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domain affects the average signal power. Thus, it is desirable to shape the
constellation in such a manner that the average signal power is minimized so as to

25 conserve the transmission power. The term "shape gain" refers to the decrease in the
average signal power by virtue of the shape of the constellation. It is specifically
defined as the relative reduction in the average signal power inherent in a signal
constellation having a certain shape with respect to a cube having the same volume
and dimensionality N as that constellation. Infact, a spherical signal constellation

30 provides the theoretically maximum or full shape gain for each dimensionality N.
Furthermore, the shape gain of a constellation can also be improved by increasing
the dimensionality of the constellation, as taught by C. E. Shannon in his classic
paper "Communication in the Presence of Noise," Proc. IRE , Vol. 37, Jan., 1949,
Pp. 10-21, which is hereby incorporated by reference. In fact, the shape gain of a

35 spherical constellation approaches 1.53 dB as the dimensionality N becomes infinity.
This shape gain is referred to as the "asymptotic shape gain."
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so di 99 d&ernnes and sagh Erggmgpsm@ signal pomt 1s addressed in terms of these
constituent 2-dimensional signal points. . Significantly, the constellation resulting
from using this technique provides a relauvely low PAR, but, nevertheless, an
undesuably small shape gain. = .
- Accordingly, it is desirable to have a techmque whxch not only prowdes
25 alowPARanda high shape gain, but can also efficiently address the signal points.
Summary of the Inventlon il
The present mvennon overcomes the pnor art hmnanons by d1v1dmg a
signal constellation i intoa plurahty of regions. Thls signal constellation contains
more signal points than normally needed for representing data to be transmitted. In
30 accordance with the i mvennon, the constellation is so divided that each one of the
. regions includes an equal number of signal points. The selecnon of the signal points
from these regions.is governed by a probability distribution so that signal points
within any region are selected equiprobably, and the probability of selecting any
signal point in one region: is different from that in another region. . .
35 Advantageously, by choosing the probability . msmbunon ina prescnbed
manner, the shape gain of the s:gnal constellation is substantially increased while the
PAR thereof is desirably decreased. More importantly, this shape gain can be made




regi ons includes an, equal nunber of signal points. The selection of the
stgnal points fromthese regions is governed by a probability distribution
so that signal points within any region are sel ected equi probably, and the
probability of selecting any signal ‘p0|3nt =in one region is different from
t hat in;another ‘region. 35 Advanm‘geously, by choosing the

pr obabi Llfty dlasclqsgmlhcnsymptanpsmrgmm by incressingahenuyaber of tegions.

si gnal const eI T-&Qéﬁ e S
desirably decr easegan'l\ygﬁgb%porta &Elﬁs'a&h %@&%ﬁﬁ%@%}%ﬁxﬂtﬂ‘éﬁeﬁﬂﬁs

as close to tadselpetingtignal 9ﬁk§§ﬁeﬁ'€;}§ >SgJegions wce‘%amc merngohabdxtnunber
of regions. | RyigABkddnQD givel fis@ R atfeslP SSlicniofor addre he sighhMpdhtd Whidhe

constellatign |nto regi ons selectin nal s fromthose regions
in accor dante IYQL¥es, %?@ng&ﬁ‘ls?° ?§‘L"‘?R kagﬁko‘ﬂ"ggiegl ves rise to an easy
schenme for ad@riefDegription of reDrgwingt s which 5 involves, for exanple, the

use of a sinple [ook-u rief Description of the Dravm ng. In the
drawing, FIG 1 is a bf lbg%%valasam of a data conmunications transmtter

enbodyi ng the princi pl EK:.dfisatdockdiagraimnf;a data communicationsfefa@smitter s one of
four identicalg; gﬁﬁ | ati ons constituting an

8- di nensi onal SI gng{ﬁ‘écongﬁﬁ(llqﬂaBpﬂ""1 ﬁhﬁjl S used to conmmunicate data in
accordancel@ith the i nbKht2 lénneaﬁ@un@nng iZsdimensiopal signal constedlationsyat a

comuni cat i ongoh&RMingein SMdirfithsiohaPsieRs dohiePitioas Whichss Géed!tb QomMitmitateon and
whi ch recei ves da.ta foo{amthe 1 transmtterofFI G 1. Detailed Description

FIG 1 il ust A3/ accordancewith the dnveguan, aad. o muni cati ons system Data
bits to be transmi ttedFE3.8 isaddockatiagramiof ardats ¢dramuditations rectisea whick ce 101
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into an 8- 20° nens anne or st gnal pornt, which is
sel ect ed fllémteanpmmepéﬂﬁmd 8- di mensi onal signal constellation in
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successi ve baubsitebe randmitted areredivéd By transmitter 10 from data source 101 and
collected in groups of twenty-eight. Each group is then trellis-coded into an 8-

20 dimensional (8D) channel symbol or signal point, which is selected from a
predetermined 8-dimensional signal constellation in accordance with the principles
of the present invention. Each 8-dimensional symbol is transmitted over
communications channel 15 as four 2-dimensional double-sideband-quadrature-
carrier (DSB-QC) pulses in the course of four successive baud intervals, each having

25 aduration T = 1/2742.8571 sec. Thus, the data bits are communicated at a rate of
T/4 = 685.7142 8-dimensional symbols per second, thereby yielding a data
transmission rate of 19.2 Kbps.

Specifically, scrambler 104 in transmitter 10 receives a stream of data
bits from data source 101 which may be, for example, a digital computer.

30 Scrambler 104, of conventional design, pseudo-randomizes the data bits to prevent
concentrations of energy across the spectrum of the DSB-QC signal ultimately to be
generated by modulatar 141. 8D symbol group synchronizer 106 assembies the
scrambled bits into twenty-eight-bit groups which are then applied to source
coder 111 at the aforementioned symbol rate of 685.7142 symbols/sec. (In the

35 general case, the group synchronizer assembles the scrambled bits into groups of
P9/2 bits, where p is the dimensionality of the coding technique and q is the number




25 a duration T = 1/2742.8571 sec. Thus, the data bits are comuni cated at
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ar r ang&neggngrally, the sxgnal pomts of the signal consteliation need to be pamnoned mto :
subsets. In fact, there are sixteen subsets in this embodiment. The bits
X4, X3, X3 and Y identify the particular subset from which the signal point is
ultimately selected by channel coder 132. As m_emioned hereinbefore, each 8-
dimensional channel symbol is transmitted over channel 15 as four 2-dimensional
25 DSB-QC pulses. In particular, the generation of the 2-dimensional DSB-.QC pulses is
carried out using a set of 2-dimensional (2D) signal constellations. Each of these o
2D constellations is used to identify a respective pair of pulse components which, in
turn, are represented by hpﬁﬁcular one of the 2-dimensional DSB-QC pulses. Since
there are four such pairs of pulse components in each 8-dimensional symbol, four
30 such 2D constellations are used. These four 2D constellations characterize the 8-
‘dimensional signal const'gllation used in-this e_rribofdiment and are commonly referred
to as constituent 2D constellations. (The four constituent 2D constellations need not
be all different from each other; indeed, they are id?enﬁc_al in this particular
illustrative embodiment.) _
35 _ Refer now to FIG. 2 as well as FIG. 1. FIG 2 shows one of the four
identical constituent 2D constellations, This 2D constellation includes a plurality of
2-dimensional signal points, each associated with a particular one of a number of
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2-di mensi onal signal points to a particular. partition follows the pattern -

AAAA CCCC ABAB CDCD

AABB CCDD ABBA CDDC

BBAA - DDCC BAAB DCCD

BBBB DDDD BABA DCDC
i 25 Each of the other fifteen subsets similarly contains 8-dimensional symbols
characterized by a respective set of sixteen combinations of the partitions.

The identification of a particular combination of four partitions
associated with the identified subset is performed by bit converter 122. In particular,
bit converter 122 processes bits X; through X3 Y; through Y3 X¢ and X4

30 wherein bits X;, X5, X3 and Y are the subset-identifying bits, as noted before.
The output word of bit converter 122 including bits Z;  Z,, --- and Zg determines
the particular combination of four 2-dimensional-signal-point partitions.

The manner in which a particular 2-dimensional signal point is
identified in a particular 2D signal constellation further involves a coding scheme.

35 This coding scheme is fully described hereinbelow. It suffices to know for now that
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shown. 15 Each of the aforenentioned sixteen subsets of the
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five-bit-word pair, region selector 124 generates a sixteen-bit region sequence
including first and second subwords. Each of the first and second subwords has eight
bits. The region sequence is indicative of the combination of 2D constellation
regions from which eight 2-dimensional signal points are selected for the upcoming

25 two symbol intervals. Specifically, the first subword of the region sequence, |
including bits Zg through Z 4, contains the region information for the ensemble of o
four 2-dimensional DSB-QC pulses to be transmitted for the current symbol interval,
and the second subward, whose bits are designated as bits Zg~ through Z,¢-,
contains the region information for the-'immediately succeeding symbol interval.

30 This being so, région selector 124 outputs the first subword during the current
symbol interval, and stores, in another buffer (not shown) for the time being, the
second subword which is to be outputted during the unmedlately succeedmg symbol
interval.

~ The fu_nction of idgntifying_ a particular 2-dim_cnsional signal point in
35 each constituent 2D constellation is achieved by channel coder 132. Each 2-
dimensional signal point, as shown in FIG. 2, is represented by two hexadecimal
digits or eight bits. Thus, it takes thirty-two bits to identify an ensemble of four 2-
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0 1 0 0 0 0 - 10 - This coding schene requires that each of -
ei ght successive 2-di nensional Si gﬁﬁl Points be selected fromone of the
regions- [err] and [err] -- of the respective constituent "2D constel | ation
in a prescribed manner. As shown in TABLE 2 these ei ght successi ve:
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Colum |11 ho Fg ?’u s$ ement i/?ce onlﬁ/ one ‘EOS | bl e conbi nation
of relf oﬁgm HER Pf 2 af éﬁ?@sf ted “Hﬂgt‘ SHREHRE Yt
[err]=( 0@@6&%@%5011111&[’%1 ed in colum IV, region seI ector 124, which

I ts th
ndi cative of thROSRPEBRARED, @&#ﬁﬁd@#ﬁ@%ﬁm@ﬁé@?B#Beé‘eﬁ#ﬁ%gﬁieof 2
regi on sefjoembinatiensifgegiohefromwhich thesrightsucdassive sighalpsintemaytbeshoul d be.

d Ly
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sequence 'S assig refo in a Tn class 2, any -

sevenldf eight sw,chmv poinisears refvired i indisatgd in calymnIbdo be selected | ect ed
from[er m'}onam thSlum@ TH sho@4 tlki this Eeqixir@meﬁﬁﬁélhs ohlyed@PossibR! di ng ei ght

pose! Dl e CORARk L PISigle GoURIRY SPEShhisS i b nehf wBORRRIR ,°0°0%%) S
0), regi ¢XgeXgetofos R4 oXypuXy Xor Xgp dhusqulé#c(ﬁ a Glﬂl()dhﬁ D\ﬂe())(alﬁ one of .
scees SRBBER UG P A ARl WD S it B 5L
t he sP@narhames, nﬂ@uwmm sequence indieative of that ope corabinatien withia clsgile 1.
St emm ng e @BiripBSitibh BF h eSkion! SeEncefis de_scnbed in further detail hereinbelow. It
should be noted at this point that for each different input sequcnce, a region sequence
is assigned thereto in a predetermined manner. In class 2, any seven of the eight
successive signal points are rcqun'ed to be selected from Q1 and the remaining one
25 from Q,, thereby yielding eight possible combinations of regions. Specifically, in
response to one of the eight input sequences of (000000000 1) through (0000 o
000 10 0), region selector 124 outputs a region sequence indicative of one of these
eight possible combinations of regions within class 2. Similarly, classes 3 through 12
are each realized based on particular selections of the signal points from
30 2, Q, and Q3 , as set forth in TABLE 1. Stemming from the limited number of
the input sequences which is 2101024, only ninety-seven region combinations are
needed for class 13 to arrive at the corresponding total of 1024 region combinations
in classes 1 through 13. These ninety-seven combinations are arbitrarily chosen
from the 420 possible region combinations each satisfying the requirement that four
35 of the eight successive signal points be selected from Q,, two from Q, and the
remaining two from Q3.




the input sequences.which is [err] = 1024, only ninety-seven region
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Similarly, regyon o s Ziys Zygs Zysr Zyar Zyst Zygr) =©100100100000000)
as shown in column III. Indeed, this binary sequence indicates that S; and S4 are
R, ’s since their respective bit-pairs (Zg Z 19 ) and ( Z,s5 Z,¢ ) are each equal to (0

25 1); S isanRj since (Z13 Zy4) is equal to (1 0); and the remaining signal points
are all Ry ’s since their respective bit-pairs are each equal to (0 0). Similarly, region
sequences within other classes are formed based on the same principles.

It can be shown that stemming from the use of the above-described

coding scheme, the present constellation achieves a shape gain of 0.58 dB. (Itcan

30 also be shown that this shape gain can be improved by increasing the number of
regions. In fact, it can virtually reach the asymptotic shape gain -- 1.53 dB -- when
the number of regions is chosen large enough.) A PAR of 2.77 is also achieved by
using the present coding scheme in conjunction with the constellation. This
combination of shape gain and PAR is superior relative to the combinations

35 achievable by prior art signaling schemes. This superiority is attributed to the
present inventive concept which broadly encompasses the division of a signal
constellation into a plurality of regions, each of which encloses an equal number of
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regions, 1mpfemented using a s1mple look-up table. - :
The aforementioned signal x(t) is corrupted in channel 15 by such

_1mpa1rmcnts as Gaussian noise, phase jitter, frequency offset and intersymbol .

25 interference. As shown i in FIG. 3, receiver 30 receives a signal x’(t) assocxated with
x(t). In a well known manner, this signal x’(t) is applied within recelver 30 to analog e
interface 307 which includes an antialiasing filter and automnatic gain control (AGC)
circuit. The resulting signal is then applied to A/D converter 309 which provides the
digital samples of its input. These dxgltal samples are apphed to bandpass

30 filter/phase splitter 314. ‘The latter generates a digital bandpass-filtered version of
the digital samples and the Hilbert transform of the same on cables 315 and 316,
respectively. These cables extend to the input of equahzerldemodulator 331. For
each baud interval, equahzer/demodulator 331 provides a pair of equalized baseband
outputs which respectwely represent the values of the in-phase and- quadrature-phase

35 components of the received 2-dimensional carrier pulse currently bemg processed.
Because, for example, the equalizer cannot perfectly compensate for all channel
impairments, the values are not, in general, whole integers. Therefore, it remains to
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function to they smwde&demsmwpdcuoa dﬁsni&ﬁe@&n&hg?on deconpertdrf3sd aefion
the set of fou 99“ s sttty 36 o Aeohfbomihl of s G, GRACON A 1 ©
conponent s asssixieanditsFivie of the seven deeonvened bits fiobobit feconvetter S54rarecapplicd
Yeéﬁrnfi;nﬂic‘é?? o depPrapitcr 362 it o Rifaling R Bbconetiid i o) AERBAUNCHIAFYY e
remai ni ng t3@ W%ﬂ?@@@%f% they @RIAP xsé@d@cm ?‘1335% Ks8l®e decoder
350 perforns t B@cdd@if 85; Pefforsihg the ihverse function to that provided by region selector 124
of FIG. 1, supplies five additional bits to descrambler 362. As a result,
descrambler 362 receives twenty-eight bits in total for it to descramble. The
descrambled bits are thereupon sent to data sink 371 which may be, for example, a
25 computer terminal.
.- The foregoing merely illustrates the principles of the invention. It will
e thus be appreciated that those skilled in the art will be able to devise numerous
arrangements which although not explicitly shown or described herein, embody the
principles of the invention and are within its spirit and scope.
30 For example, some variations of particular embodiments of the present
invention include selection of different, and a different number of, symbols,
including different in-phase and quadrature-phase component values, to carry data.
Moreover, the invention is applicable to virtually any type of constellation geometry,
including constellations which are other than rectilinear (e.g. circular), constellations
35 whose data symbols have more than two dimensions. In addition, the invention can.
be used equally well in block, convolutional or other types of coding applications as
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15 that provided by source coder 111 of FIG 1. To this end, the
thirty-one bits received by source decoder 350 are respectlvely dlstrlbuteds
anong bit deconverter 354, regiorr dddbder 359 and descrambler 362 in an
apportionnent of seven bits, eight bits and sixteen bits. 'Five of the seven

deconverted, bits . frombit de on ter, 3 are aj |ed cr | er. 362
SR € hewEl 38 b HPIORE YEEL of FpytlakpT it Bdinge for st iy

di f f er ent keyingletder 358 before they are applled to descranbler 362. ?ﬂéglon

decoder 359, perf n functi hat. _provi by region
sel ector 124 of Fc%\n}'fgdggdgﬂ F%Eosﬁii%l ﬁ gﬁad’et"f“["ﬂl gg ranmbl er 362.
As a res uhdvantkgss:amhﬁlbmvamges; u:wnll/&appmm ﬁom thb foregoingidiscussian, for it to

descranpl g aﬁﬁﬁ k #ﬁﬂ@ k 371 which
may be@ for exz’ %%@Lﬁ% e%é?tgr@u?vee?: %S{Iilg ﬁﬁ)?{n cé%&gégﬂ:rarglr)@l

i|lustrat &*pqldm@f spvrﬁeubglf-‘égseaf aserkon the seAuirsmentsiangdicharacigristisof alpqar eci at ed
that thosgpgiicatibgd in the art will be able to devise nunmerous arrangenents
whi ch al t hough not explicitly shown or described herein, enbody the
principles of the invention and are within its spirit and scope. 30

For exanple, sonme variations of particular enbodi nents of ‘the present

i nvention include selection of different, and a different nunber of,
synbol s, including different in-phase and quadrature-phase conponent
values, to carry data. Mdreover, the invention is applicable to virtually
any type of constellation geonetry, including constellations which are
other than rectilinear (e.g. circular), constellations 35 whose data
synbol s have nore than two di mensions. In addition, the invention can be

used equally well in block, convolutional or other types of coding A\
applications as - 14 - wel!l as with various types of nodul ation '

i ncludi ng, for exanple, QAM phase shift keying, etc. Each of the various

possi bl e approaches will have its own set of advantages and di sadvant ages,

as w |l be apparent fromthe foregoing discussion, 5 and the particular
enbodi rent of the invention used for a particular application should, of
course, be chosen based on the requirenents and characteristics of that
appl i cation.

O



- 15 - Clains; 1. Data transnmission apparatus co ng means \“%
m ng

sel ecting signal. points in a signal constellation i
data, said signal constellation includt nd® pturali trglm each
region having an identical number of signal points, csei ed"tl ng neans
carryinggout |5 - said selecting in accordance w th apredeterm ned signal
poi nt pro bGIﬁl!“F’cy distribution in which the sel ect i on of signal points

wi thin any one region j, SDﬁG‘tﬁhiersﬂbﬂ robability of selecting
any signal point in one re |on S ent f,romt nother regi on,

and means for transmtt‘?‘?‘?ﬁ SF 'é’i‘g?‘ &9&“’[&4%@@@'{%@9{‘&?@8" £ddal

]iLO thp0| nt sI (ijcilihﬁtprsaidLﬁgm cmiswll?.’udn %H&erglbgh plaralny;ff mgidnsgvxmd h
urther includes il S . i.ncomi n

data nto a et TAYinssH gFRR Btoferof sl RS, sl eetistiig pRaBCbirmpn A, "

sai d first shunked selécting in Bbeordmpe wdthuspredetetmined signdi ot prabapilizylet er mi ned
bset of d 4

subselof 5319 e BVAGh o S 1 G0 RSy bt BESSRL BNty

constel | ati on pepbable andﬂhetprqbabél#yuo(ﬁﬁdecunx wmr@bmn@pmemlenmﬁmnher ein

sai d i ncom ng ﬁgﬁﬁhhﬁnq,ﬂg@,gpggmnt fh trellis code. 25 6. The
apparatus of claiml erein said predetern ned probabi.l ribution is
designed so as to decréﬁ%"é‘sg" tBD%lGé’rg&é‘er "r"&tqféh"( déﬁ‘ﬁ)"‘#ncrease

a shape gaion apsimei ated with sai d signal constellation. 7. Apparatus for
transmtting a plurality of signal points in a signal 30 constel |l ati on,
each of said plurality of signal points representing i ncomng data, said
appar at us conpri sing rﬂaa’ﬁlmﬁwmaasfdfmlm lawh¢reinzgaic sglegfing swganslirther hi n sai d

condgel | ation, jf gg &%%r?ﬂﬁxrﬁﬁ&fbf‘ﬁ1t§ﬁs%ﬁ:h€&ﬁﬁ: Bla iptyper of
signal points, an neans srgnin urality o rob | St |c val ues
to said regi ongcondyum ewf lts iRgInEHFApRth Rambgr.

di fferent e of said probabi I istic vaI ues,

3. The apparatus of claim 2 wherein a predetermined subset of said
second number of bits determines said predetermined probability distribution.

4. The apparatus of claim 1 wherein said signal constellation is
o0  multidimensional.

5. The apparatus of claim 1 wherein said incoming data is encoded with
a trellis code. ' |

25 6. The apparatus of claim 1 wherein said predetermined probability
distribution is designed so as to decrease a peak-to-average-power ratio (PAR) and
increase a shape gain associated with said signal constellation.

!/'

7. Apparatus for transmitting a plurality of signal points in a signal
30  constellation, each of said plurality of signal pomts representing incoming data, said
apparatus comprising
means for defining a plurality of regions within said constellation, each -
one of said regions including an identical number of signal points, and
means for assigning a plurality of probabilistic values to said regions so
25 that each one of said regions is assigned a different one of said probabilistic values,



-16 - and for selecting signal points in an ' one of said
regions with a probability equat t 6t he prob m"ﬁmm&"ﬂsm gned to
that particular region. 8. The apparatus of * "Wai d appar at us
further includes 5 means for mapping a first nunber of bits- in'sai d

I ncom ng data into a second n er_of. second .

o at er tiRROxeicranE sERarRHind SR pificalat S, M8 FERF il ket

si gnal cmqaahblth&pmbablhsmaiuejassfgnsdmmhtpakﬁcﬂl&reftm appar at us of cI

wherein said incoming data is encoded with a trellis code. 11. The

apparatus of claim7 wherein said plurality of probabilistic 15 val ues

are so det er ni ne8. dhenpparaws ofickim 7miRreinsaidrappatatns furtherdpeludes n associ at ed

with sai si gnal
% %@drﬁ'?@xlm ﬁﬁﬁ%ﬁh&ﬁ%ﬁmu éfzbn %y'iHéBo g fi%nﬁayéie“cﬁh&'ﬁhxﬂﬂexa

const®el | at ] gn, poi nts, to comunicate
dat a, salebéﬁﬂﬁﬂﬂﬁeGS{“?BWE‘ 2l emgeggg 128 58, tr\'ﬁ“‘FP@&ns for selecting ones

of said signal points in said signal constel | ation for transm ssion, said

signal constell atyl includln Lity of .region th.each region
naving an  dent | SatBrRBERLS PP e 7w kueinsald sl SBRIBEPR S Teans car ryi ng
out sai d meltidohensipnah accordance with a predetern ned signal point
probfﬁlllty 25 distribution in which the selection of signal points

W th any one re ion is equally probabl e and t he probability of selecting
any signal poi nt 10n Topeppasgins af ¢leinai whsreinsaiflincaming dasars esreded withe gi on,
means fora gf1@9esad ti ng a signal representing the selected signal points,
and 30 means responsive to said signal for recovering said-
sel ected signal points. 13. The systemof claim 12 wherein said selecting

means further inaliudhe appamas bbclampmmemsixdr;ﬂﬁramyrﬂfq:rommmbs in saidyg
dat a Lnto aﬁeﬁ%?eo%uq%%ﬁ%d a%fto %e&%ase a5PAR an& ncreas ec%@ﬂaﬂ‘eugr?ﬁ? Elss 3 greater

t hant8ai d”
with said signal constellation.

12. A commumcanons system usmg a szgnal constellauon which
includes a plurality of s1gnal points, to communicate data, said communications
20  system comprising
means for selecting ones of sald signal pomts in sald sxgnal constellation
for transmission, said signal constellation including a plurality of regions with each '
region having an identical number of signal points, said selecting means carrying out
said selecting in accordance with a predetermined signal point probability
25  distribution in which the selection of signal points within any one region is equally
probable and the probability of selecting any si ignal pomt in one region is different R
from that in another region, : -/
means for transmmmg a sxgna.'l represennng the selected s1gna1 points,
and
20 means responsive to said signal for recovering said selected signal
points. '

. 13, The system of claim 12 whcrem said selecting means further mcludes
means for mapping a first number of bits in said data i into a second number of bits,
35  said second number being greater than said first number.



14.-"The system of claim 13 wherein a_prﬁieterm ned subset
nunber of bits determ nes said predeternined probabi I, l ﬁ ““ ﬂam 15.
The system of claim 12 wherein said signal constellat

mul ti di mensi onal . 16. The system of claim 12 wherein sa| d data | S encoded
with atyellis code. 10 17. The systemof claim 12 wherein said

predetet.;g_ned pr obabi | }4.yThe systempef qlaim 1%“’&&@“9#12@9@@ subsetofsaide a PAR
and increase as&ioadfumiberofSikQicteMniits bhidprédeidnihdl o H@E&t&:ﬁéﬁ&ﬁ 18. A

method for transmtting data, said nethod conprising the eps of 15
selecting signal points in a signal constellation in response to i ncom ng
data, said signal COﬂSIS%H‘k&ISy@l&mdiﬁdlaid't IDwheneln €aid sigial@onéteiftiongs Wi t h each
regi on haV| an |§ caI nunber of signal points, said selecting neans
carrying out ‘t!it e ﬂg i n accordance with a predeterm ned signal point
probabi ity d| strlbutlon in which the .sel ection of signal points within any
one region is equally gy y
signal point in one regl on Iﬁﬁﬁ{@eren{@}vgﬁépﬂ%&d@{gﬁ% erde‘?fetglggrr?ﬂgand
transmtting acedegnal representative of the sel ected signal points. 19. The
nmet hod of claim 18 wherein said selecting step further includes 25 the
step of mapping a firs nber of |ts I pcom.ng data into a second
nunber of Bi%s, said Wﬁ’ﬁﬁ’e‘? B{US ‘fﬂ&ﬁe‘ Hpigeq probab lF\‘E)ht)er

20. The net hoddifribuhion i déhgmd 56 aftoodepreased ewn akincrebsecd shape gaindssveiacedd
nunber of bits terdm ne 3@&},"3 g{)ﬁdet erm ned probability distribution. 30
21. The met hod "8t S& ﬁ”ﬂ"ﬂ § P said signal constellation is

mul ti di mensional. 22. The nethod of claim 18 wherein said incomng data is

encaded with 35 a trelig sa ortmﬂﬁm n ta,EQﬁxﬂaﬁ&Pgo {mﬁt&%‘ i%sof

wherein said predetermned probahi ||t tribution |'s
decrease alPAR and a sIP8/61RS1gN31PO H’t%g%ltcﬁ“%%y@%|1@|FF3§P°%58&%€‘%9PP’&‘%8 on.

data, said signal constellation including a plurality of regions with each region
having an identical number of signal points, said selecting means carrying out said
selecting in accordance with a predetermined signal point probability distribution in
which the selection of signal points within any one region is equally probable and
o0 the probability of selecting any signal point in one region is different from that in
another region, and
transmitting a signal representative of the selected signal points.

{13

—

19. The method of claim 18 wherein said selecting step further includes
25 the step of mapping a first number of bits in said incoming data into a second
number of bits, said second number being greater than said first number.

20. The method of claim 19 wherein a predetermined subset of said
second number of bits determines said predetermined probability distribution.
30
21. The method of claim 18 wherein saxd signal constellation is
multidimensional.

22. The method of claim 18 wherein said incoming data is encoded with
35. atrellis code.



5 24. A nmethod for transnitting—a—pturati signal points in

rty o
a signal constellation, each of .sajg pLu'ra :
representing incomng data, said nethod co m}mrﬂuﬂim“ amrof defining a
plurality of regions within said constell ati od, ceao: snes of+'sai d'regi ons

I ncluding an identical nunber of signal p0|nts . assi.gning a

plurality of pro | St aid re s so t h one of zsaid
regions i s assi grbf’g @emﬁ#@# Léjﬂﬁe‘?m%‘ b&gﬁyes ang

sel ect i ngdistrifwion fodesigned soas wiecreasetd EARandamhapfgasaasdomagdm with a
probabi | i I e probabilistic value assigned to that particular
regi on. é&ﬁd%% %cpn?t_eltlﬂlfg The met hod of claim 24 wherein said nmethod
further includes the step of mapping a first-nunber of bits in said

| ncortisng data i ntg, o aEaRRdaR SR aiirlin s i) SRE Dei ng

great er t han sai alm 24 ywherein said
si gnal coﬁgns&uaa@m.@nchgf 5261 pluraigy emsnaéagmtﬁfapres@m meoming da 8id ¢l ai m 24

wher ei n Sﬁie@]dd%ﬁipnﬁﬁ (igégemsafencoded with a trellis code. 25
28. The method of ‘¢ a|m2 Vﬁlgéln .said, plur, I|t rob bl||§ i.cg val ues

are so det er mi ned 958nipga A sy §Hﬁ%§lﬂ‘é‘8 QH%P with
said signed lmﬁﬁdled;hghmm&nuémnuﬁgbemﬂ'sﬁghalpmnuse in a comunications system

I I I
consal 19 fon {noisetigning2 SRRLer BrdsaBi: SAULD S6REOR & nad ghilo?r;r;?i si ng
the stepsous ofwidrsgionyisassignest a different ogmi sapbpmbébihwcww
constel | ation for s&mﬁf E‘mtssﬁérﬂaﬁ ﬁﬁkuﬁp&?é&'shﬂtrbﬁanémhl&dl ng a

plurality of ons n ent i cal .nunmber of signal
poi nt s, STQ!’“Q’S‘%(%‘ER"%@‘ "0%??’335‘9‘0 ‘?‘g%ﬁ réﬁﬂ‘?ﬁ‘rg in accordgpge

with a predeterm ned si gnal poi nt probab| lity ‘distribution in whi ch t he

sel ection of sig I-nt ne -
probét?l e and ther%roﬁﬁ ‘ﬁ?‘%@‘ﬁa‘gb?%!‘ I@'@ﬁ&@’%ﬁﬂﬁw Flthgne region is
di f f er ent step ofmiappingiarfiramatriver oflnglmnaldtmmng datainjo a se¢apdaiumbepefsent i ng

t he sel ecgﬁg s3id %%nd%h%?benﬂf%rc%ﬁ?%rs'a%%u%&?l ected signal points in

response to 'sal

26. The method of claim 24 wherem said sxgnal constellanon is
o9  multidimensional.

27. ‘The method of claim 24 wherein said incoming data is encoded with
a trellis code.

25 28. The inethod of claim 27 'wheréin said plixra_lity of ﬁrobabilistic values ‘
are so determined as to decrease a PAR and a shape gain associated with said signal -
constellation.

29. A method for use in a communications system employing a signal

30 constellation to communicate data, said signal constellation includes a plurality of

signal points, said method comprising the steps of

selecting ones of said signal points in said signal constcllauon for
transmission, said signal constellation mcludmg a pluralny of regions with each
| region having an identical number of signal points, said selecting step carrying out

15 said selecting in accordance with a predetermined signal point probabllny

distribution in whichthe selection of signal points within any one reg_lon is equally



5 30. The nethod.of claim?29 wherein said selecting s

t hé "step of mappi-ng a f; rst nunber. of b;t in_ sa; d dammnmmﬂmﬂd

nunmber of

bits,

sai d_second nunber being eater than said firdt fdunber.

es

31. The nethod of claim30 wherein a predet erm ned subset of said second
nunber of. bits déterm nes said predeterm ned probability distribution.

The net
mul tidi

Si on

og of ptabahh:aﬂdwhmpmbabxﬁqn of selegtineg anyosignat point inconeiregion is different

%1? éﬁ?“@mod of claim29 wherein said data is
encoded with atrellls CO *The nethod of claim 29 wherein said
predet er mi ned probabi | itrapsmixting agigoal tepresensingithe spledteshsignal points, and decr ease
a PAR and increase a S*’t@&ﬁreﬁﬂg @m&%él@étb&%&ﬂalvﬁdiﬁls ﬁiiiegp&isgﬂﬁéax&ﬁigﬁatlel I ati on.
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30. The method of claim 29 wherein said selecting step further includes
the step of mapping a first number of bits in said data into a second number of bits,
said second number being greater than said first number.

31. The method of claim 30 wherein a predetermined subset of said
second number of bits determines said predetermined probability distribution.

32. The method of claim 29 wherein said signal constellation is
multidimensional. .

33. The method of claim 29 wherein said data is encoded with a trellis
code.

34. The method of claim 29 wherein said predetermined probability
distribution is designed so as to decrease a PAR and increase a shape gain associated
with said signal constellation.

32.
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