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aanplitf epriatiof, Sl i BBRo Rt « 1 hrinfiting, with the
decoRipbsddn@gdl.st i ncti on is also made explicit in certain
i nstances. For pul se anplitude nodul ation (PAM, the

signaling order Mrefers to the nunber of unique
BAcg| ﬁéggé e anplitude val ues over which the pulse is
to vary. Instead of transmtting a pulse
[ooo2yavef or mifagy sigaglingdtdn byhegaedddnes aatsvefen dodhﬁg Iibrdixieﬂare and
per second parse the datfa ipto k-h\t up
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st 5 e o 5154.r PP ORGP it T G aycRf B8 R bis per
secoR®! pAESBRCRIta into &-bit groups and then use M=2*level pulses for transmission.
Each pulse waveform then represents a k-bit symbol moving at the rate of R/k symbols per
second, which reduces the required bandwidth as compared to pulse-modulating each bit
because symbols are transmitted as opposed to bits, though at a rate slower by a factor of
k. As M (and k) increases, the receiver finds it more difficult to distinguish between, for
example, octal pulses (M=8) versus binary pulses (M=2). The result in the prior art is that,
as k increases (higher order M-ary signaling) with orthogonal signaling, error performance
increases or the required signal to noise ratio SNR (technically Ey/Ny) is reduced, at the
eﬁ;pense of bandwidth. For non-orthogonal signaling, the tradeoff is reversed in that
increasing & improves bandwidth at the expense of lower error performance or increased
SNR.

[0003] Constant phase modulation (CPM, also known as continuous phase
modulation due to its smooth phase transitions between symbols) is a signal modulation

technique that increases bandwidth efficiency by smoothing the waveforms in the time
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increases or the required signal to noise ratio SNR
(technically Eb/No) is reduced, at the expense of
wharndndeoh. For non-orthogonal signaling, the PCHUB006001731

is reversed in that increasing Jc inproves bandwidth |

domagy  tBrndssidibneiicioncy dhegainedr by conpandehng dbe G1ehehe rdsgygin 2
addQA&g] ' '

namo g oI oLE B8icll SnBIO8 thieclil HEL (ot MGt in
this stroatisicss Brthe Hatt wee rsyspobohssitions faatisésgarl muteduinslt inemy symbol

t echnj que, t hat _i ncreases bandw dth efficien b
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[0005] An M-ary single-h CPM waveform is the logical extension of the binary

single-% case in which the information symbols are now multi-level: ie., aje {£1,+3,...,

+ (M-1)}.

[0006] Finally, an M-ary multi-2 CPM waveform can be written as

s(t,a,h) = exp{j27z iaihiq(z‘ - iT)}, nl <t<m+)T 3]

i=—o0



single-/* case in which the information synbols are
now multi-level: i.e., a{+1, 3,. . ., (M1}.
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witten aswhere ai<= {+ 1, + (M1)} and the
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bi nary data synbols. Laurent |ays the theoretical

groundwork in the above paper for representing any

constant anplitude binany phase nodul ation as the sum
Of(t,a,ﬁ)iﬁléﬁp% e:riq(mf—z‘l’)jﬁ%i%‘bgneg(tp{w]é)e Q=2 [4]
anpl i t ude- nodul @t ed pul sesofence, Laurent shows mat
binary single-/* CPM which may be appear to be rather

conplex in its classical representation (equation
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si ng wh econe known as the Laurent
reprdoBo Mpopdcti ®data[ §AHB]s, Which arcrobitdindde imamoslindap fasbfon from the
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The Laurent pul ses, Ck(t), are
numbdrt &fi time-limited piiee phpkmde-emdolaes phlseshe Hemd, Jiayreat shoyys that

.1 npor t aracteristic of these pulses is that t.he .
binazy; 6‘1’?&](6% rg'rﬁg[y ‘??]%‘Clb FBR% ey 28t th‘?efa S’h&ﬁﬁ%’iext %ne rhgaﬁlgsmal
représ&ﬁ&ti&ﬂ"'féqﬁéﬁ&ﬁﬁ]), can be replaced by a much simpler notation by using what

has become known as the Laurent Decomposition.

[0009] The Laurent Decomposition of equation [4] expresses a binary single-h
CPM signal as the sum of 21 PAM waveforms (where L denotes the number of symbol
intervals over which its frequency function is defined). The Laurent pulses, c(t), are
obtained from the phase response of the CPM signal. An important characteristic of these
pulses is that the signal energy is unevenly distributed amongst them and that the pulses
are distinctively ordered. Thus, co(t) is usually the “main pulse”, which carries most of the
signal energy (often upwards of 95%), ci(t) contributes much less energy and the last
pulse co(t) contributes the least amount of energy. Thus, in many cases of practical
interest, the CPM waveform can be approximated using only the PAM construction of the

“main pulse”



are distinctively ordered. Thus, co(t) is usually the
“mai n pul se", which carries nost of the signal energy
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energy and the last pulse CQI() contributes the | east
amount of energy. Thug,a,#Re nyecases of practical [5]
i nterest, the CPM wavefornftan be approxi mated using
only the PAM construction of the "main pul se"[0010]
Because the pul ses of Laurent's approach are defined
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energyilegeation [6Y ean hehtrosdansd séroewhatlte ssmahe efpsgy over the first pulse or

C osition i rder to synt.hesi.ze an 'al.npst binary.
over 4 SFRIPY Robie < dreomstion Brottany DalleRban ‘Ama binary
singlB/ACPN @&l grla Nt BB Stor xﬂaﬁg chEI R Yraetiod iSefsCRIM 5haPainglesh CPM

wel | approxi mated as [0011] The Laurent Deconposition
signal §s welheppraximaiesoasuse it |ineari zes the binary CPM

waveform which greatly sinplifies receiver algorithns

for binary CPM by enabling themto use Laurent's

i near approxi mati@na of the received CPM signal as a -

singl e pul se(tashim YeQuaticolt {]), Ebs&i o8 f8]" enabl es  [6]

sinmplified design &b A al nost binary CPM transm ssion

schenes as well as for the sinplification of receiver

design algorithms by using only a few of the | eading
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itself. [0012] However, wth_ increasing an .
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e e R o O e PRI D8 B YRe
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trans?xggﬁricgzi( Is-%%é%?%? ez%lfly 59' P %rﬁ}\{%giﬁ%ggﬁaéﬁ?ﬂ gf%ﬂ%cgﬁf\ére fd‘és"igr? algorithms by
usin%éﬁ?%@@%f@l@oleacﬁﬁgrﬂhﬁéﬂt (et BitBdahsn the e RAWL waveform itself.

veforns", |EEE Transactions on Information Theory,
vol. 41, No. 5, Septenber 1995, pp. 1265 - 1275, U.

ngal i and M rellj.ex 1 . :
o012 ompobietest: P kel 4 GE Ao P B in en pserpyctorm)
furth®# Osddrisivahs abfl thd dtrdrat Didb@hyosition do not appear to preserve the
mathematically elegant PAM signal structure that makes this decomposition so useful for

generating approximations of binary single-2 CPM waveforms.

[0013] Specifically, in a paper entitled “Decomposition of M-ary CPM Signals
Into PAM Waveforms”, IEEE Transactions on Information Theory, vol. 41, No. 5,
September 1995, pp. 1265 — 1275, U. Mengali and M. Morelli extend the Laurent
Decomposition to include multi-level (single-#) CPM signaling and show that M-ary
single-h CPM waveforms have the following PAM decomposition

st,a,h) = exp{ j2mhy a,q(t - iT)} = %Zbk,n g, (t—nT), N=Q (27 -1); [7]
i k=0 n

where a now denotes the M-ary data symbols a; € {* 1, -_F3,._.., +M-1)}, Q= 2 and P

is an integer satisfying the conditions



single-/* CPM waveforns have the foll ow ng PAM
deconpositi on where a now denotes the Mary data

waymsobeon e {+ 1, 3,..., + (M)}, Q2L , andr@I/iB0&1001731
i nteger satisfying the conditions[8] [0014] The
Mengal i and Morelli approach is seen to view an Mary

CPM si gnal as the proftictpof 2P bi nary CPM wavef or ns, [8]
apply the Laurent Deconposition to each i ndividual
factor, and then vvrite the final expressi on as the sum
of PAl G
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multi-Z ", believed to be submtted to | EEE
Tr ansactl ons on Comuni cat | ons for future publication.
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papers)‘\/a‘%f:lﬁfamind R@dﬁd&ﬂ' (Eorﬁ;ﬂ&fl@ﬂRBGenFé% fdr a2y MtﬁthﬁCPM’S ereless
derive the PAM deconposition for the binary nulti-

Comnpméieatignl andeNetyarking Canisrenee 2404 - hkl&gerred &10; wair yPAM
Decor%c{s&t or{ of I %%‘?chnlum g (ﬁﬁ\/r[” 6.97;8 \Q}ﬁl 03)2 r{'u%éﬁl IE%@ n%"i ansa?tzons on

on’i vhere he nu
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i ndi cat nmodyl o .addi ti on

Laurelaﬁ 9@?%?95&% t/ 18 dhte - arig]m%éﬁfn CPPMaWé O%Sr k Igftheir
approz%ﬁnﬁéllrlhs QH@RM%@EL‘J derive @AM %ﬁ{)ﬂlﬁﬁ)gﬂmﬁ £319M4¢ Bif ulti-h case

onponent pul ses. Note he Perrins-R
and thehe extead thasresdstol the generdl Hé-agemattaticase inforddn 1@ dhotv thmil n
pul ses” that carry the nost significant proportion

s(t,a,h) = exp{jZnZ ha,q(t— iT)} = Nz_lz:bkmgk,2 (t—-nT), N=0FQ"-1. [9]

k=0 n

[0016] The notation i = i mod Ny, where Nj denotes the number of modulation

indexes (i.e. h={h(1),h(2),...,h(Ny)} and “mod” indicates modulo addition &. An

important distinction between equation [9] and the above work of Mengali and Morelli is
that {gin(t)} is a now set of Ny-N component pulses. Note that the Perrins-Rice derivation
results in the generation of Ny-2F" “main pulses” that carry the most significant proportion

of the total signal energy.

[0017] Each of the above extensions of the Laurent Decomposition is seen to not
preserve its mathematical simplicity, which makes it so valuable in mirroring or

approximating a binary CPM waveform. What is needed in the art is a method and



of the total signal energy. [0017] Each of the above
extensi ons of the Laurent Deconposition is seen to not
w@e@smodnel i t s mat hematical sinplicity, which nBREEB006/001731
so valuable in mrroring or approximating a binary CPM
apparbB €6 OfitBarYWddcohponeede bRy Idr8viagibndls vﬁt}ff%txﬁ&d e reasonable

andapparatus to l'inearly deconpose an Mary CP
approxiingtian,, smﬂh@trﬁfémmt algerithessod disrdvaip ma.’been@ﬁSimd dldhis need is
ef f

seen flalé@?tar?g@ e- nﬁlléig o t(lﬂ.ﬂ%t ?]C‘)I}eag%l%rﬁnti??%ﬁi@o?mogﬁtaelf is seen

as adeuAth ifor m&i{yl stidl@n - CPVIEsd-tidrRBd 1iBe eAMRAB/ ini the atdaFinbonitinary
seen as adequate for binary single-/? CPM so the need

singlet/i awl Qrrnpdéirk CYM deconwositiens.of non- bi nary single-/z and
all multi- CPM deconpositions. SUMVARY; [0018] The
foregoi ng and ot her problens are overcone, and ot her
advant ages are realized, in accordance with the
presently preferred enbodlnents of these teachings.

—Ww] I n accordance with one aspect of the invention
is a n
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realizet) dudcebeldndeAMthvehegfresently peeferies] anisudpeeposf thesnteadhing3<
2L-1 PAM conponent pul ses in each synbol interval such
that a significant portion of the signal energy over

[0019] €2CN SHRRbrdaAlERHRbnOhs ectk&frtﬁs inkSnti¥ni8 h%étﬁt?d BrRbMtting a
conmponent pul ses. The mg dul ated signal iIs then

signalt rlarthisimetbad, aTsignalds nedvldte] oute anavi-ary pulse-amplitedti maddated
non-binary PAM and L represents a nunber of symbol

PAM pavefoumithet isve sipgrositionnf Q211 BAM sogperanhpylyesipeach symbol
t han about 95% of signal energy, and preferably is

intervaltzool ﬂﬁxs'%sigtliﬁnan‘epmﬁon o tei sigral ewargy gyer dAble spmil=gtervhl of a

co essentially, aI I ener [ .
bust {51FRER Tl LANEF BT P AU Do AR sisab Baterh Fonspited.
The vamy mﬁs SRated theth M {odhdicae bbs- Goh NI AR, 2 Es\én@bspﬂlﬁnber of

he” PAM wavef or m uses nore than one no I ating

symbql n:@tgwabn d\ stagifisentiportionyis gpnasalipore than about 95 % of s1gnal energy,
Ll

and preferably is about 98% or more of the signal energy. Where Qg component

pulses, essentially all signal energy is within the superposition.

[0020] Another aspect of the invention is similar to the method immediately
above, but the PAM waveform uses more than one modulating index and may be binary

with M=2.

[0021] In accordance with another aspect of the invention is a transmitter that
includes a signal source, a modulator for outputting an M-ary pulse-amplitude modulated

PAM waveform, a multiplier, an antenna, and a processor coupled to a memory. The non-
binary PAM waveform is a superposition of Qp<2"* PAM component pulses in each
symbol interval. The processor is for driving the modulator to shape the Qy PAM pulses

in each symbol interval such that a significant portion of the signal energy for each symbol
interval of a burst is carried in that symbol interval’s Qp PAM pulses.



[0021] In accordance with another aspect of the
invention is a transmtter that includes a signal
W@ ewroei0n nodul ator for outputting an Mary PCT/IB2006/001731

pul se- anplltude npdul at ed PAM waveform, a nul tiplier,
[00221an ant SWAHET aprabolipeRc oS sBe &pERIaY 1 oSEnir )ﬂ? e frmSmitter

R 5t EANUSHRLOND 2o RS el g Sbiine

modulatedddsielowavieforfrg whelre At Inig ahiumbandﬁxhadhdatmgmnéheqae the Q
PAM pul ses in each synbol interval such that a
significant portion of the signal energy for each

[0023] SYﬂ‘Q@ordaﬁE@Wﬁ ge@ﬁn&h&%ﬁdodﬁﬁerﬁ afht ipechehtintdifon 3y &‘?Eﬂgram of
i nterval M pul ses. [ 0022] Anot her enbodi nmen

machmheeadnblennstnmtmm, mhlﬁﬁ odneﬂa @ntwanﬁmﬁn@tl@t bearing medium and

execu. | at 1g1 b%\leb buot duI 1toor ou Utdmaﬂggan
AP R §e o ’6?
mput af qrtfélacﬂb@sr Rclhds dbt%nﬁmmgrmﬁm-&fy pﬁmtdnqﬂitlﬁ@ modiilges PAM
023] In accordance with yet another enbodi nent, the

Waveﬂbfrﬁsthﬁﬂ isi Msepdrpesitions of QuraYY SN compdrient pulsadabkeh symbol
instructions, tangibly enbodied on an information

intervRIERIch Mgt ﬁ&ﬁf‘ 01868 G taddiSndd ¥nérg§lioftert @ch @RtBol interval of a
processor, orm actions directed toward

burst mmhlatthm@o &AM ﬁpmpomn@ palses, Thé cambinirgsthe AdtaggBAM waveform

with 54 B aft 35, BEPRGRRER o BB ED T e n s

greate GHERARBN 0 (| T WaveRamhis ishitddary.NThE teain Bb&phesbﬁtatheanumber
signi ficant portl on of the signal. energy over each

of symbakiwierval evey avhich the frsgpencyifencionys detinssl @ee Baygtion [2] for an

exam gfponent pul ses, and conbi ning the Mary PAM waveform
"h a signal to be transnmitted, and transnmitting the
rmdul ated signal. The termMis greater than two, so

ot 12 AR BT, Tok ! R
abovel 8 ?Qﬁé/ PAMNICl AR orkS uste! mBRHaA eficERbAlILGTY [dkx fRH @Ay be

exanmpl e). [ 0024] Anot her aspect of the invention is

binar35WIth[N&|=2to the program i nredi at el y above, except the
PAM wavef orm uses nore than one nodul ati ng i ndex and
may be binary with M=2.

[0025] In accordance with another aspect, the invention is an apparatus for
modulating a signal. The apparatus has signal source means, modulating means, and
transmitting means. The modulating means is for determining, for each symbol interval of
a burst in which symbols are modulated over M>2 discrete amplitudes, a plurality of Qg
pulses that are shaped such that the pulses are ordered by an amount of signal energy they
carry, the modulator means further for superimposing the plurality of Qo pulses into a
combined waveform with continuous phase that modulates an output of the signal means.
The transmitting means is for transmitting the signal modulated on the combined

waveform.

[0026] Another aspect of the invention is similar to the apparatus immediately
above, except the PAM waveform uses more than one modulating index and may be

binary with M=2.



[0025] In accordance with another aspect, the
invention is an apparatus for nodul ating a signal. The
wa@ppanetoos has signal source neans, nodul ati ngPOEE06/001731
and transmtting nmeans. The nodul ati ng neans is for
[oo271det er mMANoR@: afgert €S isntied isiantapparatusddr ctivingta dignal. This
whi ch synbol s are nodul ated over M2 di gcr ete

apparaiip hpg gieess fof 1eraiviag ja Ronoringyy Milfes@arlitgs modulated RAM signal
. the I r V. a1
that i $ftaciBfled SLORR B Sy Guitch BiEtiale, PRrATTOE pulls fht extibi
descehdihg $enaty bfvpigaalngnetdye Pheiapparatys Girthed hpsldsmedilating aeans for.
éorrbi ned vvavgf ormw th continuous phase that nodul ates
demogplating Hiprbads TpWde PYset means. The transmitting means
is for transmtting the signal nodul ated on the
conbi ned waveform [0026] Another aspect of the
[0028]i nvent iAamwthes esperit |odrthe anvteintom pp ainsil arstoi thereapipartaisyimmediately

above, ex t. t he PAM wavef orm uses nore Lhan one
above S EE e o A IR SHIER ey Db PO Fofs qnd may be
binary\W@hM@E2 aspect of the invention is an apparatus for
receiving a signal. This apparatus has nmeans for
recei ving a non-binary pul se anplitude nodul ated PAM
signal that .S characterized in that, e
o091y Py et polite AR iRt R nublfgBE TuabfEBbadable
instrudBSGe fdicitdy legibolied ¥h & Hifedmatioe Mt@yringd heedhppandterscutable by a
.. further has denodul ati ng neans for denodul ating . . )
digitak (ap precepsopriomaseiopn astens qusgied]toward tempdulatiag apeceiyed signal.

Theséa%?iohg]ym&éoc%%tgi{rﬁmgﬁbgi'a herbflz r&;@ﬁ@ RARLH S I HBG & SlrYbinary

ove, excep uses nore than one
pulse namahlitadd ngpdulatielk signad, deyvibg difurstipn vk @7V Xrorh B Yeneralized
Yet anot her aspect qf _the .inveption is_.a.progra f ih
phaseyeoT MBS oR & YAt GBTHGRS. | RecAtgPBY iieh S doF st 7
symbbiN TR HQRIRRR k&R "BMBYN BN ueKE GHE @%&iehy%kg(tmg,l b then
data processor, "to perform actions directed toward
deterndinmgizynziolnfjom thepeudesymsbasnal . These actions incl ude
determ ning a generalized phase function of a received
non- bi nary
Another aspect of the invention is a method to construct a sigr}al X(t, a, h). Inthe

method, a function g »(7) is constructed and shifted by nT. The shifted function is

multiplied by a pseudo symbol by, summed over Qo pulses, and the Qg pulses are
summed over n symbols. In the above notation, t is a time index, a represents data symbol
phase, h is a modulating index, and T is symbol duration. -An exemplary mathematical

representation of this method is shown at equation [29].

[0030] Further aspects and implementation details are given below.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0031] The foregoing and other aspects of these teachings are made more evident
in the following Detailed Description of the Preferred Embodiments, when read in

conjunction with the attached Drawing Figures, wherein:



pul se anplitude nodul ated signal, deriving a function
gk, (t-nT) fromthe generalized phase function, where
wa2008/0as08ymbol duration. The actions further iPCI/IB806/001731
for each nth synbol interval, resolving pseudo synbols
b n using the function gk, (t-nT), and then
determ ni ng synbols fromthe pseudo synbals. Qsot her
[0032hspect Jogurehd  isngefto-pat issanl seRakaelyt ShPRS tiegl pud imaginary

si_gnal t,. ey %EQ f L.on N (e d
COmRY %ttsr%fz:(t(aegmgﬂ'd Ig%“l%lef'? egﬁ@y n .ﬁgljlﬁegss h(%(l) edéaf S%Eatnl %}r(léci% SPAM
decofibiitioh bEMayaeffaetiep S peskntikventioaunmed over Q0

pul ses, and the Q0 pul ses are sumed over n synbol s,

hi the above notation, t is a tinme index, a represents

ata syg - | &L ' X ' :
woss 0 2oV als P U0F gl o Tofk 6 Bl oRAGof el piles fn a
single epnbsldnteatal for tld whvdifernmef Figdreils shown at equati on

[29]. [0030] Further aspects and inplenentation

details are given bel ow. BRI EF DESCRI PTI ON OF THE
[0034?5/2\;\’ NGHoule0) R bimtRe 1§ PIRBO NBuARdwiid 2 Tﬁﬁ\ﬂp@?}&ciﬁﬁtion using

e

e tedchings are made nore evident in th ol | ow ng
only Det fixist wdseDefshatispioi 6PN fway blerpmeddulation asirsbionEiguee 1.
when read in conjunction wth the attached Draw ng
Fi gures, wherein_ [0032] Figure 1 is a two-part graph
[0035i5;_epaf at BloVresRWirhlart6 Fguad 8, Bul Bt a tihsty eI INEPMSwafef@m.
inary single-/? CPMwaveform as conpared to an exact
PAM deconposi tion of that waveform using the present

i nvent i ]..El ' | Shi
0036} n o ngt BT 5y aro<Hbf PL Pk e R SHERE Rl nh g pulls S highest
energyni® #@d set@dathpulvawvatyingnmoth fisgenagt in h GgH] symilgl irder3al for

I's simlar to Figure 1, but show ng a PAM
the veaygfosw; FdE8Wa4usi ng only the first pulse of that sane
" CPM waveform nodul ati on as used for Figure 1. [0035]

Figure 4 is simlar to Figure 1, but for a binary ‘
[0037ul t i - AFigGRIVG ismwiefitar to Fi9084d] b shoméng aiRAM apprdmaidn using

: 5 5 ) . .
onlythV\é)ﬁl%’[Slﬁsesfrgrrr]l%yi\%lﬂfg 5one mai n pul se with highest

[0038] Figure 7 is similar to Figure 1, but for a (non-binary) M-ary single-2 CPM
waveform. -
[0039] Figure 8 is a series of two graphs showing one main pulse with highest

energy and one secondary pulse carrying much less energy in a single symbol interval for

the waveform of Figure 7.

[0040] Figure 9 is similar to Figure 7, but showing a PAM approximation using
only the first pulse from Figure 8.

[0041] Figure 10 is similar to Figure 1, but for a (non-binary) M-ary multi-2» CPM

waveform.



energy and one secondary pul se carrying nmuch | ess

energy in a single synbol interval for the waveform of
wo-2@anetodt [ 0037] Figure 6 is simlar to Fi gurRCHIB20W001731

showi ng a PAM approxi mati on using only the first pulse

fromFigure 5. [0038] Figure 7 is simlar to Figure 1,

ut for_a (npn:binary) ar i ngl e-./* CPM wavef ot .
002] g030] Bt bl B 1 St oL S PR S TN "ohebiehest
enerdhit Pi#bS Qedtntifly Nhldes Sacle Refrgivig dAEIO NBs 2AGBNAATY siBblle S mbol
. carrying much less energy in a single synbol interval
interyad for the waaelstmofhFreEiQure 7. [0040] Figure 9 is

simlar to Figure 7, but showi ng a PAM approxi mati on
using only the first pulse fromFigure 8. [0041]
[0o43fi gur e Ri@uies] BisFirhiddr tb Fiduirg 10 buk sh&kingf2OPAR approximation using
non-binary) Mary nulti-A CPM waveform [0042] Figure
only ﬁi§tﬁﬂ%€e%@1@§1@¥feﬂbur graphs showi ng one main pul se
wi t h hi ghest energy and three secondary pul ses each
carrying much | ess energy in a single synbol interval
[0044f or t heFiganeloism gripirofpulse ddergy 043¢1vEipglseewhén & $non-binary)
sim/lar to Figure 10, but s ing a PAM appr.oxi mati on
M—w&%@%@ﬁgv T 1 degprapeied do Emmﬁpg arteehiugue (e prior art.
Figure 13 is a graph of pulse energy for twelve pulses
when a (non-binary) Mary multi-A CPMsignal is
[0045H e c onp oBigret ot iPANVagiartgrapht showingpasé energreinpracio of twva different
Q45 igure 14 is.a.tw-part graph show n ul se,.
symigh dpigivals, VHGE i oM e FE ik obh i RO Rrh pectiiag to the
presenfveftiSi gnal of Figure 13 is deconposed according to

the present invention. [0045a] Figure 15 is a bl ock
di agram of a nobile station in which the

[0045 a] Figure 15 is a block diagram of a mobile station in which the

present invention may be embodied.

[0045b] Figure 16 is a schematic block diagram of a transceiver according to an

embodiment of the pfesent invention

-

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION:

[0046] An analysis of the prior art extensions of Laurent’s work detailed above
indicates that they lose certain of the Laurent Decomposition’s mathematical elegance and -

simplicity for the following reasons:

o The M-ary CPM decomposition yields several pulses of significant energy, so that
the concept of a single “main pulse” for M-ary CPM does not exist. For example,
the Mengali-Morelli decomposition of M-ary single-2 CPM generates 2P “main
pulses” and the Perrins-Rice decomposition of M-ary multi-2 CPM yields Nh-ZP'1
“main pulses”, where P ~ logoM and Ny, denotes the number of modulation indices.

» The PAM component pulses in the M-ary CPM decomposition are not distinctively

ordered as in the binary CPM case, which implies that it is not trivial to determine

10



present invention may be enbodi ed [0045b] Figure 16 is
a schematic bl ock diagram of a transceiver according
wao eoodmo@nbodi nent of the present invention DETRCT/HR006/001731

DESCRI PTI ON OF EMBCODI MENTS OF THE | NVENTI ON: [ 0046] An
anal ysis of the prior art extensions of Laurent's work
defiatd 6khabompoicRtp@disasnthate theeost Sgeificatt pedportidn dthe
Laurent Deconposition's mat hematical el egance and
sienpigycity for the followi ng reasons: The Mary CPM

deconposi ti i el ds several . pul b Qi :
« eyl oMl Cror RS s Moot aRy Erm i
f QikpdhepkixiliMedaRSovee the@hier of Rfmetana eequifed in the
Mengal i -Morel I'i deconposition of Mary single-Zz CPM
genpansiaasofbinary smglgr/mCBM-ses” and the Perrins-Rice
deconposition of Mary nulti-/z CPMyields Nn-21"1
“mai n pul ses”, where P ~ log Mand Nh denotes the
[00470U Inb er THe prevdut iaveratoni cad ibe @sed todeeoRpddecmyniiiid stgnal — whether
. pulses in the Mary CPM deconposiii are not . .
binar} Vi Bt PSS R OFS- Yt HBITH {obyf CRIP s oAl pPAM
Wavef(ﬁm 183 ol thit Lﬁréseﬁ%ts thd hdfRnaticalfetiegant 3@ubtinebfhe Laurent
the conponent pul ses contribute the nost significant
Decopipogitioh if@rbindry €M gyayvefolth® nunmber of PAM conponent
pul ses in the deconposition of Mary CPMis
exponentially increased over the nunber. of -termnms that

[0048Fr e 1 eqpigpgv: N Bell®y 8% RABFH ORaOhnP IV Ywaidhehe (fReteBMVbinary
0047] "The present invention can be used to deconpose

singlerfry MOfaky ssinglexh, binatye tohdti-Fbion dvlyargrmpltivbahgs dhe goldawing PAM
d CPM.or Mary multi-h CPM - into an equival ent PAM
cCORRO ¥ m i n" a manner that preserves the mathematically

el egant structure of the Laurent Deconposition for

bi nary CPM wavef N [ HEZOF Bed awLits shown
DT e

t hat any CPM wav o1 na

[0049] where by, denotes the pseudo-data symbols, which are derived from the M-ary
symbols in a non-linear fashion, and g n(t) denotes the PAM component pulses. Proof of
equation [10] for all CPM waveforms is predicated upon the expression of any complex-

baseband CPM waveform as a binary multi-# waveform.

[0050] PrROOF: Over the nth symbol interval, any complex-baseband CPM

waveform may be expressed as

s(t,a,h) = exp{j27r Zaih,.q(t - z'T)}, nl <t<m+DT [11]

=m0

where T denotes the symbol duration, a = {a;} are the phases of the complex data symbol.
Hence, they are binary random variables: a; € { 1}. A pseudo-modulation index, #;, may

take on any one of the definitions found in Table 1, or may easily assume other definitions

11



whichage gp

[0051]

single-/7?,

multi-/z) has the foll ow ng PAM deconposition:
wok@reo4p1 n denotes the pseudo-data syrrbol S,

fro thfﬁ%ﬁ %@Eyfg§ﬁﬁﬂ%9

derivaBbRpf of equation [10] for all CPMwavefornms is

deri ve

M ary singl

e-/?, binary multi-/? or Mary

[ 0049]

non- Ilnea

predi cat ed upon the expression of any conpl exbaseband
CPM waveformas a binary nulti-/z waveform [0050]

PROCF: Over the nth synbol
conpl ex- baseband CPM wavef orm may be expressed as
where T denotes the synbol

nhacpc of _the r*.cmmlm( dat_a c\mrhnl

i nterval, any

duration, a = {aj} are the

Hence t hm/ ar

Dgﬁmamy of &

ofSPM,Sehients:

Lomments1} . A pseudo modul atl on

HUTX, III

llfc%lund in T

definition
1 but__whi

b

swhi ch are 4
ch are consi

gt i vat i on
t he gener 4
signals. [
the integr
frequency
time inter
equation [
t he CPM wag

)Binprygsulfi-/T
l'ized binary
0052] The ph
al of the fr
pul se is def
val (0,LT) ¢
2] above. OJgy,
veformis qilv

)

Istent with the

eb?(stéﬁ ?fal‘dé oﬂle defrmtions

'y "assune ot her
rlafetnufrfb@mﬂ hoddatidrsindekes/ N bl e

W T/IB 2806001731

e eBRRE ORI St Wesgming

unr‘nm hg

iFdmed Nefinition of//: used i n
TRl dfatfoﬂt

A BRI SR SR

&bm&g&nts @aﬂlof perniiks)xble Thlmes. Ny, is
to b t Si f
sgulgo gw@abeg F values em%dufatwn
etxb Angynbol interval then,
y Laurent has shown that

hywhigh an e
meani ngf ul
pseudonody
[ 0053] Now
phase funq
over the

{M-gry Vb gleeht
for non-int
| ati on i ndex
. rewiting
tion is now

bu tiatotdstthes nagpiredsoithe ith symbyl,

SRR 2 S e ot iy loy>
t hel—(M gnairné %ﬂiaﬂﬁn GRRES Rlabs@tbs

i nt roduced, which is non-zero
a constant value.

Np is equal to the number of data symbols

transmitted.

hi = hyb;

M-ary multi-A

b; denotes the magnitude of the ith symbol,
which is taken from the alphabet {+1, +3, '
...y t(M-1)}. h; denotes the modulation index,
which may cycle through a set of permitted
values, or which may be otherwise defined. Ny
is equal to the number of data symbols

transmitted.

[0052]

Table 1: Definition of /; used in the generalized binary multi-k interpretation of CPM signals.

[76)ar 421y =

The phase pulse, ¢(t), is defined as the integral of the frequency pulse, At).
The frequency pulse is defined to be zero outside of the time interval (0,L.T) and is scaled
so that

12
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interval (0,2LT) and which it is defined as follows
The tinme variable, t =t nod T.[0055] Using this
waledorno4ooon, the signal nmay be expressed as [ OPEBIB200r001731
product actually yields a total of 2L terms. However,
Laurent has shown that many of these terns are simlar
as in aqehtioN L] 403QY. Oféx the nll Yubelinidiv4l (Bén, e GBI vdve¥@id 18 igéven
| engt hs.” For exanple, when L = 3, we obtain an
by expression that has eight terms: (where the dependence
on t is understood). The pseudo-synbol is defined as
and ak i (i 1,. . .,L-1) is the z'th bit in the
radi x-2 r ese iopn of k . ak,o = 0,for _all k
s(t, afm)orexgy pre mgﬁ&w Ranplsete @A bhenT <t <(@+DT.  [13]
pseudo-\symbol bO31 nodul ates the signal over four
synbol intervals. [0057] C ose inspection of
expression [16] reveals that we can define the
f ol dvewithgs Erwn thenelianans] §OIB8] Consequently, for L =
3, we may wite [0059] This formul ation generali zes
nicely to all of the other cases, so that any CPM

signal, s(t,a,h ( can, be deconposed into the t—nTY))
ORETOASLYS whes{g 7 he _gg@pm?éoﬁ— [14]
eXp(Zul se'ls dg?hed as[s0t8h]) Not e that{gt he }Saffesm 7h,

definition of v(k,j,t) also appears in Laurent's work.
In addition, when Nh=l, then w(nj,t) = 0 and the
g _ S - ) vt )

we SRR R0l ioh Mo APRin P A8 Sof iR L: Ao btk tBendo
modiligor iadé:e M, (Deceanasi(khyr0wf bi nary CPM wavef or ns.

[0061] As in the Laurent Deconposition of binary

single-h CPM it is also observed that the durations

f the : for Mary CPM are defined as
[0053?ol I omﬁ?ﬁ%@ﬁ%&lg@@ Stiﬁgali conponent pulse, gk, n(t), is

non-zero over the interval [0062] There are three

i mportant differences between the deconposition qgf

equation [26] and those oﬁﬂ@r‘lﬁgq—i%ﬁhue;qﬁm(%"d&gi | ed

above br La]lqu_int; NTEzilll WGWW‘PWS* and
h
m

Ri.ce. .
s(, a,h% = exp mm =Z_°O ah | 1;[0 { | ) }sin(Zﬂhn w ‘- (;\z B i)T)) )
PV i i sinlen
L n—i |
nT <t<(m+DT . [15]
[0054] A generalized phase function is now introduced, which is non-zero over the
interval (0,2LT) and which it is defined as follows
( sm(Zﬂh,.q(jT+r))’ 0<i<I-1
sin(7h, )
u.i(f)msm(ﬂh,.—27z.h,.q((]—L)T+r)’ L<j<2L-1 [16]
” sin(h, )
0, otherwise.

\

The time variable, T =¢ mod T.

13



The nunber of PAM conponents that are required to
represent the signal over each synbol interval is
weouwaloo4o01 Q = 21"1, as in the original LaurentPCT/1B2006/001731
Deconposi tion. W have observed go, p(t) to be the
pul se of |ongest duration (L+1)T and it al so happens
to be the pulse that contributeg nost significantly to
[0055 he totgﬁmglﬂﬁﬁéﬁl@ﬁ@%d@ Slﬂ?&?@i FERESEdg§est s t he
possibility of approximating the PAMrepresentati on of
t he signal using one pulse of length (L+1)T. The
shape off theimajn ﬂqse I s depegndent an the
s(tya Bhs §kP tk%il@ﬂ& ﬂ ey Eht §X1§h%eha§ﬁi,@iﬁﬁ}lgeni"rfdm (n+DT.
one intervat=to t’he’ next. [0063] Based on the proof
outlined in this section, we now propose synthesis of [17]
the following waveformat the transmtter where
x(t,a,h) = 5(t,a,h) when QQ = Q Equation [29] is the
[00s6rat henaThe plodasbactumBntyichfs 4 hbtal bN et GRAEVAilhreht has
transmtter architecture may_ be devel oped, and up

showgyihatmanyt ehfhese tewspeare similar grd thaktbey gan gr@ﬁp«?éayﬁmﬁnl pulses of
vericR Rt PoR b Snch ¥, R B RL ML ATOR IR E BBy sorm:
readabl e storage nmedi um such as a vol atile or
non-vol ati | nmory of a nobile station or other
Wi rel ess cé&qﬂ:ﬁ}f&tni'@ns'”devﬂw“L e “tnst ¥uect Pons are
executable by a prpcesgor.guch as @ digital sjgnal

processor, [0064] The appropridie vArue”of "C0 Can be
sel ected accor di Adit #o.a Ypar theut-dr,-pértotmande, [18]

criterion. If, f e e, ., trangmter, conplexity is
the primry concg{bﬁ’f )i?’gglﬁ”’get{s”éé?i%ﬁ"gh@g"’f‘l {/Iie’éfds a
signal that cldsefs@apploxi mates CPM wi th ni ni mum
conplexity. As a second exanple, |let us suppose that
the transmtted waveform should contain T% of the

N v S R S S T
wthin (1-T)% of the total signal energy. As a final

exanpl e, Q0 can also bg selected s_uch t hat _t he
el g vevet g sl f e, -u@%:_,.aesouzzﬂ} 15
M=o i=0
and oy ; 1= 1,...,L-1) is the 7th bit in the radix-2 representation of k.
I
k=Y2"a,, 0<k<2"-1 , [20]

i=1

a0 = 0 for all k. From expression [18], we observe that the pseudo-symbol by, modulates

the signal over four symbol intervals.

[0057] Close inspection of expression [16] reveals that we can define the following

four functions

14



constraint on the Peak-to-Average-Power Ratio (PAPR).

[0065] A quantitative analysis of the accuracy of the
WEe@3memooi nventi on i s now presented with referre8B2@/001731

the drawing figures. Figures 1-3 represent PAM

deconposition, according to an enbodi nent of the

present inventiaon, of a binary, single-"CPMsignal,

with raised cosi[re,®r.giPés,1(7And 3 Show bot h r eal

and i magi nary canpopgpt r |y TRigusE 1

illustrates &51 e%ﬁ@#ﬂ}ﬁ%gﬂ?sit' D . C ?pared to the[21]
wavef orm fan Fi‘g’&bzéf)gs,d-i(rﬁ‘sw es n—éﬁg oxi mati on

based only onthe, nRieh,(L(#)8L,), (PN S <ThET the two

di stinct plot lilnés appear as one ig eof Figures 1
and 3 indicate jLust how &ccur at e t he " PAM deconposi tion

according to the present invention can be to the true
CPM waveform Figure 2 shows the first four pul ses

over a synbol inyerep),, GHLALIY), tbemayority of

energy is within only the first. p : i s noted

that the rﬁuhéﬂ? é{n,éj%sm@%asnﬁ@ndﬂé? lfl’jgfly defined inl2?
order of descendi ng sigmMal energy ali€dwide) (t) to
g(3,k)(t). [0066] Figures 4-6 illustrate simlarly for
the case of a binary multi-/z CPM waveform but wher ;

rai sed cosi ne. with Figures 1 and 3, .the dual plot

| i nes hi eacg[ ar élnh(fé?h,nﬁ(fg’@xnes(f)t (Bxdct? and 6 [23]
(appr oxi et P])_ are idemical to tdiersdiwl e

illustrated. Figure 5 illustrates the first two pul ses

of a synbol interval. As with Figure 2, the majority

of synbol energy. is contained within the first pul se,

so the appr 06;:) Zat‘io,oﬁf)zbfn-ﬁf)@up%, \Qﬁ’c‘ﬁ? uses t hat [24]

first pul s8r\Ws Jaccur at g,t 0 rel atiosteérwide. gh tol erance.
[0067] Figure 7-9 illustrate simlarly for the case of
a non-binary Mary single-/? CPM waveform but where
ai sed cosi ne. !I\Iote that this waveformas well as that
[0058lof Fi gfr@sequenty feiok Feks B6HBY ¥5%n advanced range
telemetry (ART) CGRM waveform adopted by the Range

Commander ' &, SHRCHI 1A, bl S HAIG 1962 =4 [25]
k=0 n
[0059] This formulation generalizes nicely to all of the other cases, so that any

CPM signal, s(t,a,h), can be decomposed into the superposition of PAM waveforms

21
stt,ah) =Y > b,,g., ¢ —nT), Q=2 [26]

k=0 n

where the component pulse is defined as
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standard.] The exact and approxi mati on PAM
deconpositions of Figures 7 and 9, respectively, very
w@eb@3mb4pot rack the true CPM waveform as they PECTIB20061001731

Figures 1 and 3 for the binary single-h waveform and

with Figures;4 and 6 for the binary multi-/z waveform

Li ke Fi uFl gur e hows the first two pul ses of

a syrrbgg'}(r)ﬁ?ﬂa;/glf’gwgf”t)&rh)isch the first pulse carries

t he 0L .4y -Qf ol energy and is used in the PAM

apprg‘%khﬁﬂtﬁﬁgré?§¥{%‘ure 9. Note that in Figure 8, a

few c o(n”p 0 \?\f}g%(rpmnse@ +hayeodn) mopli, § ude + hat exceeds 27]

uni t YWU-HbWeT &r | e C ul ses ;super i nposed

and interl eaved <itnn "sfugﬁgg%\%éd@hat tﬂ@éﬁggﬁl ting

wavef or m hastmoddnst ant envel ope of unity.[0068]

Figure 10-12;iljlustrate simlarly for the final

wavef or m nn:e‘jﬁj nary Mary, multi-A CPM where raised

cosine. WthlfHe illustrated resolution, it is only

seen in the PAM approxi mation of Figure 12 sone

di vergence between the CPM signal and the PAM
[0060PP OXINGBE it they @imel d¥@it&dnl & V(k,ﬁ,g_féisc%@eﬂ@ ah Matrent’s work. In
< closely. The four part graph of Figure 11 shows the, K
additivaj whet Wyol, tgmiir.me? gyd ihe expeessionder the signal pplses fipmplifies

o oI BRI BE LR SRS IR L pomposiion o
binarg CPM QFavefdamsuni ty. [0069] Figures 13 and 14

Illustrate the difference in pul se energy between a
deconposition according to the Mengali and Morelli

[0061§ppr oach, i_?i the S 83]?%)%%po§'¥ﬂ$naop SERPARIIE-ANCPM, it is also

ccordi'ng tTo an e the present 1 nvention.
obseived tiea e, dukdtins ofibic campohéna pylses fogMeary CEMMrodetesianfollows

sets M=4; vy ; L=2; =2; raised cosine frequency pul se.

Additionally for Figure 13, P=IOg M It is evident

from Fi gurggjﬂ]@ that the first thrg(q_pgyvses go(t);

gi (t): and ey REGE B ST AT enar glggdi stribution.

and at Ieagg,,(t)he..s.econd--and---t-hi--r-d-(éu’r s are not

di stinctively nked. None of thegg_thkyee pul ses can
be i gnor et BB b o st O e e ivid gnal is [28]

to be accugai@,gl i) ac(). gh€)nunbek—8)T Laur ent
conponent pul ses required to exactly represent the CPM
signal in PAM over

PN () SO (; W T

In general, the kth component pulse, gia(t), is non-zero over the interval

0<t<Tx mini=1,2,...,L—1 [L2~a,;)—i].

[0062] There are three important differences between the decomposition of
equation [26] and those obtained in the work detailed above by Laurent; Mengali and

Morelli; and Perrins and Rice.

e The number of PAM components that are required to represent the signal over each

symbol interval is equal to Q = 2>, as in the original Laurent Decomposition.
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each synbol interval is N=Q P(2P-1)=12. [0070]
Contrast Figure 13 to Figure 14, which enpl oys the
wW@e@3memooi nventi on in the PAM deconposition. BEaChIBpoeqiio1731
of Figure 14 illustrates pulse energy in a different
o sWellsdveiobkeatathgo.q(1) fo Iestbb pulae sfilvapest divatiop gkt 1)drandfit Aldve
synbol energy is concentrated in.a.single pulse .th
f PRERENLAQ e Bue (hpt comEORRTBAG SN EREE e ORLHERY t 5
| i ERSKMARY Yo BEplogRRiRG tNd P AR
&%ﬁ@o@gﬁnﬁﬁggﬁgh t|hnﬂ§15%fi lrpcg't o?%er appr%oxi mat i on.
| repkesentatioin bfthe signdl weing orefpulseef pengsedt-1)Avent i on
generates qgnly those  t | ses shown, .so .
o < 11e Fhag 06 g B NP dsRpehdPnl AR e BRI st FeSP i
0 aﬁ%M'@ AL | gtt synmbol intervals are
i F]?ag)gt%r ate }3%&) |cg§;rlljelr]£ﬁ:é 41{&2@13%?}10\/\/ that the shape of the
pul se mi ght change in different synbol intervals, but
esent_invention that are de

the feat f th d
100651} rpor t BAECC(BHBS BiPOL GRLBRT LR SRSV DI RP S YREESIS of the

follovilh$ {WatGibind @t PhSRsBARF 9y ranking, Q= 21 1 total
pul ses) in order to nake non-binary Mary CPM

practical are retained regardl ess of pul se shape

variance acrpss synbol intervals.[0071] One inportant

aspe thysStaventdonrs thap idol sg berdy rst : 29

ext e%gﬁ’%%)ofg @‘égf”‘dé %Q’orrpl:)f? io%’ Q;c% a% | ows any [29]

CPM wavef orm - whether binary single-A Mry single-/?
wheregi(t,adhF y(tadrwhenQe =(b be described as the sumof Q =

2L PAM pul ses over each synbol interval. The foll ow ng

observations are noteworthy: This invention can be
Equatitsed9] 3 thé delthdntitisyndniasliment oo $aveltion yp&PvhicArdiransmitter

"exact Mary" CPM waveforms with reduced transm

tt ;

architeciyig| may by developed;jagdiupen prhich solwais) ¢adeda<ipg Mngﬂrdylaﬂon
Thi 2 . . i ot o b

may bgg%%egh d&gt %Mg M QP ok 3 ggr%?ﬁﬁ A rﬂa@?ﬁﬁ: SeaIRPL! bﬁ?&istt%glbly

re repre s a unification of resu
embodlied dn aaoyputirgleedabds deraganchedmht sudh @PNl waledlt crmson-volatile
| mplL.enmentatjgn of this,invention.may reduce . .
B

execubBld ¥y PPDcessor such as a digital signal processor,

[0064] The appropriate value of Qo can be selected according to a particular
performance criterion. If, for example, transmitter complexity is the primary concern,
then selecting Q¢=1 yields a signal that closely approximates CPM with minimum
complexity. As a second example, let us suppose that the transmitted waveform should
contain T% of the total CPM signal energy. Then, Qg should be the smallest value such
that the approximation error is within (1-T)% of the total signal energy. As a final
example, Qp can also be selected such that the resulting waveform satisfies an upper bound

constraint on the Peak-to-Average-Power Ratio (PAPR).
[0065] A quantitative analysis of the accuracy of the present invention is now

presented with reference to the drawing figures.  Figures 1-3 represent PAM

decomposition, according to an embodiment of the present invention, of a binary, single-%
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[0072] Specific enbodi nents of the present invention
are now detailed. A nobile station M5 is a handheld
w@oeorowakioelr devi ce that is capabl e of wirel essl yPCT/IB2006/001731
accessi ng a conmuni cati on network, such as a nobile
t el ephony network of base stations that are coupled to
a publicly swtched tel ephone network. A cellul ar
CPM #igh phin 8/=2 hsgfg khedy @2 =dewiised, cosinel- Bighasssionsll 3 show both
di gital assi st (PDA) with internet or other two-way
real SRTHBLARAL OfbreRReR | debiraRlye @ggajwl es iidstdtelSanAexact PAM
portable virel ess device includes nobile stations as
decompebition somgatied tawthawavaiedimesn Biguieckilustiaes ansappagidingtion based

t al ki es d.deyic t.hat . may.. acce | acal .
only P PR ORI arytr Bt 28 GG PO, BR appilis e cach of
Figurds W-AM Dlindcald st Metweedaraté A0 PANTI dbcothboditibnl stécatiag to the
in block diagramforma nobile station 20 in which

VB
present freveptien epit be fovibatiue CEMyvayeEray digyreeshovs e Sgst four pulses

T S Ch ! ' :
ove 35351 PGS QLR URShRRE oEBRAAP S LARG st pute 15
noted Shatgthe pityesigaldisantt] tayd amhdelde defied i dider of etescemdingosignal

Fig. 15 A display user interface 22, such as a
energ}ég(%elg}(f)tggg%]@(tﬁor driving a visual display screen, and

an i nput user interface 24, such as a unit for

receiving inputs froman array of user actuated
[0066] but t onEiguaasedor divstiatd Simmilarint fer ftheidage wif tadh binaug enulti?h&PM

M5 20 further inclu eéﬁg power source 26 such as a

)
i

wavefbatt tert wieaM=0s bv r Lalby @=2"e@t raisedlcogione AstwittaFigures
central processor ‘hat controls functions within
1 and th3l;‘l &ad\@az Rlotliheh lhll’le_:dchegfrﬂﬂocﬁE@Ofes 28(canct) 310?& 6 (@seosintition) are
.. .har re controlling functions such as digita
,1dent1%aiﬁa|vﬁﬁg,calaé sRteo nFigurR ér]ngFt&'F‘?So o itk 5UF rPQ‘HSSﬁd’f a symbol
. ec i i . ti . i .
ey Py s piRle e fie
pulse,conplz iapproxiuitia0) of Hipmireddiwhion alses ity afitsppolses &4 agpurate to
.fﬁrrﬁ}tﬁo s known in the art. [0074] Voice or other
relatively Bigh fQIEranee- ar e recei ved at a m crophone 30 that may
be coupled to the processor 28 through a buffer nmenory
32. Conputer programs such as drivers for the display
[0067122, al Hegvire FiPsillugirate dinhitarly, fos teoerse pick wurbinaty Moty single-k

___arrays such as ' 1 . . _
CPM waveform, but where M=4; h= %6 ; L=2; Q=2""=2; raised cosine. [Note that this

waveform as well as that of Figures 10-12 corresponds to an advanced range telemetry
(ART) CPM waveform adopted by the Range Commander’s Council in its IRIG-1-6
standard.] The exact and approximation PAM decompositions of Figures 7 and 9,
respectively, very closely track the true CPM waveform, as they did with Figures 1 and 3
for the binary single-# waveform, and with Figures 4 and 6 for the binary multi-
waveform. Like Figure 5, Figure 8 shows the first two puléés of a symbol interval, of
which the first pulse carries the majority of symbol energy and is used in the PAM
approximation of Figure 9. Note that in Figure 8, a few component pulses have an
amplitude that exceeds unity. However, the component pulses are superimposed and

interleaved in such a way that the resulting waveform has a constant envelope of unity.
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| ook-up tables, and conputer prograns to deconpose a

CPM signal in accordance with the present invention
wae@7®0red in a main nenory storage nedi a 34 MI/THROORENN1731

be an el ectronic, optical, or magnetic nmenory storage

rredia as is known in the art for storing conputer

adabl e instructions and prograns and data. Th
[0068] rrem)r yFigurej 10-13, glustipte pimidarty; for dieelipal maaef%map?lr gmaWdlol -ary,

i RSPV 57T 2, SSTIPILY 9 SRELSES P v

renmovabl e such as a subscriber identity nodule (SIM
111ustraT¢\:b redglupionc diniruphlyasess ovibe RANGeppioknatiR offigug 13 some

v BRRSA o 8 I8 o B5a SRy ke

anothed bIb@él? fIhk teir, paIrtnga 1t 6eRighiet lesho4 thanehaforite oﬁskyxnehfol éﬁergy in
The M5 20 nay addi t| onal Iy have second y transm tterﬁ1
the ﬁr%trmulsiee@@ﬁh\ﬁb@ B0 BSIHRIAOAE W@ gt fenien gonceming those

Secondrlg}; | gt Elﬁae g%g&@moa\élﬂftgt SBI léﬁ:)\?\/gt I;I(ﬂrﬁ )enngr t ilges

include nnnopole di - pol e, planar inverted fol ded

antenng Pl F | oUsS .ant ennas e

[0069] npunt eﬁ‘ g ]eﬁf)({l]g}sﬂ'grﬁ @e(%%érenc%ppg S5y energy %epween a
tierpal [

decoméwﬂbff‘a?%%?n Brie - RENHel IURIE b sl Refe, and o
decompbstlomfawdn@ngbo‘aa-edéwdmdmOf tenproseshinyentien Egpeashatheynon-

the processor 28, are disposed on a in wiring board, .
binarywivl-ety Lsylgleelal(]?}?/l\/ll melveldes sty Mru‘hdhp%gﬁelﬁ% @F2c Faiserk cosine

antenna(s) 36 are electrically coupled. [0075] In i
frequehd‘,saﬁiﬂtsd: OIAalkiltﬁSBMly éodiigered 3, Rabogim It iskeidénd hm Figure 13 that

e S S L EATEST RS o Pote3t 38 SHECEY. 5 v
the sedfb%ﬁ E%‘fc} gﬁlsésl'h‘fe heCRIMREVaY 9aAkd] Nogé de fhe%@ﬂﬁ&ﬂﬁﬂ@s @an be

whose transitions are somewhat obscured
ignoredgf c@uﬁM eEproximasicmert thiaGBMosigeal it e 2csyuate. sInj facta the number

of Laugpl o e e U CRegy TR <Y S Y pap over
each syibl inhevadd K=eFCB8amp1e. 9., in massage headers or
traini ng sequences). Non-data ai ded

[0070] Contrast Figure 13 to Figure 14, which employs the present invention in the
PAM decomposition. Each graph of Figure 14 illustrates pulse energy in a different
symbol interval. In each, a substantial portion of the symbol energy is concentrated in a
single pulse, the first pulse gon(t). The second pulse g14(t) exhibits little energy and can
reasonably be ignored without much loss of accuracy in a first order approximation. In
fact, this embodiment of the present invention generates: only those two pulses shown, so
superimposing both leads to an exact PAM decomposition of the CPM signal. Two
different symbol intervals are illustrated in Figure 14 to show that the shape of the pulse
might change in different symbol intervals, but the features of the present invention that
are deemed important (energy concentration in a main pulse, distinctive pulse energy
ranking, Q = 27! total pulses) in order to make non-binary M-ary CPM practical are

retained regardless of pulse shape variance across symbol intervals.
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approaches are al so known, but generally |ess
reliable. The present invention dispenses with the
w@bwvmomonput ati onal | y conpl ex realizati ons bePel/i00di®1731
receiver receives a PAMsignal that mmcs a CPM
signal, and deconposes it as a PAM signal whose phase
and timng uncertainties are nore separable, and .
[0071] pet t er Ope dEiPedent aspe ofpls MmKeRtionyg tﬁ%te% éhthentieshexispsion of

Lauref9€Bedn b@itﬂm%ﬁﬁiﬁll%ﬁ%ﬁe@mﬁf GRneger ﬁﬁﬁyﬁ; sé 5‘gle-h, M-

accur ac usi ng t energ y one or two p
ary sifgecdadr Meepmpdigit+ anbevilédorifpd-athe puinses)) = 3“-aPAM pulses over

f undanment al _adyant age over prior art PAM
each Sa@geﬁg‘%ﬂﬁi Eﬁ%.}(ﬁp%g%j)b%@r‘@&f)%s 48 Iﬁoge“ﬁ’r@é(henat i ¢ bl ock
di agram of a transceiver 50 according to one

enbodi nent of the present invention, recognizing for
o cBhislinvention sart beawser in prdgtto syathesiae ‘r@@@rsww’gm‘si T and “exact

A e
WhRN RS sElensfol §1-ggRimys onl y one serial path. A
signal r(t), generated as x(t) at a transmtter

* adbisrnentjon ¢s gegerai inoits pRbitationgo (P ian@ thezgfonseprsseniing e

' 6 lified b . ifi 52
PO aB 0 Yo i o apd e P Ry
afifplbinkhiafi6sl o Sihei BV erton Mikyt reBlideathnaitfer Bbt fvisPA-kRIthS6a
by a nodul at ed wave out put fromthe nodul ator 58a. The

npyicaslyknega sgbdionposes the received signal r(t) into
the PAM signal s(t) as detailed above, nost generally
at equation [26]. It is this PAM deconposed si gnal

[0072]S(t) t Bpdcifis etmbedinRarifalt Hlsent rveatianieadw daiilahawmobile
and correlated (if spread spectrum to resolyve an

stationy P gy erdlald sposighlsr doviess thatdls GPAbAI Hle ¥iielpstlinpagsssing a
comm@fich@r BetdlorE "IRA s aV\Erﬁ)'BﬂﬁQflgﬂ‘gfn Ynddeat gf baddf {ihiEd8hat are
t hresho e 68 clo a

magni t ude occurs, a ect or ses
couplainiot & pulsindy ewitheestelehboresgtwedkd Ai gphlalar teleplmss, & Blakberry®

. further processi.ng .70 such codi ng., The dott.ed
devies | s 14 GHRFEarED PG GPaF et POy BEb, SHEREL fo RS ofwo-way
commbuficBtide 85HaB Ay lakd Exzfrﬂ;t)llaé" bpaMshe APpQERES Mirelh€[evice includes

_alignment” occurs so it can de-spread further signals
mobilerstaborsf 4s welbas hgditiondh dendhekthdeviess suele hs pields tillges and devices

that iy yERIE Mty Shoad ko SER e h arelhe AU GO R itonk (g AN or
a WIFMnbtvork.

[0073] Fig. 15 illustrates in block diagram form a mobile station MS 20 in which
the present invention may preferably be disposed. These blocks are functional and the
functions described below may or may not be performed by a single physical entity as
described with reference to Fig. 15. A display user interface 22, such as a circuit board for
driving a visual display screen, and an input user interface 24, such as a unit for receiving
inputs from an array of user actuated butténs, are provided for interfacing with a user. The
MS 20 further includes a power source 26 such as a battery that provides portable
electrical power to a central processor 28 that controls functions within the MS 20. Within
the processor 28 are software and/or hardware controlling functions such-as digital

sampling, decimation, interpolation, encoding and decoding, modulating and
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a local clock 72, and accesses various conputer

prograns, data storage tables, and algorithns that are
war@rmaiodn the menory 34. Certain of these perPEi/IB2@/001731

controlling t he nodul ator to deconpose the received

demod@lb@ing | edctpt V\&ﬁ& lde(fﬂy?truﬁlg’, Sspieadild ahdnddspeadinphifeh ai SDMA

I nput |nto t e multiplier 56, as a PAM signal, s(t)
compaitiaM3 20 mehadditaDat San e casisHactiqns JRewE B ect wi t h

equation [26], the. conputer programcontrolling the
nodul at or causes the processor, for each nt synbol
[0074] i nt er Walice éootilet sural ﬁl@utsh&'e peceitiedtat @f mécrpstend GOsthatmby be

n and a functl on riT), and tQ sumthose
couplecb fo thechrocesyerr 2oty éﬂyw&%fex ReBiopaPe; Epie} poetams such as
r
drivers ﬁrﬁ@ d%ﬁ agkl& &%”er d A8 hy Rl [T R Qﬁr@caﬁlé 754 a?fégf Such as

'S a nurtber of synbol “interv
look-um ebiesyind borapidtereprogranys foudecbinpose s CPM isigadl inl dccbiance with

the proSE {TURHIO G SiIcet B AGH EEEor Sosfe e Lobhpb. ik he an
electrodiBoRicAN Gr RidgnPid ARfrokP Qtzgﬂge Shétih 8% iPk&dVint BBt foP storing

present at the transn1tter where sone conponents such
computgs readeblermaitiuetians aad erograins ond datai hemaais mamatsd4 is typlcally

e of, the tr nscelver for. clarit
parttiohSE Sae SyolarflE B4 Aedee RS 208 s GoRbistnty ipRised dnfbng
differedtr @&%Pa und) GohRCET WBICHRHSS be TOBoARN E@th AN QuBREbONidentity
is converted to analog at a converter 72, and

modulei @ dThe M2 commaniestes ueicy neswprkinkhsuch as papgbile telephony

link vig g&e Iﬁ&%%ﬁ@%ﬂ #%r t@ﬁ‘} 1%# g2 yélécitf[\)gl t&%pl%'dgxﬁéaé T %‘%\'ga? %$,%r a

equa ansm I'STconrtigura

dipole ﬁﬂtfaf lej enfrardadidratl and hndiees 4ndibe M fZDemeyﬂadMuanany have
h h 4
seoondiys EPHESS SHGPGVITS (o o EH ot e BCNUPRAl Bpiworks, Sich as

a WLARG R8I owh‘?@e Yor$h EABtvE %}\}aﬂbﬁe@ Bﬁf 0018, GenRM Er{tenna types

progran1t ‘term nes ho ses are to
1ncluderraemtpo&j darpolehplanardevereed. folklsd ahtmna PIHA tandrm]mrs t &he various

Xit all tin tor, .then set
antenniéy RY PyEobnted PRI HEORI DL B PBITOr ComRleRYY iHigRaly, of the
MS 20 rhoﬁMHgolAddml@r)M s frgﬁtiﬁé W0 3s RERUAGEHDYeakds 4. Mot of
function and sum t hose products over O

the abosyyﬁbsﬂrlbrednc@mpam@ts whé eepecially ftlammop@ﬁm@% g disgysed on a main
wiring i%§” erb?}[pp cf%llgyﬁ% «lasl %eggm%la nct &nﬂ%nd t%%'{s% 316 are

electrically coupled.

[0075] In traditional CPM receivers, maximum likelihood estimation of the
symbol based on Bayesian theory has been a dominant method for estimating an unknown
parameter of the received signal in order to separate the symbols, whose transitions are
somewhat obscured as compared to other waveforms. This results in a branch metric
computation and generally either a Viterbi algorithm feedback or known symbols inserted
into the data stream (e.g., in message headers or training sequences). Non-data aided
approaches are also known, but generally less reliable. The present invention dispenses
with the above computationally complex realizations because the receiver receives a PAM
signal that mimics a CPM signal, and decomposes it as a PAM signal whose phase and

timing uncertainties are more separable, and better resolved, than CPM. That the present
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interval s over which a frequency function is defined.
If the energy of nore than one pulse is to be
wa@ewaidoat ed, then add the summed products f orP@i/iB2006/001731
i mpul ses between the 0 and Q| pul ses. Mdul ate the
v I o R e L R By B By of
only on®ree throapsleest (etxactedmampaﬁbon [Wity §) =THE palseg)uis a fundamental
functions angé&?ramaters may be stored in the nenory
advantage gyer gERLHt decogposiigB$-i t hns, or a conbi nation of
bot h enbodi ed as har dwar e, softvvare, or both, and
readabl e/ execut abl e by a digital processor. [0080]
[0076] Enbodi Figutesl 6Gf atsbieenmtio bbovk dizgrantof errapseier ve acendiag o one

es of the Laurent Deconpositi n-.bi na
cmbod Rl reet st dreePGE RO oinrdpss M skibe te
recelv QRIPLE 2B aftdt hRiFREEONRABIoAtENINAS Band Q components that
di s |nct|vel¥) ordered,” so that the first conponent

are prqmmé in araliebuvkereashigmesto dergﬁrsfqnbaﬁne eeréal gﬁ}ﬂt & sigaal 1(t),

genera%uasst O@rgtlaann ! Eﬁgiarn%crc %%f Cg%ug‘[lgllil g@r 1se1(gfgeg/eéi %{()Q}{le or more

receivé Elﬁt@ﬁr\!a@'%at h@pbafitd b?'aﬁaﬁﬂxphfwﬂ &2, and filtredse” a Ioh\apaﬁﬁ‘ﬂter 54.
be used to synthesjze (or eval uat e%J the Ma
P

The ama%qdom {ilterkd Figmekis @@@wh@d ot a gadiipliaryi6a l'Jzysit H&)éiui%tﬁd wave
outputtfﬁ%‘?‘%l uﬁ%ﬂﬁg A%“he%&ﬁul%f@ Q&%po'ség il \g‘?émvédgﬁg}qal (t)

er 0 conponen ses I's equ
into tha EIAMJslgﬁﬁl Y ak detatied dovay mo@l@b‘heraﬂﬁ at ecjuhtmls [260.s Riipthés PAM

scombBEBSHEA) B i S St St

I r j
(if spr%ﬁeﬁgﬁﬂg%@ggﬁ?gg{e é‘&r%p%éaﬂeat IE g%rgrl"‘éﬂ )hagl ggl?}ﬂémi’e% ihdlances of

he
false abglms@m Whﬂn@ﬂtﬂmrgysmblv eﬁsufﬁelenummwdc e ol threslhald detector

o BT e e M 500 T R PR 7
such 4k QREMdiSg. | The Rt linevidie tﬁ’éjﬂﬁfé‘slh@gﬁﬁetector 68 to the processor is a

feedback link to inform the processor when alignment occurs so it can de-spread further

signals more efficiently rather than test each possible alignment of slip values.

[0077] The processor synchronizes other components such és the sampler 60 with
a local clock 72, and accesses various computer programs, data storage tables, and
algorithms that are stored in the memory 34. Certain of these pertain to controlling the
modulator to decompose the received signal r(t), which mirrors a CPM signal and which is
input into the multiplier 56, as a PAM signal s(t) that is then detected and decoded. In
accordance with equation [26], the computer program controlling the modulator causes the
processor, for each #™ symbol interval, to determine the product of a pseudo symbol by,
and a function gy n(#-#T), and to sum those products over Q=2% symbol intervals, where the
function g a(t-nT) derives from a generalized phase function and where L is a number of
symbol intervals over which a frequency function is defined. If the energy of more than
one pulse is to be accumulated, then add the summed products for all & pulses between the
0 and Q-1 pulses.
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A reduction in transmtter conplexity (and possibly
cost) for the synthesis of "alnost Mary CPM
wooeghoerns; A reduction in the |evel of diffiPkCi/iB2006/001731
required to evaluate the performanceor characteristics
[0070f M ar girtiivl asehitureris predent et thet tramsmiittery edeteveine components

such ) B grodulatpy SerAPod SK ST 09 TRISNFS Sl OF Gharigansoeiver for
clarirg?ﬁé)\%ﬁcﬁ;gg’gl‘ﬁ dtfey 'oﬁ%"’c:ﬁ%?‘én&ft %?%népekﬁé’ e b RA tﬁ@ﬂ%n‘é% 8%1 receive

ositron t general i'zes Laurent"™s wor
modbs. ndhy defMdt mfdvimatiyn signgl &-doRyerxidntar anaing 4t a L@nandr 72, and is

o o s TSNSt BB ROELER o I AL, i

signASqBHRGS iehhAdnl [0D]. DIMBE YaRdnkekeis/cAnfENabIENSr different modulation

. .significance of this invention is that one can use
indigen  andfoe Wiffamntddeanpigialingntherncoormitar nrogrdef phtheanemory 34 first

optim.z " al nost , Mar,y .CPM' wavef or hat construgcts
et GUE TR 9Bt PRk 6 g "D PN PR ThE operabe
comp@EPH0ghn HAMitefhEet Row RS PEREPASItS bOResbBled At BRMERIVEr. As

metric of perfornmance (such as an upper bound on the

abovpeitapgmitisy epraplexiiner Limingdyctomthen seb@pal sithaiihereds only one
wleBe ek LOREH POELASAEhl NEESE bl YRR w5

funclibm gy, (61T laad sEmahosenprbiliicts SR Qpsseitol iffepals) hdetubt Ginction
I i er PAM signals., This formulation

a finite nunb
B (P4E) St G REeRgRliFdhess funchipmaad wheisr |y irpppmber of symbol
interv&i% 3¢r Whigh ¥ fﬁg ncy THRGH0R iVt fheqCIPGE %Béfggrb??x&é ®an one pulse
conpl exity. The preésent inventionh nmay be“dsed to
is to [be meamidateGNE0 adiibe surmmed pebdliesifonalbk pplser bateesi the Osand Q-1

f le b [ it to d l. [ i fi ; )
pulsgsg MR ARG e el oY pcate ) Fm g bt AN iateg sindx() s
then Andplifibd 5V R frh:Rhifdd By SW StmorE R@nehR 3hRAkasSRYI NYS

over prior art is seen to be in higher order CPM
wavefornms. [0084] Further, since the present invention

nbodi es, a_nechani s t hat, sinpl.ifies the, PAM.
[0079$epr es ei{l%tv _fl%?ﬁsa%ﬁ‘?%%sna&]tdi Q?ﬁar}g?teﬁira% © SR 1% merory as a
looku@ vl eQ asalgotithn®y of 6 @EBHiAKien of both embodied as hardware, software, or

both, and readable/executable by a digital processor.

[0080] Embodiments of the present invention preserve certain advantages of the

Laurent Decomposition in non-binary M-ary and multi-# modulations as follows:

¢ The PAM component pulses in the decomposition are distinctively ordered,
so that the first component pulse contributes the most significant energy to
the waveform and the last component pulse is negligible — just as in the
binary CPM case.

o Over each symbol interval, there is clearly one “main pulse” that may be
used to synthesize (or evaluate) the M-ary CPM waveform with a high

degree of accuracy — just as in the binary CPM case.
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of the critical shortfalls that has caused CPMto | ag
behind OFDM for utilization in high capacity w rel ess

wa@ oromaedoent i ons. Specifically, one of the maj oPCT/IB2006/001731
drawbacks of OFDM is the occurrence of |arge envel ope

f | uct watdvensachwiyinbhl midrea, the tealmuarhsk of PAM canponent pulses is
extrenel all engi ng. . The .ani e of the

conpl ex eﬁ'ﬁ@&?éﬁp@?ofgﬁt %ﬁﬁés/ 15%%0@\2%%&% ve a pover

anpl i § i %isﬁa‘ass@me kPbdneRAOk %bstqm&f@&aw Gl stt Fry CPM?
| ower power efficiéency as the signal 1 nput power

appr oac veyefona vstgwminimal megheo nf PAM camponest pulsesQFDM
CPM schenes arg fficie hi . bot hdéggwer | bandwi dt h,
but hav&ORBRHLRPeRRE P c 8L Agy Wiriahi @ due to

the nonlinearity of higher-order CPM signal s,

resulting in high inplenmentation conplexity and )
[008Hi f fi culsydedtiledbovi,tthe preserdiinvantiorisolaes thectvinidesityrpeblem in

r.es [ [.ON | een to reselve. {
exprlfl a8 Bty (ST MeSPror A5 S SPao b e iomps. I
addiliof8hls ikvcnlfiot giRo dealts ibhe follbwihg adwintass: of particul ar
enbodi ments, it will be apparent to those skilled in
the art that a nunber of nodifications and various
changes A ' . o JAUS Rle t :
nvert: orRRE S SAGHAE SR R0 kiNT solftorfd BRthesi
W th respealmésd isag CPMMeveefon@ber red enbodi ments
thereof, it will be understood by those skilled in the

art that wdpetigndnfeslerelod ditfpeltoiequiehigeyalvale the peritrgance:
therein_w . ] ope and spirit of
the inveén ?%%H%\réﬁgg?f%%?#%}g%a&%@%romthe scope of -
the ensWl reductiodl ifBedeixAl Mianp kil (anB pobAbIVEDst) for the refeption of
method of transmitting a_ signal conprising: nodulating

a si gnal aEMsbMaarmCEN prifexactaWpry CHYE Waeldmised PAM
waveformthat is a superposition o PAM conponent

pul ses in each synbol interval such that at |east a
‘significant portion of signal energy over each synbol

[oosigm o1 valasOh BvibW! e bréseth!iftldhibl %ertUAY £ A8ROBBposition that

ul ses
generalizes Laurent’s work on binary CPM to M-ary single-#, binary multi-# and M-ary

multi-h CPM waveforms. Importantly, it retains many of the useful properties of the
Laurent Decomposition for binary single-# CPM. The significance of this invention is
that one can use this new PAM decomposition in order to define an optimized “almost M-
ary CPM” waveform that constructs the desired signal using the smallest number of
component PAM terms in the decomposition for a certain metric of performance (such as

an upper bound on the Peak-to-Average-Power-Ratio) (when compared to the prior art).

[0083] Specifically, the present invention poses an alternate, exact and concise
formulation of M-ary single-# and multi-A CPM waveforms as the sum of a finite number
PAM signals. This formulation facilitates the synthesis of “almost M-ary CPM” or “exact
M-ary CPM” signals with reduced transmitter complexity. The present invention may be
used to linearize GMSK waveforms and design simpler receivers, for example by using it

to develop simplified techniques for correlating the received signal against a training
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transmtting the nodul ated signal, where M2 is a
nunber of allowed discrete anplitude val ues, L
wo e@res®nt s a nunber of synbol intervals. 2. TPeT/m0émm1731
of claiml1, wherein QO=I and at |east a significant
portion of signal energy in the one PAM conponent
. pul se conprises at |east 95% of signal energy. 3. The
portiopof gdunrss Ticaareatast soHBELPYET QO a1 1S 858 tatbe| iBFughes order CPM
Lgni ficant portion conprises all signal energy. 4.
Wa'Veﬁ?JLr?%erIE\thod of claim3, further conprising truncating
t he nodul ated signal such that each synbol interva

includes | ess than all Q = 21 1 PAM conponent pul ses,..
[0084] and  whE RS, S1RGH S RreSeRYIY HEIRITPOsHSS £ gfr%@lmsm that simplifies

the P@Q@%ﬂé%ﬁtﬁ%&%@@%ﬁt@l Jf{lﬁ%\%e? BRERCP %@éﬁfo%ﬁq’c Sdhes one

, alm1, erel n nodul at
of thecoitipali shegfallsdhatdms baspdif M ¢d lapibehiido@FDM det wiliviatiomin high

roduct of a. pseudaq, sy. n and_.a function .
capacfly PERIHS bRt icR R ge SrRURCal, a8t 18 ralg ffogfadhs ot OFDM is
the ocBlu@dRbE of &gk SHAPRATICRRLIBAD HEEISmMANRTineR: RAMIGRANBR BRI mely

pul ses. 6. The nmethod of claimb5, wherein nbdul ating

challenging hdhe dpnpricgergearfdha gomplex suvplonsf ofianeOPPYHsigna con drive a

power iup S0P ol tiat Bha e RO b SyREE pritidy as the

signal fiyfif HhoRAMSRGRBBEME siiulasion rsgid. [T BERFastiér@FDPI) GHMBchemes
any other of the %) PAM conponent pul ses, and carrjes .
are effigipwd 18 hettypowerand handwidie buthavemat beem vidaly considssed asoyiable
t ' t g r MR .
dne 14 10U RSP nSRPABCPY ol RS 908 TobloBion
complexily and diffiedliyefaspvith weeaimretd vt ecchRAdtweay he prestitdtivention

s et Rl ybel rpR DR AT B bl R FERCRORIEHP M- cant

portion of signal energy over each synbol interval

[0085] Although described in the context of particular embodiments, it will be
apparent to those skilled in the art that a number of modifications and various changes to
these teachings may occur. Thus, while the invention has been particularly shown and
described with respect to one or more preferred embodiments thereof, it will be
understood by those skilled in the art that certain modifications or changes may be made
therein without departing from the scope and spirit of the invention as set forth above, or

from the scope of the ensuing claims.
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of a burst is within the Q0 PAM conponent pul ses; and
transmtting the nodul ated signal, where h> is a
waoeoseo400f nodul ating i ndices, Mis a nunber OPCHIB200#&®1731
di screte anplitude values, and L represents a nunber
of synbol intervals. 9. The nmethod of claim8, wherein
CLA®=| and at | east a significant portion of signal

ray, hi _one PAM conponent pul se conprises at
WH@%S@@@@E@E& gnal energy. 10. The nethod of claim 8,
wherein Q0=2L-1 and at |east a significant portion of

L. siAgmethod phrgysmibingra sgnpl edprisiggial energy. 11. The

TS P4 00
o RIS o 122100l 5 Al OGOl A8t

et QTR SR el AT G RS SO A bk 0l
the Qgpmdmeﬁtq{u@ggqﬁdnth synbol of duration T,
determ ni n%ea product of a pseudo synbol k,n and a

f urpestng lhempedulyy sighdlt deri ves from a phase

f - t ' ' h t

where 3201 2o RS PR Boron it E ke 1 SO Sy R of

symbaitiatesials. modul ati ng further conprises adding the suns
of the products over all synbol intervals for all
conmponent pul ses. 14. The nethod of claim8, wherein

2. T8 GREbA T BAMPOwhefbid OFST axfc’twwaamgagﬁﬂfcm%&@oﬂéfs@gml
| onger duration than any other of the Q0 PAM conponent

energpin the ope BAM campommt pulsecanpisas adeast 3§74 dfmignal enesgsher
Q@ PAM conponent pul ses for that nth synbol conbined.
15. A transmtter conprising: a signal source; a

3. MoUphRkd JrRlaiful RHetdin O 0 Vhaal it RubisesiaiBtdnt Yekion
nodul at ed PAM wavef orm

comprises all signal energy.

4, The method of claim 3, further comprising truncating the modulated signal such
that each symbol interval includes less than all Qo = 2! PAM component pulses, and
wherein transmitting the modulated signal comprises transmitting the truncated modulated

signal.

5. The method of claim 1, wherein modulating comprises, for each n' symbol of
duration T, determining a product of a pseudo symbol by and a function gi n(#-»T) that
derives from a phase function of the signal, and summing the products over Qy PAM

component pulses.

6. The method of claim 5, wherein modulating further comprises adding the sums of

the products over all symbol intervals for all component pulses.
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that is a superposition o PAM conponent pul ses in each
synbol interval, where M2 is a nunber of all owed
wale@anetoel anpl i t ude val ues and L represents a PURiE200a{01731
synbol intervals; a nultiplier having inputs coupl ed
to the signal source and the nodul ator; an antenna
havi ng _an input coupled.to ang,output. of t S
7. miihe msfhodof clarrg LaWhpHsHERs 63C tfﬁdpﬁv&i@oéfat ﬁﬁ%wnwam pulse
is of UL Ao, QA B oL DR 0 Ch TR chbRher pulspf R U flre
energyQha® AlVothet Qg P AM cempbney phisés fonthat ¥ kysbaisonthitedat
| east a significant portion of signal energy for each
synbol interval of a burst is carried in that synbo
8. 1 AUREMUA oSt iiRAMnR UlsERa! cokprisIle transmitter of claim
15, wherein QO=I and at |east a significant portion of
singdulatieme sigpalionta & bingryemPhivk polspemplitudp maslaladeshPAMs es
at | east 95% of signal e?pr . 17. The transmtter of
wavefpina thet B3t suppidpaition ABQaf2 eﬁg& eoTBPQRSPT PHsasin panbt yaRobf
signal energy conprises all signal energy. 18. The
intervalrsacls thiat atdeasbd sighdicamtlportiavhel signal elezgyovdriepéli symmbol interval

operates Lo {iply the input fromthe signal source
of a b5t N8 B ANt AR B ot or , t bet r uncat ed

| ARMEMBRR B6 nfRIdul@dl Syndless than all Q = 2h PAM

conmponent pul ses for each synbol interval. 19. The

wheretPdris anumber affmedudatingindicesh & isianunther ofielewedodisarele
“myltiplier.is represented by: r.e b represents a
eanplife oy, b b e B M Bt 5t EeRa Lt on t ha

derives froma phase function of the signal, and T is
s%nbol duratjon.20. A transmtter conprising: a s%gna
IS S

9. he method ofslatm 8 whewesy Qoth gk at lesgt asiBnifigasf porinnqfsignal
l.5e- ' ) t [
emer P R e e e PlanbPertray,
synmbol interval, h> is a nunmber of nodul ating

i ndi M_i f all [ .
10. | Ifgfl: En%‘ﬁiod of Iclsétinall 8?\% er%{n o=2@'1 ag£9 legsltsé%gg%&f?cant portion of signal

energy comprises all signal energy.

11.  The method of claim 10, further comprising truncating the modulated signal such
that each symbol interval includes less than all Qp = 2! PAM component pulses, and
wherein transmitting the modulated signal comprises transmitting the truncated modulated

signal.

12.  The method of claim 8, wherein modulating comprises, for each n™ symbol of
duration T, determining a product of a pseudo symbol by, and a function gy »(#-#T) that
derives from a phase function of the signal, and summing the products over Qo PAM

component pulses.

13.  The method of claim 12, wherein modulating further comprises adding the sums of

the products over all symbol intervals for all component pulses.
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anpl i tude values, and L represents a nunber of synbol
intervals; a nmultiplier having inputs coupled to the

wa@nabsospur ce and the nodul ator; an ant enna he@T/IRROGH001731
i nput coupled to an output of the multiplier; and a

14, PrEORAREREA SOERES }Irdin THEHEN rHRGmPAY b Bt @AM EbRigbnent pulse
coupl'ed to an input of the nodul ator, said processor

is of Ioagercﬂuranqnghm@ymw odtlesr Qe EA%acpépqm@t mdsqwmdgf@rrseégnore
i Py Do 30y RS Mo bR U BT oilnea

carried in that synbol |nterval s Q@ PAM pul ses. 2 1.
The transmtter of claim 20, wherein Q | and at | east
15. a3 Airgpsmhittenepmpsssing:on of signal energy in the one PAM
cQ Wl se conprises at |east 95% of signa
ena{e.gr}g&?g%g The transmtter of claim20, wherein @
2Lz thodulatoaforloagsmitting sMgaly foulsanimpitude moduibted Pd waveform
energy conprises aII signal energy. 23. The
that it p angarpasitm QeI ki MAM comipenasit pulsbeinmath syshbadinterval, where
operates to multiply the input fromthe signal source
M>2 ya authbérigatiewed dipttetel angilithdeevalimed uhd L okprebdis 4 humbatofd
i nput characterized by less than all Cp 2h PAM
%mﬂ@bﬁﬁﬁﬁ Bt pul ses for each synbol interval. 24. The
ﬁ[qpil&eﬁav%%ﬁhﬁt% %ﬁ@ed WGL & ﬂaltslaﬁxg:g Wh Wle Rbadifisr;

I plier resent ed by ere n represents a
pszewimermy hbdhg ak inp(d eanip)edrteranemqmt sf ﬁ1efmmiuphezrnand1 at
derives from hase function.of the signal, and. T |sS
o yHBISPeSERRREPISA to 5 Sremery ki oo ) Pl et S he

modlﬂélt%} rsHi@ltﬂrSUé§sor SN Givahy/the @Mﬂe@& 2] @h q@ PR p8Res in each
bear’i ng “nmedi um and execut abl e by a glta dat a

symbot ttersslouch th@t gdedsba migatfichetmorion efctignh! casay &r each symbol

inter{hp b p Butsh <ABiear Rt Riptatipesh s S A hser e

nodul at ed PANIwaveforn1that IS a superposition of

Q<2L-1 PAM conponent pul ses in each synbol__interval
16. sy Ble trangmittar of elgém 13, wheyeinfQod ind sblepstarsigrifieqng pation of

s1gna? ﬁlger% H;F;ﬁ%ﬂong ﬁgﬂd 3¢ rHPc?AeF{ @51% éloqlllpr?ges Bt 104 9504 5F sﬂn%f‘ér{érgy

conponén

17.  The transmitter of claim 15, wherein Q0=2L"1 and at least a significant portion of

signal energy comprises all signal energy.

18.  The transmitter of claim 17, wherein the multiplier operates to multiply the input
from the signal source by a truncated input from the modulator, the truncated input
characterized by less than all Qg =2""! PAM component pulses for each symbol interval.

19.  The transmitter of claim 15, wherein the output of the multiplier is represented by:

Q-1
x(ah) = Y Y b8, E-nT),  1SQ <05 (@=2"");
k=0 n

where by, represents a pseudo symbol, gk »(#-»T) represents a function that derives from a

phase function of the signal, and T is symbol duration.
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conbi ning the Mary PAMwaveformw th a signal to be
transmtted, and transmtting the nodul ated signal,
wob@reo4p2 i s a nunber of allowed di screte anpPCT/IRME06/001731
val ues and L represents a nunber of synbol intervals.
20. 28-trahB@ith: e8mpakig: cl aim 25, wherein 0=l and at | east
a significant portion of signal energy in the one PAM
c@ﬁlgmd@mlrcpul se conprises at |east 95% of signal

o ehesier s B PR, AT RIS PR o
BB b BB P O ol AR, Shok T
intervglopal iﬁsﬁw@%{)ﬁmﬁﬂeﬁ%ﬁ% Eag%hﬁocrr} aﬁos'ﬁa digorete

ampmﬁ;a@%m@maﬁd LTépreaenisfaaﬁmﬁl% oy §pmbélamefapiase function
he si summ ng the products over PAM

c@ﬁp@mm D in BPUSTOUDIES fropgahraroasid e ST G

o i G AR S EEp B g B ofl et

Py beresssoBEouplddao pragheiy el haviak mbﬁtpumb@ip@adto an input of the
determining a Mary PAM waveformthat is

modu@t%eﬁa&o@mw for dmgoaa themepdylpten ippthapnthe &m R/eM pulses in each

QRN LPER Yen!

symb] B LE St HER S BGy ) M er S R B b Fleril ofa burs

is carriylrih diat syrbohintervailie Qo tH2aV! padseal | si gnal energy over
each synbol interval of a burst is wthin the QO PAM
conponent pul ses, and truncating to QQ<2L PAM

21, CORPRRRRlBUEEInID wﬁelFéErPQBﬁl“&Iﬂf at TBEH H6nitiRAHFRt o of
instructions, tangibly enmbodi'ed n an | nfo6rmation

signal lseengiy iy theeie (AN m:dmgm@m palsk eomyprisesai lpastAl>Yaeof ignal energy.
processor, to performactions directed toward
nodul ati ng an input signal, the actions conprising:

22.  The transmitter of claim 20, wherein Qg=2"" and at least a significant portion of

signal energy comprises all signal energy.

23.  The transmitter of claim 22, wherein the multiplier operates to multiply the input
from the signal source by a truncated input from the modulator, the truncated input
characterized by less than all Qg = 2! PAM component pulses for each symbol interval.

24.  The transmitter of claim 20, wherein the output of the multiplier is represented by:
Q-1

xtah)= Y. b, &, ¢ -nT), 1Q,<0; (@=2"");
k=0 n
where by represents a pseudo symbol, gi ,(#-2T) represents a function that derives from a

phase function of the signal, and T is symbol duration.
25. A program of machine-readable instructions, tangibly embodied on an information

bearing medium and executable by a digital data processor, to perform actions directed

toward modulating an input signal, the actions comprising:

29



determ ning a binary nxii-h pul se-anplitude nodul at ed
PAM waveform that is a superposition of Q<2L-1 PAM

wa@ompoment pul ses in each synbol interval suchpeTrag20e#001731
| east a significant portion of signal energy over each
synbol interval of a burst is within the QO PAM

C gRaRRMg M- DulLORRIhNIb MRt BAYT RAVENEY R

with a signal to be transmtted, and transmtting the

superpa3tidnasfedh <0 M cohgboferdt Pulsesinfeatll Biafbol QhterRdl whohtth MGt least

I ndices, Mis a nunber of allowed discrete anplitude

d
2 sl O O MR B ARF B Qo (RS0 Rer g OP byl i e @
PAM kcemponeat pilges; f i cant portion of signal energy in the

one PAM c ne | se conprises at |east 95% of

o Pomaming, BF 8g-asA Riavesp g Wilheoreret 1 B Sansmafies an

Qrandhitlin@ i @bddifeg kighalsi gni fi cant portion of signal

energy conprises all si gnal energy. 34. The program of
wheredViz i3 @mmnngmf@ﬂlﬁvvdé tispreteimplitade wluesyanBAMeoptaserits pmumber of

Q I.ses: for each n synbol of duration T,
Symb@é{ge%%‘}r%fshi ng a product of a pseudo synbol bk,n and a

function gk,n(t-nT) that derives froma phase function

of the signal, and summing the products over QQ PAM
26. ¢ dhporresan 9f plain 25 3wheryieQgriand alieast a sicaifiaptporiipe pyignal

hal) ¢ . ; .
energf 1 B b PR bbizb it B RGRa1eRR SO Pl Bherk

pul ses. 36. The program of claim 31, wherein

determnin binary mul ti-h;pul se-anplifude nodul.ate
27, pAkF RRESFBPE EEE éh%re%éqsgpogﬁ@ HORADR SIEBIETEPOHRR ©

ignalCRRRINSHprRE APSCARRELSES determ ning a binary

Slgnarrul tT-h I—%\M waverorm t gt IS a superposition of Q

=2L-1
28.  The program of claim 27, wherein determining a M-ary PAM waveform
comprises:

for each #n™ symbol of duration T, determining a product of a pseudo symbol by,

and a function g ,(#-1T) that derives from a phase function of the signal, and summing the

products over Qo PAM component pulses.

29.  The program of claim 25, wherein determining further comprises adding the sums

of the products over all symbol intervals for all component pulses.

30.  The program of claim 25, wherein determining a M-ary PAM waveform that is a
superposition of Qu<2™! PAM component pulses comprises

determining a M-ary PAM waveform that is a superposition of Qo=2" 'pPAM
component pulses in each symbol interval such that at all signal energy over each symbol

interval of a burst is within the Qp PAM component pulses, and
truncating to Qo<2L'1 PAM component pulses.
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PAM conponent pul ses in each synbol interval such that
at all signal energy over each synbol interval of a
Wo 20031004081 Wi t hi n t he Q) PAM conponent pul ses, PCT/IB2006/001731

andtruncating to QQ 1 PAM conponent _pul ses. An
31, apparesra qferachgdradablegnsiristighta fangt P@b?ﬁ@d o8 g fraformation
I
beanﬁgﬂ{?ﬁﬁsmﬁy :Eﬁ#'g’}fen ?{éﬁfvé 13; %élb%a{u r%t E%ss&%ﬁ%%ﬂh %%10&5 directed
towardsladulbittl avpubdignagd) the aﬁtoas amnpnimgtes a pI urality of

or%s%‘r'gar%%; o gy ﬂgmggw;fzs@ﬁw
supelBEHEPD: ?é@%%% SR A Al s s

caonti nuous phase_ that nodul ates an_ out put of th

a siguifigamPorEameL: sighalienargneYar eeshniypaoh sdervelrofarburst is thhwghe Qo
dul ated on the conbi ned waveform 38. The

PAMa%gn atﬂé;IL ogggtl ai m 37 wherein the nodul ati ng neans

c osupiibisiag the M-aya/Sdrwaveformnwitly a sinaicid bk ataosmitied dael

mul tiplier up together. 39. An apparatus for

mo JAnRitRe ﬂ%‘h’gq Bl si ng: signal source neans;
wherBP9yh8f | h{ﬁﬂbgetﬁ' }ﬁocfu‘?e{un%%v\ﬁ&é? M ﬂgl nlfnﬁfer 82w Qrete

I nterval of a burst I ch synbol's are nodul at ed
ampligvée Wlakiss endl eemngshnistaudmsher af wlmbcdllmtmyfalsf Q pul ses

nodul ated with h>\ nodul ati ng i ndices that are .shaped

such that the pul ses are ordered by an anmount of

32. Si DRSproERes 8V clhirey] Gedin G RE- Nt ddad 2 SB@RASarft okt of

for superi nposi t’he plurality of Q0 pulses into a
signad epdsEY: @uﬂmﬂ’é&l‘&mmhnmmlﬁm@nﬁn% atlsagt 9o ofodignah eeegy.
an out put of the signal nmeans; and transmtting nmeans
for transmtting the signal modul ated on the conbi ned
33.  The program of claim 31, wherein Qy=2"" and at least a significant portion of

signal energy comprises all signal energy.

34.  The program of claim 31, wherein determining an M-ary PAM waveform
comprises:

for each ™ symbol of duration T, determining a product of a pseudo symbol by
and a function gy »(#-nT) that derives from a phase function of the signal, and summing the

products over Qy PAM component pulses.

35.  The program of claim 34, wherein determining further comprises adding the sums

of the products over all symbol intervals for all component pulses.

36.  The program of claim 31, wherein determining a binary multi-4 pulse-amplitude

modulated PAM waveform that is a superposition of Qp<2"" PAM component pulses

comprises
determining a binary multi-h PAM waveform that is a superposition of Qy=2""
PAM component pulses in each symbol interval such that at all signal energy over each

symbol interval of a burst is within the Qo PAM component pulses, and
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wavef orm 40. The apparatus of claim 39 wherein the

nodul ati ng nmeans conpri ses a processor, a nenory, a
woraalator, and a multiplier coupled together.P@WIB206/001731

apparatus for receiving a signal conprising: neans for

r etrehcating taRo4 ABAMidosmonenginuisesie nodul at ed PAM

signal characterized in that, for each synbol

interval, a plurality of pulses exhibit descendi ng

37. | enelppobnsifenabhanaistsioebaplkidp: demodul ating neans
for dehodul ati ng synbol s fromthe pul ses.42. The

appigndtsegrceme@n%i m 41, wherein each synbol interval

COMELRE5e T LA SRR B TPy i

represen a nu
symisipateahotulféd 6veriMpZdiscrohemnlituddiea gﬁiﬁlﬂjﬁ bﬁQ‘ﬁ POlsEERBSare
‘operates to resolve pseudo synbols b . 44. The
Shap@g pasideaidhepulesarneuercdyemeinount ef sisem sneigy thaycery thy
. e
mod R0 TS ek 7 Sho A R PG Prop B ToF S pHEEPRNS L
wavefnon avithrcatssos phdds. thAmahisesdsutharof tecd vl mgeads; and

o P RS AP BG4 G CEROBARIY il cmbined

wavébapacterized in that, for each synmbol interval, a
plurality of pulses exhibit descending I evels of
signal energy, where h>\ is a nodul ating index;

38. 5o BedestloatIaRS P ERE tiodhlfla Bleii ehupri e agbcessor, a
men®yyRGhodil4tef, vad a aRiNpslict @sulrdgetheF’AM conponent

pul ses, where L represents a nunmber of synbol
intervals. 47. The apparatus of claim45, wherein the

39. ge@%ﬂb%{\ﬂ Yor SRR PGS RohBrilifgo! Ve pseudo symbol s

signal source means;

modulating means for determining, for each symbol interval of a burst in which
symbols are modulated over M discrete amplitudes, a plurality of Qp pulses modulated
with />1 modulating indices that are shaped such that the pulses are ordered by an amount
of signal energy they carry, the modulator means further for superimposing the plurality of
Qo pulses into a combined waveform with continuous phase that modulates an output of
the signal means; and

transmitting means for transmitting the signal modulated on the combined

waveform.

40. | The apparatus of claim 39 wherein the modulating means comprises a processor, a

memory, a modulator, and a multiplier coupled together.

41.  An apparatus for receiving a signal comprising:

means for receiving an M-ary pulse amplitude modulated PAM signal
characterized in that, for each symbol interval, a plurality of pulses exhibit descending
levels of signal energy, where M>2;

demodulating means for demodulating symbols from the pulses.
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48. The apparatus of claim 45, wherein the neans for
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mul tiplier, a nmenory, and a processor. 49. A program
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means for receiving a binary multi-Z pulse amplitude modulated PAM signal
characterized in that, for each symbol interval, a plurality of pulses exhibit descending
levels of signal energy, where #>1 is a modulating index;

demodulating means for demodulating symbols from the pulses.

46. The apparatus of claim 45, wherein each symbol interval comprises Q=2"' PAM

component pulses, where L represents a number of symbol intervals.

47.  The apparatus of claim 45, wherein the demodulating means operates to resolve

pseudo symbols by p.

48.  The apparatus of claim 45, wherein the means for receiving comprises at least one
antenna, and the demodulating means comprises a demodulator, a multiplier, a memory,

and a processor.

49. A program of machine-readable instructions, tangibly embodied on an information
bearing medium and executable by a digital data processor, to perform actions directed
toward demodulating a received signal, the actions comprising:

determining a generalized phase function of a received pulse amplitude modulated
signal;

deriving a function g o(#-nT) from the generalized phase function, where T is a
symbol duration;
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for each n symbol interval, resolving pseudo symbols by, using the function
gk n(t-nT); and

determining symbols from the pseudo symbols.

50. A method to construct a signal x(t, a, h) comprising:
constructing a function gy a(?);
shifting the function by »T;
multiplying the shifted function by a pseudo symbol byp;
summing over Qo pulses the multiplied and shifted function; and
summing over n symbols the Qg pulses;
wherein t is a time index, a represents data symbol phase, h is a modulating index, and T is

symbol duration.
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