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10 The cellular telephone industry has made phenomenal strides in
commercial operations in the United States as well as the rest of the world.
Growth in major metropolitan areas has far exceeded expectations and is
outstripping system capacity. If this trend continues, the effects of rapid growth
will soon reach even the smallest markets. Innovative solutions are required to

15 meet these increasing capacity needs as well as maintain high quality service and
avoid rising prices.

Throughout the world, one important step in cellular systems is to
change from analog to digital transmission. Equally important is the choice of an
effective digital transmission scheme for implementing the next generation of

20 cellular technology. Furthermore, it is widely believed that the first generation of
Personal Communication Networks (PCNs), (employing low cost, pocket-size,
cordless telephones that can be carried comfortably and used to make or receive
calls in the home, office, street, car, etc.), would be provided by the cellular
carriers using the next generation digital cellular system infrastructure and the

25 cellular frequencies. The key feature demanded in these new systems is increased

traffic capacity.
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transmission signal into a shorter time slot. As a result, the information must be

transmitted at a correspondingly faster burst rate which increases the amount of
occupied spectrum proportionally. The frequency bandwidths occupied are thus

20 broader in Fig. 1(b) than in Fig. 1(a).

With FDMA or TDMA systems or hybrid FDMA/TDMA systems,
the goal is to ensure that two potentially interfering signals do not occupy the same
frequency at the same time. In contrast, Code Division Multiple Access (CDMA)
allows signals to overlap in both time and frequency, as illustrated in Fig. 1(c).

25 Thus, all CDMA signals share the same frequency spectrum. In either the
frequency or the time domain, the multiple access signals overlap. In principle,
the informational datastream to be transmitted is impressed upon a much higher bit

- rate datastream generated by a pseudorandom code generator. The informational
datastream and the high bit rate datastream are multiplied together. This

30 combination of higher bit rate signal with the lower bit rate datastream is called
coding or spreading the informational datastream signal. Each informational
datastream or channel is allocated 2 unique spreading code. A plurality of coded
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Gilhousen et al., "On the Capacity of a Cellular CDMA System", IEEE Trans. on
20 . Vehicular Technology vol. 40, pp. 303-312 (May 1991).

In systems optimized for digital data transmission, M-ary digital
modulation methods, in which one of M possible signals are transmitted during
each signalling interval, are often used because of their improved efficiency. One
method commonly used is Quadrature Phase Shift Keying (QPSK) in which two

25 equal-magnitude signals in phase-quadrature are impressed on the carrier wave.
Another common method is Offset QPSK (OQPSK) in which the maximum phase
transition at any point in the modulated waveform is less than the maximum phase
transition in a QPSK waveform. As a resuit, the composite OQPSK signal can
have smaller envelope fluctuations after bandpass filtering, and thus more closely

30 approach the constant envelope desired for such signalling. It will be appreciated
that QPSK and OQPSK are forms of Quadrature Amplitude Modulation (QAM).
Various aspects of these modulations are set forth in, for example, F. Stremler,
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m smat cif radio carrier wave For example, the even bits in a digital information datastream
| can be modulated on the cosine wave, and the odd bits in the digital information
datastream can be modulated on the sine wave. Errors can arise in quadrature
modulators whenever the phases of the cosine and sine waves are not quite 90°

apart, or whenever the amplitudes of the sine and cosine waves are not quite

20 equal, or whenever there is residual carrier leakage when the modulating wave is
supposedly zero, as well as for other reasons. Of course, the accuracy with which
the quadrature modulation matches a synthesized, theoretical wave modulated with
hypothesized data or with already received data is important in the above-described
communication systems. The accuracy of quadrature modulators has been

25 maintgined conventionally by a combination of ensuring good matching between
components and by making trimming adjustments to reduce residual mismatch
€rIoTs.

A conventional quadrature modulator, shown in Fig. 2, includes an

“in-phase” or I modulator 101, a "quadrature” or Q modulator 102, and a phase-

30 splitting network 103 for supplying the double-sideband, suppressed carrier
modulators 101, 102 with cosine and sine carrier frequency signals, respectively.
Ideally, the signals provided by the network 103 are cos(wt) and sin(wt), where
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15 i.e., four times ﬁxe desired -carrier frequency w, and using the 4-signal to clock a
" digital logic divide-by-four circuit that produces the bit patterns:
0011001100110011...

errors. A conventional quadrature nodul ator, shown in Flsﬁ. 2, includes an
€|

and
0110011001100110...,

20 which can be recognized as square waves of frequency 1/4 the 4w bitrate having
phases exactly 1/4 of a period (90°) apart. It is usually acceptable to drive the I
and Q modulators with square-wave carrier signals instead of with sinusoidal
signals. Such a digital method of producing 90°-phased signals can be practical
for frequencies ranging up to hundreds of megahertz, but at higher frequencies

25 slightdifferences in speed of loading of the logic circuits can once more become a
significant source of modulator error.

The carrier balance and/or d.c. offset adjustments try to ensure that,
when the modulation generator 104 produces a zero signal level on its I and Q
outputs, the corresponding output at the carrier frequency of the I and Q

30 modulators is also zero. In essence, this requires the I modulator 101 to produce
a zero cosine signal output for a zero I modulation and the Q modulator to
produce a zero sine signal output for a zero Q modulation. It is well known that



signals. Such a digital nethod of producing [err]-phased signals can be
practical for frequencies ranging up to hundreds of negahertz, but at

hi gher frequencies slight differences in speed of |oading of the |ogic
circuits can once nore becone a significant source of nodul ator error. The
cagrier bal ance and/or d.c. offset adjustn@nts try to ensure that, mhen t he

nodul ati on generator 104, pr Qqduce zero signal level on its | and
outputs, the &&Imaedulater "gﬂ‘ﬁ &F ¥ P éﬁ“ﬁ’éﬁ%ﬂ@ﬁ@lﬁwelcﬁﬁn? 318%‘ Q

nodul ators i s Haf“ qa}] %x'g %f
produce a zero cosl ne s nal “output tor a z@ i § % gini an ?’ﬁe

nmodul ator to ﬂgnduseem zAcmzﬂmg@,agnailcquDhakég@rfrmZt&@n@dwm ion. It
is well known that dul ator, i | ance can actually produce_a

si ne signal wiMReHREs %&‘P&@" g6 a cesine, @n’%" %%B@HM Pﬂ‘gélsﬂﬁi‘@e can
producesa cos é'kﬁgtﬁfroﬁf‘ hodul [ wﬁ?ﬁ mal |
cosi ne Iseakaggﬂfgrom ﬁrr%d(gl ator&sﬁssgﬂn%?fdﬁgs eS| red to bar%ince

cosi ne | eakagfrofr thek nedwatond With dhe twmadjusteent potentimmetersiddée 107om t he Q

nmodul at or i s orre1 | mas desired Io baI an sing | eakage fromthe |
nodul at or . 1‘49& ﬁ‘ﬁf %ﬁpé"t@&é? 106, 107, however
carrier bal ance Is mredts&%hieemmmus M%cﬁ@'ﬁ&ﬁén-ﬁh

i naccuracies are non-linearity in the nodulators 101, 102 and n Ilnearlty

in the nodul amodnlatprndfdy 102 amdinorFlineayity én ﬁteanodtﬂzum gmmoDMeﬂ‘he

precursgrs of the nodul ati on _si gna aII neans of a
di gi taii8 Si gnageW%Z@gP&'ém W‘gﬁst@ﬁg MX | og
nodul ating si gag ARAnHf 4} hgﬁﬂ"pi‘@&k&ﬂ ﬁﬂ@en%ﬁ &rtd fleS -

M smat ches bet ween t ewls-y gnal A converter and the Qsignal DA

converter or precussersaiotdnalog medulating sigeals be meeans pf dx@tabw-mamg @) source
pr e i 5t or 1 ofousPREite NESARENS T aren tF rildtal Bl ol Brer b AE RSB PIA S,
transfer funcésnvestepbr inhtherantivdliaking Silfeds thefbaften a®y £l Girtlice soOE Of Maddulition
modul ator non-1linearity. Techniques for sinplfying the DA conversion and
subseqdént anefron| fmseme cases, the digital signal processor computes a pre-distortion of the
modulating signal using an inverse of the non-linear transfer functions of the
modulators 101, 102 in order to compensate for modulator non-linearity.
Techniques for simplifying the D/A conversion and subsequent anti-aliasing
filtering by use of highly oversampled delta-modulation are also known, and lead
20 to some reduction of the aforementioned modulation errors. One such technique is
described in commonly assigned U.S. Patent Application No. 07/967,027 entitled
*Multi-Mode Signal Processing”, which is expressly incorporated here by
reference.

jay v

U.S. Patent No. 4,985,688 to Nagata discloses a modulation system
25 in which an amplified, modulated output signal is fed back to a quadrature
demodulator. The signal is demodulated and compared to a threshold value. A
control signal is generated based on this comparison to adjust the system for
nonlinearities of the amplifier that is connected to the modulator. When the
threshold is exceeded, the normal modulation is apparently interrupted and
30 replaced by a signal of 1/N-th the frequency or data rate. The Nagata patent also
describes how to determine the instants at which the output of the quadrature
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syst em descr ameunti \mﬂi arprbdammlmd devdation vajug u The antpnmticunodulatiomerror
15 correction sysbem described is for transmitters using pure angle modulation,
specifically binary continuous-phase frequency shift keying (CPFSK).

In the system described in the Carney patent, an exact modulation
index is generated by digitally switching the frequency between two exact values.
Nevertheless, such a modulation is not used for transmission because the

20 transitions are not filtered. The transmit waveform uses shaped one-zero
transitions to contain the spectrum, and when a sufficient number of like bits occur
in a row the frequency deviation of the shaped modulation should approach the
same value as the unshaped modulation. Occurrences of such strings of like bits
are detected and a comparison is made when they occur, the result being used in a

25 feedback loop to adjust the modulation index. Thus, the Carney patent assesses
errors only when the modulation is a long-enough string of ones or zeroes.

U.S. Patent No. 5,020,076 to Cahill et al. describes switching
between analog FM modulating a carrier signal source in the conventional way,
and modulating it using a quadrature modulator. The quadrature modulator is left

30 in the circuit when conventional FM is carried out, and the I and/or Q modulation
signal is just set to a constant so that the quadrature modulator passes the FM
signal straight through.
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transitions are not filtered. The transm t8 wavef orm uses shaped one-zero
transitions to contain the spectrum and when a sufficient nunber of Iike

bits occur in a row t heUiPeBatentaioaé:#06:028 to dlakai desemibasat trapsmit diversityshoul d

appr oach the : . e trings
of like bits %@@&gﬁéﬁ%&g kﬁ?gagrx]o Fgmﬁla“%&%%nr&%&gc@a&r, e
resul t being afiespetial feceiet afes tisedpbpt the spedialstecéiper dord o aisess thedruradyius,

t he Caney patent assesses errqors only when the podul ation i s a | ong-enough
string of one®f Ge trasyitter modylation terfiroyide informationzto 3 Mmodylation cgrregtion

descri bgs SW %ﬁf&l{lg bet ween anal og FM nodul ating a carrier signal source in
t he conventional Wway, and nodulating it using a quadrature nodul ator. The
quadr at ure nodul at or i sItlwilk be appriciated from the/foregoingnthat highnmbdlafiors carri ed

out, and the | and/qr nodul aji on sign s Just, set to a constant so that
Che quadr at ur WoHEEH s Serialows beatactieNPd by ot SRR gractioes errapned Witg | s
Pat ent No. 4,%%2 j Qi toflenitd ] ' s t E'Mementation
for inproving~di gl fng@,a I 0 cgdnﬁﬂfj%?cag‘ﬁll%on. Aﬁ@g%‘gﬁhé\ﬁvg of%n and speci al
recei ver are imsmutablelimpetfectignscilhiwould be highlyldesirablet todwesable, donénvousiy acy of
the trgpsmtter, ypdulatjon tq. provide informpation,to a ulation
correct¥on s FW@%@&@J“E&?‘E@W‘F?&W&@H mgga%‘qaﬁﬁ‘imﬁ%h
nmodul ati on acgy PESW?Fret of ore been achi eved by good design practices

|

conbined with speciftic, "xed, once-and-for-all adjustments that can
conpensate for fixed, immutable inperfections. It would be highly desirable

to be able, continuously and interact :%ﬁ@%g& adj ust and conpensate for
nmut abl e nmodul ation in racies and erro :

In accordance with the present invention, a transmitter receives its
own transmission with an appropriate receiver and determines the transmission’s
15 modulation errors relative to the theoretical form the receiver expects.
Adjustments are made interactively to the modulating waves in a direction that
reduces the errors until convergence to the desired, theoretical form is achieved.
In one embodiment, a digital signal processor generates the I and Q
modulation waveforms numerically, and makes numerical adjustments by adding
20 offsets to achieve carrier balance, by multiplicative scaling to achieve I and Q
matching, and by I and Q cross-coupling to compensate for 90°-phase-splitting
errors. The numerical adjustments are continuously updated by a modulation
assessment receiver operating on a sample of the transmitter output.
If a particular type of modulator (or demodulator) is susceptible to
25 particular types of modulation inaccuracy, that modulator can be adapted to
measure and report the features of the modulation necessary to continuously update
the numerical adjustments, particularly when presented with a noise-free sample of
the transmitted signal to evaluate. A modulation assessment receiver is provided
for a system in which the modulation is a spread-spectrum signal using orthogonal
30 or bi-orthogonal coding.



SUMMARY | n accordance with the present invention, a transmtter receives
its.own transm ssion with an appropriate receiver and deternines the
transmi ssion's nodul ation errors relative to the theoretical formthe
recei ver expects. Adjustnents are made interactively to the nodul ating
waves in a direction that reduces the errogs until convergence to the
desired, theoretical formis achieved. In one enbodinent, a digital signal
processor generates the | BRIEFDESCRIPIION OF THE DRAWINGS al | y, and nakes
nunerical adjustnments by adding offsets to achieve carrier bal ance, by

mul tiplicative scaling to achieve | and Q matching, and by I and Q

T 0SS, COMPLLT9 10 COMPEASR! Rl dnfldladHiAaor ShE et G B imadfifood b
nunerical adjustnents are contlnuously update y a nodul"atron SSessmant
recei ver oper siddirg: the followingl detaifedtdescriptivnsiniconjunctiort with. thé drawings,tincul ar
type of nodul ator, (or denodul ator) is susceptible to particular types of
nmodul ation in *acy, that nodul ator can be adapted to neasure and report

the features of the nodwy:al Q4. Fopyels) side RES bR

nuner i cteglu adj ust nment s, plﬁé |13§?I @?i y %enoﬁtor ese%e@ W ?%M% nol seﬁ]{ri@glesarrpl e
of the transmiatdess techgiqaes;t o eval uate. A nodul ati on assessment receiver is
provided for a systemin_whic¢ch the nodulation is a_.spreadq-spectrum signal
usi ng orthogonal or bi }ﬂh%é%ﬁﬂn@eﬂﬁﬂg"ék&aémmﬁﬁ OF THE
DRAW NGS The W and advantages of the invention will be understood by
reading the followng detail ed description in conjunction with the

drawi ngs, in which: Fi gFigl3 i a functianal hibck diagfamof & systedndnreetordardenwith
different multjple access .techniques; Fig. 2 is a functional block diagram
of a tyM cal m’ﬁr"’é"‘?ﬁ‘ﬂﬂﬁi ator; Fig. 3 is a functional block di agram of

a systemin accordance g hy jllustrates how CDMA signals are generated;
Figs. 5 and 6 illustrate how CDMA signals are decoded;
Fig. 7 illustrates a subtractive CDMA demodulation technique;
Figs. 8(a), 8(b) are block diagrams of a transmitter and a receiver in
15 a spread-spectrum communications system; and
Fig. 9 shows waveforms of Shaped Offset Quadrature Amplitude
Modulation (SOQAM).

DETAILED DESCRIPTION

While the following description is in the context of cellular
20 communications systems involving portable or mobile radio telephones and/or
" Personal Communication Networks (PCNs), it will be understood by those skilled
in the-art that the present invention may be applied to other communications
applications. Moreover, while the present invention may be used in a subtractive
CDMA demodulation system, it also may be used in applications of other types of

25 spread-spectrum systems.
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the present invention; Fig. 4 illustrates how CDVA si gnal S are generated;
Figs. 5 and 6 illustrate how CDVA signals are decoded g 7 illustrates &
subtracti ve CDVA denopdul ati on techni que; Figs. 8(a), (8(b) are bl ock
diagrans of a transmtter and a receiver in a spread-spectrum

comruni cations system and Fig. 9 shows wai@forns of Shaped O fset

QJadrat ure Anplitude Mdul ation (SOQAM . DETAI LED DESCRI PTI ON Wil e t he

fol | owi ng desQUADRATURE MODULATOR IMREREECTIONS conmmuni cati ons systens
i nvel ving portable or nobile radio tel ephones and/or Personal Communication

Networks (PCNs), it will be understood by those skilled in the art that the
present invention may Dergriistaf un@ergiahdin Wﬁéxﬁ%\téhﬁénaﬂphﬁﬂ?dxs)afme

Mor eover, while the present invention nay used in a subtractive CDVA

dermpdul a  systimperfecticnsshatrean ameusquadmm@modulatqmmucﬁrstdmmenypes of

spd- spectrum syst ens A in
under standi ng the preseﬁ]tﬁ? W%%F@sf%@%%tgﬁ@gt hat
can arisg in chedihainelds adactbaAOkighey than ther geontetrigimean, (1Q)% b the aﬁﬂmﬁhe
channel s have a a|n I mbal ance such that the gain of one channel .is

factor A hi ghdrofi thewnmedulatashk-changel inpwt ?PmPWdFtQOE W‘H@F@lhte@ﬂ't he

gﬂgﬁﬁg: at ﬁgu'lt ) Wg@%g&{ ﬁ%ﬂ%@oaﬁgﬁ%@gﬁgq ﬁ%act or(j’{'g‘glwgh&ll ha%‘ﬁer r]

and if, in adCiftm%dlﬁdh?tﬁé)%maﬂﬂmaﬁn@ﬁsﬂghﬂﬁa%ﬁWéﬁcﬁjQOﬂQpaﬁm%'y
[err] apart but. a phase erraqr [err] exists on the one carrier signal and a

phase error [ cohase eStPE rhpdnexists onghe one carrier signal aya Phase srrofe—94 existeomean

bhase, jgen thg ‘Séﬁ-{e%r%gx}@? esﬁé?ﬂ‘téﬂﬁ%e?%%ﬁ%%%%hﬁ&ttﬂ% e Eiidkiafi BrR o the

wittenas: AICO
modulator output signal can be written as:

Alcos(wt+d¢) + (Q/A)sin(wt—ao¢),
which expands to:
cos(wt)[cos(3)AT — (sin(@4)/A)Q] + sin(wt)[(cos(36)/A)Q — sin(34)Al.

15 Defining C = cos(d¢) and S = sin(d¢), and using matrix notation, the modulator

output signal becomes:
) c -sifa o}lr
feos(e) sin(edl [—S C] [0 1/4] [Q]’
Since a desirable form is:

>~

I
feos(wd) sin(wd] [ "J ,
Q

it can be seen that the following is required:
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whi ch "expands to: cos([err])[cos([err])Al-(sin([err])/AQ+
sin([err])[(cos([err])/AQsin([err]Al]. Defining C = cos([err]) and S =
sifd([err]), and using matri x notation, the nodul ator output signal becones:
[err] Since a desirable formis: it can he seen that the following is
required: which is satisfied when: Sincgithe common factor [err]) is
just an overall anplitude scaling, it can be dropped. Simlarly, the

ri ght-hand si de can be divided by C = cos([err]) and T = tan([err]) = S/IC

can be defi ned, vviththefollovvi be witten in
non-matrix formas: | = ([err] +[err an ér,r] + [err]. The
f oregoi ng mat hemat i cal anal ysi s at e desired nodul ation

may be obtained in spite of nDduIato |nperfecons by adding a fraction T of
[err] to [err] t$§? L,ding by A and by adding a fraction T of [err]
to [err] and t GFQ by A. One inperfection onmitted fromthe
foregoing analysis is a carrier |nbalance mhlch can be taken into account

sinply by subtracting froml a gl ch 4 and [err] equal to

t he amount of carrier inbal anc i nal formul ae for the
cartesian formof the | and Q%Ql th];l}zs.s'2 S]ﬂ%@l

[err] 12

Since the common factor 1/(C? ~ §?) is just an overall amplitude scaling, it can be
dropped. Similarly, the right-hand side can be divided by C = cos(5¢), and
T = tan(6¢) = S/C can be defined, with the following resuit:

H _{1/,1 o] 1 1] i,
e lo 4lir 1lg,|’
5 which can be written in non-matrix form as:
I=(,+ TQ)A
and
Q=(Q +THA.

The foregoing mathematical analysis demonstrates that the desired
10 modulation may be obtained in spite of modulator imperfections by adding a
fraction T of Q, to k; and then dividing by A and by adding a fraction T of I, to
Q, and then muitiplying by A.
- One imperfection omitted from the foregoing analysis is a carrier
imbalance, which can be taken into account simply by subtracting from I and Q
15 the constants K; and K, equal to the amount of carrier imbalance to be corrected.
The final formulae for the cartesian form of the I and Q are thus:

I=(,+ TQYA - K

Q = (Q° + mA - K‘l * This Sheet Has Been Replaced
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I n actordance with-the. present invention the correction factors T, [err], .

and [err].arge determ ned by sanpling the nodul ator a

modlul ati on'y R ver and conmuni cating the sanples to a digital

si gnal pro_c* H rating the I and Q nodul ati ons and perform ng the
[

precorrect e. CGenerally, theypodul ation assessnent receiver
must have a neans for neasuring the | and Q val ues actually generated by

the transmtter's quadr anlicRoranct Withthé Bebsént Thodftioh) theCoviivetion Gactdis A,
measured | and &;al ues with ideal | and Q values in order to determne the

correction fackokKs and Ko determined byetampliag, the siadulator qidputwavgforas withas a
di [ | intgo,l.and | { t f {
odutator oi r PReN SsrRsERERRERE et et The RIS o Y AGUA YR
descri bed abovfocds$or for igéhétata umm%rmwumcﬁmahapéﬂahhﬂ@%sh errors in
u

the nodul ator fromerrors, in the denodul ator in this case. To avoid this
error indi sti rRyecosregions giyen abeyayul ati on assessnent receiver in accordance
wi th one aspect of the gm'i ﬁml: Mol ' i ng
to measure the transm tfé?éy Jﬁa‘*ws P %@8“2‘%%‘1 %ﬁ%ﬁ?ﬁ%@?’?%g&&ﬁ

anpl i tude, i ngof aasiriighthe JadnidaQ ivalues aaﬂildlly?géﬁﬁmemb?ttﬁe trhiérnittettls Guadratire on,
the receiver nuneri Ca:’fl[&‘i converts the peasurenents tromthe | og-pol ar. form

to the desiredn@HHAteE arthammaeans foreomparng e graasursd Jand @ yalues wadsidedlded i n
U.S. Patent N%di?%ﬁ;egﬁ? M'@'&dﬁ%%g AL, a%s.e&n*&iﬁt?qu .
e procegure or estimatl ng actors, gliven

reference. A sinp e correction t
a set olQdesi rreckiverahdweverainommally resolvesiadadiorsignal imte Ijand Q comporents asisgt

R
and it is desi .0 :Li T 3 £ ; oh el sati sf
Egqs. (1) and (Jf?g rlIslt, t%é ggsd;%% Ea%#’?rt] iﬁﬁﬁxﬁi{}?é?ﬁ;}@?&%mo twoy

subset s, the fdistinguishlesrors fire the] modulator fromy ernotsyint the demeidulator in ahis easeof

[err], and the second s > g\troid this error indistinguishability, a modulation assessment

15 receiver in accordance with one aspect of the present invention uses log-polar
signal processing to measure the transmitter signal’s phase and the logarithm of its
amplitude, instead of the cartesian I and Q components. After digitization, the
receiver numerically converts the measurements from the log-polar form to the
desired cartesian form. Log-polar signal processing is described in U.S. Patent

20 No. 5,048,059, which is expressly incorporated here by reference.

- A simple procedure for estimating the correction factors, given a set
of desired I and Q values, Land Q;, forj = 1, ..., N, and a set of
corresponding measured I and Q values, I'; and Q'}, is as follows, where it is
postulated that:

25 I'; = BL, ~ BIQ, + K; )

Q,j‘-:CQj-CrIi'!'Kq, (2)

and it is desired to find B, C, T=tan(5¢), K;, and K that satisfy Eqs. (1) and (2).
First, the desired I and Q; are divided into two subsets, the first
30 subset {I**, Q*} containing only the positive values of L, and the second subset



13 [efr] containing only the negative values of [err]. If one subset
contains nore val ues than the other subset, only [err] val ued IF
is’equal to the number of values in the smal | er subset) are us H il‘
subsets. The sumover [err] values of [err] in the positive s

issdefined to be [err] [err] and the sumdﬁer [err] values of [err] |nthe

positive subset {é&‘err]} Is defined to be [err] ;_erb]g -16- The sum over
[err] val ues ¥} containing enlp she negative values of §s JE wne subset containg seore i ve

it T e . OB Y o R

i s defined tovilfled B the 'sniafler SubSes) are Gsed! ih both ktRets, val ues summed to get

[err] were chosen to beﬂ_gosmwe and the signs of the coondl n &val ues

sunmred to get [err] e@nmoweélhbt‘@axeS[Oé’rI;qn the positive gubset £;

| ar ger than [ lsum over [err] values of [err] in the negative
subset {[err] efned'to be [err]: [err] 14 and the sumover [err]
val ues of [err] |nthe negative subset {[err]} is defined to be [err]: In a

simlar way, the sumover [err] values of fgerr] in the subset {[err]}
corresponding to the negative subset [get y » is defined to be [err]:
. =1
and the sum over N, values of Q, in the positive subset {7, Q*1} is defined to
berl:

Z Q™
=1
The sum over N, values of I'; in the subset {I'p>%, Q'
corresponding to the positive subset {IP*, Q?*1} is defined to be I'g,:

N
Iy =31 Izj,“l ’
1
10 and the sum over N; values of Q’; in the subset {I'?*!, Q'?*1} corresponding to the
positive subset {I**, Q*1} is defined to be Q'g:

N,
= E Ql;“f .
2

- Because all of the I values summed to get I, were chosen to be
positive and the signs of the corresponding Q values summed to get Q;, were
uncorrelated, I; will in general be much larger than Qy,.

15 The sum over N, values of J; in the negative subset {I*', Q=} is
defined to be Ig:

N
I, = erﬂ
1



[errT and tHasshsdmsBéen RebRE] val ues of @, in the subset {[err]}
correspondl I ve subset {[err]} Is defined to be [err]: [err]’
Because all | "ltﬂ'm] ‘I s sumed to get [err] were chosen to be negative
and the si g esondi ng Q val ues sunmmed to get [err] were
ungorrel ated, the magnitude of [err] will 14n general be much | arger than

t he magnltude of [err]. The sumover [err] val ues of erré, in the subset
{[err]} correa@ﬂwmomﬂewmQﬁQﬂmﬂlbmaWﬂb#{ el QP

abeve: [err] ggg?;he sumover [err] values of [err] in the subset {[err]}
correspondi ng *he negative subset {[err]} is, also fromEqg. (1): [err]
Subtracting Eq. (4) fromEg. (3), [err] is elinmnated, giving: Because T
is small and ([err] - [err]) is nmuch snmal |®r than ([err]), an adequate
solution for B is obtained by substithziangt Dl d (or the initial) value
of T in the right hand side of the above épression for B. Next, the
desired [err] and [err] are divided into two subsets, the first subset

{[err]} containing onl y the pgsitive val ues of [err] t secon bset
{[err]} containing only ﬁélfﬁ’éga‘F?XﬁéhG&Wé%"%Nldﬂw ’%Eh?s o&b‘é’gns

mrrge\r/al)?e\sralt Sg'saﬂ?%?ﬁ%ﬁam\él er s et?sgir?sgygié fr#g ‘Eeﬂs}%%sets u“"1'aJhet gurnhe

over N2 val ues of in the positive subset {[err]} is defined to be [err]:
[err] and the sum over N2 val ues of [e;r] W positive subset {[err]} is
defined to be [err]: [err] I, i

j1

5 and the sum over N; values of Q’; in the subset {I'*#, Q’*'} corresponding to the
negative subset {I*¥, Q*'} is defined to be Q'g:

Ny
= E Ql}"x{

=1

_ Because all of the I values summed to get I, were chosen to be
negative and the signs of the corresponding Q values summed to get Qg were
uncorrelated, the magnitude of I, will in general be much larger than the

10 magnitude of Q.
' The sum over N; values of I'; in the subset {I'?™, Q'*}
corresponding to the positive subset {I*, Q?*'} is, from Eq. (1) above:

. I'y = Blg — BTQy + NiK; 3,

and the sum over N; values of I'; in the subset {I'™#, Q'¥'} corresponding to the
15 negative subset {I™, Q*'} is, also from Eq. (1):

I's; = Blg — BTQg + NK; 4).

 Subtracting Eq. (4) from Eq. (3), K, is eliminated, giving:



The sum over N2 values of  [err] in the subset {[err]} corresponding to the
positive subset [err] is defined to be [err]: [err] and the[-,]%lé over N2
val'ues of [err] in the subset {[err]} corresponding to the p &ced
{[err]} is defined to be [err]: Because all of the Q val ues

[ers] were chosen to be positive and the siigns of the corre

val ues sumed to get [err] vvere 16 uncorrel ated, [err] will in genera
be nuch larger than [err]. sum over N2 val ues, of [err] in the negative
subset {[err]} is defji ned(I f?@)

B Q- Qs 1 ] (Iéﬁdl})rj smgveh)tér r] val ues

of [err] in the negat ve_"b—'F’E—T}_‘su S€ Wm W—r a simlar
way, the sum over N2 val ues of{’ P?rnthes [erﬁ” F)c

rrespondi ng
to the negative subset {[err]} is defined to be [err]: [err] and the sum
over N2 values of [err] in the subset {[err]} corresponding to the negative
subset {[err]} is defined to be [err]: [err] Because all of the Q val ues

sumed to get Beeausd 'N\Brsmﬂhaﬁb(QsT, - I@p)nis amichvsmailet thdne(lg i -9115),04n adequate
o Torr] i I splubi dar s Ghiined by BbguR r%#élﬁé”&ﬁé&&f&ﬁve&u pfipthe 17
The sum over L‘ﬁﬁf Magafg{e ﬁo@e%ﬂﬁr@%% glerrl}
Next, the desired I, and Q; are divided into two subsets, the first
5 subset {I7*%, Q7% containing only the positive values of Q;, and the second
subset {L>3°, QY containing only the negative values of Q;. If one subset
contains more values than the other subset, only N, values (where N, is equal to
the number of values in the smaller subset) are used in both subsets.
The sum over N, values of L in the positive subset {I*>¢, QF*} is
10 defined to be Ig;:

N,
Iy = EI}WQ

i
and the sum over N, values of Q; in the positive subset {I?**?, Q#*%} is defined to
be Qg

N,
Q; = E Q;MQ

-

The sum over N, values of I'; in the subset {I'?*?, Q'>%}
corresponding to the positive subset {I***2, Q*Y is defined to be I'g:

N
= JosQ
L5
15 and the sum over N, values of Q; in the subset {I'?*<, Q'?*%} corresponding to

the positive subset {EP*2, Q?*?} is defined to be Q'g:
Because all of the Q values summed to get Qg were chosen to be
positive and the signs of the eorrespox;ding I values summed to get L;; were



corresponding to the posit(ive subset {[err]} is, fromEq. (2): [err] =

[err], . (5) and the sumover N2 values of [err] in the
subset {[err]} corresponding to the negative subset {[err]} is, also from
Eq. (2): [err] = [err]-[err] + [err] _ (6). Subtracting
Eq.:(6) fromEq. (5), [err] is elimnated, 1giving: [err] [err]

[err] Because T is small and [err] is much snaller than ([err]) an

adequate solution for Cis obtained by substituting the old (or the
initial) value of T in the right hand idegf bdiig above expression for C.
Simlarly, the sumover [err] val ues stﬁa ]Qyn'the subset {[err]}
corresponding to the positive subset {[err{? is, fromEqg. (2): [err]

(7), [err] and the sumover N, values of [err] in the

bset dighf 3 ' is, al f
B (2). [ orr|uneoRelaith vl ih gehdi® BERRL Mes BaR L (1) 00 B0 (7)

[err] is elimnated, givihgsum ovErlN; lvaluemof]; i hise segatios subset e]fnrqz}QimQ}the
subset {[err]} err]%ecorrespondi ng to the positive subset {|err]} is,
fromEq. (1): to be Ig,: (9), and the sumover [err] val ues of
[err] in the subset {[err]} corresponding to the negative subset {[err]}
is, also fromEqg. (1): [err] N, (10). Subtracting Eq. (10)

fromEq. (9), [err] is elimnated, givj%gelz‘[;qg?? [err] Using the updated
solutions for B and C above in the expréssifins for T, an updated solution
for T is obtained. Finally, substituting the new val ues

and the sum over N, values of Q; in the negative subset {L*%¢, Q%% is defined to
5 be Qs '

)
Qy = EQ;«Q :
j1
In a similar way, the sum over N, values of I; in the subset {I’*2,
Q'Y corresponding to the negative subset {L*%2, Q**%} is defined to be I'g:

Ny
I’S‘ = E I’}"ﬁQ
j=
and the sum over N, values of Q’; in the subset {I'"#<, Q'Y corresponding fo
the negative subset {2, Q*Y} is defined to be Q’s,:

N,
Qs = 121: Qe
10 Because all of the Q values summed to get Qg were chosen to be
negative and the signs of the corresponding I values summed to get Iy, were
uncorrelated, the magnitude of Qg will in generél be much larger than the
magnitude of I,.
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[err]; B, and [err] Egs. (1) and (2), and sunm ng over all N values if
[err], Terr] and [err], new solutions are obtained for [err]: [err] and for
[efr]: [err] SELF-ADJUSTI NG QUADRATURE MODULATORS A sel f-adj usting
quadrature nodul ator inplementing the abgve- described procedure is shown
inFig. 3. Afirst digital signal processot? 110 receives an i nformati on
signal to be transmtted and converts the infaormation t and wavef or s

according to the intenddhenyaupyern Ny valuehof Qjdn the,subset or s are

converted fro r ﬁga@ t Si gnal

pr ocessor 110%@%&% H\R/aci@% or nsgﬁ‘é%g g’idg 'Lc]f analgé‘g;aéb’A) converters
112, 113 (for the I and Q wavef orns, respectlvel y) as required by a
quadrature nodul ator 114. Aspectg, of quadrature modulators and the

advant ages of high-bit- rate del Rmst o &thlat FMKar e described in B
Pat ent Application No. 07/967,027 incorporated by reference above.

H gh-bit-rate delta-sigma-nodul ation bitstreans are easily converted to the

anal og vol taganﬂlﬂwsummesbfelvalmpsbﬁm] lxlght:h&bset)ﬁ'j“t’g2 QY ¢r¥georvespondingawer a

| arge nunber of bits. This b b ous-time, |ow pass
filter Ravi ngﬂ?méh‘?ﬁm‘qﬁ Pi/sof >f the bit rate but that
is still sufficient to pass all desired m)dul ation conponents. For a

bal anced signal configuration, balanced filters would be used. Quadrature
modul ator integrated circuits ar@Q'gom@Qgi-alCHgavdNiigbl e, for exanpl ef6).rom
Hewl ett-Packard Co. (part no. MX2001), and from Sienens (part no. PMB2200).
These circuits have bal anced | and Qinputs. If, instead of using

hi gh-bit-rategg 6?% iS ROMGkated) p.cal 1, Qvalues to
anal og vvaveforms a om |onam cdnverter su as an 8- or 12-bit

device were enployed then either four matched devices woul d be needed to
drive the [err] and Q inputs of the nodulator, or a pair of devices having

bal anced out puts. Qs-Q's ) +CTU,~1,) ) (Qgs~Q's) . nIsg"Is()].l.
Q50 (Qs-Qs) | (Qu-Q5)

C =

Because T is small and (I — L) is much smaller than (Qs; — Qs,), an adequate
solution for C is obtained by substituting the old (or the initial) value of T in the
10 right hand side of the above expression for C.
Similarly, the sum over N; values of Q; in the subset {I'?, Q'p>I}
corresponding to the positive subset {I?*%, Q*} is, from Eq. (2):

Q's, = CQy — CTl, + Nth | @,

and the sum over N, values of Q’; in the subset {I'™#, Q';**'} corresponding to the
15 negative subset {I*%', Q*'} is, also from Eq. (2):

Qs = CQe — CTly, + NiK, @®.

Subtracting Eq. (8) from Eq. (7), K, is eliminated, giving:

(Q’ "Q )"'C(Qsz 'Q.n)
CU, -1 : This Sheet Has Been Reﬁlaced
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weve Qlpelh@piE@tit a-si gma techni que can be integrated as a small part
of a l nt egrat ed circuit, and can avoid the conplications
aSSOCIgYﬁ l\gﬁm e of conventional DA converters An upconverter 115,
conpri si sui t abl e bandpass filters, transl ates the output of

the quadrature nodul ator 114 froman interggdi ate frequency, at which the
quadr ature nodul ator 114 nost conveniently operates, to the frequency of
transm ssi on. Power anpl Fasthermotd,cthe 3dm over My Vahxesprﬁ\lgnnltlm/mbsd:to{ltm

desired trans n val u coupl er, 118 ext nm, t

nodul at ed tra% "ﬁbg Bpmgr%rﬁg iy, pcfi?l%?ﬁ m% af
post - nodul ati on transm ssi on chain. I n F| g. 3 since the sanple is
extracted at the final frequency just before the final transn ssion power
anplifier 117, the sanple is tranEhardadowBTQs & NpKit abl e frequency f(8),
conparison wth the intended nodul ati on by a downconverter 119. A |ocal
oscillator frequency synthesizer 120 may conveniently be used to drive both

t he upconvert eindlthe samCover N OAINBOTIS ih e diblet fif#O P""}eédﬁ'espondmg to

downconversi on can be eff ected by t heé dovvnconverter

di fferend | ocathe aegativessubset {{L2y &Y} ds; ralsockomdq. [ﬁ&i\/l ded the d| ffer ent
synt hesi zer synthesizes its frequency using the output of a reference
frequency standard 121 from which all other frequencies [err] through [err]
that are used as shown are deri veH,, +tBIy J-I];']ggs4 dnmt ood that sanpl iqlg)the
signal late in the post- nodul ati on transmi ssion chain permts correction
of errors arising in post- nodul ator conponents. The downconverted signal

sanpl e extract LARS i gnal by the coupler
118 is subj ect%%t{aﬁ&? F’ag(g@%?% (? gt '"ﬁzﬁﬁ ‘an internedi ate
frequency anplifier 122, which produces an output signal approximtely
proportional to the nat ural | ogarit hm(ﬂg‘-ﬁgg-m([ -dg) aneous anplitude of the
signal sanple as well as a hardli ﬂte%reserves t he

i nst ant aneous si gnal phase information. 53 litude signal is
digitized by a suitable analog-to-digital (A/D) converter 123 and the

hardlim ted, phase-pr esebw n%he uﬂé]a%d solutions for B and C above in the expressions
for T, an updated solution for T is obtained. Finally, substituting the new values
10 A™, B*, and T* in Egs. (1) and (2), and summing over all N values if I,, Q,,
I';, and Q’;, new solutions are obtained for X;:

= f 4 m
A2 ra-1)
and for K : L
& - JLleemrQ)) -

-

SELF-ADJUSTING QUADRATURE MODULATORS

A self-adjusting quadrature modulator implementing the above-
15 described procedure is shown in Fig, 3. A first digital signal processor 110
receives an information signal to be transmitted and converts the information to I
and Q waveforms according to the intended modulation technique. The I and Q
waveforms are converted from the numerical values produced by the digital signal



Is digitized by a suitabl.e phase digitizer 124. The phase ﬁisghdeﬂmeBeeﬂB& lﬂﬁ‘h
advant ageously be constructed as described in U S Patent

whi'ch is expressly incorporated here by reference. The A/D ‘i\m
may be of the successive approximtion type with an accurac e| g

Al ternatively, the converter 123 could fid8t enploy high-bit-rate

del t a- si gma nodul atlon to digitize the signal, foIIovved by a deci mation

filter to dovproeesserelithto analog waveforms usiag digitl-toranaleg GR4A)canverters|ldder -

;ﬂgrf\;{ iesenl shgb('rpi;&aa%e {éaavrmcfg‘%a?é%& coa)%%aw Mng an

implicit diffmodulatontilon ASpeasnf tquadratire ertodubdtersaind the advaneiges bf high-bit-
| og- anpl i t ude m&gal ), that to be undone iﬁ rei nt egpat,l ng numerl cally
aft erwar ds. Saffatept, Novp | tude

changess can. pgspasy h%o%#@?g&%mfbe mgh w@gmb@ pa OF
nodul atlons t at ave or ‘shou have [1ttle anp nodul at1 on corrponent

The | og- pol arbititrgams Mﬂgmhvemdpmahemﬂpgwdtagﬂmyeeprbﬁncby\meg the 3
and the phase digitizer 124 are fed to a seco 3}1 rocessor
n

125 that al sommg.ave@awemerevenar zedmanm Pe Y& t he

desired (unc |

processor 12 %(rlns p’has a |g%%reﬁ% %‘e sl gha qgg'np e?{%y no uql% 2T
addi ng a Ztilxt mwbut that ispstillmufficiestto paskaﬂdemmdqmorlhlanm sompomentseFor a

| og- pol ar-to-cartesi an conyersion. The Se on gnal processor 125
then c&pared M c%\ﬁgﬂm 8" i’ converted si gnal
sanples with the desir ?ﬁ@ﬂ Q*Irﬁlaﬂ cess
such as that descri bedeggidve tog et e?am ne correié'lf“lﬁtosln‘ﬁ act orezah%at ar eIe?ed
back to the fforexaniplgj from Hewlett-Packacd Coo (part 0o. m@mﬂ),sand;frmn&enensllo
uses the corrgction engrat e correc )

wavef orms for Miu% isi b?f?é‘ﬁ&&‘é‘?éi hef# #&38&
([err]) may ajshfy iﬁghqﬂdﬁteede@tsxgﬁﬁhimm&m&braoh%n hﬁmbheaq G vaaedto

descri bed above and successive cycles will yield successi VE COrrections.
15 analog waveforms, a conventional D/A converter such as an 8- or 12-bit device

were employed, then either four matched devices would be needed to drive the 31

and +Q inputs of the modulator, or a pair of devices having balanced outputs.

However, use of the delta-sigma technique can be integrated as a small part of a

larger digital integrated circuit, and can avoid the complications associated with
20 the use of conventional D/A converters. ‘

An upconverter 115, comprising a mixer and suitable bandpass
filters, translates the output of the quadrature modulator 114 from an intermediate
frequency, at which the quadrature modulator 114 most conveniently operates, to
the frequency of transmission. Power amplifiers 116, 117 raise the power level to

25 the desjred transmission value. A coupler 118 extracts a sample of the modulated
transmission signal from any convenient point in the post-modulation transmission
chain. In Fig. 3, since the sample is extracted at the final frequency just before
the final transmission power amplifier 117, the sample is translated down to a
suitable frequency for comparison with the intended modulation by a

30 downconverter 119. A local oscillator frequency synthesizer 120 may
conveniently be used to drive both the upconverter 115 and the downconverter
119. Alternatively, downconversion can be effected by the downconverter 119

t bits.



O colurse, the Bgeﬁ,ll §ce@f the processors 110, 125 could be carried out by
a sui tabl’ri)ls processor. A suitable digital signal processing
chi‘tp is, e nodel no. TMS320C50, made by Texas Instrunents,
whi ch can tructlon speeds of at least 20 MPS. It will be

apps eci ated t hat the non | deal features an@bl nperfections of | and Q
nodul ators are substantially constant for substantial periods of tinme, or

change very Slaauﬁaydxffeﬁmmnaédﬂlatdﬂ&eqwbymeﬁwq:rshaaﬂﬂ%dxﬁeﬁbnthus t he

correction factors do not need to be cont] nuousléuu pdated. On the other

hand, the cor rsyBthegzer syathssizescis fnsguency ising the oy tesmrﬁﬁmmfpewncy

condltlons re
factors wll %ewsnﬁl%d #2nl ggglygﬁﬁa@ﬁ&p ﬂg@frngﬂg %%gﬁh\?g@h erac |ve
and accurate t@aamunwmmﬁmmtmmwnﬁmgmu sigrial Jatelire s-at i ng

nodul at or adjustnments. The present invention i s particul arly_advantageous
when usel wtm@mmmmmmoewm%wswm BeSt- as

described in t} c@‘ﬁ#@%ﬁ nd patent application incorporated by

ref erence above. J&ﬁ& tlon techni ques will now be described in
conjunction with the si gnwdgvmohvembmgxxalmaﬁpmu&eﬁd frdém ahe pest-rhodutited
exanpl e Waveforrrsln.thec and de rogesses inyolyed in
traditional rfégmgg f/&d gﬁ@ﬁﬁ?@?@‘@e Iﬂ‘@guqf’% t he

i mproved pef orumfn@ﬁ &Wﬁe% of 2 ﬁef@ﬂz"@m%m il 06
illustrated in Fig. /. Two differént datastreans In FIg. ?ugs SI gnal

?r aphs 1&) t andppﬂ;x;mate?rpmpoﬁmﬂalgwtmmmrdfbgmm the ﬂmm:awgafnpzmrgeover
WO separate c ni cati on, chan i on ul at e

bei g aohigh m%m Al saf 2 BfgiiitRd sl Wssg‘% tafisons
that is showng ?mglmﬂ,hﬁggm( b)I‘he an%fn%ﬁg?ﬂzﬁe itz ktﬁidb%‘ t he

term"bit" refe binary digit o t|on signal The
term"bit per |and!bgfte{demtal (A/Dheonverter p23 andl thechardimited,cphasapresenving signal

finish of one.bit .of e in tio m .. chi eferstoa
bl mary a1 gr - oF digizetyra Pt BlAsS Bighan Te, (1o bRt SHAE 126G o1 o
15 advantageously be constructed as described in U.S. Patent No. 5,148,373 which is
expressly incorporated here by reference.

:I

The A/D converter 123 may be of the successive approximation
type with an accuracy of eight bits. Alternatively, the converter 123 could first
employ high-bit-rate delta-sigma modulation to digitize the signal, followed by a
20 decimation filter to downsample the high-bit-rate delta-sigma bitstream to a lower-
rate stream of binary numbers. High bit-rate delta modulation or alternatively
companded delta modulation could also be used, having an implicit differentiation
(i.e., it measures rate of change of the log-amplitude signal) that has to be undone
by re-integrating numerically afterwards. The latter technique has the advantage
25 that small amplitude changes can more easily be resolved, a factor which could be
important for modulations that have or should have little amplitude modulation
component.
The log-polar digitized signal samples output from the A/D
converter 123 and the phase digitizer 124 are fed to a second digital signal
30 processor 125 that also receives from the first digital signal processor 110 the
desired (uncorrected) I and Q modulations. The second digital signal processor
125 performs phase alignment of the signal samples by modulo-2x adding a



period” refers to the tinme period between the start and the finish of -'oné
chip of the code signal. Naturally, the bit period is nﬂihnhs etém&fenR
chi'p period. The result of this nodul ation, which is ess umHﬂ
|a

product of the two signal waveforms, is shovvn in the S|g
Boo} ean notation, the nodul ation of two bi2lary waveforms is essen
excl usi ve-OR operation. A simlar series of operations is carried out for

i nf ormati on snuymetical phasesoffsat vﬂue@oglmphaycapnmlqsd;dqm)logmmm of

??gaginc?Qgee”?ﬁ%mﬁ&niQ.ﬁxswﬁow (et FeL oo on e RBAPER Ao B e ach
' f
(r:n(;dﬁl atS= gﬂat echni qﬁesé sucﬁ“g?c%gﬁé% In a C%ﬁlusfiﬁp ‘ﬁ one g%/%?g%gr%ggho

nmodul at ed car niodnlation tvalues msing cdsuitable process rsmlnasaﬂiaadsmbed abowedioo

receiver, suc as a cel lular ;base stati al | h lgnal s 1 hat overlap
in the all oca mc' g‘f&ﬁ(ﬁ# &%%@W%ﬁgéﬁﬂ@%

i ndi vi dual I'y Qwem'ﬁ@@bﬁc&'ﬁr 200 Qses the cHRBERHIERCRAS td) té icafdtted) aphs
(a)-(c) of Fig. 5 to forma conposite signal waveform%graph (c)). After

denodul ati on sélf-adjusted deindeQ tfor modulatipn apd mxlﬂnisaoeb phmquency,

b decoded or HBLRFERRRRL 1,91 b BROBABCA TS BRI BAR <romn”

in Fig. 5(c) mram Ma%wmveomm&swgcmlmy@dm&s&wc&n@aﬁnsl t hat
I's shown in SIQ% graph (d The resulti ng_signal is_analyzed to decide

the pollfrity QOficghrsey theofynctiansgf thqprocr_-ssom 11Q,"125x¢ould, be, casriedrouitbyoh bi t

[l e synchr onPOBY GereRl vt Drectedds (8 Hulatfe sl Rl nBiip B i 6™

deci si ons myeﬁ&xﬂadmdmda%nmmwmemmmlmm Gihitheag hi p

polarities during each bit period. Such "hard” decision naklng processes
are accept abl eperate] ajrinsteuction speeds ©f 9 lesst2MIBSbi gui ty. For exanpl e, 23

during the first bit peq geh b0 shlicisiedVike e WAL fedelies AT APEEMHRs V2! U

s +1.00
15 of I and Q modulators are substantially constant for substantial periods of time, or

change very slowly, for example, due to temperature changes, and thus the
correction factors do not need to be continuously updated. On the other hand, the

correction factors can be updated almost continuously if conditions require it, and
even occasional updating of the correction factors will result in a system that is far

20 more responsive, interactive, and accurate than previously known once-and-for-all,
fixed compensating modulator adjustments. The present invention is particularly
advantageous when used with a subtractive CDMA system using orthogonal
coding, as described in the U.S. patent and patent application incorporated by
reference above. CDMA demodulation techniques will now be described in

25 conjunction with the signal graphs shown in Figs. 4-6, which set forth example
waveforms in the coding and decoding processes involved in traditional CDMA
systems. Using the waveform examples from Figs. 4-6, the improved
performance of a subtractive CDMA demodulation technique is illustrated in
Fig. 7.

30 Two different datastreams, shown in Fig. 4 as signal graphs (2) and
(d), represent digitized information to be communicated over two separate
communication channels. Information signal 1 is modulated using a high bit rate,



which readily indicates a bit polarity + 1. Simlarly, during the third bit.
period, the average chip value is +0.75, and the bit polarity is also nost
likely a +1. However, in the second bit period, the average chip value is
zero, and the majority vote or average test fails to provide an acceptable
polarity value. In such anbi guous situatiof&, a "soft" decision maki ng

[i

process nust be used . to determ ne the bjt | a y. For ,ex | e, an _anal og
vol t age propor &Pd?g’aﬁﬁ%“mﬁéﬂgg“%lifgﬂgfa’éﬂ °8’@s'ﬂr‘é€ﬂ?%ﬂi‘a@ib£°f

I ntegrated ov urb%s s h L Dex %In? Y~ Qnﬁhﬁg 05 \

I nformation bie[{. eﬂg?gﬁﬁgﬁlggﬂgﬁht@y 0 tte%r{éltgstlant egr t‘lhgﬁ%rrégﬁﬂ%?or

i ndi cat es t hatthe infotrhationsigmali <The tefm 5bit-periodh eefersctocthe dimef perioginbetween
simlar to that of signal . .is.illustrated.in t.he sigha raphs .(.a)-(d) of
oo e S B i o 7 o Bl il e B St
situatiogs. Thegretd &didary digit of $RAAEH tde S6ACHBnA2NASRIMBEY, iR BemOTRIEVer Y

signal that nmakes up the conposite signal. Ideally, the confribution of

unwant ed i nt erpegiodh gefersyigathe tine period Detweentherstarhandithei finish of one ghipepfctbdes
are orthogonal t.0 the u nted signal s. (.Two binar e nees ar.e
o thogonal 1 1 HE el | NERRAEE, Gt B betion f MR gheink FaH M €55 sRriB e

Unf or tunat el v, reiilt f ehis fiodalabionwiith i9 bssefifAINOMB ProdRHOS XMW sifRl a gi ven
word | ength. Another problemis that orthogonality can be maintained only

when the el atwaneformse isshayvmimthe signabgraphe). sIyBaelean Botgtien,cthe ynodulation

movi ng Mot antipo ey YeaVeRirmil RaRRY 5 S0 POIR Boirfiord ' sttt . ! <
difficult to aefesufopithiohsCis damisd Gwrdor sifofnvativasigaial DeasShowa ih efthal
noi se-based signals may interfere with the actual bit sequences produced by

di fferent coderapicidi(®y dn pragfice, of coursni many BoEpHthendwo qoded infprmation wi t h
Sional s-1 5 usi S e RpR achis (Bt BRquilly SiRirurt BEAEREIOY Bl BIBoRE,
systens, and foommumications. spreadi ng systemit is defined as the ratio of
e PR 00, 07 o0 i d o bt T 5 ol 4 ety B
LS 0,0 RS S BARARY, i SPORSH: 4 e dicond
system, each modulated carrier is transmitted over an air interface. At a radio
receiver, such as a cellular base station, all of the signals that overlap in the
allocated frequency bandwidth are received together. The individually coded
20 signals are added, as represented in the signal graphs (a)-(c) of Fig. 5, to form a
composite signal waveform (graph (c)).
| After demodulation of the received signal to the appropriate
bascband frequency, the decoding of the com;_aosite signal takes place. Information
signal 1 may be decoded or despread by multiplying the received composite signal
25 shown in Fig. 5(c) with the unique code used originally to modulate signal 1 that
is sho;vn in signal graph (d). The resulting signal is analyzed to decide the
polarity (high or low, +1 or -1, "1" or "0") of each information bit period of the
signal. The details of how the receiver’s code generator becomes time
synchronized to the transmitted code are known in the art.
30 These decisions may be made by taking an average or majority vote
of the chip polarities during each bit period. Such “hard" decision making
___processes are acceptable as long as there is no signal ambiguity. For example,
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24 information signal. The higher the code bit rate, the wider the
information is spread and the greater the spreading ratio. For exanple, a
one kilobit per second information rate used to nodul ate a one negabit per
second code signal has processing gain of 1000:1. The processing gain shown
infig. 4, for exanple, is 8:1, the ratiogf the code chip rate to the

I nformati on datastreambit rate. Large processing gains reduce the chance

prormll . : : . , Ce
ot ocesel ng gatuofg WIRRK bif Rcldtn te SRR () e Stage YT vallils X001 O
hostile janmi mjnﬁl llgpadﬁ}ﬁmdlcatuthb:t mﬂnnl?ohhe(r:ﬁ;mﬂadnpﬁrmsg[ Exe![thixddait pgmlde{ns
rocessi n alrn nel ps U ress ) e SLgha a r r ent on
Phe same comniih e StE RafiEes o> e B8R & sl mows Pefu BTNl
the desired cogifyeves) m%m&mg&@w%@w%ﬁ@%ﬁ%&'@éi on

t echni que, "noise" i’'ncl udes bot h ostile and Triendly sigans, and may be
def i nedSas anynajonifyrawate or Reeragehtest fails te pgovide an aceeptablsspolarityevalue.he si gnal

to be decoded. Expanding th | i bed i f .
S gnal -tocinter Terence hshh S0t HERROR Y BP0 heisian frkine fuperss oHh | <
1000: 1, convepeiuséito §dtbéininy The b tpEMyt IFRr @affple! ¥in laBaldk! voltapd pidpottidnal

signals of equal energy to share e same channel . Duri ng decodi ng; 100 of

the 101 si gnake therreceivgd sigoalcafter despresting mayfbe: intagrated ioyenthe number fof chipy
power. The total. inter ner i / or. 1/1 Qnpar ed
to the desi reégﬁ’%#so‘;r"%ﬁ{sfémgf aff"%!e Hﬁ?‘{‘{‘}‘%ﬂﬁg g‘ﬁggﬁﬁf‘&@ﬁ?‘%@@ﬁ"éﬁ‘
ener gy 10en ti ffegrafioR r&ulttididates that kit aRBISacRelopy1. t he information
signal may be corelated accurately. Together with the required

signal -to-interference rideidgcoding of signak2, similgn to, that of signakt, isHlustratedin of

al | oned overl ls | | Sy S e T dhis | till the
conventi onal %W%c@ﬁa@i%i %n?g 0 Ws%é%’%‘rg’ ﬁlae;é e ir“%acogni zed
by reading, f ambipueaybit poldrityaiteations| t ed paper by G | housen et al. In
contrast to conventional CDVA, an inportant aspect of the subtractive CDVA

denodul ati on techni que i1eoreticals dhisidecoding seheme,eanshe, psedsto; degods everyend y

COMA signal s i3 R%hat nfkds b e dodpdafed ignst. el the cohtfbufibh 5f Unwanted
interfering signals is minimized when the digital spreading codes are orthogonal to
the unwanted signals. (Two binary sequences are orthogonal if they differ in
exactly one half .of their bit positions.) Unfortunately, only a certain number of
orthogonal codes exist for a given word length. Another problem is that

20 orthogonality can be maintained only when the relative time alignment between

two signals is strictly maintained. In communications environments where

portable radio units are moving constantly, such as in cellular systems, precise
time alignment is difficult to achieve. When code orthogonality cannot be
guaranteed, noise-based signals may interfere with the actual bit sequences
25 produeed by different code generators, e.g., the mobile telephones. In comparison
with the originally coded signal energies, however, the energy of the noise signals
is usually small.
*Processing gain" is a parameter of spread spectrum systems, and
for a direct spreading system it is defined as the ratio of the spreading or coding
30 bit rate to the underlying information bit rate, i.e., the number of chips per
information bit or symbol. Thus, the processing gain is essentially the bandwidth
spreading ratio, i.e., the ratio of the bandwidths of the spreading code and
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spectrum denodul ator as is the case with the suppression of mlitary type
jamm ng signals. A large percentage of the other signals included in a
recei ved, conposite signal” are not unknown jamm ng signals or environnental
noi se that cannot be 25 correl ated. Instead, nost of the noise, as

defj ned above, is known and is used to facggltate decodi ng the signal of

I nterest. The fact that the characteristics of nost of these noise signals
are known, i nGhftiatioh inal. C ﬁﬁ%@f‘ﬂi&&d&ﬂﬁﬁﬁ% He %6 Sthe iiSfortfifttbr 3 t he
subtractive CDMA dermpdulation techni que to inprove s stenrca acity and the
accuracy of tmr@rdgar@rﬁlgmr@epp g TRA@.h dror example; i per seqond

i nformation si;

denodul ation t' E’ﬁ”&t%so r noveiéﬁgea%hg?%?ﬂs% %%m e
conposi te si grpibcaﬁihgrgaixt oﬂMeemqmcbsﬁngEansﬂxmrgmaFlg uh for example) isr e
decoded §n| y g!omthe resi dual , of the cor&)ﬁosr te sj gnal Conifquently, t he
al r eady decod sﬂl}rﬁpg of the,gede; chip rate t renai ni ng

L o T e S b oty U

reconstruct ed medulitednsing uncerrelagdadodes. a Fos exdmple) pracessing gdih if tisedsinar t  of

the first bit perlod of t he reconstructed datastream,for_ signal 2_aligned
with the startmiiany WEW-‘FF suppressien: of Bestile jamming signals, 0¥ ﬂlﬁrng

tAthI ginglna?rgfa %ﬁn@?gbal n W%thﬁwl il r§tﬁ%ﬁ%ﬁg}éapﬁhapg§%%ﬁuct ed coded

signal Wali grfeﬂndﬁytdxgﬂateﬂrhbanetpreﬂut pndhe sdme canmunmdummqimnelé:mmgmal ) to
| eave coded si in the s r Thi easily ver ed .b
conparing si gr‘Fgaeb F?Whg—‘?‘gw“g ‘&?BFFQ"&% éf‘éﬁ?\ qy‘?\ftg? Z
t ted b 1
(truncate y 'd@ﬂxohﬁﬁn E&gmhp]e C(g)?jééd Slgna 1 oth hastile GRd Bdien d@jr@iéﬁhls i's

recapt ured eas y mul ti1plyin wth code 1t
reconstruct smyrlaha)ibe defined man)bﬂgnalseﬂleh&ldm mepxgnabdﬁnmdrestai a.stthealgnalf or

signals 1 and ar ted r ve to ot her by. t.he are
only six + 1 d’ﬂlbﬁs‘ﬁﬁcﬂg %agﬁfnwﬁ?’oé@agz% [STICTENER, v
in Fig. 15 signafiodFaph fsf%quxkéd hxiii feGroédssinp g aixhﬁtloot)*ﬂ Q:ohi?&xﬂéﬁﬂV@DM&nm

CDMA decodi ng net hod was unable to déterm ne vvhet her
systems have the capacity to allow up to 101 signals of equal energy to share the

(D

same channel. During decoding, 100 of the 101 signals are suppressed to

1/1000th of their original interfering power. The total interference energy is thus

100/1000, or 1/10, as compared to the desired information energy of unity. With
20 the information signal energy ten times greater than the interference energy, the

information signal may be correlated accurately.

Together with the required signal-to-interference ratio, the
processing gain determines the number of allowed overlapping signals in the same
channel. That this is still the conventional view of the capacity limits of CDMA

25 systems may be recognized by reading, for example, the above-cited paper by
Gilhousen et al.

In contrast to conventional CDMA, an important aspect of the
subtractive CDMA demodulation technique is the recognition that the suppression
of friendly CDMA signals is not limited by the processing gain of the spread

30 spectrum demodulator as is the case with the suppression of military type jamming
signals. A large percentage of the other signals included in a received, composite
signal are not unknown jamming signals or environmental noise that cannot be
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polarity of the information bit in the second bit period of signal 1 was a
+ 1 or a-1in signal graph (f) of Fig. 5 the decoding nmethod of the
subtracti ve CDVA denodul ation technique effectively resolves that anbiguity
sinply by renoving signal 2 fromthe conposite signal. A general CDVA
systemw || now be described in conjuncti @ with Figs. 8(a), 8(b). In the
transmtter shown in Fig. 8(a), an information source such as speech is
converted fronomelatedg Ihmada,tmost ofi the naisef as definedrabave,ds kmownand|is used ®

coder 20y Bt detodtng The. Sebal' qrIREAE ToR et bt he SrtBRATdS f miger
22 that adds bpwﬂaﬁam%mﬁwasaﬁmdﬁ@g BRERYrRkpordingdipreddi € cOdes! e

transmssion. In response to a s eadl ng code sel ection signal froma’

sui t abl e cont nsad inghé subteactive D tomiechnique tor ispprove: system (capacity

Code befor a oS e eﬁiﬁ%&sﬁgﬁﬁﬁﬁﬁ' BRGNSt Rl poeBgf gaci ©

sel ect ed spr eadbfifationtigriad foniRlcorpatitiRifnaD-the sasitictivé COMA ddifodidstish

information signal fromthe error correction coder 22. It will be
appreci ated t teghnigne alsogemoves eashi infosmation sigoalofrom;the sompesitsctignal after it

Summat | on o 1 B8 Por i AB8, Beaty el thitals i oplE PR e dpfidnal,
into a plural of thecdom Ighit@sxgmﬂ . TConseqtélly; ithe alresalyt Jecbdddlysifhis ddwet 26 i s

used to nodul ate an carr| er. using a nodul atlon t echni que such as .QPSK in
a modullf or 2dnterfore withythedesading ofthe remaiping sigRals: ed over an air interface

by way of a conventiona @QW i t MEQ!; ded
signals overlapping in Fﬁ#e ?pgfg’r‘fécq]ﬁgﬁ {\g%d &tb\églg @‘ée%%g%get her
in the form ofhowrcinnhesignal gr@ha(a)mebdwro&m of sigehl O caadsy ieebns&%cteﬂ%h as
a cellular radi ote] ephone base_station, illustrated in After

denodul ati on FIW‘@ e (ﬂﬁ'@lgﬁ phs (bhangh () with the startof rﬁb@)ﬁﬁ%é’ﬂspw of the
decoded. An i polhieidfd dJH<RielR foR NighaPd Highéd Qﬁﬁ%iggtaﬂrof ‘HE TR Ohip BF

15 the code for signal 2 as shown in Fig. 4 signal graphs (d) and (e)), and subtracted
from the composite signal in the signal graph (d) (again with the first chip of the
reconstructed coded signal 2 aligned with the fourth chip of the received composite
signal) to leave coded signal 1 in the signal graph (e). This is easily verified by
comparing signal graph (e) in Fig. 7 with signal graph (c) in Fig. 4 (truncated by

20 removing the first three and the very last chip). Signal 1 is recaptured easily by
multiplying the coded signal 1 with code 1 to reconstruct signal 1. Note that
because the bit periods of datastreams for signals 1 and 2 are shifted relative to
one another by 2 chips there are only six +1 chips in the first bit period of the
recaptured signal 1 shown in Fig. 7 signal graph (f). It is significant that while

25 the copventional CDMA decoding method was unable to determine whether the
polarity of the information bit in the second bit period of signal 1 wasa +1 ora
-1 in signal graph (f) of Fig. 5, the decoding method of the subtractive CDMA
demodulation technique effectively resolves that ambiguity simply by removing
signal 2 from the composite signal.

30 A general CDMA system will now be described in conjunction with
Figs. 8(a), 8(b). In the transmitter shown in Fig. 8(a), an information source such
as speech is converted from analog format to digital format in a convenuonal
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mul tiplying the conposite signal wi'th the corresponding unique spreading |
code produced by a receiver .spreadi ng code generator 36, This unique code
corresponds to that spreaﬂlng code used originally to spread that
information signal in the transmt spreading code generator 24. The
spreadi ng code and the denodul ated signal gge combined by a multiplier 38.
Because several received chips represent a single bit of transmtted

i nformation, tdagrcdtoBet 20 O digital Bitstrbdh igehierafdd HYYthe SranSBRRS Sbikk toder

i ntegrated over a particular nunber of chips in orfder to obtain the actual

val ues of the aormay batﬁmhcrmmgessatnmmsmmr atrov eorredtionecader 23 shatadds

deci si ons may de by.tal kin era or| ote .of. the chip
polarities du %ﬂ 8#%5%?3% 1 ]?ﬁm %ﬁﬁ?ﬁ@fss&?ﬁl 3“

nul tiplier 38 @R nﬁ%’@iﬂ%‘eﬁdﬁn 2RdbE SeleétionPsigdl Tronea saitisle cﬁﬂ&éleﬁbélﬁﬂxsﬁ?wder
40 t hat 27 reéverses the process applied by the transmtter error

correctidn coduch apa @mpmpg(mms OWRb rarpartieiar spreading codad

into anal og f r cri bed
above, this dgég@‘#@g%{e eor ﬁ%‘ggl e ggnegé&ggg wﬁfchdﬁ%r ggaevery
signal in the psewdoparidom amgbert genethrod. | Thersaecte@rspfeaainglcoaem‘summhed
interfering signals_is mnim.zed when the digital spreadi ng codes are

orthogonal to module-2 adder 26 avith thenoded, inforipation; signal drom ﬂ\Feeff‘an‘FQ@cﬂ.BBV\een
t he signal s | étriftltl bgta '%???%‘?ﬁ‘h{ﬂw&“ ok & 140 i nunber of

or t hogonal exr’s I'n communi cations »
envi r ont@nt s Meacwistakdnaanydn@xmsiv&mepmﬁomgx bmasy fopid. yThemdsdmzl n

cel lular systens, tjme gnment i cul t 0- aghi I n pr ferred
CDMVA conmruni c&¥ se(féﬁ‘}“’ He @6{‘ f@éﬁ?‘h "i‘% into a
ort hogonal or M bl ock codi ng of the information to be

transmtted. I'n orthogon bl ock coding, a nunmber of bits Mto be :
transmtted are convert ¢ébthet endedsignial petpot by itie aﬂdehﬁgomakedcbdnoduldsanRF

the. set Jof N e eSS ALon HRAMARSH ah GESRO i # AR d T86vi ng ¢ he
hi ghestygorr e'ﬂdﬂ}ed’bﬁ]rﬂ? is ﬁﬁnﬁﬁ&b&%@er an air interface by way of a conventional
radio transmitter 30. A plurality of the coded signals overlapping in the allocated
frequency band are received together in the form of a composite signal waveform
at a radio receiver 32, such as a cellular radiotelephone base station, illustrated in
Fig. 8(b). After demodulation in a demodulator 34 to baseband, the composite
20 signal is decoded.

An individual information signal is decoded or "despread” by
multiplying the composite signal with the corresponding unique spreading code
produced by a receiver spreading code generator 36. This unique code )
corresponds to that spreading code used originally to spread that information signal

25 in the.transmit spreading code generator 24. The spreading code and the
demodulated signal are combined by a multiplier 38. Because several received
chips represent a single bit of transmitted information, the output signal of
multiplier 38 may be successively integrated over a particular number of chips in
order to obtain the actual values of the information bits. As described above,

30 these bit value decisions may be made by taking an average or majority vote of the
chip polarities during each bit period. In any event, the output signals of
multiplier 38_ are eventually applied to a receiver error correction decoder 40 that
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i nforfrati on. For exanple, if a correlation of sixteen-16-bit codewords
nunbered 0-15 produces the highest correlation on the tgnth 16-bit
codeword, the underlying information signal is the 4-bit binary codeword
1010 (mhlch is the integer 10 in decinmal notation, hence, the index of 10).
Such a code is also terned a [ 16, 4] orthogﬁhal bl ock code and has a
spreading ratio R 16/4 = 4. By inverting all of the bits of the

codewor ds, ond&evegses pwmbwﬁemsmrmmmm%dmm

;rg;tsu%pgf Ofsuc tﬂ%i‘hg‘ riﬂ%Q‘ﬂ‘m?ag‘l??rs"u{’)({aneous correg Pﬁg&@n%hé)%ﬂwhcam

ort hogonal bl godrcedeeoderd2.i n a set may be perforned efficiently by neans
of a Fast Wal sh Transform ngqjﬁew ce. .In the case of a [128,7] block
code, for exanple, 128 r‘“rﬁpéﬂ“ﬂ ahoveq this decosiing sohems ftheareticafljiican be used

val e of the WPPRREIEY Untih it R ool A0Ry" BRTCRIRIRR 0T © 11C

codewords in uhwanted, inferferingr signubdisemitiigized| wissngthe digitab sgreading codes &edi | y
be configured to cal cul ate Wl sh tr,ansforms al t hough use of the ore
efficient. A & %SBP\it‘FWFse ““‘ZB“ ted SigBals And; whenethe relgtive fiming hetwees thessi gned

U S. Patent 5, YrtAn
expressly i néggporg%e re régf egg%ce 5?% %jgfcerredm%}gl men?gb‘*aft he
present i nventodes, ex&smﬁmmlﬁnnblvmrdéquth,l andhinccdmmanications eavirommnents whete byt es

\Qllnl)gﬂ ggget Pﬁrll’B&];%ké % encoded using a %858 7! Horthﬁg&g@1a | sh- Hadagz(r:ﬂ

particul ar sigp m@xft agﬁeﬂpk@ duI 0-2 addition of a scranbling nmask
that is uni que 0 eac signal. The scrarrbl ed codewords are then transmtted
bit serially by rreans oﬁnhpmﬁmdgﬁ%mﬂnﬂmmaﬂnn systemg therereat corsectioni s

on Apri | 10, SGUBE e Hesed acpreiggpnal probterting e Hir e oRERE RhteBtoRTaRgR 0
Communi cat i onge trakihitfad! SInCorBiogeRADbIOEIE 86diRE, % REmb& 6t 141 Wﬁoe&eﬁﬁ%nutted

15 are converted to one of 24 2M-bit orthogonal codewords. Decodmg an orthogonal
codeword involves correlation with all members of the set of N = 2™ codewords.
The binary index of the codeword giving the highest correlation yields the desired
information. For example, if a correlation of sixteen 16-bit codewords numbered
0-15 produces the highest correlation on the tenth 16-bit codeword, the underlying

20 information signal is the 4-bit binary codeword 1010 (which is the integer 10 in
decimal notation, hence, the index of 10). Such a code is also termed a [16,4]
orthogonal block code and has a spreading ratio R = 16/4 = 4. By inverting all
of the bits of the codewords, one further bit of information may be conveyed per
codeword. This type of coding is known as bi-orthogonal block coding.

25 ~+ . A significant feature of such coding is that simultaneous cqrrelation
with all the orthogonal block codewords in a set may be performed efficiently by
means of a Fast Walsh Transform (FWT) device. In the case of a [128,7] block
code, for example, 128 input signal samples are transformed into a 128-point
Walsh spectrum in which each point in the spectrum represents the value of the

30 correlation of the input signal samples with one of the codewords in the set. A
programmable digital signal processor can readily be configured to calculate Walsh
transforms, although use of the FWT is usually more efﬁcient. A suitable FWT
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The filtering arid conversion into | and Q nodul ati on waveforns is
preferably performed in the first digital signal prog’essor 110 for all
signal s using the same frequency channel. The | and Q wavef orms are then
added together with a weighting factor depending on the rel ative signal
strength with which each signal is to be tiénsmtted because it is |ogical
and advant ageous to transmt vm'th a higher®Signal strength to mobile

stations fart E%Efﬁwy- r wer signal
strength to 2 St 3t I ONS near er ?Egj B‘eagéielsi%'h ?% %tenbggan%el “and Q
wavef or ms ar e GH235,808 fitedt ety 265)892 rwisich iexpressiyoincorpesated hext Bypove

before being ougput by the first digital signal processor to DI A converters
112, 113 for Ment quadrature nodul ati on by the quadrature nodul at or

114. The uncorrected | tS&fﬁ’rHtap?ége {mﬁ&efg,gf onri 'tﬂ)'ht al

signal processor 110 to the second&gr girtal sign rocessor
conpari sHn wi tdi’gttalneax&f’muemﬂdadiimeg-hiebymﬂwﬂlm& drg théxeﬁmhéulend:o&d wBinges snent

E:ech\:/;i \s/ieg]rrall néﬂ@&rg&&er&gﬁ%gg&m at | ?Pdcpﬁlgv‘geé%[ for t he 05| te

t echni que descgy,y, b Qghhl %@faﬁﬂﬁe@
appl i cation. angﬁﬁ&%l ?gﬁs%#ggd%%go si‘r&ﬁe lgfr ngest of the gft oggdr}%I |y
coded si gnal s dddition dfia stn‘ambhng)masbﬂmmquE tceachizignaly Thelscraimbled

strongest signal for a 12 29 i nt FWI d.det e the
| ar gest of the°°f§‘38 %%W?%ﬁ' @ﬁe%mﬂ?ﬁﬁgg

likely @ haveAtgwerzbd 3pstemtik adsanae ndebﬁ wmﬂsr ?aﬁeh?l&p?ﬁ&lﬂoﬂc'f ed
fromthe conposite signal, for exanp 9@/ settl ngmhe | ar gest "Transform
conponent equaNo+&7/866,865 filaben thlﬂr satitted {Mndtipla AxcasssCoding foxT) i s

P epeat oa sucoc¥ebiERatio Contthidionsn? vERRGs cRpfay Biearkirarh b by ' ©

descranbl i ng qgﬁe,fc@rresondl ng to the next strongest signal and so on until
the nobile station has decoded the signal intended for it. In this way, the
stronger signals are prelamfiiering and eonveesiomigte hend & owdnlstion wavefarmsiier

signal S14 hey Ovefera{iu?y performed in the first digital signal processor 110 for all signals using

the same frequency channel. The I and Q waveforms are then added together:with
a weighting factor depending on the relative signal strength with which each signal
is to be transmitted because it is logical and advantageous to transmit with a higher
signal strength to mobile stations farther away, at extreme range, while

20 transmitting at lower signal strength to mobile stations nearer the base station.
The summed I and Q waveforms are then subjected to the correction factors
described above before being output by the first digital signal processor to D/A
converters 112, 113 for subsequent quadrature modulation by the quadrature
modulator 114, The uncorrected I and Q values are also output from the first

25 digitat signal processor 110 to the second digital signal processor 125 for

comparison with the measured values determined by the modulation assessment
receiver.
In this preferred implementation, receivers for the composite
CDMA signal radiated by a base station employ the subtractive CDMA technique
30 described above and in the above-cited U.S. patent and patent application. Each
mobile station decodes the strongest of the orthogonally coded signals first by
descrambling w1th the scrambling mask of the strongest signal, performing a 128-
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When & signal is subtracted, a waveformtheoretically_gorresponding to a
perfect nmodul ation is subtracted, |eaving as a residyal gany inperfections
in‘the nodul ation process. According to this preferred.énbodi nent of the
present invention, a subtractive CDVA receiver is used as the nodul ation
assessnent receiver for oorrecting the tra2®mitter nodul ation

i nperfections. Mreover, the correction factors can be directly identified

with certain tpointdWTranddpterraining thedargestoftpe 128 t:amfomh@ommnmattpdetect

codevor ds 1o prCE Padimerd e bl ikeliC o s et PR SR 1 ARl ERE:
(SOQAM ,  Wwhi Chs iffen'sabehctel Fron BERI6mpbsitd 8ign8l T0r Bidnipla) By 3tEhk %w%&hel

phase and odd bi ts are applied to the Q phase al ternatel . Thé sa I ng

poi nts for SOtmustore compenentrequaktol zesna d28-poist dnyrrse mealsbd‘m:mfm 9.

The desiged s sh e used. in a tlonal way

to detergm ne m%ﬁﬁ% F@WYH?&%%@ lgff'élpPﬁ ‘e fmced

by the ref ererg eepeited 4t on the Pesidieal @b Qsiipthe dedctimb

described in the publication tﬁ/ S. Gonerreyg?eet al. cited above. At the -
g

recei ver, si grfede sorpipending e the pext streagest signgleandsso-on pptilthe maobilesstation

channel s, 2t g Ehoch e Bl st L O SR, RO ERREE b e © 11
per f or ned. Newdnedetwnmmltueaecﬁﬂgefﬂwmﬂ sighalstReypbeeapof t he

recei vgﬁ) signal amounting, to progre S|ve 90 per b|t peri,od, the phases of
the evet! bits are rotat asignal ted, a Waveformdhearstically

he odd bi (s are%%%‘ﬁﬁ%ﬁ“ﬁ%%ﬁ%%m ey, Bt o o,

fromthe Q chamnodnlationtprotdss: LAccbtdmsto thid prefersed-embodiment of tiei presenal | 128_

sanples for the FW' can .be coll d fromthe gang, cha in this '
exanple, e ANSRIRR pubtRGEve CENA TroeivR isioed 2 g FOHURLOR 3SR  he

signs of the o
which is the Wi SL- Hadgsrgﬁhggg% ga%%?é%r tibn imperfectichs. Moteover, the
15 correction factors can be directly identified with certain transform components

produced by the FWT.

The modulation employed to bit-serially transmit the 128-bit
scrambled Walsh-Hadamard codewords is preferably Shaped Offset Quadrature
Amplitude Modulation (SOQAM), which is related to OQPSK in that even bits are

20 applied to the I phase and odd bits are applied to the Q phase alternately. The
sampling points for SOQAM are shown in the I and Q waveforms illustrated in
Fig. 9. The desired sampling points shown in Fig. 9 are used in a conventional
way to determine the characteristics of the clock signals f;, f; produced by the
reference frequency and timing generator 121. OQPSK is further described in the
25 publication by S. Gronemeyer et al. cited above.

At the receiver, signal samples must, in principle, be taken from the
I and Q channels alternately to obtain 128-sample blocks (representing one of the
128 128-bit Walsh-Hadamard block codewords) upon which the FWT is
performed. Nevertheless, by applying a pre-rotation of the phase of the received

30 signal amounting to a progressive 90° per bit period, the phases of the even bits
are rotated by 0° or 180°, which leaves the even bits in the I channel albeit with
half of the even bits inverted, and the phases of the odd bits are rotated by 90° or

U
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Accordingly, the detected codeword will be offset by ,l'ytvm se nodul o-2
addition of two fromthe codeword transmtted by vir§uetof the maemai cal
properties of Wl sh-Hadamard codewords. It is a sinple.matter to correct
the detected codeword by bitw se nodul o-2 subtraction of the offset two.
For.exanple, if the decimal data block 73 88inary nunber 01001001) is

transmtted by sending the 128-bit Wl sh- Hadamard codeword W3, the data
bl ock 75 (bi na?70 nwmgtmﬂm@mmm&GWMﬁﬂ@meAﬁs:ation

Cnver e data SRS HekapRgp; ol 128 stuplts TGE e bR Gon SR TR S5 b
nmodul at or  woul ghaaRdl @ thislexaniplée, e IehahRedl).S ThB ffedSofthe Prétatibiorf &/ tol er
conponent, which corresponds to unscranbl ed WAl sh- Hadamard codeword WO, but

due to pre- roehangethe signs ofstheisamples areqrdingotebepatterns converted to

correspogd to ynscramhl ed W4l sh- Hadaigy: W uc or
of fsets gan be!‘l'dét ected by-wgéscrar‘rb‘l’ %&%ﬁ%%&wﬁﬁﬁvﬁﬁ@?&ﬁ
scraLrbI i ng lcodgccqmmgllyr, rtixmdetﬁﬂed:h Wdevﬁﬁ'df willewdd offfset by atlfimfsé gtddulwﬁbﬁddﬁb’ hl 2
as the nodul ator inbal ance. ' This transform conponent, i ch may be co ex,
contains the a‘i’ﬁ)‘i“ﬁngp‘}‘ 'ﬁﬁ&%ﬂ’?ﬁ#%&%@‘i)‘}y Ve of the mathsmaticabproperties OfF can

T2, A S S i Sk

signals. In a prete system e strong pping signals is
used as a br oagbdewbrd by bitwisg) modulo+2etubtractiomof thiei offsetivd)  Fot exdmplepifi the

station and the stronges f _the overl appl ignals |js .also ysed, as a
pi | ot oiophase‘seqmg@cgiér@@%“ﬂﬁi’%é)f@%ﬁagém&m%%t% iYeal s
and t he above-m_ il _t'%mdg@gﬁjv% r g;“%l% Lfically,
I f the conpl ex va Eg@ﬁ%t e largest detect égﬁ?%%}(ﬁc npo gﬁ %en
decodi ng t he s0100QERtwil bmddétected Bae tarthe preaotatios effecte Bitwise inadulo-2ansf or m
conponent representing.the nmodul | ipal ance _vyi.el ds .t conpl ex nunber K
then the | an Q@a?é@@W&H&QWﬁom%@gdﬂmr&%b@espectiveI Y,
returned as correction f@grtSedkigs BEThhd Q ofsdl itheSjuaddture RSARARE 110

are given by:
15

would appear in the transmitted signal as a constant carrier component, which
corresponds to unscrambled Walsh-Hadamard codeword WO, but due to pre-
rotation this carrier leakage component is converted to correspond to unscrambled
Walsh-Hadamard codeword W2. Thus, such leakage or offsets can be detected by
descrambling the composite signal with a null scrambling code, performing an
20 FWT, and identifying transform component 2 as the modulator imbalance. This
transform component, which may be complex, contains the arbitrary phase
introduced by the transmission path, which can be removed by relating it to the
known phase of one of the transmitted signals.
In a preferred system, the strongest of the overlapping signals is
25 used as a broadcast (calling) channel communicating with all the mobile stations,
and the strongest of the overlapping signals is also used as a pilot or phase-
reference signal to which the phase of the other signals and the above-mentioned
imbalance measurement can be related. Specifically, if the complex value of the
~ largest detected transform component when decoding the strongest signal is S;, and
30 the measurement of the W2 transform component representing the modulator
imbalance yields the complex number K, then the I and Q leakage components K;
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[err] "For the case of relative scaling errors in the L and Q channels, if
the | channel nodul ator produces a larger signal thap the Q channel

modul ator, then alternate signal sanples originally irn.The Q channel will
be of smaller anplitude than the intervenjng signal sanples comng fromthe
| channel. This is equivalent to the addi #lon of a small anount of a

spurious codeword that differs frgmthe correct codeword RQy.having its Q
bits inverted?"“{%s-r@Bg'f‘:&?”Bléfu(‘,"i’tl'\ﬁ1 a3 faPectipnytactory fo ﬁ@sé%%‘e@ ition
with the Q bilSednfll80af@bived®9r €6 of constructive addition with the |

bits. This spurious codewofd is thus the transmitted codeword nodified by
the sign pattern +-+-+-+-+-+ . . . which is the Wal sh- Hadarmard basi s

codeword W. Accordingly K+ spﬂfm’ eURe(SPHM(S))(R(K) HiEm(K)) set by a bitwise
nmodul 0-2 addition of one fromthe codeword transmtted, again by virtue of

the mathenmtical proper Ko thedéasdbf sélatiaaBhg eABACHOE T anfiay Lhahrdfl, ¥f tHaY

determ ning the conponent of the WAl sh-Hadanard transform one away fromthe

transnmitted cbhchanoelimodulator-preduces g largensignall tham theqQthanned ingodidator; dhen

identified and,corrected. 1t w L]. appreci ated, t h this | | | ous
c_orrpone%t may’ m%@"ﬁ’g 9‘1 gﬁgﬁg’eggmt #I@WWMF
signals, but ghhn theiRervesing SRR shriyiles Sothing Fedi dhé T Chdnnlel)© Thilpis! eqifvaktnt
conponent can nore easily be detected. Mreover, separate assessnents of

the val ue of torthe addiioncfta sragll amennti of g spusioys codewordithat differssiremithg can be

over | api ng. o gt SoqiBbnd A RRAREHS RE AP iskedtd, Hherdf Bl  BREH Bt o
decoded from efdesiuctive addifid® withahelQ bik@id>s small deBide dfsconvtictiyehddition nany
signal Dblocks in order to average out the above-nentioned sources of,

spuri ol errowithitbe T hisss dhis ARITiQUS coderiqrd im éhus the trapymisisdcodeversh medifiedng |
W ththe tranghieaat Bt PR TN R o PR ER 3N i Wake ol oo
factor A, whibasist dodeaond WikntAdcordinglg) thesperidus ciklewotd Will beaifsetiby a
represents the correction factor T for- errors in . . .
bitwise modulo-2 addition of one from the codeword transmitted, again by virtue
of the mathematical properties of Walsh-Hadamard codewords. Accordingly, by
15 determining the component of the Walsh-Hadamard transform one away from the
transmitted codeword, a mis-scaling between I and Q channels can be identified
and corrected.
It will be appreciated that this small spurious component may well
be masked by spurious components arising from other signals, but if these are
20 decoded and subtracted first the small error component can more easily be
detected. Moreover, separate assessments of the value of the component
representing I and Q relative mis-scaling can be made relative to the main decoded
codeword after decoding of each of the overlapping signals. The values can then
be averaged over all the codewords decoded from one block of 128 signal

25 samples, as well as averaged over many signal blocks in order to average out the

above-mentioned sources of spurious error that would otherwise mask the small
component representing I and Q relative mis-scaling.

The component of the average that is in-phase with the transmitted
codeword that is detected represents the mis-scaling factor A, while the component

30 in quadrature to detected codewords represents the correction factor T for errors in
TN




32 the [err]-phase-splitting network 103 in the quadrature nodul ator. Thus,
by intelligently using inforihation provided by the shg.transform si gnal
decoder, all the errors in the quadrature nodul ator can "be determnm ned and
appropriate correction factors transmtted to the nodulating first digital
sigpal processor 110 in order for the firsg2digital signal processor to
take the corrective actions described above. In this way, it is possible to
ensure that t hthe90fphase-sp hm@hmﬂrﬂ&@ﬂm@aﬂ;am:bamﬂmaom Thugrby

gﬁgg%ﬁﬁ;?{g%&@ by e infrraib 'regsh?%aéé%éﬁwﬁﬁmeﬁr&%%@ﬁ d
Icf aisngu Si nge o |cat| omm pergﬁﬁ%?ﬁaépw :Hact ﬁe

present appl i omrrennomfantmmmlsmﬂtedm the thosdulating ffirstt digitalfsigrial pracessor {148 in
Zgiaroltitva ;I ;(r:ogg éﬁég ﬁasr}dﬁg&lon iscl osedf(g%g#al ned her@f:éoq l %‘ Q

modul at ed tranggve! qH this S, it SPRSbR tB%nsire that the composite tbdhtich 91 t 2l
si gnal processing nmeans fo applylng correction factors to uncorrected

sanpl es of an prodwteddy thedase station amtohymoafanm tqahddemmdethmrdwtfom

waveformto generate cor d sa d for nvertin rr teg sarrpl es
into a corrected in-phas ﬁ(g"' F@?ﬁﬁ S‘ﬁ

nodul at i on wavgdseritied add illustrated, it should %e%ﬂ&*’sﬁiourtﬁatrmé hvah&6n i@ﬁnﬁt@@bﬂsﬁl ng
t he corrected in-phase nodul ati 'on waveform on a substanti al | y cosi nusoi dal

carri er 1@ave abwthmttac @mmgsmnmﬁ@apwmqmmrmdy@ personsaskiliad in the

wavef orm on a bstantial |l v,..Sinusoi r e uady at cers
nodul at or pro tﬁﬁ atd:g‘ﬁ’é‘é "Sﬁ{’ 15%5 ‘““f’%ﬁmﬁﬁmﬁq’“?“ﬂ@ié‘ﬁg’m; ter
nmeans for upcohy Spirit aad 366perdithie fixventioh [@scloaed had elhiied Rereinsi gnal of said
quadrature nodul ator to a predeterm ned transm ssion frequency and power

| evel, the transmtter means ‘produci ng the nodul ated transmtted signal;
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nodul dtion assessnment receiying neans, coupled to saiefransnmtter 20
nmeans, for generating digitﬁked sanples of the nodul ated transmitted

si gnal ; and second digital signal processing neans, in co

said first digital signal processing neans and W|th sai d ;ngmilmaﬁm'nm
assessnent receiving neans, for determ nind3the correction oris en
said digitized saqﬁles generated by said nodul ati on assessnent receiving
means and on_t - sanples and for conmunicating the
correction factors to the first digital signal processing nmeans. 2. The
adaptively preconpensated quadrature nodul ator of claim1l, wherein said
first digital si gnal pr ote <k iseif-adinstitg modilacsrsfor trahemittingofre aGdrately

di gi tal -to-anal converter for, converting the corrected sanpl es to sai d
i n- phase nodul ‘Sﬂ‘eaégﬁgr%“m%adr ature nodul ati on wavef orm i npressed

by said quadrature nodul gi® |y
preconpensated quadrature mﬁ%?@ﬂﬁ%| %xﬁ%&ﬁgﬁguména@gﬁg%h@ff
digital -5o- anafohzge and qasadreture amdutation twaveforin santpleshind applying epirectiote! t a-
si gma nodul at i 5 4 The ada tlvely pr.econpensaj ed quograture nodul at or
of claiml1, OfTH to; By tgepeted-ing g@ﬁ n
assessnent Cﬁhﬁﬂ&g nmeans conprise sanples in, al ternatlvel y, pol ar and
| og- pol ar forrrat 5. The adaptlvel y preconpensat ed
quadr at ure nodul at or of ak;mdmﬁxeﬂodnhtorfwanﬂpmsmngdndn@bamlmed@ambn

rocessi ng neans converts saigd di |t|zed Ies a ed b ai.d

ﬁodul atlog ass¥ ‘ﬁ%@‘m %Fé?%‘ﬂ'& 5‘ A ‘%ﬁ'é"n

dapt

adapti vehy Pr S aVHH quagﬁ@ure 3 ﬁmg%ahgmﬁl cﬁh?ér%eahﬁfor‘iﬂﬁfe@hﬂg

sai d i n-phase a atlon waver orns conprise a
spr ead- spectr mqumiiﬂﬂresmdah&oﬂwa%rmdapﬂ’espehdmgrtedbmpmatﬁly gonerhted ur e

nodul at or of cl ai,m rel.n sal rea - spectr oded signal. conprises a
sum of a pl ura‘l‘Pfi?tB‘F d'?ﬁe Lﬂ#;n H@y%ﬁﬁﬁ&"a‘g&

wave;

transmitter means for upconverting and amplifying an output of said
15 quadrature modulator to a predetermined transmission frequency and power level,
modulation assessment receiving means, coupled to said transmitter
means, for collecting and digitizing samples of the upconverted and amplified
output of said quadrature modulator; and
second digital signal processing means, in communication with said
20 first digital signal processing means and with said modulation assessment receiving
means, for determining the correction factors based on said digitized samples from
said modulation assessment receiving means and on uncorrected in-phase and
quadrature modulation waveform samples from said first digital signal processing
meany, and for communicating the correction factors to the first digital signal

25 ~processing means.

2. The self-adjusting modulator of claim 1, further comprising at
least one digital-to-analog converter for converting said numerically generated in-
phase and quadrature waveform samples to said in-phase and quadrature
modulation waveforms nnpressed by said quadrature modulator on said carrier

30 waves. —
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8. Thé adaptively preconpensated quadrature nodul ator of claim7, wherein

sai d second digital signal processing neans perfo formin
det'erm ning said correction factors. 25 9. The ad m‘@ %Eﬁﬁnsat ed
quadrature nodul ator of claim?7, wherein.said seco um coded

sigpals include a plurality of [128 7] wal 84- Hadanard codevvords
10. The adaptively preconpensated. guadrature nodul ator of claim 7 V\/nerel n

sai d second spread-spect 3uW“MIMﬂMﬂUG§c@mIZJMMM@m-m}
Wal sh- Hadamar d_codewor ds, The i vel ensat ed rature
nodul ator of ¢ GOnVGHET uias S gﬁ@@ggﬂéﬂ JF%QQ% ﬁg %Reans

performs a Wal sh transformin determ ning said correctlon factors 5 12.
The adaptively preconpensated quadrat ure nodul ator of claim1, wherein said

modul at ed out put signal @orihe ssifsadiestingrmedulniaripf claire Lpiveheseinisaid; digitized g

S(‘gljggtrfilat u?g %L@%%M%r@g@gnaﬁﬁ &Mu?% “?ﬁ'ﬁg%g" azfg; 10

signal, gn Of geipléd iy slatigied Mpepdlat formatsi gnal , and a Shaped
O fset QJadrature Arrpl | tude Modul ation signal. 13. An adaptively

preconpensat ed quadrature nodul ation nmethod for accurately formng a

nodul at ed signal, conpri { . "o

set of correction factor ?%xe% ﬁ#e@gﬁ%‘&%ﬂ gfclgug 4Ql%r§f&aﬁu@%%dtﬂ]at i on
wavef or m sanpl digitalosignad Precesdng hreanecornvertp kaidadigitided) sanplas to cartesian! formatn
sampl es; (b) formng a corrected in-phase nodul ati on waveformfromthe

corrected in-phase nodul ati on sanpl es and nodul ati ng a substanti al I y

cosi nusoi dal 20 carrie Cort¥ h%?féréﬁ?
waveform formng a corrg'ct e sc?‘t#aﬁﬁ%mg éftﬁf ?lfjgir%ﬂl\}\gve orm ;yil
corrected quadamd quadratorbuinatulatiors wapéforms comprise a spread-spectrum coded s1gna1

10 7. The self-adjusting modulator of claim 6, wherein said spread-
spectrum coded signal comprises a sum of a plurality of spread-spectrum coded
signals.

8. The self-adjusting modulator of claim 7, wherein said second .
digital signal processing means includes means for performing a Walsh transform
15 in determining said correction factors.

9. The self-adjusting modulator of claim 7, wherein said spread-
spectrum coded signals include a plurality of [128,7] Walsh-Hadamard codewords.

. 10. The self-adjusting modulator of claim 7, wherein said spread-
spectrum coded signals include a plurality of [128,8] Walsh-Hadamard codewords.

20 " 11. The self-adjusting modulator of claim 1, wherein said second
digital signal processing means includes means for performing a Walsh transform
in determining said correction factors.
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and nodul ating a substantially sinusoidal carrier wave

quadrature nodul ation wavefdrm and formng a nodul at ed out put |
sunm ng t he nodul at ed cosiriusoi dal and si nusoi dal car “é %‘m !}

i ng
nmi §si bn

(c) formng a nodulated transmtted signal by upconve
t he,nodul ated output signal to a selected 3esired trang

and power level; (d) collecting digital sanples of the nodul ated
transnitted signal; and 130 The self-adjusting modylatasiof clainy howhersinssaid of

Sortcthon 1okl AR A bobprstbe i?ep%‘ﬁ. HEFIRECSHRSR G

converting thm@ﬂr@@ﬁ&tl@mﬂemm hapedoOffbats to an
analog form 4.5 5 The od of cl ai j n sai
convert i ng stm@e§m WO S h"fgl\‘ r@ﬁ%‘éﬂ%ﬁa& %Pﬂ?
nodul at | ?& Wﬁ% QES‘BF M‘f@dtﬁh@nﬁahﬂd Jishly %édz npl es
conpri se alterna Ivery, polar 0g- pol ar present at | f%tall The

met hod of cl aiQuadfaturehmelitude Mpdilation sighaldes t he step of converting the,

alternatively, polar and | og-polar representations to cartesian
representation. 15 18. The nmethod of claim 13, wherein the

Tothod of ol aim 18, whera nick A EyiRg EAMIERAChENEY B BauBRR w1 o
V&l sh t r ansf oacuratelamddolatedt signall, comprising the stepiseofri ne said 20 correction
factors. 20. The nethod (g)f n&({}gﬁ&l%ﬁ%&glg&gg&wg{_ead séﬁgcwrg}m%)ded
10 modulation waveform samples;
() applying a set of predetermined correction factors to said
uncorrected in-phase and quadrature modulation waveform samples to produce
corrected in-phase and quadrature modulation samples;
(c) forming a corrected in-phase modulation waveform

requency

15 corresponding to the corrected in-phase modulation samples and modulating a
substantialty cosinusoidal carrier wave with the corrected in-phase modulation
waveform, forming a corrected quadrature modulation waveform corresponding to
the corrected quadrature modulation samples and modulating a substantially
sinusoidal carrier wave with the corrected quadrature modulation waveform, and

20 forming a modulated output signal by summing the modulated cosinusoidal and
sinusoidal carrier waves; |

(d) upconverting and amplifying the modulated output signaj to a
selected desired transmission frequency and power level;
o (e) collecting digital samples of the upconverted, amplified

25 modulated output signal;

() processing said digital samples with the uncorrected in-phase and
quadrature waveform samples to produce an updated set of correction factors; and
(g) successively repeating the foregoing steps (a), (b), (c), and (d).
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signal includes a plurali tyfof [ 128, 7] Wl sh- Hadamard codewords. 25

21. The nethod of claim 2(35 wherei n said spread-spectr des a
plurality of [128,8] Wl sh-Hadamard codewords. 22. TH‘ﬂi@ﬁ m m 13,
wherei n said nodul ated out put signal conprises one o s€ ase

Shift Keying signal, an Offset Quadrature 30 Phase Shift Keying signal, a
Shaped O f set QJadrature Phase Shift Keying signal, a Quadrature Arrpl | tude
Mbdul ati on signal, an-Ofl4 gf@lamgﬂ further vg esepfl . and a

of Claim 13, V#@%@E%@mﬁ&ﬂﬂ%ﬁﬁg&ﬁé Pl ey ‘a&%ﬂéﬁgﬁ& "ol

transform on aig dhalog forfCpricknp!stsp @Y. deternmine said correction factors. 5
24. An adaptively preconpensat ed quadrature nodul ator for accurately

form ng a nodul-ated signal, conprising: a f| rst processor that applies
correction factors to ungor qectedy SALP efeﬁ'n ST Yebon
waveform and a quadrature no uI atron 1 orm ereby nefati ng
correct el sanﬁomnsamduhdmﬂaﬂph@iyevmlded ldelta-agmaampdﬂatmmto a corrected
i n- phase nodul ati on waveform and a corrected quadrature nodul ati on

wavef orm a quadrature nodul ator that inpresses the corrected in-phase
nmodul ati on wavef orm on ajgu algg,_h claias 13U [digifized @YD d t hat
15 inpresses the correctéadquﬁha a‘?iulr’% nod lFat&%fr?dvvas@gf% m on a ey
substanti al | y comprise; altdrnatively,epolarcand, logipelarirgpresentationsg t he nodul at ed
signal ; a nodul ation assessnent receiver, coupled to the quadrature

nodul ator, that generates digitized sarrpl es of the nodul ated signal; and a

second processor t hat i syg0 qﬁ&? H&ladoh 181 It
1% die ‘git&det er %Sngg E @r?egﬁ ?%ct

nodul ati on assessnent receiver

based on the Mmg@&Mvaiydwmm&Qgpdat&prwmheas tqaca)‘tesiaat

commuini ﬁ?t es trggresentauon

N

18. The method of claim 13, wherein said accurately modulated
signal comprises a spread-spectrum coded signal.

19. The method of claim 18, wherein step (€) comprises the step of
. performing a Walsh transform on said digitized samples to determine said
15 correction factors.

20. The method of claim 18, wherein said spread-spectrum coded
signal includes a plurality of [128,7] Walsh-Hadamard codewords.

. 21. The method of claim 20, wherein said spread-spectrum signal
mcludes a plurality of [128,8] Walsh-Hadamard codewords.

20 22. The method of claim 13, wherein said accurately modulated
signal comprises one of a Quadrature Phase Shift Keying signal, an Offset
Quadrature Phase Shift Keying signal, a Shaped Offset Quadrature Phase Shift
Keying signal, a Quadrature Amplitude Modulation signal, an Offset Quadrature
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correction factors to the fi-; processor. 25. The adaptively 7

preconpensat ed quadrature ‘rod¥l ator of claim24, 25

processor includes at |east éne di gi tal -to-anal og convmﬂm"ﬂu\m m&ﬂg
the corrected sanples into the corrected . |? phase nodul ati en wavve ar

t he.corrected quadrature nodul ation wavefo

- Amplitude Modulation signal, and a Shaped Offset Quadrature Amplitude
* Modulation signal.

23. The method of claim 13, wherein step (e) includes the step of
performing a Walsh transform on said digitized samples to determine said
5 correction factors.
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