1 TRANSM TTER FOR QAM ENCODED DATA BACKGROUND The
present invention relates to the transm ssion of
digital information over channels of limted
bandwi dt h, such as radi o channels of telephone |ines.
The digital information can, for exanple, conprise
digitally coded voice. it is known that Quadrature
Anpl i tude Modul ation (QAM conprises encoding. data
bits into conplex vector signals in which the rea
and imagi nary parts can each; take on one of a
multiplicity of levels. For exanple, in 16QAMthe

real part and {RENSMEBEEDRGY QAR ENCGHEDRSER, t ake on one
of the four equispaced values 3, 1, -1 or -3. The 4x4

possi bl e points that arise are called the
const ell ati on, and are shewsromb! G 1(a) Modul ati on
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hkansipdO88ble points that arise are called the
constellation, and are shown in FIG. 1(a). Modulation in
accordance with this technigue comprises mapping four-bit
data wvalues, designated B¢B;B;B;, onto the 16 distinct
complex signal values, as shown in the figure.

A prior art 16QAM transmitter for generating the
above-described constellation from the four-bit data
values is illustrated in FIG. 1(b). A first pair of bits,
BgB,, is supplied to a first 2-bit Digital to Analog (D/3)
convertor 101 in order to determine which of four values
the real part will attain. A second pair of bits, B,B,, is
supplied to a second 2-bit D/A convertor 103 in order to
determine which of four values the imaginary part will
attain. Each of the D/A convertors 101, 103 supplies its
ocoutput tec a correspondiﬁg one of two low-pass filters 105,
107. The function of the low-pass filters 108, 107 is to
contain the transmitted spectrum by smoothing transitions
~from one value to the next when any of the bits B¢B,B,B; are
changed. The low-pass filters 105, 107 are preferably
Nyguist filters, which have the property that, at regular
sampling times after a bit change, the filter output will




fromone value to the next when any of the bits
BBI B, B3 are changed. The low pass filters 105, 107
-are preferably Nyquist filters, which have the
property that, at regular sanpling tinmes after a bit
change, the filter output will 2 exactly attain the
val ue determned by the input bits BOB1B2B3. The
snoot hed real values 109 are applied to a cosine
nodul ator 113, while the snpothed inmagi nary val ues
111 are applied to a sine wave nodul ator 115. The
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16 constellation points are not observed in the output
signal vector 127. Equaliy, if the communications channel
including the low pass filters 105, 107 is not strictly.
Nyquist, intersymbol interference (ISI) will prevent the
desired constellation points from being observed.

Us-a-4 485 357 describes a method of producing a
signal that is continuously modulated in both amplitude
and phase, such as an analog SSB signal. The method of
this patent was described in a paper by Chireix, "“High
Power Outphasing Modulation, PRQOC. IRE, vol. 23, to. 11
(1935). This prior art method_involves coupling two eqguzl
power amplifiers together and driving them with signals
that differ in phase angle, by the arccosine of the ratio
of the desired amplitude to the peak amplitude. It does
not disclose techniques for digitally modulating bits.

Us-aA-4 737 968 disclases using a phase-locked loop to

filter the phase of a principally phase modulated signal.




(1935). This prior art nethod invol ves coupling two
equal power anplifiers together and driving themwth
signals that differ in phase angle, by the arccosine

of the ratio of the desired anplitude to the peak
anplitude. It does not disclose techniques for
digitally nodulating bits. US-A-4 737 968 di scl oses
using a phase-locked loop to filter the phase of a
principally phase nodul ated signal. 3 This filter
renoves any anplitude nodul agion that may originally
have been present. The phase-filtered signal 1is then
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four carrier signal phases, thereby producing a first
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Modulated signals are generated from data bits by using a

itude

first Quadrature Phase Shift Keying (Q2?SK) medulator for
encoding a first pair of the data bits into one of four
carrier signal phases, thereby producing a first OQPSK
signal. A second QPSK modulator encodes a second pair of
the data bits into one of four carrier signal phases,
thereby producing a second QPSK signal. The first QPSK
signal is amplified to a first power level, and the second
QPSK signal is amplified to a second power level. The
* first and second amplified signals ars then combined to
produce a signal in which four data pits are encoded.
According to a second aspect of tre invention, & new,
spectrally-efficient modulation is disclosed that 1is
termed Offset Quadrature Phase Shift Keying (OQPSK)
.modulation, in which data bits are encoded alternately
into levels of a cosine wave carrier and levels of a sine
wave carrier. In one embodiment, data rits are encoded by
encoding a first sub-group of the datz bits into a real

part of a complex signal at an odd instant of a clock, and




produce a signal in which four data bits are encoded.
According to a second aspect of the invention, a new,
spectral ly-efficient nodulation is disclosed that is
termed O fset Quadrature Phase Shift Keying (OQPSK)
nodul ation, in which data bits are encoded alternately
into |l evels of a cosine wave carrier and |levels of a
sine wave carrier. In one enbodinent, data bits are
encoded by encoding a first sub-group of the data
bits into a real part of a4conplex signal at an odd
instant of a clock, and 4 by encoding a second
bsuberodingf at hecdadasBbtrg-PHPo O&n thiemedf tiarkl raringt an
the .co al, at a fn et ¢haeknt of
%Jdgjl)éé‘?"l g’% EP%VI %H%f%[ﬁe% ibdgﬁéelf F%t %f e#é%\?il ng al l
t31egnallot:ﬂ<an3| OQRSK beddel zbher r redddes skpot fpenefit of

NP L S5 ey YRR ABRE EBThYScEhLERESnchnes Chilootn

er spec cont al when const ant
tﬂfﬁ/ﬁé@tp@rm\erararmidflcar@tam ugédlUAccéfll@lchgst«o ghereby
ird. aspect . of, e n, d?&’e‘%{g"é:% fant
Etlrrﬁa Yt & PEUER I's%c:l %@g@@%éf Qliadr atur e constan

mldw@mlmphrfmram nlgietd/»o or nore power
anplifi ers I hat O f s S or:
J{‘ ’f%‘]’ n%d t]pr oam£ gj gaeg?: I%f N@'ﬁe rg\@l@lon, an

si gn second pairs of bits of
m&ﬁs{we stymmtmlﬂ'ttmr fissdi QPBKS ¢dr EABKOSEseppRyadrature

' fied to ower, J evel, dethg
‘%ijKanE‘r‘li k/b é&é%ﬂngn\gﬁ i's anpl |l?8ed toogler
&%Dﬁﬂl@@y\ethheve&lpllfrineOffse;t Qﬁ@KseﬂﬁﬁdoanﬁMBﬁ gdlgnals
gnhal s _.are then conbi ned

8
SRR GAPRAAE 1 (9 Ar S ERRAAGE . - prd EFODESCH PN 2R
i &E. DRAWKNGSE Ther olgpset s (and Dw:K/am*’ag@@Séf tEh@nal is

Lavention w1l be undelst9udhy LaricAd Lhechdl betkndor
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The first and second amplified signals are then combined

to produce a signal in which four data bits are encoded.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects and advantages of the invention will be

understood by reading the following detailed description




in conjunction wwth the drawngs in which: FIG 1(a)
is agrid diagramof a constellation of conplex
signal val ues generated in accordance with a prior
art 16QAMtransmtter; FIG 1(b) is a diagramof a
prior art 16QAM transmtter; FIG 2 is a block
diagramof a transmtter in accordance with one
aspect of the invention; FIGS. 3(a) - 3(e) illustrate
signals and constellation points associated with
vari ous nodes of one enbodi nent of the inventive
transnmitter; FIG 4 is a bPock diagramof a
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FIGS. 5(a) - 5 (h) illustrate signals and
constellation points associated with various nodes of one

embodiment of the inventive Offset 16QAM transmitter.

DETAILED DESCRIPTION
‘ The various features of the invention will now be
described with respect to the figures, in which like parts
are identified with the same reference characters.

FIG. 2 is a block diagram of a transmitter 200 in
accordance with one aspect of the invention. One
advantage of the transmitter 200 is its capability of
reproducihg'the 16QAM constellation points even if non-
linear amplifiers are employed.

In a preferred embodiment, a first Quadrature Phase
shift Keying (QPSK) modulator 201 receives two information
bits, B,B,, and modulates these onto a carrier wave in
accordance with well-known technigques. That is, the QPSK
constellation encodes two bits into one of the four vector
values 1 *3j by changing a real part (I or cosine
conponent) between the values +1 and -1 according to a

first information bit and an imaginary part (Q or sine




values 1 j by changing a real part (I or cosine
conponent) between the values +1 and -1 according to a
first information bit and an imagi nary part (Q or sine
6 conponent) between the values + and -j according
to a second information bit. Since all four vectors
that can be produced are of the sane anplitude (i.e
v=1.414 ), the output signal fromthe first QPSK
nodul ator 201 can be faithfully anplified by a

. constant envel ope power anplifier 203. The constant
envelope power anplifier 2 as well as others
e oyed when act|C|n t he i nyention, my
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The two remaining information bits, B,B;, are encoded
into another QPSK constellation by means of a second QPSK
modulator 205. The output signal from the second QPSK
modulator 205 is then supplied to 'a second constant-
envelope amplifier 207 which faithfully amplifies that
signal to a power level that is half that of the first
- constant-envelope amplifier 203, so that the amplitudes of

the I and Q components will be L times that which are
: 2

produced by the first constant-~envelope -amplifier 203.
The amplified I and Q components that appear at the output
of the second constant-envelope amplifier 207 are
illustrated in FIG. 3(c). The constellation points
generated at the output of the second constant-envelope

amplifier 207 are thus described by ijfj . and shown in
2

FIG. 3(d).

The outputs of the first and second constant-envelope




amplifier 207 are thus described by t1j , and shown in

2 FIG 3(d). The outputs of the first and second

constant-envelope 7 anplifiers 203, 207 are then

supplied to respective inputs of neans for summ ng

t hese signals, such as the directional coupler 209

shown in FIG 2. The directional coupler 209 further

scal es the | ower power signal fromthe second

const ant - envel ope anplifier 207 by an anmount that is

relative to the voltage scaling of the higher 2 power

signal fromthe first constart- envelope amplifier

203.. The further scaled signal is then added to the
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signal level relative to the higher 2 8

power signal from the first constant-envelope amplifier
203. The further scaled signal is then added to the
higher power signal. Such scalings that can be achieved
using passive, lossless conmbining networks such as the

directional coupler 209 are limited to the values

described by k and y1-k% .

To achieve a relative scaling of L , the coupling
N
factor k for the lower power signal should be L and

then the coupling factor for the higher power signal is:

57 - N - Y )
\fl—k4{13ETj

The further relative scaling of 1 of ‘the lower

power signal relative to the higher power signal, combined

with its already jé signal level relative to the higher
2




power signal, conbines to produce a signal of relative
| evel 2 that of the higher power . signal. Thus the
hi gher power signal of 1 j conbines with a | ower power
signal further scaled to 'j to produce the sixteen
constellation points with real and imaginary parts
each taking on one of the four values 1.5, 0.5 that
are then further reduced by the overall scaling of 3
produced by the directional coupler 209. For the
constellation points of |argest magnitude (+1.5
-+1.5j) the output values §romthe directiona
coupler are thus (: 2 + 2j) , corresponding to a peak
peover sievall  ofconpaies L@\ predgce Phisignalequél redathse
sun1ofe£2e anplifier powers. Therefore, the coupling
ng Nt Ha$ O ef IHiG e po
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scaling of 1 between the signal nodulated with the
.. most significant bits and that of the |east
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arrangement gives the maxi mufn ef ficiency at peak power
out put points. The 16 QAM constell ati on points, which
are [llustrated n FI, 3(e), are thus, faithfully
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transmtter shown in FIG 2, snoothing of transitions
bet ween constellation points is acconplis wi t hin
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by smoothing I or Qtransitions (so called

by the directional coupler 209. For the constellation

points of largest magnitude (¥1.5 $1.53) the output

values from the directional coupler are thus

(x %;«'%j) , corresponding to a peak power level of
2 2

( %} +( %} =3 . This is equal to the sum of the

amplifier powers. Therefore, the coupling arrangement is

100% efficient at the peak power output level. Other

distributions of the overall scaling of % between the

signal modulated with the most significant bits and that
of the least significant bits could be used, other than




linear filtering) or by snoothing phase transitions
from one point to another. Linear filtering causes
the signal to deviate from constant anplitude between
constellation points, -and the non-linear, constant
envel ope anplifiers 203, 207 will distort these
anplitude variations. Nevertheless, if the vectors
arrive at their exact values at a proper sanpling
time, the constellation points will be reached
exactly. The distortion between tines gives rise to
spectral energy broadening 9nto nei ghboring channels.
Nevert hel ess, the spectral contai nment of the
transm ssion,using the inventive 16 QAMtransm tter
aldarcdisindet t fanthie PPt ranpbhies meffertnoepennd
prior art ul ations suitable for use with constant
envel ope power anplifiers. Distortion in power
anplifiers may also be reduced by use of well-known
p{lor aqﬁggrediﬁéortlon echni ques such as descri bed
'r‘/'g ehE1Rb1VS, FHYP 7‘g to ERERTr the PrefRrard
hereby i ncorporated by reference. In Ekelund et
, a method is shown for conpensating for
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ook-up units (ST, CT) store th i gital
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linear filtering) 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 will distort these amplitude wvariations.
Nevertheless, if the vectors arrive at their exact values

at a proper sampling time, the constellation points will

be reached exactly. The distortion between times gives
rise to spectral energy broadening into neighboring
channels. Nevertheless, the spectral containment of the

transmission using the inventive 16 QAM transmitter can be
better than the spectral containment of other, prior art
modulations suitable for use with constant envelope power
amplifiers. Distortion in power amplifiers may also be
reduced by use of well-known prior art predistortion
techniques such as described in U.S. Patent No. 5,191,597
to Ekelund et al., which is hereby incorporated by
reference. In Ekelund et al., a method is shown for

compensating for non-linearities in an end amplifier




formed. The thus cal cul ated values are nultiplied by
the stored digital values in the table |ook-up units
(ST, CT) and by the inverted value of HR As a
result, new nodified values i(t,a), g(t,a)) are
obtai ned for the quadrature conponents, which
conpensates for the non-linearities in the final
anplifier. It is also possible to snooth transitions
between constellation points in a constant anplitude
trajectory. For exanple, the transition between the
values I+ and 1-i in thet@QPSK constellation produced
by the constant envel ope anplifier 203 can be
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pather has, the property that half of the underiying. o
values i(t,«), g(t,e)} are obtained for the quadrature
components, which compensates for the non-linearities in
the final amplifier. '

It is also possible to smooth tran51t10ns between
constellation points in a constant amplltude trajectory.
For example, the transition between the values 1+j and 1-3
in the @QPSK constellation produced by the constant
envelope amplifier 203 can be achieved by a clockwise

movement through 90 degrees around a circle having a

radius equal to 2 . Using QPSK however, transition to

a diametrically opposite point can be reguired, and
neither a clockwise nor a counterclockwise rotation
through 180 degrees around a constaﬁt radius circle
provides good spectral containment compared to a
transition through the origin, which is a non-constant
amplitude transition that may not ke handled
satisfactorily by the constant envelope amplifiers 203,
207.

according to a further aspect of the invention, a new
modulation entitled Offset QAM is provided in which the




in the real values of a conplex signal attained at,
say, odd intervals of a data clock and the other half
are encoded in the imginary val ues of the conpl ex
signal attained at, in this exanple, even intervals
of the clock. O course, the designation of alternate
clock intervals as the "odd" or the "even" intervals
is arbitrary, and not neant to be limting.
Conti nui ng, however, with our first exanple, data is
decoded or denpdul ated by _sanpling the real part of
the signal at odd intervald, at which times the
imaginary parts are between imaginary val ues or
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cl ass-C power anplifiers having high efficiency. The
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exaprde, 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 wvalues 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. In




onto a carrier wave in accordance with the inventive
t echni ques descri bed above. That is, one of the bits,
say BO, is encoded by changing a real part (I or
cosi ne conponent) between the values +1 and -1 at odd
intervals of a data clock according to the val ue of
the information bit BO, and the other bit (B[ in this
exanpl e) is encoded by changing an imaginary part (Q
or sine conponent) between the values + and -j at
even intervals of *the data clock according to the
. value of the information b2t Bl. These real and
i magi nary parts are conbined within the offset QPSK
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envelope signals, these can be falthfully ampllfled by the
constant envelope amplifier 403, which may be a class-C
power amplifier having high efficiency. The I and Q
components that appear at the output of the. constant
envelope power amplifier 403 are illustrated in FIG. 5(a).
As explained above, this type of modulation does not yield
a constellation of point vectors, as in conventional QPSK
modulation. Instead, the real components attain values of
+1 at odd clock times when the imaginary components are
indeterminate as illustrated in FIG. 5(b), and the
imaginary components attain values of *j at even clack
times when the real components are indeterminate, as
illustrated in FIG. 5(c).

The two remaining information bits, B,B;, are encoded
into another Offset QPSK set of vertical and horizontal
stripes by means of a second Offset QPSK modulator 405.
The output signal from the second Offset QPSK modulator

405 is then supplied to a second constant-envelope

amplifier 407 which faithfully amplifies that signal to a




405 is then supplied to a second constant-envel ope
~anplifier 407 which faithfully anplifies that signa
to-a-13 power level that is half that of the first
const ant.-- envel ope anplifier 403, so that the
. anplitudes of the I and Q conponents will be tinmes
- thhat which are produced by the first
constant -envel ope anplifier 403. The anplified I and
Q conponents that appear at the output of the second
constant -envel ope anplifier 407 are illustrated in
FIG 5(d). The anplified Vvi¥tical stripes that appear
..during odd clock intervals are illustrated in FIG
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--'-eﬁoeﬁag,.lenggmgfgumtozof ddecsec opds C&g@f‘@&a&é‘vsko%e I

anpl i 07 during even clock Inte

illustrated in FIG,_ 5(f Thg -outputs of the first
andy QeLORPOREREant: %i e‘i)’%p npltifmesr sthag, wokchr are
‘then supplied to respective JZ%uts of neans for

sunm ng these signals, such as the directiona

he d I I
piBRbE, By S0/ irbe | Condrad i e SR yATERE 403
Thecampl thied ahtarshwe Ic@pv@oamﬂtusf that4dfpdyr at aimzurﬂutput
Ehatthel S g@c!cﬁ{d Vecéﬁsfgﬁtyg{‘&@ C%%ﬁﬂlé’{ ]I:he 4'6'7gh are

power signal _fromthe first constant-enve
léﬁ‘ﬁf—"‘FF pEed 2D3FIFech it huesTho ramri fisidn g’etrfhl&arlelsimms

tE&al apgeaﬁ aur dhé e64& BB CE OLRE &F v AEY r‘iae%ﬁr hhad-abaye n
Fi% pect t.0 hhe enbodi jent _of FIG 2. The, further
| e

|gn5 G Sthen AP ohPHéZHPEﬁEr Pemapes that:
appgaal .afThé&hfeur bheputelaf | thescabtagd ofcohgﬁaﬂdﬁaex{@_/mpe

aag 1PRUBL 3b9Nahr 1AL ALVYS éfo&@%r&e@r‘“\%lsp%ﬁef 3908 v ated

in FIG. 5(£).

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

7% relative to the voltage scaling of the higher

power signal from the first constant-envelope émplifier
403. Techniques 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 L1 of the lower
V2

power signal relative to the higher power signal, combined




14 with its already signal level relative to the

hi gher 2 power signal, conbines to produce a signa

of relative level 1 that of the higher power signal.

Thus the higher 2 power..signal conbines with a | ower

power signal. further scaled to 2 i to produce the

vertical (real) stripes of FIG 5(g) during odd cl ock.
tinmes, and the horizontal (imaginary) stripes of FIG

5(h) during even clock tines. The vertical stripes

may assume any one of the four values 1.5, 0.5 which

are further reduced by theldoverall scaling of 3

produced by the directional coupler 409. Sinmlarly,

the horizontal stiipes may assunme any one of the four
withl iles 4lBgadP. 5—f urtigmaly deveddrbyathwe boekhe|higher

scal i ng of produckd by the directional coupler 409.

By sanpling the signal at an odd clock tinme and al so
~at its, corresponding even clock tinme, ,one_of _sixteen
_poderf arismakal GesbiagspduREIGRed® FAIRAR IRy BepRELVe
1eRfeit he invention, the principles outlined above may

be extended to hi gher order QAM constell ations
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of FIG. 5(g) during odd clock times, and the horizontal
(imaginary) stripes of FIG. 5(h) during even clock times.
The vertical stripes may assume any one of the four values

+1.5, #0.5 which are further reduced by the overall

scaling of 4-% produced by the directional coupler 409.

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

overall scaling of J-% produced by the directional

coupler 409%. By sampling the signal at an odd clock time
and also 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 OQAM
constellations having, for example, 64 or 256 points by
the addition of a third or fourth constant envelope power
amplifier with suitable power scaling and scaled addition
using output couplers such that each contributes part of




It is well known in the art that Ofset QPSK, having
transitions of no nore than 90 degrees in phase angle,
lends itself nore readily to be spectrally contained
when the vector trajectory is constrained to follow a
~constant-envel ope circle by smoothing the changes in
angl e. The rate-of-change of phase angle is by
definition the instantaneous deviation of the
frequency of the signal fromits nom nal center
frequency. |If the phase andlse changes from one data
bit period to the next take.place at a constant rate,
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fRld s cpgrjre%ust - fydhand At 13dB pefnGlAave. the equivalent
frequency change is one quarter of a cycle per bit period,
or B/4 Hz, where B is the bitrate. Constant-rate phase
changes of this kind give rise to a form of constant
envelope OQPSK called Minimum'Shift Keying (MSK).

In MSK, angle changes occur at a constant smooth
rate, but their derivative, instantaneous frequency,
changes in an abrupt fashion as the direction of the phase
change alters from a clockwise to a counterclockwise
rotation. Thus the angle is & continuous function, 1ts
derivative (frequency) is also a continuous function (but
having abrupt steps), however the derivetive of frequency
has infinite discontinuities ({dirac functions) at the
abrupt step points.

The rate at which the spectrum falls off out of the
wanted signal bandwidth is 6N dBs per octave, where N 1s
the order of the lowest order derivative to contaln

discontinuities; thus because the second derivative of the




By further filtering the frequency waveform so that
the abrupt steps are replaced by snooth changes in
frequency, the discontinuities may be displaced from
the second derivative of phase to ever higher orders,
thus causing the spectrunmtéo fall off faster. There
isalimt to the spectral containnment however
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BT the product of the Gaussxan filter’s -3dB bandwidth

and the information bit duration (bit period), T. Smaller
values of BT provide tighter spectral containment at the
expense of the signal not quite reaching the nominal
constellation points 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 1is 1left to the
designers of any particular system.

Other frequency-waveform filters such as Nyguist
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




exhibit the partial response effect. \Wenever a
transition between constellation points has been
snoot hed 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
17 and future data. bits. The nunber of consecutive
data bits on which the shape of the trajectory
depends is equal to the inpulse response | ength of
the filter. If thisis a fimite nunber of data bit
periods L, as when a Finite |npulse Response (FIR)
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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. The preferred
- embodiment is merely 1llustrative and should not be

considered restrictive in any way.




scal ed and added to formthe inventive Ofset-QAM
signal. The invention has been described with
reference to a particular enbodi nent. However, it
will be readily apparent to those skilled in the art
~that it is possible to enbody the invention in
specific fornms other thangthose of the preferred
enbodi ment descri bed above. The preferred enbodi nent
is merely illustrative and shoul d not be considered
restrictive in any way. 18 dCains: 1. An apparatus
ci1fe@msencodi ng groups of data bits into a conplex
signal for transm ssion, the apparatus conprising:
1.Means {9Pdradls A05,end@H iR rdops emCodiihy ifFrspto a

"sup-group of the data bits (BO,,B2) | r J
cofg La? SR L Lf G as “gnoBad TesPaRe - or ig EPbeReing:
means (401, 40, 405, 407, 409) for encoding a second

subffaUp o0k het Yat4 bi t407B140BB) fpat enardiRggiendriy st
subAlgroudf dfhenconmtexpstanaboat pa) q¥eR Lnsiant ffrd he 4
cl ock. 2. The apparatus of claim1l, wherein: the neans
cofprl eencudingg. tate an psid doistgrdu £ corprddles anmtans for
choqsi of n er pr, t ' I I
valgggﬁgkggﬁéfnéafoHQFf ggﬁérﬁ??Zs%gglgﬁgQ?ﬁ%gﬁa second
subnigrgupupe t dhet detddratdHi (B3, abdl) thetorsansidfagyinary part

odi ng t-he seco sub-gr oup. _canpr. ses ns f.or
oS MERS MG SR BAOAR AR AT o d e
val ues according to bit polarities of the second

, sub-group of the data.bits. g. ,The apparatus of claim

25 T&}‘?elaé%pr?rtaﬁélsplogd&l@rlfﬁ ted 0§ *val ues are
equitsRaceans thrr eapeginfotnae faRitheib-gdoupy RIMAd ses
of encoding gtoups of data bits into a. conplex

megngn &0 rf GhOPP ARE PRI Vh & IHPIPST My (et dgtydnigyed signal

values according to bit polarities of the first sub-group
of the data bits; and

the means for encoding the second sub-group comprises
means for choosing one of the number of predetermined
signal values according to bit polarities of the second

sub-group of the data bits.

3. The apparatus of claim 2 , wherein the predetermined

signal values are equispaced with respect to one another.

4. A method of encoding groups of data bits into a-

‘complex signal for transmission comprising the steps of:

encoding (401, 403, 405, 407, 409) a first sub-group
of the data bits (B0, B2) into a real part of a complex
signal at an odd instant of a clock; and

encoding (401, 403, 405, 407, 409) a second sub—-group
of the data bits (Bl, B3) into an imaginary part of the

complex signal at an even instant of the clock.




encodi ng (401, 403, 405, 407, 409) a first sub-group
of the data bits (BO B2) into a real part of a
conpl ex signal at an odd instant of a clock; and
encodi ng (401, 403, 405, 407, 409) a second sub-group
of the data bits (Bl, 63 into an imaginary part of
the conplex signal at an even instant of the cl ock.
19 5 The nmethod of claim4 , wherein: the step of
engoding the fir subazgro r.i ses choosing one
5 ‘OPF%enﬂ%5%?go kp?%%%#e%ning eg?gﬁél val ues according
t ot het spepardft i @scaditdiethier stisih- gBuPrORP t REMPYAPES
bits; and t step of _encodi d 5 Qr ues
ChoRyhpri S8 o%s’i‘ﬁlﬁb%ﬁeogf %%‘%%ﬁ%@ﬁ% S?ggg?esﬁgned
accSi@DAk valbes petcoitiay o6 bhe folati sibsgepuphef the
second sub-group of the data bits. 6 . The nethod of
datg| BikS5 20Gherein the predeternined signal val ues are

- equhspaceg Wit koespeet e osecandt seb-group comprises
choosing one of the number of predetermined signal values
according to bit polarities of the second sub-group of the

data bits.

6 . The method of claim 5, wherein the predetermined

signal values are equispaced with respect to one another.



