The apparatus of claim4l wherein
the procesdBPSIONENABRRT nes the waveform quality by executing the
instructions to calculate a nodul ation accuracy for a time division
channel . 53¢ The apparatus ofné!dbioa? ofhAath M8 NEnBAE CGROEaguERhEHbAt es a
nodul ati on"accuracy for a time division channel” by executing the )

2 modulation accuracy for a time division channel comprises calculating in

accordance with the following equation:

2

N (M
N-2 R ZuR
_ 1=l k=t
4 P1pM_channel = N N
2 2
{ZZIRHI }{ZZIZHI }
j=1 k=1 j=1 k=l
where:
6 Prom_aemer 18 the modulation accuracy for the time division channel
TDM_channel,;
8 j is an index designating an elementary unit of signals;
N is a summation limit designating a number of elementary units;
10 k is an index designating a sample in the elementary unit;

M is a summation limit designating a number of samples in the
12 elementary unit;

Z;x = z[M(j-1)+k] is a ky, sample in the ji, elementary unit of the filtered
14 signal; and

Rjx = r[M(j-1)+k] is a ki, sample in the jy elementary unit of the ideal
16 signal.

17. The method of claim 4 wherein the determining the
2 waveform quality measurement comprises calculating code domain power
coefficients.



instructions to evaluate the follow ng equation: NMN~ Grz.|l. kR .k 4 _

, _> k=l PTDM channel - ~ M2 NM,) GrLr,RJ:kl ~~~ZJ.k,Y j=I k=1 j=I k=f
where: PRYWlo25823pnel 1S the nodul ation accuracy for the tipgg &hpiBkPn
channel TDM channel; 8 j is an index designating an elenentary unit of
signals; Nis a summtion limt designating a nunber of elenentary units;
10 k is an index designating a sanple igithe elenentary unit; WO
02/.19221 30 PCT/USO1/.177~8 Mis a sunmation limt designating a numnber of

Sﬁﬁp! e?] i nllB.he 12 el ement ar YTlﬁ@iriléetlhéﬂ,&ifdaighMﬁ vxﬂl?etlsi]n gh?e @alEﬁlhtiﬁE%d% i )ﬂ q
the jth,,elgnentary unit of. t il'tere sjgnal ;. an =r. -~)+
Cie%a ket ST, RO Cofifieai oy fASHIANG (BoAcorAtigHEEY B The
appar at us dbllowvaigrddatidrer ei n the processor 2 determines the waveform

qual ity measurement by executing the instructions to calculate code donmain
- power coefficients. 55. The s of |cl aim 54 wherein the processor 2

R
pip=

cal cul ates code domai n powe it by executing the instructions to
evaluated N Mx g\ 70, = R - =

DM=ehangya NMNM' ~ - W1

~ ., W~ ~IR~ . RI2"™%| Zhdisa =21 = ﬁg kz[z_L where: ~TDM chminel , is the
code dommin coefficient foe k_l|{{i'- L S Gwklchannel TDM channel and a code
channel i; 8 wl is a first’tbde channét“tor the tine division channel

TDM_channel ;hvvv_i s a last code channel for tine division channel
TDM channelW14%:j is an index designating an el enentary unit of signals; N

e 0621 gnat | fPA-EaTDI & T LS SPERRr ot Bl oofithe Blkon KRalnP ot
desi gnat i ngd'2Vnoiviver! &id aaopbehanmeltihe 14 el ementary unit; Zj,k = z[M ( ]
-1) + K] 8 Is a ktwbl issaanﬁl-s% cioae tcﬁgmllél r?oﬂh%r?ﬁﬂg %ri*yisf'é'i'\i ctha%ef PBM_channel;
wv is a last code channel for time division channel TDM_channel;
10 jis an index designating an elementary unit of signals;
N is a summation limit designating a number of elementary units;
12 k is an index designating a sample in the elementary unit;
M is a summation limit designating a number of samples in the
14 elementary unit;
Z,, =M (j-1)+k] is a kth sample in the jth elementary unit of the

16 filtered signal; and
R =R, [M (j—1)+ k] is a kth sample in the jth elementary unit of the i-

18 th code channel of the ideal signal.

19. An apparatus for determining a waveform quality

2 measurement, comprising:

a first means configured to provide a plurality of offsets of parameters of
4 anactual signal with respect to an ideal signal;

a second means configured to compensate the actual signal with the
6 plurality of offsets to generate a compensated actual signal;

a third means configured to filter the compensated actual signal to
8 generate a filtered signal;

a fourth means configured to modify the ideal signal to correspond to
10 the filtered signal to generate a midified signal; and

a fifth means configured to determine the waveform quality
12 measurement in accordance with the modified ideal signal and the filtered

signal.



16 filtered signal; and Ri,j,k = R, [M(j -1) + k] is a kth sanple in
the jth elenentary unit of the i18 th code channel of the ideal signal.
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2 by being configured to assign the compensated actual signala value that is non-
zero over a elementary unit of the actual signal.

25. The apparatus of claim 23 wherein third means assign
2 the compensated actual signal a value by being configured to:
define a function with a value that is zero in intervals to be filtered and
4 non-zero elsewhere; and
multiply the compensated actual signal by the function.
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define a function with a value that is zero in intervals where the filtered

4 signal has a value of zero and non-zero elsewhere; and
multiply the compensated actual signal by the function.

30. The apparatus of claim 24 wherein the fifth means
2 determine the waveform quality by being configured to calculate a first overall
modulation accuracy.

31. The apparatus of claim 30 wherein the fifth means
2 calculate a first modulation accuracy by being configured to evaluate the
following equation:

2

N | M
N Z sz.kRj,k
_ j=t k=1
4 Poveraitt =T , N :
ZZle.kl ' ZZ'ZH'
7=l k=l j=1 k=1
where:
6 Poveran—s 18 the first overall modulation accuracy;
j is an index designating an elementary unit of signals;
8 N is a summation limit designating a number of elementary units;

k is an index designating a sample in the elementary unit;
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where:
6 Poverani—> 18 the second modulation accuracy;
jis an index designating an elementary unit of signals;
8 N is a summation limit designating a number of elementary units;
k is an index designating a sample in the elementary unit;
10 M is a summation limit designating a number of samples in the
elementary unit;
12 Z,, =AM +—A2£+ D-(j-1)+k] is a ky, sample in the jy, elementary unit
of the filtered signal; and
14 R;, =rl(M +~M2—+ 1)-(j—-1)+k] is a ki, sample in the jg, elementary unit
of the ideal signal.
34. The apparatus of claim 23 wherein the fifth means

2 determine the waveform quality by being configured to calculate a modulation
accuracy for a time division channel.
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where:

6 Prow_ciamer 18 the modulation accuracy for the time division channel

TDM_channel;

8 j is an index designating an elementary unit of signals;

N is a summation limit designating a number of elementary units;
10 k is an index designating a sample in the elementary unit;

M is a summation limit designating a number of samples in the
12 elementary unit;

Z; = z[M(j-1)+Kk] is a ky, sample in the ji, elementary unit of the filtered
14 signal; and

Rjx = rIM(-1)+k] is a ki, sample in the jin elementary unit of the ideal
16 signal.

36. The apparatus of claim 23 wherein the fifth means
2 determine the waveform quality measurement by being configured to calculate
code domain power coefficients.

37. The apparatus of claim 36 wherein the fifth means
2 calculate code domain power coefficients by being configured to evaluate the
following equation:
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where:
6 Orom_camer; 15 the code domain coefficient for a time division channel

TDM_channel and a code channel i;
8 w1 is a first code channel for the time division channel TDM_channel;
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4 a storage med1um coupled to the processor and containing a set of

f0S, 109 3&idhen t@gy #apve, c&()-- & @#10% & () - 0@#10%( Y& ()-)j;
10

instructions executable by the processor to:
6 provide a plurality of offsets of parameters of an actual signal with
respect to an ideal signal;
8 compensate the actual signal with the plurality of offsets to generate a
compensated actual signal;
10 filter the compensated actual signal to generate a filtered signal;
modify the ideal signal to correspond to the filtered signal to generate a
12 midified signal; and
determine the waveform quality measurement in accordance with the
14 modified ideal signal and the filtered signal.

39. The apparatus of claim 38 wherein the processor
2 provides a plurality of offsets by executing the instructions to provide a
frequency offset, a time offset, and a phase offset.

40. The apparatus of claim 38 wherein the processor
2 compensates the actual signal with the plurality of offsets by executing the
instructions to:

4 y(t)=x(t—%p) e’ [ant+,]

where:
6 Y is the compensated actual signal;
2(t) is the actual signal;
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non-zero over a elementary unit of the actual signal.

45. The apparatus of claim 38 wherein the processor
2 modifies the ideal signal by executing the instructions to generate the modified

ideal signal to have a value that is zero in intervals where the filtered signal has
4 avalue of zero and non-zero elsewhere.

46. The apparatus of claim 38 wherein the processor
2 modifies the ideal signal by executing the instructions to assign the ideal signal

a value that is zero in intervals where the filtered signal has a value of zero and
4 non-zero elsewhere.

47. The apparatus of claim 46 wherein the processor assigns
2 theideal signal a value by executing the instructions to:
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jis an index designating an elementary unit of signals;

8 N is a summation limit designating a number of elementary units;
k is an index designating a sample in the elementary unit;

10 M is a summation limit designating a number of samples in the
elementary unit;

12 Zix = z[M(j-1)+K] is a ky, sample in the jy, elementary unit of the filtered
signal; and

14 Rjx = r[M(j-1)+K] is a ky, sample in the jy, elementary unit of the ideal
signal.
50. The apparatus of claim 48 wherein the processor is

2 further configured to execute the instructions to calculate a second overall
modulation accuracy.

51. The apparatus of claim 50 wherein the processor
2 calculates a second modulation accuracy by executing the instructions to
evaluate the following equation:



& 9"1090%$9& ()- & 9"10%& ()- &9"10%& ()-gJKLMZ| obU410
8&s10%@ , @' ()-10+10+10+& &&F: "10%& ()-z& FL3s' 109%& ()- FL3s' 10%& () -
& &' 10% & b2498dP- X| [ 1 PUALO & &Y' 10%Q, @& ()- & "10%@, @pt/use1/47348%
0 ()-& ,c' 109%],F& ()- &'s10%@, @& ()- &L10%@, @& ()-x|:|[:bU410 &
S#1098& ()- S#I0W)& ()-& 10%,& ()-& 109 & ()- & 109%@ @& ()- 10% &
& ()-:9[|[:bUs10 & &@"10%@ , @& ()- 10&#10%], K& ()-& , 08#10%], F& ()-&
, 8#109FF& ()- &0s#10%@, @& ()- " s#10%()& ()-[vU410 &10%,f& ()- °
10%, 9& ()- & 10% ,f& ()- &s)10%,f& )-10@, @0@, @A0@, @
84" 109%@, @' ()-!$t|[:vU4l0 & SFVID%  £.8 ()- ' &SH10% ,f& ()- M
, S#10% | & () - M& &03 &910% ¥ & 48R0% , & ()- &@0% ,f& ()-#[_|[:vUsl10 &
& 10%,f& ()- ' _3 flO%&()J-le’Sxfloo &() & &3 110% % & ()- 3
f1094) A& () -, OBy LA0%-8H8 { : es$" 10% , f & ()-' &Y10% ,f& ()-
& SML0%,f& ()-@ & |SMeds)fe& () -@h& 0$f&'()-@
& 109% ,f& ()- QW - 0|[:\§4% ?”‘FT gy/ LZ% C&M10% & () & *"10%
& ()- & “*"10%& ()- 0%, F & M, 0% ()-ov| obU410
&10%@ , @ ()- 10f,f10f ¥ 10721& & #7V100#, f& (V- @& & 7 10% 2f & ()- @
96" 10%&QV &YSIO% f&() WI[:bU410 & O 1004 & ()- 0109, & ()-&
T109%& () - &Y, & () - & 10%@, @& )- &10%@, @() 1[|[: bW410 & F10% $
& ()- F.@O%J#& (pnv&,ug 1511@%@0@ ROgt ac@racy; " &" 1098 () -

&&"10%Q@ , @ () ,é%%&&&”&&%&& %mg{%r}ﬁ bt of signals;

8 N is a summation limit designating a number of elementary units;

k is an index designating a sample in the elementary unit;
10 M is a summation limit designating a number of samples in the
elementary unit;
12 Z,,=uUM +AZJ—+1) «(j=D+k] is a ky, sample in the jy, elementary unit
of the filtered signal; and
14 R, =rM +M2-—+1) (j=D+k] is a ky, sample in the ji, elementary unit

of the ideal signal.

52. The apparatus of claim 41 wherein the processor
2 determines the waveform quality by executing the instructions to calculate a
modulation accuracy for a time division channel.

53. The apparatus of claim 52 wherein the processor
2 calculates a modulation accuracy for a time division channel by executing the
instructions to evaluate the following equation:
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where:

6 Prov_cume 15 the modulation accuracy for the time division channel

TDM_channel;
8 j is an index designating an elementary unit of signals;
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N is a summation limit designating a number of elementary units;
10 k is an index designating a sample in the elementary unit;
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signal;
Rjk = r[M(j-1)+k] is a ky, sample in the jy elementary unit of the ideal
16 signal.
54. The apparatus of claim 41 wherein the processor

2 determines the waveform quality measurement by executing the instructions to
calculate code domain power coefficients.

55. The apparatus of claim 54 wherein the processor
2 calculates code domain power coefficients by executing the instructions to
evaluate:
N | M 2
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where:
6 Dot _cmers 15 the code domain coefficient for a time division channel
TDM_channel and a code channel i;
8 w1 is a first code channel for the time division channel TDM_channel;
wv is a last code channel for time division channel TDM_channel;
10 jis an index designating an elementary unit of signals;
N is a summation limit designating a number of elementary units;
12 k is an index designating a sample in the elementary unit;

M is a summation limit designating a number of samples in the
14  elementary unit;
Z,,=2M(j-1)+k] is a kth sample in the jth elementary unit of the

16 filtered signal; and
R, =R, [M (j -1+ k] is a kth sample in the jth elementary unit of the i-

18  th code channel of the ideal signal.



