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TRANSMITTER FOR QAM ENCODED DATA

BACKGROUND

The present invention relates to the transmission of
digital information over channels of limited bandwidth,
such as radio channels of telephone lines. The digital
information can, for example, comprise digitally coded
voice.

It is known that Quadrature Amplitude Modulation
(QAM) comprises encoding data bits into complex vector
signals in which the real and imaginary parts can each
take'q'n- one of a multiplicity of levels. For example, in
16QAM the real part and the imaginary part can each take
on one of the four equispaced values 3, 1, ~1 or -3. The
4x4 _.p@ssihle points that arisge are called the
conste‘;izlation, and are shown in FIG. 1(a). Modulation in
accordjénce with this technique comprises mapping four-bit
data vglues, designated ByB,B,B,, onto the 16 distinct
complex:'signal values, as shown in the figure.

A fprior art 16QAM transmitter for generating the
above-déscribed constellation from the four-bit data
values is illustrated in FIG. 1(b). A first pair of bits,
ByB,, is supplied to a first 2-bit Digital to Analog (D/a)
convertor 101 in order to determine which of four values
the real part will attain. A second pair of bits, B,B,, is
suppli~e_<'i_ to a second 2-bit D/A convertor 103 in order to
determirje which of four values the imaginary part will
attain.  Each of the D/A convertors 101, 103 supplies its
output to a corresponding one of two low-pass filters 105,
107. 'Thé function of the low-pass filters 105, 107 is to
contain'the transmitted spectrum by smoothing transitions
from oné,,value to the next when any of the bits ByB,B,B; are
changed. The low-pass filters 105, 107 are pPreferably
Nyquist filters, which have the property that, at regular
sampling'times after a bit change, the filter output will
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exactly: attaln the value determined by the input bits
ByB,B,B,. The smoothed real values 109 are applied to a

cosine modulator 113, while the smoothed imaginary values
111 are applzed to a sine wave modulator 115. The
modulated:slnefand cosine waves 117, 119 are summed at
summation:p01wt 121 to form a complex modulated carrier
signal 123{wh1ch varies in both phase and amplitude. To
preserve ampl;tude variations, the prior art requires that
this signal_b'“amplifled by a linear power amplifier 125.

Due to thefNyqﬁlst property of the low-pass filters 105,

107, if the tput signal vector 127 is sampled at the
proper reggla ‘instants, one of 16 complex values will be
observed #;i "wn in the grid diagram of Fi1G. 1(a).

:_ rt 16QAaM transmitter has the drawback that
the 11near powerlampllfler 125 is not efficient, and if it
exhibits " dlst rtlon or non-linearities, then the desired
16 constellat1 n points are not observed in the output
signal ve;to ; 7. Equally, if the communications channel
including”?_ ,low pass filters 105, 107 is not strictly
Nyquist, 1nte ymbol interference (ISI) will prevent the
desired const ation points from being cobserved.

SUMMARY _
“to’ one aspect of the invention, an
g ansmitter is provided for transmitting
Quadrature -An thde Modulation u51ng coupled, constant
envelope transmlrter power ampllflers of higher efficiency
than llnear ampllflers in which a first amplifier of first
% ;pllfles 51gnals formed from most significant
.symbol and a second power amplifier of a
'vel ampllfles SLgnals formed from least
51gn1flcant b of the QAM symbol._ In one embodiment,
Quadrature Ampl tude Modulated s1gna1s are generated from
data bits: by : _éza first Quadrature Phase Shift Keying
(QPSK) modula or:ior encodlng a first pair of the data

inventive

bits of an-u
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ne -of four carrier signal phases, thereby
producing” a first QPSK signal. A second QPSK modulator
encodes a second pair of the data bits into one of four

bits in;q}

carrier SLgnal phases, thereby producing a second QPSK
51gna1.: ‘The. flrst QPSK signal is amplified to a first
' ;and the second QPSK signal is amplified to a
second powéf “Iével. The first and second amplified

power leve

signals - are;thén combined to produce a signal in which
four data’ blus are encoded.

Accordlng to a second aspect of the invention, a new,
spectrally-efflclent modulation is disclosed that is
termed - Offset 'Quadrature Phase Shift Keying (OQPSK)
ﬁ“which data bits are encoded alternately
into levels' 4 a cosine wave carrier and levels of a sine

modulati%h;;
wave carrler In one embodiment, data bits are encoded by
encodlng a: flrst sub—-group of the data bits into a real
part of a complfx signal at an odd instant of a clock, and

having all s gnél transitions being constrained to smooth
_f"ound constant radius circles, thereby
allowing a be ter spectral containment when constant
envelopg_poqg:.'mpllflers are used.

trajectorles

Acébr'd'ing ‘to a third aspect of the invention, an
1nvent1ve_transm1tter is disclosed for Offset Quadrature
Amplltude' Modulatlon comprising two or more coupled

constant-envelope transmitter power amplifiers that

';"; QPSK, MSK or GMSK signals formed
=;om most significant bits and 1least
ts of an OQAM symbol.

ampllfy' _
respect;veij,

significa

N Iﬁf DESCRIPTION OF THE DRAWINGS
The'obj cts and advantages of the invention will be

understood ] réadlng the following detailed description
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in conjunctlon with the drawings in which:

FIG. 1(a) is a grid diagram of a constellation of
complex sxgpal-values generated in accordance with a prior
art 16QAM . traﬁémitter;

FIG. 1(b) 'is a diagram of a prior art 16QaM
transmltter,

FIG. 2 'is a block diagram of a transmitter in
accordance with one aspect of the invention;

FIGS. 3(a) - 3(e) illustrate signals and
constellatlon p01nts associated with various nodes of one
embodiment | of the inventive transmitter;

FIG. 431s .block diagram of a transmitter employing
OQPSK moduiatleftto provide Offset 160aM in accordance
with another as ect of the invention; and

FIGS.]_ 5(a) - 5(h) illustrate signals and
constellatlon p01nts associated with various nodes of one
the iinventive Offset 16QAM transmitter.

embodiment: of

- ] -DETAILED DESCRIPTION
The various features of the invention will now be
described- withgrespect to the figures, in which like parts

are 1dent1f1ed with the same reference characters.

FIG. 2 1s a hlock diagram of a transmitter 200 in
accordance: ' w1th one aspect of the invention. One
advantage of the transmltter 200 is its capability of
reproduclng the 16QAM constellation points even if non-
linear ampllflers are employed.

In a preferred embodiment, a first Quadrature Phase
shift Keylng (QPSK) modulator 201 receives two information
bits, BgB,, and modulates these onto a carrier wave in
‘ l-known techniques. That is, the QPSK
constellatlon encoﬂes two bits intc one of the four vector
values *1 f jt"by changlng a real part (I or cosine
component): betw the values +1 and -1 according to a
first lnformatio it and an imaginary part (Q or sine

accordance w1th wel
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component) between the values +jfen§ -j according to a
second information bit. Since all four vectors that can

be produced are of the same amplitude (i.e., 2=1.414 ),

the output signal from the first QPSK modulator 201 can be
faithfully amplified by a coﬁsfent envelope power
amplifier 203. The constant envelope power amplifier 203,
as well as others employed when practlclng the invention,
may a;ternatlvely be a power ampllfler operated at output
saturation,'a class~C amplifier, or a class-B amblifier.
The I and Q components that appeer:at the output of the
constant envelope power amplifier 203 are illustrated in
FIG. 3(a), and the corresponding constellatlon of vectors
is shown in FIG. 3(b).

The two remaining information blts, B,B;, are encoded
into another QPSK constellation- by.means of a second QPSK
nodulator 20S. The output signalgﬁrbm the second QPSK
modulator 205 is then supplied teﬂie second constant-
envelope amplifier 207 which faithﬁully amplifies that
signal to a power level that is heif that of the first
constant-envelope amplifier 203, so that the amplitudes of

the I and Q components will be j% times that which are

produced by the first constant-envelope amplifier 203.
The ampllfled I and Q components that_appear at the output
of the second constant-envelop -amplifier 207 are
illustrated in FIG. 3(c). The-kconstellatlon points
generated at the output of the second constant-envelope

amplifier 207 are thus described:py . and shown in

FIG. 3(d).

The outputs of the first and second constant-envelope
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amp11f1ers 203 207 are then supplled'to respective inputs
of means r summlng these 51g ls, such as the
dzrectlona-_coupler 209 shown in FIG

. . The directional
coupler 209 further scales the lower. power signal from the
second constant-envelope amplifier 207 by an amount that

is — 'rel_etive to the voltage s«'_.':;f!a:"ling of the higher

power sigria ] _trom the first constant—envelope amplifier
203. The further scaled signal is'‘then added to the
higher pow‘er .sa.gnal Such scalings that can be achieved
using pass:.ve, lossless combining networks such as the
dlrectlona' coupler 209 are llmlted to the values'

describe'd_'-'----b__y '_']g.:-___'and y1-k% .

, the coupling

To _'a_qi.h_le__ire' a relative scaling of

L
2

then the- 1ling factor for the hlghr power signal is:

The further relative scaling of —}% of the lower

power singai_f?_’-re]g_a:ﬁive to the higher power signal, combined

with its _e:1=réédy_ L signal level rél@_é_"_'-tive to the higher
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power sighgl,'combines to progueeegisignal of relative

‘that of the higher power signal. Thus the
higher p_o’_f_ih_er-i_ ' signal of +1 *j comblnes with a lower power

tl;: 5"to";:f--produce the sixteen

signal ftirthj_e_r" scaled to

constellat:L n"-p01nts with real and 1mag1nary parts each

-_"';';"onal coupler 209. For the constellation

_gi:g‘est magnitude (1. 5 ¥1.537) the output

the directional 'icoup ler are thus

corresponding to. a '-}Epeak power level of

. This is equal to the sum of the

leing arrangement is
output level. Other

ampllfler powers. Therefore, the

100% efflc ent at the peak powe

distributiorif_s:-_;of the overall scallng of % between the

'Ti-.fficant bits and that

s:.gnal mo! ulated with the most s'
) be used, other than



WO 97148219 PCT/US97/08318

10

15

20

25

30

allocating _355 to the power amplifier differences and

5% to thei:elative coupling. However, the preferred

arrangement gives the maximum efficiency at peak power
output pointéﬁ The 16 QAM constellation points, which are
illustrated in FIG. 3(e), are thus faithfully reproduced
despite thei;use of constant envelope (non-linear)
amplifiers 203, 207.

In thefjinventive transmitter shown in FIG. 2,
smoothing ofbﬁransitions between constellation points is
accomplished‘ﬁithin the first and second QPSK modulators
201, 205 elther by smoothing I or Q transitions (so called
linear fllterlng) or by smoothing phase transitions from
one point to another. Linear filtering causes the signal
to deviate from constant amplitude between constellation
points, and the non-linear, constant envelope amplifiers
203, 207 w1ll .distort these amplitude variations.
Nevertheless, if the vectors arrive at their exact values
at a proper sampllng time, the constellation points will
be reached exactly. The distortion between times gives
rise to speftral energy broadening into neighboring
channels. N;“ertheless, the spectral containment of the
transm1551oh.uslng the inventive 16 QAM transmitter can be
better than the spectral contalnment of other, prior art
modulations-eultable for use with constant envelope power
amplifiers. ‘Distortion in power amplifiers may also be
reduced by use of well-known prior art predistortion
techniquee such as described in U.S. Patent No. 5,191,597
to Ekelund ‘et al., which is hereby incorporated by
reference. :1In Ekelund et al., a method is shown for
compensatinq;ﬁforf non-linearities in an end amplifier
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having a-given-transfer function Hp, H, (for amplitude and
phase, respectlvely) and included in a radio transmitter
of quadrature type for linear, digital modulation, and in
which table lock-up units (ST, CT) store the digital sine
and c051nei“vélues {(I(t,az), Q{t,a)) of the quadrature
' signal vector «a.
Accordlngf:to the method of wvalues of the transfer

functions’ ﬁ “H, for the quadrature modulated radio signals

r(t,a) are ‘calculated by addressing memory units which
' mber of values of Hy and H,. The sine and cosine

and by the
values i

radius equal to J- . Using QPSK however, transition to

trically opposite point can be required, and
neither ,_clockw1se nor a counterclockwise rotation
through ° 180 degrees around a constant radius circle
f pectral containment compared to a
transxtlon through the orlgln, which is a non-constant

provides gooh

amplitude - tra_51tlon that may not be handled
satlsfactorlly hy the constant envelope amplifiers 203,
207.

Accprrin to a further aspect of the invention, a new

modulatié ‘led Offset OAM is provided in which the
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diametric transitions of the constituent QPSK signals are
prevented by changing real and imaginary parts at
alternate time intervals instead of at the same time.
This modulation in its most general form does not have the

property that a data symbol corresponds to one of a number

of constellation points on a grid, but rather has the
property that half of the underlying data bits are encoded
in the real values of a complex signal attained at, say,
odd intervals of a data clock and the other half are
encoded in the imaginary values of the complex signal
attained at, in this example, even intervals of the clock.
Of course, the designation of alternate clock intervals as
the "odd" or the "even" intervals is arbitrary, and not
meant to be limiting. Continuing, however, with our first
example, data is decoded or demodulated by sampling the
real part of the signal at odd intervals, at which times
the imaginary parts are between imaginary values or
otherwise indeterminate, and by sampling the imaginary
part at even intervals of time when the real part is
indeterminate. No grid of constellation points thus
exists, but rather a set of imaginary or horizontal
"stripes" at even times and a set of real or vertical
stripes at odd times.

Offset QPSK has transitions only between, for
example, 1+j and 1-j (i.e., through 90 degrees), and never
diametric transitions through 180 degrees, such as from
1+j to -1-j. Thus all transitions can be constrained to
trajectories around constant radius circles. This
constraint yields constant envelope signals that can be
amplified by class~-C power amplifiers having high
efficiency. The spectral containment of the resultant
Offset 16QAM signal is thus improved compared to prior art
16QAM modulations using non-linear amplifiers.

An embodiment of a transmitter 400 employing Offset
16QAM will now be described with respect to FIG. 4. 1In
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this embodiment, a  first Offsef
receives two' mformatlon bits, BoB,,

PSK wmodulator 401
.nd modulates these

onto a carrler wave in accordanhce’
techniques? escrlbed above. That is
By, is encoded by changlng a rea

‘'with the inventive
ne of the bits, say
part (I or cosine

' between the: values +1Tf'

component _ 1f1 at odd intervals
of a data'clvck accordlng to the. value of the information
bit By, and the'other b1t (B, in thlsfexample) is encoded
by changl'g n_ 1mag1nary' part (Q- 'or sine component)
between- thi alues +j-and -j at even tervals of the data
clock accordan“to the value of th information bit B,.

_ _1comb1ned within the
ulator 401 and theﬁresultlng signal is
nstant envelope ampllfier 403. Since all
hls 51gna1 are constralned to trajectories
around constant radlus circles, thereby yielding constant
envelope'51 nals; these can be faithfully anplified by the
constant.envelope amplifler 403,.wh1ch may be a class-C
| "r hav1ng high effxclency. The I and Q

Offset QPSK.
supplied t a
transxtlon_:

power ampl

:1second Offset QPSK modulator 405.
jm the: second Offset QPSK modulator

ampllfler”407 wh_chifalthfully ampllfles that signal to a
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power level that is half that of the first constant-
envelope amplifier 403, so that the amplitudes of the I

and Q components will be e times that which are

V2

produced by the first constant-envelope amplifier 403.
The amplified I and Q components that appear at the output
of the second constant-envelope amplifier 407 are
illustrated in FIG. 5(d). The amplified vertical stripes
that appear during odd clock intervals are illustrated in
FIG. 5(e), and the amplified horizontal stripes that
appear at the output of the second constant-envelope
amplifier 407 during even clock intervals are illustrated
in FIG. 5(f).

The outputs of the first and second constant-envelope
amplifiers 403, 407 are then supplied to respective inputs
of means for summing these signals, such as the
directional coupler 409 shown in FIG. 4. The directional
coupler 409 further scales the lower power signal from the
second constant-envelope amplifier 407 by an amount that

is -5% relative to the voltage scaling of the higher

power signal from the first constant-envelope amplifier
403. Technigues for achieving this relative scaling in a
directional coupler were described above with respect to
the embodiment of FIG. 2. The further scaled signal is
then added to the higher power signal.

The further relative scaling of -5% of the lower

power signal relative to the higher power signal, combined
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with its ai#eady j% signal level relative to the higher

power sigﬁé;, combines to produce a signal of relative
level e

X1

thatiéf the higher power signal. Thus the higher

power.sigﬁél combines with a lower power signal further
scaled to *12*-7 to produce the vertical (real) stripes
of FIG. Sig) during odd clock times, and the horizontal

(imaginar&ilstripes of FIG. 5(h) during even clock times.
The verti?gl stripes may assume any one of the four values

- +1.5, 10;55 which are further reduced by the overall

scaling qf{{d-% produced by the directional coupler 409.

Sxmllarly, the horizontal stripes may assume any one of
the four values +1.5j, *0.5j) further reduced by the

ﬁ.;]

overall'féhaling of produced by the directional

coupler_459. By sampling the signal at an odd clock time
and alsq¥at its corresponding even clock time, one of
sixteen different values may be determined.

In another aspect of the invention, the principles
outlined : above may be extended to higher order QaM
constellatlons having, for example, 64 or 256 points by
the addltlon of a third or fourth constant envelope power
ampllfler w1th suitable power scaling and scaled addition
using output_couplers such that each contributes part of
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‘the output constellation in the bln ry voltage ratios

1:1/2: 1/4...x, and so on. Such varlat ns are considered
to lie withih:the scope and ‘spirit o
described by the attached claims.

his invention as

WA fill

5 It is well known in the art’ thatg_ffset QPSK, having
transitions of no more than 90 degr; in phase angle,
lends 1tself£more readily to be spect: ly contained when
the vector;:trajectory is constrained to follow a
constant—envelope circle by smoothln'_'the changes in

10 angle. The retefof change of phase ang: ' is by definition
the instanteﬁ;cue deviation of the freguency of the signal
from its nqﬁinél center frequency. If . the phase angle
changes fram{che data bit period to the next take place at
a constant rate, ‘i.e. by rotating the: ese_angle through

15 $90 degrees: ‘over one bit intervalyg the equivalent
frequency change is one guarter of a cycle per bit period,
or Bf4 Hz, where B is the bitrate. cchstant-rate phase
changes of thls kind give rise to é”form of constant
envelope OQPSK .called Minimum Shift Key”ng (MSK) .

20 In MSK,5angle changes occur at a- constant smooth
rate, but thelr derivative, 1nstantaneous frequency,
changes in an; brupt fashion as the dlrectlon of the phase
change alters from a clockwise to __';counterclockw1se
rotation. Th hthe angle is a contl :us function, its

25 derivative (fhequency) is also a cont cus function (but
having abrupt steps), however the. derlvaﬁlve of frequency
has 1nf1n1te dlscontinultles (dlrec unctions) at the
_abrupt step p01nts.

The rate at ‘which the spectrum fa

30 wanted slgnal ‘bandwidth is 6N st;pe tave, where N is
the order qf the lowest qrder.hd' Hvetlve to contain
discontinuities, thus becauseﬁth 8 nd“derlvative of the
phase angle.contalns dlscontlnu ie ‘p the case of MSK,
the spectrum falls off out-of-band at 12dB per octave.

35 By further-fllterlng the frequency waveform so that

This Sheet Has Been
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the abrupt steps are replaced by smooth changes in
frequency, the discontinuities may be displaced from the
second derivative of phase to ever higher orders, thus
causing the spectrum to fall off faster. There is a limit
to the spectral containment however whenever constant
envelope modulation is used, as the actual components of
the transmitted signal are proportional to the Sine and
Cosine of the phase, which are non-linear functions. It is
found empirically that under these conditions, a
Gaussian-shaped low-pass filtering of the frequency
waveform produces the best spectral containment
achievable; this variant of MSK is known as
Gaussian-filtered Minimum Shift Keying (GMSK) and is used
in the European Digital Cellular system known as the
Global System for Mobile communication (GSM). GMSK is in
fact a family of modulations described by the parameter
BT, the product of the Gaussian filter’s -34dB bandwidth
and the information bit duration (bit period), T. Smaller
values of BT provide tighter spectral containment at the
expense of the signal not gquite reaching the nominal
constellation péints before it starts on a new trajectory
for the next bit period, a phenomenon known as "partial
response", which makes the signal more difficult to decode
efficiently. The compromise between spectral containment
and the partial response phenomenon is left to the
designers of any particular systen.

Other frequency-waveform filters such as Nyquist
filters may be used, that guarantee that the signal (at
least as transmitted if not as received) passes exactly
through the nominal constellation points, i.e. it does not
exhibit the partial response effect.

Whenever a transition between constellation points
has been smoothed by filtering, the shape of the
transition (the trajectory) depends not just on the start
and end points (the current data bit) but also on-previous



[ T¥HiS SHEET HAS BEEN
I REPLACED

WO 97/48219 o - - PCT/US97/08318

10

15

20

25

30

35

16

and future data bits. The number of consecutive data bits
on which the shape of the trajectory depends is equal to
the impulse response length of the filter. If this is a
finite number of data bit periods L, as when a Finite
Impulse Response (FIR) filter is used, then a finite
number two-to-~the-power L of different trajectory shapes
is produced, corresponding to all possible patterns of L
binary bits. These waveforms may be precomputed and stored
in a look-up table as a series of waveform samples, and
recalled based on an address formed using L consecutive
data bits. Recalled samples may be digital-to-analog (D/A)}
converted to generate analog, I,Q modulating waveforms.
The D/A convertors may also be eliminated by storing
precomputed bit sequences of Delta-Sigma modulation
representations of the waveforms, as described in U.S.
patent application No. 08/305,702 which is hereby
incorporated herein by reference.

It has been explained above how a certain group of
modulations comprising at least OQPSK, MSK and GMSK are
closely related to each other and represent data by
essentially the same constellation points, differing only
in the shape of the transitions between constellation
points. Any of these modulations may be used in the
current invention to encode pairs of data bits, signals
encoded with different pairs of data bits then being
scaled and added to form the inventive Offset-QAM signal.

The invention has been described with reference to a
particular embodiment. However, it will be readily
apparent to those skilled in the art that it is possible
to embody the invention in specific forms other than those
of the preferred embodiment described above. This may be
done without departing from the spirit of the invention.
The preferred embodiment is merely illustrative and should
not be considered restrictive in any way. The scope of
the invention is given by the appended claims, rather than

This Sheet Has Been Rerlace
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the preced‘i?ig description, and all variations and
equivalents which fall within the range of the claims are
intended to:'be embraced therein.

This Sheet Has Been Reﬁaced .
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CLAIMS:

1. A transmitter for generating Quadrature Amplitude
Modulated signals from data bits, the transmitter
comprising: -

first Qﬁadrature Phase Shift Keying (QPSK) means for
encoding a first pair of the data bits into one of four
carrier sigr_i'a'l phases, thereby producing a first QPSK
signal; ; .

second . QPSK means for encodlng a second pair of the
data bits 1n;o one of four carrier signal phases, thereby
producing ai%gcond QPSK signal;

a firs;@ﬁower amplifier for amplifying the first QPSK
signal to 'é;:first power level and supplying a first
amplified -éignal at an output of the first power
amplifier; B

a secongkpower amplifier for amplifying the second
QPSK signal ﬁb'a second power level and supplying a second
amplified signal at an output of the second power
amplifier; and

combiniﬁé means for combining the first and second
amplified signals to produce a signal in which four data
bits are encoded.

2. The transmltter of claim 1, further comprising means
for smoothlng a tran51tlon of the first and second QPSK
signals from one phase encoded value to another phase
encoded value.

3. The transmltter of claim 2, wherein the smoothing
means comprlses one or more low pass filters.

4. The tranSmit@gr'of claim 2, wherein the smoothing
means comprises means for using precomputed, digitized
waveforms stqud in a look-up table.

This Sheet Has Been Repl
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5. The trahsmitter of claim 4, wherein the look-up table
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heolds precempﬁted waveforms that are precompensated for
distortion in the first and second power amplifiers,
whereby the output of the first and second power
amplifiers contains reduced distortion.

6. The transmitter of claim 1, wherein each of the first
and second power amplifiers is a class-C amplifier.

7. The trensmitter of claim 1, wherein each of the first
and second power amplifiers is a class-B amplifier.

8. An apparatus for encoding groups of data bits into a
complex sighél for transmission, the apparatus comprising:

meansf:pr'encoding a first sub—greup of the data bits
into a realﬁpart of a complex signal at an odd instant of
a clock; and,

means for encoding a second sub-group of the data
bits into an-imaginary part of the complex signal at an
even instant of the clock.

9. The apparatus of claim 8, wherein:

the meenS'for encoding the first sub-group comprises
means for choosing one of a number of predetermined signal
values accogdiﬁg to bit polarities of the first sub-group
of the data bits; and |

the meéns'ﬁor encoding the second sub-group comprises
means for Ehboéing one of the number of predetermined
signal values accordlng to bit polarltles of the second
sub-group of the data bits.

10. The apparatus of claim 9, whereln the predetermined
signal values are equispaced w1th respect to one another.

11. Aan apperapgs for encoding a group of data bits into
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a complex;:signal for transmission, the apparatus
comprising:?;

means for encoding a first pair of data bits into a
first Offset;'uadrature Phase Shift Keying (OQPSK) signal;

means for encoding a second pair of data bits into a
second OQPSK s;gnal,

a flrst power amplifier for amplifying the first
0QPSK signay;to a first power level;

a secoﬁé powel "amplifier for amplifying the second
OQPSK SLgnal to a second power level; and

comblnlng means for combining outputs of the first
and second power amplifiers to produce a conmplex vector
modulated siéaal in which four data bits are encoded.

12. The apparatus of claim 11, further comprising
smoothlng means for smoothing transitions of the first and
second OQPSK_sxgnals from one encoded signal value to
another enceded signal value, whereby spectral containment
of the complex vector modulated signal is obtained.

13. The apparatus of claim 12, wherein the smoothing
means comprisés at least one low pass filter for smoothing
transitions;éf the first and second OQPSK signals from one
encoded sigﬁél-value to another encoded signal value.

14, The apparatus of clalm 12, wherein the swmoothing
means comprises means for using precomputed, stored
digitized tran51tlon waveforms to smooth transitions of
the first and; econd OQPSK signals from one encoded signal
value to another encoded s1gnal value.

15. The apparatus of c1a1m .14, wherein the stored
digitized tran31tlon waveforms are precompensated for
distortion 1n the first and second power amplifiers such
that ampllfled signals supplied by the first and second
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power amplifiers contain substantially reduced distortion.

16. The apparatus of claim 12, wherein transitions of the
stored digitized transition waveforms follow a constant
amplitude trajectory.

17. The apparatus of claim 16, wherein the constant
amplitude trajectory is formed using Gaussian Minimum
shift Keying modulation. .__.,./

18. The apparatus of claim 11, wherein the first and
second power amplifiers are constant envelope power
amplifiers.

19. The apparatus of claim 11, wherein the first and
second power amplifiers are operated at output saturation.

20. The apparatus of claim 11, wherein the first and
second power amplifiers are class-C amplifiers.

21. The apparatus of claim 11, wherein the first and
second power amplifiers are class-B amplifiers.

22. A method for g¢generating Quadrature 2amplitude
Modulated signals from data bits, the method comprising:

‘utilizing Quadrature Phase Shift Keying (QPSK) to
encode a first pair of the data___-bits into one of four
carrier signal phases, thereby producing a first QPSK
signal;

utilizing QPSK to encode a second pair of the data
bits into one of four carrier. 51gnal phases, thereby
producing a second QPSK s:.gnal, __':_

generating a first ampl:.fled,s.lgnal by amplifying the
first QPSK signal to a first power level;

generating a second amplified signal by amplifying
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the second QPSK signal to a second power level; and
combining the first and second amplified signals to
produce a signal in which four data bits are encoded.

23. The method of claim 22, further comprising the step
of smoothinq_a transition of the first and second QPSK
signals from:.one phase encoded value to another phase
encoded value.
= f

24. The trahsmitter of claim 23, wherein the ste9 of
smoothing comprlses the step of using one or more low pass
filters to smooth the transition of the first and second
QPSK 51gnals from one phase encoded value to another phase
encoded va lue .

25. The method of claim 23, wherein the step of smoothing
comprises the step of using precomputed, digitized
waveforms stored in a 1look~-up table to smooth the
transition offthe first and second QPSK signals from one
phase encodedealue to another phase encoded value.

26. The method of claim 25, wherein the look-up table
holds precomputed waveforms that are precompensated to
reduce dlstortlon that occurs in the steps of generating
the first and second amplified signals.

27. The method of claim 22, wherein:

the steﬁﬁof generating the first amplified signal
conprises the step of using a first class-C amplifier to
amplify the flrst QPSK signal to the first power level;
and _

the step of generatlng the second amplified signal
comprises the’ step of u51ng a second class-C amplifier to
amplify the second QPSK signal to the second power level.
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28. The method of claim 22, wherein:

the step of generating the first amplified signal
comprises the step of using a first class-B amplifier to
amplify the first QPSK signal to the first power level;
and

the step of generating the second amplified signal
comprises the step of using a second class-B amplifier to
amplify the second QPSK signal to the second power level.

29. A method of encoding dgroups of data bits into a
complex signal for transmission comprising the steps of:

encoding a first sub-group of the data bits into a
real part of a complex signal at an odd instant of a
clock; and

encoding a second sub-group of the data bits into an
imaginary part of the complex signal at an even instant of
the clock.

30. The method of claim 29, wherein:

the step of encoding the first sub-group comprises
choosing one of a number of predetermined signal values
according to bit polarities of the first sub-group of the
data bits; and

the step of encoding the second sub-group comprises
choosing one of the number of predetermined signal values
according to bit polarities of the second sub-group of the
data bits.

31. The method of claim 30, wherein the predetermined
signal values are equispaced with respect to one another.

32. A method of encoding a group of data bits into a

conplex signal for transmission compiising the steps of:
encoding a first paif of data bits into a first

Offset Quadrature Phase Shift Keying (OQPSK) signal;
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encodiﬁg a second pair of data bits into a second
OQPSK signal;

amplifging the first OQPSK signal to a first power
level using‘é first power amplifier;

ampllfying the second OQPSK signal to a second power
level using. a second power amplifier; and

comblqipg outputs of the first and second power
amplifiers t§;produce a complex vector modulated signal in
which four data bits are encoded.

33. The met@bd of claim 32, further comprising the step
of smoothiﬂ@itransitions of the first and second OQPSK
signals froﬁ{one encoded signal value to another encoded
signal valné£ whereby spectral containment of the complex
véctor modul%ted signal is obtained.

34. The metﬁod of claim 33, wherein the step of smoothing
comprises usfﬁg a low pass filter to smooth transitions of
the first and second OQPSK signals from one encoded signal
value to another encoded signal value.

35. The metﬁbd of claim 33, wherein the step of smoothing
comprises _u%ing precomputed and stored digitized
transition ﬁéveforms to smooth transitions of the first
and second OQ?SK signals from one encoded signal value to
another encdahd signal value.

36. The methpd of claim 35, wherein the stored digitized
transition wéyeforms are precompensated for distortion in
the first an@fsecond pover amplifiers such that amplified
signals supéiied:by the first and second power amplifiers
contain subééﬁntially reduced distortion.

37. The meﬁﬁpd of claim 33, wherein transitions of the
stored digitihedjtransition wvaveforms follow a constant
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amplitude trajectory.

38. The method of claim 37, wherein the constant
amplitude trajectory is formed using Gaussian Minimum
shift Keying modulation.

39. The method of claim 32, wherein the first and second
power amplifiers are constant envelope power amplifiers.

40. The method of claim 32, wherein the first and second
power amplifiers are operated at output saturation.

41. The method of claim 32, wherein the first and second
power amplifiers are class-C amplifiers.

42. The method of claim 32, wherein the first and second
power amplifiers are class-B amplifiers.
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